Met hod for Mapping Geonetrical Features Using Opto-Electronic Arrays
Background of Invention Field of the Invention [0001] The invention

rel ates generally to systens and net hods for mapping geonetrical features.
In particular, enbodiments of the present invention relate to systens and
met hods for inspecting screens used in oil and gas industry. Background Art
[0002] In the drilling of oil wells, referring to FIG 1, typically a
wel | bore 12 is drilled throw a geological formation 14 containing fluids
such as oil. The wellbore 12 is protected with a casing 16 having
perforations 18 through which fluids flow fromformation 14 into the
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punp, or diaphragm punp. The fluids flowng into the wellbore often

I ncl ude undesirable particles such as sand, which may result in inefficient

oil production due to obstruction of fluid flow, wearing of the punping
system and casing failure cgﬁi@rﬁy“do?m\’wléﬁrrosi on. Therefore, sand
control is often necessary. [0003] In order to control sand, usually a

sand screen is placed in the welFiebtef thedngentsmn out the sand particles
while allowing the fluids to flow through. As shown in FIG 1, a packer 13

may be peopdjto isol gt id@%nﬁdﬂn‘brwessﬁsﬁfﬁmhl&ofi)&tﬂmé hadceetlods i fon. mdpsing
packer 13 has a sand screen 15 attached thereto. Under the action of
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Background Art

[0002] In the drilling of oil wefls, referring to FIG. 1, typically a wellbore 12 is
drilled throw a geological formation 14 containing fluids such as oil. The
wellbore 12 is protected with a casing 16 having perforations 18 through which
fluids flow from formation 14 into the wellbore 12. The fluids are pumped out of
the wellbore using any artificial lift, such as gas lift or a pumping system 10,
which may be an electro-submersible pump, progressive cavity pump, rod pump,
hydraulic jet pump, or diaphragm pump. The fluids flowing _into the wellbore
often include undesirable particles such as sand, which may result in inefficient oil
production due to obstruction of fluid flow, wearing of the pumping system, and
casing failure caused by formation corrosion. Therefore, sand control is often

necessary.

[0003] In order to control sand, usually a sand screen is placed in the wellbore
to screen out the sand particles while allowing the fluids to flow through. As
shown in FIG. 1, a packer 13 may be used to isolate the pumping system 10 from
the completion. The packer 13 has a sand screen 15 attached thereto. Under the
action of drawdown produced by the pumping system 10, fluids are forced through

the sand screen 13. One of the most commonly used screens is a wire-wrapped



screen, formed by helically wapping wires around a | ength of perforated
base pipe. Sand screens nmay be attached to a packer that protects a
punpi ng system (as shown in FIG 1) or to a production string deployed in
t he production zone. Wre wapped screens nay be used, alone or in

conbi nation with gravel -packing, either 1in open-hole or in cased-hole. A
nmet hod of constructing wire-wap well screens has been described in U S.
Pat ent Application Pub. No. 2005/0125980. [0004] The filtering performance
is a direct function of the size of the gap between adjacent turns of
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typical screen in the art, the gaps 21 between the long wires 22 are generally on
the order of 100 microns, and the wire itself usually has a width on the order of 1
millimeter. Figure 2B illustrates a cross-sectional view of a screen. Wire-
wrapped well screens may be of large size, and are often several tens of feet long.

Thus, there are usually a large number (tens of thousands) of repetitive patterns

within one screen.

[0005] Because the widths of gaps 21 between wires 22 are critical for sand
control, it is important to inspect the screen in a fast and economical way and
subsequently to maintain the screen. The gaps should be as uniform as possible
throughout the screen. Conventional inspection techniques involve manual
methods using a gauge or an optical scope to measure the gap widths. Due to the
small sizes of the gap widths, usually an enlarged image from a magnifying lens is
required in order to measure the widths. Some of these techniques have been
disclosed, for example, in U.S. Patent No. 4,914,514. Conventional techniques are
often inefficient and are subject to human errors. More recently, automated
optical inspection methods have been disclosed, for example, in U.S. Patent

Application Pub. No. 2004/0258293, which describes using a camera to capture
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optical inspection nethods have been disclosed, for exanple, in U S. Patent
Application Pub. No. 2004/0258293, which describes using a canera to
capture 2 inages of a portion of the screen to determ ne the distances
between wires. Due to the large size of a screen, still only a subset of
sanpl e sections may be exam ned, and statistical techniques are often used
to characterize the quality of a screen using quantities such as the
average gap width and the statistical variance about the average. [0006]
Therefore, there still exists a need for new approaches for inspecting a
screen or other large geonetrical features in a fast, accurate, and
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FIG 1 illustrates atyplcal wel | bore for production of oil in the prior

art. [0011]] FIG 2A shows a close-up picture including an enlarged section
of the surface of a wire-w & mmwno{gﬁhcﬁevgnn@n art. [0012] FIG 2B
shows a cross-sectional view of a section of a wre-wap screen

[0007] One aspect of the invention relates to a method for inspecting a surface of

an object, including scanning the surface using an array of opto-electronic sensors,
obtaining a reflected light signal from a location on the surface, combining the light
signals to form a representation of geometrical features of the surface, and processing

the representation to obtain geometric quantities of the geometrical features.

[0008] In another aspect, embodiments disclosed herein relate to system and
apparatuses for inspecting a well screen, including a sensor array made of a

plurality of opto-electronic sensors, a motion control unit, and a processor.

[0009] Other aspects and advantages of the invention will become apparent

from the following description and the attached claims.

Brief Summary of the Drawings
{0010] FIG. 1 illustrates a typical wellbore for production of oil in the prior art.

{0011) FIG. 2A shows a close-up picture including an enlarged section of the

surface of a wire-wrap screen in the prior art.

[06012] FIG. 2B shows a cross-sectional view of a section of a wire-wrap screen

in the prior art.



in the prior art. 3 [0013] FIG 3 shows an exenplary inspecting systemin
accordance with enbodi nents of the present invention. [0014] FIG 4
illustrates a method of using a single sensor to scan in a direction

parallel to a cylindrical object. [0015] FIG 5 illustrates a nethod of
using a single sensor to scan around a cylindrical object. [0016] FIGS. 6A
and 6B illustrate a surface mappi ng nethod using an array of sensors to

scan in a direction parallel to a |ongitudinal axis of an el ongated object.
[0017] FIGS. 7A and 7B illustrate a surface nmappi ng nmethod using an array

of sensgrs to scan in a direction around a |ongitudinal axis of an .
el ongat UP18bj ect. [F&O18) shpws anj exqmplakk dBSRECHRAS| SYSjeBpHY ACCYfaney With

wel | screen | ctiagn sing. a.opto-electronic sensor array. [0019] It is
to be under S%@gg&ﬁ%ﬁspﬁ ed?’%ﬁlﬁdlgv%hémto be used for the purpose of
illustration only, an nof as a definitigon of the nmetes and bounds  of .the
i nvent i ,14T0r as allh sflg1?%5?3@%&&?%@()%9@%%&Séﬂgleoﬁenﬁm-tpém &ya direction
limtations %&ﬁﬁfe"&%@@ﬁal Qge{?@{.l ed Description [0020] In one aspect,

enbodi nent s nvention relate to nethods for inspecting
geonetrical_ feature f C osjte ass li.es, such as filters and screens
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enbodi ment s f[ﬁ&ﬁﬁ t invention can also be applied to inspecting

ot her struc?%}es agéﬁﬁgﬂa | ar ge nunber of generally repetitive patterns,

such as = perfor |, at cyl indrical .product.s en netallic or
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the present 8RRk TPL Aredtifh Pamiilel o #TordPulinal axis of an elongated object.
10017] FIGS. 7A and 7B illustrate a surface mapping method using an array of

sensors to scan in a direction around a longitudinal axis of an elongated object.

[0018] FIG. 8 illustrates exemplary operations for a well screen inspection

using a opto-electronic sensor array.

[0019] It is to be understood that the drawings are to be used for the purpose of
illustration only, and not as a definition of the metes and bounds of the invention,

or as a basis for reading non-existent or un-recited limitations into the claims.

Detailed Description

[0020] In one aspect, embodiments of the present invention relate to methods
for inspecting geometrical features of composite assemblies, such as filters and
screens used in the oil and gas industry. The method and system in accordance
with embodiments of the present invention can also be applied to inspecting other
structures having a large number of generally repetitive patterns, such as pre-
perforated flat or cylindrical products, woven metallic or non-metallic

compositions, corrugation or embossing.

[0021] Embodiments of the present invention employ a plurality of opto-

electronic sensors that form an array. The sensors may include laser sensors or
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el ectronic sensors that forman array. The sensors may include | aser
sensors or 4 machine vision caneras, or a conbination of both. Wen using
a |l aser sensor, a |aser produces a small |ight spot on the surface to be

i nspected. A discontinuity on the surface, i.e., a gap between wres,
results in a loss of a light spot. Such an event can trigger a mark, which
can be recorded along with notion coordinates provided by a notion control
unit. Wth proper calibration, the adjacent marks are then conbined into a
digital geonetric inmage. In accordance with sone enbodi ments of the

I nvention, a photo-detector in the array detects the brightness of the
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When the surface is cylindrical, scanning is wusually perfornmed through a

rotati onal mnof tlenlighbspt. t Aanay lof thie brighiness can bgcgametatod dumngHhs sean and
enbodi ments of {he (%gesentl i nventian, tscanni n nanFfé‘l so be perfornmed by
successi ve it BE P8 ImalyZrsromgitFel ferres PlolgSUHAt ons. [0024] An

exenpl ary surface i &sjﬁect lon systemis illustrated in FIG 3. Al though
only t hf#B2pt 0- el eWhemivsingemghineisiopragmeiagn maiioghearleymt mpviesrthe an

array 300, it, w e .reco rH'zed by those skilled, i
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, Of moves a camera or a plulrgllity of cameras to scan

surface and record an image of the surface. Processing of digital pixels combined
with an adequate calibration of the system is then translated into quantitative 2-D
information. In addition, machine vision cameras may require a light source to

illuminate the surface when natural lighting is not available.

[0023] For a single-axis linear array, when the surface to be inspected is flat,
scanning is usually performed through a linear motion either parallel to the array
axis or transverse to the array axis. When the surface is cylindrical, scanning is
usually performed through a rotational motion around the cylinder axis. In
accordance with some embodiments of the present invention, scanning may also

be performed by successive iterations of linear and/or rotational motions.

[0024] An exemplary surface inspection system is illustrated in FIG. 3.
Although only three opto-electronic sensors 31, 32 and 33 are shown here to form
an array 300, it will be recognized by those skilled in the art that the array may
include any number of sensors. In the case that the sensor 31 comprises a laser,
the laser sends out a laser beam 34 and illuminates a spot on the surface 35 to be

examined. The reflected light signal is captured by a photo-detector in the array



I ncl ude any nunber of sensors. In the case that the sensor 31 conprises a

| aser, the |aser sends out a | aser beam 34 and illum nates a spot on the
surface 35 to be exam ned. The reflected light signal is captured by a
phot o-detector in the array 5 300. Although the sensors 31, 32 and 33
shown in FIG 3 are nechanically linked together and nove collectively, in
accordance with other enbodi nents of the present invention, the sensors
can nove i ndependently. In this case, the independent notions are

associ ated w th i ndependent position detections, so that an optical
sensing is almays associ ated with a spati al Iocatlon [0025] The arra 300

is shown to BRO.afslthongh thesensars §1n%%andé3§h@n@1 i FIg). |3 oe meclﬁelqablw
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300 can noveindeperdgnttmosaEnatchassotiatee wuhfladepéiﬁent:posmenrdntﬁ;tmas,csn thatg
to sonme enbodi rrents the array 300 may rotate arqQund an axis 38, as shown
by the arrowAl 8Bucalgensingiiyalyays asserdafed Qﬁ‘t}hﬁy?P%FF‘g 0¢88i0R e, as i ndi cated by
the arrow 331, around the linear axis of the array 300. In this case, the
sensor [QLDZcSeipabl e ofl‘heswewﬂﬂfgisahoane@ benatpadhiedto tahd is oaemabimalongsasil 36

t he sensor on,the, face. addi ti array 300 ma nmoving in the
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kept constant, i.e., the array 300 generally scans the surface 35 in

directions gan aneve alopgtthe railr¥hte 33131‘60[“00213'{1 Thienges thenarsay 808 canr apve00
I's controll eﬂ'egﬁz atom)stcéu? . h%on\;rl{;(())le %QII' ace ;5 Furthermore, according to some

embodiments, the array 300 may rotate around an axis 38, as shown by the arrow
381. An individual sensor 33 may also rotate, as indicated by the arrow 331,
around the linear axis of the array 300. In this case, the sensor is capable of
scanning an area away from the location closest to the sensor on the surface. In
addition, the array 300 may be moving in the direction along the rail 36 and/or the
rail 37, and during the linear motion, the array 300 may be directed to rotate
around the axis 38, or rotate to a certain angle relative to the rail 36, and individual
sensors may also have the freedom to move. In most operations, the distance d is
kept constant, i.e., the array 300 generally scans the surface 35 >in directions

parallel to the surface 35,

[0026] The motion of the array 300 is controlled by a motion control unit 107
within an electrical circuit 106, which, in turn, may receive commands from a
computer 11. The electrical circuit 106 may also include an image processing unit
109, which may also receive commands from the computer 11 for collecting data,
receiving the relative positions of the array 300 and/or the surface 35, and process
the obtained images. The images may be displayed on the computer display 13.

In addition, the computer 11 may include readable media such as a CD-ROM
6



within an electrical circuit 106, which, in turn, may receive commands from
a conputer 11. The electrical circuit 106 nay al so i nclude an inage
processing unit 109, which may al so receive conmands fromthe conputer 11
for collecting data, receiving the relative positions of the array 300
and/or the surface 35, and process the obtained images. The inages may be
di spl ayed on the conputer display 13. 1In addition, the conmputer 11 nmay

i ncl ude readabl e nmedia such as a CO-ROM 6 disks, floppy disks, hard-disk
drives, and flash drives, which contain progranms of instructions for

trolli ' |l ect] d . stori . ' ' :
pert orm g abBte: HoRR HisEhah AN CPEaT SAg driVqo 027 AVRHULGTP ERES )
iIlustrat jTeseTelntMy(>Ts : ' ' : th
moans 1 or  contralTVRh G o fi oAU et o Bline (Ale, BRI ARES o1

means ar e knand perfoirhimgaduangitetiveaandagatistichbamdlydel i n accordance wth
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be realized HfionfONOlmMeans argknpwpnp theart and caadpe iroplementedsinr gegerdanse

sur faces may i efbasils ok nESaR v Riprd pForREinnR, B A 0 B L5
dependi ng OnZIID%.n%F([ aNd P lovion ﬁ_ﬂf PehRhfRR\Riig ¥ mibtol BRd aSeHrfideeof BHHRe

i nspected. 100281 [n accordance with enbodi nents of the present Tnvention,
scanni ng notrieshsnidal megnshakneaddititne, thx Isarfacs 38 toberinspeeteanddesarod haee o be
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governing t hg AfchdhetFER) % RERE A% And the array 300 may be realized and the scan can
be performed. In addition, the surface 35 does not have to be flat. Other shapes of
surfaces, such as cylindrical surfaces may be examined. Various scanning options
may be implemented, depending on the array topology and the complexity of the

surface to be inspected.

[0028] In accordance with embodiments of the present invention, scanning
motions do not have to be exhaustive over the entire screen. Instead, a random
analysis protocol may be employed such that the scans cover only a representative
fraction of the whole target area. Parameters governing the area sampling protocol
may be entered by an operator and/or generated by a computer program. These

parameters may also be automatically altered in the course of a scan process based

on real-time measurement results. For example, if anomalies occur at a rate higher
than a preset value, a higher-density random scanning may be triggered. In some
cases, a 100% scan coverage may be triggered, at least in areas surrounding a

detected anomaly.

[0029] Referring to FIG. 4, wherein a cylindrical surface 41 of a length L is to

be inspected by a single sensor 42. The sensor 42 may be directed to move



may be entered by an operator and/or generated by a conputer program These
paraneters may al so be automatically altered in the course of a scan
process based on real-tine nmeasurenment results. For exanple, if anomalies
occur at a rate higher than a preset value, a higher-density random
scanning may be triggered. In sone cases, a 100% scan coverage may be
triggered, at least in areas surrounding a detected anonaly. [0029]
Referring to FIG 4, wherein a cylindrical surface 41 of a length L is to
be i nspected by a single sensor 42. The sensor 42 may be directed to nove

7 linearly along the axis of the cylindrical surface 41, and the distance T
is registerH@ednly, aepg thenaxigsof |ti¥fasqy indeigal surfpes 4, vk thedistangs ﬁa‘ﬁ
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As shown in FIG 6B, only a fraction of notion with a distance T parallel
to the | ongi SeAdiniRg motion wRy thawe aufixed er aopriablensnsgddand muyilg In pentipisius
length L of the.surface. 66. In addition, the sensors can be controlled to
rotate aroun8f BETES M BEAC surface 66, or alternatively the cylindrical
surface 66 can rotate around its axis, or both the sensqors and the surface
are in M3%n, so | dhgurss 64 and aBjillestrate ponriage mappigmethod using an array of

sensors 61—64 to scan a cylindrical surface 66 of a length L. The sensors are

spaced at a fixed distance SR from each other. As shown in FIG. 6B, only a
fraction of motion with a distance T parallel to the longitudinal axis of the surface
66 is needed to cover the whole length L of the surface 66. In addition, the
sensors can be controlled to rotate around the cylindrical surface 66, or
alternatively the cylindrical surface 66 can rotate around its axis, or both the
sensors and the surface are in motion, so long as a relative motion is achieved to
perform a desired scan. The relative scanning motion may have a fixed or a
variable speed, and may be in continuous or discrete motion mode. The sensors in
the array do not have to move collectively as shown in the exemplary
configuration in FIGS. 6A and 6B. The sensors may be controlled to move

individually to achieve a desired scan.

[0031] Figure 7A illustrates an array of sensors 71—73 arranged at a constant
distance around a cylindrical surface 77. The distance between the sensors may
also have a fixed value SR. Sensors 71—73 capture light reflected from #1, #2,
and #3, respectively, on the surface 77. As shown in FIG. 7B, the relative motion
between the sensors and the surface does not need to be a full circle. Only a half

circle of relative motion caused by rotating the surface, or by rotating the sensor
8



performa desired scan. The relative scanning notion nmay have a fixed or a
vari abl e speed, and nay be in continuous or discrete notion node. The
sensors in the array do not have to nove collectively as shown in the
exenplary configuration in FIGS. 6A and 6B. The sensors may be controll ed
to nove individually to achieve a desired scan. [0031] Figure 7A
Illustrates an array of sensors 71-73 arranged at a constant distance
around a cylindrical surface 77. The distance between the sensors may al so
have a fixed value SR Sensors 71-73 capture light reflected from#1, #2,

and #3, respectively,.on the surface 77.. As shown jn F|G. 7 the r i ve
o het bty Febabn s, SUTichii (R Fosbf hi B HabeRls inguiling dogrnmsiid, 15,
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such a case,, onl i pn. control. per. axi,s i s pneeded. Th

Soe oot g B r ottt e e SR ot THEGI80ve AT sREDRAS, S8
sel - adj ust idhaive IokRhcld R bASAIORRIANT RABhIEOSPeHlY ptdieaBCanni ng s

bei ng perfornmed. [0032 y operation ste I'nspecting a well

cercen gh | ot 8GyhryHin BpSi Pk, SRISRRALIASI 50

| ocation on Fie Scraafep 90,bﬁeisﬁﬁdéﬁf%$rﬂ¢or thEReARSrdrEed! ar HoRITRINRE Suck W4t the

the size of the screen, are initialized at step 91" This step nmay include
data entry fsamsoa areanufpantsr itmga dstediegs dpcataia entthy fereem  tn bepdnspested. and
the 1 ocat | onOSPEeNiGH SREPBRETS SRR R R sizer e eFe ioeres Sosep i
f'z)ep may Al $hRMtES mdy incllfe 8ty FoB HaRGfhANhd 85b9&T GBS LATP AT NI
an operator, and initial measurements during the initial setup phase. The
coordinates of the location are registered, for example, by a computer at step 92.
This step may At step 93, a light signal is obtained and recorded corresponding to
the registered location. If a single laser beam is used as the lighting source,
depending on the photo-detector/sensor type used, the light signal may be a
digitized intensity signal or an image of a light spot. If an array is deployed, the
light signal is an opto-electronic image covering an area around the location. A
maximum number of scan steps may be specified, for example, using a maximum
scan time period or a maximum size of the screen. If the maximum number of
specified steps is reached as determined at step 94, then at step 96 the light signals
are combined to form an image, which is processed and quantitatively analyzed at
step 97. The analysis may include statistical analysis to obtain quantities such as
the mean value of the size of the gaps in the screen and the variance of the size. If
the maximum number of steps is not yet reached, the screen and/or sensor array

are moved to a next location at step 95, and steps 92-94 are repeated.

[0033] In accordance with some embodiments of the present invention, an array

may include a plurality of sensing units. Each unit as well as individual sensors
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the registered location. If a single |laser beamis used as the lighting
source, depending on the photo-detector/sensor type used, the light signal
may be a digitized intensity signal or an inage of a light spot. If an
array is deployed, the 1light signal is an opto-electronic inage covering
an area around the location. A nmaxi num nunber of scan steps may be
specified, for exanple, using a maxinum scan tinme period or a maxi num si ze
of the screen. |If the maxi mum nunber of specified steps is reached as
determ ned at step 94, then at step 96 the light signals are conbined to

f i whi ch .i d titafively. I d at tep 97.
The. anal yor o Tty NG ERIBHET I s SPTEHATFS: 8 11 BRVIDIA WA ies TODA as
the mean val geaf atfifash 2, Whfe g%sén@iﬁg;&}]igp{aﬂm% Ep AP MfEBh

the size. If the X1 mum nunber of steps | reac e screen

and/ or sensoedjasimagnt. aThisnmedibd allewsex serdsghuniinoapaiieefor b fragfioh Hfelmhe
92-94 are repeated. [0033] In accordance with sone enbodi nents of the

present i nveitil§ihe afhole pEgy inkycantieugue metionuwhile ssands bemgsperformmicdk s.  Each
unit as well as individual sensors 9 may nove independently. A conbination

is thusl@BHi bl e usisndyaatapes tcd theopriesent infretitien andyayndsda onbadremondidfetheach
sensing unit y have an independent |ocation adjustnent. This nethod
all ows a sengqqﬁt}"lﬂﬁi {a) Basipa ssannipe; £bX lasgen eavesaze pree; (whhigher mecagnrsmeent

array is in ] ti j can.is _bei rformed. . [ 003

Advant ages o?%%éwpﬁg@eedg?a isﬁﬁ\)aém%l%ﬁ ?Pao)a} fsn&sﬁ‘gera‘g)ng?e&ﬂ%m eWH¥1 {Wé})endent
follow ng: (movearhebf ARviduADsenkSs ihaRdfrapover age area; (c) higher

measur enent accuracy when a small |aser spot is used; (d) flexibility with

i ndepenggjals; novene (YA 0 I I . il he
inventi g}rilnh;ts been ?élé‘@é ﬂ)e_ Iv\)71\/%l ‘?ﬁ%%%g@eg} &%Shge‘{l Pﬁﬁqﬁtggﬁ%ﬁ%%ﬁ%ﬁ%mum%é
enbodi ment s, of kadwdakehtsethdss didiechlif thhaw, MaviRRNBEAiO6E 1k HisiISRIOSWAIE,
will appreciate that other enbodi ments can be advi sed which do not ‘depart
fromthe appreciate that other embodiments can be advised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the scope of the invention

should be limited only by the attached claims.
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scope of the invention as disclosed herein. Accordingly, the scope of the

i nvention should be |[imted only by the attached clains. 10 dains Wat
is clained is: 1. A nethod for inspecting a surface of an object,
conprising: scanning the surface using an array of opto-electronic sensors,
wherein the opto-electronic sensors are separate units arranged in a
spaced-apart configuration in the array; obtaining a plurality of
reflected light signals froma plurality of |ocations on the surface;
conbining the plurality of light signals to forma representation of
geonetrical features of the surface; a@&"ﬂ?ocessi ng the representation to
obtain geonetric quantities of the geonetrical features. 2. The nethod of
claim1l1, wherein the scanning is performed through a relative notion neans
t hat causesWaat sldaimeel ispti on between the array and the surface by noving
at | east one of the surface and the array, and wherein the relative notion
is at |east one of a continuous notion and a discrete nmotion. 3. The

met hod of cl.ai m& meathed &rminspestinglazurfaee aban objeck compristlZ ed by a noti on

control unit and is .at IIleas one. sel ect ed %romee;he%ﬁg{iou consi sti.nghof
linear notion paPEMAGIthE Yirfars USingAn aEass of PRIAEEITCITANT SMSPPaNdvErE S o the
array axis, o 3001dptdid ' LA od InWEhaead-aphit R6hfigdafiondn The
nmet hod of c?@?cr%l%, &de%%rstﬁggé@ﬁ%%rusﬂgggagge- (lzlon@l gur gg to m;g‘?a on
col | ecti velthe apray;The nmet hod of claim 3, wherein the sensors nove
| ndependent | y. o ) i ) , ,
obtaining a plurality of reflected light signals from a plurality of locations on
the surface;
combining the plurality of light signals to form a representation of geometrical
features of the surface; and
processing the representation to obtain geometric quantities of the geometrical

features.

2. The method of claim 1, wherein the scanning is performed through a relative
motion means that causes a relative motion between the array and the surface by
moving at least one of the surface and the array, and wherein the relative motion is at

least one of a continuous motion and a discrete motion.

3. The method of claim 2, wherein the relative motion is controlled by a motion
control unit and is at least one selected from the group consisting of linear motion
parallel to the array axis, linear motion transverse to the array axis, and rotational

motion around a cylindrical object axis.

4, The method of claim 3, wherein the sensors are pre-configured to move

collectively.

5. The method of claim 3, wherein the sensors move independently.
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11 6. The method of claim1l, wherein the surface is a wre-wap sand screen
surface for use in subsurface wells. 7. The nethod of claim11, wherein the
representation is a digital representation and said processing utilizes
digital image processing. 8. The method of claim1l, wherein said processing
conprises performng statistical analysis to obtain a nmean value of a
geonetric quantity and a statistical variance about the nean value. 9. The
met hod of claim 1, wherein the array of opto-electronic sensors conprises

at least one |asgr an n hot o- det ect or . . The nethod of .claim

Sherein sai @ obt RoRIhgLE HEHRG Phsviifts B wiberenTpd SulpTaptace

| i ght spot ﬁ?uﬁ@ﬁlﬁiﬁsﬁﬂﬁé’e%Hé‘.m nated by the laser. 11. The nethod of claim
10, wherein said conmbining the plurality of light signals conprises

interpreting a lack of light spot as a discontinuity in the surface. 12.

The nethod of claim1l, wherein_ sajd conbining the(g{)J ural ity of Ii ght
signals fuftherThomsthoseat dlag bowhersh Wedepesrmaian 15 ¢18HaTgPIesER APy ded

by a notion_contral nit...t3. T laim9, wherein said
obt ai ni ng c%nr%g i“'ssBléocggstl%%Hlﬁﬁesadlgﬁ?‘liqgﬁggg’é(géeg?lhg' | i ght spot on the surface

illumnated by the |aser. 14. The nethod of claim 13, wherein said

conbining the plurality of light signals conprises constructing a nmap of

bri ght ness.8.12 1Bhe fethadesfrdainot , wheriein said promesding comprisespereirming

opto-el ectronic, s rises at one chi ne.vi si,on carrerg. 16.
in

The ot hod SRUICa] pEsts feRaing fran Calie.o] & SromGapobaY 20 EGHer
sai d obt ai n{fd}ganﬁggﬂf)ﬁtstﬁénlic%ﬁqfa%@g an i mage of a portion of the surface,
in

and where

9. The method of claim 1, wherein the array of opto-electronic sensors comprises

at least one laser and one photo-detector.

10.  The method of claim 9, wherein said obtaining comprises using the photo-

detector to detect a light spot on the surface illuminated by the laser.

11.  The method of claim 10, wherein said combining the plurality of light signals

comprises interpreting a lack of light spot as a discontinuity in the surface.

12.  The method of claim 11, wherein said combining the plurality of light signals
further comprises registering a coordinate in the surface provided by a motion centrol

unit,

13.  The method of claim 9, wherein said obtaining comprises detecting a

brightness of a light spot on the surface illuminated by the laser.

14.  The method of claim 13, wherein said combining the plurality of light signals

comprises constructing a map of brightness.
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sai d processing conprises digital processing of CCD pixel readouts and a
calibration of a relationship between a di stance between CCD pi xel s and
the geonetric quantities. 17. The nethod of claim1, further conprising:
scanning a representative fraction of the surface based on a scan protocol;
detecting a frequency of occurrence of anonalies based on a statistical
anal ysis; and revising the scan protocol based on the detected frequency of
occurrence of anonmalies. 18. A systemfor inspecting a surface of an

obj ect, co | Si r f,opto-electroni he .
opt o- el ect P}cgn c @gens%{r]]s?%aorr@mglepa‘gg?g"ht He el ?8.1?50 ﬁgcﬁm&'cssﬁgi%ﬁl CapRppes
confi gur at i inedshoh&harhir@Wision Faine@) control unit for causing a relative
notion between the surface of the object and the array; and a conputer

system confi gur ed to performoperations conprising: controlli ng t he

relativerm n .t esur ce and the array vig.the rel |ve nmoti on
unit; regi s ri n—g" @@Q’[q}%&lﬁlﬁ"f H’léheéF‘in © CRINEES 1\?@ GREne ayrarguherein

capturing agid ammgge{@ﬁ@éﬁfebml@ %@ﬁgggé 61*&3@4) g.aotflfﬁgwicet BSd whehdy | on

on the surface usin e array, ion weeh a size of

the i nage rsapt poeossiig Ocﬁmpﬁ@les&hgﬁalzlﬁocéss@ggﬂ'@@Drplﬁéﬂreitﬁﬂﬁyélﬁi @0aliti@tion
surface; and 13 calcul ating the size of the &eometrl cal feature based on

the captur &f a iefpiigashiphietwesn adistrncahgtwern CeD pralseadiibe geometric19. An
appar at us f(ﬂl Lins :pectl ng a well screen, conprising:

17.  The method of claim 1, further comprising:
scanning a representative fraction of the surface based on a scan protocol;
detecting a frequency of occurrence of anomalies based on a statistical
analysis; and
revising the scan protocol based on the detected frequency of occurrence of

anomalies.

18. A system for inspecting a surface of an object, comprising:
an array of opto-electronic sensors, wherein the opto-electronic sensors are
separate units arranged in a spaced-apart configuration in the array;
a motion control unit for causing a relative motion between the surface of the
object and the array; and
a computer system configured to perform operations comprising:
controlling the relative motion between the surface and the array via the
relative motion unit;
registering a location of the array relative to the surface;
capturing an image representation of geometrical features of the
location on the surface using the array;
calibrating a relation between a size of the image representation and a

size of a geometrical feature on the surface; and
13



a sensor array conprising a plurality of opto-electronic sensors, wherein
the opto-electronic sensors are separate units arranged in a spaced-apart
configuration in the array; a notion control unit for controlling a
relative notion between the well screen and the sensor array and for

regi stering a coordinate of a location of the array relative to the well
screen; and a processor for obtaining a geonetric quantity of the well
screen based on an inage obtained by the sensor array and the | ocation

regi stered by the notion contyol., unit. 20. Th aratusg of claim 19,
wherein the plurali tW'&P*%ﬁG&ﬁ%F@EP?H}ﬁ %eo%ggﬁgggtﬁﬁ@asp G8itheraptyged The
appar atus of cl aj ' Mﬁ-]ﬂ%' . Opt o-el ectroni c sensors
nove | ndependen'?Iiln?/‘g%?eperél\ggjﬁEagftoll”alea{rnl.aefgg.k e{e%ﬁfea{‘&’gﬁm of claim 19, wherein
the opto-electronic sensors conprise a plurality of |lasers and

phot o-detectors. 23. The apparatus of claim 19, wherein the opto-electronic
sensors corkfri séAhepparyys forgpepacting @awell scregm compsisii@ar at us of clai m 19,

uber el the”ar ekl DG AR RER BB R 2B Wbt R0
opto-¢lectronic sensors are separate units arranged in a spaced-apart configuration in
the array;

a motion control unit for controlling a relative motion between the well screen
and the sensor array and for registering a coordinate of a location of the array relative
to the well screen; and

a processor for obtaining a geometric quantity of the well screen based on an
image obtained by the sensor array and the location registered by the motion control

unit.

20.  The apparatus of claim 19, wherein the plurality of opto-electronic sensors

move together.

21.  The apparatus of claim 19, wherein the plurality of opto-electronic sensors

move independently of each other.

22.  The apparatus of claim 19, wherein the opto-electronic sensors comprise a

plurality of lasers and photo-detectors.

23.  The apparatus of claim 19, wherein the opto-electronic sensors comprise at

least one CCD camera.

24, The apparatus of claim 19, wherein the array further comprises a plurality of

sensing units, and wherein the sensing units move independently.
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