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Figures 1 shows a simple illustration of how coiled tubing is implemented in an oil well

drilling application. Coiled tubing 100 is stored on a reel or drum 110. As the tubing 100 is

25 spooled off the reel 110 and directed toward the rig 120, the tubing passes through a set of guide

rollers 130 attached to a levelwind 140. The levelwind 140 is used to control the position of the

coiled tubing as it is spooled off and onto the service reel 110. As the tubing approaches the rig

120, the first point of contact is the gooseneck or guide arch 150. The tubing guide arch 150

provides support for the tubing and guides the tubing from the service reel through a bend radius

30  prior to entering the rig 120. The tubing guide arch 150 may incorporate a series of rollers that

center the tubing as it travels over the guide arch and towards the injector 160. The injector 160

grips the outside of the tubing and controllably provides forces for tubing deployment into and

retrieval out of the well bore. It should be noted that the rig 120 shown in Figure 1 is a simple

representation of a rig. Those skilled in the art will recognize that various components are absent

35  from Figure 1. For instance, a fully operational rig may include a series of valves or spools as



woul d be found on a christmas tree or a wellhead. Such itens have been
omtted fromFigure 1 for «clarity. Early iterations of coiled tubing were
nmetal | i c WO 03s8set ure, consisting for instance of carbon PESTAEs02/3006 r 0Si on
resistant alloys, or titanium These coiled tubes were fabricated by

wel di ng shorter 5 lengths of tubing into a continyous string. re.recent
desi gns woaldeiforndroparchnisitas teqer Wellhaad: eYuch jtems keyg e ‘i’fgltteé)ﬁg BB Ao
consi st S of concentric |ayers of various materials, including for exanple:
fibergl 535“,}" carbon fiber, and Polyvinylidene Fluoride ("PVDF") within an
epoxy or resiBarly vehtione of ddiled eibirgt were aletalliria sgestiese.gonystpg origgianee Pheabin ed
t ubi ng applications. be se they.a |1 : i : :
ther of of BF) B8RSR b AR It LTl et ATk RBE MRS Ty Sy trer
and 9f f 1dnb@s g ehbidd Gnto Gorgpeaisidue stitigh eMorel besntadesigpo hevet ingpipgratedr eomhpiib| e

than the steel counterparts. they.replace, but are still § £ r
and t eamagyigls. Qoﬁ?’@."s%s“gec{ @E@Ef?‘ysfsﬁe 88??3?%03 ersoq?v 2 &6 %i%llds ’ ﬁj tﬁg]itdir?\l&%rrlﬁst
be r egu'e?e[nlq%i TR} 1R, RerbbR Fibste hRT Sty GayRiest Fyon®ar PVDFNacithin st egsy or aesiot her
forces. Fur %er more, the techni qgues that haye been used to ins ecé1 st eel
coi | ed mabimgThese maferialy sreageperiallygpdrable larC@ﬂP%&@%%f Rparqupas :*Rﬁ SULEY A t h
conposi t.e, L ubl ibfleX ' 5 frMcddbyBeehda@a trips on

t echni qtljlé}étela%%lgc orgegh})%’ ﬁa@“& StGQ%S??@?g%ga%gggrgﬁ% 5, 090, 039, f)r esReI():ti vely,
have0 beed ciesiegreetl 1fior Gempesite heodled ditbes cire exdtentigflyngroreridaraglen g ying fstegt eel
makes these inspgction chni gues. i L netal ] i £han
W th cofpus PR e rab e biarou nien Ry dhu b halle B Lt e oo

i nspect igp fhle)iléd'tﬁbihﬁ BiuSiGe rbgillarlyihniomid dor defecissassedpy yeanimpaca stréss @ otlen 20
one considers the thousands of feet of pipe that nust be inspected on a
regul ar {¥8@%s. Further visual inspection is subject to human error:

Consequent | Y,k R oRC M GRS quBd ShatiRivel®¥e] 84 dofiBpetinggs cbiledy tubiigt drauous
| engt hs of conposite tubing. Sensors and contact glg e certai.nlaxda

uges
posdbbi lapplicableror iareslpescafieaidecwianaiged withicABPOHE UYL h AFER » BPECgRH
capabl e Of,, debeqbh AtnhAGA! Jighfled!fl 68! Parciios 30ASHARRES ORAIOFSRARLi N, Habe be

36 e clrc erence of the tubi ng to take conti nuous,
(&5

pl aced aroun ( i
measur erseat slesidnetl Hor wissbivitly stesl cpiledi wibingj eEheedensity rof rhipgk anakeso Fieten BISRREAPD | n

this configuration, these sensets. ar 6a . Qf | bR 03didopuUt er
surface tﬁfﬁlgiqﬂ‘és (5] Hﬁe?gl%lﬁlb H%?%q ilcn(%%n a@lgllélxﬁgl ? ﬁigéoglé%'so#% il?ltht igésfegqssi bl e
that a t@lﬂh@ﬁé isaynuaRSBuAl nakptaoh ed thef tubihg,Ibue thihelwieris Pyl reiprastcad sthen of
this type. Furthernore, th supt.erranean, nature .of well dri.lli .
applZcatdng ﬁ@ns@rssth%woma%s ‘gé?eéf’ PRI TSt By I%Bﬁcgegtog atrﬁ%utlargora éeléél%ﬂ glg%\(’)lglfa% ed
on the tiHﬁl[f,gagmqgaéﬁbj%iCm%{lm@ﬁMe fal se readings or foul and damage the
sensors hensel ves. Thus, physical contacts are npot ideal for t@i{l t%?e of

i nspect i on. ThwseupnthhnewstepfayuBe na\;bb@équlqpeg A0 HSBLSHPG SO e gtBﬁ
met hod |5 0800 whhiE SAMCUR BhAtk RhM TN il VSFostiDmOUIER iRipeliBCailed O

measur e ext eri Inensions of tubing as it is injected into or
removed thisiagnbat sueh Hevitdo weevamty, capsblavitdetepdngiocadiaest defactss &5 s@nce, seaagrs might

0520 b e e PR B A EBFRR S borlifudd el RerESH tbfigla?
it is injected or removed from the well. In this configuration, these sensors are only capable of
monitoring the outer surface of the tubing along a line traced by the sensor. It is possible that a
defect may pass undetected if it lies between physical sensors of this type. Furthermore, the
subterranean nature of well drilling applications is such that foreign debris or objects that are

30 deposited on the tubing may either produce false readings or foul and damage the sensors
themselves. Thus, physical contacts are not ideal for this type of inspection.

These problems may be avoided if a non-contact inspection method is used. One

contemplated solution involves the use of lasers to measure the exterior dimensions of tubing as it is

injected into or removed from a well. However, as with point contact sensors, lasers are also

35  limited to localized measurements. It is therefore desirable to develop a system for automatically
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25 The inspection system uses a counter or depth signal to identify a location along the coiled
tubing. When a warning indication is generated by the pattern recognition software, the computer
system reads the counter signal to identify the longitudinal location on the coiled tubing at which
the defect is located. The counter signal may also be used to enable or disable the system. If the
counter signal indicates that the coiled tubing is not moving or moving slower than a threshold, the

30 inspection system is disabled. Conversely, if the counter signal indicates that the coiled tubing is
moving faster than a threshold, the inspection system is enabled.

‘The inspection system further comprises a video stacker configured to correlate
circumferential video images taken from the plurality of imaging devices with one another as well

as with a longitudinal position along the coiled tubing using the counter signal. The video images
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as with a longitudinal position along the coiled tubing using the counter
signal. The video images 3 WD 03/058545 PCT/ US02/ 39116 may be transmtted
to the cowpuwB®sssgystem for real tinme identification of defPeTttso2/Ihes system
may also optionally include a video recorder configured to store the video
images fromthe plurality of imaging devices. |f inplenented, the stored
vi deo i magbs transmittadzn shei dotmpuiter systenefos taabiime idegiiiqation of defectfie fIdiesystem may
identification at. so I ' j b 4 ' taN® of

i nspect ?18910@5%?@%11%}1@?%?’ {;‘%‘%ecé@%%ns é@g%&%}gljgg% 1(%)llrljli‘l[eﬂ I (%%%Iﬁ%g?iglu st%’ri pe on
t he out gfiaghigrdeaices. dff iplementhd, nigp sisred vided amagng ereftansmiked fouthp gerapw¢r system

i denti f%/i Bg th _Pnn,ul ar Io:[%ti on of a defect on the tubing. Further, the
coiled 1% ?fﬁﬁlﬁ%&{} 1C300P AU AH Y ni ned  col ored |ayers to show wear. O her
obj ects and Y 3Bl0aHIRS udeh it vieninsesation Isystap pecferably ornnipisest af leasti oy
description. 10 BRI EF DESCRI PTION OF THE DRAW N For a detgj I %g% the
descri plongitidinal strpe o e SRERHITAFRRI AR RPIRE a%3 Tefeenc fioy Sk BUaPeSe PLIEHYRE (G | |
now beaIIHﬁijaF’ 18td6r AESOARANNL RBind! IWkAES thetolél &Bing mhatihelude plodaEned
conventional representation of a coiled tubing storage reel and coil ed

t ubi ng ecloreddiyens ta $hosugtara rig and into a borehole; 15 Figure 2 shows a

di agram of a-prefer I i } 4 esdtioan
control cent gtaw(r:gdg t?%‘%@%@%%*g%a&gﬁaaggg@?s%%&%i@ﬁh?&nﬁgﬁ% from

i mgi ng devices; Figure 3 shows a side view of a coiled tubing storage reel
i ndi@ati ng the preferr eBRIEEBESCRIPTIONIQF THERPRIVWINGST es positioned on the
| evel W nd; Figure 4 OWs a section. Vi fo. L.ef.er 1 1ol as
noni t or ed bybg%gtha!aﬁﬁnp%l Oggh\ﬁ péeegrr%(féﬁﬁ%gmtbér?}gsfogrﬂ%elgvegﬁg%g‘%}bnﬂgﬁ%; &lg?fé)g,?e 4A
shows apglgiad ekt &eshpaRingidemings ih haichr ef erred coil ed tubi ng showi ng
various layers of the tubi ng'_g@ ?ure 5 shov¥s an. | %rretrti C Vi ega% Qiled
represent at | VEEUEeL Shows afCoREi SPBTSFYAr Ot A EOURA IO QTASE £F°R ARG §

enbodi nfmﬁge%qdig t}]}'blggy,raqi nAhRYe bereh8lBy €sent ation of two inmages of the
sanme defect  1n a tubing taken at different tinmes and indicating how,

strilpes on t Fegueo? Sleaws udipgrgmralys mreleriadbembadinent of, thecutomatin tubing BFReRLgs
NOTATI %o#&?c%%%ﬁ%y%&@h@ [ REIB s Altfniifdest P itl3stdebiasy; f ol | owl ng
nd cla fer t 8 Igcul ar

descri ption a I'ms to re partrh 0 system conponents. As one
skilled in tesuar3 swivsla sigepview ot epiladriabink sthiageireehingigatingrthe piglprieddeeatiqny
conponent. by di.fferent nanes, Thi urent does not intend to distinguish
bet vveenotg’ﬁ%lﬁ??é CVIR B q%qgﬁlezevglgvrqm’but not function. In the follow ng
di scussi on a4 ki< fictitn vitWef tierpraferred coiled tubing as monitored by the imaging

20  devices of the preferred embodiment;

i

Figure 4A shows a detailed section view of the preferred coiled tubing showing various
layers of the tubing;
Figure 5 shows an isometric view of a representative section of coiled tubing for use with
the preferred embodiment; and
25 Figure 6 shows a representation of two images of the same defect in a tubing taken at
different times and indicating how stripes on the coiled tubing may be used as circumferential

references.

NOTATION AND NOMENCLATURE
Certain terms are used throughout the following description and claims to refer to particular
30  system components. As one skilled in the art will appreciate, one skilled in the art may refer to a
" component by different names. This document does not intend to distinguish between components
that differ in name but not function. In the following discussion and in the claims, the terms
"including" and "comprising" are used in an open-ended fashion, and thus should be interpreted to
mean "including, but not limited to...". Also, the term "couple” or "couples” is intended to mean
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"including" and "conprising" are used in an open-ended fashion, and thus
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25  The preferred imaging devices are discussed in further detail below. Video images from the
imaging devices are transmitted back to the control center where the images from the individual
imaging devices are stacked by a video stacker 250 with one another and stamped with a
corresponding longitudinal and circumferential position on the coiled tubing 100. The position
information is provided via a counter signal that is discussed in further detail below. The stacking

30 function of stacker 250 may be executed by computer logic or any standard video recording
equipment and may entail combining the separate images or video feeds into a single feed or may
simply involve correlating the video images with the position counter information. It is certainly
feasible for the stacking function to be executed by computer 210 or a completely separate

computer (not shown).



simply involve correlating the video images with the position counter
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operators of the preferred embodiment need merely to supply a number of sample images with

representative features that should be detected (e.g., wear, cracks, abrasions, or discolorations of a
certain size) or ignored (e.g., a manufacturer's marking or small defects).

Once trained and operational, the pattern recognition software 220 is capable of monitoring

30  incoming images and extracting features from the images to determine if those features are defects

that should be flagged. If such a defect is found, the software is capable of generating an interrupt

or otherwise notifying the computer operating system or processor that a defect has been detected.

The computer 210 then generates a warning 280 to alert the system operator of the defect. If the

inspection occurs real-time, the alert may be a warning message on a computer screen or the

35  computer may initiate a more significant warning event such as turning on flashing lights, or
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wheels may be integrated by the inspection processing system over time to correlate a longitudinal

depth position with images captured by the imaging devices 300. Other methods of correlating

images and position are certainly possible as will be recognized by those skilled in the art. For

instance, an alternative embodiment may generate the counter/depth measurement at some location -
30  other than that shown in Figure 3.

Another advantage of monitoring the counter information at the control center 200 is that
the inspection system may be fully automated. That is, computer system 210 may be configured to
begin monitoring incoming video signals only if the counter signal indicates that the tubing is
moving. Conversely, if the tubing is not moving (or if the tubing is moving below a small

35  threshold), the inspection system can be idled or disabled, thereby eliminating the need to transmit
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envi si o rred 1 nspection system operate at any tinme of
t he day sau@e and image gathering equipment are located in the control center 200, preferably in close

25  proximity to the image processing computer 210 and video storage device 260.

It is envisioned that the preferred inspection system must operate at any time of the day and
under various weather conditions. Thus, the imaging devices 300 are preferably provided with an
integrated light source. Alternatively, an auxiliary light source may be coupled to each imaging
device. Another alternative is to provide light via (non-imaging) fiber optic cables. A fiber optic

30  light source may be preferable to incandescent or halogen light (i.e., bulb) sources because the latter
requires an additional power supply to turn the light source on. This is not to say that a fiber optic
lighting system does not have the same power requirements, but merely that this power only needs
to be provided to the light source which may be located in a remote, environment-safe enclosure
such as the control center 200. The fiber optic cable passively transmits light from the source to the

35  imaging devices 300 to illuminate the tubing 100. Furthermore, a common fiber optic light source
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as discussed above, the preferred embodiment also incorporates a stacking function where images

—

are combined and correlated with a counter value to correctly identify the position of defects
flagged by the system. As such, the preferred configuration is well suited for this stacking function.
30 Referring still to Figure 4, and as mentioned above, each of the imaging devices 300
captures an image of one half of the tubing 100. Given that the tubing 100 and imaging devices 300
are constrained, the image may advantageously provide a qualitative measure of the outside
diameter of the tubing in a direction normal to the line of sight of the imaging device 300. In fact,
feature measurement is a function that the preferred pattern recognition software 220 executes.

35 Thus, in addition to defect recognition, the inspection system is also capable of measuring the
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i e
a predominantly spiraled pattern. Thus, many cracks that appear in the outer layer will follow this

spiral direction presumably due to separation of the fibers that comprise the layer 450. The crack

510 shown in Figure 5 represents this sort of angled crack. As with the generally circular defect

500 discussed above, the inspection system is ideally configured to detect cracks larger than a

30  predetermined, yet adjustable threshold. For example, the inspection system should preferably
detect cracks larger than 0.03" in width by 0.50" in length.

Whereas it is a desirable goal of the preferred embodiment to detect unwanted defects 500,

510 such as those shown in Figure 5, it is equally desirable to ignore features that are known not to

be defects such as manufacturing inscriptions or patterns. As such, users of the preferred inspection

35 system may advantageously train the pattern recognition system and create rules to ignore
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as 59 € &5 !)F tgeste lilrglagneg fcgqr\{s%gction. Although the imaging device 300 may transmit analog or digital

video signals, it is envisioned that a digital CCD would be used generating an image with a

minimum resolution of 640 X 480 pixels of resolution with an 8 bit per pixel color or grayscale

depth. If analog imaging devices 300 are used, it is envisioned that the frame grabber 270 or other

image capturing device in computer 210 generate images with this same resolution and color depth

30  for delivery to the image pattern recognition software 210. Images with greater resolution and color
depth may also be used with limitations defined by storage and processing capacities.

Preferably, a longitudinal coordinate of the tubing 100 is determined for the tubing segment

which has been captured by the video imaging device 300. By knowing the longitudinal

coordinate, the tubing segment of the captured video images may later be identified for subsequent

35  inspection and review. The longitudinal coordinate on the tubing may be determined by various
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function of @oﬁ@lﬁ@f sysRfh 210 is configured to execute image processing and pattern recoguition

software 220. The image processing and pattern recognition software 220 receives each captured

image with pixel and position information and performs a variety of standard image analysis

functions on the pixel information including morphology, segmentation, filtering, edge detection,

30 and measurement. In addition the software performs pattern recognition and classification tasks
using information gathered from the above functions.

The image processing and pattern recognition software 220 is programmed to analyze,

recognize and classify predetermined features on the tubing 100. The software uses binary and

fuzzy logic to create rules about how information extracted from the captured images should be

35 interpreted. These rules are created and altered via a graphical user interface. By way of example
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25  depth value allows operators to locate the defect on the tubing and manually inspect the defect.

An example of how stripes 550, 560 and the depth counter value discussed above can be
used to monitor the growth of a defect is shown in Figure 6. Figure 6 shows a representation of two
images of the same defect in a tubing 100 taken at different times. Each image represents a
"stacked" image or a combined image representing the entire tubing 100 as photographed by the

30 three imaging devices 300 as discussed above. Thus, the image may in fact be represented by the
single images shown or by three sub-images. For the images shown in Figure 6, the vertical axis
represents a depth count and the horizontal axis represents a circumferential position on the tubing
thus providing coordinates. Note that one of the stripes 550 signifies the origin of a circumferential
position on the tubing 100. In the image on the left, the defect 600 may have, at the time of

35  inspection, produced a warning because its size surpassed the user-designated threshold. However,
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t he tubi n%n Shown in the 1imges, may be distorted due to the curvature of

t he tubi ng atAdcheliratigéms.abdvedescrivhéembatiinenys disslose adullyzaomagied dafect EspasHon

positioned 120 apart from one another . in the.azi g ' diment ered
e e o e R L AR
OVer COMBerdoft 8f BbiRlQubihAN TMBCthbove discussion is meant to be illustrative of the principles and

=0

various embodiments of the present invention. Numerous variations and modifications will become
apparent to those skilled in the art once the above disclosure is fully appreciated. For example,
whereas the discussion has centered around the inspection of composite coiled tubing commonly
30  used in oil well drilling, it is certainly feasible that the preferred inspection system may also be used
to inspect continuous lengths of tubing constructed of other materials, including metallic tubing.
Furthermore, the above disclosed invention is fully extendible to initial quality control or field
inspection of tubing used in applications other than oil well drilling. It is intended that the

following claims be interpreted to embrace all such variations and modifications.
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15 ensure a conpl ete coverage of the entire surface of the tubing 100. Wth
three imagi ng devices 100 positioned 120 apart but captured i nages of 180
si des of wbeswps#sihig 100, there will be an overlap along trhe/usersaie of the
captured inmages. As previously described, the stripes 550 provide a
circunferential reference in the inmages to the tubin qg such H@at {
overlap in tWailenagesferrad @@bodmr@m@frd@d inyption has heeR oshopngayd

exanpl e 3 @tk 26 Be ﬁmofmeng

t he thr@@%ﬁ%gwng %%PE H%ﬁ%%ﬂl %eﬁ%ﬁggﬁﬂﬁg%n%%ggépartlcuIarly, t he
stripeSH@&hmw di fferent |nag|ng runs of the tubing 100 taken at different
tinmes to be conpared since both |ongitudinal and circunferenti al

coordi nates are provided for each captured i mage of a given tubing

segnent. Accordingly, the above described enbodi nents disclose a fully

aut omat ed defect inspection 25 systemthat uses inmage pattern recognition
and classification to identify defects over a continuous |ength of coiled
tubi ng. The above discussion is neant to be illustrative of the principles
and various enbodinents of the present invention. Nunerous variations and
nodi fications will becone apparent to those skilled in the art once the
above disclosure is fully appreciated. For exanple, whereas the discussion
has centered around the inspection of conposite coiled tubing comonly 30
used in oil well drilling, it is certainly feasible that the preferred

i nspection systemmay al so be used to inspect continuous |engths of tubing
constructed of other materials, including netallic tubing. Furthernore,

t he above disclosed invention is fully extendible to initial quality
control or field inspection of tubing used in applications other than oi
well drilling. It is intended that the followng clains be interpreted to
enbrace all such variations and nodifications. 14 WO 03/ 058545

PCT/ US02/ 39116 While a preferred enbodi nent of the invention has been
shown and descri bed, nodifications thereof can be made by one skilled in
the art without departing fromthe spirit of the invention. 15 WD

03/ 058545 PCT/US02/39116 CLAIMS What is clainmed is: 1. An inspection

system for coiled tubing being enployed in a well, the system conprising: 5
an i nmagi ng device recording video signals of a segnent of the coiled tubing
as the coiled tubing is being enployed into the well; a conductor

transmtting the video signhals to a processor; an imge grabber generating
an i mage of the tubing segnment fromthe video signals; and

15



10 a programin the processor analyzing the inmge to detect predeterm ned
features of the tubing segnment. 2. The systemof claiml further including
means forwQenessats ng | ongi t udi nal coordi nates of the tubiPag/tsezsmams . 3.
The system of claim2 wherein the | ongitudinal coordinates of the tubing
are stanped on the 15 inmage of the tubing segnent. 4. The systemof claim
1 wherein the video signals have a ald resolution of 640 X 480 pixels
with an 8 bit per pixel color or grayscale depth. 5. The systemof claiml
further including a video stacker stacking the imges. 6. The system of

cl ai m 1wMaek elafinddie processor is programred to recogni ze and classify the

20 predeterm ned features on t.he tubi,ng se . i J .7. The
syst em &f cl ARARSPEGRIGR SEn foﬁ801%%%’&‘%1?6%}%16@%&%%%%%?%%drllé(:ﬁy%fggl égﬂ%ﬂ%}lg.mr e of
the 5foll ow ng: We@imagiieadehie rddatdif Video sidiahsif ansgmenlobthe cdilstwbingas itens,
or dinmensions. 8. The systemof claim 1l wherein the predeterm ned features
i ncl ude the eeilgddthing ippeingemploysd ing thesely  The system of claim 1 wherein
the processor geng'&@ﬁd%gto@traﬂ.sﬂﬁlﬁhg HPORIeEIS] §tiorzl€pr<§te§b@f;ec'[ in the tubing so
as to provide a warning of such defect. 10. A tubing for use with an

aut omat ed def ect aminaseiabhersepaeraing@diprgesf fhy: tubing segment o fe vidsosignalsng o
contrasting lLayer beneath the wear |ayer; 30 wherein if the outer wear

| ayer is wor A way, the contrasting |ayer becones visible as a contrasting
featmre on the t ubipeggrani in thd peocessbr anglysihg diedinagd ©, defegt pradateranegdrieainiryoht

| east one stripe.located on the outer wear |ayer and parallel to the

| ongi t udi nal NEPUNGICEPRR" { ubi ng. 12. The tubing of claim 11, wherein if
nore than onghsisydide of Slaind ¢ Fuditr dRIIdRE wedne forvgeaeratingy longituddBl cordisated ples
are individual 'y distinguishable. 16 WD 03/058545 PCT/ US02/ 39116 13. An

i nspect ithgrivpg segmeBlonpri sing: a conposite coil ed tubing having | ayers of
fibers horm Ag, stﬁéﬁpb{@aiﬁf@ Whereif fhe otgRUMRA codrai@ies BAME AYing ateosbgheddinnizd
stripe; "an i nagi'ng device recording video signhals of a segnent of the

coi 18d timbgernd thegubihgsegBientoi | ed tubing is presented before the inaging
device; ,.a prqocessor r Y I; . }%ﬂﬁ : i | $F540 SV LEE;
and a pr09raﬂﬁfﬁyﬁ%%0%@%%%%8@?£gﬁg¥$§?ﬁ%§¢ e &?8%%9@?gg§fgﬁ?ghggiect t he
stripe @ikelshith an 8 bit per pixel color or grayscale depth.

5. The system of claim 1 further including a video stacker stacking the images.
6. The system of claim 1 wherein the processor is programmed to recognize and classify the

20  predetermined features on the tubing segment shown in the image.

7. The system of claim 1 wherein the predetermined features include one or more of the

following: wear, cracks, patterns, abrasions, color, discolorations, or dimensions.

8. The system of claim 1 wherein the predetermined features include the diameter of the
tubing.
25 9. The system of claim 1 wherein the processor generates a signal upon detecting a defect in

the tubing so as to provide a warning of such defect.
10. A tubing for use with an automated defect inspection system comprising:
an outer wear layer; and
a contrasting layer beneath the wear layer;
30 wherein if the outer wear layer is worn away, the contrasting layer becomes visible
as a contrasting feature on the tubing.
11. The tubing of claim 10, further comprising at least one stripe located on the outer wear
layer and parallel to the longitudinal axis of the tubing.
12. The tubing of claim 11, wherein if more than one stripe is located on the outer wear layer,

35 the stripes are individually distinguishable.
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tubi ng segnent. 14. The systemof claim 13 wherein the tubing has at | east
one outer layer having a 10 predeterm ned col or and the program anal yzes
t he vi deoweiognsdsgs t o det ect the predeterm ned col or on tIRETIUSOY/BIY1G6egment .
15. An autonmated inspection systemfor identifying defects in coiled

tubi ng, conprising: a conputer systemconfigured to execute pattern
recogni tlPon SYTNpEElEon sYFHEMLOWPHFEE'i ty of i magi ng devi ces configured to
capture video ima £.Q) -Ubi ho 8 wbaesed; i n front of
t he i magi ng devi cgigc?mgﬁmﬁ%ggﬁ%yggé‘??g;%%rﬁlgﬁftf_{eﬂcai%tfgﬁﬂtghg coﬁrr%ut er system and
t he pattern recogrintigmmost biyenkaviag anerigiteding stipe; i mage, extracting features
fromthe image, and.gener af.i. 1 ndj ] | | S~ 1 f in
the | mmge. 16, Tha RGBEAr B ieutinhysFe jettls b ReAEE g foilef B A3
devi ses are fdoh&l tubipg isgprésemgd before 21k idmyging dsvicel 7. The i nspecti on system of
claim 15 wherein the plurality of i i n evices consjst of . three CCD
caneras. 18. The % Eﬁofffﬁe%é&%@rﬁ“%%%@ng]fgﬁoﬁﬁ? ma[gﬁgrdeggwp dsi ng: a
counter signal identbiMnng the bl@@@ﬁdr%a@kiﬁ?@ﬂ\h&eoCﬁ'gﬂaﬁltotdetﬂcﬂ@l'e satpd adGthé he
conputer systemreading the counter signal to identify the |ocation al ong
the coiled ttUpnsiggeBEhi ch a defect is located. 19. The inspection system
of ¢l al myl8 VR gleflnd bt LlfmC O MiRFoir? RN Albid b al Kt BAL b 18R | 1BGimgt AT NG
is not nmoving or ‘noving slower than a threshold, the inspection systemis
di sdbl egred@@rmifiaé colmspriche progeys tralsizes the [videmsizBaloine feteas thef predeiermingd calor

si gnal incH'lc‘a es that the coiled 30 tubing is noving faster than the

t hr eshold, TR mﬁﬁ%%%eé‘{-i on systemis enabled. 21. The inspection system of
cl ai m 185f ur t Aesuteroamad inspeotoresystesiefor id¢raitiing ddfend inguil@dubiog, comprighgit e vi deo

i mges taken fromthe pluralit foi ing devices with o anot her as wel |
as with a |ongit (AfOHRCeHESHE %’ﬁ‘gélllrfsﬂg’g‘ixﬁ‘g'tec}ﬁﬁ\{tF@&e(EoﬁB]it[lﬁ% Sét}gvlvaﬁ% Phe count er
signal . 22. The i nspeelilyT isYshe tevides ebiigireiSo Whgiiei videéoimaydsdé aoilsdngkiag ar e

transmtted to the 35 conmputer systemfor real tine identification of
defdéts. 17 WO 03/®8854bnppassesdpionef iy ipggingfeviseispect i on system of claim

15 further conpri Se{n%a%e \Bieglgotrarn?xﬁf?tre&i% tl?eOEgﬂlﬁMres‘f}lstEﬂ SAOhE pakidif r¥do3RBon

i mges fromthe plu 'ty of 1maging devices for | ater defect

i denti fi cati owftwae. anphyzinign peimaganexipstingniestures fom 5 krseeprd tZaeergibig) &d
tubi ng conpri.ses at .l east one . ifudinal stripe on the outer surface of
t he tubing as™ 1C?t1é)f‘éilrae%§e§t Sc%?en lhgdq%tﬁltrleplgg éof identifying the 5 annular

| ocati onef arteciaspstonosysieheott elindS wherein the imaging devices are fiber-optic imaging

20  devices.
17. The inspection system of claim 15 wherein the plurality of imaging devices consist of three
CCD cameras.
18. The inspection system of claim 15 further comprising:
a counter signal identifying a location along the coiled tubing; and
25 the computer system reading the counter signal to identify the location along the
coiled tubing at which a defect is located.
19. The inspection system of claim 18 wherein if the counter signal indicates that the coiled
tubing is not moving or moving slower than a threshold, the inspection system is disabled.
20. The inspection system of claim 18 wherein if the counter signal indicates that the coiled
30 tubing is moving faster than the threshold, the inspection system is enabled.
21. The inspection system of claim 18 further comprising a video stacker configured to
correlate video images taken from the plurality of imaging devices with one another as well as with
a longitudinal position along the coiled tubing using the counter signal.
22, The inspection system of claim 15 wherein the video images are transmitted to the

35  computer system for real time identification of defects.
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25. The inspection systemof claim 15 wherein the pattern recognition
software further neasures the outside dianeter of the tubing and generates
an i ndi cawpmn/05$543 he di aneter is outside a user-designat @¢TIUSHESHENE €
range. 27. A conputer systemfor use in an autonmated tubing inspection
system conprising: 10 a processor;_at |east one out put dsdeevi e: gn_input
devi ce @dnfi gbe iapacgon avstenyef gJaitel> BirtherAOMPHFRS g NHlep ZFcgr é&‘i}]&ﬂ%{lfe I'° Fikges

from thg v g Smb iRt e PRSI GF i§hAREUARE I s defcbias i npARAT am conf | gur ed

to read the 1 madges an _ eatures fromthe inages and conpare the
si ze of 2¢hes@hé auspestion wygainnef claive rl5dwhareiadthe toRfess Fbings compisee ifh lGapt Pife

pattern,cl assification s ' | entefk LS
foes. not SRR ERT bt e tisk Ao AThEl RS [ehAtnde A R B oL e
i nt e r uphnuldrivetatat ofragfedtivaton shedebiegt has been | ocated. 20 28. The conputer

system qf clajm.27 further co i.Sing: ,an.input _for receivin at| dat a
i ndi cat i*fig t&@e pBELEH BN S B&nomﬁ%‘?? ?ﬁewqeﬁeélb g attelmnﬁeg%og’%fg\r&é %gk'g%; H\Xﬁgrr ein
when t he cRakds@hdo1t4ids inb b1 8O nbafetand encgefemahdisatioh éf thadiaimegr isniusidelspt |,
the conputer systemtransmts the inmage containing the defect and the

cor r espapidagignaeg tolgranes 18Rsedat a t o t he out put device. 29. The conputer
system cl 'éﬂnﬁfé | 2@ WIbGR ihspedioR sy sk Eomprithg: The

comput e(r%'sys?lem ftec ai%%éh%g?g%ﬁ%he ou'?%ut@devi cjé is a Ir)mnigtor. 31. The
conpOt er syst em ofaprdcassar;28 wherein the pattern classification software may
be trained to recpgnized . defects and i gnore innocuous features.
30 32. A net hod o@%ﬁéﬁ??%%g%ects in a continuous |ength of coiled

t ubi ng, conpri si ngn imas dévig dohguedtol raceivesvideorsignals ahd generasel saqueritiabimages r ont
of a plurali t@y o;} i]gagi nﬁ_ devi ces; capturing inmages of the outer

ci rcunf er enc &8t e K&SP Bhg with the i magi ng devices 35 and transnmitting
the images to a PraGRasHassihtivDsoBIQ6 BdtnPéhiiiiod (384d the imegsiaud axrache

i mges by the processor and inputting the imges, to _conputer. visio

sof har e~ r unisatges fomh thepimsgess agh comprie theo8ids g’? riepse ﬁ%a“ir‘}'ﬁ%g"%@nsé ps¢rdetined
conputer visigngspttware; and A

wherein if the pattern classification software determines that the size of the features

does not fall within the user-defined threshold, the software generates an interrupt
indicating that a defect has been located.
20 28. The computer system of claim 27 further comprising:
an input for receiving location data indicating the position from which the incoming
images are taken;
wherein when the pattern classification software generates the warning interrupt,

the computer system transmits the image containing the defect and the corresponding

25 location data to the output device.
29. The computer system of claim 28 wherein the output device is a printer.
30. The computer system of claim 28 wherein the output device is a monitor.
31. The computer system of claim 28 wherein the pattern classification software may be trained

to recognized unwanted defects and ignore innocuous features.

30
32. A method of identifying defects in a continuous length of coiled tubing, comprising:
passing the continuous length of coiled tubing in front of a plurality of imaging
devices;
capturing images of the outer circumference of the tubing with the imaging devices
35 and transmitting the images to a processor;
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identifying predeterm ned features in the tubing. 5 33. The nethod of claim
32 further including initiating a warning event upon detecting a defect in
t he tubi o 0345857Hhe net hod of claim 32 wherein the passi n@C3tusp2/91eé udes
guiding the coiled tubing through a guide roller nmechanismas the tubing
is spooled on or off .a stor.age reel and placing the aperture of a ..

i ur ol ity of i gt et Ga8 MEGBEs 51 he B3RS e ol AR cPiowrly vision
nmechani sm 1030&5/are}bﬂqiﬁl%§ﬂlgh€pﬁfce§§b@hﬂﬂ 32, further conprising: transmtting
a depth counter value the processor to identify the position along the

tubi ng at which t hEoFssEBB e dpaecs gk Bis CORRYCVILY Si"REF: eMe i nmge of t he
features. 36.idgrﬁ§yiﬂgf)&gge&{iné‘d|@hﬁge§ﬁ thadubiaer including indicating the
position of a defect in the tubing. 15 37" The nethod of claim32, further
conprd si Hy: spreanéthodef ddia Bdwtheamcludingtinigaiingfa warping geané ppanrdstectiega defectwi t h
respect iglghea[gbhgnnul ar reference established by at | east one | ongitudinal
stripe | ocat ed'®n the outer dianeter of the tubi ng; and indicating the
annul ar Fbsi tTlemahod éfelgpmSAethereir the gastieg stap aslud@zudBng thh eoitedititonl tfough ai m

32, further. i sj t Ltti. t t he, i i i
ot | i BB b 508 P o8BS of 7 RSHG6 el A AR e B
32, wher gploratifyf im@gh @ vitey inkise roRinhigd tithudie ralldrenechatisadd t hat is coupl ed

to a reel_on which the tubing is coiled. 40. The method of claim 32,
furt¥fer BonprThemgthed ety 3EHETSGEBIGRS r ecor dabl e nedia prior to 25

processing the i me@8gmidde a H8%h BBIRIdaRE thd AbBRsER to idhiifyethe POIRIH AbMlPthe
storing the images with the depth counter value. 42. The nethod of claim

32, further cobiggpsvirgh thddnages gierigken; dat ure as a defect by determining if
the size of an unr ol . eds a user-designated threshold. 30
SRR A

43. The net hod of er conprising identifying a feature as a
def ect B36. det Bremetharhof cldimt3f durthier inclofling inglicatingths pysiti@od grieteedin def taling.has
grown, be%ond 'ﬁieunsle%flécfj&scia%%a_’beﬁrﬂ?eerESI%BILlsaI'rgge of its original size. 19

specifying the annular location of a predetermined feature with respect to an

annular reference established by at least one longitudinal stripe located on the outer
diameter of the tubing; and ‘
indicating the annular position of the predetermined features.
20  38. The method of claim 32, further comprising transmitting power to operate the imaging
devices and transmitting light to illuminate the tubing.
39. The method of claim 32, wherein the imaging devices are located on a levelwind that is
coupled to a reel on which the tubing is coiled.
40. The method of claim 32, further comprising storing the images on recordable media prior to
25  processing the images.
41. The method of claim 40, further comprising storing the images with the depth counter
value.
42. The method of claim 32, further comprising identifying a feature as a defect by determining
if the size of an unrecognized feature exceeds a user-designated threshold.
30 43 The method of claim 32, further comprising identifying a feature as a defect by determining

if the size of a previously recognized defect has grown beyond a user-designated percentage of its

original size.
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