; €3egd4R$6ZTGT + AND SYSTEM FOR DETECTI NG TOP SURFACE

"NON- UNI FW\M\lE@‘l‘WE@&ERS BACKGROUND OF THE | NVENTI ON The present

i nvention rally to inspecting fasteners for defects. In
assenbl y oper atonods where fasteners such as screws are automatically
installed by a machi ne, defective fasteners cause damage to the product
bei ng assenbled, resulting in costly réepairs. Thus) it is crucial for
quality control to inspect fasteners for surface flaws. In the past, the
fasteners have been visually inspected by machi ne operators or other

wor ker s. ME'B*(DPMQSY@[E%E@R,DEBE@WNG TERSURRACE NORIBYFORMITVIGRIal | v
i nspecting thousands of fasteners FASEENEBBous task that is difficult to
performefficiently. Furthernore) sone surface flaws are so small that it
i s virt BAAKGROPHIEsOBITEHE INENTHON by vi sual inspection. There are known
optical inspection nethods for detecting surface flaws on fasteners that

el i m nat e then@prRIBESITRVENTSN ¢dlates Gerbrally ANSIACtihg fRBSHalPfdr dbledts. Pat ent no.
4,598,998 issued to Kanei et al. discloses an inspection nmethod in which

light is proineﬁsgg'bﬁﬂéﬁbréﬁb?\s%ef@?@st or8 sli&$ he86lowsane fa‘h Q%Psfﬁw@tafngé‘ws

are detected bas on the vartation of the intensity of the reflecte

l'ight. ng ﬁ%ﬁ@%?g@gﬂ%@h@?&ﬁ%@#ﬁ%%ﬁgﬁgggtsh%rbrw@ct%anﬁvﬁsggrrr\ﬁ%g' relsjuﬁﬂg d for

Patent n I ssued [ 0Seés’ an FPnspecti oh et

automatical v inspecting, a fastener for defects i.ch includesg capturing a
Uideo | gEsronRo e R SRGRE S oW B el rsr tk s et
fastener with the desired di nensions. Japanese Patent No. 10-160678

di scl os@%\#%f Bash LPNRES HBYe PPN Yetuatly inspectedcry BiRchinecRpesalers Py ather or ack
is detected by irradiating a | aser beamto the surface of a rotating screw
and det #orkeis.n gl Nish &Per pleaprrpa@ts thawelyearhassinhareat praeras.t ipualiringgacting 2
The aforenentioned prior art inspection nethods are still slow and require
mechani $mussndsefifagteharsiisg tedicuptask thadis difficuliéo perfaremefficidoy. nigurthesmers, i on.
Anot her shortcom ng of these inspection systens is that they are

appr opr isatne sudace fispeate stgsrhall het isisnirvmllp inhpossiblestoed dteot by atserakinspection.
Furthernore, the flaws detected by the prior art systens are limted. Mny

f ast enemperesa@krRWnSEItREBInsPEtien MPstREGEbr eRdting Shiff&dd fldieon fststors that
defornmed and the driver bit cannot be fitted properly therein to fasten the

screw. Biieffitd thoPisbidins assediabdRitn neaRaPASpdBiSh, be rejected. None of the
above prior art inspection systens is appropriate for detecting defects in

the recess of) ¢ asieRe sl MR ato Rad WENTIsEhlsdbien BR8N BB | S

directed to a process ant? system non-con I'nspecti ners

e P WY Ol O3k RS RGBS ReldNBR R B8 sy TR PABSERSeiBhisy
capt ur  Bgeehen FusraafpachiverlpBe el thEraradb R IGhy e Bage Joiva JolekEtass
surface i nage %o det erm ne whether or not there is a defect. The analysis

conpr i s&ROSERD 19P SRIMEINERE% he f ol | owi ng st eps:

U.S. Patent no. 4, 823,396 issued to Thompson discloses an inspection method for
automatically inspecting a fastener for defects, which includes capturing a video image of a
fastener and comparing the dimensions of the actual fastener with the desired dimensions.

Japanese Patent No. 10-160678 discloses a device and method for detecting crack
on screw and rivet. Crack is detected by irradiating a laser beam to the surface of a

rotating screw and determining when the reflected beam is interrupted temporarily.
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(a) formng an idealized polygon and searching for best-matching pol ygon on
-actual top surface inmage; (b) generating one or nore regions of interest on
the top surface inage and perform ng grey val ue hi stogram anal ysis for each
region of interest; (c) identifying a defect region, inposing boundary over
‘defect region, and determ ni ng whet her _the di nensional characteristics of
the boundary are within acceptable tol %rances; 3 (d) creating val ue
contrast in the top surface inmage, |ocating bl obs of predeterm ned grey

val ue pixels, and conparing blobs against a user's criteria. The inspection
syst em of th&%raé@@mentme tRIéT adnipspedtion methgsisoare tséibll fowoanthapdiing one
or nore fasteners; an illum nation source operable to project |ight over

t he suppwmchaniabi forsmaanipuiadingl thenpositen ofdhefastener flagng riespectian.s Aaothieng
canera for capturing the top surface inage of a fastener; an inage

pr ocesssh@teysihgof twsplinshection Bestsins g thzg tiennEreaappespriads ervhsticang large
analyzing the top surface image to determne if there is any surface flaw.

The advgired@asut ABHsMANS sc&d, UFBShdtotdlahd HBWS Motd cBEERY tHY pidr! drt
apparent fromthe follow ng detail ed description of the invention when

consi de W,gl%%qvg{l@@%{e?\gr%wh bEQcAMO Wa@éw%date%&r RYAGYSonBRItRE rEEesch PTI ON

CF THE a schematic view o e I nspection systemin

1 st r SPoNeH Akt B A O By KRB rapiny, B &7 Mer PENRLOMY 0BG ge

for screws with deformed recesses must be rejected. None of the above prior art inspection

systems is appropriate for detecting defects in the recess of a fastener.

SUMMARY OF THE INVENTION
The present invention is directed to a process and system for non-contact inspection
of fasteners that provide extremely fast and accurate inspection. The process for inspecting
surface flaws on fasteners in accordance with the invention comprises the steps of:
illuminating a fastener with a light source, capturing the top surface image of the fastener,
and analyzing the top surface image to determine whether or not there is a defect. The
analysis comprises one or more of the following steps:
(a) forming an idealized polygon and searching for best-matching polygon on
actual top surface image;
(b) generating one or more regions of interest on the top surface image and
performing grey value histogram analysis for each region of interest;
(c) identifying a defect region, imposing boundary over defect region, and
determining whether the dimensional characteristics of the boundary are

within acceptable tolerances;



recess deformation. FIG 3 shows the top surface inmage of a screw with
"best-fit outer polygon boundary and idealized inner polygon boundary. FIG

4 illustrates how the top surface image in FIG 3 is analyzed for recess
~deformation. 4 FIG 5 illustrates the flowhart show ng the process for
anal yzing the top surface inmage for recess depth defect. FIG 6 illustrates

how the top surface inage is analyzed for recess depth defect. FIG 7
illustrates the flowhart showing the process for analyzing the top surface
imge for crack. FIG 8 illustrates how the top surface inmage is analyzed
for crack. FIGA)Freatingvediesontrest imibaaiop shdathgmage, Joorting blakrs of

anal yzing the top surface inmage for contam nation. DETAI LED DESCRI PTI ON OF
THE PREFERRED ENVBOBMOIENMIBeH|dEey Valuel pixeisated domparingpsobs @gaimgs tieraseerls
according to the preferred enbodi ment of the present invention. The top

i nspection syst eroritayigpri ses a rotatable support table 1 with neans for
recei ving and supporting a plurality of fasteners, an illum nation device

2, a scan camké Indhedtibm systeft LR BrdseRs ifendh 'cﬁﬁﬁﬁlséé 108 &¥phbA tﬁMF%tf?)F‘ 7, a
quality control nodule 8, and a sorter 9. The illum nation device

conpris %6I(§1ﬁ1adobﬁ’& oPndrb Qggteﬁ t %h W%ﬂh&ﬂﬁﬁs{%ﬁ@%pém@@t&pfoﬁc‘t %F\Pé&ve‘}

p03|t|one ove the rrng irects | UV\B.I’ ya

Covar o SRS R S) Spef ﬁ@%ﬁé*g'é@? i gepfiord #séifﬂéé ﬁé*ﬂég&{bi seibiho
19" nip 3R IR a Fianea et ey slonienbled Kb <BAN e,

cont rol m)dul? 8 is, {)pea?‘é)1 e to receive t e data frogﬂhe HtFﬂ_@grocesm ng
syst em SATEF IYSHEONING; b ANRNYZInG dNe HoR é\" e Bhagq IsSPIPPMIRG | PR S BBY ed
fastener as rejected or acceptable. The inage processing system?7 is

adapt ed surfacg faW.ecei ve the top surface i mage data fromthe canera 5 and to
anal yze the captured image to determ ne whether there is any defect. The

i nspect i on pibeadeaniages anchygovad fediareprafftee pregertinuveitiomnvill dfecome appasantt
invention could evaluate the top surface inage of a fastener, such as a
screw, fiom thie foladihg tetalled desesiptidn ofethe Mventisrewkes coresideratin eomjuncticessthdept h
defect, crack and contam nation. FIG 2 illustrates a flowhart of the

pr ocesst}ﬁéa@oa{paapmggir&\,mgg op surface inmage for recess deformati on. Recess
deformation is an irregularity in the top view of the recess. The inage of
the top surface of a fastener is captured at step 100. A best-fit outer

pol ygongrpp wsty N(@ﬂﬁ-HE seafypigghe top surface image at step 101.

FIG 3 shows an ex e top inmage of an ideal fastener 10 with a
recess 13. t e ¢l

best -1 & OUYEﬁaOP%g%ﬁEWEB%&%% o 8o ich 3etafiTh SPErapfer iy ferefehal
by one skilled in .the art that .the best-fit outer polygonal boundary can

t ake on g?RPdHP%JHé’{ rﬁ%ﬂ"térﬁlgﬂgorbf the fastener. The center of the outer
ol ygonal S then es d a epby estpimating,the
Pt or ot ¢ nEREcS Buptatpn s Motichai et Meioodis Bt apalvag Tis b SRR g0 G o of

the recess image are esti mated. Based on the outer or inner dom nant

poi nts, "eFPSSESEAMAEEN.i nner pol ygon for the recess is formed at step 104.
Referring again to FIG 3, the recess 13 has outer dom nant points i 4 and
i nner domi nafiG. ptbslfrrzvsstt@tonn@rfmelmagmﬂamw wib lbpsiofit oLercRalygee HounARY
based on outer dom nant points 14. The idealized inner polygon 17 can al so
be f or meddhdesdided mnbhpolygorelowhderynant poi nts 15. The best-nmatching i nner
pol ygon is searched in actual inmage at step 105. Wen there is a

deformati on FIGt hellistestes how theowp surfddeGmale i PGt 3 ristanaiyzgd ot ygmesswi | |
not be found; i.e., not all of the dom nant points will match. It 6

deformation.



shoul d be understood that the best-nmatching polygon can be searched using
"t he polygon 16 or polygon 17 shown in FIG 3. A decision whether to reject
the fastener for severe recess deformation is made at step 106. If no
best - mat chi ng i nner polygon can be found, then the fastener is rejected. If
"a best-matching inner polygon is found, then the fastener is sent to stage
A for further inspection. It is advantégeous to elimnate recess
deformation first in the inspection process because it is the nost severe
type of defect. Once the idealized inner polygon is fornmed, the recess

def or mat i on El&h SHidlusteates thalfloweharshaking theEpmeess farcanadyzirgsthedbprawsthcon i s
found in the top view of the recess, defects inside the recess may still
exi st; frhage foypezees deptbetefoct.s cal | ed recess depth defect. Recess depth
defect occurs when the recess in the screwis not punched or stanped

properly. ReFig.BiingtiatbsHdw the tofislirkito MMa@é isi dHaBize6 forabeddaicpendatbctof the
recess is determ ned based on the inner dom nant points of the recess inage

at step 107.rig, @ jIBstpAte¥vengd NEwEIRE Sibvihg ithd BFRBbs Gt AHally¥hd MeRE daiabgner
dom nant points 15. Wen there are def e%ts ?nsi de the ryeig]edss, bﬁobsag

pr edet erirﬁ; rOfR¥ val ue pixels will appear on the dark inmage of the
recess. rey value histogramanalysis is then perforned for the

region-of-in S t,e r.e | ue histogram descri bes the
statisti cal %’?’;?r'ﬁlb%{a;%rpo&‘&'g?%@/;? ||@¥8¥%aqpquﬁ8§ior%ﬁaq roms of the nunber
of pixels at_each, grey level; i.e., the nunber of pixels within an jnmage
that are assBG- & Wils{isten the dawetarhshpupo tar Brocess iranaivAing theiencLseca ep
109 whether to reject the fastener for recess deformation. If the grey
val ue f &Pagenior cenfadinayPni nterest is not within the acceptable tol erances,
then the screwis rejected. If the grey value is wthin the acceptable

tol erances, then the fastener is further inspected for recess depth defect
at the outer areas of the recess. Based on the outer dom nant points of the
recess IDEAGL.ER DHICRIPTION OF THEFREFERRED GMBODIMENT8est are forned at
110. FIG 6 shows a plurality of triangular regions-ofinterests 18 being
formed by OuFkg. 1diuetrated theanspestidriisyastsh iimaedordingitatvat proferatismdpdirhéntdfoul d
be understood that, although FIG 6 shows the shape of each

regi on- g pRisBhEMVefor?. The &}0in8pedlion ys@RAP BBMpliSesSa apatdble BOSSIrblagle The
grey value for each region-of-interest 'is determned at step 111. At step

112, a defimb whﬁécemnggé%%quhﬁg\ped Blitalty i SR Hn HiaR0R Gbyibe omRde:

If the grey value In ea -Interést is not' within accepta

0 35 e A L el AR U

goes thr er 1 Nspe _ rew at goes 'throu
2Locess ABludB B8 S DR, B A S Lo e

i nspection are Referring to FIG, 8, the area o ide_of th ut er

bouhaar ioRsS (EBDhS aodaaasiar ¢ Resionsd ehiiveriae g LERGS 580 NG LB S 20
of the recess are masked, thereby formng a douPhnut shape inspection area
21 as sHebiupwardiyiatgnngle entedhs reflegtor #raaddbe erfiestanddaclijects theslight ipwaled t o
find possible crack pattern. \Wether a crack pattern exists is determned
at st ep tha fastarfer Heingdospesiad. eFhe image: progessingesystana 7 ¢prises\an inpefPuWPWear ch
for the crack is carried out and the crack inage is highlighted at step
116. A lisvicdi1ig ah@naicy-tordigitat (A/Q) eontdrerdriaakmamod/1T2 sédhCGas Sarsivowaceess
rectangl e boundi ng 24 being i nposed over crack 23. The rectangl e boundi ng

box ext engleofy! @fd BICPYOYBE ThBuEaRRCYNES rheduld8 is eFerableho wsbive/thd Yataltiemwi dt h
of the rectangle is approximtely equal to the widest width of the crack.

The di maRsiipEge Jﬁoébsslrf@ngiﬁerﬁ%d’\&djwnd Qfsi?ﬁ'@ fBOMB i g r o Toradss ity mgnigber

of predeterm ned grey value pixels within the bounding box are analyzed to
see if t AWl : a b !yg?&h ] ect
t he fastle erc ?Jfoﬁf? wgbgt: f)egcgcgg& ?gb&egmnb%eﬁgfﬁg%g?p&ﬁ%&@st he ngtagﬁg{egi S
not rejected for crack, the process follows path C for inspection of
contam nation. If no crack pattern at the outer boundary is found at step
115, then preprocessing of the image is carried out to enhance the inage at
step 119. The image is searched at step 120 for grey val ue deviation that

i ndi cates a crack defect. A bounding box is inposed over the deviation at
step 121. Referring to FIG 8, rectangul ar bounding box 26 is inposed over
deviation 25. An optional radiality check is performed at step 122.
Radiality is determned by the direction of the crack relative to the
center of the screw. Referring to FIG 8, the crack is considered radi al
when it points toward the center as shown by arrow 27. If the crack is not
radi al, then the dinensions, e.g. length and width, of the bounding box and

Y



automatically detecting mnute surface flaws on a fastener at high
"operating speed and with high accuracy. The inspection system of the
present invention is also capable of inspecting very small fasteners. The
process and system of the present invention provide the ability to detect
defects in the fastener's recess, which ability is not possible by other
prior art inspection systens. Another advantage of the invention is the
ability to inspect at least four different types of defects within a short
period of tine. Qher prior art systenms also lack this ability.

Fur t her f®receiventhe teppeitacerimagstdata dom e caroerd § @ndite analyzevibeseaptured 10
because it is adaptable to inspect defects on fasteners of various shapes,
si zes aifmagketo dpterming wheihghthereis@ngfdefaced enbodi nent of the present

i nvention has been described herein, it is not confined to the details and

dr awi ngs desThe limspeation eroecassnagcobdingtidithée galefsrrslli embbdimpno et thé préssnt
appended cl ai ns. 11 CLAIMS 1. An inspection apparatus for detecting

sur f ace irfvieAtion 66Ul *FAIBBRS the CEITBIifddeNBiags of HARAERer! Sldead 'scitM, dbrdt |94 OF
nore fasteners; an illum nation source operable to project |ight over the

SUPPOr t ¢4, SesSEr @e?eét@:hﬂekbéhrr&é‘f%l;rﬁatﬁfhi, focdae d%Pthg@%féctf kR %ﬂgzdoinﬁaar@gm. ng

canera for capturing the top surface’inmage o ast ener;

o o6 =S98, 21 R EA a1 o REAR AT IeRATRY B B AEFA AR Mot

e i PR ST i A M e

pol ygon o?ph% t%S %{:ﬁgéengf af f%gtetr)\grs it's _cggttu?em ar}%tgpojl alog X bgsr,]t-fﬁ%tuye?lpolygonal boundary
is identified for the top surface image at step 101. FIG. 3 shows an example of the top
image of an ideal fastener 10 with a recess 13. When the top
surface image of the fastener is circular, the best-fit outer polygonal boundary 11 is a
square. It should be understood by one skilled in the art that the best-fit outer polygonal
boundary can take on any predetermined shape of the fastener. The center of the outer
polygonal boundary is then estimated at step 102, thereby estimating the center of the
screw’s top surface. Next at step 103, the dominant points of the recess image are
estimated. Based on the outer or inner dominant points, an idealized inner polygon for the
recess is formed at step 104. Referring again to FIG. 3, the recess 13 has outer dominant
points 14 and inner dominant points 15. The idealized inner polygon 16 can be formed
based on outer dominant points 14. The idealized inner polygon 17 can also be formed
based on the inner dominant points 15. The best-matching inner polygon is searched in

actual image at step 105. When there is a deformation in the recess as shown in FIG. 4, a

best-matching polygon will not be found; i.e., not all of the dominant points will match, it



top surface image; (b) generating one or regions of interests on the top
~surface image and performng grey val ue histogramanalysis for each region
of interest; (c) identifying a defect region, inposing boundary over defect
regi on, and determ ning whet her the di nensional characteristics of the
"boundary are within acceptable tol eranges; (d) creating value contrast in
the top surface I mge, |locate blob of white pixels, and conpare bl ob

agai nst a user' s criteria. 12 2. An i nspection apparatus for detecting

surface ten a ord m.1l, . wherein the i nation
sour ce BPHE‘ hdeBStppi el 155 Bemalhing Pﬂ&gan 53 b8 A cer fnacha pogon
p05|t|o abogve tg R g,o&ﬁéaser emtti n% | odes,, wherein the ring of
| aser t‘?r H*nggﬂno e ShowWn iy Bl e Aodefisiew PF"@H‘JO E&i@\%{rtﬂPﬁaﬁtB‘OﬁrfBrﬁﬂ‘@re
reflector and the reflector is adapted to redirect the light toward the
support reeasselefermatin isympde gt 6ﬁepa1;9§arlbmbes-tdﬁate@ﬂwnem@okyapn &ae beifayrd, on
fasteners conprising: a support table for holding one or nore fasteners; an
i 11 uni n&terothedasienss v friecied.olf adegi-miatebing inggrtpoiygen is teend.thpotie fasteheriso as
toillumnate said one or nore fasteners; a scanning canera for capturing
t he t op ssat foastage Adgefurtheainspsdtionerlt iseerdv'amageowtmod'mﬁhatg reyedsedafomationd to
the scanning canera for receiving and

first in the inspection process because it is the most severe type of defect. Once the

idealized inner polygon is formed, the recess deformation can be detected very quickly.

Even if no recess deformation is found in the top view of the recess, defects inside

the recess may still exist; this type of recess is called recess depth defect. Recess depth

defect occurs when the recess in the screw is not punched or stamped properly. Referring

to FIG. 5, a region-of-interest at the center of the recess is determined based on the inner

dominant points of the recess image at step 107. FIG. 6 shows the region-of-interest 19

being formed by inner dominant points 15. When there are defects inside the recess, blobs

of predetermined grey value pixels will appear on the dark image of the recess. A grey

value histogram analysis is then performed for the region-of-interest at step 108. The grey

value histogram describes the statistical distribution of grey levels of an image in terms of

the number of pixels at each grey level; i.e., the number of pixels within an image that are

associated with a certain grey level. A decision is made at step 109 whether to reject the

fastener for recess deformation. If the grey value for the region-of-interest is not within the

acceptable tolerances, then the screw is rejected. If the grey value is within the acceptable

tolerances, then the fastener is further inspected for recess depth defect at the outer areas

of the recess. Based on the outer dominant points of the recess image, a plurality of outer



anal yzing the top surface inmage for defects, wherein the inage processing
system conprises a nenory programmed to inspect the top inmage surface for
recess deformation) recess depth defect, crack, and contam nation. 4. An
‘inspection apparatus for detecting surface flaws on fasteners according to
claim3, wherein the illum nation sourge conprises: a ring of |aser
emtting diodes and a reflector positioned above the ring of laser emtting
di odes, wherein the ring of laser emtting diodes is adapted to direct

l'i ght upwardl v.. . 13.t rd th I ot and the reflector is adapted to

r edi recFevﬁ?{g'%f'aﬁfes[t&iﬁ?%n}eﬁe&s{]@poFﬁ'téﬁﬁ%"ys é.‘:ﬁ%\rﬁﬁ{yn pEPgYar R'us for
detecting surface .flaws on fasteners conprising: a support table for

hol di ng' @St8r1%nli‘)?'ﬁg %f?(eé’[}@f ggteégoqnmagﬁpnglaﬁ %gg‘%ﬂﬂr@é depunans peint$ 18y df ect

| i ght over the support table so as to illum nate said one or nore

f ast enePlRoulgbe yadersiegddhaterithouah FIGyH shawsghe sbapapf eaghfragieniofrinigrestfasa
fastener having a recessed head; an inmage processing systemcoupled to the
scanni ntjiapgiee othelr @eometid shapg is lpessibiegd hergrey malue dor eaah wmgidnyafiintgrashés t op
surface image to determ ne whether there is a defect, wherein the inmge

pr ocessdetgrminst enstappt1.s As stap rid@pa\depisiogr winather dronatad eejpcidibbdastendmiot he
recess based on the inage information relating to the top surface i mge. 6.

ﬁg LPZ Prsnéfbbt)is Algar atfune f@rey dalRCin 880t vadiae-ef-fntérebt RNndtawitRiReddteptabfy di NY
tolerances, then the fastener is rejected. If not rejected, the fastener goes through further
inspection at B.

The screw at B goes through the process for detecting crack as illustrated by the
flowchart in FIG. 7. Referring to FIG. 7, masking is performed at step 113 to determine the
inspection area. Referring to FIG. 8, the area outside of the outer boundary 19 of the
screw and the area defined by the best-fit boundary 20 of the recess are masked, thereby
forming a doughnut shape inspection area 21 as shown. At step 114, a search at the outer
boundary 19 is conducted to find possible crack pattern. Whether a crack pattern exists is
determined at step 115. If a crack pattern exists at the outer boundary, then a search for
the crack is carried out and the crack image is highlighted at step 116. A bounding box is
imposed over the crack at 117. FIG. 8 shows a rectangle bounding 24 being imposed over
crack 23. The rectangle bounding box extends from the outer boundary 19 to the recess
boundary 20. The width of the rectangle is approximately equal to the widest width of the
crack. The dimensions, e.g. length and width, of the bounding box and the number of
predetermined grey value pixels within the bounding box are analyzed to see if they are

within acceptable tolerances. A decision whether to reject the fastener for crack based is



5, wherein the illumnation source conprises: a ring of |laser emtting
~diodes and a reflector positioned above the ring of laser emtting diodes,
wherein the ring of laser emtting diodes is adapted to direct |ight
upwardly - toward the reflector and the reflector is adapted to redirect
"the light toward the support table. 4 7. An inspection apparatus for
detecting surface flaws on fasteners according to claimb5, wherein the
menory is programred to performthe follow ng steps for detect defects in
the recess; esti |ng.th enter of the top surface image of the fastener;
st i mat RO S15F0 ki ra AN SRS 5 nchiejodes of wtlsdhs PERdreR IR SIRRAC] Bbd

pol ygon for the ideal recess based on the dom nant points; searching for a
best - maiSRPFHIPNRICORBMRAICNan act ual recess: and sending a signal to reject
the fastener if no best-matchi ng pol ygon can be found. 8. An inspection
appar at us f off neeraskinatigmsatthe euter Baumga@y\ isffasndakstep 42%.dhein preprecassiagof 7,
wherein the center of the top surface inage of the fastener is estimted by
(i) genthedimagg ischrist-oui to eniaace e ipggeat stepuii@arthef iotagblie séarphediaf stee

i mage of the fastener, and (ii) estimating the center of the best-fit outer

pol ygonaRo hergrelavalue Bevidtion thapiadicaes acgrack défodt. frobouhelireCiidxig irdpddeaicsef | aws
on fasteners according to claim7, wherein the nenory is programmed to

gg{ L glr n}ﬁedgg%\{;@ttdrpavi §top 424 tREBAINgILNG: 8erdctdMuial BodRIhY Bk 2BisNkposéd t he

over deviation 25. An optional radiality check is performed at step 122. Radiality is
determined by the direction of the crack relative to the center of the screw. Referring to
FIG. 8, the crack is considered radial when it points toward the center as shown by arrow
27. If the crack is not radial, then the dimensions, e.g. length and width, of the bounding
box and the number of grey value pixels within the bounding box are analyzed at step 123
to see if they are within acceptable tolerances. The process then determines whether to
reject the fastener for crack at step 123. If the fastener is not rejected, then the process
follows path C to inspect the fastener for contamination. If the crack is determined to be
radial at step 122, then the non-radial blobs are filtered out at step 124. From step 124, the
radial crack is analyzed at step 123 to determine whether it should be rejected as
described above.

FIG. 9 illustrates a flowchart showing a process for detecting contamination on the
top surface of the fastener. Contamination includes stains, oil, defective coating, foreign
particles etc. Starting with the masked top image as described for FIG. 7 at step 113, the

grey value histogram analysis is performed for the unmasked area at step 125. The

optimum threshold is determined and light intensity contrast on image is generated at step



determ ning at | east one region of interest in the recess based on the
-dom nant points; performng grey value histogramanalysis for said at | east
one region of interest; determ ning whether the grey value of said at |east
one region of interest is within acceptable tolerances. 15 10. An
"inspection apparatus for detecting surface flaws on fasteners according to
claimb5, wherein the nenory is progra d to performthe foll ow ng steps:
estimating dom nant points of the recess determning at |east one region of
interest in_the recess based on the domi nant points; performng grey val ue
hi st ogr A%§-aha® {rBage atghissiage isdasisallytbivans in wuw of biaak eﬂ@mtedghenmagﬁ ng
whet her the grey value of said at |east one region of interest is within
accept alsl tenoprerprecessedito ejminats pealevant faphuesiatistépr 2det Biobi anplysis fisice
flaws on fasteners conprising: a support table for holding one or nore

f ast enesehsegnemtlyl parfanmied do Icoate bleb(spef pradetdrmirdidrgrey vhiughgixets et stepe2guppor t
table so as to illumnate said one or nore fasteners; a scanning canera for

capt ur i Mge blod i§ epmparedasith userg riiriadt ERPLEIZCTALREH TAD, 2hd FREESS d@tBrmiABge

processi ng system coupled to the scanning canera for receiving and
whether the blob is contamination. If there is no contamination, then the fastener is
accepted. Otherwise, the fastener is rejected.

Even though the four defects (recess deformation, recess depth defect, crack and
contamination) are inspected in a sequenced described above, it should be understood
that, after the idealized inner polygon is formed at step 104, the defects may be inspected
in any other sequence. Furthermore, the process of the present invention is not limited to
the four defects described above, but is capable of detecting other surface defects using
the disclosed techniques. Once the idealized inner polygon is formed at step 104, all of the
defects could be detected very quickly, e.g. in a matter of seconds.

The inspection process and system of the present invention are capable of
automatically detecting minute surface flaws on a fastener at high operating speed and
with high accuracy. The inspection system of the present invention is also capable of
inspecting very small fasteners. The process and system of the present invention provide
the ability to detect defects in the fastener's recess, which ability is not possible by other
prior art inspection systems. Another advantage of the invention is the ability to inspect at
least four different types of defects within a short period of time. Other prior art systems

also lack this ability. Furthermore, the inspection system of the invention is very versatile



anal yzing the top surface image to determ ne whether there is a defect,
- wherein the i nage processing system conprises a nenory progranmed to
performthe foll owi ng steps: (a) determ ning best-fit outer polygonal
boundary for the top surface image of the fastener; (b) estimating the
“center of the best-fit outer pol ygonal, boundary; 16 (c) estimating
dom nants points of an ideal recess; ad (d) searching for defects in an
actual recess based on the information obtained fromstep (c). 12. An

i nspection process for detecting surface flaws on fasteners conprisin

i |1 uni nBe¢augeat isadaplaplenta inspedt dafects i tasteneapof verigus §Bapep Sdzast a

i mage of the fastener using a scanning canera; performng one or nore of
t he fol Hesigmey steps: (e) form ng an idealized pol ygon and searching for
best - mat chi ng pol ygon on actual top surface imge; (f) generating one or
regi ons of iAltiughttherpréfeeretiaamisadirhanteofi thegreserd ipamtion mas depnegosceber
hi st ogram anal ysis for each region of interest; (g) identifying a defect

regi on, hbrgDH i8 SoPEdHIFBH Yo MecdeotaiRf £ drafge Hesarsbddaicve Hul hizg behebligsd t he
di mensi onal characteristics of the boundary are within acceptable

t ol er angag; tth SHdd8 it rast in the top surface i mage, |ocating
bl ob of Q@ﬂﬂtég%‘f%ﬁe@,t §8ppeticétl o



and conparing blob against a user's criteria. 13. The inspection process
"according to claim12 wherein steps (a) and (b) are carried out to detect
defects in the recess. 17 14. The inspection process according to claim
12 wherein step (c) is carried out to detect crack. 15. The inspection
"process according to claim 12, wherei nistep (d) is carried out to detect
contam nation. 16. The inspection process according to claim 12, wherein
all of steps (a) - (d) are perfornmed to find different types of defects.
17. The Rﬁ\ﬁ) ction process according to claim 12, wherein one or nore of
st eps (Q;' - ?d) are perforned to find defects selected fromthe group
consisting of: recess deformati on, recess depth defect, crack,

contam nati on, and conbi nations thereof. 18. An inspection process for
detecting surface flaws on a fastener with a recessed head conprising: (a)
i |1 uni ndt ARGnePectian apraratis for detecing sydarafiaus ansfiasignarsiqogmarisikgur ce; (b)
capturing the top surface i mage of the fastener's head using a scanning
canera; (c) Ppseppcd tableiforipidingiboe ptmorafasteheatsi ng to the recess of the
fastener; (d) analyzing the inmage information to determ ne whether or not
there is a daf diuminatidrhsoures @psrabld to Phejectniiyht @viep thep 5OEESYS table Godad1gp t O

claim 18, wherein step (d) conprises:
illuminate said one or more fasteners;
a scanning camera for capturing the top surface image of a fastener;
an image processing system coupled to the scanning camera for receiving and
analyzing the top surface image to determine whether there is a defect, wherein the image
processing system comprises a memory programmed to perform one or more of the
following steps:
(a) forming an idealized polygon and searching for best-matching polygon on actual
top surface image;
(b) generating one or regions of interests on the top surface image and performing
grey value histogram analysis for each region of interest;
(c) identifying a defect region, imposing boundary over defect region, and
determining whether the dimensional characteristics of the boundary are within
acceptable tolerances;

(d) creating value contrast in the top surface image, locate blob of white pixels, and

compare blob against a user's criteria.



18 estimating the center of the top surface image of the fastener;
estimating the dom nant points of an ideal recess; formng an idealized
pol ygon for the ideal recess based on the dom nant points; searching for a
best - mat chi ng pol ygon for an actual recess; and sending a signal to reject
“the fastener if no best-nmatching pol yggn can be found. 20. The inspection
process according to claim 19, wherein the center of the top surface inage
of the fastener is estimated by (i) generating a best-fit outer polygonal

boundary for surface | f the fastener nd (il stimating the
cent er %f th%ﬁ ﬁ‘%g%ﬁﬁ"[ P&&faé‘vs B’ﬁ@ﬁ%ﬁ%\ﬁ’s @?ﬁ?{a}% OTE@.S%FI%S ?%)é’b‘g%q %Cgaa‘ﬁ? ocess
according go cl ﬁi muls, wherein step (d) conprises: determnmning one or nore
r egi ons oV N9RINGPR dumination soLrce oMArSeSss based on the doni nant points:
perform ng grey val ue hi stogram anal ysis for each region of interest; and
det er m ni ng awhdthet lasae oRytEng dindes ape & Rflecien eopiignedh abeve Hieerieg of jaseni t hi n
acceptabl e tol erances. 22. An inspection process for detecting surface

fl aws ommiftimgdiodeswharein the rieg etlgser amitiing cindesiis adapted to) divkst lightiupivacia
best-fit outer polygonal boundary for the top surface inmage of the

f ast enetqward 18e (éf)eckartantathemgflédter iseadaptedfo tduireticthb-light tawdrdrth@slpgarnal
boundary; (c) estimating dom nants points of an ideal recess; and (d)

sear chi ggld.or defects in an actual recess based on the infornmation obtained
from

3.  Aninspection apparatus for detecting surface flaws on fasteners comprising:

a support table for holding one or more fasteners;

an illumination source operable to project light over the support table so as to
illuminate said one or more fasteners;

a scanning camera for capturing the top surface image of a fastener;

an image processing system coupled to the scanning camera for receiving and
analyzing the top surface image for defects, wherein the image processing system
comprises a memory programmed to inspect the top image surface for recess deformation,

recess depth defect, crack, and contamination.

4, An inspection apparatus for detecting surface flaws on fasteners according to claim
3, whersin the illumination source comprises:
a ring of laser emitting diodes and a reflector positioned above the ring of laser

emitting diodes, wherein the ring of laser emitting diodes is adapted to direct light upwardly
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a ring of laser emitting diodes and a reflector positioned above the ring of laser

emitting diodes, wherein the ring of laser emitting diodes is adapted to direct light upwardly
- toward the reflector and the reflector is adapted to redirect the light toward the support

table.
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the recess:
estimating the center of the top surface image of the fastener;
estimating the dominant points of an ideal recess;
forming an idealized polygon for the ideal recess based on the dominant points;
searching for a best-matching polygon for an actual recess; and

sending a signal to reject the fastener if no best-matching polygon can be found.

8. An inspection apparatus for detecting surface flaws on fasteners according to claim
7, wherein the center of the top surface image of the fastener is estimated by (i) generating
a best-fit outer polygonal boundary for the top surface image of the fastener, and (ii)

estimating the center of the best-fit outer polygonal boundary.

9. An inspection apparatus for detecting surface flaws on fasteners according to claim
7, wherein the memory is programmed to perform the following additional steps:

estimating dominant points of the actual recess

determining at least one region of interest in the recess based on the dominant
points;

performing grey value histogram analysis for said at least one region of interest;

determining whether the grey value of said at least one region of interest is within

acceptable tolerances.
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10.  Aninspection apparatus for detecting surface flaws on fasteners according to claim
5, wherein the memory is programmed to perform the following steps:
estimating dominant points of the recess
determining at least one region of interest in the recess based on the dominant
points;
performing grey value histogram analysis for said at least one region of interest;
determining whether the grey value of said at least one region of interest is within

acceptable tolerances.

11.  Aninspection apparatus for detecting surface flaws on fasteners comprising:

a support table for holding one or more fasteners;

an illumination source operable to direct light over the support table so as to
illuminate said one or more fasteners;

a scanning camera for capturing the top surface image of a fastener having a
recess;

an image processing system coupled to the scanning camera for receiving and
analyzing the top surface image to determine whether there is a defect, wherein the image
processing system comprises a memory programmed to perform the following steps:

(a) determining best-fit outer polygonal boundary for the top surface image of the

fastener,

(b) estimating the center of the best-fit outer polygonal boundary;
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step (c).

12. An inspection process for detecting surface flaws on fasteners comprising:
illuminating a fastener with a light source;
capturing the top surface image of the fastener using a scanning camera,;
performing one or more of the following steps:

(e) forming an idealized polygon and searching for best-matching polygon on
actual top surface image;

(f) generating one or regions of interest on the top surface image and performing
grey value histogram analysis for each region of interest;

(0) identifying a defect region, imposing boundary over defect region, and
determining whether the dimensional characteristics of the boundary are
within acceptable tolerances;

(h) creating value contrast in the top surface image, locating blob of white pixels,

and comparing blob against a user’s criteria.

13.  The inspection process according to claim 12 wherein steps (a) and (b) are carried

out to detect defects in the recess.
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15.  The inspection process according to claim 12, wherein step (d) is carried out to

detect contamination.

16.  The inspection process according to claim 12, wherein all of steps (a) — (d) are

performed to find different types of defects.

17.  The inspection process according to claim 12, wherein one or more of steps (a) — (d)
are performed to find defects selected from the group consisting of: recess deformation,

recess depth defect, crack, contamination, and combinations thereof.

18.  An inspection process for detecting surface flaws on a fastener with a recessed
head comprising:
(a) iluminating a fastener with a recessed head using a light sourcs;
(b) capturing the top surface image of the fastener’s head using a scanning camera;
(c) providing image information relating to the recess of the fastener;
(d) analyzing the image information to determine whether or not there is a defect in

the recess.

19.  The inspection process according to claim 18, wherein step (d) comprises:
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searching for a best-matching polygon for an actual recess; and

sending a signal to reject the fastener if no best-matching polygon can be found.

20. The inspection process according to claim 19, wherein the center of the top surface
image of the fastener is estimated by (i) generating a best-fit outer polygonal boundary for
the top surface image of the fastener, and (ii) estimating the center of the best-fit outer

polygonal boundary.

21. The inspection process according to claim 18, wherein step (d) comprises:
determining one or more regions of interest in the actual recess based on the
dominant points;
performing grey value histogram analysis for each region of interest; and
determining whether the grey value of each one region of interest is within

acceptable tolerances.

22.  An inspection process for detecting surface flaws on a fastener with a recessed
head comprising:
(a) determining a best-fit outer polygonal boundary for the top surface image of the

fastener,;
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(c) estimating dominants points of an ideal recess; and
(d) searching for defects in an actual recess based on the information obtained from

step (c).



