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, enbodinments 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

wel I bore 12. The Mgtirdrforivbappingdteonzetei¢ablteatiiresany
artificial lift, such asygas Ii@tﬂfréﬁ EUEF ng system 10, which may be an
el ectro-submersi bl e punpVPIbgr Qe Q@G}rérrgyspurrp, hydraul ic j et
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 obstrugiign of flujd flow, wearing of the punping
system and casing failure c3%§839W9“¥tPtg?Y?ﬂPQBrrosion. Therefore, sand
control is often necessary. [ooog%dln order to control sand, usually a
sand screen is placed in the welF ef thedngertewn out the sand particles
while allowing the fluids to flow through. As shown in FIG 1, a packer 13
may be u#®8d1f o i sol alke tilvenpisapichges yehaail{Oof $yetamd hed caahbét ifon mapipeng
packer 13 has a sand screen 15 attached thereto. Under the  action of

dr awdown pr odifeatBaltipdupsndnmyriegdae ginbodinents @f tha arepgitdayentipngghie 1a he
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Background Art

[0002] In the drilling of oil weHs, referring to FIG. 1, typically a wellbore 12 1s
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, wecaring 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



t screen, fornmed 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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restricted, and the screen may be clogged easily. Referring to FIG. 2A for a
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 incfficient 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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di scl osed, for exanple, in U S. Patent No. 4,914,6514. Conventi onal
techniques are often inefficient and are subject to human errors. Mire
recently, automated optical inspection nethods have been discl osed, for
exanple, in U S Patent Application Pub. No. 2004/0258293, which descri bes
using a canera to capture 2 inmages of a portion of the screen to determ ne
the di stances between wires. Due to the |large size of a screen, still only
a subset of sanple 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 wdth and the statistical variance about ;@e
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i ncl udi ng scanning the surface using an array of opto-electronic sensors,

obt ai ni ng a rusinggueditdsghichsisgihalaveragn gapl wedthiand e tatistisalr yargance about
conbining the, light signals to forma representation of geonetri cal
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claing. Brief Summary of the
Drawi ngs [0010] FIG 1 illust PHIERaKY ANVEBHOLr ¢ for production of oil
in the prior art.

[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. | 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.

[0012] FIG. 2B shows a cross-sectional view of a section of a wire-wrap screen

in the prior art.



[0011] FIG 2A shows a close-up picture including an enlarged section of
the surface of a wire-wap screen in the prior art. [00121 FIG 2B shows a
cross-sectional view of a section of a wire-wap screen 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 nmethod 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 | ondddki nal axF¥iof ahPved digSteBPEby daspectingosysferr| s acoudapes 7ath

illustrate a s r'fd’;}cee %B&qhn% erge;t]thi(])lg I%;tsinng an array of sensors to scan in a
direction arounda"d gi't aPRar" ax €6 an el ongated object. [0018] FIG 8
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relate to netd&;?qlﬁﬁcglo(g jbaspecting geonetrical features of conposite
assenblies, s clh as flthe'rs and screens used in the oil and gas industry.
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sensors to scan in a direction parallel to a longitudinal axis of an elongated object.

[0017] 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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structures having a | arge nunber of generally repetitive patterns, such as
pre- perforated flat or cylindrical products, woven netallic or
non-netallic conpositions, corrugation or enbossing. [0021] Enbodi nents of
the present invention enploy a plurality of opto- electronic sensors that
forman array. The sensors may include | aser sensors or 4 machine vision
caneras, or a conbination of both. Wen using a | aser sensor, a | aser
produces a small |ight spot on the surface to be inspected. A discontinuity
on the surface, i.e., a gap between wires, results in a loss of a |ight
spot. Such an event can trigger a mark, which can b recorde? along with
noti on coor dithaghige visioycamarasy ona wembapatiasneh bethynivhen wing §iaspepensor, a

cal i bration, the adjacent are, then c i N i Qi . ric
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phot o- det ect Qe igdhirfRE AN AaPel@fben bR sDIésAlE NBSSl0sOlofthBghi Ut Shah. arA
map of the brightness can be generated during the scan and can be used to
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vi sion caneras, a nmotion control unit noves the Otlr?{j ect ilo ge inzge%%ed or
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i nformation. dibadlfichtOfE theBEHREMRNY hShoto-aaRefonsn MRy arref deteetsaht ibgightreeur ce
to illumnate the surface when natural |ighti ng) is not avail able. [0023]

For a singl e-efkihs lighteant. ary map ehidn brighteass fcae et gertseatpdh slpaiag dhe jseary pad |
scanning is usu

| 'y performed through | i neay notion either parallel to
the array ax‘?aélallﬁ”Sceﬁéﬂé%]r}@‘ég?@“?ﬁ%abf‘qag‘w%ﬁgl.e SW@ﬁe't he surface is
cylindrical, scanning is wusually performed through a rotational noti O][“l
ar ound tHlQZéM i nder eg ugipg machine vision cameras, a motion control unit moves the
object to be inspected, or moves a camera or a plurality of cameras to scan the
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 lincar array, when the surface to be inspected is flat,
scanning is usually performed through a linear motion cither 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



accordance wth some enbodi nents of the present invention, scanni ng may

al so be perfornmed by successive iterations of |inear and/or rotational
notions. [0024] An exenplary surface inspection systemis 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 nmay include any nunber of sensors. In the case that
the sensor 31 conprises a |laser, the |laser sends out a | aser beam 34 and
illum nates a spot on the surface 35 to be exam ned. The reflected |ight

signal is captured by a photo- detector in the arra 300. Althoug h
sensors 31, 3Wglthaughbgsenseryid, 33 agded3 @@Wé‘rﬂﬁcﬁéﬁ 3 qre F?P?é?&amf’@g)énﬂt‘?fand
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that an optical sensing is always associated with a spatial |ocation.
[00251 The arindgp@@iont sosieosvare esdoeiagtd mﬂhemdmemﬁ@at besifron alslastignsrig @at ai |
36. The rail 36 is novable Ion anot her rail During operation, the
sensor array d‘%‘@ﬁ“iaés‘ﬂ‘r“‘%ﬁta BYSaS5P ALY iR ﬁéﬂatéqlg?%?ﬁ‘@é‘ d fromthe surface
35, and driven by a notor, the array 300 can nove along the rail 36_in a
directi of038Y, and tRee papy 388 is shawmiy be altetheditaandds mayableplangiraid 8bon

371. Hence, the ar an the whal e,surface 35.
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also rotate, as indi cat ed by the arrow 331, around the |inear axis of the
array 300. | nmmpturstheasmy IHecaensoe aimgctzhpabﬂl 86adh a chca:humnrﬁ@laanérﬂwraalvm
fromthe |l ocation closest to the_sensor on the surface. gﬁ'@ti on, the
array 300 may“@He"REGiYg e ! A7 iB dBectimosfl-t FEencs; Fhe3'é3“’%)h (capjaove

freely to scan the whole surface 35. 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 1s
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
§)



rail 37, and during the linear notion, the array 300 nmay be directed to
rotate around the axis 38, or rotate to a certain angle relative to the
rail 36, and individual sensors nay also have the freedomto nove. |In nost
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
notion of the array 300 is controlled by a notion control unit 107 wthin
an electrical circuit 106, which, in turn, may receive commands froma
conputer 11. The electrical circuit 106 may al so include an i mge

rocessi ng uni.t 09, i.ch al so. receiv ommands _fromthe conputer.11
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motion between the surface 35 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



surfaces, such as cylindrical surfaces may be exam ned. Various scanning
options may be inplenented, depending on the array topology and the
conplexity of the surface to be inspected. 100281 I n accordance with
enbodi ments of the present invention, scanning notions do not have to be
exhaustive over the entire screen. Instead, a random analysis protocol may
be enpl oyed such that the scans cover only a representative fraction of
the whole target area. Paranmeters governing the area sanpling protocol nay
be entered by an operator and/or generated by a conputer program These

paranmeters may al so be aytomatically altered in the course of a scan, . .
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fixed radius R fromthe axi ternatively, the sensor may be at d
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the sensor 42. In accordance with some enbodinents of the present .
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in order to ach'.ga/etca btetter gacan efficiency. The relative scanning notion
may have a fiXed®@r<d"VArT B51E speed, and nmay be in continuous or discrete
noti on npde. , , . :
{0030] Figures 6A and 6B illustrate a surface mapping method 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 cach 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 nceded 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 c¢ylindrical 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



100301 Figures 6A and 6B illustrate a surface mappi ng nmethod 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 notion with a distance T parallel to the

| ongi tudi nal 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 notion, Sso qug as a relative notion is achieyef(ﬁo perform a
desired scan.aMde O 103k, SesUSHEIRRT HycowsTi BR Wheje kil Hclydiag lesations yids #3p| e

speed, and may, e iy contIAUOUS 1Or, I SGHSHE IR HOMNe HRA% a1 TG PG Schiy
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the array do no ave t t shown in
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individually to achieve a'desired scan. [00311 Figure 7A illustrates an

array of senslorsiclile @Bcarnlgngednation coonslt Fantaxidissteaded dhogeakogs may also
cylindrical surface 77. The distance. hetween the sensors nma | so have a
T xed val eS¢ PacrRAGIEr Syang 4Rt arnEr g Prser dorsaorr o selashust B fa
respectively,. .on " ug*h@' L : - £ tive notion
bet ween t he srgﬁdglgtrcgg%azgﬁtg%gggérz?lgﬁg 6e\gﬁ%%§hn§ke@dlszb§nbée§§ (gﬁ(@ci rcle. Only
a half i e of rel.ative notion caused. by rotatin he surfac or
ot ati ng0RE] Sensor TBIHPRE) ShuRTRBSIRS Tar tapry Blseh v Aloe Sk s it
circle includiyg ﬁ.oﬁ?”%sie?%,ﬁl% dHeen afDer #R: schB6 ARNSHSHITROME such that the
pre-configured to be nechani cafl y and/or electrically 'Tinked so that they
act as a si ngleas@ntartay ghoiritngtot e seartiny/ Buafiaw eon ethat sreemota dre. indpecedch a
case, only one notion control per axis is needed. The sens,qrsgqr;r\ay al 53 be
ft dep Mt

pre- conf i gur dCHDETIEgl RAraFtesafichads B raskthersrgesie HHal

their This step may include data entry from a manufacturing database, data entry from

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
stcp 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
9



relative | ocations and positions while the scanning is being perforned.

[ 0032] Exenplary operation steps for inspecting a well screen are
illustrated in FIG S. At step 90, the screen and/or the sensor array are
positioned such that the sensor array points to a starting |location on the
screen to be inspected. Geonetrical paraneters, such as the size of the
screen, are initialized at step 91. This step may include data entry from
a manufacturing database, data entry from an operator, and initial

measur enents during the initial setup phase. The coordinates of the

| ocation are registered, for exa by a conguter at step 92. This step
my At step qedyan@iweem—'rgiﬁaﬂy' gxé‘ﬁmnh@wnaﬁd FEPesRlE Wl & SHEHEI M

the register etk hooRtiome Mo S8l S9RPEATHES HRRDSRabIBALONELAS,

source, depending o etec sor "type uUse
may be a di gidji@g@nt NtENS Inﬁeychéa gimabvsoa séﬂi‘smg’ﬂﬁgﬁ @f pausei @Ata &ROfion bE tAAe
array is deplo ed the light signal is an opto-electronic inage covering

an area around ﬂhﬁkﬂ@b@%ﬂammylAulmm%HHNWEmmnbETWbﬂesamn8§©egsﬁmﬁynbd
specified, for exanple, using a maxi num scan tinme period or a maxi num size

of the s[@gdp. |f thadeexugesontliiddereseit irBRatbl iBgy shapde ode r@asbed ofishe
determ ned at step 94, then at step 96 the light signals are conbined to
form an i magefollamiiegy (a3 fpstec ee@ingar(l) duranr Fovarpgepicaahel hizber measeﬂeeq@ng?

The anal ysis may_incluyde stati cal anal. ySis t ai.n. uant such. as
(he moan’ var VeBrena TR &' Spaif G s807 ¥ My QBB Rtb s il
the size. If m'b{;@mg@%ﬂmmwggmgis S@PSra§. NOt yet reached, the screen
and/ or sensor array are noved to a next |otation at step 95, and steps

92-94 ar @négﬁeat ed. { Q3. nqve%%%grh%? b%gn Weéc]rlb%S %tﬁ%ﬁgﬁr{g%ﬁm%d kp%beléa h

present tion, an array ral sensi ng uni
unit as well @fseﬂnﬁgﬂl\{ﬂlém@'théﬁﬂ,n%@ll%d i ﬂEEYarHWaQnﬂlg\%@ﬁ@ﬂﬁdW'ftﬂﬁ dif16Qadi wat i on
is thus possible using a master notion
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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of the array as a whole, while each sensing unit may have an i ndependent

| ocation adjustnent. This nethod allows a sensing unit to pause for a
fraction of time while the whole array is in continuous notion while scan
is being perfornmed. [00341 Advantages of the present invention may include
one or nore of the following: (a) faster scanning; (b) |arger coverage
area; (c) higher neasurenent accuracy when a small |aser spot is used; (d)
flexibility with i ndependent novenent of individual sensors in the array.
[ 00351 While the invention has been described with respect to alimted
nunber of enbodi ments, those skilled in the art, having benefit of this
disclosure, will appreciate that othEl2iBpodi ments can be advi sed which do
not depart fromthe scope of the invention as disclosed herein.

Accor di nglhyt istdi@nselope of the invention should be linmted only by the
attached clains. 10 Clains Wat is clained is: 1. A nethod for inspecting

a surfac f a bj ect, conprising: .scanning the .surface using an array of
opt o- el € t(rgb]ﬁ‘le@(’gief’%bl}sg?cmg? éli]rrﬁ?‘%g(’fa?nr(gp?%c EHPI''BAt signal froma

| ocation on téasnﬁugftﬁ@@rf&@rﬁgmg RParrDEof bsiBLe1 iRl SerlsBrd Or m a _
representation of geonetrical features of the surface; and processing the
r epr esent at i arbtdininebd edffecgeldigtt signagfrant & iacesonontthesgdonet ri cal f eat ures.
2. The nethod of claiml1l, wherejn the scanning is perforned E?rough g

rel ative notiOMbIREEHECHIER sienalsde A& spreseniaHen o LemglER] {Fkuss Phyhend

the surface by noyjng. at Jeast one of the surface and the array, and
wherein the relative notion is at |east one

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.

6. The method of claim 1, wherein the surface is a wire-wrap sand screen surface for use

in subsurface wells.

7. The method of claim 1, wherein the representation is a digital representation and said

processing utilizes digital image processing.

11



of a continuous notion and a discrete notion. 3. The nethod of claim 2,
wherein the relative notion is controlled by a notion control wunit and is
at | east one selected fromthe group consisting of linear notion parallel

to the array axis, linear notion transverse to the array axis, and
rotational notion around a cylindrical object axis. 4. The nethod of claim
3, wherein the sensors are pre-configured to nove collectively. 5. The

met hod of claim 3, wherein the sensors nove i ndependently. 6. The nethod of
claim1l1, wherein the surface is a wire-wap sand screen surface for use in
subsurface wells. 7. The nethod of claim11, wherein the representation is a
di gi tal $-edhesewsthad eh claim daivdherpinosd SITREESSING FOBBTIgFSyPERPIIRgggatistical

i ng. . . hod of cl Aj i i S g i
o ocesel bl Rap TR TR, Gee bl ihar RS Aol Ol B66RST D omit o

quantity angk megh ahlugti cal variance about the nmean value. 9. The nethod of
claim1, wherein the array of opto-electronic sensors conprises at | east
one | aser and one photo-detector. 10. The nethod of claim9, wherein said
obt ai ni n% ddwpnétbes ofislang t.hehgspiottbe derr of opta-eleciieniesenwrs FejRprisgsott lest t he
surface iIIuanateddbﬁ tge I@%er. 11. The method of claim 10, wherein said
conbi ni ng OHE '$FHAT SPGRAPO-dRHP ses interpreting a lack of light spot as
a discontinuity in the surface. 12. The nethod of claim 11, wherein said

conbi ni ngp R hi@BH oFI N 6, WHELREEi8 UWRih PR ScorfiRtes ueiighBie phorNEElAdE € | N
the surface provided by a notion control unit. 13. The method of claim9,
wher ei n saiddtegbt diight sppteontpe sedscaddiievnitag ba the lagbt ness of a |ight sport
on the surface illum nated by the | aser.

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

registering a coordinate in the surface provided by a motion control unit.

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

light sport on the surface illuminated by the laser.

14. The method of claim 13, wherein sald combining the light signals comprises

constructing a map of brightness.

15. The method of claim 1, wherein the array of opto-electronic sensors comprises at least

one machine vision camera.

16. The method of claim 15, wherein the camera is a CCD camera, and wherein said
obtaining comprises recording an image of a portion of the surface, and wherein said
processing comprises digital processing of CCD pixel readouts and a calibration of a

relationship between a distance between CCD pixels and the geometric quantities.

17. The method of claim 1, further comprising:

scanning a representative fraction of the screen based on a scan protocol;

12



14. The method of claim 13, wherein said conbining the |ight signals
conprises constructing a map of brightness. 15. The nethod of claim1,
wherein the array of opto-electronic sensors conprises at |east one
machi ne vision canera. 16. The nethod of claim 15, wherein the canera is a
CCD canera, and wherein said obtaining conprises recording an inmage of a
portion of the surface, and wherein said processing conprises digital
processi ng of CCD pi xel readouts and a calibration of a relationship

bet ween a di stance between CCD pi xels and the geonetric quantities. 17. The
met hod of claim1, further conprising: scanning. a representative fraction
of the screendf&eEne arfragusean oprosewednce ofignateiliast basgd £1f ¢ sglishied) applysis;
occurrence of ano kjes based on a statistical analysis; and revising the
scan protocol based on the detected frequency of occurrence of anonalies.

18. A system {QksihDIRECchAGpdtdl fRged An Ak ARIRE! 1CqiBHdyS b BccufBn@ bRY
of opto-electronic sensors; a notion control unit for causing a relative

noti on bet ween t hearabp@dcts. surface and the array; and a conputer system
configured to perform operations conprising: controlling the relative

noti on b_ég&en th%\ob'ect.surfa?e aqd the array vi.a the relative notion
unit; reg <t BYSINY 1T TERET TN B 4L A A ef UEPNE 0 t he obj ect surface;
capturing an jRge, 6?8?1%5&9&?6&9@@%&@,90”‘3" rical features of the |ocation

on the surface using e array,
a motion control unit for causing a relative motion between the object surface and

the array; and
a computer system configured to perform operations comprising:

controlling the relative motion between the object surface and the array via
the relative motion unit;

registering a location of the array relative to the object 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

calculating the size of the geometrical feature based on the captured image

representation and the calibrated relation.

19. An apparatus for inspecting a well screen, comprising:

a sensor array comprising a plurality of opto-electronic sensors;

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.
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calibrating a relation between a size of the inmage representation and a
size of a geonetrical feature on the surface; and cal culating the size of
the geonetrical feature based on the captured inmage representation and the
calibrated relation. 19. An apparatus for inspecting a well screen,
conprising: a sensor array conprising a plurality of opto-electronic
sensors; a notion control unit for controlling a relative notion between
the well screen and the sensor array and for registering a coordinate of a
| ocation of the array relative to the well screen; and a processor for
obt ai ning a_geonetric antity of the well screen based on an inage

obt aij ned?lbyTEg%@pE@fﬁ%r gﬁp}w ﬁ%deﬁ@m seaplyalivegl oPE-elgchOnICHENSoRS 8Ye
cont rol un%& ot 20. The apparatus of claim 19, wherein the plurality of
opto-electro%lc Sensors nove together. 21. The apparatus of claim 19,
wherein the plurality of opto-electronic sensors nove independent of each
ot her. 221. The aspppatat of cRimcl @ whaQin Whephiralityhef optwelebroiicoRingorSeNsoE S
conprise a plurality of Ilasers and photo-detectors. 23. The apparatus of
clai m 19, wedanspdentd ceph othsrect roni ¢ sensors conprise at |east one CCD
canera. 24. The apparatus of claim 19, wherein the array further conprises

a plural ﬁ%’]{hg/:fapigpa%ﬁygf ClHlnrril tl@,’ w%Qgimeergﬂt&-eﬁ&?ro%?ysseinggrs%ixﬁp%S%Vﬁurality of

i ndependen
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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