11- 1 LEAD SENSE SYSTEM FOR COMPONENT | NSERTI ON MACHI NE 5
Field of the Invention This invention relates to the inserting of |eads of
an el ectrical conponent into the holes of a printed:10 circuit board.
n particular, this invention relates to the sensing of the | eads follow ng
their insertion into the holes of the printed circuit board. 1% 26 25 29
-2- Background of the Invention The sensing of |eads of a conpénest=afYér
the I'ads have been inserted into the holes of a printed circuit board is
di sclosed in U S. Patent Nunber 4,549,087 entitled "Lead Sensing System for
Conmponent Insertion 5 - Machi ne" issued on Cctober 22, 1985. e
di scl osed systemis pren sed on sensing the [err] or absence of inserted
leads via a fiber optic [err] arrangenent nounted within the cut and
clinch mechani sm of the conponent insertion nmachine. 10 Placing a
| ead sensing systeminto such a confined area inposes consi derable
restraints on the ability of the systemto sense inserted leads. In this
regard, the systemdisclosed in U S. Patent . Nunber 4,549,087
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1 LEAD SENSE _SYS_TEH FO_R COMPONENT INSERTION MACHINE
o/
5 _ , _ Field of the Invention
This invention relates to the inserting of leads of
an electrical_;omponent into the holes of a printed
L 190 circuit board. In particular, this invention relates

to the sensing of the leads following their insertion

into the holes of the printed circuit board.
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i ncludes both light projection as well as |ight sensing 15 within this
confined area. The light sensing [err] of the system nust receive
reflected light froma small portion of the |ead upon which light is
projected. The light may not be optimally reflLgcted fromthe | ead due to
an inperfection in the | ead surface or due to a 20 slight angularity
in the lead itself which does not properly reflect light. A lead sensing™
system whi ch could anal yze the entire area underneath the printed circu
board fromwhere the inserted | eads extend woul d be preferable. 25 -3- 1

Unfortunately, this area does_n L of f er. a¢C si gt ent _.and predicabl e

background to the inserted-Ie%%§v2£3533+8—+gg§Fzgzﬁﬁéigg der patterns on

the undeyside of thp,dogEdsi RgOodECedhEf 8EEQL kdegayn I . The

.anb!ente#ighting in ;ﬁis artaga SO ﬁ?PF cEa%ggggge E ¢ Q%t%g g&%ﬁéﬁ%@%@

environmental cgsvietbeen. iAfetbed0inbo the holes of a printed circuit
board is disclosed in U.S. Patent Number 4,549,087

entitled "Lead Sensing System for Component Insertion

5 Machine" issued on October 22, 1985. e disclosed
system is premised sn sensing the pre: -e or absence _
of inserted leads -ia a fiber optic se- 'r arrangement N\

mounted within the cut and clinch mechanism of the
component insertion machine.

10 ~ Placing a lead sensing system into such a.confined \/
area imposes considerable restraints on the ability of
the system to sense inserted leads. In this regard,'
the system disclosed in U.S. Patent Number 4,549,087
includes both light projection as well as light ~2nsing

15 -~ within this confined area. The light'Sensiﬁg p. zion
of the system must receive reflected light from a small
portion of the lead upon which light is'ptbjected. The o
light may not be optimally'feflected from the lead due
to an'imperfeétion in the lead surface or due to a

20 slight angularity in the lead itself which does not
properly feflect light. |

A 1ead sensing system thch éould analyze the

entire area underneath the printed circuit board from

where the inserted leads extend would be preferable.
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s-4- (bjects. of the Invention It is an object of the invention to provide a
systemfor reliably checking on the presence or absence of inserted |eads
froma location remote fromthe 5 inserted l:eads. It is another
*obj ect of the invention to provide a systemfor reliably checking on the
presence or absence of inserted leads in a varréry of situations dictated
by the environment surrounding the |eads. 10 It is still another
obj est of the invention to provide a systemfor reliably checking on the
presence, or absgRee réuna®ady, Vel st 3g e8NS ERR! Bl fleirdAl idih GUEAY ONS
change. HS 20 25 -5- In accordance with the-invention, an inmage anal ysis
syst em associ at addwpiriedilcablambazkaraundetot theclinseraridc lemiye. The entire
i mge analysis is performed in a quick and expeditious fashion so as to not

undul y | engt henthié Tegaggdehithe Sspdder patdespst om ithel wade rsigeo@fanmed
conmput er whi ch fipes the portions  of the el.ectronic jnmage to EGHa al yzed
and thereafter ggﬁeg°®ﬁ€ﬁ Bredyce gid fegsas backgrounds é%ugqﬁ %ﬁhﬁd
conmput er furthe&ﬁgr%m@g%ﬂ%tii%%ting in this area also will change due

5 to extraneous environmental conditions.
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vari ous background effects that m ght otherw se adversely 10 affect the
determ nation of the presence or absence of the |leads. This includes an

ability to dynamically adjust for different environmental |ighting
condi tions. The present invention provides a conponent insertion nmachine-
for placing electrical conponents on a printed I5 circuit board in a manner

whi ch all ows the conponent |eads to be inserted into holes within the ;;
printed circuit board, said nachine conprising; neans for noving a

- conponent downwar dl y mnth respect to a positioned printed circuit board so
that the | eads of a conponent are | ocated over- 20 predefined holes in the
printell circuit board; neans f@bjeeds of ttine dawentdan | eads into the hol es

within the printed circuit board; means, nounted at qilocat wi thi.n the
conponent inserti onIﬁfaéIﬁ A RbiecY of &he 4 veRth g 919%‘?‘?5&1‘5? eAds, for

viewing all insert ds of. .t.h 25 cO ent. .10 rsid e
board; means fofY §$ %a r\ﬁlé\ﬁ? %Q;( hQ)e |dr’1hsé;1ré&§s#g%% }f %%\%\?%\g t he
pushi ng of 1he 63MoReHadatads et otnh% W i Hemdd % S Cligul L board;
and neans for anal yzing e store I mage of e Inserted leads so as to
determ ge the ahpgeceed 1¥A4d.eads 30 that. should have been. inserted. 35

Brief Description of the Draw ngs The above and other features of the
invention will now lI& fdar tanmotherd \ohiiessty idfedehe tinveritiemceo tprovide a

system for‘reliably checking on the presence or absence _
~of inserted leads in a variety of situations dictated N/
by the environment surroundlng the leads.

It is still another object of the invention to

10 _ -
provide a system for reliably checking on the presence o
or absence of leads. when the'enVironmental lighting
conditions chahge.
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%cconpanying drawings in which: Figure 1 is a perspective view of a canera
oriented 5 toward the underside of a printed circuit board within a
gomponent insertion machine; Figure 2 is a front view of the canera
oriented toward the underside of the printed circuit board; Figure 3 is a
cl ose up view of a conponent having 10 _%eads ext endi ng down t hrough
the printed circuit board; Figure 4 is a blotk diagramof a system
associated with the canmera and various other elenments of a conponent

i nsertion machine; Figure 5 il|lustrates the image field of the canmera 15
that is to be analyzed by the systemof Figure 4, Figures 6A and 6B
illustrate the oper®Ri®Pcerdange reithchhe sinyentienporannimaget analysis

system of Fi gus@stdemhisbospated! 9ieer tigd ncﬁhéfsnﬁagfzééetﬁ&f@ oni

i nsertion machj ne; 20 . _Figures 7A and 7B ilTustrate the overa
operation of aB83%9nd TRAtFAFiLS IoraRRLYSHF t hF PeRECT)RE ehf 2 TRiCHe 4
‘whi ch i npl enenand t éxpedigbowsafyshion 250 as-#o dot unduly lefd€héRStidéd- 81
illustratesthe operation of t second central .processor in ipplenmenting a
certain di agnost l?ﬁd%¥%ﬁ?‘Fi F e @%F$??fw@$§a?épY?ﬁFimmﬁ tFIPFEX he

which defines the portions of the electronic image to be

analeed and thereaftef notes when one or more leads are

missing. The programmed computer furthermore adjusts to
. - various background effects that might otherwise adversely
4 10 affect the determination o; the presence or absence of the
| leads. This includes an ability to dynamically adjust for

different environmental lighting conditions.
The present invention provides a component insertion
machine for placing electrical components on a printed

15 circuit board in a manner which allows the component leads
to be inserted into holes within the printed circuit board,
said machine comprising; means for moving a component
downwardly with respect to a positioned printed circuit
board so that the leads of a component are located over.
20 predefined holes in the printed circuit board; means for
pushing the component leads'into the holes within the
g'/ printed circuit board; méans, mounted at a location within

the component insertion machine which is remote from the

: inserted leads, for viewing all inserted leads of the

25 component from the underside of the board; means for storing
a viewed image of the inserted leads following the pushing
of the component leads into the holes of the printed circuit
board; and means for analyzing the stored image of the

inserted leads so as to determine the absence of any leads
30

that should have been inserted.
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5 second central processor in inplenmenting an operating node program *
and Figures 10A-10B illustrate a subroutine inplenmented in conjunction with

t he operating node program of Figures 9A-9H. 1Q 15 20 25 -8- Description

of the Preferred Enbodi nent Referring to Figure 1, an electrical conponent

10 having | eads extending therefromis. held by-&-pair of finger grippers 12
and 14 above a printed circuit board 16. It is to be understood that tf&;
finger grippers 12 and 14 are part of an insertion head nechani sm w thi n*a

conponent i nsertion nachiggtiggiﬁegggpggiggjggvgﬁedsygw@hggv tomard t he
previously positioned pri wel |
understood in the affie dBovdi sndcoerdr EbSLheadSoextradingehtatnt ba11
component 10 will be inserted into appropriate holes within the printed

circuit board Ifowtbé hpaetilcelatby desorbbedswibkereferehice timthet he
grippers 12 and 14 will pivot outwardly and a pusher element 18 will 15
nmove domnmardlyaccnmptnmiQStdmﬂvﬁnshelnowbbﬂbnt 10. The pusher elenment will

exert a downward force on the conponent t hat % sufficient to full Qfert
the leads into the Rbgwcge 1 a perspective view of a camera orient

5 toward the underside of a prlnted circuit board within
| a component 1nsertion machlne, | o
Figure 2 is a front view of the camera oriented o
toward the'underside'oé the printed circuit board} | | N/
| Figure 3 is a close up v1ew of a component hav1ng
10 _ 1eads extending down through the prznted circuit board. -
Figure 4 is a block diagram of a system associated |
with the camera and various other elements of a
component insertion machine; |
FPigure 5 illustrates the.imece field of the camera
15 that is to be analyzed by the system of Figure 4;
Figures 6A and 6B i;luetrate the operation of a
first:centrnl proceESOf unit within the system of
Figure 4 which conttols certain elements of the
component 1nsertxon machlne,
20 _ F1gures 7A and 7B Lllustrate the overall operatxon

of a second central processor used within the system of

Figure 4 which implements the image analysis;

25



bf the printed circuit board. A pair of printed circuit board support
colums 20 and 20 22 will nove upwardly into supporting contact with the
underside of the printed circuit board 16. The printed circuit board 16
%1l thus be supported from underneath when the-pusher el enent 18 seats the
conponent 10 in 25 30 35 -9- position against the printed circuit board
16. A picture of the thus inserted | eads extending fromthe underside of

t he 6rrnted circuit board 16 is_now taken by a solid sg te c ng a 24. The
camera 24 is physical }JuEes BhedTtblinstrakRethe PRETR ﬂﬂﬁngﬁt Fﬁsertion

hi I i he i d . i Lar, th
Camera ig pref orsifohd SeRbtah SEREEREPE ER THRATECTrihd BOREEAAT ) 1N
respect to the h9%%§€£§?£% %g§%¥gﬁﬁdlate area underneath the printed

circuit board 16 als 10 thus centered on is illumnated by

a |ight source 26 pOﬁi%ﬁ@é‘QdQR-PWSilruﬁhﬁaﬁanﬁhﬁl 3gerdbeohi gt theurce 26 is
preferably a lanp which fully illum nates the dowwardly extendi ng | eads of

the conpgnent 10secéndacehysal psocessoof inhémplemenhingdannageratinge
downwardly extending leads. If 15 all leads are verified as being present,
then the board stp@erpsogpa@pdand are retracted and a cutting and clinching

Figures 10A-10B illustrate a subroutine implemented

in conjunction with the operating mode program of

4 Figures 9A-9H.
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mechani sm 28 is noved upwardly into operative position with respect to the
downwardly extending | eads. Referring to Figure 2, a front el evational view

of 20 the camera 24 is illustrated relative tq the | i ght source 26 and the
cut and clinch nechanism28. The centre of the canera |ens preferably lies
on the 25 30 35 -10- twenty-five degree center-line passing through the

m d- point of the conponent 10. The twenty-8&ve degree angle of inclinatiopn
of the center-line allows the entire vertical length of both a back |ead“30
and a 5 front lead 31 to be fully viewed in the |l ens of the canera.
It is to be noted that this angle was determ ned by cal culating the angle
whose tangent is the naxylaids fy rotLudl | g Lvided by the

di stance or spacing betazen i%§€3§€n§%i§g§ g%égggggﬁcﬁéqu&ﬁéqgack | ead 30.
The twenty-five degree angle places the bottomtip.of the front |lead 31

i medi atel y above gdifetfngftd hpleaf& ieaﬁn3@1é8t£'ﬂéal”@9ﬁp8ﬁéﬁ€dlby the
canera 24. The distanc at mhl&gnthe cangra is | ocated al ong the angled

center-lgﬂe RENREE oHehending sthere H?%té?eﬁeﬁ9 bReacBAdrrafnfinger
t he conpohentgripmets o2 nEedi 1 abovehser prifite@astroutenbberauibabl Yt is

ount ed. to be understood that the finger grlppers 12 and 14 are part

' of an insertion head mechanism within a component insertion
machine. This mechanism moves downwardly toward the
Lo previously positioned printed circuit bdard 16 in a manner Q\J

well understood in the art. 1In this regard, the leads
extending from the component 10 will be insertéd into
appropriate holes within the printed circuit board 16 at the
end of the downward stroke. At this time, the grippers 12\4
and 14 will pivot outwardly and a pusher element 18 will
15 move downwardly into contact with the component 10. The
pusher element will exert a downward force on the component
that is sufficient to fully insert the leads into the holes
of the printed circuit board. |

A pair of printed circuit board support columns 20 and

20 22 will move upwardly into supporting contact with the
underside of the printed circuit board 16. The printed

circuit board 16 will thus be supported from underneath K—/

when the pusher element 18 seats the component 10 in




The |l i ght source 26 is positioned on the opposite side of the cut and
clinch nmechani sm 28 and i mmedi ately bel ow the supporting table 29 for the
printed circuit 20 board. .The positioning of the light source 26 with
respect to the | eads of the conponent allows for the. projection of an
appropriately illuminated i mage onto the lens of the canera 24. In this
regang, the leads will appear to the canera -23 dark shadows relative to a
25 whi t e background. 1 It is inportant that the-lens and
el ectronics of the canera have sufficient resoluti‘ofi‘so as to adequately
define the thus projected image. In this regard, the canera | ens nust have
a focused fielposition againsti the oprippedxcimteiy boardalé.i nshpiettreadbfy
by one inch hoghgophal | yns8rasa! Pehdl! iifedliink CAtion Ofnd SRALEUINS! 80tne
conponent. 'The canera el ectronics_must furt nore be capa of formng
an el ectronic Pﬁ%@%e%fcbégﬁltebﬁaﬁﬁthﬁnlﬁhFQWfF%¥9n0¥Yv$s$©hld Theteo

el ectronics W éimérd h24 car@ﬁé 8émef§f 24 abéy hf\QiélﬁlP f' &eeséﬁeal est the
sensitive §Ienents e pi xel ? I nf ormati on

ﬁa gro u0|ng i g
resol ution of HRE yCORPe eRFoLRSHEEHRR GRAGRLIR CAE %u 34 el
resol ution w H:exﬁ@te NBE b ﬁh@dﬂﬁﬁeﬁtédpld&ﬂs of Iﬁ5part1cunif>; nehé OBamera
defining a n1n1nun1m% rQ?f €° Lp g d | ead g@ ge ¥n€ fl ¥ ﬁ ghtgen
"t housandt hs of *&nPFHtH ¥i 59739 dBP st09 atty g T ﬁ% 3nd
ot her " with respect to the horizontal. The immediate area
. y . underneath the printed circuit board 16 which the camera is
\ .
~ 10 thus centered on is illuminated by a light source 26
positioned opposite the camera 24. 'The light source 26 is
preferably a lamp which fully illuminates the downwardly:
- extending leads of the component 10. An analysis is made of
the illuminated image of the downwardly extending leads. If
. 15 all leads are verified as being present, then the board
supports 20 and 22 are retracted and a cutting and clinching
mechanism 28 is moved ﬁpwardly into operative position with
respect to the downwardly extending leads.
Referring to Figure 2, a front elevational view of
29 the camera 24 is illustrated relative to the light
source 26 and the cut and clinch mechanism 28. The

/ centre of the camera lens preferébly lies on the




factors may dictate that less than all six pixels of information wll
actually indicate the width of a lead. 20 In this regard, the edges
of a | ead may produce gray pixel information as opposed to totally dark

pi xel information. This may result in for instance only four pixels of

i nformati on bei ng dark enough to be interpreted®accurately as a | ead width.
-12- Referring nowto Figure 3, the largest size of the conponent 10 is,
illustrated relative to the printed circuit board 16 and the board support
22. Thk conportsranty-fiee degnesccanteaxrhineopasingy thesyghyithre mdd- eads
- extendi ng dowmnwardly from each |ong side of the conponent. The | ong side of
the conponent ga¥nticef thensemponentr 4024 Thesguanty-five GfIr@Smponent

| ead 30 extendi ng downwardly therefromwhereas the |long front side of the
conponent is Argile ofoinclinagientpé thapsaBREL-Lifes léQWEhdﬁﬁb
downwardly therefrom In-accordance with the pr Ct'Ci-U'e herejn for
counting | eadsentie® wverticalplengths pfspotbag Sécbe. e@?u e@fhé eas | ead
31 wil]l be the second. The third 15 | ead tQ be coynted wll be the

| ead adj acent £vonbatiedd aloto PRefBAdNsvievwsa dRe thgng&nsn© as the

fourth lead to be counted wll be the |ead adjaggnt to.,lead 31 along the
front side of ¢aBeEdmpohEnts tAckesBpyed) that this angle was

.defermined by calculating the:angle whose'tangent is
the maximum length of a protruding lead divided by the
distance or_#paciﬁg between the front lead 31 and the
10 back leéd 30; The twenty-five degree-angie places the -
bottom tip of the front lead 31 immediately above the
‘top of the baék;ié;d Bd in thé-iﬁaéé formed by the
camera 24. The distance at which the camera is located
along the angled centér-line from the compbnent is
15 dictated by the constraints of-the.component insertion
machine and where the ca@era'cah be suitably mounted.
The light sourée 26_15 pbsitiéned én the opposite
side of thé cut and clinch mechanism 28 and immediately
below the supporting table 29 for the printed circuit
20 board. The positioning of the light source 26 with
respect to the leads of the component éllows for thg
projection of an appropriately illuminated image onto
the lens of the camera 24. In this regard, the leads
will appear to the camera as dark shadows relative to a

25 white background.



Tounts are indicated in Figure 3 by the "LC' labels. 20 Ref erring

now to Figure 4, two separate conputer systens are illustrated relative to
certain previously described elements of Figure 1.:1n particular, a machine
‘control system32 is illustrated relative to centiai n el ements of the
conponent insertion machi ne 25 . described in Figure 1, whereas an

I mge anal ysis system -13- .1 34 is illustrated relative to the

canerd124.  Each sys&ewquw:%satatﬁ%t tRle NG RHE ¥ dbronicdl asg CPU 36
for the nachi he control system and CPU 38 for the inage anal ysis system

These central ptheegagerdNhavedsuffician® Rledfddtilon |9y &ls &30
m cr oprocessors which interface wwth randonly addressabl e nenories 40 and

42 via Intel mubhdeguatelycdefiyied4¢handhhs pkdsextitd dmayeacessprenidgts 36
and 38 comunicate with each other via a multiple |line databus 48. 10

Referring to theegarde zhel rameraylen®d dbhsti haveen rfdcu¥ed eBisglid Wft 38
addresses a canera interface unit (CIU) 50 via the nultibus 46. The Cl U 50

is prefgrably avisibdabd appeokimatedy aneldvald daidh &k Il ¢ e dre
solid state camera. Such devices are 15 avai l abl e from various anal og

to digital prodiathrhorfizontadly, so. as, tof dncbuiepladl Daiai<Luge,a I nc. of
Peabody, Massachusetts. A particular canera interface unit from Data Cube
whi ch nmay be usmdximua ¥Gzed2compbment. The camera electronics must

_ furthermore be capéble of forming an electronic image
~ of each lead within this field of vision. The

10 electronics within the camera 24 preferably include
discrete light sensitive elements each producing a .
pixel of information having a resolution of
approximately three thousandths of an inch. Such a
pixel résolution will optimally produce six pixgls of
15 information defining a minimum width of an insértgd
lead which may be only eighteen thousandths of an inch;
- It is to be understood however fhat lighting and other
factors may dictate that less than all six pixels of
information will actually indicate the width of a lead.
20 In this regard, the edges of a lead may'ptoduce gray
pixel information as opposed to totally dark pixel
.. information. This may result in for instance only four
-pixels of information being‘dark enough to be

interpreted accurately as a lead width.
25 '



charge coupl ed device canera 24 is connected to the 20 canera
interface unit 50 via a line 52 which is a standard RS 170 |ine. Foll ow ng
recei pt of an authorization fromthe central processor 38, the canera
interface unit 50 will automatically proceed to, ook for a synchronizing
signdl fromthe canera on the line 25 52.71%4%e QU wi || thereafter
store binary coded -14- 1 I nformati on defining-an array of pixels
nunberi,ng 384 horizontally by 242 verticall ameryy

interfébe unit wil R e AR P ST bi%$$n£2%§%£§g?ig§egeg$§F of

gen Pl TheRIR o de ALAELRCE BHaC kb BEH' Besba 350,

ihreh 91vtSes Al g s Yod Y e budhethpamralh rom et

e el W Ao T e L RTRGR b SRS a0, O

B CO% Gl oL 0 A ofbe R SnINg RAUAER L AR 150 <o

oo Sl o ARAE P g aPagchE, PR Bakirgie v o

begin at X farthest from the camera 24 is ‘seen to have the

component léadf30:extending'd6anardly therefror o
whereas the 1dng front side of the component is seen to hd

10 have the cbﬂponeni lead'31'extending downwardly

_theréfrom.' |

| In acgordaﬁcé with the practice used herein for

' ‘counting leads, lead 30 will be the first lead to be
1cpﬁnted whereas lead 31 will be the second. The third

15 lead to be counted will be the lead adjacent to lead 30
alor~ the backside of the compOﬁent whéreas the fourth
lead to be counted will.be the lead adjacent to lead 31
along the front sidé of the component. Successive lead
counits are indicated in Figure 3 by the "LC" labels.

20 Referring now to Figure 4, two separate computer
systems are illustrated relative to certain previously
described elements of Figure 1. 1In particular, a
machine control system 32 is illustrated relative to

certain elements of the component insertion machine

25  described in Figure 1, whereas an image analysis system



fqgual s zero and extend to X equals 383. 20 - The address | ocation
within the ClU 50 for each stored pixel bit corresponding to a pixel

| ocated at one of the four corners of the array of pixels is also shown in
Figure 5. In this regard, the address |ocations-ase indicated for
addressabl e ei ght bit bytes 25 of information stored wthin a

randomnl y, addr essabl e -15--1 menory in the €U 50. The first eight
bit Dyt having 34CL® AddusEratedeselattiver ¢oc thieaicame ras 24.5 Exdh
significant bit, the pixel bit corresponding to the pixel located at X - O,
Y.- 241. Since tfEPEelr coppsrises a cepitral pirbseissoxr nmdt,t sarch vdd ICHE
forty-eight bytes of information in a given row. The nenory address of 47
wi Il hence defind6t fer| §be machdoeaboatirplesystems ¥nd Z2U 3@ fond thee

| east significant bit of this addressable byte will correspond to the pixel
bit for 10 inagpi aBplysdsppyssemhe Thesdi sant radsipriome saforX wdual s 383
and Y equals 241. In a simlar fashion, the addressable byte containing the
pi xel bix for thdrpi REPEPGARl¥dIateX 8484l microprycegsalrszethdohi || have a
menory address of 11568 whereas the ClU nenory address. 15 - for x equal
to 383, Y equal tBLSEFBCHi Witherandenly pddressgble memod ifesordlt amdat@ye
that an address npy be, c Icuhated for the first byte of information within
a gi ven.row of beé GEFFﬁeﬂu $ibHE ¢ifguilrKafdd abd 46. The central

| processor units 36 and 38 communicate with each other
N4 _ - via a multiple line databus 48.

10 _ Rgfe:ring to the image analysis system 34, the
centrgl processor unit 38 addresses a camera interface
unit (CIU) 50_via the multibus 46. The CIU 50 is
preferably a standard interface for a charge coupled
device type of solid sfate camera. Such devices are

15 : available from various analog to digital product
manufacturers, i.e., for example, Data Cube, Inc. of
Peabody, Massachusetts. A particular camera interface

(N4 unit f;om Data Cube which may be used is a VG-132. The
charge coupléd device_camgpa 24 is connected to the

20 camera ihterface unit 50 via a line 52 which is a
standarq RS 170 line. Following receipt of aﬁ
autho:ization from the central processor 38, the camera
interface unit 50 will automatically proceed td look
for a synthonizing signal from the camera on the line

25 . 52, ‘The CIU will thereafter store binary coded



follows: nmenory address - 48(241-Y). 20 A set of w ndows | abel ed
WL through [err] is illustrated in Figure 5 relative to the X Y coordinate
system Each window is seen to have a specific [err] coordinate defining
the left corner of the w ndow. The |ocation of _egch w ndow as defined by
its respective 25 Xi, Yi coordinate shoulg coincide with a lead on
t he -16- maxi num si ze of conponent 10 set forth in Figure 3. In this

regard. 12 por | Geglueaen O8e EBR1hGUR URLRY0dECRY AU g GE Y ot oy LCI

in Flgure 3 sho appear wthin a“respec erring to

Figure 3, 5 horiiohﬁaiP&bﬁgnﬁhﬁdv@g&cﬁ'ﬁ '”d‘i this r.feQ;r ddle gifrdovs W

does not however correspon the l'ea coun ering fo the Ieads I t

|5 therefore necgasplyshPePEQULdgnt Rewioh g\_eﬂa% SO @ iaineen e

w ndows, W and counts o i gure W ndow

Eb;relatlon Tah&@pf@@ﬂngbﬂﬁk bgltgaeslevel of WaRFOWiladex, fhélcam%fil

195 5

. interface unit 50 w3l® arbitrarily assign a binary 18 7

value to the thus read Signai'based on a predefined
threshold value which divides that which is to be
regardedfas light (binary 0) from that which is to be
regarded as dark (binary 1)."The résulfing pixel bits
10 - are stored within an internal memory of the camera
interface unit 50 for later use by the central ~
processor unit 38.
Referring now to Figure 5, an X,Y coordinate system
315 set forth which defines the location of each pixel
15 within the aforementioned array of 384 by 242'pixels.
* The Y-coordinate defines 242 successive rows of pixels .
beginning at Y equals zero and extending to Y equals |
241. The pixel locations within each row begin at X ~
equals zero and extend to X equals 383,
20 The address location within the CIU 50 for each
stored pixel bit corresponding to a pixel loéated at
one of the four corners of the array ofzpixeis is also
shown in Figure 5. 1In this regard, the address
locations are indicated for addressable eight bit bytes

25 of information stored within a randomly addressable



'8 17 15 9

5 10 - 16 11 N 6 12

15 13 . 714 _ C 14 15

B 16 o 13 17 -15- ... 918

12 19 10 20 20

11 It isto be appreC|ated fromthe above that a wndow for a given lead is

i dentTtigd by kmesiowy tire dieadcmoey. f ofhd hedrdead i Bhenpal %Gﬁ%%he

wi ndow correl ati on table and obtaining the wi ndow i'ndex 25

-17- 1 © a CIV\meémsrperid ey iofsderdli daasians, eaeh i nalove W, W'"
have a |l eft corner coordinate [err]. These coordi nates are Initirally

defined in a tatdigmfficeordibit £ thd Yetxels Bi o e spdiniptes fig each 5
respective wi ndow i ndex nunber. The initial coordinates are such as to

space the wi ndowsixed didcatedd athek cerdery of 341, fisinteofthdd arofzgde
camera | ens '
3 pixel bits in a row, there will be forty-eight bytes of
_information in a.given row. The meméry address of 47
will hgnce define the laét addressable.byte in the ¥ =
241 row aﬁd the leagt significant bit of this
.addressable byte.will correspond to the pixel bit for

10 the pixel occupyiﬁg the coordinate position of X equals
383 and Y equalé 241. 1In a similar fashion, the
addressable byte containing the pixel bit for the pixel
located at X equal zero, Y equal zero will have-a
memory address of 11568 whereas the CIU memory address

15 for X equal to 383, Y equal to zero will be 11615. It
is to be noted from the above that an address may be
calculated for the first byte of information within a

-/ given row of bits defined by the Y-coordinate as
follows: memory address = 48(241-2);

20 A set of windows labeled W1 through W20 is
illustrated in Figure 5 relative to the X,Y coordinate
system. Each window is seen to have a specific Xj, Yi
coordinate defining the left corner of the window. The

location of each Qindow as defined by its respective

25 Xi, Yi coordinate should coincide with a lead on the



so that a canera nmounted along the centerline of Figure 2 should produce an
image of leads falling within the 10 wi ndows. In this regard, the
| eads such as 30 extending fromthe back side of the conponent should
appear in the-windows [err] through [err] ‘whereas the | eads such as 31
extending along the front side of the conponentl$koul d appear in the
w ndows [err] through [err]. 15 In the preferred enbodi nent, the .
initial spacing of the top row of windows fromthe bottomrowis twenty-two
pi xel |dcationsmaxTihum sieendfi sompohenzdddd sed tflogth isodtigure & f orIn he
bottom row of windows so as to define the Yi coordinate for all top row
wi ndows. Each 26his regaocdpea poatdionab€ Miachoofa thiendesds heoriewy dreathaced
an anmount of thirty-one pixel locations in the X-direction fromthe next
adj acent | eft coonatswhGlothcougli BERS. idS Figure 3s shovdel taposa tppr eci at ed
that all initial Xi, Yi coordinates can be inmmedi ately generated when one
defines the Xi,wYthénordreapectdve| avimdomhish pRefarsiing ite Wigum 3y -
108. 5 - - Each window is preferably fifteen pixel locations in
width bg fifteehtpisekol beanosed ithateityie in xl:eé'c?"appé!ﬁi% Winfows
gi ven wi ndow shoul d preferably occupy at |east six pixel |ocations along
the wi ndow wi dt Wi dbes| sak howgversiconrespanshdo tdha dead counly to bottom
of the window. The |eads shoul d. appear : :

numbering for the leads. It is therefore necessary to

provide the following cotreiation between the windows,

~

'Wi and the lead cbunts of ?iguré'B: _
10 N 'Window Correlétion Table |
Lead Count LC N  Window Index, I <

1 | 1
2 20
3 2
4 19
S 3
6 18
7 4
8 17

15 9 . _ _ 5
10 16 |
11 : . : gs_ : N
12 | |
13 | ; | ST . \&/
14 ' 14
15 8
16 : 13
17 | | 9
18 ' 12

' 19 _ 10
20 : 20 ' ' : 11

It is to be appieciated.frém the above fhat a window
for a given léad.is identified.by knowing the lead

- count for that lg#d and then géing to the_wiqdow
-correlétion table.and obtaining the window index

25 number, I.



as dark objects with respect to a white background defined by the back
lighting. The stored pixel bits indicating a | ead shoul d hence be binary
ones. As will be explained in detail hereinafter, all stored pixel 15
its for a given wi ndow can be accessed by addressing appropriate bytes of
information and isolating the appropriate pixel=13its within the thus
addressed bytes. Referring again to Figure 4, it.is to be noted that the
canerd interface unit 50 is directly connected 20 ‘via an RS 170
output I¥ne 54 to a nodisg drasstheenliprevdtusdy 54 sowssied prearhvesinddw ack and
~white inmage representing the stored pixel bits of information in the ClU
50. 25 -19- Wi, will have a Reffir dampemwaardinatienHje, dhial ysThess/st em
34 in Figure 4, it is seen that the central processor unit 38 conmunicates
via a bus 58 wi tdeardigvatiemlamy imitd Jdy e fiinesd direrahable t9f ee wire bus
allowing for normal 5 eight bit ASCII coded communications to the
central processdoardinag® vdiues iagy aRet & moardinates R faadk st em 32,
the central processor unit 36 addresses a particul ar input/output function
of an irput/ out Fesgegtdveivindaw lipdex nugmbeg.q tThe mMpitiak 44. In this
manner, the central processor unit 36 nmonitors and/or controls certain
coordinates are such as to space the windows relative
to the center of the field of vision of the camera lens
"/ so that a camera mounted along the centerline of Figure
2 should produce an image of leads falling within the.
10 windows. 1In this regard, the leads such as 30
N\ extending from the back side of the component should
appear in the.windows W1 through W10 whereas the leads
~such as 31 extending along the front side of the
component should appear in the windows W11 through W2Q.
15 In the preferred embodiment, the initial spacing of the
top row of windows from the bottom row is twenty-two
pixel locations. This amount is to be added to the Yj
coordinate for the bottom row of windows so as to
define the Yj coordinate for all tob row windows. Each
20 - corner coordinate Xj for a window is moreover spaced an
amount of thirty-one pixel locations in the X-direction

from the next adjacént left corner window coordinate.

25



functions of the conponent insertion machine. It is to be understood that
t he machi ne control system 32 enconpasses consi derably nore than the

speci fic machi ne 15 control functions that are depicted in Figure 5.
In this regard, only.those machine control functions that interrelate with
the i mage analysis system 34 are particularly iigustrated. The first
machi ne control function to be 20 nonitored is that of a switch 64Q;
which trips when the pusher elenent 18 noves to its downward position

agai nsty t he compongnthekfte &@rw-%gﬁé@mééavenw ArD BRielap R{ovides a
'signal to.the I/Ocircuit 62.-In this regard, the pressure sensifivé swtch

66 nonitors 25coordiddte It e inned PACSIR §énéioECeBwRES06hated with
the -20- pneumatic drive for the pusher elenent 18.° The i nput/ out put
circuit 62 is sfides ailvo X, WNNEséedindte ok txXDg /Oy whikthi ps when the
grippers 12 and 14 nove to the downward position so-as to position the 5
conponent 10 wptre feasgbilyt ¥ X he D®ary 46108he I/Ocircuit 62 is also
connected to various solenoid controlled val ves which control the pneumatic
pressurses to various rBmdh irmleneid spreferdblyg fifoeen pikébe 72 provides
a control signal to a solenoid 10 controll ed val ve associated with the
pneunati c syst dodatidi®e inishisitlel yefd ftiden pixel vbotatitordd phovi des a
height.- A lead appeat’ing_-:'v_z_it'h'in a given window should .
preferably occupy at least six pixel locations along \\)
the window width. The lead length should extend from
10 top to bottom of the window. The leads should appear
as dark objects with respect to a white background o
defined by the back lighting. The stored pixel bits
indicating a lead should hence be binary ones. As will
be explained in detail hereinafter, all stored pixel
15 bits for a given window can be accessed by addressing
appropriate bytes of information and isolating the
appropriate pixel bits within the thus addressed bytes. \U
Referring again to Figure 4, it is to be noted
that the camera interface unit 50 is directly connected
20 via an RS 170 output line 54 to a monitor 56. The
monitor 56 merely ptOduceS'a black and white image

representing the stored pixel bits of information in

the CIU 50.

25



tontrol signal.to a solenoid controlled val ve associated with the pneumatic
system for the conponent insertion head which houses the grippers 12 and
l4. A15 line 76 provides a,command signal to a sol enoid controlled
Val ve associated with a pneunatic drive for the.pgpports 20 and 22.

Finally, a command is provided over a line 78 to a solenoid controlled

val ve associated with the pneumatic drive for elevating the 20 cut and

cl i nctf nechani sm 28. Refeefiet 1ih 1 QYow Ocd-| tHE EEm A bFsid hgaygmﬁajg ofy, of
the central processor unit 36 during the contro sequence of” t he

af orement i oned F@vime 4] eents seer |thwd riedeentrab oo dis SPPNGEL @t £l
that the 25 control sequence depicted in Figures 6A and 6B is but a
-21- 1 porti eemsuricakss [wiger huod@amitiereite tiitnabngd £t eTkOrBuS!  Of
a conponent insertion machine is addressed. In this regard, the first step
100 in the flowdfaris @refienablB/Aa r cthieewihatbws colpownixyd frer i o hfle .
wWithin 5 the insertion head and that the circuit board 16 be
appropriat el y pedightorit rASCRI \aoded tdomiursicrd t bonsical flog ¢eceiapl of t he
t hus held conponent. At this point in the machine control, the central
processor unit FFquessatiunit s3&p 102 and and i ssues actuator extend 10
signals on lines 74 and 76. This is inplenmented by addressing the
appropriate output |indefarning Inqy to the machine control system 32,

the central processor unit 36 addresses a particular
N iﬂput/output function of an input/output (I/0) circuit
10 62 via the multibus 44. 1In this manner, the central
processor unit 36 monitors and/or controls certain
functions of ghe componen£ insertion machine. .It is to
be understood that the machine control system 32
encompasses considerably more than the specific machine
15 control functions that are depicted in Figure 5. 1In
this regard, only those machine control functions that
' interrelate with the image analysis 5ystem 34 are
N\ particularly illustrated.
| The first machine control function to be
20 monitored is that of a switch 64 which trips when the
pusher element 18 moves to its dowﬁward position
against the component 10. A éressufe sensitive switch
66 also provides a signal to the I,/0 circuit 62. In
this regard, the pressure sensitive switch 66 monitors

25 the pressure in a pneumatic line 68 associated with the



circuit 62 via the nultibus 44. The signals thus present on the lines 74

and 76 cause the insertion head to nove downwardly towards the printed
circuit board 16 15 whereas the board supports 20 and 22 nove up into &
pl ace underneath the printed circuit board 16.,,The central processor unit
now awaits a signal fromthe switch 70 |nd|catFRg that the insertion head

is in a downward position as indicated in a step 104. At this tine, thgy20

o enond”cont EMutiis | APLFR B0 oEhe B RhaRce1BRRR BT RR ont Tl e
cent ral processi SN EEl L3l P 82515P548] L8" aTdo' BY GBLLALLOD W toh
af

66 that the pus pressure’i s ernined Tevel .
Th I I 2 h | of
pbﬁ’iﬂ% 9 o Hﬁ%‘ S %??@95329{2 Ang i ar
: t t .Lh hout
Béfeféﬁi.en;’”t ndeye 8 esﬁ%r%ﬁﬁ“%whgﬁiﬁ%sgé ESPaPRRItRh B v

proces uni tg é%?éﬁgﬁéngyl&gﬁaage%ﬁeggeggeﬁhghgoggah?% elenent 18 is in a

downwa d positiomin a ste IS indication wll bBe provided to the

L o et i P Eeuil aosboataoebaekialy 1 | ciugpusher
pressure thus é‘d@ﬁ@m Oeoﬁbsof.paaoosmew WhiBh! cBRLEYL! khleCRne\Batic
pressures to various machine elements. in this regard,
a line 72 provides a control signal to a solenoid
10 controlled valve associated with the pneumatic-system
for the pusher element 18. A drive liné'74 provides a ;)
control signal.to a solenoid controlled valve
associated with the pneumatic system for'thé component
insertion head which houses the grippers 12 and 14. A
15 = line 76 provides a command signal to a solenoid
controlled valve associAted with.a'pneumatic drive for
the supports 20 and 22. Finally, a command is provided
over a line 78 to a solenoid controlled valve
associated with the pneumatic drive for elevating the
20 cut and clinch mechanism 28. -
Referring now to Figures 6A and 6B, the
opefation of the central'pfocéssor unit 36'during.the
control'seQuence'of the aforementioned machine elements
is illus:rated.: It is to be appreCia:ed'that Fhe

25 . control sequence depicted in Figures 6A and 6B is but a



Geflect the printed circuit board due to the deactivation of the pneumatic
control for the pusher elenent in step 110. It is to be appreciated that
{he 15 | eads of the conponent 10 should be extending through the holes
Underneath the printed circuit board 16 at this-pi#e. The central processor
unit 36 now i ssues a picture authorization signal to the central processor
20 . unit 38 via the databus 48 in a step 114. The central processor

unit 86 ghen i spestion coft@mmidS bapyéerposytanowhere Endthegeahpatthe
line 72 to the solenoid controlled val ve associated with the pusﬂ

pneunati c contratontddl sofi gnadbmponerts iﬂeeoushﬂrmetnﬂﬁétihOaZBressedagain
push downwardly with appreciable:-force on the: -23- 1 conponent 10.
VWi |l e the conporiemtthis thegabdj nghé uft het stepetiodgbnnshet Btowchautt oboard
16, the central processor unit issues an extend signal on a line 78 to the
sol enoi d controlFigurel 6% réquines hehadt a coppenentibecbntpbacéowithén

el evator actuator for the cut and clinch nmechanism 28. This is acconplished
in a step 118 wtheiinséertion dneladi amd| that t tike et bvaubt bhoandt b6 be
initiated.. A count of one-tenth of a second is also initiated at this tine.
The central 10 apppeptiatelyipositieped2tehabiverte thé {heeationtbead

extend signal on the line 76 to the pneumatic control
for receipt of the thus held component. At this point

in the mach;ne control, the central processor unit 36
—’ | proceeds to step 102 and and issues actuator extend
10 signals on lines 74 and 76. This is implemented by
o address1ng the approprlate output lines on the I/0
circuit 62 vra.the multibus 44. The signals thus
present on the lines 74 and 75 cause the insertion head
to nove.downwardly towards the printed circuit board 16
15 - whereas the board supports 20 and'22 move up into place
| underneath the printed circuit board 16. The central
'processor unit now awaits a signal.from the switch 70
4 indicating that the insertion head 'is in a'downward
position as indicated in a'step 164.. At this time, the
20 .central processor.unit issueslan extend signal on the
line 72 to_the solenoid controlled valve associated
'with the pusher pneunatic control The central
processor 36 now awazts in a step 108 for an 1nd1cat10n
from switch 66 that the pusher actuator pressure is at

25 a predetermined level. This level has been arbitrarily



for the board supports 20 and 22. The central processor unit 38 now awaits

a signal fromthe central processor unit 36 as to whether the conponent has

15 passed or failed the test for all inserted |eads

bei ng detect ed.

This is acconplished in a step 122 in Figure 6B. The pass/fai
communi cation is saved in a step 124 and. theregbter analyzed in a step 126.

In the event that the communication indicates a failure,

the central 20

processor 36 exits to a step- 128 and alerts the-nain-nachine_control to
i ssue B stop. predébermimed adbathe Daselcofnpbessiirennetendladd; tidie central

processor. 36 proceeds to a step 130 and asks whether the

time count set

forth in step dliowachexpusker &liemehbi $80touegerSa downwaadentral

processor proceeds to.a step.132 wherein a - . -24- normal
occurs. |n thipressare, onhtheucompdnehknth snfﬁénuean&o

machi ne sequence
seatt ittad ed and

the | eads are appropriately cut -and clinched:. ."Al.l elenments are thereafter
returned to thcompomeént avipbouti defiacBing thprppénaeﬂomﬂhnuﬂtuhﬂamm t he
next cgnponent that. is to be'inserted. .It is to be appreciated that the

operat?on of tdewneardly.prthescentualt pgocessokovadti 36

moyurigsnwd/rend 6B

is specific to a particular. Eznapert conponent.- 10 i nsertion-machi ne
b

i dentified as @sDHP Mb\leF
the Emhart

ecpushprag emensniﬁheSDynapedmwmwn@don of

' position in a step 112, This lndlcatl”ﬂ w1ll be

provided to the I/O cxrcuit 60 via the antCh 64. It

is to be noted that while the pusher element 18 will

10 | thus be in a downward position, the amount

of pressure

thus exerted on the component will not be suff1c1ent to

deflect the p:inted circuit board due to the

_deactivation of the pneumatic control for the pusher

element in step 110. It is to be apprec1ated that the

15 ‘ leads of the component 10 should be extending through

the holes underneath the printed circuit board 16 at

this time.

The central processor unit 36 now issues a

picture authorization signal to the central processor

20 ‘unit 38 via the databus 48 in a step 114.

The central

processor'unit 36 then issues in a step 116 another

actuator extend signal on the line 72.to the solenoid

controlled valve associated with the pusher pneumatic

control. 'ihis signal causes the pusher element to

25 again push downwardly with appreciable force on the

v



%Corporation, Beverly, Massachusetts. Qher machine control- systens having
di fferent approaches to the positioning of a conponent and insertion of
leads into 15 a printed circuit board may al so be used with the inmage
*anal ysis system34. In this regard t he i mage 3 LyS|s system 34 nust
merely know when the | eads have been fully inseffed into the holes of the
printed circuit. This can be acconpllshed by transnlttlng a signal to 20

] . '
the inodrted | coqmpdiett 102 MhifYCEnl BEnBlnghy o0 WRE BELAG PR L
steps of the 'W?%l@%@%&éﬁe@re\igfﬁststhélEfLEE‘i?dboaggelgroﬁﬁés begi ns

with steps 300 to In certain or na fsTinitially read

£3%, REESRERp £un4 7L Ehal R4 0008 2 a2k o0 Trom

any exter naI SOUI’CE to e termna

preferred embodi {HeL7RONEVERe $61SnbDACKERELOTLEE PBIA NeYLRLAMRer cad Onl v

menory 5 associated wth the CPU 38 his menory is nerely addressed

and the 5 nf or Mg Olina €1 é h@é@@iéfrfafaﬁlﬁ&eué@auba sbeultbE BY? éﬁet @utthe
menory 42. Steps 300 and 301 relate to the accessing and storing of the

wi ndow correl atigd éPPhéh améchaeisabpe, 10This i8fadtomplisnReadinages for
the windows [err]. These tables have been previously discussed with regard
to Figure 6. step 118 wherein the extend signal to the elevator
actuator is initiated. A count of one-tenth of a
— second is also initiated at this time. The central
10 ' p;ocessor'in a step 120 now turns off the actuator
extend signal on thg line 76 to the pneumatic control
for the board_supports 20 and 22. The central
processor unit 38 now awaits a signal from the central
procesgo: unit 36 as to whether the component has
- 15 passed or failed the test for all inserted leads being .
detected. This is accomplished in a step 122 in Figure
6B. Thé pass/fail cﬁmmunication is saved in a step 124
and there;fter analyzed in a step 126. In the évent |
| that the commqnication indicates a failure, the central
20 processor 36 exits ta a step 128 and alerts the main
machine control to issue a stop. 1In the event that a
pass communication is noted, the central processor 36
proceeds to a step 130 and asks whether the time count

set forth in step 118 has expired. When this occurs,

25 the central processor proceeds to a step 132 wherein a



The wi ndow correlation table will be a cross correl ati on between | ead count

and w ndow i ndex val ue. The table of Xi, Yi coordinates will be initial
left 15 corner coordi nate val ues for each val ue of -the w ndow i ndex
variable "I". Step 302 relates to the reading of -an initial threshold

value for the C1U50. It will be remenbered thad4this defines what anal og
voltage level fromthe canmera 24 is to be used as the crossover point 20
between a light and dark i mage connotation: In this regard voltages higher
than the threshorthalamashiing sesience watwes by Imetlti e segacdli ghe or a

bi nary zero. voltages less than or equal to the threshold value wll be

i nterpreted bycute anid) B3 neh medhanisn 8 yivneetivated apd-the leads

Step 304 involves the reading into nmenory of a "J" mask table which has not
been her et of or @t@ SPPFRRFiataly it andrelinched. 5 AkbeleBenssghteni t
masks that are to be successively applied to certain bytes of 5

i nfor mat i on i nthereafder ratufngd o dhed s pvi thatichafitheReiRaf t er

Finally, step 306 is a reading _of a pixel-limt value which defines a
aver ageSnunber PSRRAGRNAPRHfar thardlingdthe Noet cceBRABRENEN RS SWitRdow
basis for a given conponent. The pixel limt is used 10 - to adjust the

threshol d of the® dngexredr a manner which will be described in detail

herei nafter. - o \ e ' .
It is to be appreciated that the op: - ation of

the central processor unit 36 disclosed ié'?igures 6A U
and 6B is specific to a particular Dynapert component :
10 insertion machine identified as a DIP Model F or G
available from the Dynapert Division of the Emhart A\
Corporation, Beverlf, Massachusetts. Other machine
- control sysﬁems having differené approaches to the
positioning of a component and insertion of leads into
15 = a printed circuit board may also be_uéed with the image
analysis system 34. 1In this regard, the image analysis
system 34 must merely know when the leads have been
fully inserted into the holes.of the printed circuit.
This can be acéomplishedlby transmitting a signal to
20 " the central processot unit 38 at such time as an
analysis is to be made of the inserted leads.
Referring now to Figure 7A, a flow chart of the
initial steps of the image analysis process is
illustrated. The process begins with steps 300 to 306

25 yherein certain information is initially read into the



?n the follow ng step 308 appearing in Figure 7B, the central processor 38
awaits a picture authorization comunication fromthe CPU 36 via the bus 15
48. Wen a picture authorizatign is received, the central processor 38
pursues the yes path to a step 310 and stores tgﬁalead i nformation
acconpanylng the picture authorization in the s ware variable "l ead
total™. This wll be a nunber that can be used for 20 conpari son

agalﬁ§1 t he act yal nﬂ ead ounted upon i.nsertian o he c onent. .
The cent}al pro@gggb'ly §Xt Ethdce‘eé‘ Qrgation, sam pe, (?eak‘l'ies %’&rati ng

node program whi be di scuyss

herei nafter. %Qfﬁbhhoﬁgﬁf %%E &%ﬁﬂi?tﬁfgiﬁ§ﬁ?%rF € ?Ft?kﬁﬁ%tlng
program wi | | angbyze E‘xh?:th | %g%(f%f lét?%rdbzo%qnier?atsb%f%e”% fq__r t;1e presence of

the leads indicatéd in s i g agaln to step

308, in the evegbeQQthoglg%u qﬂkﬂ% 93 " the central

processor unit nerely awaits a entry ron1the te nal- 60 in a

step 314, In thgeg %%@fatggan,ﬁhk%%% %rmﬁ% o8 & Uy Pr ocessOr

unit 10 i agnost1c programin a gnostic

program begi ns %h*}e QY "an%”‘ £HRC S b Al o ils ‘@éﬁﬁté?‘%&i@f’é‘ff’e&”t ry

is saved in a
via the multibus 46 to the memory 42.

5 Steps 300 and 301 relate to the'accessing and

7 storing of the window correlation table and the table
10  of Xi, Yi coordinates for the windows Wi. These tables

o | have been previously discussed with regard to Figure 6.

The window correlation table will be a cross
correlation between lead count and window index value.
The table of Xj, ¥Yi coordinates will be initial left

15 corner coordinate values for each value of the window
index variable "I". Step 302 relates to the reading of
-an initial threshold valﬁe for the CiU 50. It will be
remembered that this defines what analog voltage level
from the camera 24 is to be used as the crossover point

20 between a light and dark image connotation. In this
regard voltages higher than the threshold value will be
interpreted by the CIU 50 as light or a binary zero.
Voltages less than or eqﬁal to the threshold value will

be interpreted by the CIU 50 as dark or binary ones.

25



N -

T

318 and thereafter conpared with the ASCI1 value for the letter "P' in a
step 320. If this conparison 15 " results in a yes, the central
processor proceeds to a step-322 and authorizes the canmera interface unit

50 to initiate storage of a binary coded i mage fromthe canera 24. This

will result

in

an array of pixel bits being ste2&d within the canera

interface unit 50. The 20 central processor now proceeds to a step 324

and inquires as to whether a further
the terqnna

stored Tn a step 326 and a conparison is nmade in step 328 as to 25

whet her or
the letter

of step 328 is yes, the central processor_unit proceeds to a step 330 5

not
n Dll .

He mash ctpbiseiwhich ukas snoticbeeni harehofore-dgscussed.

_ keyboard entry has been received from
60. Wen S$teép 3¢ uinvolves AID: | readimrgointbemenybypacd entry is

to

If the conparison results in a no, the central processor
unit merely retthis tabke ronsises 9fia umbee 9B eightihétcwaphsi batout

and wites a b@&tRertarkrirtuecess ivetyv2Dplbed: beseertaiiBnbYRaseoBeen
defined.in Figure 5. In other words, the binarx.coded pi xel bits
t

previ ousl y recofernationpinoy papReothatpphl

bet desenibpdednof the

windows W in Figure 5 are all changed to_ _binary zergs so as tqo be 10

di spl ayed on t e

tahl thereinakterywy Finaliyynétep| 306his AnfmRing Rfows

are drawn on the npnitor, screen 56 against the black and white i mage of the
stored binary @ pixel-limit value which defines z" average number of

10

15

20

25

binary ones that is not to be excec-:d on a per-window
basis for a given component. The pixel limit is used
to adjust the threshold of the CIU 50 in a manner whlch
will be described in detail hereinafter. |

In the"foildwing step 308 appearing in Figure

78, the central processor 38 awaits a picture

authorization communication from the CPU 36 via the bus

' 48. When a picture authorization is received, the

central processor 38 pursués the yes path to a ‘step 310
and stores the lead information accompanying the
picture authorization in the software variable "lead

total®”. This will be a number that can be used for

' comparison against the actual number of leads counted

upon insertion of the cémponent. The central processor
next proceeds to a step 312 and exits to an operating

mode program which will be'discussed in detail



Yoded | mage of step 322. The binary coded i mage of the | eads can thus be
viewed on the nonitor screen 56 15 relative to the generated w ndows
Hf step 330. In the event that the displayed windows do not coincide wth
t he di spl ayed | eads, then the operator may progggqrﬁo rearrange any or al

of the windows. This is acconplished by various keyboard entries to the 20
di agnostic programwhich will now be discussed. Referring again to step

320, 11 ihe keyhadled n3rer St ¥zd vHd HopRntlGe S Rer qua[&éfﬁ%g,e%@%;{h ‘o

value for the letter "P', then the central processor purs

a step 332 in Fit@ake 3@ rati ' iq 1S guestion is asked
whet her the -29- 1 o%% préﬁiﬁiﬁ%ﬁgggﬁégyAégﬁﬁ valﬁiﬁ %ﬁﬁﬁﬁeto t he
letter "C'. If QlithotQHRA %O tied BT Fote theh ¢ SSUadnit
proceeds to transmt a nessage te;pthe term nal %é%%?sn%e mgg‘%l flles 334.
In this regard,15dica;edthg(yyaﬁwglgyocessor transmts the nessage "I nput
W ndow Nunber" which is displayéd on the nonitor screen of the termnal 6

0
The val B2 entered in r aeFe?yq n€ algdaiih Fos$3LP i39sSt 9neqdnas W w_i ndex
nunber, 1, in step 338. Steps 42%?ﬁrough 35? PPgKeg tgp%m%qg%Fugﬂgi A for

a further_keybp?ﬁ@tﬁ&hrhu&QpQQzGEQ%hWHQrﬂb@ rheefved’, I %rké%%ygﬂ nate for
the thus identified window is changed by an -increnental anmount. 1n this
manner, any processor unit 38 merely awaits a keyboard entry from
| | the terminal 60 in a step 314. In.the event that a
k// keyboard entry is made, the central pfocessor unit
10 ‘exits to a diagnoétic program in a step.316. The
diagnostic program begins with Figuré 8A.whereih the
ASCII value of- the keyboard entry is saved in a step
318 and thereafter coméared with'the ASCII value for
the letter "P" in a Step 320.' If this comparison
15 rgsults in a yes, the central processor proceeds to a
step 322 énd authorizés the camera interface unit 50 to
initiate storage of a binary coded_image-from the
- camera 24. This will result iﬁ an array of pixel bits
being stored within the camera interface unit 50. The
20 centfal processor now proceeds to a step.324 and
inquires as to whether a further keyboard entry has
.been received from the terminal 60. When this occurs,
the ASCII value of the keyboard entry is.stored in a

step 326 and a'cdmparison is made in step 328 as to

25 whether or not the stored ASCII value is the equivalent
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particul ar wi ndow | ocation can be changed by a reiterative |ooping through
steps 332 through 356. 15 Referring now to step 358, in the
event that an "S' key has been depressed on the termnal 60 and stored in

step 318, the central processor will procéed to inplenent shifts of certain
wi ndows within the array of wwndows in Figure 5,along either the X or Y
axis. 20 In this regard, the central proc%gsor unit will first
inquire in steps 360, 362, and 364 as to whether a shift is to occur alaﬁﬁ
Tn ot ept 364, ¢ HeS O SRR YT ﬁ%?%?%@%@%&fxsﬁxréfaztg‘é%n;‘éﬁ%f o
keyboar d ent 1y TS SR S IdRe 80T FLt TAF &Ry PPturns; 2o cenpparjf&'
Coor di nat o6 [ors] RHSWE R 1t ShE O eéz?%égnag?ﬁéhﬁpsﬁ%%?a% #s o
W ndove {ZH} P8 Othe e rfl e SLaResE LE Btbetads tBTa BER P, g3Y ©
Pr acesstr uni t{?% SUFfted W indfuca Eind 0 BED AR CRT s EHBAEEL' 1O
byt he TES. Ca; FEBSS g ‘Vf"*%ﬁ’fd@ffﬁ%@f)h%f‘fé LEE74S ¢ EhCOLhBT MBS She.
The the binary coded pixel bi:zs prevxously recorded in stegp
322 that correspond to the outlines of the windows Wi \\)
in Figure 5 are all changed to binary zeros so as to be
10 displayed on the monitor 56 as a white outline. In
this manner, windows are drawn on the monitor screen 56
against the black and white image of the stored binary
coded image of step 322. The binary coded image of the
leads can thus be viewed_on_the monitor screen 56
15 relatiye to:the generated yindons of step 330. In the
event that the displayed windows_do not coincide with _
the displayed leads, then the operator may.proceed to \_)

rearrange any or all of the windows. This is
accomplished.by various keyboard entries to the
20 _diagnostic program which_ﬁill now be discussedl
heferring again to step 320, if the keyboard
entry stored in step.318 is_not7equal to the ASCII
value_for the letter "P", then the central processor.
pursnes.the no path to a step 332 in Figure 8B,

25 Referring to step 332, a question is asked whether the

s

’



Central processor then proceeds to steps 390 through 396 in Figure 8F and
changes the X coordinate values 15 -~ . for the windows [err] through [err]
Py the indicated amount Its". Referring to the step 358 in Figure 8B, it is
to be noted that if the "S" key has not been depressed, the central
processor will-proceed fromthe step 358 to 20 =29-4 step 398 in Figure 8G
Referring to-Figure 8G the central processor is asking whether the
keybéﬁ?dlentry stored in step-318 has an ASCI| valye of "M. This
particul ar keybd® TV EMTW #19redASERE valeetiniegaal toathetlagtene
central processof.gas t npve of the entjre window array along either the
X or Yaxis. In~ * Pt %ents compagisqn is pesktiven: theacerhsakeyboard

entry is not "X" e central processor will proceed to a step 406 and
await the next.ﬁgééhﬁ%PEwﬁﬁﬁﬁvﬁﬁ?ﬁF?ggs?%rgﬂg%émiﬁeasﬁ?fﬁﬁgé'VathBIe

oY T Al PCERoRE SO BEEE ReoR e, ThtLEC o oLl ¢
vt b IO P SRt LA T She TR TR T 40
et oo e B SSEIEE NAFE e MaBlaTA R e HERPLRE Br SRS,
proceeds in St?g§f4¥ﬁ£_terminal 60. The value entered in response to
k// this,message-is stored as the window index number, I,
in step 338. steps 342 through 356 thereafter allow
10 for a further keyboard entry to be made wherein the Xj
U _ or Yj coordinate for the thus identified window is -
changed by an -incremental amount.. In this manner, ény
particular window location can be changed by a
reiterative looping through steps 332 through 356.

15 Referring now to Qtep 358, in the event that an
“s" key'has been depressed on the terminal 60-and
stored in step 318, the central processor will proceed
to implement shifts of certain windows within the array
of windows in Figufe 5 along either the X or Y axis.

20 In this regard, the central processor unit will first
inquire in steps 360, 362, and 364 as to whether a
shift is to occdr.along either the X or the Y axis. 1In
the event that an X axis-is not identified in step 364,
the central processor unit proceeds to a step 366 and

25 awaits the next keyboard entry from the terminal 60.
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t hrough 428 to inplement a shift of all Xi coordinates by the nunerical
amount of the software variable 15 “move". It is hence to be _
appreciated that follow ng the detection of a keyboard entry "M in step
398, the central processor is operative 'to inplenent an increnmental nove of
all windows W in Figure 5 in either the X or38direction. The increnental
nove i.n 20 the X direction is acconplished in steps 418 through 42
whereas the incremental novein the Y direction is acconplished in step 406
throulhh 416. TRéFekeYRGAZI e ¥ di Stred tas sthe) spftwarel vamtablée pat hs
of the diagngstic programin Figures 8A 25  through 81 return to the
[err] re-entry poi ARe fepitFdle PR cessa3 proggeds oimostens U368 point al | ows
the central ggocessor uni.t to proceed thrggah step_308 to a step 314 as
long as a pi ¢PEPEIRUBAS ﬂ:?aﬁdﬂg' thes vidugahh TEcdiaddhe "oordinavest he
central proc%ssor 38 to respond.to the next 5 keyboard entry which
may be a "P' Y11stBEoNghe ¥20, oThifs nefuldshiimithe srpemrraw ebve t hr ough
steps 322 through 33% Wh%b%in he current [err] defined by the Xi, Vi
coor dd nat es fAPEHY SN Adn H20- A iR (dHspkarad reativeito vkhe | of
cour se, reflﬁct anxhnnv nth 10 (HFth wi ndows t hrough changes in the
[err] coordi MA¥EE FO¥hPk WiBAews, M %ﬁbr’ﬂtﬁ in Figee regard, to
Cbriefly revieM/thesi %han es, .a depression __. . _ .

L eferring again to step 364 .  Figure 8B, in the

-

event that an "X" key has been depressed; the central -Q;J
processor unit exits to a step 378 in'Figu:e 8E and

10 proceeds to change the X coordinate value of each of
the windows W2 through-Wig by the indicated amount "s". W,
This is accomplished in steps 380 through 388. The
central processor then proceeds to steps 390 through —-
396 in Figure 8F and changes theé X coordinate values

15 for the windows Wi2 through W20 by the indicated amount -
ngn S

Referring to the step 358 in Figure 8B, it is teo

be noted that if the "S" key has not been depressed,
the central processor will‘ﬁroceed.from the step 358 to

20 a step 398 in Figure 8G. Referring to Figure 8G, the
central processor is asking whether the keyboard entry
stored in step 318 has an ASCII value of "M". This -
pafticular keyboard entfy will have the effect of -

. 25 alerting the central processor as to a move of_ the-

entire window array along either the X or Y axis. 1In .



*of a "C'" key will result in a wndow being noved in either the X or Y
direction in accordance with steps 15 334 through 356. On the other
.hand, if the keyboard entry in step 314 is decoded as an "S", the central
®processor .will proceed in steps 358 through 376 to either nove the top row
~of windows in the Y direction by an increnental3gpacing or to nove w ndows

[err] 20 and [err] in the X direction-by an increnental spacing. The
" novewént of the top 'row of windows in the Y direction is acconplished in

steps 366 throughe 3dGenctRat the kBgb8ABA! 8htFPvVeEELAbEI Mxkhe pXedi rection
I's acconplished in steps 378 through® 396. Again referring 25 to step

314, if an "M E@Ntk§1d896€§§§9t vigrn bbSceed 28-alstep 4ogeahaahwgqqpessor
will proceed to steps 398 through 428 and inpl enment a nove of all w ndows

in either the XtRé RédtrEsybaarbyeateyeﬁﬁibhedsaaeu@bd Ref ehki BB fta@dien tO
Figure 7B, it will be remenbered that the central processor 36

exits to an OpefratiaﬁléDdﬁoﬁéﬁgra‘l!henc&heﬁa31§r%6Bsarpheﬁvupeo@ébher ikgat i on
has been received in step 308. The operating node programis illustrated

begi nni pg Wi th Figute 98 wh&eéenranghiétFoguatlon; tboerdpaagesndnmete 10
program begins with a step 500 wherein the threshold value (initially

stored in the ssﬁbuatedéeiaéanby the bofswape3Qdriabler amewert4d to the ClU
20 Ttwii be implemented in steps 408 through 416.
- Referring again to step 404 in Figure 8G, in the
' event that the keyboard entry of step 402 is an "X",
10 the central processor proceeds out of step 404 to
(% | Figure 8I and awaits the next keyboard entry in a step
| -418. Thé_cent;al processor now proceeds:in steps 420
through 428 to implement a shift of all Xj coordinates
by the humerical amount of the software variable
15 "move". It is hence to be appreciated'that following
the detection of a keyboard éntry "M" in step 398, the
central processor is operative to implement an
'@ncremental move of all windows Wi in Figure 5 in
either the X or Y direction. The incremental move in
20 the_x direction is accomplished in steps 418 through
428 whereas the inctemental_move.in the Y direction is
accomplished in step 406 through.416.
‘Referring now to Eigute 7B, it is to be noted

~ that all paths of the diagnostic program in Figures 8A

25 - through 8I return to the ot re-entry point in Figure 7B.



B

remenbered that this threshold value is used by the CIU to determ ne .
whet her a particular pixel voltage from 15 the canera 24 is to be
interpreted as a dark or light signal. Each so characterized pixel voltage
is stored as either a binary one (dark) or binary zero (light) in step 502.
The central processor unit 36 proceeds to a ste 04 and awaits the
conpletion of this storage. 20 This wll TIndicated to the central
processor by a status signal fromthe CIU 50. At this point in tinme, the

will be a conplete storage of .the entire array of 384 b 42 pixel bits in
a randod y aggrgbéébF@mW§WDﬁquﬁﬁﬁq?ﬁqﬁe{;H9 .theﬂﬁ%ﬁgkﬁ eﬁﬁ§ﬁ?§sﬂfll be

"3 the addr esEPH§ SonFRRAR CARUFHI ARG 4 1945 T Hf R cland
processor procodfs & 81 tie, AR Fas B s atidhe thasS e FRTp
ST 2 ) e B335 T, A SR TN B SRR,
P zeros 1t s ¥EVREREE Bhfiriinn madl Y £ Vomudh &7 fRs B "
tep. 508 via aStacle, i metiral PERGSERETIY] Ro R ORNn SU0EH8,
step 508 to a-SEﬁQough 330"wﬁefein the'éutrent winu s defined »+ the
Xi, Yi coordinates may be'drawn'énlthe screen of :ine N
monitor 56. This will, of course;'feflect any movement
10 of the windows through changes in the Xr, ¥I
coordinates within the diagnostic progrém. In this
' regard, to’briefly review these changes, a depression
of a "C" key.will result in a window being moved in
either the X or Y direction in accordance with steps
15 334 through=356. On the other hand,-if the keyboard

entry in step 314 is decoded as an "S", the central

processor will proceed in steps 358 through 376 to \~)jr
‘either move the top row of windows in the Y direction

by.ah incremental“spacinglot to move windows W2 — Wig

20 and'W12-—'Wzo in the x'aifedtion'by'an incremental

spacing.'.The~movément of the top row of windows in the

Y direction is accomplished in steps 366 through 376

whereas the incremental movemént in the X direction is
'accomplishéd in steps 378 throﬁgh 396. Again:feferring

25 to step 314, if an "M" key is depressed, then the



510 -and obtains the Xi and Yi coordinates forthe current val ue of the

w ndow i ndex. variable "I". Since -- 15 this variable is initially set
gqual to 1 in step 506, the first pass t hrough step-510-will result in the
-- coordinates [err] and [err] being-obtained. -These coordinates will be
stored in step 512. The central processor now pwg@g@eeds to a step 514 and
cal cyl ates a 20 "base address" using the coordinate value of Yi. It
will e remenbered that this address defines the first addressable byte in

any given Y—rom1canEramrpzscezbercemunabra&eeasearsm@yspeeeeeﬂeoh@ha4§%ep
516 and divides the Xi coordinate val ue by-ei ght and saves both --

the dividend "D'anddinpeenenti adabveRofohllhivindowssiianeithe?5thd X or
operation. The Dividend "D' is .thereafter added to the "base address"” and

saved as a "currgntiizddrésa’ bynaapseeprib8d aheuaentral processor now
proceeds to a step 520 and reads the addressable byte of information from5
the ClU 50 as defined bRefeerdinyg,cagaiddteseigihloes 7Byt ¢ tolvilldf bemation is
saved as a "byte 1". The central processor now proceeds to a step 522 in
Fi gure 9B and i ncemembesetih¢hatl theotehhealuprentssdar 88selryitaneo ane
addr essabl e byte in the ClU defined by the thus 10° I ncrenment ed addr ess
is stored as a "bpeeaRingThedecptogramr dnessep 30% wheacadpictusieep 524 and
agaln i ncrements the current address hy one and saves the
authorization has been received in step 308. The
\_/ | operating mode program is illustrated beginning with
Figure 9A, Referrxng to F1gure 9A, the operating mode
10 program begins with a step 500 where1n the threshold
% value (initially stored in the software reference mpe
in step 304) {e_ttansnitted to the CIU 50. It will be
remembered that this threshold value is used by the CIU
to determine whether a particular pixel voltage from

15 the camera 24 is to be interpreted as a dark or light

signal. Each_so”characterized pixel voltage is stored
W, '  .as either a binary one (dark) or binary zero (light) in

step 502. The central processor unit 36 proceeds to a

step 504 and awaits the completion of this storage.

20 ‘This will be indiceted_to the'central processor by a
status signal from the CIU 50. At this point in time,
there'will be a'eomplete storage of the entire array of
384 by 242 pixel bits in a randomly eddressable memory
within the CIU 50. These pixel bits will be stored in

25' the CIu menery as addressable bytee in accordance with



byte of the thus incremented address as a "byte 3". It is to be appreciated”
that the steps 518 through 524 15 have | ocated three bytes of
information in the ClU nenory which contain the pixel bits for the .
bottom most row of pixels in the first window [err]. It will be remenbered
t tat these wi ndow pixel bits will be fifteen in nunber. It therefore
remains to isolate the 20 - particular fiftsgen pixel bits fromthe eytes
identified as byte 1, byte 2, and byte 3. The extraction of neani ngful

pi xel bits fromthese three bytes begins with a step 526 wherein the nost

signi fji cant bgg | 7 r ' " R_.of step 516
.are 25 . sgtaeggg[’:gﬁgl&? rc?. Hi'ﬁ?: %#égkpgelﬁr%%darlﬁ% ﬁ/ve t"‘5)36-

bits in byte giglizk 8Le poh ingels tly | ol g, e al ...

processor now p?oceeds tg%a]?rggggfgwgtﬁgws&l% ?ggp%zﬂéﬁ‘éﬁ%%%e}ﬂ?% from

- eight and saves phgedi bier #em,atheRen?irhe bt ocdldsHY epié%neﬁ;?k% %et her

central processor now proceeds to a step 530°in Figure™

the value of ghlepi 508" aAlCEetBARKR %indbW iRGeRY YU ildlile, N4 S er
t han one, the ceﬁt rral processor proceeds to a step'r53- e?n'd -sIub't r%ﬁ%f "R +

hona T he"t, G40, @98, Shsetalpebebisos ekl pragesd¥so LS oLl
_ proceeds to aseyepnf34edrd the! ¥1dd 2OLheAr ¢ardh IV GRuAIR tLBH . t O
The centra;”processor.now procéeds to-a step 568 and N
sets still.otheélgoftware vafiables equal to Zero. It
is to be notéd that these pa:ti¢u1ar variables will
10  always be set equal to zero each time the central O
- processor téturns to the stgp 508 via a.:etutp point B.
The.cenfrél p?aéeﬁsor broéeed; from step 508 to a step -
510 ahd obfains tﬁe xi.;nd Ys coo;dinates for the
current valgexof the windbw indef'vériable "I", Since --
15 this variable is initially set equal to 1 in stép 506,
the first pass through step 510 will result in the -
coordinates.xl and.Yl being_obtained. —These
coordinates will be stored in step 512. The céntral
processor now'p?pceéds to a Step 514 and calculates a
20 "base address" ﬁging the coordinate value.of Yi. It
i will be remembered that this address defines the first
addreésable byté-in.Ahy givéh X-fow in ‘FPigure 5. The B
central processbr now proceeds to a step 516 and
divides the Xi coo?dinaﬁe value by eight and saves both --

25 the dividend "D" and the remainder "R" of this division



“ei ght. The central processor now proceeds to step 536 and sets the |east
sikgnificant bits of the byte 3 as 15 defined by the software reference

-"RR' equal to zero. This effectively disregards any bits in byte 3 which
*are not pixel bits of the window currently being defined by the val ue of
“I". The central processor now proceeds to step.$g8 20 wherein the
remai nder "R' is exam ned for possibly being equal to zero. If the
rematrider is equal to zero the central processor proceeds to a step 540

and sets; the 'eao;ém e b L OB CRe . Diligindyése 21§9Hﬁéré£’f€&!’:0ﬁdhkd' Eo' Bnl®

not ed that step case situatton wth regard to byte

2. In other wor §e d ;p hagnzgro,
then all eight blts of y¥%ss Q?? gge%af%so éﬁﬂoﬁﬁéﬁ%?ént?y gnder

exari nati on.. 10 gdieTs @l Upne SEEREr EACHr Uk gwtlﬁ% | btgedeBtXeb Bl bEebn

wi dt h, anyt hi ng other t ha e|g ts o woul d necessarily

require a full esﬂmtatutﬁeéagntﬁytsaareéaatbésbtééeafc £orh€i6ANELBM

processor exits fromstep 538 via the no path and conp?@te |y avoi ds step

540. 1t ks to berp@nersi 54 cals td@tihed! e SEEPr &S QAdPEER, 54ﬁastb?
central processor has effectively isola ed the 10 fifteen W ndow bits in

bytes 1, 2 and Zf iAféen@tisént Dsbgadedcas aethpbet f©f oY ebntikase bits
i ndicate a possible | ead being present within the wi ndow under exam nati on.
Any two successipfodésesy 6w ProSeddsntd aNhetépfSPPNin Figure 9B and.
Y Iincrements the value of the current address by one.
The addressable byte in the CIU defined by the thus
10 incremented address is stored as a "byte 2". The
" | central processor now proceeds to step 524 and again
_increments the.cur:ent address by one and saves the
| byte of the thus incremented address_aé a "byte 3". It
is to be appreciated that the steps 518 through 524
15 - have located three bytes of information in the CIU
memory which contain the pixel bits for the bottom-most
U | | row of pixels in the first window W1. It will be
remembered that these window pixel bits will be fifteen
in number. If'thereforg remains to isolate the
20 éarticular fifteen pixel bits from the bytes identified
as byte 1, byte 2, and bytg'3. The extraction of
meaninéful pixel bits from these three bytes begins
with a step 526 wherein the most significant bits of
the bytell defiﬁed by the remainder "R" of step 516 are

25 set equal to zero. This effectively disregards any



i sol ated window bits will be interpreted as possibly 15 indicating the
presence of alead. An analysis of these bits toward that end begi ns mnth a
step 542 wherein the "sum of all binary ones within these bits is
generated In this regard, it is to be ndted that all other bits of bytes
1, 2, and 3 have been set equal to zero in steps 526, 536, 20 and 540. The

"sunf thus generated will nerely be the sum of3&w binary ones in the
fifteen window bits. The central processor now proceeds to a step 544 and
adds the "sun 25 30 35 -38- to a cunulative value stored within the

softwage vari abits" dhnbiykesdnthatherecmotala pixeds ddit mivthdrmoctdeels to

anal yze the significance of the particular value of "sunm in steps 546 and
548. In this rejaddy.5The centiralcprocsisseronsysProgesds tao sestepet her

t he value of "sunm is greater than seven :in step 546 or less than two in a-
step 548. It i5280and apptseciscthehzemaindes JR"off romugighteaard t han
seven neans-that there are at |east two successive binary one bits anong
the 10  fisaves thaddifferenceOast kheosiofitwased var iidhl e/ dIN®. oFhe sunf
is less than two, then there is no possibility of anything other than a
singl e Binary orateal BépﬁgsﬁpéS@ﬂM ﬂﬁ@ﬁge@ﬁeﬁﬁ1i<§§¢RM5iRw¢Qn¥€9u¥ﬁ t he

event
9C and asks whether the value of "N" is greater than

one. In the event that "N" is greater than one, the L
central'processor_preceedé to é'S£eb 532 and subtracts ~
"R + 15" from'twenty fdut'ahd sevesfthe difference
10 "RR". On the other hand, if the value of "N" is not O
greater than one, the central proCeesor proceeds to a
step 534 and sets the software”refefence "RR™ equal to
eight. The central processor now proceeds to step 536
and sets the least sxgnif:cant bxts of the byte 3 as
15 defined by the software reference "RR" equal to zero.
This effectively disregards any bits in'byte 3 which
"are not pixel bits of the window curtently being
defined by the value of "I". |
The central ptOCe§SOt now proceeds'to step 538
20 wherein the remainder "R" is examined fbr possibly
being equal to zero. If ﬁhe'remainder is eéual to zero,
the centraleproceSSOr proceeds to a step 540 and sets
the least significant bit of bee'Z equal to zero. It
is to be noted that step 540 is a spécial.cese'

25 situation with regard to byte 2. In other words, if the



{hat the value of "sunl is greater than seven, the 15 centra
processor proceeds fromstep 546 to a step 550 and adds one to the

gunul ative value of "rows dark". On the other hand, .if the value of the
"sumt is less than two, then the central processor proceeds to a step 552
and sets the value of "rows dark"” equal to zero. In 20 t he event that
the value of "sum |ies between two and. sev&hs the central processor
proce€ds to a masking sub- routine.in a step 554. In this latter instance,
it remains to be determ ned whether two successive binary one bits are
present in the fifteen isolated w ndow 25 bits. Referring nowto

- Figure 10A the dRsiiddlr St is aPeh{RyioMRePeRS i, acpdePaPPOeidht .
Figure 10A wherein twy variables,” "J" and "K' are jnitially set_equal to

one. These vRHEDIE Ritte 2 Will hePakt | 9bphe HARAAW t FREESRELY ST
fol | ow begi nnigxganididt forw! ePI®5Behér words Red Bidé Ngadld wimiowSs £iPtdind s

o & Tk ) el ey B9GP, AARERER, D Bl P
of nine possi Bveteihwowld meséssarily nredueita”a nfiskl teddlet vﬂsﬂm fwsm byte
B T i
Mask Confi gur a3%em 538 via the no path and completely avoids step 540.
It is to be appreciated that following step 538 or step
\_ 540, the central proceséor has effectively isoclated the
10 fifteen window bits in bytes 1, 2 and 3. It remains to be
determined whether any of these bits indicate a possible
lead being present within the window under examination.
U ‘Any two successive binary one bits within the fifteen

isolated window bits will be interpreted as possibly

15 indicating the presence of a lead. An analysis of these
bits toward that end begins with a step 542 wherein the
sum" of all binary ones within these bits is generated. 1In
this regard; it is to be noted that all other bits of bytes

20 1, 2, and 3 have been set equal to zero in steps 526, 536,

and 540. The "sum" thus generated will merely be the sum of
any binary ones in the fifteen window bits. The central

processor now proceeds to a step 544 and adds the "sum

25

- 30

-35
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1, 10, 19 11000000 2, 11, 20 011000
003, 12, 21 001100004, 13, 22 00011
0005, 14, 23 0000110015 . 6, 15, 24
000001107, 16, 25 000000118, 17, 26
00000O0O0OT109, 18, 27 . 100 638-0 0 0 The resulting eight
bits fromthe | ogical AND operation of step 558 are conpared with the eight
bit configuration of the particular mask "J" in a step 560..20 | f e

eight bits are votai demulasivet halaenstalredr adeddior tiheoaerfiwarleong a
no-path to step 562 and increnents "J" by one. The central processor now

proceeds to

askvabtabie rw¢ntibwssun®rerhet edntalale prfoceksdrs mwal to 9 or

18 in step 564. Referring to the 25 mask table, it is to be
appreci at ed  t haprbbeedsate anatyze t4@e- sigpdifdicantesiof tthedpaailduihd O

each byte.

Hence when all nine masks have been.applied as indicated in

step 564, the cealual ofr 8sem8oinwsitlepsr 6décadnilo 5d 8t eXbathiandegaxdrent

t he val ue of

"K'. In this regard, the 5 value of "K' will be

i ncrenefit ed frobthencenbralopwherssdst ehesks rtionsernavhetle hechenoradnent ed
fromtwo to three when "J" equals eighteen. In this manner, al

10

15

20

25

of "sum” is greater than seven in step 546 or less than
two in a steé.548; It is to be.appgeeiated that ény
value of "sum" greater than seven means that there are
at least twq'successiQe binary one bits among the

fifteen window bits. On the other hand if the value of

-

"sum" is less than two; then there is no possibility of W/

anything otheE thén a single binary one bit_being
present among the fifteen window bits. In the event
that the value of "suﬁ" is greater than seven, the
central processor proceeds from step 546 to a step 550
and adds one to the cumulative value of "rows dark". On
the other hand, if the value of the “sum":is less than
two, then the central processor proceeds to a stép 552
and sets the value of "rows dark" equal to zero. 1In
the event that the val;e of "sum" lies between two and
seven, the central processor proceeds to a masking sub-
routine in a step 554. 1In this latter‘instance, it

- remains to be determihed whether two successive binary
one bits are present in the fifteen isolated window

bits. Referring now to Figure 10A the masking sub-

v

»



Tasks will be applied to bytes-1, 2, and 3 in a reiterative fashion until

such tinme as a positive 10 conpari son has been nade in step 560. In
{his event, the central processor will proceed along the yes-path fromstep
560 to a step 568 in Figure 10B. Reférring to step 568, the central
processor inquires as to whether the value of "Jl39Ls equal to 15 ei ght

or seventeen. This inquiry is necessary since the bit mask for these
particul ar values of "J" only verify that the | east significant bit of the
eight bij byte deduesde bWeginsiwiehbangtyposss Lh Fi5LeECTBALGRR
necessar% to verify mhethe?_the nmost 20 ;p _ signi??ggnt %ip o?ggﬁznnext
successi ve byte fwo ab&PiabbesAr yyongng This aéeaﬁﬁwﬁehn{}egetn &%s&stém
through 576.  Specifically, the next successive byte is de !neg y
incrementing theowé| ueThése KratDab168 8¢PindheebtbrAREbeVIbEPst eRkSUGAT the
nost significant bit is then 25 i dentified by increnenting the val ue
of "J" to eitherthe sé&is WRECRT £61 VbW eBagiAnshgPwdER. a £Bepl ggBcal AND of
the thus identified mask "J" to the thus rdentiftied byte "KP i's perforned
in step $74 and R@ﬁefﬁﬁﬂgtﬁﬂtseeﬁhssbﬂﬁhérﬁiﬁﬁﬁaﬂr g@dmagkt Pg"bhke to be
configuration of the mask 5 "J" in step 576. If the nost significant
bit of the byte icgiedlbybANDéd ©oethéhbitonpar asbgtei Pk be tRegabiyte. The
central processor w | hence proceed

"K" will first be the byte 1. The numerical value of

N "J" defines one of nine possible eight bit masks within

the "J" mask table which was initially read into the

10 memory 42 in step 304. The "J" mask table will appear
e as follows within the memory 42:
_ MASK TABLE
"J" No. Mask Configuration
' ’ 11000000
2, 11, 20 01100000
3, 12, 21 00110000
4, 13, 22 00011000
5, 14, 23 00001100
15 : 6, 15, 24 00000110
7, 16, 25 00000011
8, 17, 26 000000O0T1
9, 18, 27 10000000

The resulting eight bits from the logical AND operation
of step 558 are cémpared with the eight bit
configuration of ﬁhe particul#f mask "J" in a step 560.
20 If the eight bits are not identical, the central
piocessor proceeds albng a no-path to step.562 and
increments "J" by one. The central processor how
proceeds to ask whether the thus incremented value of
"J" is equal to 9 or 18 in step 564. Reférring to the

25 mask table, it is to be appreciated that there are nine



R

along the no-path to a step 578 and increnent the value of "J". The central
processor will then return to step 10 558 in Figure | CA where the
process begins all over of adding successive bit nasks "J" to the '
thus. defined byte "K'. Referring again to step 576, if. the nost significant
bit of byte "K' is a binary one, then the central processor will proceed
along a yes path to the 15 - exit point 8 whdh also nmarks a re-entr
point [err] to the inmage anatysis programin Figure 9D. It is to be not®€d
that the only other path to the re-entry point [err] in Figure 9Dis from
the stdp 568 i Aepagate mapks| ot hes appdded to® erginthyte4 | HrRnqarvhen out
of step 568 in 20 the event that the value of "J" is other than eight
or seventeen apdltpéngppreks: haveobeehe applied)af indicaked iin 38R 558
and 560 have identified two syccessive .binary one. bits in the byte under
exani nation. |P6fs ther EPBFEatuLoPEQ‘:&&@"éc.i"dt]éd RupReqhdo stenafbng
sub-routine returns to the.inage analysis.. =~ -42- programyvia the re-entry
point [err] onRPdnhBRrERENS,LOEs YalMehofs "Kive HderFhifekegatsty i nary
ones, either as a result of steps 558 and 560 or_through the additional
steps 8f 574 aMalyesof| (K Widl besdncremented from pne, o) Graxsdhany| |
proceed in a step 580 in Figure 9D tqQ.add one to-the current val ue of "rows
dark". This neads Fﬁaﬁlﬁhélg&r PP@uP’&?llrgw &mwm%vf‘iﬂmeﬁm to

three when "gn equals eighteen. In this manner, all
masks will be applied to bytes 1, 2, and 3 in a
reiterative fashion until such time as a positive

10 éompatison has been made in step 560. In this event,
the central ptoceSsof will proceed along the yes-path
from step 560.to_a step'568 in Figure 10B. |

Referring to step 568, theICentral processor

inquires as to ﬁhether the value of "J" is equal to

15 eight or seventeen. This inquify is necessary since
the bit mask for these particulai vaiues of "J" only
verify ﬁhat the least significant bit of the eight bit ~
byte defined by "K" is a binary one. It therefore
becpmes necessary to verify whether the most

20 significaﬁt bit of the next successive byte is also a
binary one._This is accomplished in steps 570 through
576. Specifically,_the next_successivg_byte is defined
by incrémenting the value of “k“ in step 570. The bit
mask_which tests :o: the most significant bit is then

25 identified by iné:ementing the value of "J" to either



sexam nation is being characterized as having a dark condition. 10

Referring again to Figure 1 OA, in the event that the masking sub-routine
proceeds through all "J" masks without finding two successive binary one
*bits in'the bytes defined by "K', then the central processor w.l| proceed
out of the masking routine froma step 582 to ag41e-entry point [err] in
Figure 9D. The central processor wll nom/proceed in a step 584 to set
"rows”dark" equal to zero. This means that the "rows dark" variable will be

agai n spt back dihe & éﬁgﬂ@u&%ostéﬁ%w”eme\/fwfcai ARBNB£dghk"- IN

ot her words, even though several successive Tows of the w ndow nmay
have had at | eatfud dSMELEEEd \ifa it XeJ " PEd StIeélUghus Oxaéﬁei !i@&ebgﬂzﬁe "rows

dark" variable wi'll still be returned to zero. Foll ownng the sefting of
"rows dark’ equet* tis 758 Ofo rméd n SSKePr57 NCAdErhé NPesiD¥Entaekghby one in
- 25 step 580, the central processor proceeds to a step 586 -43- 1

in Figure 9E. Reftey rdrg dompd £9d 66, tive def €rERMPL @Fat FoPEE BRel Aavkel her
the value of "rows dark™ is equal to ten. In the event that "rows dark" is

less than ten, tJjre Nenitep FTOLEHHOEhY MSSLEUASi §i9i £1 €anEOBi 8NIESthe
calculates a neM/"base address". In this regard, it will be renenbered that °

each row of st @yark niskadotid bimdty cong; i Gite fOdhmpacigoh ®EDRrBeel y
addr essabl e bytes.
negative. The central processor will hence proceed
U . along the no-path to a step 578_§nd increment the value
| of "J". The central processor will then return to step
10 558 in Figure 10A where the process begins all over of
(Y . adding successive bit masks "J" to the thﬁs_defined
byte "K". Ref;rring again to step 576, if the most
significant bit of byte "K" is a binary one, then the
central processor will proceed along a yes path to the
15 . exit point 8 which also marks a re-entry point § to the
.image analysis program in Figure 9D. It is to be noted
that the only other path to the re-entry point § in
~Figure 9D is from the step 568 in Figure 10B. 1In this
_ regard, a no-path will be pursued out of step 568 in
20 - the event that the value of "J" is other than eight or
seventeen and the application of the particular "J"
‘mask in steps 558 and 560 have identified two
~successive binary one bits in the byte under
| examination. It is therefore to be appreciated that the

25 ‘masking sub-routine returns to the image analysis



e

It is hence necessary to subtract forty eight fromthe current value of the
base address in order to identify 10 the first byte in the imedi ately
adjacent row. The "row count” is thereafter increnmented by one in a step
590 so as to maintain a count of the rows which have been successively
exam ned for a given window [err]. The central_gggcessor now i nquires as to
whet her the thus 15 I ncremented row count TS equal to fifteen in a_
step 592. In this regard, it 'will be renmenbered that a w ndow consists 0o
fifteen rows of_Dbinar

shen THe 7 ow BAEESA o %3%1%’ Virefter tH?EQaTgﬁzY“Hé'eEC%% f’ nat 20 e
processor wl| ﬁ;?ﬁﬁﬁa %ﬁtﬁ%ﬁ¥?§?¥§ %géﬂ gggngiég%gpgggkl ) §bf€§§%try _

ot od that o ndy SR 4;e FaFaLk Oe SrbpE pEacRhlysBE Bk tarkhdid i °
byie 1 is accedtt violT iafEbE EE 574 a4 5787 b, Buthestcaye, M 17

A I, A A RFRESEITATR o RLERRE 1A ¥ SRege i P O

particul ar fifte the new tes 3wl
be isolated in gt eps opghe £40 EntUPLeliet BRSO BES ¥ K™ POrhis
conputed in sté%65§§ %%% %ﬂéeggtgﬁ hS“IaﬁﬁSogksﬁﬁf ?n gtep 14, The t
central means that the particular row of the windcw under -
" examination is being characterized asEhaéing a dark - Nt
condition.

I .
10 . Referring again to Figure 10A, in the event that

Ean

“

the masking-sub-rOutine-proceéds through all "J" masks
without findiﬁg'tWO successive binary one bits in the
bytes defined by "K", then the ‘central processor will
proceed out of the masking routine from a step 582 to a
15. . re—entry point € in Figure 9D. The central processor
will now proceed in a step 584 to set "rows dark" equal
t0fzerd. This means that the "rows dark" variable will o/
be again set-ﬁack to zero régérd1é55'of'the current
value of "rows dark". In other words, even though
20 several successive row; of the window may have had at
 least two successive pixel pits equal to binary one,
the "rows dark" variable will still be returned to
zero. Following the setting of "rows dark" equal to
zero in step 584 or incrementing “"rows dark" by one in

25 step 580, the central processor proceeds to a step 586



*processor will next proceed to appropriately adjust the "rows dark"

vari able in steps 546 through 552 for a sum 10 ei ther -greater than
.seven or |ess than two. The central processor wl|l; otherw se execute the
*maski ng sub- routine of Figures 10A and | OB for the purposes of deternining
whet her two successive bits are both binary oneg3- The "rows dark" variable
Is thereafter 15 "~ appropriately adjusted in steps 580 or 584 before the
cent™dl processor again checks on whether the value of "rows dark" is equal

to ten in step 386 rilgure Yy MNifelttaing R \sRlete 5¥l6, a0 Ve ki n 3 efwa}
(0]

ten, the central processor will exit fromthe reiterative |oop 2

checki ng successade \WsNdQVwhakhedEHY QEAYNE 0F & rhld ki Ni & e £1 9%
Referring to step 594, the central processor will set the w ndow test

variable "Fi" eqeédl. 1a @M ievdntaltihdd t"idws B gk isCUles WHKIPVE D, - 45-
identified by the subscript ™i" has passed. This neans that at |east ten

successive rows tiWel iehtiddd \Wridd@k stV prareedirt Alsleqp F88 Ehduccessi ve

pi xel bits equal to binary one. 5 Referring again to step 592
In Figur® 9E, |ilcalevul@tes romee t"baisd fadddess" .t @an thives @fgd e, vithdow have

been exam ned wi thout the "rows dark"” variable totaling ten, then the
central processwildi He premeeddrted ahdte@ach row of stored pixel bits
will comprise forty eight separately addressable bytes.
L It is hence neces;aty to subt;act forty eight from the
| currént value of the base address in order to identify
10 the first byte in the immediately adjacent row. The
“ "row count" is thereafter incremented by one in a step
590 so as to m;intain a count of the rows which have
been suécessively examined for a given window Wji. The
central processor now inquires as to whetﬁer the thus
15 incrémgnted row count is équal to fifteen in a step
592. 1In this regard, it will be remembered that a
( _ window consists of fifteen rows of binary coded bits.
| All fifteen rows wili have been examined when the "row
count" reaches a“valué of fifteen. In the event that
20 all fifteeh rows of the window have not been examined,.
the cenﬁralfprocessor_will proceed along the no path
out of.step 592 to a re-entry point vy in Figuré 9A.
Referring to the re-entry point v, it is to be
noted that a new "current address” is calculated in

25 step 518 for the new byte 1 within the next adjécent



596. The central processor will set the w ndow test 10 variable "F
"identifying  ‘the particular w ndow then under exam nation equal to zero
indicating a fail condition. This essentially neans that all rows of the
wi ndow were exanined and no ten rows in succession were found to have at
| east two successive pixel bits equal 15 - to binary one. Follow ng the

setting of the
equal to zero

wi ndow test variable "Fi" equal =#4=either one in step 59Qgpr
n step 596, the central processor will proceed to a step 598

and set "Si" equal to the value of 20 . "wi ndow sunt. The central
processbr will now pfopié¥elt bissst Bpisooewnbrtgule isFacrensged fram thep
600 in Figure 9F, the central processor conpares the current-value of "lead
count” to the v@lUememorycandt stored in skep 52f0ar dn & similar fashion

remenber ed that

"lead total" is defined in a step 310 -46- 1 as the

nunber of | eadsbybest ReandnBonsat ackassed padngtosesdy iad stepsyiid2 Ard be

renenbered t hat

the software variable "l ead count" is:initially set equal

to one in a step2407. Thenparkdsulasnféfsees windowapd téepuitdiin the new

| eads, the cent
step 602. The i
step 604 to def

10

ral processor wll proceed tqQ increnent "Iea?-co nt" in a
hrtefedved andad wdddt beodsedasedoiniistenfowdf tREPIR a

515. The oum o those bits will Be ToapulEa ' & s42
and added to the "window sum" ih:step 544; fhe central o
processor will:next'ptoceed'té'approptiafely adjust the o/
"rows dark"'variéble”ih'Steps'SZS through 552 for a sum

either greater than seven or less than two. The central

P

o/

processor will otherwise execute the masking sub-

routine of'Fiéures 10A and 10B for the purposés of

jdetetminihg'whether_two successive bits are both binary

15

20

25

ones. The "rows dark" variable is thereafter B
appropriétely adjusted in sﬁepé 580 or 584 before the=
central ptdcessor ag;in checks on whether the value of _
"rows dark" is equal to ten in step 586. In the event e
that the value of "rows dark" does equal ten, the

central proéesso: will'exit'ffom the'reitetafive loop
of_chééking successive window rows and proéeed to a

step 594 in Figure 9E. Referring to'step.594,'the
central'procésscr will set thé_wihdow ﬁest variable

"Fi" equal to one ihdicating that the particular window

"



bresence or absence of a lead. In this regard, the 10 central
processor will proceed to the wi ndow correlation table and read the val ue
pf "I" for the increnented "l ead count” of step 602. The central processor
wi Il now proceed via return point [err] to Figure 9A and again initialize
the various variables in step 15 508 necessHry to performan anal ysis
of the, next wi ndow. The central processor will then proceed to go to the
table of Xi, Yi coordinates and obtain the coordinates for "I". These
coordinates wil lidentitfdrast byn theepubsrcipt thd' 'Ias PasiRdsThivrmearsyi 20
coordinate will be calculated in step 514. The Xi coordinate will be

* divided by ei ghtthat atted s den sordcassi vl g vitvimrkhe weindomi nder
"R' wi'll be saved. The three bytes within the Yi row will then be
identified and thewve igaakerhad ok esists trq eurgersive pixel hikeceqyabs

wi |l be anal yzed as has been previously -47- discussed. The "rows dark"
will either be itRedRARE PR set to zero and the central processor will
proceed to the next row of window bits to be analyzed. In the event that
ten succ®ssive rows of Refkerfinghadaiderts step 5% qin Fkgwre Yhe ot b b8

| east two successive pixel bits having val ues of binary one, then a | ead.

will be assumed % ke natedhatnd f adliifHdheen | TormRE Lhmseindoni have

noted in step 594. The partjcular w ndow
been examined without the "rows dark" variable totaling

', _ ten, then the central processor will proceed to a step.
596. The central processor will set the window test
10 'variable "Fi "identifying the particular windoﬁ then
(% under examination equal to zero indicating a fail
condition. This essentially means that all rows of the
window were examined and no ten rows in succession were
found to have at least two sﬁccessive pixel bits equal
15 - to binary one. |
Following the setting of the window test
\ variable "Fi " equal to either one in step 594 or equal
to zero in step 596, the central processor will proceed
to a step 598 and set "Sji" equal to the value of
20 "window sum". The central processor will now proceed to
a step 600 in Figure 9F. _
Referring to step 600 in Figure 9F, the central
processor compares the current value of "lgad count” to
the value of "lead total". In this regard, it- will be

25 remembered that "lead total" is defined in a step 310



el

will otherwi se have a fail condition noted in step 596 10 for the

w ndow test variable "Fi" identifying that particular w ndow. The central
processor will continue through the above steps until such tine as the
“lead count” equals "lead total"” in step '600. At this tinme, the central
processor will proceed to a step 606 in 15 _Fkgure 9F and again set the
software variable "lead count” equal to one. The central processor then
proceeds to set "I" equal to one in a step 608 and obtains the particul ar

ob ai neére.sp:”d' a8%h8 BHBRKESF Feach Fhh BhED ﬁg‘]‘g%ﬁ B aF Edhd 1
or ocessor w11 f#é‘é?é&‘m FECUH PECy1Bo phoFeBsblb el ok ng' IBFNARL
to central proc fébfé- - BB EoBhES” 1020Hs 4013y 0UR" FhuglS i10Re B0,

to one, the cen processor w roceed to a

and check as to n€e§°7 §gngﬁg ﬁF:ggﬁkanehegdw&q&a avelge%Q@ vent that

the "l ead count® ins less t the central processor\MII

proceed t o '”Crf€$§§ t@ﬁe"hsﬁﬂrﬁﬂuﬁgocbgsafz é@d@@@d’ fﬁcremewﬁhe

current °val ue o for the increhfente nt" in step 618. T

correspondi ng te Wngpe ue | d i
610 and analyzed]'%\g&t%g?ﬁt u?g gﬁgggg %ggé Tgﬁ lhcr| enﬂ@ﬁ‘”¥éﬂ&“§ 'n step

count" of step 602 will now be used in a step 604 to

define the next window which is to be examined for the et

presence or abSehce of a lead. In this regard, the
10 " central processor will proceed to the window
correlation table and read the value of "I" for the
incremented *Jead count” 6f'Step 602. The central
processor will now proceed via return point B to Figure
9A and again initialize the various variables in step
15 508 necessary to perform an analysis of the next

window. The central processor will then proceed to go

to thé'table of Xiji, Yi coordinates and obtain the \o/

coordinates for "I". These coordinétes.will be stored
in step 512 ahd the "base address" for the Yi

20 coordinate will be calculated in step 514. The Xj
coordinate will be divided by”eight'in step 516 and
both the dividend "D" and the remainder "R" will be
saved. The three bytes within'thé'Yi row will then be
identified and the fifteen window bits within-these

25 three bytes will be analyzed as has been previously

n FI n ’

-



<continue to occur until such tinme as a .particular 10 "Fi" is equal to
zero or until t
. event, the central processor will exit fromstep 614 to a step 620 and send
*a "pass" message to the central “processor 36. Follow ng the transmnission of
either a "pass”

step 620 or

he "lead count” is equal to "lead total". In the latter

or 15 "fail" nmessage to cgmtral processor unit 36 via

622, the central processor 38 will proceed to adjust the

t hr eshol d value in Figure 9G In this regard, it will be renenberéd_that
the ClU;50 is igikakledsernat "2okiscddekinngd 11hegtheld pealivR ridrt df 20
thereafter used to arbitrally assign dark versus light significance to the

anal og vol t age vzl getf temzle?® whdeeheadehardd. ptbicesisresialld prddird s
continuously updated by the central processor unit 38 in a manner which

now be expitai kad. nBRkeirown @£l @indeuw Bile tbhdeCamalyzed 1In the
processor sets

step 624.. The cenehtl tha®CteMOsutR¥sRivecedwst @fSehe’ Madowwderequal to
one in a step 625. The wi ndow i ndex variable "I" is also set equal to one
in a step 626.
for the thus indicated value of "I". It wll be renenbered that "Si" for a
gi ven wi ndow r epa®ingt valhest eifabigauyt onk ,bithany aonead illhale wi ndow
either prior to a determnation as to a | ead being present or after

will

a software variable "total sum equal to -49- zero in a

thamifatisn RoATAINOALNAWaBEOEGRdSucRe®livien pixel bitan "Si "

assumed to be present and the window will have a pass
condition noted in step 594. The particular window

will otherwise have a fail condition noted in step 596

for the window test variable "Fji" identifying that

particular window. The central processor will continue
throﬁgh the above steps until such time as the "lead

count"® equals "lead total" in step 600. At this time,

the central processor will proceed to a step 606 in

Figure 9F and again set the software variable "lead

count” equal'to one. The central processor then

"proceeds to set “I“.equal to one in a step 608 and

10 .
v}
15
o
20

obtains the particular "Fi" corresponding to the value
of "I" in step 610. The value of the thus obtained Fi
is checked for a failure condition in a step 612. In

the event that the currently examined "Fi" has a value

- of zero, the central processor will immédiately exit to

25

a step 622 and transmit a "fail" signal to central

processor 36. On the other hand, if a given Fi is equal

- to one, the central processor will proceed to a step



all fifteen rows of the w ndow have been anal yzed 10

havi ng been det

conparlson step 632 and inquires as to wiethef the current val ue of

count" equals "

- TV

w t hout a | ead

ermned to be present. The value of the thus obtained "Si"
is added to "total sum in a step 630. The central processor proceeds to a

|l ead total". In 15 t he evenggihat the answer is no,

"] ead
-the

central processor proceeds to a step 634 and increnents "lead count". qu
value of "I" for the thus incremented "lead count” is obtained fromthe

w ndow gorr el atgpp §

Ehé@ksiﬂpt§35heEH8rCeﬂééé'cBﬁﬁﬁgséahaﬂ%W“R%%Geeds

back to step 628 an obtains the "Si" for the current value of the
W ndow i ndex vagé @A)ie "in tHbi §vBhECEAALOEnEDr BeAlNGoaR L "SirerainsANess

i ncrenented "I"
such tinme as "I

processor exits fromthe step 632 to a step 63

Referrlng to st

and t hereaft er adding "Si" to "total sum continues unti

€94n CoOV@hd eatals,” tRadceAteal. gﬁbcbbsart widl Ppreced ral
-50- Figure 9H.

€6 PR8renbRtveheerDbadl eodntot oh" ai stepl GiLEl and Meadi xel

limt" and saved as "XLC'. It will be renmenbered that the software
vari abl® "pixel ¢hankhrrégti G83uanogverageoputher iftremented Mileaddy one bits

per wi ndow t hat

I's not to be exceeded for a given conponent. The val ue

"XLC" thereforech@fiteaifsstlp BBBL.NPALCORIT obrbesponding Mduthhomhﬂd
wi ndows t hat have been investigated for the particular

10

15

incremented value of "I" will be o:iained in step 610
and analyzed as to failure in step 612. This will

continue to occur until such time as a particular

"Fi"is equal to zero or until the "lead count" is equal

to "lead total". In the latter event, the central
pfocessor will exit from step 614 to a step 620 and
send a."pass" message to the central'progessor'36.
Following the transmission of either a "pass" or
"fail® message to central processor unit 36 via step

620 or 622, the central processor 38 will proceed to

- adjust the threshold value in Fiqure 9G. In this

‘regard, it will be remembered that the CIU 50 is

20

25

initially set at a pre-defined threshold value which is

thereafter used to arbitrally assign dark versus light

significance to the analog voltage value from the video
camera 24. This threshold value is continuously updated
by the central processor unit 38 in a manner which will
now be éxplained. Referring to Figure 9G, the central

processor sets a software variable "total sum" equal to

|
25

of

C



conponent having a particular "lead total". The central 10 processor
proceeds to a step 640 and conpares the value of "total sunf to that of the
gaxi mum al | owabl e nunber of binary-ones, "XLC' calculated for the given
conponent In the event that the’ val ue of "total sum exceeds "XLC' the
central processor proceeds to a step 15 64g¢g9and decrenents the
threshold value "T" by a predeterm ned anount of AT.. In other words, the
central processor has determined.via step 640 that the threshold val ue has

been sej too h'ﬂé‘réouﬁsaté)t UsE4 | hen&l &bpPrdD ?é&r%&”ﬁr&@@egg”y
pi xel s as dark. On 20 e other hand, if t value of "total sunm is

equal to or | esgotde 'tmadr%xﬁwm p&itﬁ'&ﬁst@'@nélmta s ‘628 heppphe
central processor proceeds to a step 644 and increnents the threshold val ue

"T" by the predefmddw At OedEiablATMIThis sPsseset hequal) 60 bResiholt !y
25 change its interpretation of what is a dark condition fromthe

canmera 24. In tétép &PV drhé heenerabnsyot@ssor -Hdw ¢ #6dSr tdcoBtginen
pi xel as dark will increase slightly in this latter case. It is to be

noted that the amcreenfonctive €lves eimdi ¢catedf valge tHf esho| dryakuel"Be by
t he amount AT shoul d not cause w de adjustnents 5 to the threshold-

val ue at any ongeméribered\CER&ti gy, féhea agDvierh winddwsheptésentsethdly be
defined within the image anal ysis program as approxi mately one percent -
total count of binary ones for that window either prior
W to a determination as to a lead being present or after
all fifteen rows of the window have been anéleed
10 without a lead having been détermined to be present.

% Thg value of the thus obtained "Si" is added to "total
sum" in a steﬁ 630. The central processor proceeds to a
comparison step 632 and inquires as to whether the
current value of "lead count" equals "lead total®”. In

15 the event that the answer is no, the central processor
proceeds to a step 634 and increments "lead count”. The
S _ value of "I" for the thus incremented "lead count" is
obtained from the window correlation table in step 636.
_The central processor now proceeds back to step 628 and
20 obtains the "Si" for the current value of the window
index variable "I". This process of obtaining an "Si"
for an incremented JI" and thereafter adding "Sji" to
_"total sum" continues until such time as "lead count"

equals "lead total". At this time, the cenﬁral

25 processor exits from the step 632 to a step 638 in
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of the initial value of the threshold value that is initially read into the
programin step 302. Follow ng 10 either the increnmenting or '
decrenmenting of the threshold value in steps 644 or 642, the central
processor proceeds back to a return point: ¢ in Figure 7B. At this time, if
t he conponent insertion machine is in a normal node of inserting
conponents, then a 15  picture authorizati orP®ignal will be received,

a step 308 and the image anal ysis process will proceed via step 310 and e

-operating program of Figures 9A through 9H wil|l take place. It is also of
course o be nEig@rendH.; Refiecring to skan 43 thee Wuetof Weads to

adj ust ‘or othermﬁse”change t he Qurrenthy di spl ayed wi ndow | ocat.ions, then a
keyboard entry te%adile isemulidPldedrby TRHkek kimditemndisairedadsor to
proceed to the"diaqnostiq pr.Qgram 25 -52- 1 via steps 314 and 316.
As has been pré¥il&lsl y Ik ¥dddsbe namemherpbsthat diheyraod tdr eove one

W ndow, a row of wi ndows, or .the entire array of .windows. It-is to be noted

that a preferr ¥@rddd® npixeds lmit" definempan Avasage nymhem o6y

' analyzgyg the inserted | eads -of a conmponent within a conmponent insertion
machi n@ has bedd DRI |aRe pitgy Begu Figwlaw dhatorig mat fothanexeeededg the

conputer prograns residing therein. . , . .
P .p g %Ot a given?component. The value of "XLC" therefore

indicates the.haximum'pbunt of Binary one biﬁs for all
windbws that have been ihyestiééted.fct the parficular o/
component having a particular "lead total".”The central
10 processor proceeds to a step 640 and compares the value
of "total sum" to that of the maximum allowable number
 of bina:y'oneg;'“kncﬁ calculated for the giVeh'
component. In the event that the value of "total sum”
exceeds "XLC" the central processor proceeds to a step
15 642 and decrements the threshold value "pT by a
predetermined amounf of AT. 1In éther words, the
central processor has determined via step 640 that the N
ﬁhreéhold value has been set tooLlew so as to cause the
CIU 50 to possibly define too many pixels as dark. On
20 the other hand, if the vélue of "total sum" is equal to
or 1es§ than the maximum permissible limit, "XLC", then
the central processor proceeds to a step 644 and
inérements the threshold value "T" by the predetermined
amount of AT. This causes the CIU 50 to siigﬁtly
25 change its interpretation of what is a dark condition

from the camera 24. In this regard, the tendency to



*may be changed wi t hout departing fromthe scope of the 10 pr esent

i nvention. 15 20 25 -53- CLAIMs: 1. A conmponent insertion machine for
~placing electrical conponents on a printed circuit board in a manner which
*al l ows the conponent |eads to bé inserted into holes within the printed
eircuit board, said machine conprising; nmeans for. noving a conponent
downwardly with respect to a positioned prirnexr&%Tpuit board so that the

| eads”of a conponent are | ocated over predefined holes in the printed 10
circuit board; neans for pushing the conponent |eads into the holes within
the prifdted cir&larass@tdzesy i va kel &s dadcatildn igarsase he
conponent insertion machine which is renote fromthe inserted | eads, for
viewi ng all ins&ldghtlaad ghimmd atdfforrate £ r difi tife tihde Sickedithake
board; means for storing a viewed i mage .of the inserted | eads follow ng the
pushi ng of the dfpdiarenatdng fn derrepandsing ahehs ithreshakd walumar d;
and neans for analyzing the stored image of the inserted |eads so as to
deternmine the abfendy hﬁ@q%é']{ rdtould not cause wide adjustments

5  ° to the threshold value at any one time. Accordingly,
the amount of AT should preferably be defined within
the'imagé analysis program és approximately one percent

ke/ of the initial value of the threshold value that is
-ihitially read into the program'in ste§ 302. Following

10 either the incrementing or decrementing of the
threshold value in steps 644 or 642, the central
processor prqc;eds back to a return point ok in Figure
7B. At this time, if the component insertion machine
is in a normal mode of inserting components, then a

15 picture authorization signal will be received in a step
308 and the image analysis process will proceed via

N -step 310 and the operating program of Figures 9A

through 9H will take place.
It is also of course to be noted that in the

20 event that the oberatof wishes to adjust or otherwise
change the currently displayed window locations, thén'a
keyboard entry on the terminal 60 will prompt the

central processor to proceed to the diagnostic program

25



shoul d have been inserted. 2. A conponent insertion nachine according to v
claim1, 25 further conprising: neans for engagably supporting the
underneath side of the printed circuit board during the insertion of the

conponent |eads into the holes; and neans-for di sengagi ng said neans for :
supporting the 30 underneath side of the print Q_cg circuit board follow ng
the storage of a viewed inmage. 35 -54-1 3. conponent insertion

machi ne according to claim1 or claim?2 further conprising: neans for ~

cutting_,and cli i € alanser l.ea Kt ven hat_,all leads are
determ fred to hg\glg 'ggg#%S 3i1%s-§rnttdg§lt?y g% :gggn%%fm %grter}{eiaor%s.lﬁ; The
conponent i nser iyl in ccQrg) . | ai to . 3 further
conpri si ng: maﬁégggrgg%@éhﬁr?% t ea(ygg%ﬁ:é%eg{%gg s-ﬁagr{{rgn%lvhee_%ﬁ e‘%"&élo‘io t he
circuit board a 1ol NG re & al.gtsi\v FASHY exerted on
t he conponent d%r ?g‘é} t%%e%?'?\@t%l%' g’ﬁgﬁ?‘ﬁg%ﬁlt%eg%% oﬁbeﬂraltﬁ cade nto th_e
circuit board to the p&'f,”&?sd Y BelldothPthat!ld prefertdd WHEKI Y ndASCEE! ON
- machi ne according to any o : : - S |
5 - an image analysis system for analyz__i_r_xg the inserted
‘leads of a component within a compc:-at insertion
machine has been disclosed. Various : :tions of this

_systein including the computer program: residing therein . \/

may be changed without departing from the ;cop_e of the

10 present invention.
&
15
N
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25



sclains 1 to 4, wherein said neans for viewing all inserted | eads of the
conponent is nounted at an angle relative to the conponent so as to
¢ eads lying al ong opposite sides of the conponent. ZQUE%H/JAAamﬁiiﬂ;ﬁ%%N
*insertion machine according to dny of clains 1 to 5 f er-c ' gﬂ&
WNR I on
\ _

. W@mmﬂs )

means, | ocated opposite said view ng neanshigtrnn thig
rea

machi ne, for providing background 25 |ighti to the
whereby the inserted | eads bl ock out |ighting thereby. fing dark shadows
in the viewed i nage of said view ng neans. 7. A conponent insertion
machi ne according to claim6, 30 wherein said neans for storing the viewed
i mage of the insert&3AIMB4s conprises: means for encoding pi eces of
informati on corresponding to relatively light and relatively dark aspects

of the viewed iimage _wherein the,relatLvelépli ht %nd dar k .aspects 35 are
defined rel ati e toPa SPRPODRIL] L0SLE LI Brcpidee 1O5dPAGCABanglegtgical. 55.
nmeans for storicompohentscotficd prdntedotirechitnbbagd fiar aswanaerearhianal ysis

Y hine noeor qllofAtNE M8nbRReRt01884s e be” 1nse 8RS ho 83701 kRl
the printed circuit board, said machine comprising;
means for moving a component downwardly with respect to
a positioned printed circuit board so that the leads of a
component are located over predefined holes in the printed
o circuit board; . _ :
_means for_pushing.thé component leads into the holes
within the printed circuit board; _ '
means, mounted a£ a location within the component
e insertion machine which is remote from the inserted leads,
lsl_for viewing all inserted leads of the component from the
underside of the board; -
means for'storing a viewed image of the inserted leads
following the pushing of the component leads into the holes
of the printed circuit board; and
20 means for analyzing the stored image of the inserted
leads so as to determine the absence of any leads that

shoulé havé.been inserted.

2. A component insertion machine according to claim 1,
25 s ' '
. further comprising: . _

' means- for engagably supporting the underneath side of
the printed circuit board during the insertion of the
component leads into the holes; and
. means for disengaging said means for supporting the
30 underneath side of the printed circuit board following ‘the

storage of a viewed image.

35.
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further conprising: means for adjusting the threshold setting for the
encodi ng neans_faollowing the analysis of the stored image. 9. A conponent
insertion machine according to claim8, wherein said nmeans for adjusting

t he threshou EN"U“ Uﬂ IUi e encodi ng neans conprises: neans for summing
simlarly e |nfornat|on wi thin each portion of the i mage
that is analyzed by sai anaIyZ|ng means;-%%ans for conparing the sum of
the simlarly encoded pieces of information with a predetermned limt f
all such simlarly encoded pieces of information; and neans for changing
the threshold setting in response to the conparison by said conparing

means. 10. A CONRONEIHpdALEE L sk FBLdH NRaAEHd Mot dingVt®fcTAsh B drto
9, wherein said neans_for anauéﬁln g fhe stored i mage conprises: 25 neans

for accessi nFlft ionIOehLWRT L Mhhge of the inserted |eads; means for
i sol at:cng encloded niéai'i-‘s?h SFuf l¢mﬁﬁmtan‘m d&iﬁ&hﬁ¢letmchs5eﬂtwr1¢m imnd
means for analyzi t he |so coded  pi eces, of . 30 nfor tion to
determn theﬂfvﬁ b%e]ﬁdje C?s a’éﬁ %t?%%’cf‘ﬂ %° TTessed
portion.. .11, ihséfﬂzﬁmby sam&wana&yzmnqumeamscord|ng to any of clainms 1 to

10, wherein the stored inage conprises a plurality of encoded pieces of

informati on and wherein said neans for analyzing the stored i mage
conpri ses: 4. The component insertion machine accordlng to any of

claims 1 to 3 further comprising: _

1o means for pushing the component'leads:into the holes of ;_J
the circuit board at an increased pressure relative to the
pressure exerted on the component'during the initial pushing
of the component leads into the circuit board to the printed
circuit board. ' ' ' ' SN

15 5. A component insertion machine'aceording to any of

claims 1 to 4, wherein said means for viewing all inserted

leads of the component is mounted at an angle relative to

the component so as to view leads lying along opp051te sides

of the component.

- 20

' 6. A component insertion machine according to ahy of
claims 1 to 5 further compr1s1ng- - o/
means, located opposite sald v1ew1ng means, within the
' component insertion machine, for prov1d1ng background

25 lighting to the inserted leads whereby the inserted leads

block out llghtlng thereby creatlng dark shadows in the

viewed 1mage of said viewing means.

7. A cdmponent'iﬁsertion machiﬁe'accordiﬁé to claim 6,
30 wherein said means for Stdring the viewed image of the
inserted leads comprises: '
means for encoding pieces of information corresponding
to relatively light and relatively dark'aspects of the
viewed image wherein the relatively light and dark aspects
35 are defined relative to a threshold setting for the encoding

means; and
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!56- nmeans for accessing groups of encoded pieces of information from said
means for. storing the inmage of the inserted | eads;_and neans for
determning the presence or absence of a lead 5 prem sed on the anal ysis
of a predetern ned nunber of successively accessed{lﬂ!ﬂ":ﬂﬂ ﬂl"i Iz"ﬂﬂcoded
pi eces of information from said neans for siX@+ ng

conpoenent insertion machi ne according to claim1l11, 10 “whérel n sai'd neans
for dETern1n|ng t he presence or absence of a | ead:caonprises: neans for
determining the presence or absence of at least two simlarly encoded

pi eces of informati qeARPSRYY NHdrin} AGRS Eriiballd PR OfirFormation for
predeterm ned nunber of 15 consecutlvel, accessedcﬁhéﬁfs of, the encoded

pi eces of i nforshRgegTents, anﬁﬂ‘ycﬁi'rﬁ)(h%rﬁ i dgans g HAD e Fiared
claim 12, wher dintadde encoded pieces of information are binary encoded 20
bits of information and wherein the simlarly encoded pieces of information
are simlarg binary encodi ngs. 14. A conponent insertion machi ne accordi ng
to claimi13, wérei A s;zdmpormﬁs ifrgerdsiicsy mathiqe e qumsisvy emrcldigerice 25
of at |east tvaﬁyﬂﬂéfué pi eces of information appearing in
successi on conprises: “Ssummi ng the bits of infornation and
deternini ng the preé‘l»ﬁﬁ!@ cfroét%%h‘rﬁéﬂd?g dhe ddreshd &isattding for the

encoding means following the analysis of the stored image.

. 10 . . . . .
AN 9. A component insertion machine according to claim 8,

wherein said means for adjusting the threshold setting for
the encoding means comprises:
means for summing similarly encoded pieces of
N\ ‘ information within each portion of_thé image that is
' 15 analyzed by said analyiing means; _
means for comparing the sum of the éimilarly encoded
pieces of information with a predetermined limit for all
such similarly encoded pieces of information; and
means for changing the threshold setting in response to

20 the comparison by said comparing means.

10. A component insertion machine according to any of
claims 1 to 9, wherein said means for analyzing the stored
'image comprises:
25 means for acce551ng portlons of the stored image of the
inserted leads; '
means for isolating encoded pieces of information
within the accessed portions; and '
means for analyzing the isolated, encoded pieces of
30 information to determine the presence or ébsence pf a given

lead in a given accessed portion.

11. A component insertion machine according to any of
claims 1 to 10, wherein the stored image comprises a
35 plurality of encoded pieces of information and wherein said

means for analyzing the stored image comprises:
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bi nary encoded bits fromthe resultant sum and 30 means, operative
In the event _that said sunning nmeans is inconclusive as to the presence or
absence of two simTar ncoded bits appearlng i n succession, for

appl yi ng b|t ary encoded bits of i.nformation and thereafter
det er mi ni ng ,lmmﬂmmmm' bsence of two simlar binary encoded bits
appearing in Succedsi®n.s x-57- A conponent insertion machine ;
according to any of clainms 1 to 14, “wher et3Psai d means for anal yzi ng t hew!
stored i mage conprises: nmeans for selectively defining the portions of the
stored image that are to be anal yzed by said anal yzi ng neans. 16. A

conponent insertion machine according to claim15, wherein-said neans for
sel ectively defi nmnétd’qmraddnssmg Krodpge ot mmbdémgﬁlédfwé”@fe to be

anal yzed conprj , r S em wher epy, each
sel ectivel yng"é’fﬁ% ﬁ‘z“(? é;%rq'{]%gfnoq%f %hdeq%e{]aq}%f °|Olonaégiée P a‘y}géetl%?g%o% dT’}n%t e
val ues rel at iinsextechd epsisidiara e system 17. A conponent insertion
machi ne accor di NGyl fd ¥dP Koty Stﬂ{éj ana %’ifﬁ%‘%‘i’#jl&f def{0ig9

t he portigons of the stored inage that are to er conpri ses:
means for sePFEMARES ehdhp ffad¥sis sk %@@%IW%WK/&‘P%% SO as

to thereby sehredssveledrideyted) RUUPHIEF Ahd nSdAER bidBde of
information from said means for storing the image.

12. A compenent insertion machine according to claim 11, W
10 wherein said means for determlning the presence or absence
of a lead comprises:
means for determining the presence or absence of at
least two'similariy encoded pieces of informatioh~appearing‘i
in succession within each of a predetermined number of
15 consecﬁtively accessed groups of the encoded pieces of

information.

'13. A component insertion machine according to claim 12,
wherein the encoded pieces of information are binary encoded
20 bits of information and wherein the similarly encoded pieces

of information are similar bina®y encodings. (L

14. A component insertion machine according to claim 13,

wherein said means for determining the presence or absence
25 of at least two similarly encoded pieces of information
appeEfihg in succession comprises: '

means for summing the bits of information and

determining the pfeSence or absence of at least two similar
binary encoded bits from the resultant sum; and
30 means, operative in the event that said summing means
is inconclusive as to the presence or absence of two similar
binary encoded bits appearing in succession, for applying
bit masks to the binary encoded bits of information and
thereafter determining the presence or absence of two

35 similar binary encoded bits appearing in succession.

“



is. A conponent insertion machi ne according to claim 17, further
conprising: neans for displaying the selectively defined portions 25 of the
stored image relative to the remai nder of the stored inmage so as to thereby
i ndi cate any.further changes that may* be necessary!{j ' val ues
for the selectively defined portions. 30 1857A conpﬂ“mnm"ﬁnmlmwmlﬁachl ne
according to any of clainms 15 to 18, further conpristndg reals for*

di splayi ng the selectively defined portions of the stored i mage relative to
the remai nder of the stored image of the |eads so as to thereby indicate
any adj ust ment y5hat ATRYmBE,BRECIAGLYL18p! RECATHECHEALRATRECRS LRI AEVE tO
the renmminder of the sto ed I mage. “Bg= 250 conponent insertion
machi ne accor dFAgims &l &pmi4, Wgﬁrﬁén saipr merng: favaanallyeingl tbei ssbyed
redefining theiﬁgggigaﬁﬁgﬁsgge stored inmage to be analyzed. 5 21. A

conponent insertion nmachine construgted arranged and adapted to operate
substantia%ly as heP&RRBefBFcSadeEELNRIYWARALP ARG, ERhecPPEtinBSaREORBENYI N

drawi ngs. 10 23tofedlyiinagef @hatearbyBobkhanalopes bfssaiioanalythfgl eads
of an electrical conponent into a printed circuit board by a conponent

i nsertion machffi8®®sai d system

16. A component insertion machine according to claim 15,
wherein said means for selectively defining the portions of
N 10 the stored image that are to be analyzed comprises:
means for defining a coordinate system whereby each
selectively defined portion of the stored image has a set of
coordinate values relative to the coordinate system.
15 17. A component insertion machine according to claim 16,
wherein said means for selectively defining the portions of
the stored image that are to be analyzed further comprises:
means for seleétively changing one or more sets of
coordinate values so as to thereby selectively redefine
20 portions of the stored image. '
18. A component insertion machine according to claim 17,
further comprising: | '
means for displaying the selectively defined portions
25 of the stored image relative to the remainder of the stored
image so as to thereby indicate any further changes that may
be necessary to the coordinate vaiues for the selectively
defined portions;
30 19. A compohent insertion machiné according to any of
claims 15 to 18, further comprising: '
means for'displaying the selectively defined portions
of the stored image relative to the remainder of the stored
| image of the leads so as to thereby indicate any adjustment
35 that may be necessary to the selected portions relative to

the remainder of the stored image.



conprising: neans for backlighting the row of inserted | eads of an 15
I nserted conponqﬂL_§Q_LhaL—%he—fn§§Tted | eads w I | appear dark fromthe- _
front thereof; canera neans ing a plurality of photosensitive binary ¥
el enent s arrange% m r‘!mﬁgm ws to “define a two-di nmensional array,’
such el enents ha “HJ when 20 t | mage sensed is dark and
havi ng a zero val ug¢ when the i mage sensed T7¥Tight; means for nounting\said
canmera means in front of the row of inserted | eads and at a di stance
therefrom sel ected so that each backlift |ead, which will occupy an area at
| east six photosensitive elenents w de by about fifteen photosensitive
el ements hi gh20wi | A isompensndd insertion dastrigie adoatuling twhatlesiemst ti ve
el ements deti pe@+pgya diidfitrRan consecutive horizontally spaced rows of
such photosensitive el enents, €ach rom1haV|ng about fifteen photosensitive
el enents, reans foineé@tserlﬂrnlﬁ?d-%"f?ér Fedafininsh shaimartigng eerfdhe i ve
el enents I n egghhreld hgﬂg@pnﬁeqygldﬁauyaga\m t hin each of the wi ndows have a
val ue of 6ne and neans for indicating that all |eads are present when the
determ ning 35 neans so deterni nes.

21. A component insertion machine constructed arranged and

adapted to operate substantially as hereinbefore described
with reference to the accompanying drawings.

10 22. A system for verifying'thé'proper insertion of the ~
leads of an electrical component into a printed circuit
board by a component insertion machine, said system
comprising: o \)

means for backlighting the row of inserted leads of an
13 inserted component so that the inserted leads will appear
dark from the front thereof- '
camera means including a plurality of photdsensitive
binary elements arranged in horizontal rows to define a
two~dimensional array, such elements having a one value when
20 the image sensed is dark and having a zero value when the
image sensed is light; _
means for mounting said camera means in front of the e
row of inserted leads and at a distance theréfroﬁ selected
so that each backlift 1ead, which will occupy an area at
25 least six photosensitive elements wide by about flfteen
photosensitive elements high, will be located within a
discrete window of photosensitive elements defined by about
fifteen consecutive horizontally spaced rows of such
photosensitive elements, each row having about fifteen
30 ey . e - : _
photosensitive elements,
means for determining whether any two consecutive
photosensitive elements in each of ten consecutive rows
within each of the windows have a value of one and means for
indicating that all leads are present when the determlnlng

35
means so determines.



§59- 23. A system according to claim22 wherein the el ectronic conponent
has two rows of |eads and said nounting neans, conprises neans for nounting
gai d camera neans so that each of the leads will be located within a

di screte wi ndow of photosensitive el ehents. 24. A systemfor verifying the
proper insertion of the |eads of an electri ?I ﬂululllmuuﬂmrt ed
circyit board constructed, arranged and ada% ed t mm ally as

her eifibef ore descri bed with reférence to the acconpahyl%g‘ﬁr wi higs”

23. A system according to claim 22 wherein the electronic
component has two rows of leads and said mounting means
comprises means for mounting said camera means so that each
of the leads will be located within a discrete window of
photosensitive elements.

24, A system for verifying the proper insertion of the
leads of an electrical component into a printed circuit .
board constructed, arranged and adapted to operate
substantially as hereinbefore described with reference to
the accompanying drawings.




