WD 02/ 102051 PCT/ USO2/ 18746 Post-seal |nspection System This application
clains the benefit of United States Provisional Patent Application No.

60/ 297, 8580 okitdma1 June 13, 2001. 5 BACKGROUND The i nvent iPom/uset/st7¢é6 t o an
el ectronic part inspection and packaging apparatus, and nore specifically
to a systemfor inspecting the seal be en t he over tape and carrier
tape used to package the electro Pﬁt'spféﬂll\gpegm M10 The invention

provi des a nmethod and apparatus for capturing a digital inage of a seal
track for a carrier tape and cover tape assenbly, and for analyzing the
seal track for defeckhss apphiationaeimisdre benelitpidnitad: Staigs Brpvisdepal Patets to fi nd
the edges of the carrier tape, cover tape, and seal tracks, and cal cul ates
robust |ine edyaticatim Nor6W2ey,8dgfkd Juiel3,206nti on al so divi des the seal
tracks into segnents 15 and inspects each segnent to determ ne whether the
seal is cpntinuous within the segnepihz@droaiber the wdth of the seal is
greater than a mnimumw dth. If the "seal Ts not continuous, is too
narrow, or is too w TV Y : | 8.4 ed as
failing. The invent ijgﬁl etélﬁbgg%getg%@g& %&rﬁgcrh%ﬁéﬁgﬁ?ﬁ%aé%c%?@ acceptabl e
based on the nunber of consecutive.failing segnents.in.the seal. 20 O her
features and adVBHFE D ﬂo?ﬁgeqlﬁ?ﬁgﬁtt? Bﬁy%m&grblgmn%@ﬁé?@iﬁ“{e&nt %hose
skilled in the art upon review of the follow ng detail ed description,
clains, and drea¥frigee andicaggsr dapersed Bipacicreso glegtsmiepatsRl EF DESCRI PTI ON OF
THE DRAW NGS

SUMMARY

10 The invention provides a method and apparatus for capturing a digital
image of a seal track for a carrier tape and cover tape assembly, and for analyzing
the seal track for defects. The invention use gradient-based edge tools to find the
edges of the carrier tape, cover tape, and seal tracks, and calculates robust line
equations for the edges. The invention also divides the seal tracks into segments

15 and inspects each segment to determine whether the seal is continuous within the
segment and whether the width of the seal is greater than a minimum width. If the
seal is not continuous, is too narrow, or is too wide within the segment, the
segment is labeled as failing. The invention then assesses whether the entire seal
is acceptable based on the number of consecutive failing segments in the seal.

20 Other features and advantages of the invention will become apparent to
those skilled in the art upon review of the following detailed description, claims,

and drawings.



Fig. 1 is a side view of an electronic part inspection and packagi ng

machi ne enbodyi ng the present invention. Fig. 2 is a top view of the

machi ne. WOMRM02031 i s a perspective view of a |ength of caPCTarso2/eies f or use
with the invention. Fig. 4 is a top view of conposite tape containing

el ectronic parts as the cqpesi Ape. .. passe de anera after seal

i nspection ("CASI") nodul e~FFrg—= W t aken al ong
line 5-5in Fig. 4. 10 Fig. .6 is a top view of an exanple image captured by
the CASlI rmodul e. Filje Fisasidgviewnfgnelecirape part insppeion asd neekagingeal track'
bei ng anal yzed by the CASI nodule. Fig. 8, consisting of Figs. 8A-8C, is a
fl ow chart of tthechfxSimiskyingthe prdsegfiieventisn.Bef or e one enbodi nent of the
invention is explained in detail, it is to be understood that the
invention is not |irfFigedisiatopvievapPtht eaichids. to the details of construction
and the arrangenents of the conponents set forth in the foll ow ng
description or ill usgtip: ' = | | [ | e of

ot her enbodi nments anga%ﬁ%b%e?%ﬂg%%ﬁwgggq%ﬁg%génagl\(%gé e?fgahgeu"?ﬂl??l&vari ous
ways. Also, it iged'tl%nunder stood that the phraseol ogy and term nol ogy used
herein is for the purpose of description and should not be regarded as
limting. The use of_"including" anpd conprising"',and variations thereof
herein is meant to én8o e?stQPWFqFéVPJ{]“é%%’qslt% 2pg coptppingglectionigpiris s theal ent s
thereof as well as additional items. The use of "consisting of and

vari ations t her@@8iPopée @pa passeqragier thewamerafisa seal anspyctiond “CASHY makld. i st ed
thereafter. The use of letters to identify elenents of a nethod or process
is -2 Fig. 5 is a cross-section view taken along line 5-5 in Fig. 4.

10 Fig. 6 is a top view of an example image captured by the CASI module.
Fig. 7 is an example image of a portion of a seal track being analyzed by
the CASI module.
Fig. 8, consisting of Figs. 8A-8C, is a flow chart of the CASI software
logic.

15 Before one embodiment of the invention is explained in detail, it is to be
understood that the invention is not limited in its application to the details of
construction and the arrangements of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments and of being practiced or being carried out in various ways. Also, it

20 is understood that the phraseology and terminology used herein is for the purpose
of description and should not be regarded as limiting. The use of “including” and
“comprising” and variations thereof herein is meant to encompass the items listed
thereafter and equivalents thereof as well as additional items. The use of
“consisting of”” and variations thereof herein is meant to encompass only the items

25 listed thereafter. The use of letters to identify elements of a method or process is

&



WO 02/ 102051 PCT/ US02/ 18746 sinply for identification and is not neant to
indicate that the elenments should be perfornmed in a particular order.
DETAI LED WB9CRVPII ON Figs. 1 and 2 illustrate an inspecti @aT/usa2iti7sg, and
packagi ng apparatus 20 5 that includes a support stand 24, an infeed

carrier tape drive ee a _pick-and- place,.hea transport a
carrier tape in?xgggqﬁggen@éa&ogagﬁgrwénbeggﬁ,tlo&dlfiﬁguagﬂ{e eﬁeénglg%@pg_ er -t ape
or "COI" inspection nmpdule 36, a cover tape reel 40 dispensing cover tape
41, a cover tap¥rioraed By pRIUCHMIIEM ng, or conbing mechani sm 42, a sealing
shoe 44, a resilient drive roller 48, a backup wheel 50, a 10

caner a- after-sealing inspection rdUAEED DESARIPTIONUl e 52, and an out put
reel packagi ng nodule 56. A controller or CPU 58 (illustrated

schematical | y) cont rkigs 1 a2 idagess sn Bipddien dppdliag, uad dickagind appactEee the
software associated wwth the CASI nodul e 52. The support stand 24 supports

a pluraligy of parihclLfRu su?b@ﬁ( $taR®24 I hah1eE? @él?iieptaﬁggﬁig? ?fﬁg{iﬂ‘%?@gﬁﬁ%ﬁ&pt ed

and packaged. The transport 28 picks the 15 parts e I nput trays
60, and transfeps.t o ,the carrier tape,34. The tr.anspo 28 is
preferably a pilicgzliic-eangc-1 gf{éé%l’ ? é&g’ %%aarﬁgrptgp? m%‘feidlrf’%%%dﬁ%’egﬂ%ﬁ?ﬁle’htég%lgj‘ﬁhe
carrier tape 34 is best illust, f,g, in Fig. 3,.and includes a pair of
flanges 72 runrft $EF-O8g-PPSOY hinsperoB grasiia e Arcaverdancdesidd bet ween t he

20 flanges 72. One or both of the flanges 72 may include sprocket holes 80
to facilitate alisRensinggovendansakls peoveardans Bateningoundothing, arpombiteus 20 and/ or
ot her machinery. For exanple, the infeed carrier tape drive wheel 26 may
be a pinwheel thechaniynst®, ackaingphos44, aksitiagalgee rbiter I8 ®b&kup bokes03Q of

the carrier tape 34. The drive wheel 26 nay be driven under power by a
motor (nod i1 ushdedd-86dr-deBling inspection module or “CASI” module 52, and an output reel
packaging module 56. A controller or CPU 58 (illustrated schematically) controls
all aspects of the apparatus 20, and executes the software associated with the
CASImodule 52. The support stand 24 supports a plurality of part input trays 60
that contain parts 64 to be inspected and packaged. The transport 28 picks the
15 parts 64 off the input trays 60, and transfers the parts 64 to the carrier tape 34.
The transport 28 is preferably a pick-and-place type transport utilizing a vacuum
head.
The carrier tape 34 is best illustrated in Fig. 3, and includes a pair of
flanges 72 running along its length, and compartments 76 formed between the
20 flanges 72. One or both of the flanges 72 may include sprocket holes 80 to
facilitate advancing the carrier tape 34 through the apparatus 20 and/or other
machinery. For example, the infeed carrier tape drive wheel 26 may be a

pinwheel having sprocket pins that engage the sprocket holes 80 of the carrier tape

34. The drive wheel 26 may be driven under power by a motor (not illustrated) to



-3 WD 02/102051 PCT/ US02/ 18746 pull the carrier tape 34 off the infeed
reel 32. Alternatively, the drive wheel 26 may have a snooth or, fl at
surface aw@/0eno2esl passi ve or not driven by a notor. The r@€irlusents87de i ve
roller 48 rotates under the power of a notor (not illustrated) to pull the

(an upst r oam aitpLaby bR gefe "RRGE! Hik<fnedtdandBrRRN e v EHE9 0 The

flanges 72 of the carrier tape 34 are pinched between the drive roller 48

and the backupl3have asnoogh ‘Pra%éltls}“ief\%‘te@n bg gassher@at dren; iy malori er t ape
34 under the influence of the rotating drive roller 48. Alternatively, the
drive roller 48 may Theresiliens dpivagolien 48 retatgayeder tize mpvearof etmdiod @st 80 in t he
tape flanges 72 to facilitate 10 advancing the carrier tape 34 through the

apparatus 20. Thestegd) tepult thpeaditr tpe 3¢ ulppogh e apparbius 20limadesnstdealy gui de
rails 84 (Figs. 4 and 6) that extend substantially the entire |ength of

the apparstus Zfrectlfies” (‘Hn'1ﬁ>s’§élan§ﬂ_§ed?foﬁfb%ﬁf§mfp)ﬂosifmﬁgd%nﬁfe%%ire@fior?% ot her

light-reflective material. Referring again to Figs. 1 and 2, the t sport
28 pl aces a si j (of¢] I nt_ 76 of the carrier tape
34. "The COT | nomdl BBk TR5 é Sasid Rl T L<CRRRRN bER e B Plveolfio PR g
i ncl udes a cane ich inspects.the parts 64 in the carrier tape
conpartments 7@1"%@3‘%8 V’B’zi?]rfogtf’ f?%ib@tes’th‘g? vangerast of thefrsirg harecandshlieat us
20. The cover tape 41 is laid on top of the carrier tape 34 downstream of
the 20 COT i ndpéeancenf thedotatingdriveredier 48.pAltemativaly,dhgydriveiollemppmay us 20
along with the <carrier tape 34. The cover tape 41 is guided fromthe cover
tape reel 40 t dntlhée pioatint engapafe spdockyt lolgsl 80rialthd wpeoflaign ID antaeditael | er s
92. The cover tape 41 extends between the flanges 72 and conpl etely covers
the conpgg t mentag@vadfeinglth8 carrier tape 34 through the apparatus 20. The carrier tape 34 is

supported at its flanges 72 by guide rails 84 (Figs. 4 and 6) that extend

substantially the entire length of the apparatus 20. The rails 84 are preferably

made of nickel or some other light-reflective material.

Referring again to Figs. 1 and 2, the transport 28 places a single part 64
15 into each compartment 76 of the carrier tape 34. The COT inspection module 36

is downstream of the transport 28, and includes a camera, which inspects the parts

64 in the carrier tape compartments 76 as the carrier tape 34 is advanced through

the apparatus 20.

The cover tape 41 is laid on top of the carrier tape 34 downstream of the
20 COT inspection module 36, and is pulled through the apparatus 20 along with the

carrier tape 34. The cover tape 41 is guided from the cover tape reel 40 to the

carrier tape 34 by a plurality of tensioning rollers 92. The cover tape 41 extends

between the flanges 72 and completely covers the compartments 76. The

smoothing mechanism 42 smoothes wrinkles out of the cover tape 41 just before

25 the cover tape 41 and carrier tape pass under the sealing shoe 44. The smoothing



snoot hi ng nechani sm 42 snoot hes winkles out of the cover tape 41 just
before 25 the cover tape 41 and carrier tape pass under the sealing shoe
44. The swooeho2zegt -4 WO 02/ 102051 PCT/ US02/ 18746 mechanipSmiusp2/si1de seal i ng
shoe 44 may be collectively referred to as a cover tape application
nmodul e. Adhesi ve | s use he gaver tape 41 to.the flanges 72 of the
carrier tape 34 ﬁlﬂls?lh%raé@fegl“egas&‘ Wgsqoﬁgct{\/gbrerefqﬁgﬁmiaﬁﬁg?‘ﬁvézape
carrier/cover tap{e 5. conbj natl on. The adhesive is on the cover tape 41
surface and fac®8l¢RiOndBeddler tape 34, or nay alternatively be provided on
the carrier tape 34 flanges 72 and face the cover tape 41. The adhesive is
preferably heat actiAdhtesiieds ussdds seal the wwerstaps 4letoatib fenges. 72H dlie etiérvat ed
cover tape 41 has adhesive across the conplete cover tape surface.

Pressure sensi ttapee34baid thateby coxatear congogitd tapb e lnlihy thewarridricb g tafd of
adhesive that are |ocated over the flanges 72 of the carrier tape 34. The

adhesi ve §s actdouifioRY TRE GaRM4NR @Gﬂﬂfycok}&atﬁp@mjﬁdrﬁﬁe A elghinkhenReal |1ng

shoe 44. Fig. 4 illustrates the carrier tape 3 t he cover tape
adher ed theret i I 2. The ad i ve t he
cover tape 41 ?[ O&Sﬁ/ 0?%§ra?%l?ntaﬁg%§ﬁ?%°gg%sﬁ @E%F%r%q% % b@ aar al | el
and conti nuous S or stri 4. whi cq~ e also referred to as seal

tracks herein. *ﬁ'?e EATETARRA e 1%’2% %%%f‘c]tgé’rq ﬁ’d&ﬂ%“ﬁl"é‘iedtoﬁér%%? created

by the adhesive and identifies potentially flawed segnments of the adhesive
seal , as wil| Hfendéeradhsaige. Hepfctvated egvier gk dWhaThdhesivk lacuishitheicomplete
descr i ption of sonme of the systemrequirenents in the preferred comrerci al
enbodi ment of tdoeer tapentrfaon. Pfasare sdisiteativatabcsestapay ] Bas orlgtive et s are
di scussed, the operation of the CASI nodule 52 will be discussed. The CASI
modul e 520is Cufaghésive e IsehRl loyePha hAks G 2T thd\@urrier tape 34. The
adhesive is activated by pressure and/or heat applied through the sealing shoe 44.
Fig. 4 illustrates the carrier tape 34 with the cover tape 41 adhered thereto
as viewed by the CASI module 52. The adhesive bonds the cover tape 41 to the
carrier tape flanges 72 along two generally parallel and continuous lines or strips
15 94, which are also referred to as seal tracks herein. The CASI module 52 inspects
the quality of the seal created by the adhesive and identifies potentially flawed
segments of the adhesive seal, as will be described in more detail below.
The following is a description of some of the system requirements in the
preferred commercial embodiment of the invention. Once the preferred system
20 requirements are discussed, the operation of the CASI module 52 will be
discussed. The CASI module 52 is currently commercially available on the
following machines sold by RVSI Systemation: ST60, ST585, ST595, and CST-
90. The CASI'module 52 uses a fixed or zoom lens camera 100 (Fig. 5) to

optimize the field-of-view (“FOV™). The FOV is optimized when the inspection

25 area for the CASI module 52 is unobstructed for just over one full composite tape



fol l ow ng machines sold by RVSI Systemation: ST60, ST585, ST595, and CST-
90. The CASI nodule 52 uses a fixed or zoomlens canera 100 (Fig. 5) to
optim ze Whe2fib®sd- of - view ("FOV'). The FOV is optinized ROSUSHHEBT46

i nspection 25 area for the CASI nodule 52 is unobstructed for just over one

full conposite tape :5 02/ 102051 PCT/ US02/.1874 itch, so.that there
i's somem;verl aﬁ)l%gt $RfBAt t}é\%eé%éqwe PER ggr n@ﬂﬁﬁ?}g&?@a{s QOQQOSlfqtaWancEs
increnentally aone pitch-length _at a tine under the CASI nodule 52. In the
preferred comefedvancesipgamsaially opgpiteylepgthat p imeainderths §0AYrmedide -t ch on
either side of the Iength of conposite tape being inspected, but nore or

| ess 5 over| ap Indle prefamsddontfimecigkeahbadiment, 91 ovedasisshioul50%bef thepitéicorent | y
isolated and thick to facilitate inspection by the CASI nodule 52. In the

preferred enboditiendide dhide langtiest @aglostie A bEig elgese@at fRASHIeied
i sol ated when they are the greater of two pixel rows or 0.005" (0.127 nm

away fromthe efgfa®Phalhesayer tape 41. The 10 seal track widths are
consi dered thick i?llpt ﬁg preferred enbodi nent when they are the greater of

i xel 0.0410" (0. i de., A ¢l oudy-d il lum.nator ("CDI")
2\32 (pIF:(S rS;)W;r g\r/i de@%cﬁegﬁtwﬁ?gye@ﬁ %Hﬁnba?ﬁugﬁquﬁﬂﬁﬂgﬁeﬂ@n% odul e 53. I A
f d d jally-ayailable CDI.is RVSI Northeast Robotics node
ho. NER SCDI - 75%I e WEPSsHPn PY 4hs & AS] mSulsi5Eo Bie malerebpmbodment, o

carrier tape 41 is preferably no greater than 0.3" (7.6 mm. The CASI
modul e 52 wor kubisealwraek 9¢ sdgesave consideeeddigolpted ivdied thdyedre theaareatértve twar r i er
tape 34, which is why it is preferred to have the cover tape snoother 42

up stream of t héxdieaws s£0DES” @A27Ihm) beayg Gear the 3ie dKlthé Sovitaps ADOLIALY
applied to the
10 seal track widths are considered thick in the preferred embodiment when they are
the greater of two pixel rows or 0.010” (0.254 mm) wide.
A cloudy-day illuminator (“CDI”) 104 (Fig. 5) provides cloudy-day
illumination within the CASI module 52. A preferred and commercially-available
CDI is RVSI Northeast Robotics model no. NER SCDI-75. The height from the
15 bottom of the CDI 104 to the carrier tape 41 is preferably no greater than 0.3” (7.6
mm).
The CASI module 52 works best when the cover tape 41 is laid flat over
the carrier tape 34, which is why it is preferred to have the cover tape smoother 42
up stream of the heat sealer 44. If the cover tape 41 is not smoothly applied to the
20 carrier tape 34, the CDI 104 lighting may be affected, and this may result in the
CASI module 52 identifying false seal defects and flagging a false rejection. A
wire frame 108 (Fig. 4) around the FOV may be employed to lightly tension the
cover tape 41 and further reduce such false rejections.

To further reduce false rejections, a contrast should be maintained between

25 the seal track 94 edges and the areas on either side of the seal track 94, so that the



20 carrier tape 34, the CD 104 lighting may be affected, and this may
result in the CAST nodule 52 identifying false seal defects and flagging a
fal se rejwotwamosA wire frane 108 (Fig. 4) around the FO¥Crasobes7eqpl oyed
to lightly tension the cover tape 41 and further reduce such fal se

rejections. To further reduce fal se rejecti.ons, .a contrast_ should be

mad nt ai ned’ bet vERHTab94 s s lriR et LS ARY HqorHue hred By BHNEFERE si de
of the seal track 94, so that the -6 WO 02/102051 PCT/US02/ 18746 seal
track 94 edges tAPe3thavang g lightsabsprativareeler (es, Weckda demprefosted embpdimanig
carrier tape 34 having a light-absorptive color (e.g., black in the

pref erred enbodindenvdr, tapeadidthatis dight-difasiae (¢.pasemistransgeatdioléntspem the. g. ,
sem -transparent cover tape in the preferred enbodinent). The CDI 104

lighting is | argefetedbmbbdiatnby Thee a4 lphtibg iR eBAabsabdd b til dafuged by
the cover tape 41 such that the cover tape 41 appears to be a light color

agai nst tde dartg%%,g%% ﬁi‘f%é&%@%@%@ﬁ rsiuﬁllé tHaPRE ct)l/&ncg;?ejﬁl?%ge &

viewed with the e ca en t cover tap I onded

to the carrier tape.34,,the.cover.t 4 econes .subst ant i al t rapnsparent
to light in thebeseégh%tcpla?ff ﬁ%algs?i?{heaq%ﬁgﬁlgr é@%gqﬁ@{?egc&r%%@%ﬂ%ge%ﬁ]k li nes
in the 10 light-col qred cover tape 41 because the dark carrier tape 34
material shows VR BEHed Wit t%%ﬁémé@e&é@efaah@e Whoretbe icoyes tanefd ipl ane of
the canera | ens should be nmaintained substantially parallel (e.g., within
1 of parall el bondedto the efrsier tade 3érthodiover tape 4 detdreed subgfantiediyrisansmxernt  of
both seal track 94 edges. Stated another 15 way, the cover tape 41 defines
a pl ane of i nspedighvin thekeal hacksAg| aﬂmub&lﬁackmpgéws@ﬁﬁl@t%i@tﬂes 112

(Fig. 5) of the canera 100 should be mai ntained substantially
per pendi gol ar  tigphtBSloR ERFefapt BF BEGLIO e dark carrier tape 34 material shows
through.

To further reduce false rejections, the plane of the camera lens should be
maintained substantially parallel (e.g., within 1° of parallel in the preferred
embodiment) to the longitudinal extent of both seal track 94 edges. Stated another

15 way, the cover tape 41 defines a plane of inspection for the CASI module 52, and
the optical axis 112 (Fig. 5) of the camera 100 should be maintained substantially
perpendicular to the plane of inspection.

One goal of the CASI module 52, as will be explained below, is to
determine various parameters of the composite tape. With reference to Fig. 5,

20 these parameters include: the distance 132 from the carrier tape edge to the cover
tape edge; the distance 136 from the carrier tape edge to the first seal track 94; the
distance 140 between the centers of the seal tracks 94; and the width 144 of each
seal 94.

The CASI module 52 includes several different software modules or tools

25 that are executable by the CPU 58. As schematically shown in Fig. 1, the CPU 58



One goal of the CASI nodule 52, as will be explained below, is to

determ ne various paraneters of the conposite tape. Wth reference to Fig.
5, 20 thewe pasanet ers include: the distance 132 from t hePcarusori87s@pe edge
to the cover tape edge; the distance 136 fromthe carrier tape edge to the
first seal tracgk . th i nce 140 be en. the cen s, of ..t he.seal
tracks 94; and 1?%§é%a&r§cef§%ﬁ§§ a8§8 ﬁnergoégltl\ggniherﬁ]ee%ﬁ %fﬁ)ta{ﬁs éhqssfﬁl“f%? udes
several different software nodul es_or tools 25 that are executable by the
CPU 58. As schéﬂ%f’t"i?%sam the H&ﬁﬁsﬁoﬁ?’?—@ fpirievestipTRIpi) g executcarhe 59TEwares 1

PCT/ US02/ 18746 i ncludes a processor 150 and a nmenory 154. The nenory 154
stores the sof tmedudes tapaupes theapgratines fithe €468 madsle %libtlfdréh@@nbcbdimempr ets,
and executes the software nodules to performthe operations of the CASI
modul e 52. For dehmitedhentinyeint CPUESS8ds & Pestidie PEl. rHowdver, 0fdr €PUssora Pent i um
PC. However, other CPUs or 5 controllers (e.g., programuable controllers)

can be used. Act@hﬁbwgté.gf.% ;t)@graﬁﬁﬁézﬂlgcorﬁﬁ)illéﬁ BLERY udeB, WHARRNAMly, A5 ShAAd Y

skill in the art, some software may be npl enented | n hardware usi ng

mechani sns Such)ei%% Q@ﬁtdt\é@ﬁc?se%?ﬁﬁfiﬁﬂ%%llliﬁlﬁ%uﬁ‘g(Eomg z\%&?%rﬁa e’ eate

application spec C Or special purpose circurts. ingly, elenments
descri bed herei.n shoul d .not necessarily or inevjtaply be |[imted to a 10
AR ¢ ch i

sof tware or © BTy R AP arefies Pl langugge f or t h
in hardware or software specific terns. The ternms CPU and controller are

used i nt er charlg@Bb{ ytorsease applisationsteeidis os spedidlipyenosy cir¢uiist dgcordinghypass
CPUs, controllers, application specific or special purpose circuits, and
sim|ar devi ceslenwhitd desoribed leergin chadd aot debessarily ordmavityblyhé liatieedgbawn, t he
CPU 58 can 15 include other devices or other circuitry (e.g., drivers, AD
convertere, software or hardware embodiment simply because examples given are set forth in
hardware or software specific terms. The terms CPU and controller are used
interchangeably herein and, unless specifically limited, encompass CPUs,
controllers, application specific or special purpose circuits, and similar devices.
While only a processor 150 and memory 154 are shown, the CPU 58 can
15 include other devices or other circuitry (e.g., drivers, A/D converters,
conditioners, etc.). Further, the CPU 58 can be connected to other CPUs via a
network and the software modules stored and executed by the CPU 58 are not
limited to the modules described below. The apparatus 20 also includes input and
output devices that provide an interface between the CPU and an operator.
20 Example input devices include, but not limited to, a keyboard, a keypad, a
pointing device, and a touch screen. Example output devices include, but not
limited to, a display, a printer, a magnetic storage device, and an optical storage
device.

These include: a carrier tape edge (CTE) tool; a cover tape location (CTL)

25 tool; and a seal track location (STL) tool. The operation of these software



conditioners, etc.). Further, the CPU 58 can be connected to other CPUs via
a network and the software nodul es stored and executed by the CPU 58 are
not | i mwed2teeoshe nodul es descri bed bel ow. The appar at uCTUSar/s8546 ncl udes
i nput and out put devices that provide an interface bet vveeg t he CPlkJ agd ag
operat or. e 1nput..devi ude, to,..a keyboar
apkeypad a polﬁ?@}l%s W@%%%Cus%ﬁc}mgl? %8%03“8?&%@1” }]fffl cﬁ’éjs[oﬁﬁu"fh devi ces
include, but not_  limt a display, a printer, a magnetic storage

devi ce, and an rB%f?“&%FOE %‘516dew ce. These include: a carrier t ape edge
(CTE) tool; a cover tape Iocatlon (CTL 25 tool; and a seal track |ocation
( STL) tool . The operést segn inFig Bbsat 2001t svmpehingad\Bn o/ the cOBRosRETANESOR/ 18746
nodul es will be discussed with reference to Fig. 8 primarily, and also with
reference to Fipitsh léngtndA6210Ahe $R631 matduld GamedA 0@bap@es b dpinbiaiigegFidvances
the conposite tape one pitch length. At 210 the CASI nodul e camera 100

captures ;a digi %hﬂe‘l@@h&zb&n oS eQfithiRehd gt h of conposite tape within
the FOV. The CTE tool includes bog?ép 220-240 in Fig. 8A. At 220, the CTE

t ool ositions a er tape
34 edgg (abbr evi atc-ﬁﬁhl %&fﬁ #Ed&&}f@%ab%%g g ne;l‘gt%)ahwecf%%o n for
the CTE tool. | en CTE, box a spans, at | east two
sprocket hol es BS8! %Oﬂﬁ)a%ttﬁz iz{ih(g 2088 aQﬂ 203 es“e%”r’r%rﬁﬁlée%?qﬂen the CTE
box 222. This includes dividi ng the CTE box 222 into a sel ected nunber of
segnents or sarippevipled“6rig). aﬂéﬁ GEE hgx 2R2 defimstsoearzh 2egien fordheadTEneclbased
edge tool. The CTE tool is progranmmable, and a machi ne operator may i nput
t he nunber of sHgrengdth of tHedCTE box 222 preferably spans at least two sprocket holes 80.

10 At 230, the CTE tool analyzes segments within the CTE box 222. This
includes dividing the CTE box 222 into a selected number of segments or sample
regions, and using the CTE box 222 as a gradient-based edge tool. The CTE tool
is programmable, and a machine operator may input the number of segments into
which the CTE box 222 is divided in order to select the number of samples

15 desired. The CTE box 222 is preferably fixed where the edge of the carrier tape
34 is predicted to be within the digital image (i.e., the nominal position of the
CTE). The CTE box 222 is wide enough to accommodate normal variations in the
position of the CTE. The nickel rail 84 provides a silver background for the edge
of the carrier tape 34, and therefore creates a large contrast to assist the CTE tool

20 identify the CTE.

The CTE tool analyzes each segment within the CTE box 222 to find a
light-to-dark edge transition corresponding to the edge of the carrier tape 34 with
the nickel rail 84 behind it. The allowable range for the grayscale threshold level
to detect the upper edge of the carrier tape 34 is 0 to 255, with the default setting

25 preferably being 40. At 240, the CTE tool calculates a robust equation for the



whi ch the CTE box 222 is divided in order to select the nunber of sanples
15 desired. The CTE box 222 is preferably fixed where the edge of the
carrier twWpe2/1845is predicted to be within the digital i nRge/Usv2/e8746t he
nom nal position of the CTE). The CTE box 222 is w de enough to

acconmodat e nor ral riati if.th 0siti of the E., The nickel rail
84 provides a si \1/"35\#‘%l SaC 8%@1%?5?%5“ 81%3‘6%“5[%@%6%? fiﬁtfl?‘iogb‘éac 4, and
therefore creates a | arge contrast to assist the CTE tool 20 identify the
CTE. The CTE t o68mEHariHadheGLR boggad e constHetihe rrbustimersguatioy Ths GTHd a
light-to-dark edge transition corresponding to the edge of the carrier tape
34 with the niagkatior igiusedas bdstumdyithe CThend|STdwablseas willfee descritiddéelow.
grayscal e threshold level to detect the upper edge of the carrier tape 34

is 0 to 255, with tHEhedeThtibdl iscdlides 8@p235@LE0 &1 Fipl §A bait 180 4R CAL 1840, the
CTE tool cal cul ates a robust equation for the -9 WO 02/102051

PCT/ US02/ 48746 pofaonk §1C TRk B3 i Fﬁvit-ﬁm ﬁleg?éifayhﬁég[ep 'Thie@l*LUE’&?zﬁﬁs t he

edge data fromeach segnment wthi e CTE box 222 1o construct e robust

i tion. . OA | dat by the,CTL.an TL

tool s, ae vi ] Bl ExefMARP b ETE AR A SThe ot el BRIGHG596 1 o
Fig. 8A. At 250, the CT(%FtO | .5 itions, JL box 252 (Fig. 6) wthin
the digital ine§¥e #RRS Lorg?ﬁ?u%ga% EeViIgigt ot B Da2yd dedmeg thersapreh regiomior ne

CTE datum around the nom nal position of the cover tape edge or |ocation
(abbrevi at ed " dire OIL tgpld Thefupnesedegof thede Th bpxgbdis dligned with @ srocdet The
upper edge of the CTL box 252 is aligned with the a sprocket hole 80 and
| oner edge of thude BbandlRver sdgevelithe bex 2EViBloveBihe céier iapard Itdear thpppperl 0 edge
of the carrier tape conpartnent 76. At 260, the CTL tool analyzes segments
within the CTL dag¥ oP8i-cafi¥r $ape compartment 76.
At 260, the CTL tool analyzes segments within the CTL box 252. This
includes dividing the CTL box 252 into a selected number of segments or sample
regions, and using the CTL box 252 as a gradient-based edge tool. The CTL tool
is programmable, and a machine operator may input the number of segments into
15 which the CTL box 252 is divided in order to select the number of samples
desired. The CTL box 252 is preferably fixed where the edge of the cover tape 41
is predicted to be within the digital image (i.e., the nominal position of the CTL),
based on the position of the CTE as calculated by the CTE tool. The CTL box
252 is wide enough to accommodate normal variations in the position of the CTL.
20 The carrier tape 34 provides a black background for the edge of the cover tape 41,
and therefore creates a large contrast to assist the CTL tool identify the cover tape
edge.
The CTL tool analyzes each segment within the CTL box 252 to find a

dark-to-light edge transition corresponding to the edge of the cover tape 41 with

25 the carrier tape 34 behind it. The allowable range for the grayscale threshold level
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i ncludes dividing the CTL box 252 into a sel ected nunber of segments or
sanple regions, and using the CTL box 252 as a gradient-based edge tool.
The CTL twol02/1025pr ogr anmabl e, and a nachi ne operat or nay PCRfiis02/147é6 nunber
of segnents into 15 which the CTL box 252 is divi ded in order to select

t he nunber of sanpl es,desire bly. fi X wher e

t he edge of thz gg’i?grthF BB%erﬁage ?gt%&c%%qr%qudﬁ 1%06%2%’ ﬁ’nt éfaa‘ta?etﬁgg i mage
(i.e., the nomnal posjtion of the ,} ased on the p05|t|on of the CTE
as cal cul at ed H’}efﬁ?gb@l@g o1 At %mz theer 1369@1 02]5213Fe§ afpbust egistigh fergh
accommodat e normal variations in the position of the CTL. 20 The carri er

t ape 34 provi désITabpusiog theamsigg detarftbni eachtsegmentgritton then@Tk boe252.ape 41, and
therefore creates a large contrast to assist the CTL tool identify the
cover tape edge. THEheGIL toddinchidas HEms280a340 i FUFEBA A 8. NAL 130, BEISThOX 252
to find a dark-to-light edge transition corresponding to the edge of the

cover ta 41 3 i I ange
for the I(\[;)Sra aysc\gql)(gthoﬁ%%g%lg?é%ﬁ&e\!?gg%? %%%2 ﬂgﬁ%%ﬁ %%éﬁ%%lo%;a%%% Q“h%

detect the upp e t the d ault
setting pref ef%]gf Q(%%e? 5 i}ga& g%%{ﬁé%ﬁ%‘:‘f §8ﬁ”§‘8ﬁﬁ'@a§%‘§
equation for the | i theegedtafrome ch se ment”vmthlnthe
CTL box 252. THOmuRg! PP ﬂgﬁ%E@é%taE é?fé’ngwl §9@<S|(ﬁ€frf%§te gAlknendB. At
280, the STL 5 tool positions STl and ST2 boxes 282, 284 (Fig. 6) within
the digital inma@d2”)rhed dgie thoseascle®@gions & the STL dexdt éfheéengtb(ddh@ISELance
fromthe CTE datum around the nom nal positions of the first and second
seal tracks (alboxey28t @84 iSbblt eudl oSk pitch length @€ thenwnipositsaps,ahdiegi ons
for the STL tool. The length of the STL boxes 282, 284 is about equal to

the pitciyl engtfreRfablynQidh@yMOIct frah AREpitcANEh B so there is some overlap at both

ends of the STL boxes 282, 284 with the previous and next pitch lengths inspected
by the CASI module 52.
At 290, the STL tool analyzes segments within the STL boxes 282, 284.
This includes dividing the STL boxes 282, 284 into a selected number of segments
15 or sample regions, and using the STL boxes 282, 284 as gradient-based edge tools.
The STL tool is programmable, and a machine operator may input the number of
segments into which the STL boxes 282, 284 are divided in order to select the
number of samples desired. The STL boxes 282, 284 are preferably fixed where
the ST1 and ST2 94 are predicted to be within the digital image (i.e., the nominal
20 position of the seal tracks), based on the position of the CTE as calculated by the
CTE tool. The STL boxes 282, 284 are wide enough to accommodate normal
variations in the position of the seal tracks 94. The cover tape 41 provides a light-
colored background for the edges of the seal tracks 94, and therefore creates a

large contrast to assist the STL tool identify the seal track edges.

-11-



10 preferably slightly longer than the pitch Iength so there is sone
overlap at both ends of the STL boxes 282, 284 with the previous and next
pitch | eryOhg/10208pected by the CASI nodul e 52. At 290, tRETEBL2/187d6
anal yzes segnents within the STL boxes 282, 284. This includes dividing

t he STL boxes 282, 4 j.nt sel ecte nber of.segnents .15 or sanple
regi ons, and using ?Bﬁ% ’fgﬁlﬂg{ga%ge@Wp?%pfgﬁa}%@gﬂpg%eac@ggn%dd@eowgﬁ s. The
STL tool is progr b nd a _machi ne operator nay input .the nunber of
segnents into ﬁbﬁmgﬁ&%g@g:%,m%ﬂ%&?@ thevegaents af Bedex ato sel ect

the nunber of sanples desired. The STL boxes 282, 284 are preferably fixed
where the ST1 ilwstragiovidybrgken hnesdanst avel identified withRetters AeO dorghe sdkeiofage
(i.e., the nomnal 20 position of the seal tracks), based on the position
of the CTE as cahwmiaiceth thys whtten §&5Eriptival. . ThEhsealIdck 9 Best28, in B84 7d5 e wi de
enough to accommodate normal variations in the position of the seal tracks

94. The cpver toad@y4hlpsMbIBgsnatd thgﬁén-uﬁi%ﬁﬁlﬁahmg Kohowhes dibudifigagloes of

the seal tracks 94, and therefore creates a I|'arge contrast to assist the

STL tool ident it ¢ setap§4 thﬁé nﬁég@%%vez.dggﬁ?ula Joils nwg%étld%%%ﬁﬂ é%%u?i@e%fo#%éﬁg of

Fig. 7 illustrates an exanp ion o he™i

the ST1 and ST2, bpxes.282, 4. In_this figyre, e gnents of the box are
illustrated w tff ﬁBWé‘?‘g Pf%?l?*f‘g[gf eagh@fgfeetwo(fg EEOF‘F%M% Eg?at“é‘? CALPS £t t he
sake of convenience in this witten description. The seal track 94

i | lustrated i niggngcalfor thedwgsealittapk bekesr2§ad 8o thelylapsdesatibed dndy once
non-uniformty that is sonetinmes encountered in the seal 94 at the

m cro-level. |theblwoul d be noted that the STL tool nust perform the
following steps for each of the two seal boxes 282, 284. Because the steps

g:} Iey Lﬁggﬁ ical for tAe300vR FSE3B, e, RBKRReA8%l RBArohREYmatier. d&sS1¢, bed
the STL tool determines if there are any gaps in the portion of the seal track within
segment A. If the seal track is determined to be continuous within ségment A, the
STL tool goes to 320, where the STL tool finds the seal track edges and stores the
data for the position of the seal track edges in segment A. The STL finds the seal

15 track edges by first finding a light-to-dark edge transition corresponding to the top
edge of the seal, and then finding a dark-to-light edge transition corresponding to
the lower edge of the seal. The allowable range for the grayscale threshold level
to detect the edges of the seals 94 is 0 to 255, with the default setting preferably
being 30. The machine operator may customize the grayscale threshold level,

20 however.

At 330, the STL tool calculates the center of the portion of the seal 94
within segment A, and stores the data corresponding to the center point. At 340,
the STL tool calculates the seal width by comparing the coordinates of the edges

of the seal 94 found and stored at 320. At 350, the STL tool determines whether

25 the seal width is greater than a minimum width. The minimum width is a variable
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below. 10 At 300 in Fig. 8B, the STL tool takes in all data from segnent
A. At 310, the STL tool determnes if there are any gaps in the portion of
t he seal wpaehko2est hin segnent A If the seal track is deP€ErRiSaBEB78®© be
continuous within segnent A, the STL tool goes to 320, where the STL tool
finds the seal jfrack edges and stores t data . for.t.ne position of the
seal track edgabd i waHERoRARoR B &, e oS8 Rel bR Se B ol R by
first finding | i ght-to-dark edge transjtjon corresponding to the top
edge of the sedfan ﬁHnPWélan"Ylﬁ@i&’QSérLdﬁPlk@dtvénq$é‘h§6%d’ﬂl§r€thﬁ‘§Wm%
corresponding to the |Iower edge of the seal. The all owabl e range for the
grayscal e t hr es¥sther the@irrent seggenbistthe last segment affthe HEL bou282.984itwing t 0 255,
with the default setting preferably being 30. The machi ne operator nay
custom ze t he gnalysahl i itibnesthelat segyehi, (M tho8FLeool gbes ®3370, hereSTL t ool
cal cul ates the center of the portion of the seal 94 wthin segment A and

stores the dat adeRicefPOBAkRGebRe t*'(;@.g%%@%rﬁént@iaﬂa staffs agdifl at 3107@r Bk t 0O

cal cul ates the seal width by conparing the coordinates of the edges of the
seal 94 found onQg:.at At ST .t tern nes t her 25
the seal widt haslggm%étéétaglrﬁ%%lﬁ&g iflsaiE Bondifli T o080 A% SRS G
variable -12 02/ 102051 PCT/ US02/ 18746 . that the nmachi ne qperataor, may
st 1t the sedf® RLPRGNR Segg@%ﬁtdﬁ%@a@@éﬁ%mmwﬂw CHiS 3 VRERRIG dit
the STL tool advances to 360, where it determ nes whether the current
segnent is the thadhe magnppepsator MY ST box 282, 284 being analyzed. If it
is not the |last segnent, then the STL tool goes to 370, where it 5 advances
to the next segnent If et gther SHhoredi0 By SEhdodltratutis agmi thaSTB1Bolfskipstibat
segnent. Additionally and in some constructions, the tool also determ nes
whet her 10 380, where it marks the current segment as failing in the STL tool’s memory.

After marking the segment as failing, the STL tool continues to 360, where it
determines whether the current segment is the last segment of the STL box 282,
284. If the STL tool returns a “yes™ at 360, the STL tool has completed analysis
of the STL box 282, 284, and moves on to 382.

15 At 382, the STL tool compares the strings of consecutively-failed
segments within the STL boxes 282, 284 to a defect tolerance. The defect
tolerance is the maximum number of consecutive segments that may receive
failing grades without declaring the seal track 94 defective. The defect tolerance
may be set by the machine operator. At 384, the STL tool queries whether the

20 defect tolerance has been exceeded. If the answer is “yes,” then the STL tool
generates a fault condition, but if the answer is “no,” then the STL tool moves on
to 390. If the STL tool generates a fault condition, the CPU can notify the
machine operator at 386 of the defective seal 94 and/or can perform some other
action (e.g., perform further processing on the seal) as a result of the fault

25 condition. At 390, the STL tool calculates the center line equations for ST1 and
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the seal wdth within segment Ais less than a maxi rumw dth, which is a
variable that the machi ne operator may set. If at either 310 or 350 the
STL tool wetoanexsa "no," the STL tool skips to 10 380, wremraso2/187e¢ ks t he
current segnent as failing in the STL tool's nmenory. After marking the
segnent as failjng, the STL tool continues to 3 where it determ nes
whether the cur¥lenased (CSPET PHBL a3 oy gﬁ?tqq%@esﬂwﬁaﬁa@sz 284.

If the STL tool returns a "yes" at 360, the STL tool has conpl eted anal ysis
of the STL box segaent2dhe sefiwete then advages. to Fig. AC. 382, the STL tool
conpares the strings of consecutively-failed segnents W|thi n the STL boxes
282, 284 to a def ectAt4dl0ecin &g SC, THeeC AST @xftward cdlewlates thei distirive beBdeitie nunber
of consecutive segnents that may receive failing grades w thout declaring

the seal track @OfE ded Rl Meby Teuldgieht diPiRE BBGRen MRV oBEst SAIE M ¢ TE
machi ne operator. At 384, the STL tool queries whet her the 20 defect

tol erances has %ﬁtﬁmﬁgﬁ{%ﬂﬁﬁd% vt Qtf%naiﬁ%o' At M% dﬁﬁﬁ{&ﬁw&r@%@@% |

generates a fau con Ion t he answer

noves on to 390. S oI tes a fa Ltion, CPU can
notify the madiiHBa lo(é;@? Fla élfr 15t I’i’éayo@fS@E @gﬁne@eﬁ‘ﬁﬂ/ hecan
perform sone other action . 0., perfor m furt her proceSS| ng on the seal)

as a result of GARl sofiyyare Q’Snélémﬁstﬁtéﬁo whethgoibe devigtigrof the §lTHE:@HCTLat es t he
center line equations for ST1 and -13 WD 02/102051 PCT/ US02/18746 ST2
based on the cehitarcefoimthedamanatdistadeiinadchptallel The tdlerablenteyiation masdb
segnent. The CASI software then advances to Fig. 8C. At 400 in Fig. 8C, the

CASl sof tware gt bpiieshilepdiatdranthe deineaistdee acc@gl_%bﬁnﬂlemI%ﬁWe
cal cul ating the distance between the robust CTE and

10 moves to 430, where it generates a fault condition and notifies the machine
operator of an unacceptable deviation. Such a deviation may indicate, for
example, that the cover tape 41 is not being properly applied to the carrier tape 34,
and that the cover tape dispenser 40 may have to be adjusted.

At 440, the CASI software calculates the distance between the CTE and

15 ST1 by calculating the distance between the robust CTE and ST1 equations
calculated above at 240 and 390. At 450, this distance is compared to a nominal
CTE-to-ST1 distance, which may be set by the machine operator. The CASI
software then queries at 460 whether the deviation of the CTE-to-ST1 distance
from the nominal distance is acceptable. The tolerable deviation may be set by

20 the machine operator. If the deviation is not acceptable, the CASI software moves
to 470 where it generates a fault condition and notifies the machine operator of an
unacceptable deviation. Such a deviation may indicate, for example, that the
cover tape 41 is misaligned with the carrier tape 34, or that there is a problem with

the sealing shoe 44.
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5 equations cal cul ated above at 240 and 270. At 410, this distance is
conpared to a nomnal CTE-to-CTL distance, which may be set by the machine
oper at or . WOe/1020861 software then queries at 420 whet her Pha#/usevistté on of
the CTE-to-CTL distance fromthe nom nal distance is acceptable. The
tol erabl e devi ation&?f be set by the nmachine operator. If the deviation

t

is not acceptable, 80t vk e1¢plopiatessthe distange befieen therS TJedr at es a

fault condition and notifies the machine operator of an unacceptable
devi ati on. SucHTR hjecaladating thedistandd betveen therobusk 8Fbhed ST aquatinss cover t ape
41 is not being properly applied to the carrier tape 34, and that the
cover tape di spahaiteddborayt 30V At490pehiedljtusdeds cofpardd @ a hbineST'1-80f t war e
cal cul ates the distance between the CTE and 15 ST1 by calculating the

di stance bet weeyr2 figah@DYhichGldy Btt BY theSAMMAQRR a6 18 240
and 390. At 450, this di stafncezgis co%areed&t?lo a ngar%&ﬁa]?}é%&r%?gtoo- T&ith%

di st ance,z whi c e hi ne..o t -he I of tware then
gueries ast 460%?%%%0? Eﬂtéhe ee\rlli%tdlegﬁa%g 0??@%&9%@&?%%&%& S IYPHR t he
nom nal distancg is acceptapl e, The to] erabl.e deviati on may be set by 20

t he machi ne opéﬁﬁw.ls f9cepighleq die elFli?ﬁiei VREOD Ry dssghpethe mpshinas)  sof t war e
moves to 470 where it generates a fault condition and notifies the nmachine
operat or of an opgréwe dbthasicuiatien isanot a¢repiBhlshths GreNi saftivare mayesitndilGat e, for
exanple, that the cover tape 41 is msaligned with the carrier tape 34, or
that there is aviprohilgeneraiet h faitlh@ndaminiand nstifies hd maclifie WEEradF 02051

PCT/ US02/ 18746 At 480, the CASI software cal cul ates the di stance between

the ST1 and STZin¥cepaibfidetidtiog. Shen Qﬂﬁiﬁwﬁnbﬁfn‘&?ﬁfb, texhAPlSthaidre #nd ST2
equations calcul ated above at 390. At 490, this disStance Is conpared to a

nom nal {f1-t O-gealing elements of the sealing shoe 44 is wandering away from the other element
or that the sealing elements are not parallel to each other.

After the distances between the various parts of the composite tape have
been checked as set forth above, the CASI software has completed its analysis of
one pitch length of composite tape, and is ready to analyze the next length. The

15 machine advances the composite tape another pitch length, as at 200, and begins

the process over for that portion of the composite tape under the CASI module 52.
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ST2 di stance, which nmay be set by the nachine operator. The CASI software
then 5 queries at 500 whether the deviation of the ST1l-to-ST2 distance from
t he nom & 02dd®sBnce i s acceptable. The tol erabl e devi at iPGR/UsaYy187¢6 set by
the machine operator. If the deviation is not acceptable, the CASI
software noves to 510, where it generat is a {ault condition and notifies
t he machi ne operator of an unaccept abl tion. Such a deviation nmay

i ndi cate, for exanple, that one of 10 sealing el enents of the sealing shoe
44 is wandering awayl-f r or ieghastiheinspdcsing atcomppsiteriape inaldingad ¢avgr epenent s
are not parallel to each other. After the distances between the various
parts of the cdopdsd tom daape thgevdondisnaheckelseabiradks, the hidthodlowerisinge CASI
software has conpleted its analysis of one pitch |length of conposite tape,
and i s ready tqghagehyge the next length. The 15 machi ne advances the
conposite tape another pitch Iength, as at 200, and begins the process

over for 4hat porti : - G it he CASI nodule 52. -15
WO 02/ 102%51 PCT/ US%%?%?%E%I%%W%&%@%@%%P rre’ i nspecting a conposite
tape including a cover tape. bonded to rrier tape along first and

iiipec{iis e il praes iy itedie o

second seal tracks, PHE° eps of 5 capturing a
digital image of the con%t)os_i te tape;, inspecting the digital image for
defects; and if a défedeleplds fgmdagengetingatfpplycendition.t+ condition. 2. The
met hod of claim11, wherein said inspecting step includes the steps of: 10
capturing a portion 2f tHeednethodbf ¢lamys, winrtinadaidgndpeetifg step inshaks theack;

steps of:

10 capturing a portion of the digital image including the first seal track;
dividing the portion of the digital image into a plurality of segments;
inspecting each segment of the seal track digital image; and
assigning a passing or failing grade to each segment.

3. The method of claim 2, wherein said inspecting each segment step

15 includes the step of determining whether the seal is continuous within the

segment; and wherein said assigning step includes assigning a failing grade to the
segment if the seal is not continuous within the segment.

4. The method of claim 2, wherein said inspecting each segment step
includes the step of measuring the width of the seal track within the segment; and

20 wherein said assigning step includes the steps of comparing the width to a

minimum width and assigning a failing grade to the segment if the width is below

the minimum width.
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dividing the portion of the digital image into a plurality of segnents;

i nspecting each segnent of the seal track digital image; and assigning a
passi hg owoOfoaildiony grade to each segnent. 3. The net hod ofPCtlishmE46 wher ei n
sai d inspecting each segment step 15 includes the step of determning

whet her the seal is onti yous in t se t.. and mhe ein s

assigning step incI des a sfﬁ?tp%% ng]g}?,l Iber gg?i@l{l%)efﬁlfégeag G%ﬂ?n %pt he
seal is not contin ou wi thin the, seg nmet hod of_  claim 2,

wherein said i HaQH %9c9¢nd§ nﬁ@%e“ihﬁé? drecontiguous withigthereasur i ng
the width of the seal track mnthln the segnent; and 20 wherein said

assi gni ng st ep segroFLidad masuriteepwidsh oﬁtlnnpaahvn@mtt@ spmient; amd whereimi saidn wi dt h
and assigning a failing grade to the segnent if the width is below the

m ni mum W dt h. assignid@s@egiddads thd§d biSBeichthigdtailing giide toglidwedment i€klai m 2,
wherein said inspecting each segnent step includes the steps of determ ning

whet her tfie Se%leal'1§n&tc%hhﬂl&lﬁid$m’€lhﬁHie%eérﬂ@nto?‘?ﬂt'ﬁ@%dtﬁ']gbélg@fﬂ%é b nRmM dt h of
the seal within the segnent; and wherern said assigning step includes the

step of assignipgqa failing grade to the segment if the 5 seal is not
cont i nuous V\nthlnhthe segnent or if the width is belowthe m ni nrum w dt h.

6. The nethod of claim2,_ wher nspect i n i ncl ude st eps
of : deternining a nuhber %%ﬂﬁ%‘geﬁﬁ 1J2’y eé?lpéal 518 %%St?ﬁ)mcqqésgl@rti on

of 10 the digital image; and conparing the nunber of consecutively-failed
segments to a dépsef:

determining a number of consecutively-failed segments for the portion of
10 the digital image; and
comparing the number of consecutively-failed segments to a defect
tolerance.
7. The method of claim 1, wherein said step includes the steps of?
finding an edge of the carrier tape within the digital image; and
15 predicting an area of the digital image where one of the seal tracks is likely
to be based on the position of the carrier tape edge.
8. The method of claim 7, wherein said finding step includes using a
gradient-based edge tool to find the carrier tape edge within the digital image.
9. The method of claim 7, wherein said inspecting step further
20 includes using a gradient-based edge tool to find seal track edges within the

predicted area where one of the seals track is likely to be.
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tolerance. 7. The nmethod of claim1l, wherein said step includes the steps
of: finding an edge of the carrier tape within the digital inage; and 15
predi cti ngoan/1ea088 of the digital image where one of the PEANUSHYWIKG i S
likely to be based on the position of the carrier tape edge. 8. The nethod
of claim?7, wherein said findi sfep includes usi.ng a. gradjent-based edge
tool to find the carter hfd@etgg‘b@}Wlffhiaﬁ”l?q’i@néiﬂéil{lsé’@til%@?1n91.udq9n§erret hod
of claim?7, wherein said inspecting step further 20 includes using a

gr adi ent - based stpge@fit ool to find seal track edges within the predicted
area where one of the seals track is likely to be. -17 WD 02/102051

PCT/ US02/ 18746 10. deteemirihesbusilirelcaumichs fodtae Girst asdbetohds@eahting step

i ncludes the steps of: determ ning robust |ine equations for the first and

second seal tracks; cafRldfitbd AGtahdbelv&hAne B §ha6R0nd bl fhiSthagdidbs econd
seal tracks based on 5 the equations; conparing the distance between the

seal tracks w tf, a%ﬁﬁ%pt abl e value; and assessing whether there is a
defect in the sea racks spacing. 11. The nmethod of claim 1, wherein said
i nspecting step includes.th 0 st of . determ ning a robust equation
for an edge of the CAPHAERS s,tancggggywﬁhqﬁfagtr?%@g RDATSERIHMC VHSan edge
of the cover tape; using the equations to determ ne the distance between

t he edges; and

assessing whether there is a defect in the seal tracks spacing.
11.  The method of claim 1, wherein said inspecting step includes the
10 steps of:
determining a robust equation for an edge of the carrier tape;
determining a robust equation for an edge of the cover tape;
using the equations to determine the distance between the edges;
comparing the distance between the edges with an acceptable value; and
15 assessing whether there is a defect in the spacing between the edges.
12. The method of claim 1, wherein said inspecting step includes the
steps of:
determining a robust equation for an edge of the carrier tape;
determining a robust equation for the first seal track;
20 using the equations to determine the distance between the carrier tape edge
and the first seal track;
comparing the distance between the carrier tape edge and first seal track
with an acceptable value; and

determining whether there is a defect in the spacing.
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conparing the distance between the edges with an acceptabl e value; and 15
assessing whether there is a defect in the spacing between the edges. 12.
The net howook/1edoai m 1, wherein said i nspecting step includ€3s/ushz187s¢ eps of :
determ ning a robust equation for an edge of the carrier tape; determ ning
a robust equation for the first seal track; 20 using the equations to

det ermine the distande be?%@é@?i‘h?ief@&lm { evhereip said dppectingstemiachesthe s e
track; conparing the distance between the carrier tape edge and first seal
track wth an sé&psept abl e val ue; and determining whether there is a defect
in the spacing. -18 WD 02/102051 PCT/US02/18746 13. The nethod of claim
1, wherein said i nspesitionthgSiretpsdcoad, uhiied ahll €ourt 8RRs &f the @asital infipend thel r St ,
second, third, and fourth boxes in the digital imge in the nom nal

positions of a Miﬁél‘ifosﬁi@ﬁ?oﬁé’%ieﬁaﬁ%%& 4 8RRr rg%d%é,% fisf %51 S8&! ald ack,

and 5 the second seal track, respec y;, perf g a gradi ent-based

edge tool functt' ?&cﬁ?ﬂd&%‘fﬁ?&{,?ensge&Weg/t;t he first, second, third, and fourth

boxes to Tornmulate a robus equdtion for each of the carrier tape
edge, cover tape ed and second se track; usinhg the

robust |ine equati o?i%@%%’%ltac%g %@Et{ag%f%&?q{gu%m@gﬁﬁé fida ggthasthe f’@sg‘of t he
carrier tape and cover tape; using the robust |ine equations to calcul ate
the spacing betsgean, thi, ard/ourthbapes te defanwlatd arolenst Bag¢ equatiok for each of the
carrier tape edge, cover tape edge, first seal track, and second seal track;
using the robust line equations to calculate the spacing between the edges
10 of the carrier tape and cover tape;
using the robust line equations to calculate the spacing between the cover
fcape edge and the seal track;
using the robust line equations to calculate the spacing between the first
and second seal tracks; and
15 comparing the calculated spacings to nominal values; and
assessing whether there are irregularities in the cover tape and seal track
positioning.
14, The method of claim 1, wherein said generating step includes the

step of notifying an operator of the defect.
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using the robust line equations to cal cul ate the spacing between the first
and second seal tracks; and 15 conparing the cal cul ated spaci ngs to nom nal
val ues; awo 0246Ssi ng whet her there are irregularities i nPCRAISODIESHG t ape
and seal track positioning. 14. The nethod of claim 1, wherein said
enerating step includes the_ step of notifying. an operator of the defect.
919 WD 02/ 102051 PCTYuUS02 packeging pad inspeeiiqedBaehineion Packegi@s eEH M achi ne f or
packagi ng parts in a conposite tape and inspecting the conposite tape for
def ects, the coepwositetapeped inspesting ihegcomposietape fpalefeots 8 dompasitatape er
tape along first and second seal tracks, the machine conprising: 5 a
camer a confi guriacludingacquértepetbondstgea edrrithiap€ Slong Firdt and 8d¥0nd 86l tracks,
controller in conmmunication with the canera to receive the acquired imge,
the controller fhehRehia@Bhha4sigd t0 anal yze the acquired i mage for defects
in the conposite tape, and generate a fault condition if a defect is
detected.z 10 16. Th I | .ai X faurth conprising: a transport
confi guresd to deposﬁ%lr}%g&}f%:%&%gﬁ‘%%n@sﬁg e?ﬁgheccg |§1Fe@5%@fld a cover
tape application and seal jng nodul e.configured to seal the cover, K tape to
the carrier tape al &@I’%ﬁge IPICQFW*‘EQ’&B‘%@J‘ B simetadQ keseive Misrasgyiredipt ur i ng
the parts within the carrier tape conpartnents and resulting in the
conposi t e tape.image,the conellgpbdingeondiguedddom 16, wherein the transport is a
pi ck- and- pl ace transport.

analyze the acquired image for defects in the composite tape, and

generate a fault condition if a defect is detected.
10 16.  The machine of claim 15, further comprising:
a transport configured to deposit parts in compartments of the carrier tape;
a cover tape application and sealing module configured to seal the cover
tape to the carrier tape along the first and second seal tracks, thereby capturing the

parts within the carrier tape compartments and resulting in the composite tape.

15 17.  The machine of claim 16, wherein the transport is a pick-and-place
transport.
18.  The machine of claim 15, further comprising an output device in

communication with the controller, the output device being configured to generate
an output in response to the generation of the fault condition, the output informing
20 an operator of the detected defect.
19.  The machine of claim 15, wherein the controller is configured to
analyze the acquired image by being further configured to inspect the seal tracks

for faults.

-20-



18. The machine of claim15, further conprising an output device in
comuni cation with the controller, the output device being configured to
gener at e wa2@eoput i n response to the generation of the PamlUSOrBIdé ti on,
the output informng 20 an operator of the detected defect. 19. The

machi ne of claim 15, wherein the controller is configured. to _analyze the
acquired i mage by beilhg fﬁ}qrﬁ@cﬁu@dpﬁqlad@r]@dwhsrqlrh%(g@mrql iseonfigureddRs  for
faults. -20 WO 02/ 102051 PCT/ USO2/ 18746 20. The machi ne of claim 19,

wher ei n the corinspstt the s¢ad tredesfbycheirgifurther ¢andigered tohe seal tracks by being
further configured to capture a portion of the digital image including the
first seal track; diapiutkea preiopof theatigitdl ithhge @ckuidinglthe figeeal Gthek;a plurality
of segnments; 5 inspecting each segnment of the seal track digital inage;

and assigning a passiifide e fodidd HOhOHASEI inPagBISB aSAGIABR of sédmenti® mMaChi ne
of claim 20, wherein the controller is configuredto I nspect each segnent

by being §urther confi g i \é’@ﬁ r: t.he. | i cont i nuous
withint hﬂce segnent ; qgﬁwﬁ?a&ﬁﬁgﬁgﬁgﬁr% Eéa[r&idéé&(}g@ig%ﬂ%% to assign 10 a
passing or failing grade by being further confiqured to assign a failing
grade to the segrre%SSllg’ngﬁé’aé%%ggO‘i ’gﬂﬁ’@tgrﬁ%ﬁf’ieﬁ%b%nﬁl?hi n the segnent. 22.
The method of claim 20, wherein the controller is configured to inspect
each segnment by bei id: f urtheanachine ofgplaimdQ, svhereirs theontrelied ihcanfigured teeal
track within the segnent; and wherein the controller is configured to
assign a 15 pagsspegt @ch kegrhémby hemgeubherionfigurtditd desmianivhgheate seal Gonpar e
the width to a mnimmwdth and assign a failing grade to the segnent if
the width i s beloaihidi8 within the segment; and wherein the controller is configured to assign
10 a passing or failing grade by being further configured to assign a failing grade to
the segment if the seal is not continuous within the segment.
22.  The method of claim 20, wherein the controller is configured to
inspect each segment by being further configured to measure a width of the seal
track within the segment; and wherein the controller is configured to assign a
15 passing or failing grade by being further configured to compare the width to a
minimum width and assign a failing grade to the segment if the width is below the
minimum width,
23.  The machine of claim 15, wherein the seal tracks have a spacing,
and wherein the controller is configured to analyze the acquired image by being

20 further configured to analyze whether there is a defect in the spacing of the seal

tracks.
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m ni rum wi dt h. 23. The machi ne of claim 15, wherein the seal tracks have a
spaci ng, and wherein the controller is configured to analyze the acquired
i mge by Weingo2020 further configured to anal yze whet her P#EES02/$8736 def ect
in the spacing of the seal tracks. -21 WO 02/ 102051 PCT/ US02/ 18746 24.
The machine of claim?23, erein the control is configured to analyze

whet her there is a d&f ect HSREne A3y 3o hersen &Pntf‘ﬁd%k%nf@rﬁépng
further configured to: determ ne robust |ine equations for the first and
second seal traoRlyze Shetheriberetis atdetectinghaspaeinget Heessal thacks by deingfartisecond
seal tracks based on the equations; conpare the di stance between the seal
tracks with an cafigmedlbd:e val ue; and assessing whether there is a defect
in the seal tracks spacing. 25. The machine of claim 15, wherein the cover

and carrier tapes hajgermh® RBuf HHE equiRDAS Fr et afEcYRIESeS] Madihe
controller is configured to anal yze'the acquired inmage by being further

cdges 26 The machi ok iR BEIEE Selghel seiifind Beod PRNEAGNARYMREE ( 0°

anal yze whether_there is a defect in a spacing between the edges by being
further 15 corFﬁP@t&ﬂnéd to determi ne a robust equation for the carrier tape
edge; determ ne a robust equation for the cover tape edge; use the
equations to det er miEnarthedistange betsenihsrsealtieackawith en acegptablencalue; and

assessing whether there is a defect in the seal tracks spacing.
25.  The machine of claim 15, wherein the cover and catrier tapes have
10 an edge, respectively; and wherein the controller is configured to analyze the
acquired image by being further configured to analyze whether there is a defect in
a spacing between the edges.
26.  The machine of claim 25, wherein the control is configured to
analyze whether there is a defect in a spacing between the edges by being further
15 configured to
determine a robust equation for the carrier tape edge;
determine a robust equation for the cover tape edge;
use the equations to determine the distance between the carrier tape and
cover tape edges;
20 compare the distance between the edges with an acceptable value; and
assess whether there is a defect in the spacing between the edges.
27.  The machine of claim 15, wherein the carrier tape has a tape edge;
and wherein the controller is configured to analyze the acquired image by being
further configured to analyze whether there is a defect in a spacing between the

25 carrier tape edge and the first seal track.
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cover tape edges; 20 conpare the distance between the edges with an
accept abl e value; and assess whether there is a defect in the spacing
bet ween tWe oedepest 27. The nachi ne of claim 15, wherein tRETA®O2/18746t ape
has a tape edge; and wherein the controller is configured to analyze the
acquired image by being _further configured to, analyze whether there is a
defect in a spaci ng et weldls madinens claip 7 Whergthg ggarol dgicomigurediet  seal
track. -22 WO 02/102051 PCT/US02/18746 28. The machi ne of claim 27,

wher ei n t he coranalykze wbetbonthexgus edefeot inmaipyring hetwche thetdagice tipe cdgelefikct in a
spaci ng between the carrier tape edge and the first seal track by being
further copyri ghd gt teal dedlebnbeigg Aurthebogiyrightédtté on for the carrier tape
edge; 5 deternmine a robust equation for the first seal track; use the

equations to deter mfgrhh MiobhaRGRatRAWERB chitRr GALEHS!; tape edge and the
first seal track; conpare the distance between the carrier tape edge and

first seaf; track w tﬂt@ﬂ%ﬂfga?@ﬁ%%ﬁg%m‘ﬁﬁflgf’%}%f@ﬁ%eﬁ%@ﬁsess whet her there is

a defect 1 n the spacing. arm wherein the
controller includes a rocessor and a nor.y, the neno i ncl udi ng one or
nore software nodul &8¢ t%f@&&?%%%@ﬂ%%%é@%@ﬁ%&ﬂéﬁ FATH e t8D¢ frige
controller. 30. The nachine of claim?29, wherein the software nodul es
include a 15 @adthehirst spgbtradkge (CTE) tool that defines a robust equation

for an edge of the carrier tape.
compare the distance between the carrier tape edge and first seal track with

an acceptable value; and
10 assess whether there is a defect in the spacing.
29. The machine of claim 15, wherein the controller includes a
processor and a memory, the memory including one or more software modules
executable by the processor to configure the controller.

30.  The machine of claim 29, wherein the software modules include a

15 carrier tape edge (CTE) tool that defines a robust equation for an edge of the
carrier tape.
31. The machine of claim 30, wherein the CTE tool includes a

gradient-based edge tool to locate transitions corresponding to the edge of the
carrier tape.

20 32. The machine of claim 29, wherein the software modules include a
cover tape location (CTL) tool that defines a robust equation for an edge of the
cover tape.

33. The machine of claim 32, wherein the CTL tool includes a
gradient-based edge tool to locate transitions corresponding to the edge of the

25 cover tape.
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31. The machine of claim30, wherein the CTE tool includes a

gradi ent - based edge tool to |ocate transitions corresponding to the edge of
the carrwero2tieqeer 20 32. The nachi ne of claim 29, wherei RCTRSIZ740ar e
nodul es include a cover tape location (CTL) tool that defines a robust
equation for an edge of the cover tape. 33. The nmachine of claim 32,
wherein the CTL t ool34 ncl Thfenachinepixipimnt, phewin degeftwers medilesgaglude a
transitions corresponding to the edge of the 25 cover tape. -23 WO

02/ 102051 PCT/ ¥sdizfatB tadtioB {STINHeohthethiefiaeofirst hrad sec@®] robosreguatidndorsthé t war e
nodul es i nclude a seal track location (STL) tool that defines first and

second robust W@Soﬂdcyeanmks,frégpabﬁmﬁ second seal tracks,
respectively. 35. The nachine of claim 34, wherein the STL tool includes a

5 gradient - based edggs, ! 0otpd Bad AR IARATIE WRAZuRATICRAPAGIAG S0 the edges

of the seal tracks. 36. The nachine of claim ereln the controller

i ncl udes an appli.cat,i on, specif.i.c,in rated circuit,. 37.,The machi ne of
't m 15, S aher ST S ERETS 1eRleiHEE B Eirttonding (G e e it
Software for use w tg a packagi ng and inspection nmachine that inspects a
digital image ofldakimposite tape, the machine including a canera operabl e

to acquire the digital inmge and a processor in communication with camnera,
t he software bei ng e¥ecutBisl madyne ¢lelpmolde sderein thepentrollenindledestarps of :

application specific integrated circuit.

37. The machine of claim 15, wherein the controller includes discrete
10 circuitry.
38.  Software for use with a packaging and inspection machine that

inspects a digital image of a composite tape, the machine including a camera
operable to acquire the digital image and a processor in communication with
camera, the software being executable by the processor to perform the steps of:
15 receiving the digital image of the composite tape;
analyzing the digital image for defects; and
if a defect is found, generating an output indicating a fault condition.
39.  The software of claim 38, wherein said analyzing step includes the
steps of:
20 defining a portion of the digital image including the first seal track;
dividing the portion of the digital image into a plurality of segments;
analyzing each segment of the seal track digital image; and

assigning a passing or failing grade to each segment.
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15 receiving the digital inmage of the conposite tape; analyzing the
digital image for defects; and if a defect is found, generating an out put

i ndi cati ngoazfieasbt condition. 39. The software of clai m 38CTWser/ed7w6 sai d
anal yzing step includes the steps of: 20 defining a portion of the digital
image including the first seal track; . dividing the portion of the digital
image into a plural i1l of Thecwhavresof claipni8; s1hetrie saif andlyring eachfsegments eal
track digital imge; and assignhing a passing or failing grade to each
segnent . - 24 \W@p0RclLoe0he seadf USeminBigashetldd theTieal sebhtivaroas eofithid them 3 8,
wherein said anal yzi ng each segnent step includes the step of determning
whet her the sealeginsnt;amd ivherelissald ds8ighinigheep i86lQa®) the stpcbf\WRaEEhH a Falie
assigning step includes, the step of assigning a failing grade to t%e
segnent if the s&altoitke eﬁPﬁ{théW%QPE ndt EdtBub ey AR i eonrpftl- The
software of claim 39, wherein said analyzing each segnen? step incl udes
the step of cal cul atj,ng the w.dth of ,t.h eal track wi.thin the seqgnment;

and wher eéljn sai d ass%lgni n@esstogﬁv afen%ﬁc&%}g?%s’I\Ngiegetl%ﬁaégﬁalg}ﬂ%g? RGEPHY wi dt h
to a mninmmwdth ﬁﬁd Ssigni.n % failing grade to the segnent if the
width is bel ow SeHBekiles BesieRiofrHoulagnabe WAl of bha seak wachrwidia g ggmepher ei n
said anal yzing each segnent step includes the steps of determ ning whether
the seal is corfidrivhsuenghidiasvigning step daphusies therstepsalf compaingthe médthitdh of t he
seal within the segnent; and wherein said assigning step includes the step
of assigning a thmihimgvigtiealel dssighing afeifing Etadefto thevegmend if {he wiath i6 Balbiynuous
within the segnent or if the wwdth is below the

the minimum width.

10 42, The software of claim 39, wherein said analyzing each segment
step includes the steps of determining whether the seal is continuous within the
segment and calculating the width of the seal within the segment; and wherein
said assigning step includes the step of assigning a failing grade to the segment if

the seal is not continuous within the segment or if the width is below the

15 minimum width.
43.  The software of claim 39, wherein said analyzing step includes the
steps of:

determining a number of consecutively-failed segments for the portion of
the digital image; and
20 comparing the number of consecutively-failed segments to a defect

tolerance.
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15 mnimumw dth. 43. The software of claim39, wherein said anal yzing step
includes the steps of: determ ning a nunber of consecutively-failed
segnent s wWornzttbmsporti on of the digital inmage; and 20 companisay1&7ke nunber
of consecutively-failed segnents to a defect tolerance. -25 WO 02/102051
PCT/ US02/ 18746 44. The software of_ claim 38, wherein said inspecting step
includes the steps ¥f: fitsdPRyasrrlcipim 3 Whaeipsai¢ }I’épecttlaSétewlﬁ%‘i‘CF?StﬂPf‘e
digital image; and defining an area of the digital inmage where one of the
seal tracks isskipkefy 5 to be based on the position of the carrier tape
edge. 45. The software of claim44, wherein said finding step includes
using a gradi ent - bgagithgedpelgk 00thetoarridr Pghethichis drerdigital iibpge; @dge within the
digital image. 46. The software of claim44, wherein said i nspecti ng step

further includes usiqgnfg %%?éaed}tthé’&gﬁﬁ lﬁﬁg@me&'on%fmerg@ 5| klg{e{}r edges

within the 10 predicted area where one of 'the seals trac

47. The s§)ftwa gbgfoaéz "%)'nrﬁl%?%n\fmncﬁﬁbgca?rﬁ'egta n? ZI ng step |ncI udes the

steps of: creatl ng ro ust He equatT’ ons "first and second seal
tracks; calculating ther{ﬂ‘{ stgnce be vvee the fi rs and second seal . tracks
based on 15 the equati ons®Se ’Eeélh%aé fadine stepncludes Isingr acks

w th an acceptabl e val ue;
a gradient-based edge tool to find the carrier tape edge within the digital image.

46.  The software of claim 44, wherein said inspecting step further
includes using a gradient-based edge tool to find seal track edges within the
10 predicted area where one of the seals track is likely to be.
47.  The software of claim 38, wherein said analyzing step includes the
steps of:
creating robust line equations for the first and second seal tracks;
calculating the distance between the first and second seal tracks based on
15 the equations;
comparing the distance between the seal tracks with an acceptable value;
and
determining whether there is a defect in the seal tracks spacing.
48.  The software of claim 38, wherein said analyzing step includes the
20 steps of:
calculating a robust equation for an edge of the carrier tape;
calculating a robust equation for an edge of the cover tape;
using the equations to determine the distance between the edges;
comparing the distance between the edges with an acceptable value; and

25 determining whether there is a defect in the spacing between the edges.
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and determ ning whether there is a defect in the seal tracks spacing. 48.
The software of claim 38, wherein said analyzing step includes the 20

st eps of :woakaedoat i ng a robust equation for an edge of th@Cxarspt/e874¢ ape;
cal cul ating a robust equation for an edge of the cover tape; using the
equations to determ ne the di stance between the edges; conparing the

di stance bet ween t het%edgekhegoftwagsplcaimn 8 mhereimsaid analyring stsp tnefustesihisi ng
whet her there is a defect in the spacing between the edges. -26 WO

02/ 102051 PCT/ s8p2/of8746 49. The software of claim 38, wherein said

anal yzing step includes the steps of: calculating a robust equation for an
edge of the carrier da&pﬁiing@,&bmskeq&aﬂgn&)rr&mdgéoﬁﬂjé@bﬁiyﬁtef@[ the first seal
track; 5 using the equations to determ ne the di stance between the carrier

tape edge and the faarcra_laﬁﬁgalmws@e 'aﬁSHm%%]ﬁ&tgéwta&@ ance between the
carrier tape edge and first seal track wth an acceptable value; and

peTy sz Ta7as. 50, e Gebdulle el el AE REREL Bech i came ergeR o

includes the steps of; ppsitioning first, second, third, and fourth boxes
in the digital %nﬁébeegﬁshsqaﬁ ack;

comparing the distance between the carrier tape edge and first seal track
with an acceptable value; and

determining whether there is a defect in the spacing.
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nom nal positions of a carrier tape edge, a cover tape edge, the first seal
track, and 5 the second seal track, respectively; performng a

gr adi ent -wasedomwdge t ool function on the data within the PCTaiSp2/185¢€ond,
third, and fourth boxes to fornulate a robust |ine equation for each of the
carrier tape edge, cover tape edge, first seal track, and second seal

track; usi er])g thg robW¥st | Thsesoliyiaa ofshainy 3P, sdicrein sald analyzing sep Higlusies igen t he
edges 10 of the carrier tape and cover tape; using the robust |ine
equations to calepaloft e t he spaci ng between the cover tape edge and the
seal track; using the robust |line equations to cal culate the spacing
between the first augitivangiitst etbond, thieksind dnetthlboxee e idigial eagedh eid at ed

spacings to nom nal val ues; and determ ning whet her there are
irregul arities domhihdl$oSitVRE of ARLri&dpSERle, 4 EQRK tapRRALL, it ifdPseal Bk, and
5 the second seal track, respectively;
performing a gradient-based edge tool function on the data within the first,
second, third, and fourth boxes to formulate a robust line equation for each of the
carrier tape edge, cover tape edge, first seal track, and second seal track;
using the robust line equations to calculate the spacing between the edges
10 of the carrier tape and cover tape;
using the robust line equations to calculate the spacing between the cover
tape edge and the seal track;
using the robust line equations to calculate the spacing between the first
and second seal tracks; and
15 comparing the calculated spacings to nominal values; and
determining whether there are irregularities in the cover tape and seal track

positioning.
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