WO 01/ 071500 PCT/ US01/ 08347 REDUCED ACCESS Fl ELD | NSPECTI ON SYSTEM AND
APPARATUS GOVERNMENT RI GHTS CLAUSE The U. S. Governnent nay have certain

ri ghts i nwohii®7isowenti on pursuant to contract nunber F33@TFASH1/0338271
awarded by the Air Force Research Laboratory. CROSS- REFERENCE TO RELATED
APPLI CATIONS This application clains priority of a Provisional Application,
Serial Nunber 60/191, 350 filed on March 22, 2000 and entitled "Reduced

Access Inspection Sy " gnﬁ&g%% | S] &E Aﬁ&]@kﬁﬁwis herein
incorporated by refe CE %#@?‘& EE e invention
relates generally to inspection sYSreAPPARATIW € particularly to reduced
access field inspection systens and apparatus. Conpl ex machi nes or
assenblies often require high levels of maintenance or nonitoring to
ensure probl emfree operation. Oten the maintenance 5 or nonitoring

requires mafl TRGHTS GIAWSE creating un-wanted consequences. One
exanpl e of a corrpl ex machine is an aircraft. Current aircraft inspection

met hods, whet her on-wirRg §gn G(W%rrmlérﬂhﬁl rjé'ﬁm Sdrtafll it (R fhBfdgH C€

area) are tine-consunmng and costly, ving al rcra and engi nes

servi ce f orpurSuant tepokerhct mmab:peﬁ%éélﬁ;977®-1527hfaWaraleébydh¢ AmeFyrce Repaactted t o
ensure safe otperatl on. Many portions of an aircraft are inaccessible and
di rect vi su%( qﬁgﬁ'ectl on is difficult or inpossible. Accordingly, there is
a need in the art for a rapid reliable inspection systemto reduce cost
and equi pneQROSSYREFPRENUE BO REDA THIM ) PRLEOATIGNSEesUl t s.

This application claims priority of a Provisional Application, Serial
Number 60/191,350 filed on March 22, 2000 and entitled "Reduced Access
Inspection System,” which Provisional Application is herein incorporated by

reference.
BACKGROUND OF THE INVENTION

The invention relates generally to inspection systems and more

particularly to reduced access field inspection systems and apparatus.

Complex machines or assemblies often require high levels of
maintenance or monitoring to ensure problem-free operation. Often the maintenance
5 or monitoring requires machine downtime, typically creating un-wanted

consequences.

One example of a complex machine is an aircraft. Current aircraft
inspection methods, whether on-wing (on the flight line) or off-wing (in a service
area) are time-consuming and costly, removing aircraft and engines from service for

10 extended time periods. Aircraft are routinely inspected to ensure safe operation.
Many portions of an aircraft are inaccessible and direct visual inspection is difficult or

impossible.

Accordingly, there is a need in the art for a rapid reliable inspection

system to reduce cost and equipment downtime while providing accurate results.
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-1 WD 01/ 071500 PCT/ USO1/ 08347 BRI EF SUMVARY A reduced access field

I nspection systemincludes a nmultinodality endoscopic assenbly. Crcuitry
i s coupl edotoa/ortseo mul ti nodal ity endoscopi c assenbly for @emdrsat/nssg7 si gnal s
associated with the multinodality endoscopi c assenbly. A conmunications
link links the circuitry to a renote center of excellence for providing 5
mai nt enance i nformati on. BRI EF DESCRI PTI ON OF THE DRAW NGS The features of
the invention believed to be novel are set forth with particularity in the
appended c|BRIEE SUMMARVention itself, however, both as to organization
and net hod of operation, together with further objects and advantages 10

t hereof, may best be yu f. t | ow ng.. ription
taken in conjuncti oﬁA‘ \?\ngcﬁ{?gé %ggeggﬁioeﬁr%éﬁ ?ﬁ%ﬁdgrygwnbng%%h?%ﬁear & Lﬁﬁ"%?aﬁ%er al s
represent lehddscopioapsediy. SCircuitrwiy edupleld|té&thelmuinfodalityestdbicopidasepibipn of
one aspect of the jnstant invention, FIG 2 i}si a schematic depiction of

anot her as fec gensratingesignals associated ‘f"fﬁ@é‘?ﬁ WH,‘HI] QFF@OSSOH‘% agsegilened i cs
depi ction Qb ANMIARbNLRREGKksQhe Ei?&iﬂrﬁﬁ;f‘f&noté BRI Qe fdéd Mh}l*@ﬂh%ml ON

As used herein the term"comunication [ink" neans the transnission” 20 of
dat a. ¥ r ommawetenanepinfermationanot her or from one device to another. A
communi cations device, therefore, is any machine that assists data

transm ssi %EE?ES@Mbﬁ’OWWﬁ@@% and ports are all

conmuni cat i onsS” devi ¢es. ~conmuni ca ftware. ht M Conmuni cati on software
refers to prograns that nake it possible to transmt data. Conmmunication
| i nk can be over a | didlfeateresrof ¢l imyvention believed to be novel are set forth with

particularity in the appended claims. The invention itself, however, both as to
organization and method of operation, together with further objects and advantages
10 thereof, may best be understood by reference to the following description taken in
conjunction with the accompanying drawings, where like numerals represent like

components, in which:
FIG. 1 is a schematic depiction of one aspect of the instant invention;

FIG. 2 is a schematic depiction of another aspect of the instant

15 invention; and

FIG. 3 is a schematic:S depiction of another aspect of the instant

invention.
DEFINITION SECTION

As used herein the term "communication link" means the transmission

20 of data from one computer to another or from one device to another. A
communications device, therefore, is any machine that assists data transmission. For
example, modems, cables, and ports are all communications devices.
communications_software.htmlCommunication software refers to programsvthat make

it possible to transmit data. Communication link can be over a landline or cable or

25 may be a wireless connection. Examples of wireless technologies include Cellular
(Analog, CDPD), Digital PCS (GSM, TDMA, CDMA, Nextel), Terrestrial Packet
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25 may be a wirel ess connection. Exanples of wreless technol ogi es include
Cellular (Analog, CDPD), Digital PCS (GSM TDwVA, CDVA, Nextel),
Terrestriwboacises -2 WO 01/ 071500 PCT/ USO1/ 08347 Data Remmusokes3¢?Ardi s,
RAM, GEO Satellite Crcuit-Switched Services (AMSC, TM), CEO Satellite
Packet Networks (AMSC, TM, Norcom Qualcomm), or LEO Satellite Networks
(Orbcomm dobal Star, Iridium 1CO As used herein, the term"Conputer"”
nmeans a progranmmebl e device 5 that responds to a specific set of

i nst ruct i onBataANeRasks éNQé%nRﬁM)eIC&Q r%ﬁﬁ”@eo@lrcw §thahedh8mvmeg|(ﬁé4ISC,The
actual Machiii Yord Yatdi@IRbEet N6k (h ?rﬁmc@gsgﬁafcw&?{)éor pEg called

har dware and the i nstructions are softvvd re
typi cal | y cBatpllitesNetwarkss@wbgontrhaGlobal§kr dsidaunt,d@)t er to store. htm store, at
| east tenporarily, data and programs a mass storage device that allows a

conputer to 10 permangnt | et ai e, t,s of data Mass
storage devices incl u‘g %qé‘f{e@r r}% Hﬁ Cﬁ) e{lrm?égs ﬁrP(ﬁoéré’Bg’ngp S JRYi9e.  an
i nput  devi Chat téporRisadPh Spedifik ¥PORIMtrudionIPUACconkflitaUEh Bbietdtirdaicarand
i nstructions ent er a con&ht er; ~output_device. htm an out put device for

€

exanpl e a ddiggalhymldigitale The actyal; rmtélrnear, for exampley aifes clrangistors, énd cirenitssee

what the CO%“%@rg%d@&%om s 6t @ihs ar%ﬁ@atllggl 39 On?efssﬂ(}gt %émg@t'e}s (CPY),

t he conponent executes I nstructions a ese comnponents,
many ot her typrcptbynenmnsak;e mqumsbatbdrmbl‘emra tdtﬂpthastocs_qm:mmmms at teastwor k
t oget her effici nost co ers H}gt a bus that transmts

F
data from® H’@O%:Eﬂll dpta lgﬁ% Pg f’e? mags sHP5tese e‘”@o é&!%wae%mmut?f i cal

conput|grs ag&@manem?’ f£edifl1arge Mtulits: offd e V(C§ﬁ1ﬁ{dn0ﬂﬁassast8?a@é CRORES Biclude
mul ti-user conputer, a 20 mainfranme, or a superconputer. As used herein,

the term” | dislerdnive htmidiskgiriveg prsbtape deivesyran igput desiegufos example, aikesdorrdr ei n,
the term " Igtrancte "RENRGLY SATH © dAE! VAR G5LARESAY enter a  computer;

output_device htmlan output device for example a display, screen or printer or other
device that lets you see what the computer has accomplished; and a central processing
15 unit (CPU), the component that executes instructions. In addition to these
components, many other components make it possible for the basic components to
work together efficiently. For example, most computers have a bus that transmits data
from one part of the computer to another. Some examples of typical computers are a
personal computer, a workstation, a minicomputer, multi-user computer, a

20 mainframe, or a supercomputer.

As used herein, the term "Internet" means a global network of

computers.

As used herein, the term "Intranet" means a secure network belonging
to an organization, for example, a corporation, accessible only by that organization's
25 members, employees, or others with appropriate authorization, for storage and sharing

of information.

As used herein, the term "Network" means a group of two or more
computers linked together. There are many types of networks, including: local-area
networks (LANs), where the computers are geographically close together, typically,

30 in the same building) and wide area networks (WANs) where the computers are
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to an organization, for exanple, a corporation, accessible only by that
organi zation's 25 nenbers, enployees, or others with appropriate

aut hori zawpem/07f50¢ st orage and sharing of information. APCH4aSdU/bssaei n, the
term "Network"” neans a group of two or nore conputers |inked together.
There are many types of networks, including: |ocal-area networks (LANs),
where the conputers are geographically cl ose together, typically 30 in the

sane buil di 3 Slrt g acr A y\/&gq

01/ 071500 P%%%Sgll g%% e er ap lrlé a%ﬁlgre c&eﬁﬁgéét gﬁ@ te eﬁﬁrﬁ'one
i nes or r agpss, \bm/ésllong a:hahactlensncscnre h@eusedyqoemtegdneefd)ffbmm hges of
characteristics areﬁgallpso uzliad to ate or| ze feren 5es netvvorks

t opol ogy i<’ eprurkyeORRIoRY s Zhe grRTws ?gealee

t opol ogi es tb;fsabgiee irtlUdéSa bk, St R, aﬁ’d‘d réhg); me)protb&ﬂ m&@&%nﬁkﬂiﬂ e ofa
comon_set 5 rules and signals that conputers on the network use to

comun? cat guleeaad signalpthagpemputersogithg ngswerkoiss|te cormmupigas (Ose ef thegrost

Et her net) . éj}lﬁ @ﬁo&?sr%p EAthqg%l tﬁ%ﬁét&'l@e&aﬁ(s cHi b@gro%hfyr@%ssﬂireg as o

peer -t 0- peer ent/server arc ters on a’ne

sonet i nes asirigefdthaoaipeer-tﬁ:cpe'pnmewl&naswdvedamhueauteha(tomwta‘samez networtk res for a
network are called DETAI LED EESCRI ETIaH\I OF THE | NVENTI ONS 10
There is arf°MEErESSH! "d’ ﬁ%n@o‘f‘B‘FefF&Bﬁi YIFRSSRRLATIGPALe LTRuIces 1058 ARy

repair, of J@rfR1GOARIsEX Structures such as jet engines and turbine or
generator units. Standard nethods of naintaining such conplex machines are
very tine consum%{gD usual I I nvol vi n )Eposm bl e renoval , dis-assenbly,

det ai | ed i RBEAH; Er%ﬁ“ OF THEINVENHOANS enbl y. 15 Recent progress in

the nedical field has shown the value of "endoscopic proceedures” that

al | ow graj or surgery tf.Reis pﬁ@&@ﬁng"ﬂ&ﬂaﬁd &ﬁtraﬁatmesﬁealmﬁraq@%m&%eaand

endoscopi ¢ tool s introduce rough I Ncl si on uéh treat nment
repair, of large complex structures such as jet engines and turbine or generator units.

Standard methods of maintaining such complex machines are very time consuming -
usually involving possible removal, dis-assembly, detailed inspection, repair and

finally re-assembly.

15 Recent progress in the medical field has shown the value of
“endoscopic proceedures” that allow major surgery to be replaced with treatment via
endoscopes and endoscopic tools introduced through small incisions. Such treatment

is called “minimally invasive surgery."

Industrial inspection or repair systems use the functional equivalent to

20 medical endoscopy. These procedures are performed with minimal disassembly of
the machine. Due to the need to reliably detect very small defects one must provide

for more than just visual images to be relayed from the distal end of the probe. A
multi-modal sensor approach would allow for placement at the distal tip of sensors

such as eddy current, florescent penetrant and X-ray sensors in cooperation with the

25 normal visual capability. Miniature tools at the tip (such as grinding burrs, drills, grit
blasting nozzles etc) would allow\ihe required repairs to be made without disassembly

of the unit under test.
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is called "mnimally invasive surgery." Industrial inspection or repair
systens use the functional equivalent to 20 nedical endoscopy. These
procedur ewoan@7yses f ormed wi th m ni mal di sassenbly of theperalsoness4Due to
the need to reliably detect very snmall defects one must provide for nore
than just visual inmages to be relayed fromthe distal end of the probe. A
mul ti-modal sensor approach woul d allow for placement at the distal tip of
sensors such as eddyryeuqaBifitations %reﬁ B@hn ﬂ{%P&%@J}E v@Rhigh a8y iSRBHRAS 1 N
cooperation with the 25 nornal visual capabi M niature tools at the
tip (such adiffipuitridiplege Bughrasperspn tapigly g ItemOEﬁ Hist Ih'gs Hoyoulé e desifabledal d

aIIowthere dr IS It
under test. q%)%ﬁlff%%i%%@h&ﬁ%\@%%ﬁ &?gé)ilgl?éja'%&j ﬁ?%\? 036{1 fngénrg&gglrﬂyg human
i nspect or aemows cy-1dvagid growp off exipsrtowhe havh 4 fajrgwdmoarm oﬁ bmputsupxhcessmgr son
rapi dlg/ at a renote site. J@k’é-’@h woul d be desirable to e able to place

a | ess” qual9Tf MaaY j KBPRY tayf SHd (BeseH 198wt FREent; ﬂ‘ﬂsétFa?Ft“S% fatag

remote, co-kanghiedd @ ﬁfer}e%teeaea@bttﬁe ‘Pélﬁotg%\’(ﬁlpaoﬂ Apoies 8504 Bhuse fadGiBORAIt €F
processing 5 or many reports avai'lable tothem Based on the current onsite

sensor dat aest§ tto dagmn tor gueasuremmeatsransiie end dhe datp retuenedetopthe rgmoigpexpertexpert s

coul d cause a tests,t run_or. nme rerrets S|te and the data
ret ur ned toceflg?é' é‘ﬁﬁﬁtsés%g?p%? dl&c%glﬁ)f b% Co%@haréaarseyl{asy %l% AT i deal Iy be
conpact and relatively portable. A Reduced Access Field Inspection System
(RAFI'S) 100 conpri sesA®Redifed\liédessPidhl Iinspecaonl Systemi (RAFISE M@0 yorifizses a

circuitry 104 cou Ied to multinodalit endosco C as f.or

gener a0i ng Mpljimeaalifogndoscenic 4 aEW( lrsznﬁlrF‘i“FﬁSd 4 egup %‘gbﬁsrﬁ‘éb‘m?dé]étgenbl y
102, a Centgyo{oplessthBRcR fé@?knér% Sgndls qomwcca@éd Qi mblkiftodd@§ for
I|nk|ng CII‘CUItI‘y 104 to N in FI'S 100 is

typi cal |y wndbscopit, asmbiy§@@s%§dﬁtﬁh0§ Eé@ﬂll@rlcﬁ(ﬁ(ég) lQﬁamsW cemmungali¢nspect ,
eval uate or,nepaif, BnkiERLRAREY b4 YSRGS sRowh STRIgSX, assenbly 110.

RAFIS 100 is typically utilized, as discussed in greater detail below, to

15 inspect, evaluate or repair a representative machine or complex assembly 110.

Multimodality endoscopic assembly 102 comprises a plurality of
modules 112, which modules 112 comprise sensors or tools for precision controlled
inspection, repair or other maintenance process. Multimodality endoscopic assembly
102 is configurable by a system-user to facilitate access to internal portions of

20 complex assembly 110.

Typically, multimodality endoscopic assembly 102 comprises an
elongated shaft 114, an actuating mechanism 116 disposed at a proximal end 118 of
shaft 114 and a device support member 120 pivotally mounted to a distal end 122 of
shaft 114. In one embodiment, modules 112 are interchangeably attachable to device

25 support member 120.

Shaft 114 can be a rigid or a malleable member and provides a
coupling between actuating mechanism 116 and device support member 120 to effect
rotation of device support member 120, typically through a flexible operating cable or

filament.



Mul ti nmodal ity endoscopi c assenbly 102 conprises a plurality of nodules 112,
whi ch nodul es 112 conprise sensors or tools for precision controlled

i nspecti owp om@p&Ebde or ot her mai ntenance process. Milti nod&CTiysoeosiescopi C
assenbly 102 is configurable by a systemuser to facilitate access to

i nternal portions of 20 conplex assenbly 110. Typically, multinodality
endoscopi ¢ assenmbly 102 conprises an elongated shaft 114, an actuating

mechani sm 116 di sposed catatifg efivé rmh @Bféaﬂ)lifuwnon§ Q@fé hdddte ’q“&dn@andﬁ}é) ce
support nenber 120 pivotally nounted fo a distal end 122 of shaft I14. In

one enbodi nenspingotltimedalitpendoscapin asseblid@abl y attachable to device 25
support nenber 120. Shaft 114 can be a rigid or a nall eable nenber and

provides a coupling REIRET ) 3G ib’ﬁga&%?ﬂﬂhé?&o@%ﬁ&‘ﬁg%%‘éh%m%ﬂ& 0”

menber 120 to effect rotation o evi ce suppor prca
t hrough a f hexitllseurmpmodile,ng vaabinemodulefa tlearing module\® ind(iglmOdule, an

PCT/ USQ1/ 08 Act uatl devi ce 116 typically functi,ons andl e, for
mmnual By oESSpPHEEThe e 1Ty SRgue b rsubeR mpdiispa TRt wiEsowkD

i ncl ude but nRKEIeNPEcibioM MBuleOa ButhhS Wildule) SRERAsAR ABGUhEdule, 20 nwghétﬁ,sound
nodul e, a vacuum nodul e, a cleaning nodule, a grinding modul’e, an

Eddy- cur r ensensedimogdulean jofiaapd mendules 2 graspen modulee atstapiatunedule 3 la@regen
ul trasound ng@%g 'n?ddu?e SR IRE: W&”éxﬁbod?mgr ;Ehrsagel{g)f}ﬁl &nta%ssé)bbﬁ Rlaabe | ase;

nodul e, sensor rasper dul e
stapl er rmdullup to aelay hnmgege frpnr the vmmlty et,‘ distal ik 122 keea ulse‘t ampeo)embbéhdmnt

di stal,_end 12 cont PCD to f
vici nilly of ! bgs naqno ’I‘ ‘f‘@“hq{ifg ?reé’i‘u B&S)Wt?’r’ger 1a¢§613?835ﬁ%§ (’i“?r{osg]ﬂ%&er
enbodi ment , {aeheieRler ik, 'g&Eé“s édabfuba{anicalt &tk 19 ARRAASA 100 BAWAy Used

to deliver fluids, gases and nechani cal devices to distal end 122 or to
convey wires or optlcal fibers from distal end 122 to proximal end 118.

As discussed above, multimodality endoscopic assembly 102 is
coupled to circuitry 104 for generating and receiving signals 105 associated with

15 multimodality endoscopic assembly 102.

In one embodiment, circuitry 104 is a microprocessor or computer
coupled to multimodality endoscopic assembly 102 for generating, receiving or

processing signals from a respective module 112.

COE 106 is a remote support function. COE 106 typically comprises
20 at least one of technical experts, a data processing center, or at least one global

database.

Experts at the COE can be reached remotely in person, by phone,
computer link or across an Intranet, network or Internet. These experts typically have
multiple databases available to them to relate to specific parts or issues. These

25 databases may include information about design data, tolerances, as well as field data
from previous inspection and defect statistics. These databases are continually
updated to improve the inspection analysis. Data may exist in many forms, including,
for example, measurements, statistics, CAD data, photos or other illustrative drawings

or images.



wires or optical fibers fromdistal end 122 to proximl end 118. As

di scussed above, nultinodality endoscopic assenbly 102 is coupled to

ci rcui t r ywdO4/0f oo generati ng and receiving signals 105 as®otisoeasawith 15
mul ti modal ity endoscopi c assenbly 102. In one enbodinment, circuitry 104 is
a mcroprocessor or conputer coupled to nultinodality endoscopic assenbly
102 for generating, receiving or processing signals froma respective
nodul e 112. COE 106 is a renote support function. COE 106 typically
conprises 20 at | eaRAKSel0ff ertablek miisasdemblpenlysto the gaind wireox as opergtocent er

or at | east on | gbal  dat aba Experts at the c be reached

renotely i ﬁaE)S&écg‘ﬁ‘?lchﬁ%‘?fg’?eSS@aﬁlﬁfffgft}’\“i %?E’Pi‘“rx ?E%@é’algﬂ’ ChEXUMREE 8 net wor k
or | nternetyrcHfCSRgiRXPEFhS HitBétionl hnd RAMGsis RYfivaRl GarflBeabipaed m¢aitdtabl e to
themto relate to %Eemflc parts or issues. These 25 databases nay include

i nf or mat i ordeeibions arbedngre linked onking to/GRR 486, G@OENI6 waidd facalitate saecaalized om

previoys | mﬁgﬁgpggévega{lg% sfv?a%tacééséw @pwﬁamﬂ;%gg Gs %ﬁap?éggpeﬂg ?or%ﬂwcl? nual Iy

updated to pectron analysis. a may exi I'n many T orns,
i ncl udi ng, anfl ditepxasgdneof ingpastionerewultss, statistics, CAD data, photos or
other illustrative drawings or inmages. -6 WO 01/071500 PCT/ US01/ 08347

RAFI' S 100 enabl es di sassenbl th I nt . tor .
efficiently place modth E’g’efl% cgcgll:eéoé\n%% rl%‘:f@g‘lh%? g&y%@g%ﬁ@%%&%n%gﬁga gxanpl e
an aircrafy iRdigattR achhifed f6rhaRipeOTbniTth piial)sS i sStuitifd Wak Gindatefestifoed t O
facilitate decisions and can be |inked online to COE 106. COE 106 woul d
facilitat e aplysisdpideeumineqwhether Becrnsh Fan b gafshovsedeinaterdises tlhegixpeal

dat abgges 3ol bienieifttoHAR raliffle 3 plfi S dRNGARLES R GHELL B Bberts

i nspection resu n-expert at may recelve an eddy current inmge
cont ai ni ng own personal inspection expertise to evaluate the part. This evaluation may include

analysis such as fracture mechanics analysis. This type of analysis allows reliable

inspections at remote sites, even though skilled inspectors may not be present.

As shown in FIG. 2, an inspector 130 manipulates multimodality

15 endoscopic assembly 102 to inspect internal portions of an aircraft engine 132.

In one embodiment, circuitry 104, for example a computer, displays a

picture of the internal portions of aircraft engine 132 using a visual inspection module

112. By viewing the internal portions inspector 130 can navigate (140) multimodality
endoscopic assembly 100 to an internal point in need of inspection or repair. Once

20 endoscopic assembly 102 is positioned adjacent to the inspection point, visual
inspection module 112 is used to view and inspect the inspection point (142). COE

106 receives the image of the inspection point via communications link 108. COE

106 instructs inspector 130 to clean the inspection point (144) using a cleaning
module 112. Next, COE 106 instructs inspector 130 to utilize an ultrasound module

25 112 to determine the severity of the inspection point (146). Based on the feedback
from the various inspection modules 112, COE 106 instructs inspector 130 to grind

the inspection point using a grinding module 112 (148). This embodiment is an
exemplary embodiment of RAFIS 100 and not a limitation. In fact, RAFIS 100 can

be utilized in a variety of fashions using a variety of modules 112.



an indication acquired frominspection of a part, e.g., a turbine disk, and
a request for analysis to determ ne whether the part can be safely used in
service. Woailexpert 10 woul d then use infornmation avail ablPeTtusohossui n t he
dat abases as well as the expert's own personal inspection expertise to
eval uate the part. This evaluation may include analysis such as fracture
mechani cs analysis. This type of analysis allows reliable inspections at
renote sites, even th Mol ' rg«gm%{ hown
in FIG 2, an inspect gg@'%%{%r?ﬁg% b&?l&é?%%?xft{x%%}g?@%; 1 t@ﬁ%gggﬁg
assenbly 102 vadefynsfplocatianat dnfeamatiar geénsrated by amspaétior aif tepain @if mecobBflex | n one

enbodi nent, circui 104, .faor exanpl e conput er,. di spl i.cture of
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nodul e 112comyutet €04 (UG BE ThE @ispedtiopdnformitor RSRACHS corhdfinf@lionANlgat e
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of inspecti df8 @nd ik peseivedgndereypwed dys 06 dore Fgi-yimeogorresponsieneq andbd

adj acent to; ! i i it i HU L ] i ed to
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t he i nspect imo thoidatabasea afoGOEN]GR(Fiths3) farkfuh®8.refetdnce.108ddinsnallys tthe

i nspector 130 to clean the inspection poin 144), usin ani n dul e
157 Rt , - Etemsem  ctralby s ok ) s ettt s R ch 0, BE BshfkiedTocul o
25 112 to d@&rﬂ?l&%@seﬁﬁlﬁy 3@y erThe)inRtmadigh EdrSREailiRa b%oﬂnﬂﬁufﬁétﬂﬁﬂg IRag&f on
t he feedback romthe various inspection nodules 112, CCE 106 instructs

i nspectlor 1360 tfer arvanigty oh@urnesyseden examprRle.nto give rdgsignessi andi mgnyfaeturess 112
148) . Thi ' .' ' 100 and not
it on. i SirbFRigen tud o SXETRAGHE Yol EBROGBRn: & loBefgais! 72 200, 1O 2

using a variety of nodules 112. -7 WO 01/071500 PCT/US01/08347 FIG 3
shows a feedback | oopWhile drle certdin désteres nf thenmyéntion deme bedneidlustrated omd i et y

acsenby 118 0rEEER TR0 Sited ) B LA oPwef B Rueh (6 °2)

on art. It is, therefore, to be understood that the appended claims are intended to cover

15 all such modifications and changes as fall within the true spirit of the invention.



conputer 104 (FIG 3). The inspection information is sent via

comuni cations link 5 108 and is received and reviewed by COE 106 for

real -ti mnewoonnesspondence and interaction with inspector P8U/USHI/@R342) .
Additionally, the information is incorporated into the databases of CCE
106 (FIG 3) for future reference. Additionally, the information can
optionally be sent to a manufacturing |ocation 150 of the inspected

conpl ex ass(gqgg\y{ 110. The information can be utilized by manufacturing

| ocation 10 ?or a variety of purposes, for exanple, to give designers
and manufacturers «critical information that can create nore reliable

equi pnent at | ower colstsredyed agcass figlddaspeetion dystgmueameprisingt he i nventi on have
been illustrated and described herein, nmany nodifications and changes w ||

occur to those skill eadmmirrio}&gl' A 5 . i§ refore, to be understood that
d‘é’ze P%SCC%C arse“&% ’

t he appended clains are inten ve all such nodifications and
changes as fall within the true spirit of the invention. -8 WO 01/071500
PCT/ US01/ 08347 CLAI Micuilry Aoupmetldedsaid aaslsinfodelity emdoseapic casseaytdy efor

conprising: a nultimdalit, ndoscopi ¢ .assenbly, circuitry coupled to said
mul t i modal | $CRHRS Sigh ?&SS&@%@%*@* m“%‘“&é‘ﬁgﬁgﬁﬁ?ﬁ%‘%ﬁﬁg I¥ssociated with
said nultinodality endoscopi c assenbly; a renote center of excellence; and

a conmuni cations | i nk defiotd deiler 00esRilehce] 4rui try to said renote center of
excellence. 2. A renote access field inspection systemin accordance with
claiml, 10 wherein said nmultinodalit .endosc.gpl c assenbly includes
modul es sel ected frorh §HRMUBFHHASS sfpgwlﬁag SHd GGy AP SpIRSTRRIO SitShodul e,
an uItrasou(g% padyte, a vacuum nodule, a cleaning nodule, a grinding
nodul e, an éy-current nodul e, an x-ray nodule, a neasurenent nodule, a
| aser ultrasound nodul e, a scissors nodule, a

2. A remote access field inspection system in accordance with claim 1,

10 wherein said multimodality endoscopic assembly includes modules selected from the
group consisting of a visual inspection module, an ultrasound module, a vacuum
module, a cleaning module, a grinding module, an Eddy-current module, an x-ray
module, a measurement module, a laser ultrasound module, a scissors module, a
cutting module, a solid-state laser module, a magnetic sensor module, an infra-red

15 module, a grasper module, a stapler module, and a nitrogen purge module.

3. A reduced access field inspection system in accordance with claim

1, wherein said circuitry comprises a microprocessor.

4. A reduced access field inspection system in accordance with claim

1, wherein said circuitry comprises a computer.

20 5. A reduced access field inspection system in accordance with claim

1, wherein we said remote center of excellence includes a data-processing center.

6. A reduced access field inspection system in accordance with claim

1, wherein said remote center of excellence includes a plurality of global databases.

7. A reduced access field inspection system in accordance with

25 claim 1, wherein the center of excellence includes technical experts.
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cutting nodule, a solid-state |aser nodule, a magnetic sensor nodul e, an
infra-red 15 nodule, a grasper nodule, a stapler nodule, and a nitrogen
pur ge nodwloa1/03150A reduced access field inspection systempCr/@ocoesdance
with claim 1, wherein said circuitry conprises a mcroprocessor. 4. A
reduced access field inspection systemin accordance with claim 1, wherein
said circuitry conprises a conputer. 20 5. A reduced access field

| nspection systemin §P00r§aﬂeﬁ§ce 3ddes! ﬁél&“insjpectmegﬁtéﬁu‘{\‘ga@r@anr@fm{

center of excellence Includes a data-processrng center. 6. Feduced access

field inspechinnd, shetmmsaidconmarichivos link includesa wireless vdramenicatsan lihk: enot e

center of excellence includes a plurality of gl obal databases. 7. A reduced

access field inspecti gn system.in %ccordance with 25 claiml, wherein the
n

center of excellence PnéFUBPECYUHRCILORIEHIE s. -9 WO 01/ 071500

PCT/ US01/ 08347 8. A reduced access field inspection systemin accordance
with claim1, whereinasendbscapionassembllyt ons |ink includes a wreless
comuni cation link. 9. An inspection system conprising: an endoscopic

assenbly; 5 circuitry coupled to,said,enqoscopi c assenbly for. generatin
signal § associ at ed M?W‘E&icﬂuﬁﬁﬁﬁ%E‘?:}Sie&}g%&c%‘ﬁiﬂsﬁmﬁiy M‘F@r% t BEN )

excel | ence; ;Qp6aRd KA &ﬂbg&?ﬁz dstemply0or linking said circuitry to said
renote center of excellence. 10 10. An inspection systemin accordance

with claim9, wherein said endoscopic assenbly is a nultinodality
endoscopi ¢ assenbl y havemefe senfenafescelleppsead nenber for interchangeably
attaching at | east one nodule. 11. An inspection systemin accordance with

claim 10, wherein, sajdommunications link for linking said circuitry to said remote center

of excellence.

10 10. An inspection system in accordance with claim 9, wherein said
endoscopic assembly is a multimodality endoscopic assembly having a device support

member for interchangeably attaching at least one module.

11. An inspection system in accordance with claim 10, wherein, said

multimodality endoscopic assembly includes modules selected from the group

15 consisting of a visual inspection module, an ultrasound module, a vacuum module, a
cleaning module, a grinding module, an Eddy-current module, an x-ray module, a
measurement module, a laser ultrasound module, a scissors module, a cutting module,

a solid-state laser module, a magnetic sensor module, an infra-red module, a grasper

module, a stapler module, and a nitrogen purge module.

20 12. An inspection system in accordance with claim 9, wherein said

circuitry comprises a microprocessor.

13. An inspection system in accordance with claim 9, wherein said

circuitry comprises a computer.

14. An inspection system in accordance with claim 9, wherein we said

25 remote center of excellence includes a data-processing center.
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mul ti nmodal ity endoscopi ¢ assenbly includes nodul es sel ected fromthe group
15 consisting of a visual inspection nodule, an ultrasound nodule, a vacuum
nodul e, awoleanisng nodul e, a grindi ng nodul e, an Eddy- cur remtuSonvosshe, an
x-ray nodule, a neasurenent nodule, a |laser ultrasound nodule, a scissors
nodul e, a cutting nodule, a solid-state |aser nodule, a nagnetic sensor
nodul e, an infra-red nodule, a grasper nodule, a stapler nodule, and a
nitrogen purge modul qs. 28n Hspelibrl YSREF I BoRUALE Wil LIBFES! YRBGS Yigh Cl aim
9, whefein said circuitry c rrprls S a m croprocessor : i'nspection
system i n aemotedanteeofxchllencaincl@les apbiraity of giotial databasdst ry conpri ses a
conmputer. 14. An inspection systemin accordance with claim?9, wherein we
said 25 renote cent f excellence ncI des, a dat. [oc n ter. -10
WD 01/ 071500 PCT/ uso%ﬁog‘é‘4‘f’sl’i%‘°“ﬁ§9{s‘e‘r’1‘s feoRngs, it Pl 32 & e ol 1

claim9, wkienter &f &akltbnce aiehides eehieal le)eresxceI | ence includes a plurality of
gl obal databases. 16. An inspection systemin accordance with claim?9,

wherein the center of excel I ence includes technica xperts 5,17. . An

i nspection system in 4cér BEPREEODSYHE®] 18 W@‘daW‘i’eWé rF am @ whemsifustidat i ons
i 0k i ncl UdghfnfafiShenak RORRAN &#ic@Lonixilnicabn IAKTEL hod of | nspect i on

conprising: Inspecting an internal portion of a conplex assenbly;

generating signals associated with said inspection; 10 sharing said signals
with a renpte center 18f Agnetbed efjaspectonicdmarsingsti ng with said renmote center
of excellence to inprove said inspecting of said internal portion of said

conpl ex assenbly. - 1%specting an internal portion of a complex assembly;

generating signals associated with said inspection;
10 sharing said signals with a remote center of excellence; and -

interacting with said remote center of excellence to improve said

inspecting of said internal portion of said complex assembly.

-11-



