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FIELD OF THE INVENTION
o021 The present invention relates generally to systems and methods for inspecting railroad
surfaces and, more particularly to systems and methods for determining rail seat abrasion via the

utilization of tilt correction algorithms.

BACKGROUND OF THE INVENTION
wo03]  Railroads are generally constructed on a base layer of compacted, crushed stone material.
A layer of gravel ballast rests on top of this stone layer. Crossties are laid in and on this ballast
layer, and two parallel steel rails are attached to the crossties with fasteners. The majority of
crossties i service are made of wood. Various other materials are used such as concrete, steel,

and composite or recycled material in the manufacture of crossties.



WO 2010/ 151345PCT/ US2010/ 025004 10004] The ties are nornally paced on top
of the track ballast. The remai ning construction differs slightly dependi ng
on the tywe ofo/tsimsnmaterial useds. |If wood ties are use#cTiuseoiploadoes are
then placed on top of the ties. Rails are then placed on top of the tie
plates. The rails are then fastened to the ties through the use of spikes
or bilts driven through holes in the tie plates. Wen concrete ties are
used, rails are placed on top of the ties, with a thin polymer pad
preventing direct contact between the steel and the concrete. Steel clips
are often used to fasten the rail to the tie. Additional track ballast is
then used to fill spaces between and around the ties to assist in

anchori ng. s] ..Normal rajlroad, traffic¢ causes frictign between ties and
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surface under the ties, O particular concern is friction at the point

wher et fiffersalightdy dependmgionsthe tips afitie. matgral useds: Hif svoedities areanssd, ticplaiss azs
rail seat abrasion, directly inpacts the life of the tie by causing it to
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ties, rail seat abrasion remains a continuing problemwth concrete ties.
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of the surface of the ties to environnental conditions, further o
accel er#eiting Additionsldzack bgHass isghempeedito &lldpeges beivesn andawned Bisdies sapsissinor
contributing factors to rail seat abrasion can include manufacturing

def ect sgncherifer at ure vari ati on patterns, railroad arrangenents, such as
curvature, grade, and banking, and the state of the pad used between rail
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train tirrnega]::tls (t:lie life of the tie by causing it to loosen from the rail. In spite of the pads used between

rails and concrete ties, rail seat abrasion remains a continuing problem with concrete ties.

woos] When the rail seat wears, it affects the amount of tension on the fastener so that the rail
mounting force required to firmly affix it to the tie is not achieved. Should this happen, the rail
can slide against the tie, which increases the rate of abrasion. Rail slide can also cause rail welds
to pull apart, either from stress or from temperature misalignments. Another concern with rail
seat abrasion is that it increases the exposure of the surface of the ties to environmental
conditions, further accelerating rail seat abrasion and tie degradation. Additional causes or
contributing factors to rail seat abrasion can include manufacturing defects, temperature variation
patterns, railroad arrangements, such as curvature, grade, and banking, and the state of the pad

used between rail and tie.



[0008i In view of the foregoing, the present invention is directed to
overcom ng, or at least reducing the effects of, one or nore of the

pr obl ens wetofwrsidasabove, thereby providing a system capablus2aib/opsoedi cti ng
instances of rail track abrasion w thout the need for hazardous and

unrel i abl e manual neasurenents or costly el ectronic neasurenent devices.
WO 2010/ 151345PCT/ US2010/ 025004 -4 SUMVARY OF THE DI SCLOSURE [ 00091

Exenpl ary systens and met hods for deteryuning rail seat abrasion of a rail
road track are disclosed. Enbodinents of the disclosed systemincludes an
i nspection system conprising |asers, caneras, and processors adapted to
determ ne whether rail seat abrasion is present along the track. The

processor enploys a mat hemati c ased al gorjthm which conpensates, for tilt
P ountiBeq ettt B i Yot i HODS' b OHgF B Eorrae Mo Py dret
Exenpl ary nmethods of the present invention conprise the steps of noving the
i nspectM@pabpsesyrmmanby thiugh theause of eewronindevicea dnstalled delovr indiypdwabitailpatio
the track, determ ning neasurenents of the rail seat abrasion for various
port i orsesofAll previcuaakethmidsdrast praved eithersunreliably, hazatilows) 1dbor-intérsivecreqoitinger ed
as the inspection systemnoves along the track. nmom By nounting measurenent
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measurenents o he height of the rail and the tie, and adjusting these
neasur gpppt s for any expected tilt encountered, instances of rail track
abrasi on can be predicted wthout the need for hazardous raising of rails
for unrelialle.and.t]nme-consunng manual neasurenments, or for costly and
| abor i['???séngpvvée‘?’ Hy tth?&gﬁeg&a}ﬁg,oﬁheg?rm} GRS Bdirectrinto psprraiag, pryal least
i ndi vidual ties. ﬁ%@otoul The for egoi ng summary is not intended to sumarize
each pdedingthe effpeisphwae opmose ef the psidems ot forteabnyl;j herebygpraviding f sydiem
present disclosure.

capable of predicting instances of rail track abrasion without the need for hazardous and

unreliable manual measurements or costly electronic measurement devices.
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The foregoing summary, preferred enbodi nents, and other aspects of the

subj ect mmotero/wissshe present disclosure will be best umdernst@od2senid h
reference to a detailed description of specific enbodinents, which foll ows,
when read in conjunction wth the acconpanying draw ngs, in which: [00141
Figure | schematically illustrates an enbodi nent of the discl osed

i nspection system pots' Figure 2 illusjrates a portion of an enbodi ment of
a systemfor inspecting railroad track according to certain teachings of
the present disclosure. 00161 Figure 3 illustrates an exanple frane of a
portion of railroad track obtained with the disclosed inspection system

wth the disolosed I nopeotsBRNGYREAR BrsaBRELAWRE t he spaci ng between
t he crossties.
ooos] Exemplarty systems and methods for determining rail seat abrasion of a rail road track are
disclosed. Embodiments of the disclosed system includes an inspection system comprising
lasers, cameras, and processors adapted to determine whether rail seat abrasion is present along
the track. The processor employs a mathematics based algorithm which compensates for tilt
encountered as the inspection system moves along the track.
(o019 Exemplary methods of the present invention comprise the steps of moving the inspection
system along the track, receiving image data corresponding to the track, determining
measurements of the rail seat abrasion for various portions of the track, wherein the
measurements adjust for tilt encountered as the inspection system moves along the track.
ioo11] By mounting measurement devices on the inspection vehicle that traverses the track,
taking precise measurements of the height of the rail and the tie, and adjusting these
measurements for any expected tilt encountered, instances of rail track abrasion can be predicted
without the need for hazardous raising of rails for unreliable and time-consuming manual
measurements, or for costly and labor intensive installation of electronic measurement devices
under individual ties.

o121 The foregoing summary is not intended to summarize each potential embodiment or

every aspect of the subject matter of the present disclosure.



[00181 Figure 5 illustrates an exanple frane of railroad track obtained
with the disclosed inspection systemfor determning the angle of the
crossti e wotzmwssasct to the rail. 10019] Fi gures 6A- 6Cprirfussimar®oexanpl e
frames of railroad track obtained with the disclosed inspection systemfor
determ ning a break or separation in the rail. 100201 Figures 7A-7B
Illustrate exanple frames of railroad track obtained with the discl osed

i nspection systemfor determning wear_pf the rail. WM Figure 8 illustrates
an exanple frame of railroad track obtained with the disclosed inspection
system for determ ning defects in the crosstie, spacing of the rail, size

of the crossties, and ballast height relative to the crosstie. [00221
Figure 9 illustrates an e ilroad track obtained with the
di scl osed i nspection systé&wgﬁJWiQM§% H@?QB& s wo

2010/ 151345PCT/ US2010/ 025004 -6 [0023] Figure 10 illustrates an exanple
frame oo ai Thokeesoimecrunyparyi preterisid embotisnatitss ehd sthdr aspepts of ithmsubjest mattéror

determining a mssing tie plate.
of the present disclosure will be best understood with reference to a detailed description of

specific embodiments, which follows, when read in conjunction with the accompanying
drawings, in which:

(oo14)  Figure 1 schematically illustrates an embodiment of the disclosed inspection system.

(oo1s]  Figure 2 illustrates a portion of an embodiment of a system for inspecting railroad track
according to certain teachings of the present disclosure.

(oots] Figure 3 illustrates an example frame of a portion of railroad track obtained with the
disclosed inspection system.,

o17]  Figures 4A-4C illustrate example frames of railroad track obtained with the disclosed
inspection system for determining the spacing between the crossties.

oo18) Figure 5 illustrates an example frame of railroad track obtained with the disclosed
inspection system for determining the angle of the crosstie with respect to the rail.

io19] Figures 6A-6C illustrate example frames of railroad track obtained with the disclosed
inspection system for determining a break or separation in the rail.

[o020) Figures 7A-7B illustrate example frames of railroad track obtained with the disclosed
inspection system for determining wear of the rail.

oz21] Figure 8 illustrates an example frame of railroad track obtained with the disclosed
inspection system for determining defects in the crosstie, spacing of the rail, size of the crossties,
and ballast height relative to the crosstie.

00221 Figure 9 illustrates an example frame of railroad track obtained with the disclosed

inspection system for determining a raised spike.



[0024] Figures 11 and 12 illustrate three-di nensional conpilations of inmge
data obtained with the disclosed inspection system [0025] Figures 13 and
14 il | ustwetzercs1mbkt er nat e exenpl ary enbodi ment of the preamspiloionsoent i on.
[0026] Figure 15 illustrates an exenplary enbodi nent of a canmera according
to the present invention. [0027] Figure 16 illustrates a graph plotting the
energy of the sun's solar radiation at specific wavel engths according to an
exenpl ary enbodi nent of the present inyvention. [0028] Figure 17 illustrates
a profile image of a rail road track tilted according to an exenpl ary
enbodi mrent of the present invention. NO291 Figure 18 is a flow chart
illustrating a nmethod of determning rail seat abrasion according to an

exenpl ary enpodi t._of the present jnvention. 10030] Wil e the discl|osed
hopbct IEH b guienT lsireled A R HIE (GRS b FAt Fah Pbitie gvivh h disclosed
modi fications and alternative fornms, specific enbodinments thereof have been
shown bipspeelion systora fasldetermininga misswigriipplatad are herein described in detail.
The figures and witten description are not intended to limt the scope of
t he di spd:qseFigurey ¢ btand d 2dtnsers Sirdendifiisiom ReMmpilitisrk T imhFeddts gbtaied anth
witten description are provided to illustrate the disclosed inventive

concept fheldcRsREMSNiSKbystedl 1 n the art by reference to particular
enbodi ments, as required by 35 U S.C. 112. WO

2010/ 15[?:0%5‘} 5 Pﬁ}ﬁ#&??? gﬁ?& ?2 ﬁﬂlgéatg an alternate exemplary embodiment of the present invention.

wo26]  Figure 15 illustrates an exemplary embodiment of a camera according to the present
invention.

[ooz7)  Figure 16 illustrates a graph plotting the energy of the sun’s solar radiation at specific
wavelengths according to an exemplary embodiment of the present invention.

(0028) Figure 17 illustrates a profile image of a rail road track tilted according to an exemplary
embodiment of the present invention.

(woz9]  Figure 18 is a flow chart illustrating a method of determining rail seat abrasion according
to an exemplary embodiment of the present invention.

too3o) While the disclosed inspection system and associated methods are susceptible to various
modifications and alternative forms, specific embodiments thereof have been shown by way of
example in the drawings and are herein described in detail. The figures and written description
are not intended to limit the scope of the disclosed inventive concepts in any manner. Rather, the
figures and written description are provided to illustrate the disclosed inventive concepts to a

person skilled in the art by reference to particular embodiments, as required by 35 U.S.C. § 112.



DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS I NN Referring to Figures 1
and 2, an exenplary enbodi nent of a system 30 for inspecting railroad track
accor di ngvoeomersiasn t eachi ngs of the present di scl osur ecirasseétowsionat ed. I n

Figure 1, the disclosed inspection system 30 is schematically illustrated
relative to a railroad track. In Figure 2, a portion of the disclosed
i nspection system30 is illustrated in a perspective viewrelative to

railroad track. f00321 As best shown imFigure 1, the exenplary discl osed
i nspection system 30 includes a |ight generator such as a |aser 40, a
device for receiving light reflected fromthe area to be inspected such as
a canera 50, and a processing device 60. In the inplenentation shown in
Figure 1, the disgl i Lon_ s i he track
bed of a rail r%@f@fﬁﬁﬁﬁﬁsemg Fﬁﬁ%&@ﬁ%ﬁ@%@? m and
associ ated nethods are described for use in inspecting railroad track, it
wi || bel®Bpr Referingdonyigrres Hearseh e exegiplaryiempodirent offasybtorud® farnspetting

di scl osed system and net hod can be used in other areas and in industries
wher e smiilfeademck rcandipg e nérsain eégohings ofibp pedsertrdiscioureeis diipstated: e Filse l osed
i nspection system and nethod can be used to inspect roads, electrical

lines, pieRiifi%sc®inPebih f@tend lsbss Qéhf?éﬁéﬁlyﬁillu&%@@ feldfiR {of AcdirdROrhdic! %ﬁdis

crossties 10, rails 12, tie plates , Spi'’kes 16, and ballast 18. Brie

the | as 0, pt Qj S _ M eded . I ....the am
42 pr odi e 3 PE PEARhS P RRINEs Herk ARG slol b0 3 ihidfalei 35S BERpesl yid]
fol | ows ih.e gont o%&g{{ the surfaces and conponents of the track bed. The
light r ) ral 50, captures an inage of the line L of |aser I|ight
42 projected on the track bed. The camera 50 sends the captured imge to
the prol®dsiAgbersvheven goFigte lp thrcexsaiptagy diselosasbingrectom systhas 39 insbules a lightr e
detail below 100341 As best shown in exenplary enbodi nent of Figure 2,
pai rs ofenlemsmrsack@s alaber dfver deovidOfon rezeivigy light neflbctddofvem ek ired b nspdieed
rails 12 of the track. The | asers 40 and the caneras 50 can WD

2010/ 15434 2B e batderiOkD) 282 aQPdcessify dei& 65 SEMRL %ﬁpﬁﬂfeﬁtﬁﬁoﬁ kRdwh fnrlaig?égg he32,

whi ch can be nounted on an inspection vehicle (hot shown) or oth Vi ce
novi ng a : C .t ' ' ' [ m 3Q | he

or oper SxaBRashibetdilsnth 31s ReTR Rtk Mack BRPEEA [RGREGAT il b5
for sinplicity. However, it js understqod that other_ known conpgnents for
the 11 G TP Haterh b St eia AN g Seseiaeor AHEA REPCRE PRS0 on

an inspection vehicle. iy _
track, it will be appreciated with the benefit of the present disclosure that the disclosed system

and method can be used in other areas and in industries where surfaces or components require
mspection. For example, the disclosed inspection system and method can be used to inspect
roads, electrical lines, piping, or other networks or systems.

[0033) The track bed includes crossties 10, rails 12, tie plates 14, spikes 16, and ballast 18.
Briefly, the laser 40 projects a beam 42 of laser light at the track bed. The beam 42 produces a
projected line L, shown in Figure 2, on the track bed that follows the contours of the surfaces and
components of the track bed. The light receiver, camera 50, captures an image of the line L of
laser light 42 projected on the track bed. The camera 50 sénds the captured image to the
processing device 60 for processing and analysis as described in more detail below.

fo034]  As best shown in exemplary embodiment of Figure 2, pairs of lasets 40 and cameras 50

are positioned above each one of the rails 12 of the track. The lasers 40 and the cameras 50 can



[ 00351 In general, the inspection vehicle can be any suitable vehicle for
traveling along the railroad track. For exanple, a conmon practice in the
art is towvequiopsas4nor mal hi ghway vehicle, such as a pi cleewstoooksoon t h
"hi-rail" gear nmounted to the frame of the vehicle. H -rail gear typically
i ncludes a set of undersized railroad stock wheels that allow the highway
vehicle to ride along the rails. In one enbodi nent, then, the framework 32
of the disclosed inspection system 30 cap be nounted in the bed of a

pi ck-up truck having "hi-rail" gear. Alternatively, the inspection vehicle
can be mai ntenance of way (MoW equi pnent that is specifically designed for
wor ki ng along the railroad track In addition, the disclosed i nspection
systen1 0 can E@ nDunted 8%35 that is towed by a vehicle or can be
ount oD AP BOAHA FyEH e CHPICh S 36 TONBLedeY 2, FTRFIOR VEigler @0,
the | asers 40 project a bean142 of l'ight having a predetern ned angul ar
spread shomig oapthel deviepmening aldgshe track soms th asanteindbe topestionsystemrili inlthey
the entire surface of the track bed. In this way, the lasers 40 produce a
proj ect pbpbr pesitiort h&@nly @ pertist aft thalffamesdorkidghis shiodmeit Bipdee 8 ulbs isinglicaty! v
across the track bed. Each |aser 40 preferably produces a beam 42 havi ng an

angul ar HeRkeadit i9indRREd B8 diﬁé}rk%%@n%eﬁ BRURS for aﬁ%\ﬂawzym@ngsfggég“ &y

the track bed. Preferably, the lasers 4 proj ect eam 42

per pend f he track. . At atively, a single |aser
coul d b{él%ﬁé&é ta%er%Qrﬁéﬁ%éhsrac%&o%éébsoﬂcaﬂlla?e?tbon"regﬁ‘?e t he pr ojected line L
across the t ack gﬁ WO 2Q10/ 151345PCT/ US2010/ 025004 9 - [00371 In
addi t i oSt h s thgonspestion yeRiclentan be, pRry, puitrble yehislenfy |tra§engwpne thyy
opti cal output and producing light at an infrared wavel ength of about
810- nm raflreadrizcl Forexanilgl copmempraotivepotthodrt iste equiper sordBl highpsay vetdelee
effects of anbient |ight so that shielding is not necessary. A suitable

| aser farchtde pickapanel, with Phitdibrpeay sloafted Qo ithe fratle fahd/Reass) IHisal gear
manuf act ured by Stocker Yale. The paraneters described above for the Iasers

40 are gpRERY {xﬁﬁldEQE sétréﬁ’ﬂﬁ&érblﬂ&i fahﬁaaalsfofcﬁ%eﬁﬁ tiht %ﬂ? tﬁ?ﬂﬁgﬁhl A 5‘3 TR

those ordinarily sk | led in the art having t ure

realize n tilize varl of ot her
cur  accOHEEREERE Ty SR AR R Tl arlehBts 1 of RENEETo 84 "Spifish Strelan
use an é)t erpate nu er of |ight sources as well as drfferent vvavel engt hs,
opti cal smoraﬁ Ihdha Bed O reBigk v mepkshavirg Hhisrils asan iAdternagiyely, fne t he
camer as 50 are positioned adjacent the |asers 40, As best shown in Fi gure
1, the inapestion veticlacen homainichante efiwan@leW eqiipmentabgtds specificalie désigmen 42 of
light projected fromthe [asers 40. In one enbodi ment, the caneras are

posi t i owerkir alony the ghikod wickalin uldifion dﬁ@d@ﬁ&edﬁﬁsp%&ﬁ)rmy@i@hm@nl bRIRGGtddoN
system 30 is noved along the track, the cameras 50 capture an imge or

frame oy 4 Bgastis ﬁfﬁthS\%@ByﬁQ@ﬁlEl@ o?%ﬂi‘l';@ﬁmlnﬁie% ﬁﬁrg ﬁEc%moPQ@BFﬁ'@i%h o at he

camer as 50 are capabl e of” a substantially rame rate s about
5405fr 0 a nmage rame,ca t he
carreras | s t e§te§$<§% el{r1e9 anedgpﬁg%gégsegd 4P r%gegfaat %e%rﬁezl% cﬁt ﬁ%‘tﬁ ‘X%\gs

line L projected on the tr ed. The caneras 50 are fitted with band- pass
filter sf%%t?rﬁalﬁeda%ga 951 ﬁhéﬁwa?érgalﬁr sprpads diyofstgﬁ dva fasers) 40 coxer supgtantially

preferred infrared wavel ength of the lasers 40 to pass. Because the
wavel enige lentfe suffecd aSthe sradk bed  &bthit wag,0the hasetshid fradubepamejdeicdtlined. Giat f
the caneras 50 can elimnate substantially all anmbient Iight so that the

camer a fBstagiilly’ @ight SHOSkRAES MbsinGhIBAkorosit tht ltrakBBee. Hach NRePuQIpRELAHLy | Ne
L of light fromthe lasers 40. WO 2010/151345PCT/ US2010/ 025004

produces a beam 42 having an angular spread p of about 60-degrees and covers approximately
one half of the track bed. Preferably, the lasers 40 project the beam 42 substantially
perpendicular to the surface of the track. Alternatively, a single laser could be used that is

positioned such as to create the projected line L across the track bed.



- 10 - [0040] Each of the two caneras 50 send inage data directly to the
processi ng device or conputer 60 via wired or wireless transm ssion |ines.
Pr ef er ablwo 20tve1seaser a 50 i ncl udes a processor 54 capablpeTafS2@ony®os i ng or
formatting the captured inmage of the projected Iine L into a di nensional
profile that is sent directly to the processing device or conputer 60. The
ability of the canera 50 to process or format the captured image in this
way can elimnate the need for expensive.post processors or high-speed
frame gabbers. A suitable canera for the disclosed inspection system 30
havi ng such processing abilities includes a Ranger MbO nmanufactured by | VP
Integrated Vision Products, Inc. nan Anong ot her conmon conponents t he

processrn Vi uter 60 | des ro roces

DUt put o 0na 1% i, £ e e ereably i dnd & Sals oL SBhL apou

i nclude a hard drive, a non- voIatrIe stora nedrun1 a flash nenory

or CD- ReM Pradacing dight of gn inEeted vagleash ‘?fuftl 810-ng1. ude galativglyithigh gmﬂ?@j/) 68
for a track inspector to input and review data and to operate the disclosed
i nspect ootpusysthe ias&8 40 Helpspedice sfbeig ofl aubient 166ht op trantldsldingtibnetiicteslre. A
software prograns for storing and anal yzing the various data obtained with

the di sghigbRlasdrToLHe dSEIHYS iPecHon shQemePiBhles 4 Wo:RIACIESS Inttaﬁtuﬁh@tﬂré‘debﬁo
can have any suitable inage processing software, such as Matrox ML,

Vi si onBlgfstye d}?&tw pEdiih 98 deddBib &PEbovE 1o ﬂhé/'i’as@@%ea{re Fé}éné‘&%%%geaﬁqg??
processing device PER hav e I'mage processin 001 & RRown i N ar or
anal yzi a, frgmthe ca ras 0 suc R

fool s PRfusBRE R 64{5‘&3% Vo) ose @ealrtyﬁ@éﬁ@ o B Gt ghihs

ot hers. [0042] To effectrvely process all of the data obtained with the

di scl oséuclopigpaealize ihe preserh iBvention angt be stibizadgtodiaspest a ooripty of gthesfwrfaess.
enbodi nent includes a conputer having a fast processor, such as an Intel
Pent i umOthepimplesentatiospefiihedivélosadrinspectiad sydteth 38-an uke ae hlterakte neinpersdfdight al |
of the data obtained with the disclosed inspection system 30, the storage

devi ce Gairbdsak etttk mffété?n%@al@feﬁ otk bpReal WA Pl O dﬁ&&&ydes two

| arge-capacity hard drives configuréd to use both read/wite mechani sns

simulta usI rr

'ndepentiit £ L2 s?%%r%t Fifrq EhE et 30 s PO BrapcRE OIS A TR R!
device 60 and the du hard drives of the storage, device 62 allow for. =
sust ai nePYER Eigyrgd, g‘@&ﬁ%ﬁ@ﬂéf‘) gaouaeh g aeledivith respesido thedepy A2t light
i nspection system 30. In a preferred enbodi nent, the power for the

di scl os prbjéchipfearni the |asprst46m Biloreasmineimerty the edmbsyas 1atd pysidéhedaavarn dhplerd af
belt driven generator running directly off the engine of the inspection

vehi cl eahdip@43grded NAL R &l@é}%d%p@&ﬂhﬁﬁ&ﬁﬁl %‘%%B%% dléﬂﬁ@l@ AL, SHE E&E&a@f

the track and viewed at an angle, 'the 0] ecte I ne own I n Figure 2

foll ows ours _of_ the e ents,of the tra

exanpl o) SEREROHL Hpdasctr. e r %ﬁ%ﬂﬁ?iﬁ%@? SRR i pdrpans T Hinseily. Me
shown in Figure 3. Th data or frane includes a Iurallty of pixels
gi ven xcaﬁle%t%rrﬁgrw?%&a %ﬁmﬂaélym Bape gtessHe %Sraé’@RP Teamsis peesFepRd - t he
cameras 50. Due to filtering and other inmage processing techniques known in
t he art [pospiheErghagid] jmageunrdsamewoantingé by\the garmerapidrie themefiltraed apd prscessed to
represent the contour of the track bed. Every pixel of a given imge data

i S gi veisolakethsawatofiratiolseti linet B projocted onahe @aclnbead. t Mhe pamitas Hladre fitzd twidn
along the length of the track at which the image data was captured. In this

Manner , handpad§ Hitetsy 5D khaf ANLW Stly | (AR IRBaR ' Ak CBstaii AR &t (B REfERE intFagH Of
t he track bed in which each i mnage of the scan has X-Y“coordinates show ng

par | oulavdigfit b %?egtﬁd’é%ﬂgﬁ ol AR rﬁ‘s’él%@‘?tﬁtheq?%egf?@ 'Jf{”%&%‘ﬁ)whi :
W i h a8 DR e PO LARRBEA L 450 £IBTale AN E A ST ok DLk bl

still images, the resolution of the still inages, the nmaxi num frane rate of
the canesmerasg, acghisesr selstantialy sirendtidifimage of dhe prajectabline hdof light\frare ghe

speed of the data storage device 62. For a railroad application of the
di scl ostmders 40.




WD 2010/ 151345PCT/ US2010/ 025004 - 12 - inspection system 30, one preferred
exanpl e i s spacing between still inmages or franes captured by the caneras
50 of abowD 2010lt51338h, a preferred velocity of the inspeetcrasmehbembe of
about 30-nph, a preferred height of the scanned area of approximtely 10
inches, and a preferred wdth of the scanned area of about 10-feet across
the wdth of the track bed. To satisfy these preferred paraneters, a canera
system capabl e of about 5405 franes perjgsecond and a conputer system
capabl e of processing and recording at about 8.3 MPS is preferred. Each
frame or image, such as shown in Figure 3, may require about 1,536 bytes of
storage. Wth a frame captured at about every 0.1-inches along the length
of track, abaut 6 600 franes uld,he captured for one mle of track and
woul 0 r Bt ¢ S5 S5 36, PR AR PO S e St Arassgs 5r T BROSET T Ak
and as shown in Figure 1, the disclosed inspection system 30 may further

i ncl udecemmitehad ViR siiedor Wirelessnirgrepdysiane begsy ePrefaralilyy theheamiend AQ includes a
geographi cal locations of the inspection vehicle when inspecting the

rail r oagracessok54 dipablel dfSonestingy or fobdattiag theedptided inagesofithaplofectedIinedcmta er
known in the art for obtaining geographical |ocations. For exanple, the GPS
recei vep diflerialfoflk thitdg pandesitly ﬁ@ﬁ@‘ﬁ%@és@i‘nk Ye@¥ebt @Jﬂgﬁnwﬂd T‘H&‘ﬁﬁﬁ.ﬁf‘of)n
the inspection vehicle and connected to the processing device 60 wth” a

sui tabl g c Lon I t/ ut_ i nterf. o Jdhe.GPS recei ver. 64
can obt dr el 5908 PRICRR o bl Bk indg P I8 Wy Rl et BRSh o
non-differential GPS system ,Techniques for obtaining substantially

Aocur at ETBENE PAS BIRGFSHTIOT digheSnEpd framepebhiogt o SHUABle GaTEThd e disslosedh
the art and are not discussed further. The geographical |ocations are sent
to the pPipectionishgenicdd kayignsush drocessing abiliips inchided 2 Ranger MAR geanufecturesf by he
track bed. 10046] Wen the inmage data fromthe caneras 50 is recorded, the
geogr apVe ategraed Mision Bfodubis, Incame can al so be recorded. Elimnating a
continuous stream of geographical |ocation data from WO

20107 154345 P@HoH?cQﬁ&/ Q42804 components, the processing device or computér 60 includes a

microprocessor, inputs, outputs, and a data storage device 62. The data storage device 62 can
include a hard drive, a non-volatile storage medium, a flash memory, tape, or CD-ROM. The
processing device 60 can further include an input/display 68 for a track inspector to input and
review data and to operate the disclosed inspection system 30. The processing device 60
operatés with suitable software programs for storing and analyzing the various data obtained
with the disclosed inspection system 30. For example, the processing device 60 can have any
suitable image processing software, such as Matrox MIL, Common VisionBlox, Labview,
eVision, Halcon, and IVP Ranger. For example, the processing device 60 can have image
processing tools known in the art for analyzing image data from the cameras 50 such as Region
of Interest (ROI) tools, filtering tools, blob tools, edge finders, histogram tools, and others.

woaz) To effectively process all of the data obtained with the disclosed inspection system 30,
the processing device 60 in a preferred embodiment includes a computer having a fast processor,
such as an Intel Pentiumn 4 processor capable of running at 2.8 GHz. To effectively store all of

the data obtained with the disclosed inspection system 30, the storage device 62 preferably



- 13 - imge data with the processing device 60. Therefore, the GPS
receiver 64 preferably feeds data to an auxiliary nodul e 65. The auxiliary
nodul e 65wpacloagesist hi s data and sends the data to the proasseingsodevi ce or
conputer 60 when queried. In addition to obtaining geographical |ocation
data, the GPS receiver 64 can obtain tinme data. Furthernore, the | ocation
and tinme data obtained with the GPS receiver 64 can be used to determ ne

ot her variables, such as the speed of _tthe i nspection vehicle, which can be
used for various purposes disclosed herein. Thus, the disclosed inspection
system 30 can use data fromthe GPS receiver 64 to trigger the caneras 50
to capture a still inage of the track bed at about every 0. 1-inches al ong
the rail., 100471 Ln an alternatiye exe ar nbodi t and as shown.,in

i gur o e Yo IR Berteint R vy ORI E8 ot BP et Wit OB ce
66 for thainin% geographi cal, | ocations of the inspection vehicle when

i nspect fiAgltaneouslyias onykisive; whighde alseknewn@s acRedupdant A efgdepandent Jdiska s
wheel revolutions or partial revolutions as the inspection vehicle noves

al ong t A isystem. cEhe fast prhesssoci cfttherprooeksimgtderics é0smd the dbdl dratddrives toif thre
vehicle. The di stance device 66 can provide |ocation data to the processing
devi ce &Bragt/dbvite Bﬁ%new%a@@@aiﬂ&i/teﬁptiﬁ@st&_ﬁgé 6% the | qaseebthined §4h! 1S dR¥RE&M 30
can trigger the cameras 50 to capture a still inage of the track bed at
about e ‘ =4 S 4 ogl. I heg. 86X [V, _
erbodi gy P e 365 18y Bl 0 o B Bl bl R S i e o
the tra bed at o ea ximum fra rafe of the caneras, 50 w t hout
bei ng tﬂ(a@}bg%af%g@ﬁ@' @@f@&‘é‘ww i el v eneraler Centieg dlf?ﬁﬂyéifgﬂﬁﬂ e,
t he cameras 50 and processi ng device 60 can operate at or near the nmaxi num
frame rengnagiitheinspestipmyplielei on vehicle travels along the track. Using the
known average width of a crosstie 10 or tie plate 14, the discl osed

i nspect b@n sYWathetle Ieamad2cabieuiedtontd e wwegoar syrfak dfhae itaspaad iviswededti 8l e.
The di scl osed system can then delete any extra franes to reduce data

st or agearfyle, theairofebRd 1iak & sh6En i\Bighfil D fol ok 4R Coidiee O AL QTR cdfipondnfsan®es

woul d have an approxi mate spacing of 0.1l-inch. It is understood that exact
spaci ng . = Laeh y. . ! . acs i e
noun oot dach bOE ATkl BREE ERASHIY fegMbublRaE RS AR ol het R
nunber Qqf fr.ages st be di scarded bet n each retained frane_on a . given
LT oo SIURIRFES SpTF HESHCGH HoLR FEAr S OITaApiEss B1ven e Y1qoa taos
are known to be 8-inches wide and 244 franes are captured for a specific

tie plattd showerp equiourrodiihe teeln bedk catitered bycthie isamoae $0e dRwe toefilieringdarkr ether. | f

the entire set of frames were nunbered 1 through 244, then the retained
franes mmagk ¢rdressifip eehmigadsektmain ih, thd arty thelithage inclidied twd$ixel Wakes, otvlara € 82
frames woul d have a cal cul ated spacing of 0.098-inch. [0049] Alternatively,

the di sddriopi@lssysiesdit telotonNbehB agl Bed) SRWWREPixeIVT 4 YPeir Mgl daf if EREB et O

create a new third frame at any desired | ocation along the track. Sone

frames GolAcidiamafewilichGai&dtst e ENEAY s Mfon AR B md [R0H FRACHAL HGHihed-
the irage data was captured. In this manner, a plurality of captured images produce a three-
dimensional scan of the track bed in which each image of the scan has X-Y coordinates showing
the contour of the track bed and has a Z-coordinate representing the particular position of the
contour along the length of rail.
josa4; It is understood that the speed at which an image is captured is limited by the width and
height of the scanned area, the distance between the discrete still images, the resolution of the

still images, the maximum frame rate of the cameras 50, the processing speed of the computer

60, and the write speed of the data storage device 62. For a railroad application of the disclosed



[ 0050] After the disclosed inspection system 30 conpletes a survey of

rail road track, conputer analysis of the inage data is perfornmed. The
conput er woabwsisssssan be performed by the processing deectasesiooesoput er 60
| ocated in the inspection vehicle. Alternatively, the conputer analysis can
be perfornmed by another conputer system having inmage processing software
known in the art. The conputer analysis searches the inage data and

determ nes or detects |ocations along _tjhe track where defects occur or
where all owabl e tol erances of the railroad track are not maintained. For a
particul ar inplenentation, the conputer analysis can be custom zed or
changed. The geographic | ocations of defects or unall owabl e tol erances can
be provided .so that %pgropriate repajrs can be made or maintepance work can
be schet§PEHOD SYHER PUACTHR PRsETeE X ABRLS IS SPACEISREbweansstidf images erdrmesarptured k
can be determined or detected fromthe inmage data of the track bed obtai ned
wi t h t hby theseamszasd( efsgbount 0.dringly ot rederrnd] velositic phthednspe@ion vehicle of about 30-
2010/ 151345PCT/ US2010/ 025004 - 15 - various techni ques for analyzing the
measur ahiph, apieérted haight df thelsca@ed atek ofpproRienatadp | € Gichks dndl A prefbhabRidangf

ot her neasurabl e aspects of the railroad track can be determ ned or

det ect eghefsoaticll ifeal MR PY-BocP bbbtk lr»ﬁaiﬁ Sl ARLRLEEA TY s%ﬁsf%tfﬂﬁees? IppbPeed

i nspection system |In addition, it w be appreci ated that

techniq _ in.the art f analyzi the i mage data can be ysed with
the di sgﬁ%ggtg%fmﬁscpegh %ﬁ%%/g?pémeaﬂéabég{sgﬁsaﬁgﬂe ‘%ﬁgﬁfg{d ad’ﬁoa ?W"H%rusryfrg@es
ot her than railroad, conponents may be inspected. Accordingly, the disclosed
i nspect FERPIEVEPEIGESINE Addecordingat shouhdd MBS i pisieredt Bardidinmeonimage. fueleds ¢ o
railroad inspection or the neasurable aspects and particul ar techniques
descr i behwweindiigure 10 @5/ 1reRuire ebautili5as WHitegurfeagorige. aMithl 2 fiameusptusddeateabantpl e
conpil ations of inmage data obtained with the disclosed inspection system
and assevsraddneins g thd-legthenf tthckhabont G¥3L600! fidnyes (oul® BP bapteted fRGme il
showi ng a portion of a crossfie, tie plate, and rail in a perspective view.

Fi gure A%M%@%W&hﬁﬁélo‘?%g%%ﬁéﬁ&édj?%”gspg@é a showing a nore detail ed

perspective view. As can b nin Fig 11-12, the conpiled i mage data

forns a reg- di i opal .represent atiQn Y, .an . of t.he area.nf the
track ou! TRECERIR ARG SR SO Potd 1y e gPERe 4 infeechial sBER 20 o <
of the ¢o one@ts c@ tql]e track bed can be npeasured. In Figures 11-12, for
exanpl eMrEFLERWde o gpal Positign Sygters (GF) recerver 4 fonabiaiming gepgraphical fecatiensght
of the crosstie 10 with respect to the ballast layer 18 is visible. The

or i ent aef tha espactiesi wphicle when inspedtingpharailraat wmank. r'Hid GBS regeiver i6didah enclidees e
and other details can be obtained with the disclosed inspection system and
associ aimycsuiteblb @RS eseideskidvizeth the affobe oblginiigd gdogt@bical RRBEohs! Foe8Lample,
exanpl e, the spacing between crossties can be determned fromthe plurality

of i mMgmedgP. refBF@" 64 Ron 3 Hi Ghd émfeﬁf,%mﬁéeﬁn&ea\iaﬂ?cfr?w mtotlgzelta r ¢ ebed

obtained with the disclosed I nspection system 30 are ustrate hat can

o0 o c 5L SRS A, S BSSFL B S ot L Sl

an end frane aving a con

and input/output interface. The GPS receiver 64 can obtain the geographical location using a
differential or non-differential GPS system. Techniques for obtaining substantially accurate
location and time data with a GPS receiver 64 are well known in the art and are not discussed
further. The geographical locations are sent to the processing device 60 and can be compiled
with the image data of the track bed.

[eo4s] When the image data from the cameras 50 is recorded, the geographical location of the
frame can also be recorded. Eliminating a continuous stream of geographical location data from

the GPS receiver 64 to the computer 60 can free the processor time available for capturing the



WO 2010/ 151345PCT/ US2010/ 025004 - 16 - at position Z1 along the track. This
end franme FI nmay designate the |ast frame show ng this crosstie 10. Figure
4B shows wo 20rvesi3wedi at e frame F2 captured sone tine af rem/usb@oepsbos r anme Fl
and at a further position Z2 along the track. This internediate frane F2

| acks a crosstie because it designates a | ocation between crossties of the
track. It is understood that a plurality of such internediate franes wll
follow the end frame FI of Figure 4A. _Aigure 4C shows an end frame F3

havi ng another crosstie 10" that is at further position Z3 along the track.
Comput er anal ysis can determ ne the spaci ng between crossties 10 and 10

by, for exanple, first counting the nunber of such internediate franes F2

| acki ng. a crossti This nu di ranmes F2 c e e

il 11 1 PRECS W o CasTE Rry o6 B0 dhieftie B8 Cps ratemes o4 sreibrp i lgeds data
calcul ate the dlstance bet ween c¢rossties 10 and 10'. In this way

subst antd 3 Fuxiligey modle 63e Aheraumiliary wedwle 63 peskagss thissdas ancheends ﬁ@lda@etd thean
be obtained without the need for a track inspector to physically inspect
t he cropwtéssing demist @adompiier Homden datried Hatadfitionso obmirilg eeogiphinas iceatidn
scan of the track bed is used. 100541 Determ ning whether a frane has a

Crosst i @attheiGPSGatiRe 68 ekl oAy dAtABBhMEri6f) fHedb@Siok AN e Hata Ubtdhdd
For exanple and as shown in Figure 4A-4C, the contour of a crosstie 10 I's

expect egith thé Jraofe8ve ?4 @&?%@%E?B&P ?t%f\é OB S ahidb1 68 - su S 3P e{g)cgti]%k %ﬁﬁ

can search the region of interes rame for prxel's in t|ng
presence of ..a cro stl e done, for e
DL ngeeton FEBaR wich & Br ARAEF vatis MPS?S@@E‘? hpgethpliiisate dfgosed
contour, of the crosstie is conmposed of dark pixels, the region of interest
R in a FFREFEOIFYSHY PR gan uss & frm the GRS receT o drigeer dre camsrasghd torcapiurn
than the region Rin an internmediate frame F2 |lacking a crosstie. [00551 In
anot her a sidhimudge of thedraak hed st ablout dvercd.0ssthesslong the aggspect to the rail can
be deternmined fromthe image data. Referring to Figure 5 an exanple frane
of railpaad & agkleBiafieastemblaby tifhod kit GH/ 45 IRARPGT/ BHdR19/ %5 8R¢Ao0sed
inspection system 30 can include a distance device 66 for obtaining geographical locations of the
inspection vehicle when inspecting the rail. The distance device 66 can be an encoder that
counts wheel revolutions or partial revolutions as the inspection vehicle moves along the rail or
can be the existing odometer sensor on the inspection vehicle. The distance device 66 can
provide location data to the processing device 60. Using the distance device 66, the disclosed
inspection system 30 can trigger the cameras 50 to capture a still image of the track bed at about
every 0.1-inches along the rail.
(o481 In another exemplary embodiment, the disclosed inspection system 30 can capture still
images of the frack bed at or near the maximum frame rate of the cameras 50 without being
triggered by the GPS receiver 64 or distance device 66. For example, the cameras 50 and
processing device 60 can operate at or near the maximum frame rate while the inspection vehicle
travels along the track. Using the known average width of a crosstie 10 or tie plate 14, the

disclosed inspection system 30 can calculate the velocity of the inspection vehicle. The

disclosed system can then delete any extra frames to reduce data storage so that the retained



- 17 - disclosed inspection systemis illustrated. The angul ar orientation
of the heads of the rails 12 can be represented by a line LI. The line Li
can be eswomaioedi3sfor exanple, by best fit or curve fitcmgst@ohesogues
known in the art. Simlarly, the angular orientation of the crosstie 10 can
be represented by a line L2. The line L2 can also be estimated, for

exanpl e, by best fit or curve fitting techniques known in the art. These
lines Li and L2 can be averaged from sgqyeral of the frames along the Z-axis
near the crosstie 10. Conputer analysis can then determ ne the angul ar

rel ati on between these lines L1-L2 to determne the angles of the ties with
respect to rail. This condition would indicate either worn rail or a plate
cut condition on .a wooden crosstie. 1 I.n noth br eak

The rar etk voRR By AR BB PROG ARG TBGH ol IRGPGITONG CH cheed PRt o
exanpl e frames F1-F3 of railroad track obtained with the disclosed

i nspect Périndymaxg pebilways bepessihle dut Higtspaeing Ball bs &aows and meayrienketwean 0.05”
separation of rail 12. Figure 6A shows an end frane FI having an end of a
first rand 012 tlhathisi @entddigpenst theosam&l nahipsrgoft fimnés mukt bel Hissarded! béinaste ehdh
designates the last frane showing this rail 12. Figure 6B shows an

i nt er meghAh@ frﬁxﬁ@%nF@Fﬁﬁﬂttﬂérs%dthﬁtOﬂ‘ﬁnE Tﬁi?;n?g‘ teRdaindenifngh. f Fagx fléififjtlﬁtnea

further position Z2 along the track Intermedi ate frane F2 l'acks a
il P _ .
(nder st P ApandyAEICRE Rkt pASCC P RtEEke cBbtedor b ec O it
d f f Fi 6C, sh th nd f havi
ot her Pufipmes ooy %ﬁ[&cer%@ < 925 SR 5 b Y TGS CFL eﬁﬁw‘“' piftce:

anal ysis can determn ne the aci ng between the ra| s 12 and 12', for

exanpl enupbered | giroegh 244, thynitherctrineskirarass wonld bedhnisanambersded, £7, 18cki2A a
rail. This nunber of |nterrred| ate franmes F2 can then be nultiplied by the
known spétiTip rbiained 82 ffanesweouldhaye,a d@lchlateticdphcingof@beHmhe t he di stance
between the rails 12 and 12'. [0057] Determ ning whether a frane has a rail
12 or n@ly CaAltERafRNY, ShéTBidcIBkd s@‘%@x‘n%uquﬁ (R GIME SetReNBny ﬂv6 ttﬁfE& frafie¥ to

exanpl e and as shown in Figure the contour of a Trail

2010/ 15 R

of the feheatil Haat Rede vty deééﬂylgf%ﬁeiﬁ&%ear I hZSOEIEeg'fr%%esStodlﬁn‘t%%}it R
of a fr pi xel s_indicating the r nce of a rail contour. This can
be done%@%ﬁ%@?&@%ﬁ&@P%%ﬂ?ﬁ@% SHE of pixels in the region of
interest, for exanple. Because the cont our of the rail is conposed of dark
pi xel s, DEshe A@gtthn dasclased &speatiom systern 30r completes i awivay ofrailipad trackyidmpiterve a

greater average or sumthan the region Rin a frame F2 lacking a crosstie.
analysis of the image data is performed. The computer analysis can be performed by the

processing device or computer 60 located in the inspection vehicle. Alternatively, the computer
analysis can be performed by another computer system having image processing sofiware known
in the art. The computer analysis searches the image data and determines or detects locations
along the track where defects occur or where allowable tolerances of the railroad track are not
maintained. For a particular implementation, the computer analysis can be customized or
changed. The geographic locations of defects or unallowable tolerances can be provided so that
appropriate repairs can be made or maintenance work can be scheduled.

osy) A number of measurable aspects of the railroad track can be determined or detected from
the image data of the track bed obtained with the disclosed inspection system and associated

methods. In examples that follow, a number of such measurable aspects are discussed, and



mom | n anot her exanple, the wear of the rails can be determ ned fromthe

i mge data. Referring to Figures 7A-7B, exanple frames F1-F2, of railroad
track obtwonrer/wsiisds t he di scl osed inspection system arecirhisoemnatoed and
can be used to determi ne wear of the rail 12. Conputer analysis can
determne if a rail 12 has wear, for exanple, by determ ning whether the
di stance between the contour of the rail 12 and a reference point in a
frame is less than the same di stance insa prior frame. Figure 7A shows a
frame FI having rail 12 that is at a position Z1 along the track. The
contour of the rail 12 lies within a region of interest Rand at a |level L
along the Y-axis of the frame FI. The contour of rail 12 is above a

reference. | eve] .L2 i ch may,be the height, of tie plat a neasurabl e
Gt ancEsions Rkt i B ne Freapgetn adippts GresatlpipaL i Wil vehopr aied that
havi ng benefit of this djsclosure, reference L2 may be | ocated at a nunber
of ref ethesscandiheriseasuahleaspecteotiha reiloaditrackgapds %@m@wd@@@meﬁrm thef or
exanple. Figure 7B shows another frane F2 at another position Z2 along the
track. itagpdsiatdfde Z&k ted @bthiimsddamitte the dischsbd aspdatibmagsterhhén adiitien) it will Hehe
rail 12 and level L2 than at position Z1 . Thus, frame F2 may indicate wear
of the #pprdcidtell @it sther tBeidued Rndwn &l PBGrtiBLardalyede thASmUedHa B RPRAE Yt t O

one of ordinary skill in the art having benefit of this disclosure, rail
. ' i . i ff i ,
pe M0 Mo AL RABEoROTRBLARY JURTRE 04GR sl i

2010/ 151345PCT/ US2010/.025004 -19- 10059 .n_anot.her exanple, the defects
"1 the CHURBENS S0 08 dpPPBdete ACAIHREY Do HITHESR (HRRPECTRL} SYSteRY agfh Afociated
Figure 8, an exanple frame of railroad track obtained with the disclosed

i nspectmethods, aicepati isteadedvte bodmeitadstorragrmed Dnspeetions oo e neasuneble mspestsi and10.
Computer analysis can detect if the crosstie 10 has a defect, for exanple,
by det epariiqulargeckineibedespibed lmnsinD of t he contour of the cross tie lie
outside a region of interest R or whether portions D of the contour are
absent sk hi Fortdd@ityeBigaresR1 Al 13 iHNawR, e@ﬁ{p@&&@npmh@n@roesﬁh$@daarbbtaﬁfédude
cracks, splits, or breaks in the ties. Using the plurality of imge data
near s od € r ' e hhe & he . wi.d of
t he de?‘gigltl .qh%gIrsgﬁe{s(eefirrp&ﬁ an %@Q@eﬁd ?%S%ﬁahegr%lg&%ylﬁ E’ﬁ ﬁ?lpﬁ%r%ﬂ’lﬂ?émg?& fh

i mge data.]ggn be gsed to.estimate the w dth,Wand Ign%’]h L of the crack
shown | $PPRied dmgee gitashawine A Rerian of @ @psile; tie Pl @ud Tih & & PRISRERVE Ay si s
can determ ne the depth of the defect, for exanple, when the orientation of
t he defldigered2 hage nlurghty qficompilad imagsetata gopangr ojose desailed parspectiveeviehes dst

and to be captured by the canera. In one enbodi nent, the angle between the
| aser arud betseercanifigares & ib- 18etheebontpiled inyagendatd fosms b hlaee-diveedsiogbl repres¢ntationng
into a recessed defect can still be captured by the canmera positioned

al most Panalahe!z) bf tHeReSRME Ghaclt BEET Th @hfesertdRa0as kbt dtaie sadRhSoust he

spacing or gage of the rail or length of the crossties can be determ ned

fromt 1 i { n i Qqu i3, the
art can Bt SE g sieohEntt of uly B8 50 BELTEH (6 BRGRA UPy BT T
di stance ''WL. _betvweepn the edges can.,be | cul ated to.estinmate.the spacing of
the. rafreckyor St he Sl 10 3mE Piohe &gt Befeht HEwEitosdhe Fo WibSSRE 82,
be used to find edges of the crosstie contour 10 in the frame, and the

di st anciée \wllﬁéﬂ%@’é&fitlﬁéﬂsg&@eéfh@eﬂma@tlemaéé ihgights elothedie platecl4 and wldthawe of
the crosstie 10. 10961] In another exanple, the height of ballast 18

rel at i vasible. t ibeser asisvther detadswabdedalitaned meth fheodisdlbsedi insppeticktspsterh rand
Figure 8 a line fitting technique can determ ne the | evel of the ball ast

18 and dsheidt@v@kthlls iR seitedsh nrd SstaitBélowhe di fference between these
| evel s can estimate the height WD 2010/ 151345PCT/ US2010/ 025004

00s3] In one example, the spacing between crossties can be determined from the plurality of
image data. Referring to Figures 4A-4C, example frames of the track bed obtained with the
disclosed inspection system 30 are illustrated that can be used to determine the spacing between

the crossties 10. Figure 4A shows an end frame F1 having a contour of a first crosstie 10 that is



- 20 - HB of the ballast 18 relative to the crosstie 10. In another
exanpl e, the scans of the railroad track can be used to determ ne the size
of stoneswonotonsidaal | ast 18. This can be done by anal yzipog/us2010@ezmn4 of
interest having ballast 18 and estimating sizes of the ballast stone using
curvatures in the contour of the ballast 18. 100621 |In anot her exanpl e,

rai sed spi kes can be detected fromthe i mage data. Referring to Figure 9,
an exanple frame of railroad track obtgsned with the disclosed inspection
systemis illustrated. To determ ne whether there is a raised spike, a
region of interest R can be analyzed to determ ne whether a portion of the
contour representing a raised spike 16 occur within the region R [00631 In
ot her e | .es,_m_ssi ie plates ghed, tje pl ates, sunken tie

pl at es R OHIED e Hlghs dit ‘m?ﬁ Jﬁ‘@ i aﬂa magfeaignpts ghe éaSl:iﬁa@ﬁeshwngéhl
exanple frame of railroad track obtalned wi th the disclosed inspection

syst em dressfi¢ [10s Figwre dB shhws ah datempdiate famkedid daperel sones time afier thetend fiathe f or
exanpl e, by analyzing a region of interest R and determ ni ng whether a

porti onfFbotnd hea doriied ositivprZS elohi e &aék. € Thisah@nasdibteSirihe $Q68:KA0L cREHRI
within the region R A misaligned tie plate can be determined by line

fittinghdchiRe We%igﬁﬁ‘te?ﬁ l&clﬂﬁoﬁﬁ%lﬁv%q crBbstitd6f fhk Grall. a{j‘?s At agg%t%jffy of

orientation of the line tot e crosstie, exanpe

ot em WP iithtafie RamBl ol BRI eve%ggagnneﬁgggpem%@t ol AR,

may be onség cted an operated in the same way .as descrlbed inrel atlon to
t he pr iARETHET CrospiifelAE that; iy af fyrtheg ﬁﬁ%ﬂ%@ﬁtaloxtgn@eﬁra@ke fffomputer
invention has been adapted to allow nore efficient daylight operation.

| nspectanglysisyen dateBningtthe Smemgthwt\wnlqrmn@eﬁbm 10idy, wexamply, fivati sowdingbove
the surface to be inspected. Center laser 40 is nmounted in. the center of

f r amewahi ndbandf swhnmtdrivediater fraxtes BP dackiig Bickosshi® %wh@ﬁb&%feﬁ%n%@daaﬁéh' le
the outer two |asers 40 scan the outer periphery of the

2010/ 134 PEF lohp2R:k0 hg I
spread 13. Pﬁrc%dgr exgﬁp%?ﬁgﬁhedra Iroa atpgég@%%\g trv‘gegll(?nﬁé;énglgr%Is%égtc‘t ?irm&gq? o
{ﬁze; a4ﬁ911cﬁ%'t'é Qhes ﬁ%&n&@ %c&%en cross%es 1b' &id %1" % \9}%}, & sLt?s aenrtlsally\f\%lécl:u(%atgcan

measurement between crossties of the track bed can be obtained without the need for a track
inspector to physically inspect the crossties. Instead, the image data that forms the three-
dimensional scan of the track bed is used.

(00s4) Determining whether a frame has a crosstie or not can be performed by imaging
techniques known in the art. For example and as shown in Figure 4A-4C, the contour of a
crosstie 10 is expected in a region of interest R of the frames F1-F3. Computer analysis can
search the region of interest R of a frame for pixels indicating the presence of a crosstie. This
can be done, for example, by averaging or summing the value of pixels in the region of interest
R. Because the contour of the crosstie is composed of dark pixels, the region of interest R in a
frame F1 having a crosstie 10 will have a greater average or sum than the region R in an
intermediate frame F2 lacking a crosstie.

(0055 In another example, the angles of the crossties with respect to the rail can be determined

from the image data. Referring to Figure 5, an example frame of railroad track obtained with the



pool In this exenplary enbodi nent, the two outer |asers 40 are each tilted
outwardly away fromthe center |aser at an approximte angle y of 10

degrees. wbaotowsi1mgter | asers 40 are tilted in this enbedirsedioionsoos der to
allow the inspection system 30 to be stowed into a truck bed, for exanple,

while still being capable of scanning a 9 foot tie of a railroad track bed.
By tilting |lasers 40 outward, the present invention achi eves the scanning
width required to inspect the ties, wpyle still physically fitting within

the trucks limt. However, since the present invention can also be used to
i nspect other surfaces, the two outer |asers 40 may not be tilted

what soever dependent upon the practical requirenents of that application.

[ 0066] ,.Further referring.tq,the ex | ary enbaodi.ment of Figure 13, |asers
40 ar SSe gl oot oBsbeB 5t sl AT sl SREZATooN cof hess BEINe 138 1ahver
angulg; spread 13 could be nore or |ess dependi ng upon the distance between
| aser SPeAxsPEEseNteth BY 2n#sekt-e dhs Jinedele casbe astnaied dar pyammleshy best Ifit od cirvet he
art having the benefit of this disclosure. The intensity of the laser line
L (i . €efitting ssbnighesalmown jorthg et imilyrly,abeasgddt @ivhtativhef its@estied 0ssanfhace i s
at least 0.15 watts per inch of the wwdth of |laser line L projected onto
the sueprsated by & lige MRSt THY BACLY @6h 815D ORI IBRAbted ! 158 ekahﬁl@,sw ¥edt it Or LAt ts
per inch of the width of laser line L projected onto the sur?ace. The
nunber il . 10K ry 1 h th l.ong.,as the
number s | 288 Seckhon 8 e BHMMIRTA Bl 1708 SRRl o, el BT
Accordingly, those ordinarjily skilled,in this art having, the bepefit of
Tt driReonedBs 2P o s dofifie 10° Carudey a5epis 8t thep stemmine e g
coul d praqvide this m ni numwattage. A WO 2010/ 151345PCT/ US2010/ 025004 - 22 -
[ 0067 Telatipn hetwepnnthese fings kbL2He deteanine shs/anghescfi the Hes with Fpspestdo 1@l. This

conbi ned use of the three |asers 40 provides a higher light intensity,

t her elpngitionl wouhbindichewgherfworn ghil omd platespecorfditonvavetwesdsnitrovsiieh i s nore
intense than the solar radiation at that same wavelength. In this exenplary

enbodi @it In hashasexdBiphd, @ beakiin @R3AMcAd be dOBMBNELSAAhD ithAREabr. 8eferring
understood in the art. This choice of |aser wavel ength corresponds to a dip

e ST GRS B SO St MO IR A .
e ek APl s om0 554

wavel engt hs. At approximately 808nm there is a sharp dip in sun's solar
ener gyend frage Fi havigg apsnd|of seofisst tatl 12 thag iy st pasisiopr 2k aleng the tracki. oFhinesne
specifically chosen because their wavel engths at approxi mately 808nm are
mor e ifranenSled¢shpnates tilee laetl frame stbiwdng this @il 12h &FigaeeBrehoet an dhtirmddives &lyie
allowing their radiated light to be detected in sunlight via caneras 50.

Those Fordbingdd dovnestitht hfter thd chd GratetF1NaMI Y thifllker PRSELA Z20flodd¥he ndbis CTRgUr €
realize other | aser wavel engths may be utilized to take advantage of other

di ps i l.abl i.D; 1 [NV i Sj
Ref or 1Rl R T2 100ks o1 BEGALER eathl A 10QRCRDESERY iR Bl M3F
camer as ,50 0 e esent i nvention wll. now_he descri bed. reviously

i S BdgstoR, il BERY of S PRcife g Toliow i 4nd g Bach of
the ingpected surface (in this examle, a railroad tragkf to the processing
devi cdgire Sénphiteare 66 showsanpthgr end fieme| s having auethersiainl 2 ithaisis atdwthesr , in
this exenpl ary enbodi nent, caneras 50 each include a housing 70 having a

| ens DRsitivit ZRialorigoths itragk. 7 Coimputer ahalysie candgitredne thei speciid betoreefCOR, railbii2zh i s
an anal og shift register that enables transm ssion of anal og signals

t hr oughd $2% farsexbmples bR ias c6@iiinkGhd Mty oflirfttraeliatd SRabs FOREKIAS a¢aN P@sused
as a formof nenory or for delaying sanpl es of anal og signals, as

ndior SR ¢tk ede b e L A Y B e RS PSSR B8 004

(e.g., 0.1-inch) to calculate the distance between the rails 12 and 12°.

(ves7  Determining whether a frame has a rail 12 or not can be performed by imaging

techniques known in the art. For example and as shown in Figure 6A-6C, the contour of a rail 12



- 23 - capture images as well. Those ordinarily sldlled in the art having
the benefit of this disclosure realize there are a variety of canmeras which
may be utwbi2asxhiswdssh t he present invention. [ 0P6F]ust@ioiob3oust r at ed
in Figure 15, CCD 74 is placed adjacent an optical bandpass filter 76. In
this exenplary enbodi nent, bandpass filter 76 was chosen to pass a band of
the |l aser 40's wavel ength -2run and +1nm while filtering at |east 0D4 for
t he remai nder of canera 50's responsejgange from 300nmto 1100nm excl udi ng
the ranp-up and ranp-down areas that exist near the band pass region as
understood by those ordinarily skilled in the art having the benefit of
this disclosure. Therefore, by utiIizing 808nrn | asers, bandpass filter 76

passes_a wavel.en . appg oxi mat el 0 Iefllterln out the
Porn i RPEIAR bl PERTerE Tt hroRampo L | CPRPYER S comntpetith B at
this wavel ength, the |ine generated by lasers 40 is readily detectable in
the sUREPYRE mt%ﬁ#b of p fragnegier pixslsriadigating the prgsercesH| o nailposisnr. albig oan bh

| i ght eﬁaSSI ng through a filter at an angle, bandpass filter 76 is nounted
bet wealont drysavkPagimgl oCGRrritding Theivahiel of, piwalsrﬁnl fhg htegipassfe intérbst o fighexandplld. t er
at extrene angles, in order to get the sane wavel ength of Iight at many

di f f erBxobusenigd &mtour @ thieail ihédtBpaied bf 8k phleld iR r\égﬂﬁ oPAR&EEAWin d frade Fi | ter
were placed on the exterior of the lens, |ight would come in at an extreme

2091 ba RSN ROl bkt oD L e, ekl o

reductlon in the blue shift results |n a nuch tlghter fllter bandpass,

whi ch F ‘ﬁ cessary to filter out as nuch solar radiation as possible.

Accor di ngI , bandpass filter 76 is nounted behind lens 72 0071] A spacer
78 i s 1998k 4 grethep gxampleotheeveai @& thy railinensabe cietqrmmﬂﬁﬁomp%@smased@[a 74.
Spacer 76 conprises an opening 80 which allows inmage data to be coll ected
f r om |ReferriiA@ to Figutehi74 - EbodimpinframdsafidB2 s riilrbadtracktottainabwith chet digdosedich
nonl aser-generated |ight as possible, thereby enabling daytime inspection.

Al 0, ifidpeStiddyeRiRAS illugattd and BarAbd LN deREmARSRedrbiTRE #il 130Computer
2010/ 151345PCT/ US2010/ 025004 - 24 - length due to the |light passi ng t hr ough

furt pendigs r omgr f:’letgﬁ&%gQVI a ifh&&wﬁn?&t&gﬂ)g& )&cw.' lm"{Qn?’ween t?lé d§slt B

further e use 0 acer ens and

camer usi 7 Spacer s the oriengation of the lens 72

ol ot DERRED gshpr °§ﬁﬂ§6&ﬂ§gmﬁﬁygﬁ§enw BPIRLILASRES oy BeF GesAmE HHGs her
In the al ternatl ve, however, spacer 78 would _not be necessary in
enbodiligPrier fame; Higuye 7 A shesvsaa frame Rirhevingtrail 12 thatris itk @asifign @il déorigdbeisi ng
range_ Accordingly, those ordinarily skilled in the art having the benefit
of t hitsckli $h¢ osiow ofeh¢ raikel2 lies eithine ragivaf @ityresif R apdaes fevehl. alongahd ¥- be
utilized with the present invention, and that the need for spacer 78 may be

negat egistdfrthe @Bme 1S ThOt&Rour of rail 12 is above a reference level L2, which may be the

height of a tie plate, a measurable distance LD. As would be apparent to one of ordinary skill in
the art having benefit of this disclosure, reference L2 may be located at a number of reference
points such as tie plates 14, spikes 16, or crossties 10, for example. Figure 7B shows another
frame F2 at another position Z2 along the track. At position Z2, the distance LD is less between
the contour of the rail 12 and level L2 than at position Z1. Thus, frame F2 may indicate wear of
the rail 12 at the position Z2 along the track. As would be apparent to one of ordinary skill in the
art having benefit of this disclosure, rail wear could also be determined comparing frames taken

at different times, but at the same position along a track bed.



10072] In yet another exenplary enbodi nent of the present invention, rai
seat abrasion may be predicted with a high |evel of accuracy. This

enbodi nenwouvidiszas the i nage data previously descri bedpamarstéie/o2gpd i cati on
of algorithns that adjust for vehicle tilt. As inspection system 30 noves
along the track, it may encounter curves or bends in the track which result
in a suspension | ean of the system 30 as it noves through the curve. This
lean results in the railroad track itpelf leaning either to the left or
right in the field of the caneras 50 view. The resulting neasurenent data
is used to target which ties should be physically inspected for rai
abrasi on. However, the leaning, or tilt, nust be taken into account when

identifying ties to be inspected for rail .segt abyasion,, as will be

descr iy HeIPBARe] SERpleTRE fes B sHses: L foy be drie dont thepigrper n
reference to the profile inmage depicted in Figure 17. Although this inmage
woul d d8ta. t A sBown A Fguse aa%emafpi fdame of dailread brack obtpined witll thetdisplesdd her e
as a profile for sinplicity. In this exenplary enbodinent, left and right
rail s idspeetion sykfetisis shévenl DeftctsdD ahd D’ aoghioeindn thecrdSstie L0 Cdndut@Rnalysnt S

| evel ground. Although not shown, it is envisioned this section of the

track chs deedt1F thedrSddfi¥ €0 had'dl défct, RFR{EHHRNbY YetkbARnt \%ﬁhﬁ’h&f@ﬁﬁﬁﬁ% O SRt i on
is noving along the track resulting in an angular tilt of Cross ties 10 WO

£ ack SPAREP T RO e P arplon of ERARE Rttt iyBa B nEBicRliur et

seat abrasiqn.is presenf, height neasyrenents of the each rail nust be

t aken ﬂg?Fné@E@PH c@gwﬁw- t‘g% I%E?QW}H e?ﬁ@v@oﬁgﬂﬁs%% }Dﬁﬁﬂlﬁ’ qrRekeVLES, 08 t hi s
exanpl e, the height of right rail 12 would appear taller then left rail 12,
resul tbresds imtheldisse dsizg thermdurslityerfimage daieasanisushl aydefenis ¢ompusérgmalyiic aan
enpirical and mat hematical research for the present invention, a standard
tilt cletermikeithe widhtand lefigth .of Zherdsfectet Ryrnixamgle Ftdi & $dchtin Godurecti-0n thact or
is incorporated into algorithns of the present invention in order to adjust

for tidiiralfgeTedagydMaERbd Q8RR th %stﬁﬁ&%%&wﬁfﬂ%ﬁeﬁﬁd RAgth Bk tHa&: -shem?nrfent

st andards, "and other factors unrelated to ra seat "abrasion. [00741

furth f C t he enpl odiment of.Fiqure 17 and the
excermpit SEpES e adsle: A ACABAY, & BRRp B hneRlis ol efombie Eivdelothe
present .i nyention is._now described, Based on the three-di nensional inage
Hat o CEEEH AP ETBIF BhfR fhecrisgtation BF theidstret gllayedlisht from thydaser igperppiectsd
measurement is taken of the rail base height of each rail, left (Hu') and
ri ght Within thegdefege pnd tpsbeeantured by theegamerau geyneambcrd@hm, theramgle tritweanght base
and tie heights are the heights of the rails and ties relative to line L5,

r epr edssat amitht baméragambe tdlstiviehy eraltisomhasthe tight projeditng iDRcerdcbBedld¢rednisaonal

i mges have been captured, the rail base heights and tie heights are

det er gined chnsed by R s y&aﬁ&&alamsxg&aﬁaqahlé@eaﬁlofkw& ligand fiRtie,
which is then norialized based upon a 0-255 neasurenent |1 ndex. In

iy oughof 2t Aot Bleni e ool bE 4o pf o HEESTIBRCEE bl PEEBF

described.. The dipensi ong of _.each CCD, in an exenpl ary epbodi pept, are 256
oi o1 detpningd Sof) TEILass faio T8 Eegbes iy o AR R A AWV B DK ey o
pl aced rqgghl si de ay side. Accordingly, the total field of view for the
two cafusekto escpiithe ragl qontoss B inthelewe, dahpdiganes Wil tweenghsedsss -
hence the 0-255 index. Those ordinarily skilled in the art having the
benef ican bé calhilstedits edtmsate eherspating efltiehreile1 Zir Binsilarhyy b tggeodetevting oathnigoe
determ ne the heights.

known in the art can be used to find edges of the crosstie contour 10 in the frame, and the

distance W1 between the edges can be calculated to estimate the width W2 of the crosstie 10.
[o0s1] In another example, the height of ballast 18 relative to the crosstie 10 can be determined
from the image data. In Figure 8, a line fitting technique can determine the level of the ballast 18

and the level of the crosstie 10, and the difference between these levels can estimate the height



WO 2010/ 151345PCT/ US2010/ 025004 -26- 100751 Thereafter, at step 102,

I nspection system 30 records the uncorrected Haa HRrail , and HRtj e hei ght
measur enewo0mf1sias| s 12 and tie 10 based upon the pixelpcraisa@oodsoeach.
Then, at step 104, the processor of inspection system 30 derives the tilt
correction factor (TC) based upon the follow ng equation: TC = (Haail

HRm 1) (.12) 100761Thereafeter, at step 106, the actual A (i.e., the

di stance/ di fference between two pointgg.is determned for both the right
and left rail bases based upon the follow ng equation: AleftRail (HLrail
HLtit, TC ArightRail .= (Han _ HRtie) Tc

Hg of the ballast 18 relative to the crosstie 10. In another example, the scans of the railroad track
can be used to determine the size of stones in the ballast 18. This can be done by analyzing a
region of interest having ballast 18 and estimating sizes of the ballast stone using curvatures in
the contour of the ballast 18.

w0621 In another example, raised spikes can be detected from the image data. Referring to
Figure 9, an example frame of railroad track obtained with the disclosed inspection system is
illustrated. To determine whether there is a raised spike, a region of interest R can be analyzed
to determine whether a portion of the contour representing a raised spike 16 occur within the
region R.

wo63] In other examples, missing tie plates, misaligned tie plates, or sunken tie plates can be
detected from the image data. Referring to Figure 10, an example frame of railroad track
obtained with the disclosed inspection system is illustrated. The missing or sunken tie plate can
be detected, for example, by analyzing a region of interest R and determining whether a portion
of the contour representing a tie plate occurs or does not occur within the region R. A
misaligned tie plate can be determined by line fitting the portion of the contour of the tie plate
and comparing the orientation of the line to that of the crosstie, for example.

oo64) In regards to Figure 13, an alternative exetplary embodiment of inspection system 30
will now be described. In this embodiment, inspection system 30 may be constructed and
operated in the same way as described in relation to the previous embodiments. However, in this
embodiment, the present invention has been adapted to allow more efficient daylight operation.
Inspection system 30 utilizes three line-generating lasers 40 mounted above the surface to be
inspected. Center laser 40 is mounted in the center of framework 32 and scans the surface area

within its angular spread B, while the outer two lasers 40 scan the outer periphery of the



The result is the actual A between the rail base height and tie elevation
for both the right and left rails. Please note the foregoing equations take
i nt o accowot2otosid4ean, or tilt, of the truck, whether | eCt/useowiogdesvs 10077]
Then, at step 108, the rail seat abrasion value ("RSA") for the right and
left rail bases is determ ned based upon the following formula: = (32/54) _
(AlertRaii / 50) RSARrail = (32/54) - orightRail / 50) The "32/54" is the
expected A between the rail base and.je elevation, signifying no rail seat
abrasion. The "50" represents the rate of collection in height, 50 pixels
per inch. Those ordinarily skilled in the art realize the 50 pixels inch
rate of collection could vary based upon the geonetry of the canera and

| aser .set 100781. Thereafter, at sfep 110, the RSA valu e out putted
o SR SEBeO MBI R hetlan By S AR cxaoly s THIE HERk Hra BB E mmge
I's then anal zed and the al gorithm begi ns again. The RSA data provides
accur dpweriedsisnicrdares 48 copls gcan dhe Tullb?-dagt die. athdle dhe owsr faserserqudd seapethe

accurate
rails.

[00s5) In this exemplary embodiment, the two outer lasers 40 are each tilted outwardly away
from the center laser at an approximate angle y of 10 degrees. The two outer lasers 40 are tilted
i this embodiment in order to allow the inspection system 30 to be stowed into a truck bed, for
~ example, while still being capable of scanning a 9 foot tie of a railroad track bed. By tilting
lasers 40 outward, the present invention achieves the scanning width required to inspect the ties,
while still physically fitting within the trucks limit. However, since the present invention can
also be used to inspect other surfaces, the two outer lasers 40 may not be tilted whatsoever
dependent upon the practical requirements of that application.
loesé)  Further referring to the exemplary embodiment of Figure 13, lasers 40 are 7-watts lasers,
each having a 45 degree angular spread f. However, angular spread B could be more or less
depending upon the distance between lasers 40 and the inspected surface as understood by those
skilled in the art having the benefit of this disclosure. The intensity of the laser line L (i.e., laser
beam L) projected by lasers 40 onto the inspected surface is at least 0.15 watts per inch of the
width of laser line L projected onto the surface. In the most preferred embodiment, the intensity
is 0.18 watts per inch of the width of laser line L projected onto the surface. The number of
lasers 40 utilized may be more or less than three, as long as the number utilized can provide the
necessary wattage per inch of laser line L. Accordingly, those ordinarily skilled in this art
having the benefit of this disclosure realize there are a variety of laser combinations which could

provide this minimum wattage.



WO 2010/ 151345PCT/ US2010/ 025004 - 27 - identification of potential safety
hazards and wear points requiring nonitoring or corrective action to ensure
track safwODwo1/B®349] An exenpl ary system for determ ni ngcraiskosm@atooabr asi on
of arail road track conprises at |east one |ight generator positioned

adj acent the rail road track, the |ight generator adapted to project a beam
of light across the rail road track; at |east one canera positioned

adj acent the rail road track for receyying at |east a portion of the |ight
reflected fromthe rail road track and for generating at |east one inage
representative of a profile of at least a portion of the rail road track,
and at | east one processor adapted to performthe steps conprising:

anal yzi ng e, at least one image; an et erm_nj.ng whet her rail seat

SD Yo’ Bl rotieing o Hhe HERDUrY SRATEerhOE e e COmMdeNe a5t ng
whether rail seat abrasion is present, the at |east one processor

conpentlrge dasems A0 provides adfighen élgﬁhmtensmdhcrcbx: rrodreingal kineoohlight e arspecifiy
enbodi ments, the processor conpensates for the tilt of the rail road track
by t hevastlepgthoelnph iis imuge intehser thimitheg selahesdigtion oft thatl safie wavdlerpds e In thight
rail base, left crosstie and right crosstie; determning a tilt correction

f act OfexerfiflaRr ethBYdiSem! 136k WAl arfl @hd1R8d8%m NSkl dlleladgh | %Efs Js%ﬁel?féﬁg% and

1
determning a rail seat abrasion value for the right” and left ra ases.

In ye thes: e I ' f termning.the heights
fur %/htg}eagghpmseéﬁélgée%g%%égb‘g&e%he rc%}%p?l’g&\%oftai C ?Ibirﬂ)l(eelsc’%&fﬁ%c %t each
of the hei ght the left rail e, right rail hase, left crosstie. and
ri ght aBRfB%@IE%@? %Q%fan ﬁ&?ﬁ?ﬁﬁwﬁ%ﬁmﬁgﬁf RFOEEE |tflw¥€1 s gFRTPlcTe 28 éﬁls&awﬁ i

measur ement i ndex. f0081] In other exenplary enbodiments, the step of

det er ihicngtaph of Figure 16c dlerecthi snlar apectum i showoras|ses fevel traging figomougidy | ef t
and right rail base heights and a standard tilt correction factor. In yet
anot helf).Qmﬁegplabbye 2400t rewlich t ieludée V] vigbler ahdi iAGaredewaodledpithsdlel pa i s
acconpl i she

approximately 808nm, there is a sharp dip in sun’s solar energy. Thus, the 808nm lasers utilized

in the present invention were specifically chosen because their wavelengths at approximately
808nm are more intense than the solar radiation at the same wavelength, thereby allowing their
radiated light to be detected in sunlight via cameras 50. Those ordinarily skilled in the art having
the benefit of this disclosure realize other laser wavelengths may be utilized to take advantage of
other dips in solar radiation, in accordance with the present invention.

woss}  Referring to Figures 14 and 15, an exemplary alternative embodiment of cameras 50 of
the present invention will now be described. As previously discussed, cameras 50 are mounted
to framework 32 and send image data of the inspected surface (in this example, a railroad track)
to the processing device or computer 60 via wired or wireless transmission lines. However, in
this exemplary embodiment, cameras 50 each include a housing 70 having a lens 72. Within
housing 70 is a charge coupled device 74, or CCD, which is an analog shift register that enables
transmission of analog signals through successive stages controlled by a clock signal. CCD 74
¢an be used as a form of memory or for delaying samples of analog signals, as understood in the

art. In the alternative, however, a CMOS sensor as understood in the art may be utilized to



WO 2010/ 151345PCT/ US2010/ 025004 - 28 - based upon the tilt correction
factor. Also, other enbodinents provide for the step of determning the
rai |l seatwahkwagismasval ue to be acconplished based upon trhe/meiwabsodel t a.
poszi Exenplary nethods of the present invention provide a method for
determning rail seat abrasion of a rail road track, the nethod conprising
the steps of determning a height of a left rail base, right rail base,

| eft crosstie and right crosstie; recpyding the heights of the |left rai
base, right rail base, left crosstie and right crosstie; determning a tilt
correction factor; determning an actual delta for the right and left rai
bases; and determining a rail seat abrasion value for the right and |eft

rai | bases.. Anot her | ar ovides a nethod the step.of

ot er (ARTTRGTRE Forelh dobt TRt boRRLBaht RE 16y Dg¢be pencdl o HEE Hirgoure
vertical pixel counts for each of the hei g{hts of the left rail base, right
rai | Beadige thees are gvgrelyiod cameras wiivh reayoesutilized with thepresgnt Zivagtiathe verti cal
pi xel counts based upon a neasurenent index. (0083] Further exenplary

met hods pr @uésde Asdilbsictedninefigire 1SHECEI 8 ivplackelt w¥javeni agoptival birddpagsdilteect i on
factor is acconplished based upon the left and right rail base heights and

a st angangthid éxenfp®iry %ﬁl‘bb&ifhehﬁ%hﬁﬁpasd ﬁ‘lté?t%%as%ﬁééﬁh@ passlalfand BPfhe Wser 40°s

determ ning the actual delta is acconplished based upon the tilt correction

fact or, t b |on
IS acconprgn@hegﬁ%‘ased upohv}h‘rqg fg%:?ﬁglaftc}gﬁ %ﬁ%%rn%e %&a@eﬁﬁg%%%% §051
bases. 100841 In, not her t hod of ent inv ntlon a
ot hodPBise ENEs o 10011005, BisPiddhes e SR tp A FRBRGOMLERS GRS dod,
t he met hod co ISI ng the steps of: noving an inspection systemalong the
t r ack nearebe benchpass Aegen amurdersioadebnthess prginasilyskillechist the apgdiavingrthe bere

track; determning a neasurenent of the rail seat abrasion for the portion

of thef tiisdisclowdrer Ehercfdre, iyeatiizien®08nnalasers diaudpassl filter 76 phssecn oavelémgtied as
the inspection system noves along the track; and determ ni ng whether rail

seat %Pﬁr@ﬁini&ﬂel?%b@%%ﬂﬁsﬁﬁﬂé’ﬁﬁéhﬁ £ K ﬂeﬁfaﬁﬁnr%m&%&aﬁ& ?i‘n@%ﬁﬁf‘g 8- dip

exenpl ary nethod, the step of determ ning a urenment o e rail seat

abras 'n? fhe SHFP s%%:t%&? M?spg%ﬁ%&l %eol%? Ogedflerated by lasers 40 is readily detectable in
the sunlight.
0070; In order to reduce the blue shift associated with light passing through a filter at an angle,
bandpass filter 76 is mounted between lens 72 and CCD 74. Typically, when light passes
through a filter at extreme angles, in order to get the same wavelength of light at many different
angles, you must have a filter with a wide passband. If a filter were placed on the exterior of the
lens, light would come in at an extreme angle. However, by moving the filter behind the lens,
the light is much more parallel and the blue shift effect is dramatically decreased. This reduction
in the blue shift results in a much tighter filter bandpass, which is necessary to filter out as much
solar radiation as possible. Aceordingly, bandpass filter 76 is mounted behind lens 72.
[0071] A spacer 78 is positioned on the other side of bandpass filter 76 opposite CCD 74.
Spacer 76 comprises an opening 80 which allows image data to be collected from lens 72. In
this embodiment, bandpass filter 76 screens out as much nonlaser-generated light as possible,

thereby enabling daytime inspection. Also, this embodiment results in a slight increase in focal



-29 - further conprises the steps of: determning a height of a left rai
base, right rail base, left crosstie and right crosstie; determning a tilt
correcti onvofamisu34sdet ermi ni ng an actual delta for the pcghisand2iceit rail
bases; and determining a rail seat abrasion value. [0085] In other

exenpl ary nethods, the step of determining the heights further conprises
the steps of: determning vertical pixel counts for each of the heights of
the left rail base, right rail base, 4gft crosstie and right crosstie; and
normal i zing the vertical pixel counts based upon a neasurenent index. In
anot her exenplary method, the step of determining the tilt correction
factor is acconplished based upon the Ieft and right rail base heights and

a standard tilt correction facto other nmet hod, the step of
det er hingihgus e thgo gl P@@Pﬁé&%gééﬂ@ﬁﬁ’y PhegerIenpLis eorapansted G Pect i on

factor. In another nethod, the step of determ ning the rail seat abrasion
val ue mayming 6B 74 ﬁ@lﬂb‘efgﬁhbflm lenb @2 avgn thaluselef spacer] BOsGAedbetivoergleny a2 i ous
enbodi ments have been shown and descri bed, the present invention is not so

| i mi t and amderaiHousihg 70N Byasérotdchangésitk wdientatibn 06t 18RATE kelatvetdCADA4,
variations as would be apparent to one skilled in the art. Accordingly, the

| nventshon: i7g il tbel ﬁ)rt&m\s/\%s A gféc&@ox@ghﬁﬁ%as & ITh e aiindifhe, I RENS Cface}?é s
and théir equival énts 10/ 151345PCT/ US2010/ 025004 - 30 - AIMS: 1. A

e L e L
LK o ng ke, Aecordingly, thost ordimarily Hcled in fue e Raving the benat of fhis
rail rYYE0E TAERE gly, t y g
disclosure realize there are a variety of spacers which could be utilized with the present
invention, and that the need for spacer 78 may be negated through lens choice.
00721 In yet another exemplary embodiment of the present invention, rail seat abrasion may be
predicted with a high level of accuracy. This embodiment utilizes the image data previously
described and the application of algorithms that adjust for vehicle tilt. As inspection system 30
moves along the track, it may encounter curves or bends in the track which result in a suspension
lean of the system 30 as it moves through the curve. This lean resulfs in the railroad track itself
leaning either to the left or right in the field of the cameras 50 view. The resulting measurement
data is used to target which ties should be physically inspected for rail abrasion. However, the
leaning, or filt, must be taken into account when identifying ties to be inspected for rail seat
abrasion, as will be described below.
e73]  The tilt phenomena is more clearly described in reference to the profile image depicted in
Figure 17. Although this image would be three dimensional as previously described, it is
illustrated here as a profile for simplicity. In this exemplary embodiment, left and right rails 12
are illustrated laying atop concrete tie 10. Line L3 represents level ground. Although not

shown, it is envisioned this section of the track is within a curve, and an inspection system of the

present invention is moving along the track resulting in an angular tilt of cross ties 10



at | east one canera positioned adjacent the rail road track for receiving
at least a portion of the light reflected fromthe rail road track and for
gener at i ngoavidBsass one i mage representative of apprafscéie/oedooat | east

a portion of the rail road track, and at |east one processor adapted to

performthe steps conprising: analyzing the at | east one inage; and
determ ni ng whether rail seat abrasion is present along the rail road
track, wherein, when determ ning whetjdger rail seat abrasion is present,

at

tilt of the rail

| east one processor conpensates for a tilt of the rail road track.
systemas defined in claim1, wherein the processor conpensates for the
road track by the steps conprising: determ ning a height

t he
2. A

of a left rail has right || base, left .crosstie and right crosst.ie;

det er AFAPSFRTSE b e 1y AS Rurloribe sroEi0 i iliBe slhiRY foytns ethc (R 8105 &0 BEIORURS { he
right and left rail bases; and determ ning a rail seat abrasion value for
the r iv@w‘thegﬁ@l sest tabragion isgwesent, height measurements of the each rail must be taken in

accordance with the methods previously described. However, in this example, the height of right
rail 12 would appear taller then left rail 12, resulting in skewed data measurements.
Accordingly, during significant empirical and mathematical research for the present invention, a
standard tilt correction factor of 0.12 was determined. This tilt correction factor is incorporated
into algorithms of the present invention in order to adjust for tilt caused by variations in vehicle
suspension, rail height placement standards, and other factors unrelated to rail seat abrasion.

o4 In further reference to the exemplary embodiment of Figure 17 and the exemplary flow
chart of Figure 18, a tilt correction algorithm for the present invention is now described. Based
on the three-dimensional image data received from cameras 50 as previously described, at step
100, a measurement is taken of the rail base height of each rail, left (H™") and right (H*™"), as
well as each tie, left (H™*) and right (HY"). The rail base and tie heights are the heights of the
rails and ties relative to line L5, representing the top of the three-dimensional image. Once the
dimensional images have been captured, the rail base heights and tie heights are determined
based upon the vertical pixel count of H™", HX™! H™€ and H**, which is then normalized based
upon a 0-255 measurement index. In operation, the laser light reflected by the track structure
that passes through the camera lens is projected onto the camera CCD, as previously described.
The dimensions of each CCD, in an exemplary embodiment, are 256 pixels by 1536 pixels. In
this exemplary embodiment, there are two cameras placed roughly side by side. Accordingly,
the total field of view for the two cameras combined has a field of view of 256 pixels by 3072
pixels — hence the 0-255 index. Those ordinarily skilled in the art having the benefit of this

disclosure realized there are a variety of methods to determine the heights.



3. A systemas defined in claim2, wherein the step of determ ning the

hei ghts further conprises the steps of: determ ning vertical pixel counts
for each wD2teishmsghts of the left rail base, right rarcThss@oobabi
crosstie and right crosstie; and normalizing the vertical pixel counts
based upon a nmeasurenent index. WD 2010/151345PCT/US2010/ 025004 -31- 4. A
systemas defined in claim2, wherein the step of determning the tilt
correction factor is acconplished basgfl upon the left and right rail base
hei ghts and a standard tilt correction factor. 5. A systemas defined in
claim2, wherein the step of determning the actual delta is

10o7s)  Thereafter, at step 102, inspection system 30 records the uncorrected H, gl Hle )
and HX™ height measurements of rails 12 and tie 10 based upon the pixel value of each. Then, at
step 104, the processor of inspection system 30 derives the tilt correction factor (TC) based upon
the following equation:

TC = (H™! - gRmily 12)
wo76]  Thereafeter, at step 106, the actual A (i.e., the distance/difference between two points) is
determined for both the right and left rail bases based upon the following equation:

AlfRel _ prlmil_ pridey o

AREntRail _ (Rl pRtiey |1
The result is the actual A between the rail base height and tie elevation for both the right and left
rails. Please note the foregoing equations take into account the lean, or tilt, of the truck, whether
left or right.
worr)  Then, at step 108, the rail seat abrasion value (“RSA”) for the right and left rail bases is
determined based upon the following formula:

RSAM! = (32/54) — (AR 50)

RSAR! = (32/54) — (ATEM®al/ 50
The *“32/54” is the expected A between the rail base and tie elevation, signifying no rail seat
abrasion. The “50” represents the rate of collection in height, 50 pixels per inch. Those
ordinarily skilled in the art realize the 50 pixels inch rate of collection could vary based upon the
geomeiry of the camera and laser setup.
(0078] Thereafter, at step 110, the RSA values are outputted in a form suitable for further
analysis. At step 112, the next frame image is then analzed and the algorithm begins again. The

RSA data provides accurate measurements of rail seat abrasion and allows for effective, accurate



acconpl i shed based upon the tilt correction factor. 6.A system as defined
in claim2, wherein the step of determning the rail seat abrasion value is
acconpl i shecdotvasestsupon the actual delta. 7. A nethod forcaatseswionsong rai |
seat abrasion of a rail road track, the nmethod conprising the steps of: (a)
determning a height of a left rail base, right rail base, left crosstie
and right crosstie; (b) recording the heights of the left rail base, right
rail base, left crosstie and right crogstie; (c) determning a tilt
correction factor; (d) determ ning an actual delta for the right and |eft
rail bases; and

identification of potential safety hazards and wear points requiring monitoring or corrective
action to ensure track safety.

(00791 An exemplary system for determining rail seat abrasion of a rail road track comprises at
least one light generator positioned adjacent the rail road track, the light generator adapted to
project a beamn of light across the rail road track; at least one camera positioned adjacent the rail
road track for receiving at least a portion of the light reflected from the rail road track and for
generating at least one image representative of a profile of at least a portion of the rail road track,
and at least one processor adapted to perform the steps comprising: analyzing the at least one
image; and determining whether rail seat abrasion is present along the rail road track, wherein,
when determining whether rail seat abrasion is present, the at least one processor compensates
for a tilt of the rail road track.

ioosoj In other exemplary embodiments, the processor compensates for the tilt of the rail road
track by the steps comprising: determining a height of a left rail base, right rail base, left crosstie
and right crosstie; determining a tilt correction factor; determining an actual delta for the right
and left rail bases; and determining a rail seat abrasion value for the right and left rail bases. In
yet another exemplary embodiment, the step of determining the heights further comprises the
steps of: determining vertical pixel counts for each of the heights of the left rail base, right rail
base, left crosstie and right crosstie; and normalizing the vertical pixel counts based upon a
measurement index.

foos1] In other exemplary embodiments, the step of determining the tilt correction factor is
accomplished based upon the left and right rail base heights and a standard tilt correction factor,

In yet another exemplary embodiment, the step of determining the actual delta is accomplished



(e) determining a rail seat abrasion value for the right and left rail
bases. 8. A nethod as defined in claim7, wherein step (a) further conprises
t he stepswofwiodstasm ning vertical pixel counts for eaclkrcofustée/obmoght s of
the left rail base, right rail base, left crosstie and right crosstie; and
normal i zing the vertical pixel counts based upon a neasurenent index. 9.A
nmet hod as defined in claim7, wherein the step (c) is acconplished based
upon the left and right rail base heighgs and a standard tilt correction
factor. WD 2010/ 151345PCT/ US2010/ 025004 - 32 -

based upon the tilt correction factor. Also, other embodiments provide for the step of
determining the rail seat abrasion value to be accomplished based upon the actual delta.

(00s2) Exemplary methods of the present invention provide a method for determining rail seat
abrasion of a rail road track, the method comprising the steps of: determining a height of a left
rail base, right rail base, left crosstie and right crosstie; recording the heights of the left rail base,
right rail base, left crosstie and right crosstie; determining a tilt correction factor; determining an
actual delta for the right and left rail bases; and determining a rail seat abrasion value for the
right and left rail bases. Another exemplary method provides a method the step of determining
the heights further comprises the steps of: determining vertical pixel counts for each of the
heights of the left rail base, right rail base, left crosstie and right crosstie; and normalizing the
vertical pixel counts based upon a measurement index.

joos3]  Further exemplary methods provide methods wherein the step of determining the tilt
correction factor is accomplished based upon the left and right rail base heights and a standard
tilt correction factor. In other examples, the step of determining the actual delta is accomplished
based upon the tilt correction factor. In other examples, the step of determining the rail seat
abrasion is accomiplished based upon the actual delta for the right and left rail bases.

[00s4) In yet another exemplary method of the present invention, a method for determining rail
seat abrasion of a rail road track is provided, the method comprising the steps of: moving an
inspection system along the track; receiving image data corresponding to at least a portion of the
track; determining a measurement of the rail seat abrasion for the portion of the track, wherein
the measurement are adjusted. for tilt encountered as the inspection system moves along the
track; and determining whether rail seat abrasion exists based upon the adjusted measurement.

In another exemplary method, the step of determining a measurement of the rail seat abrasion



10. A nethod as defined in claim?7, wherein step (d) is acconplished based
upon the tilt correction factor. 11. A nethod as defined in claim?7, wherein
step (e) we aneoemasi shed based upon the actual delta forcrhmseiogkdooand | eft
rail bases. 12. A nethod for determning rail seat abrasion of a rail road
track, the nethod conprising the steps of: (a) noving an inspection system
al ong the track; (b) receiving inmage data corresponding to at |east a
portion of the track; (c) determ ningpa_neasurenment of the rail seat
abrasion for the portion of the track, wherein the neasurenent are adjusted
for tilt encountered as the

further comprises the steps of: determining a height of a left rail base, right rail base, left crosstie
and right crosstie; determining a tilt correction factor; determining an actual delta for the right
and left rail bases; and determining a rail seat abrasion value.

(00ss) In other exemplary methods, the step of determining the heights further comprises the
steps of: determining vertical pixel counts for each of the heights of the left rail base, right rail
base, left crosstie and right crosstie; and normalizing the vertical pixel counts based upon a
measurement index. In another exemplary method, the step of determining the tilt correction
factor is accomplished based upon the left and right rail base heights and a standard tilt
correction factor. In yet another method, the step of determining the actual delta is accomplished
based upon the tilt correction factor. In another method, the step of determining the rail seat
abrasion value is accomplished based upon the actual delta.

(0oss; Although various embodiments have been shown and described, the present invention is
not so limited and will be understood to include all such modifications and variations as would
be apparent to one skilled in the art. Accordingly, the invention is not to be restricted except in

light of the attached claims and their equivalents.



I nspection system noves along the track; and (d) determ ning whether rail
seat abrasion exists based upon the adjusted neasurenent. 13. A nethod as
def med i nrwolaiomsifas wherein step (c) further conprises Proe/st@ps2:mh4
determining a height of a left rail base, right rail base, left crosstie
and right crosstie; determining a tilt correction factor; determ ning an
actual delta for the right and left rail bases; and determning a rail seat
abrasi on val ue. 14. A nethod as definedsgn claim 13, wherein the step of
determ ning the heights further conprises the steps of: determning
vertical pixel counts for each of the heights of the left rail base, right
rail base, left cross-tie and right crosstie; and

CLAIMS:
1. A system for determining rail seat abrasion of a rail road track, the systein comprising:
at least one light generator positioned adjacent the rail road track, the light generator
adapted to project a beam of light across the rail road track;
at least one camera positioned adjacent the rail road track for receiving at least a portion
of the light reflected from the rail road track and for generating at least one image
representative of a profile of at least a portion of the rail road track, and
at least one processor adapted to perform the steps comprising:
analyzing the at least one image; and
determining whether rail seat abrasion is present along the rail road track,
wherein, when determining whether rail seat abrasion is present, the at least one
processor compensates for a tilt of the rail road track.
2. A system as defined in claim 1, wherein the processor compensates for the tilt of the rail
road track by the steps comprising:
determining a height of a left rail base, right rail base, left crosstie and right crosstie;
determining a tilt correction factor;
determining an actual delta for the right and left rail bases; and
determining a rail seat abrasion value for the right and left rail bases.
3. A system as defined in claim 2, wherein the step of determining the heights further
comprises the steps oft
determining vertical pixel counts for each of the heights of the left rail base, right rail
base, left crosstie and right crosstie; and

normalizing the vertical pixel counts based upon a measurement index.



normal i zing the vertical pixel counts based upon a neasurenent index. WD
2010/ 151345PCT/ US2010/ 025004 -33- 15. A nethod as defined in claim 13,
wherei n twe 28toeg31335 determning the tilt correction factor/ussoaoeomnpl i shed
based upon the left and right rail base heights and a standard tilt
correction factor. 16. A nethod as defnmed in claim13, wherein the step of
determ ning the actual delta is acconplished based upon the tilt correction
factor. 17. A method as defined in clgim 13, wherein the step of
determning the rail seat abrasion value is acconplished based upon the
actual delta.

4. A system as defined in claim 2, wherein the step of determining the tilt correction factor
is accomplished based upon the left and right rajl base heights and a standard tilt correction
factor.
5. A system as defined in claim _2, wherein the step of determining the actual delta is
accomplished based upon the tilt correction factor.
6. A system as defined in claim 2, wherein the step of determining the rail seat abrasion
value is accomplished based upon the actual delta.
7. A method for determining rail seat abrasion of a rail road track, the method comprising
the steps of:
(a) determining a height of a left rail base, right rail base, left crosstie and right
crosstie;
(b)  recording the heights of the left rail base, right rail base, left crosstic and right
crosstie;
{c) determining a tilt correction factor;
(d) determining an actual delta for the right and left rail bases; and
(e) determining a rail seat abrasion value for the right and left rail bases.
8. A method as defined in claim 7, wherein step (a) further comprises the steps of:
determining vertical pixel counts for each of the heights of the left rail base, right rail
base, left crosstie and right crosstie; and
normalizing the vertical pixel counts based upon a measurement index.
9. A method as defined in claim 7, wherein the step (c) is accomplished based upon the left

and right rail base heights and a standard tilt correction factor.



10.
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A method as defined in claim 7, wherein step (d) is accomplished based upon the tilt

correction factor,

11.

A method as defined in claim 7, wherein step () is accomplished based upon the actual

delta for the right and left rail bases.

12.

A method for determining rail seat abrasion of a rail road track, the method comprising

the steps of:

13.

14.

(a) moving an inspection system along the track;

(b)  receiving image data corresponding to at least a portion of the track;

{c) determining a measurement of the rail seat abrasion for the portion of the
track, wherein the measurement are adjusted for tilt encountered as the
inspection system moves along the track; and

(d  determining whether rail seat abrasion exists based upon the adjusted
measurement.

A method as defined in claim 12, wherein step (c) further comprises the steps of:
determining a height of a left rail base, right rail base, left crosstie and right crosstie;
determining a tilt correction factor;

determining an actual delta for the right and left rail bases; and

determining a rail seat abrasion value.

A method as defined in claim 13, wherein the step of determining the heights further

comprises the steps of:

determining vertical pixel counts for each of the heights of the left rail base, right rail
base, left crosstie and right crosstie; and

normalizing the vertical pixel counts based upon a measurement index.
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15. A method as defined in claim 13, wherein the step of determining the tilt correction factor
is accomplished based upon the left and right rail base heights and a standard tilt correction
factor.

16. A method as defined in claim 13, wherein the step of determining the actual delta is

accomplished based upon the tilt correction factor.

17. A method as defined in claim 13, wherein the step of determining the rail seat abrasion

value is accomplished based upon the actual delta.



