SYSTEM AND METHOD FOR | NSPECTI NG RAI LROAD TRACK CROSS
REFERENCE TO RELATED APPLI CATI ON [o000i] This
wa@ppbioestd on i s a non-provi sional application PCHUSI00§023132
priority to U S. Provisional Application S/N
60/ 584, 769, entitled, "System and Method for
I nspecting Railroad Track," by John Nagle and Steven
C. Orell, filed June 30, 2004, hereby incorporated by
reference in its entirety herein. FIELD OF THE
I NVENTI ON [ 0002] The present invention relates
generally to a system and nmethod for inspectin
ai | SYSEM 40¥D METHGP § QGAINSEECHING RAILRGADFRAGK
nmet hod for inspecting aspects of a railroad track
using a | asdEROSSrREEERENCEzT@ BEdsSBED ARRKIGAIUMINOF
THE | 003. Ral | roads. ar
8 ¢ OBals et IRFPOGRI B B hon, Flipiag pricrity to US.

Prov1§519ﬂ %ﬁﬁﬂc@t’idr@g/N 60/584,969,0ntigER vV Systeal AaBMetiRul for Mixpt&hg Railroad
thi's stone | ayer. ‘Crossties are laid in and on this

Trackti by dlohn | Maele andnStevano Coddrzel, efiled tluap 30i20§4ahereby incorporated by
attached,.t he. crossties with fasteners. The ngjority
referepge lélrlgsseﬁlfegghﬂ%m%rw ce are nade of wood. Various

other material s are WELDOFTHE INVENTION St eel, and
corrposHe or recycled material in the manuf acture of

ciogsist (Ths . proveat aivaptien relatey @cmelly te wistses ppdgnefgdefor inspecting
. r
rallro%c?tggcs Slggﬂ%g hgrtlﬁ% lk 1®%'s g%g%raég]ﬁ aIItQéthg(? %oggfé%%éﬁﬂge%p ﬁg' ©f a railroad
track tglhg 8 lasdh) eame@assid modmmﬂ bute the axle | oads from

the trains to the_ball ast e sties |
and contribute t&%@%&@ﬁé@ﬁﬁﬁ@%ﬂ(ﬁé entire
}( AIHEY afe é&é@efllg‘d A &Y bh Qrﬂﬁﬁ@ie@'er Bﬁ%rﬁﬁ&t&ia@rushed stone

use e CI‘OSSt es t teriorate until they nust e
mater[aéplAata@'elr ofAgravel| Yallastradts podatsof tluls\lstonmlamer Cmstre@pilrcalmd in and on

this bt et G S BHENCINGH FOR GF QLGRS0 P SO iepqvit fasteners. The

majori & odshi8s 1P Grsick Goe AadedTSHOIE w&bas: 8RN imaddithld fre used such as
quantify the need for new crossties, railroad

concretes p@ch ond eomupnsiie o gegyckere makesial dn dhe iranudicige ofserpassies.  These

alternaﬁ\éedxinﬁgnlagg h%sglgsr nga%é ﬁ}? 8 6‘%32“%15( glgglll ?Erggl‘g[?éesof JNr?ss‘ues. The crossties

mamt’aﬂletﬁé igh¥e 61 R&edlispaciandf fheshiéneTke élb%tleaﬂﬁtrﬁlﬁité e, axle loads from the
broken, split, or worn tqo an extent that their

trainsge thq ballst layeri tedow hearossties anskpontluip i the sashienipg sffggt of the entire
track s@&&&%t '(%«]-sr ltlfheq Eﬁ\ﬁ%n}ﬂ gFall ?&%y%?%aeuéé thePhBGtES R deterlorate until they

Pnspection o rack 1s per by an 1 nspector
must bekdplargd alAmngaltyh) eailrosdskin Norihnsmeri¢a mpthce ap oo A%t dremore of all wooden

condi tions  of
crossties. This constitutes several million crossties.

o004 To manage the logistics of crosstie replacement and to quantify the need for new
crossties, railroad inspectors attempt to grade the condition of crossties and the fastener system
on a regular basis. This grading is most often done with a visual inspection to identify crossties
and fasteners that are rotten, broken, split, or worn to an extent that their serviceable life is at its
end. The process of visual inspection is quite time consuming. In practice, inspection of the
track is performed by an inspector walking along the track to inspect and record the conditions of
the crosstie and/or fasteners, which are spaced approximately every 20-inches along the track.
One particular North American railroad reports that a crew of 3 or 4 men can grade only about 5

to 7 miles of track per day.



the crosstie and/or fasteners, which are spaced

approxi mately every 20-inches along the track. One
w@asobiocssh@r North Anerican railroad reports theCT/ESIO®023132

of 3 or 4 nen can grade only about 5 to 7 mles of

track per day.[oo005] Devices for inspecting rail are

known in the art, and software for anal yzi ng and

organi zi ng data obtained with such devices is known in

the art. For exanple, Tielnsgect(r) by ZETA- TECH

Associ ates, Inc. of New Jersey is a conputerized

crosstie inspection system having a hand hel d device

and software. The hand hel d device is used by

i I[Dsqsecﬂlﬂv'memfmimpﬂcﬁhg gaih kenignoviveint tha ekt, and s&ﬁﬂwaae)fbﬂ gnalyzing and

ot 8 S S A S a5 T 2580 Fitospecto by

ZETAAqeCH Aﬁ‘sokfhtéshﬁlc%ﬁdé\ﬁ ge@c%f ﬁra%ﬁiﬁu?e?lze@(fb%tletﬁﬁfe%tlon system having
onents nust b e perio i nspected for wea

a hanéd{;?cﬂ deded @n«étsoﬂwareThBlsaehmdcthd eiewwarls owsed hp mspdcmgs when walking

atong I8 B Ep8 soly it roglt 6 IaPENerERa8ed bofifee and preanize the data
obtanfehQ)Vlﬂﬁﬂhb@é{qceand gage of the rail. A s with the

grading of crossties, inspecting these aspects of rail

ca'PPGJaI g@ aidition fe thenetadingg of syrgs%ws, ather kimaskn compohents must be
perloﬁé&llféﬁggég%glp@&%e)@ %ﬁdﬁ’lg}]%nm]: 86 eﬁgpe ) clude weap g1 t{% F%‘& surface of

Engi neel IMgco

the raki figeeity iof adiclsors Mistﬁheﬁy BNghéld of ke tio Pl coditib® of the ballast,
on rajlways. Also, ENSCO Inc. of Mnnesota provides a

and gagecofithezae Mbuddithseradingpd ceasstiass inspeciine ithrge esecigafaail can also be

I [
time Iﬁuﬁﬁergftn d%@%\? é\?%%{mng{’nqg? %tfgx{\?l a}gercﬁﬁg ils. %??%ééﬁﬂe, SrniSurveyor3D® .
by Omrécbih €@in8eri6d of t@IUBited KingtiBrh @ a@fstetnlt@ siind @aBirSRictufedh tdiways, Also, ENSCO,

tnc. of ATHGERoFS PRI ol 15 CREF IVGRUHE BYHem s S1aSEMNE g egage of rail

using Hse@! osed systemincludes lasers, canmeras, and a
processor. The |l asers are positi oned adj acent to the
t ek . Thheréssslemventiansis alitvetech tofoveicghting ar @ deashreducing the effects

road. trac h nmera captures inmages of the
of, onf 3 reBERF b BecbreBlfen S BEREam of 1 1 gh em tted
thereon. The proceSeMMARY G THEDISELOSUIEL hat t hey
can b e anal yzed to determ ne vari ous neasurabl e
adpeict $\ systerhend anetheshort ingeseting allrgpd éiacks eajdgylgs@lm The disclosed
I I LSt Vi C
syster LGS AR, Pt SR 5t Gleshr, TREABHATS oo ER et the trackc

The lssanehis d&k@ﬂhmfﬂgﬁt hatogshie daiohd aack, 918 tieNedniteh valRules images of the
are not limted to: the spacing bet ween crossties, the

railrogghgpek bpving dhe \gammof ighunitied thepen. hapkesesser feraraicthe images so
that tl’le{} &ﬂrlgéa‘&l’?al dtﬂoetf%ter%xfez{ld}ﬂ)ug'lﬁea@m %Settsgggtsc‘ %% 't}%nleaglr&id track. The

sunken tie m SSi
dlsclosed system can include a GPS receiver or a dlstance device for determlmng location data.

The measurable aspects that can be determined by the disclosed system include but are not
limited to: the spacing between crossties, the angle of ties with respect to rail, cracks and defects
in surface of ties, missing tie plates, misaligned tie plates, sunken tie plates, missing fasteners,
damaged fasteners, misaligned fasteners, worn or damaged insulators, rail wear, gage of rail,
ballast height relative to ties, size of ballast stones, and a break or separation in the rail. The
system includes one or more algorithms for determining these measurable aspects of the railroad

track.



damaged fasteners, msaligned fasteners, worn or

damaged insulators, rail wear, gage of rail, ballast
whedtogho4suel ati ve to ties, size of ballast stonesT/Uszds/623132
break or separation in the rail. The system i ncl udes

one or nore algorithnms for determ ning these
nmeasur abl e aspects of the railroad track.[0009] The
foregoing summary is not intended to sunmarize each
pot enti al enbodi nent or ever‘&'aspect of the subject
matter of the present disclosure. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ ooi 0] The foregoing summary, preferred
enbodi ments, and ot her aspects of the subject matter
ofjodon e Tihe dsrepdingisanings v isnosiihtendedeto sestmarizd eactt patential embodiment
with reference to a defailed description of specific
or eV“éﬁB@R?Ph%ﬁ#‘% ?umfﬁtémﬁtﬁebpf res sqlcg,g{:p.i n conj 3ncti on
with the acconpgpyk [PEON | EH); Ni
Figure 1 schematl caF?)ﬁ(ﬁwust raﬁg%%%wgndts of
t Imewodi Stk dergoingspemtarpprefestd embpdimedls, Bhdother 2spects of the subject
illLystrates  a

el Bk B o A, S pSL SRR el & Y58 aesrpion

of spb&AE Nnfi@RiAENts, MGHRIERMBIvs diwhich Q8 %n chARInSlior el theSaccompanying
ilTustrates an exanple frane of a porti'on of railroad
drawingg dkwbishai ned with the discl osed inspection system

R T T E T e S e pe—

syste@yst em for determ ning the spacing between the
crossties. [oo0i5] Figure 5 illustrates an exanple, . i
f neape  dligure 2liHesmtesrapatiohebamrmabadiment ofcn systsa] 195 &gpecting railroad
NS 6] S . ] Qi angl e of the

wack aPRERR L kR R o162 FRPURPIObE PE0 2 01 o
64nBC iRiguts Briflustraeeapéaniplafmse of armirlisroafirailr@dkrack obtained with
obtained with the disclosed inspection system for

the digddpsed isperiiessysicehk or separation in the rail. [o00i7]

. L[tgiél;eg?é%.g‘eg %A’-hbuﬁltutﬁtﬁﬁetg de?cé%:ﬁg:'sgr @ BYSraPlfodd@irhdkOBBained with the

Ined wt I nspection system
discldsed imdpéctionispstag foedeternfining éher spabing bebesh the grussties

858 < XA, LA o € PLLECAY LAt it the isclose
S0 8 gF0BSa Lty gy aR gt
r adomst i Vidgures te6Cr Blistrite . expmpled framiey uaferaflread) raekr gbteined with the
discl(gng &éﬁg&éj&% s];fsr‘[<§flrrr'r1%o1p Iletér%ililmrng% r(tearka(ﬁ*léege%t%nnﬁqhg\nﬁtﬂh the
o171 Figures 7A-7B illustrate example frames of railroad track obtained with the
disclosed inspection system for determining wear of the rail.
po18] 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.
o19] Figure 9 illustrates an example frame of railroad track obtained with the disclosed
inspection system for determining a raised spike.
0020 Figure 10 illustrates an example frame of railroad track obtained with the
disclosed inspection system for determining a missing tie plate.
00217 Figures 11 and 12 illustrate three-dimensional compilations of image data

obtained with the disclosed inspection system.



I nspection systemfor determning a raised spiKke.
[0020] Figure 10 illustrates an exanple frane of
WO 200b008d6 t r ack obt ai ned with the discl osed i nBEEU$10051023132
systemfor determning a mssing tie plate. [0021]
Figures 11 and 12 illustrate three-di nensiona
conpi l ations of imge data obtained with the discl osed
i nspection system [0022] Whilge the disclosed
i nspection system and associated net hods are
susceptible to various nodifications and alternative
fornms, specific enbodi nents thereof have been shown by
way of exanple in the drawi ngs and are herein
demmr i BEhtilé thedBschoded iMdpectiomsystem amblassocibtedmethods are susceptible to
esca’ggtlon are_not .intended tg Ilr%t t he scope, of

varioy meflificatipns Apd ialtietnative Aerasy SPecHicmboimpmts thageqtihgve 'b6én shown by
way $1h@xa§ﬂ;gé‘ 'ir?ﬁleaa‘l‘i“%gst §RN 2 dOReEih Ricb@ibedif AV 488 fiRires and written

l'ustrate the disclosed inventive concepts to a
descrmaps ore i intbmttditn lnrmmharstomvyofrthé diselngae lnmerpa'ﬁtconmﬂpasrm any manner.

L AR M X T S

conce?fgl@cﬂ PERdn il iBMRS 8Nb3Qefctince E&ﬁﬁﬁ&ﬁlﬁﬂerﬁ%dlfr@ﬁﬁ as required by 35
rack according to certain teachings of the present

US.@i8sldRosure is illustrated. In Figure 1, the disclosed
i nspection system 30 ' féiﬁ‘? strated
relative to a rail roaﬁfmﬁﬁ@ ﬂéﬂ a portion
Of[ooishe Rifeeih@ e drigieper tah@ e, sans tabodfhehs of ld slj,‘EstdfrﬂtEdfor inspecting
a perspective viewrelative to railroad track

ralerF@UQQiﬂ aqggr%fo gqg@q,mtepghlpgsgqﬁt@e presg:rﬁéhqﬁlcgsgreo@éﬁustrated In Figure 1,
the dis@l%?&f gé?m%%’y& 350 i Llfhléglgﬁcaq 11191%&1‘[?(? gﬁ{l 4 e# ep%igaad track. In

as a eV|ce recéiving

Figurtrpm pdraomroéahé disblosed mspectioadsystean3@gs dllwsanedainSD perspective view -
.and a, gce sing device 60. hi the inplenentation

relatlg%tg\mﬂqog\ re 1, the disclosed inspection system 30

' %00}&15 e BesB WAWRY 1ﬁ 8o irE AC khP@idc188e dBinsRctibR %QStE&Wmcludes a light

hough the di sclosed i népection system and
generatm; emhadsedlaamélf(bdsdemw fdescriviedight reflested fiomribpexaitoge inspected
r oad Wi

d
such 3 e of” BCe praseiine aree BELFEEibietisalupd Shownip Figure 1, he

disclds¥@ lr%?éc’ﬁ@ﬁ SPREMOTD BaRed tEsutbOthe Rrablk BEd ofh @difrodd &adl) Although the
i ndustri es where surfaces or Corrponents require

disclaspd g@p@qtl@n system andagppocated methyids @rebé@gnbcn‘h a1s¢ dh inspecting railroad
track Sll¥ ﬁrﬁe%ggre{crﬁtte%o%ltﬁ %%f ggnelfk% %9 tl% 0 rese ?15%10 edtﬁat the disclosed system

I nes

and nStBéE 6@ bd Q§¥d5h o'fhkﬁ dréa’%%dhﬁdnd@&idﬂd&lﬁer@ I‘sﬁ)ﬁ‘@dels &8 céfiponents require
rails_12, tie plates 14, spikes 16, and bal]ast 18.

inspegdiqef For exameple.oibe rdl&Fd)OSﬁd d]lg)@{:tgonas%@gnpn@ nasithodh gay be used to inspect
roads! &18HicAlinb BifihE %t oRRY netiMik PG EMs P 0duces

wo2s] 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 sends the captured image to the
processing device 60 for processing and analysis as described in more detail below.

oz6] As best shown in Figure 2, pairs of lasers 40 and cameras 50 are positioned above

each one of the rails 12 of the track. The lasers 40 and the cameras 50 can be assembled onto a



a projected line L, shown in Figure 2 , on the track
bed that follows the contours of the surfaces and
w@eovpousws s of the track bed. The |ight recei vRCT/US2005/023132

canmera 50, captures an image of the |line L of |aser

light 42 projected on the track bed. The canera 50

sends the captured inage to the processing device 60

for processing and anal ysis as described in nore

detail below. [0026] As best “shown in Figure 2, pairs

of |l asers 40 and caneras 50 are positioned above each

one of the rails 12 of the track. The lasers 4 0 and

the caneras 50 can b e assenbled onto arigid franework
rigid 82mewhilc32, odniclbcan reomntmdd on anmnsprapactehite (oebslodvien) or other device

.(nat shown) . or other, device novi.ng along the track so..
moviggAlonS i CkioR 26 HOTR IR IS BAPCHGR S 9P i e pesgsition. Only a
portidhOSt the GRAme WOl 321 NoinaR F?éur& herof Eiﬁ{ﬁiﬁﬁfr.k Hddveler, #18\Whderstood that

in Figure 2 for sinplicity. However, it”is understood
other tkinatvnatongonknts fer the fporevirk 32anay be néededgnondur® 2hertagers 40 and the

eeded to nnun&f$he | asers 40 and the canmeras 50 on

b
camegis 5008 A8 RSPRRIGLYRNISIS. [ 0027] In general. tho

| NRPECITh PRnMEN it RispedfioR VeRidle Sl BeddtlyesuviablieGleBididfor traveling along
traveling along the railroad track. For exanple, a

the rajlsparbtragh: afer example.t heommon; pragticeeiguihp st isdPneguip a normal highway
i, SR 0L B B A AR e bl e vk, s
gear fybicaRY indh@RE atsepbLaddeysizaiclallelad stockatvheefs thamdeiosy #Rchighway vehicle
.railroad stock wheels that allow the highway vehicle . .
to ride glongdfe apilin gintans ephodimentnthspethe rf@mﬁwglﬁé? of s disglgged inspection
r .t ' d, j.QNe > 0 :
o ) L )RR SRS A P v,
inspetthon vehidle cagelssr maiftemendeadfi wat (Mo Wh equipsipricthatas spedificlly designed for

R TR TG AT O P —
on a dha8§&thal R t@xgéﬂdﬁ}i £Vehit1B®r dhiS6d R98kkell B RISInRAIVEY? HRIBHBCar.

can be nounted ‘on a chassis that is towed by a vehicle )
omoozsan Aebesd shoen inFigureod dhetliserss 47 pfojedtghbeanard2 of light having a

pl‘edeéﬁ?]gljl?_s a%sgugggﬁﬁe%gggﬁ ieina&EIi(ﬂ% rng;F%lé: é\gg}}%g&%ggﬁgé% cover substantially
the e@t8 WhfhcSH 88 %abk bddeRREYWAY, P rl@s%f%sél(ppl%ﬁuééq@ p}dﬁ@cfted line L that is

asers 40 cover substantially the entire surface’o
substaritilly rstraighbenid ektendhsubstaatially herobsathertsackedr oldashelaser 40 preferably
rojected line L that is sulstiapt.iall trai ght and .
prodifiey b faem ot g amprglarcingd 1 Aboadinol-atses B 40T approximately

one Bdf FUfefhEr g?&y bQ&.Od!*FeffgraﬁlPrgecﬁén Aerdal) Bebied MBIBAL 42 substantially

spread about 60-degrees and covers approxi mately
perpendieulaaltd thd sudfeeetofathk theell. Ritehetivddy,ya siviglke lassreeanldi®e used that is

..project the beam 42 su anti al | er di,cular to the
positBil Sk abfo e (RAtRECRR1BP etk BF CSPaiHgl e | aser
CQighofl HR MARMN! MRladeds MOGH preR@sh1$ ishare® 1dsers Ha®fo4-Wakis of optical
projected line L across the track bed. [0029] In . .
outpuh daidt prodycing &ghtastears inftared avayelengthadf] gbouhBimed |TBwerettively high
opticgiasllllt&% g'f_ %ﬁ%t ltasserso f40 %ﬁﬁsclgelduce effects of ambient light so that shielding is not

necessary. A suitable laser for the disclosed inspection system 30 includes a Magnum laser

manufactured by Stocker Yale. The parameters described above for the lasers 40 are preferred
for inspecting the surface of a railroad track. Other implementations of the disclosed inspection
system 30 can use an alternate number of light sources as well as different wavelengths, optical

outputs, and angular spreads.



out put and producing light at an infrared wavel ength
of about 810-nm The relatively high optical output of
wao becloases s 40 hel ps reduce effects of anbi entPCT/gkto0s@3132
that shielding is not necessary. A suitable |aser for
the di scl osed i nspection system 30 includes a Magnum
| aser manufactured by Stacker Yale. The paraneters
descri bed above for the Iaserés 40 are preferred for
i nspecting the surface of arailroad track. O her
i npl enmentati ons of the disclosed inspection system 30
can use an alternate nunber of |ight sources as well
as different wavel engths, optical outputs, and angul ar
spodpdsAy BB88hovwn ; Bigste 2 Hbewarnerafisgare poyititred adiaventabe lasers 40.
50 are . itigned adjacent the |asers 40 .best
As beghIignm lﬁ%ﬁg@a othe capiRs S0 ges MEuEE 4t & 8150 BT Bset t the beam 42
of igfIAoReRAN T (EREEEAN. o SRIRRRIAR, fe cal o PAERRY ot an angle

0 of plasit t60adegebeat A% tlendikelosgdoihsdotio sgewledf)y Bemovedb alohg the track, the
di scl osed i nspection system 30 is_noved. al ong the
cameras RKCaPUKR A HRegCY e alhe tack hed Aagealb regulgipcrsmentye Preferably,

)3 t R, ,
e oL s S LRy Y R, B B s s o

secontlr ane rate, such as about 5405 franes per second.

[ 0031] _Each .1l image or fra aptured b he

Bt adieh 1l thess o1 &fa&%&a%mgﬁ%pﬁzsc%g <t S0 of open fltered and
procefsf_%ﬁ 16 Q1AL R cbiASEed dsBelike E%ﬁb%@fe%%noﬂﬂe ek HERC LT%lg @dmeras 50 are

e caneras 50 are fitted wt and-pass filters
fittedtwigh band-pass dilteys 52 éhat alowrenle ther igtiagtibetrgy substangialdy at the preferred |
. the preferr i nfrared wavel gngth of the.lasers 40 to .
inrartd She gl Fdne frso Rl aE nCOPER & HEE e of gty 40 is about
810-1d, Gh& Band-pass FaRds RS tHel dahRES TP clihiRaeaUBS AN AFednbient light
el'imnate substantially all anbient |ight so that the

so thetdhe came@ b aeduites agubsigyialisitalesd stilkineage ofdhe projeqiedyline L of light
f.ih ojected line L of light fromthe |asers 40.
from%désﬁs%%ch of the two caneras 50 send i nage data
digoeft IBach @f thetvwr ciegad HY setrvinege Aatacdirgetly @6 tieOprécessing device or
transm ssion |ines. Prefer ablt)ﬁé the canera 50 includes

compytep PP yisstasnissionelings| Bredrablynthecematy Ykinelydeid piofgssehet capable of
. ; . i N Bl

conv S ML S LRAE OB bR ERALERUaM WBaky L 8 By imensiona ol

that ipsateadisictig toeh pcessingadgyitearr @dnputdrebtabThe bkiliof of tie camera 50 to

procey PE ot iy BPIRIAE° (RNHCKRY FE CORPRNG FURBCEor Expensive post

proceRdd?§ Slsﬁigfl-%pé’{]d fingb g?a‘%&g A QRbY GRRSS for the 8idklb8dd Bspection system
canera for the disClosed inspection system 30 havi ng

30 havimgh spehopessssing alhiliti¢st ingkiden el Ratwsr MhmyeniavBoed by IVP Integrated
. . m}nué ag[:t i” ed by I VP Integrated Vision Products, Inc.
Vision Products, Inc.

0033] Among other common components, the processing device or computer 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
operates 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,



[ 0033] Anmong ot her common conponents, the processing
devi ce or conputer 60 includes a m croprocessor,
WO pabsis4®©ut put s, and a data storage devi ce 62PCTH82005/023132
data storage device 62 can include a hard drive, a
non-vol atile storage nedium a flash nenory, tape, or
CD- ROM The processing device 60 can further include
an input/display 68 for a tra?k i nspector to input and
review data and to operate the disclosed inspection
system 30. The processing device 60 operates with
sui tabl e software prograns for storing and anal yzi ng
the various data obtained with the disclosed
eVisibmsHechm,omdsWP char@er. For ezxapiel ¢he plreegsimgr dedta1§0 can have image

o5t G SR B B T PRS00 5 i s R
of InteRBVIR®YY) €1 lﬁ@t@nnﬁlﬁio@so Blobab6ls,| Be RABSS! histoRfantioBEPAR! others.

the processing device 60 can have I mage processing )
t aoks  Krrowestivelsh@reness Abbrofathal c}a:at m@tanmig withathe discdosed lnspectlon

oo ERTRGSuB0 455 T SRR R Ryl ravin a s
proceb@R] sich @B Gndhke Pentili A3¢kbceksorefap 881k of fhiniRg ACB8GRE.! To effectively
of the data obtained with the disclosed inspection

store gllsefethe 3tpta phiaingdowisl dhadiselesadc mspertion sysigmed@rthe gtorage device 62
prefeleaggp%ﬁﬁég tvxéorl}%#é éaa?)aﬁtyc {i@ Fihgée n({b%ﬁﬁ?%d%o ];Jgesﬁotg read/write mechanisms

cessor process

mmul@aﬁﬁﬁﬂiﬂlﬁ a®bné dﬂme,nsghﬁh 152 alo Ghigwn B9 acRéb@tlmeA dtass bPIiklependent Disks
5/ of th data obt ai ned with the disclosed inspection

(RAID) sysein ad e e PEQGSEIR T das Progessipgsletcs Oyl tha dpeldiwad drives of the
stora A JJ}&r &Fafi6W ?ﬁf EstiAd COredi S ‘11){1@ Sty bOHLaHd ng%ﬁ?l\g/% R the disclosed

wite mechani sns sinultaneously as one
inspewﬁnméysiem .shh kpmfmrr@lsembdaﬁdemdﬁlntpomer &or thé disclosed 1nspect10n system

| ndependen | SK | D e fast rocessor
30 capie P g‘@é@%ﬁﬁd&ﬁ&@%? iRl TSy SrralRir RS irectly off the
engink be tRliR§REGoHGMiGE. 62 al | ow for sustained real -tine

storage of the data obtained with the disclosed

i nepectWih tes/beanmn ‘%proj aoted optetherirreghlantyoficerefithe ttabke and viewed at
alg?\gstﬁla&g(r)jgcteﬁ i °t %ic,ed I n%?ect I o?%mt ﬁ}rg gcgﬁglﬁ'g of the surface and

comp@féis of e tfattkrﬁeﬁg A eRGhplY iBhde bhfa@B gshﬂﬁn% tht Beojected hne L of the
i nspection vehicle, [0035] Wth the beans 42 projected

track ppd & shpwmiin Figye 3r The inagecdaiy on frame ingludes a gluralétyed pixels given X-Y
coor%tfége%gesthﬂ%% &fn%tﬁ%tfglg t J?]Jf(eb (fagﬂﬂ@d b tIEé galfne%as ? . e to filtering

contours ce an components O

and diliee itnage rdveskingMechiigugy nowrbgethe rarf, tdTimsgrontinged W pixel values,
projected line L of the track bed is shown in Figure
wher&the fik Pivelg &ertesent e cpmawﬁ the fraekeleds Byeny aixel gf acgiven image data is

glvenptﬁé eslaﬁleg{-\ég&g?ﬁaye C\ﬂﬂfslg'r satﬁg %ﬁ&\gﬁg &oﬁ&aéoa{l'%ngo{he length of the

capt ur ed
track fat Ivtlech tgp amapeoddia wais magmrem ohe&;lﬁs Imﬂner; henphyedRy kol (mpltured images

prodiie thipecipioRupgalr EBY GE LR TEHEORDHL BHCToFechEIAgs AEihe scan has X-Y
coorddBfes ERGRTiNe Rh& Ron@hir BFAhY &fick n@&leaﬁjdith@s 'asZ-coordmate representing the
particular position of the contour along the length of rail.

(0036] 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



gi ven the same Z-coordi nate, which represents the
particul ar position along the I ength of the track at
wokioshogsine | mage data was captured. In this nmaPCEDS2085/023132

plurality of captured images produce a

t hr ee- di nensi onal scan of the track bed in which each

i mge of the scan has X-Y coordi nates show ng the

contour of the track bed and has a Z-coordinate

representing the particular’ﬁ%éition of the contour

along the length of rail. [0036] It is understood that

the speed at which an inage is captured is limted b vy

the wi dth and hei ght of the scanned area, the distance
the diselbyveelemspdetionlisgstenat 30, sinie| preferrad) esampleds rspaahgl betveenfstill images or

frame% 2}%@%}3@ {?,bltﬁ‘a‘(a%g‘r%ﬁqatggésg ﬁlléorrulgj Bale{;él% f atr;ﬁrt egg{im\}&?(giityé& the inspection
vehicRYF dbb& Wl'rlgrﬁ;,pa?ﬁ%?éilre‘afheﬁ%lﬁ of BleBcai 298 SeMpfdkiately R inches, and

a rallroad I'Tcation ofthe disclosed inspection
a prefeyrsd evil®00f hnescpmetlare® df ebantplOefeetsacspsscihagvidtt ofthe track bed. To

satisfghai&laelﬁ px{gﬁ%%ﬁﬁa&ﬁ#&ér%ﬁ éq;niq%g 'g\(b]}stcgepg e b b[e;oef %{lrﬁ%ﬂ)% f?agneosfper second and
a conphiReSeRNcapableCdeprBtessing %d%@cdi‘ﬂﬁi? A Boef BNAPShigip@dterred. Each
y

of thé scanned area of approximately 10 inches, and a .
frameporeiiage.ctichiad shown in Féguse anmen requare @oubbSde bytesfadetorage. With a
across. the wdth af & thac T t t
eSS Bl Sy Bl ARl B2, B 13380 fmes woul

be caftdf¥a fbF @ieaailpef trakcaddvaild reguize 0198 el gaby ek @stotdpeRbace.
of processing and recordi ng at about 8.3 MPS is

preT7er rzAé@_‘theE@gﬂpOfii{m agd a5 fhejen i figrad, disaliprlpsed inspection system
30 m& g#{hgr fhclmya Gidbdl Pgsig{i’l? g%&%%@@s&g&%ﬁl 9T6ﬁit¥glg é@%ﬁ%r#;g geographical

rame capture out ‘eve
locatibheof tha dgaspecifont vehidte whbw intsp&ditgGROrdilraietsacko Uilted GP® receiver 64 can

. aptured fo ne mle of track an uld require .0..973 .
1nc1u(gq @t%?fl@g{eoél)gtrs‘f%\féﬁ@ﬁﬁ@em t 9@§7i?)r %@p}pég ot . 1ﬁaéﬁpcatlons. For
" examBRIIRSGEY QMRivel 6 QHMR ah inElgfenQérﬁ C @B cidISPRNADB unit mounted on

ystem 30 may further include a G obal Positi on System )
the ingfieBYn veliele vied céunected totegirniassing doicaphingthl a Juitebleicabls connection

.of the in cti kcle.when in cti t he i . .
and iffyloppul IEESe:  Thee BES e Tt PReRLGE Bf pelepBisnd8aion using o
differSinal FRCRINVAfREUNGPS §RRndl TkRkiqRdt AirNdBlgining substantially accurate

geogr aphi cal |ocations. For exanple, the GPS receiver )
locatign and tinteedaim Withor FPSdkeneivercsnererslbknapvmimihiesast and aretnot discussed

nmount ed on t he, j{nspect| hi .CO .
o209 OSSR 48U iRRSiE G, B bl ey compie

with 8 dmhgdiid ethptiack Bédkr f ace. The GPS receiver 64 can
obtai n _the geographical |ocation using a differential_ . .
ortwon-Wherr dhedmess Hateptom jha eameraseeth i 1geuded,dhe geographical location

oA B OB AL R Ay P e oton o
from @RAGRS eedeier 64 ¢ trsm@ehpfutrttlann fleahgprmgesaphtimalavailable for capturing
the iR BANPRIHE JeriGetal SO M LPSIRCBE. o belerebly foeds
data to an auxiliary module 65. The auxiliary module 65 packages this data and sends the data to
the processing device or computer 60 when queried. In addition to obtaining geographical
location data, the GPS receiver 64 can obtain time data. Furthermore, the location and time data
obtained with the GPS receiver 64 can be used to determine other variables, such as the speed of

the inspection vehicle, which can be used for various purposes disclosed herein. Thus, the



[0038] When the inmage data fromthe caneras 50 is
recorded, the geographical |ocation of the frane can
wW@bk®oe/ o046 ecorded. Elimnating a continuous stPEHRDSD5/023132
geographical |ocation data fromthe GPS receiver 64 to
the conputer 60 can free the processor tine avail able
for capturing the inmage data with the processing
devi ce 60. Therefore, the GPS receiver 64 preferably
feeds data to an auxiliary nodul e 65. The auxiliary
nodul e 65 packages this data and sends the data to the
processi ng device or conputer 60 when queried. In
addition to obtaining geographical |ocation data, the
discloseBinspextiov aystéid 3aranaist data fromehad@GPS redeiver odrtodrigger ttheecameras 50

| ocat i n and obt ai ned he GPS rec |ver
to cangire dHlgm A LNE Fagle P ko AR O- A ploae tafan
t ho%w]S peﬁ‘%n%ﬁtextngﬁvé B8 BSE AN el oS WHE 1§ﬁ}ecla Qhé’dﬁclosed inspection

used for various purposes disclosed herern. Thus,
systerh3@dian ¢habgdech distepecdavine aHyfot ehhaamlg:mgt@blodhloaatﬂmmf the inspection

vl T SRR o R L AEE el o B3 S pouns vl
revol@ioks! JFGeal %ﬂﬂﬂtldﬂﬁeasrtﬁb |1nspE&Q§1911elhéle %ﬁb\@% ta@rpade il or can be the
enbodi nent and as shown in Fki% 1, the disclosed
e

existing opemetensensgrsmethe dopection vebiaieThe disignemdeyieett ean gevide location

data t\cl)ghe &botgg Lo n&vﬁcﬁé@éﬁﬁﬁhg ﬁL Jil?tég 'c?e?z oé(? ttlpe 8&3? %Olhécpe@tlon system
30 caRGrigas thecanereNS®etesaphiiata stitiliffage \ON € track Weld Ui iaboi® evtry 0.1-inches

partial revolutions as the inspection vehicle noves
alongéhe)r?gl t he rall or can be the existing odonmeter sensor

0050 e?lﬁ) \gflﬂérﬁo %E{%‘élogécﬂ gﬁlo%e$s?&1%§) €4 capture still

rde Ioc I on e proces
imagédseﬂﬁ'@ettfmkdiedtemlm aeaiethecraxifhun fienci mtzel oSthd dansypasc§i evithout being

. syste can tri rthe camgras 5 tur
triggegdq ﬁ»wnt}l BHCCIR Offr A BISBEF ?Vl%égt Bore )%wle-ﬁ%ﬁm&?ras 50 and
proce%ilg%I Bevilte6 &l opetRO4Ar der B A HEHuBTRAM fﬁ?en@vhllé ﬁ{% inspection vehicle

[ osed 1 nspection system 30 can capture stil
travels rebgrees thef tracke Using Ithebkdown ayerage avidthhef mmsnmﬂnlf)rcartm plate 14, the

e of Lhe c ner ut be| tr| ered by.the
diselqsp oot SO R0 LT JUF SR pOAE Fpptign Vebicle. The
discldsB& soR8mr s théh aélgtepirﬂﬁ&&ﬁai Bemdevd @eﬁiuéé) daRNstGAsE 8b hattthe retained
or near the maxinmum frane rate while the inspection

frameg eowil dave an@peroalnaﬂﬁg spasing eR@R-indsi Hs underrtopdnihat exact spacing of
0.1- %er a %tdale h oef Cgoasgﬁﬂ)[eo%ﬁﬁ {h% %8018%\&“1% ﬁ)én[%vﬁ a%'l? a{}hl?e between 0.05”

n system n-calcu

and O/E!. O tis %ﬁnﬂohﬁnerﬁsmecgamnnlnﬁlbﬂr%feﬂaﬂébenﬂbﬁbé d&fé&ded between each
system can then del et e any extra franmes to reduce dat
retaingd draseeon @ giken tie ve thattfzme gpacingriesmajsuye qxa\feF%example if the tie

platef%grl&fém%)% Sglﬁl%hékg\g?i‘ 0&912_4;4'r]f§%ﬁes Ak c'a ugﬁadv\gﬁ %t%gaﬁc tie plate, then

t exact spacing
two foasss Bdrebe Wikcarddbé bstveenngpchvirklained fmlmm Ifuiee amtyre lyet of frames were

between 0.05" and 0.1". In this e di _ment he s
numbgtadole threpehy 244nthen thestetabeedframes o %@ﬂb@éeﬁl grpd: 74,7, 10,.

244, The retained 82 frames would have a calculated spacing of 0.098-inch.

o411  Alternatively, the disclosed system could interpolate between any two captured
frames to create a new third frame at any desired location along the track. Some frames could
then be discarded to achieve the exact frame spacing desired.

o42] After the disclosed inspection system 30 completes a survey of railroad track,

computer analysis of the image data is performed. The computer analysis can be performed by



retained frame on a given tie so that frame spacing
remains uniform For exanple, if the tie plates are
W p@eno48e6 be 8-i nches wi de and 244 franes are PEPUS200§023132
for a specific tie plate, then two franes can be
di scarded between each retained frame. If the entire
set of frames were nunbered 1 through 244, then the
retai ned frames woul d be tho;s nunbered: 1, 4, 7, 10,
... 241, 244. The retained 82"franmes woul d have a
cal cul at ed spaci ng of 0.098-inch. [0041]
Alternatively, the disclosed systemcould interpolate
bet ween any two captured frames to create a newthird
the pfacassingatieviny od einpatkr| @k ddated &l drginspestion achicléSo mPlternatively, the

franes, coul d henfb % card d to achi eve the exacg
°°mPP‘ie5r?é‘a'éfﬁ‘éc‘?%g HEeTPREd PBEWOTHeRPBIPIF YR hBLag image processing

softwhieSIRRGH ANhe YL eThd Boipiet ﬁﬁeﬁﬁslsﬂ‘ s@dx‘éﬁé@%h@fmég%‘ 4dt93Ad determines or

track, conputer analysis of I mage data IS
detectelotatiame alofih ghec u'aqdutvdlereadafey‘sl GLCURIOL behqme raflowrble tolerances of the

rallro?%ﬁﬁgccz%r ot ok n%p%cF Vf’ %faeﬁz)qr;qg% Q}p ut r atio%g_ﬁ{?tecggﬁpqltetr%alysm can be

custoRRU Y6 chafigddl. DEhdd édcg%pﬁﬁﬁldéﬁtuﬁﬁ%mﬁﬁedwﬂpﬁﬁzﬁfov@ﬁ&t #®Brances can be
havi ng i mage processing software known in the art. The
prOVId@rqmg

araparepripts repajesaan fhe snads @r impdifenagge afosiﬁ@an be scheduled.

PR A holer 37 GRlPub B RS of B SR b IR Setermined or

detecfedlﬁdr@ﬁfé fniage ldafr of thotradkeballt gbtaiaed wfﬁﬁfth@dﬁalbﬁddcmhﬁctlon system and
npl enent atign, the corrput er analysis can b e

aSSOCt?tFéit aethess. ofn cvamples. thah dolipsbg aipimker| ol sighomcagrable aspects are
dlscu%EII CftaSvaPloul R Hé.l ﬁ@sbflof“ aﬁﬁ%ﬁﬁ@%%e bl?e Esllga&g’\éfed(ﬁgclé&d It will be

appropriate repairs ntenan
apprewiateld thanthbee achetiiet mdasufdhle! 3§peétsmfrtbe Iraltrbadmadu cabbe determined or

pects of the railyoad . track can be.d .or .
detectgdisgh dhe W@ﬁwd@wfj E%Béc%é%%a%?lnF% Sty g 5]@ ReCHep system. In
addltl\ﬁ‘ht ﬁ vtflheoéj nﬁﬁé&eﬁ@&’ tHaD SRRE ttéc‘thq%¥§ LkRSWARS (RSS9 %Iaz‘ifafiyzing the image

exanples that follow, a nunber of such
data qmégulsacbmhath@ distlesadriesptc8on systain and dssociricd wsethods. Accordingly, the

. . techni ques for anal n rabl e aspe
ciselQyE APRHon S 11 Rl BCTATIBRS Rarol RGBS BEnpited to the
meastEBIR Wk FRk LardisRetdutar ¥ chhit@ed @dscribarhdréiack can be

determ ned or detected fromthe i mage data of the

t mtaek Bod dwityi Hegwresi th atlﬂd%ﬂb@ﬂ@@e@%ﬁé@@@mﬂodmons of image data

Obtalﬁ%éh‘%%hn}hec(g%&glﬂgtslﬁ ref%)t\l/\(/)ﬁ1 Slywe%nhe art &?%?ggnr? a 03%1 gl Ebg%%%ll has a plurality

of compiied nﬂzi?éeaia@zﬂﬁhdi)wﬁg W peion dffh ¢rosstid] S8€ bRESend REPRCE p@Bpective view.
stem and assaci at ed_net hods. Accordingly, the

Flgura)i%&aégé)éurah@maf@pmﬂe% imaasHaimehorgsg aimde detailed: perspagtine view. As
can b8 Q%Ierf 1?}?@?19[5? é? 9 gé@ﬁlc!o hg@ drflg%e &g %2?%' ed[nggﬁsj ?ﬁa'i (r)?presentatlon

X, YG had iZD vf tHel gea efthd trllclabeﬂ 1Phé teprestiitatien kasasupstential detail, and various
conpi | ati ons of i.nage a obtained with the disclose

aspects, ng@@tqomp%%tﬁ %‘%Hafg%éefk Fat Bey mﬁéﬁws@ In ﬁl@ﬁ%? 3, gor example,

crackD3F sRitP i Bl drbdtie 10 are visible. Also, the height of the crosstie 10 with respect to

the ballast layer 18 is visible. The orientation and heights of the tie plate 14 and rail 12 are

visible. These and other details can be obtained with the disclosed inspection system and
associated methods as described in more detail below.
0o45] 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



of conpiled i mage data showi ng a portion of a
crosstie, tie plate, and rail in a perspective view
wo-e@anetsdl® has a plurality of conpiled i nage dBCEHUS2005/023132
showi ng a nore detail ed perspective view As can be
seen in Figures 11-12, the conpiled imge data forns a
t hree-di nensi onal representation (X, Y, and Z) of the
area of the track bed. The representation has
substanti al detail, and varfggé aspects of the
conponents of the track bed can be neasured. In
Figures 11-12, for exanple, cracks or splits in the
crosstie 10 are visible. Also, the height of the
with the dissidsed iBpeution systemelt) art dlusheteddhatasah beayped toldbtérmine the spacing

ey TS 3 B0 TP 0 P b a8 it oo

10 th&tag@ Bep Z?dal&ﬁ% thet Bgckdi ?ﬁisoaﬁdfrhﬁ%qemaefnde%yg%@mhe last frame
and assocl ated nethods as described 1 n nore”detail

showing|this. cr([)S@ﬁdBP | Figwm et Be starvys| am, mtdnmeélptecfrarge Fataspemed some time after

sst det er m fromthe
the i e KEond Sy RERERGETE o Besnene HSnlesbefor fame 72 lacks o
crosst®d bédafisd ftAekigh@es AN6IBE Batviddn tdiessBésS 6t @8 afhck NIPRCkdeRtood that a
system 30 are illustrated that can be used to

lea]dét@r&Wh dntetipedipia diarepsheillvindlovt the endoSame &9 aftligpieghhe Figure 4C
shows (f ﬁ%m%%?ﬂ %r{g a%ﬂr)gl}er 6%05?%\/10(2 gc%ﬂl i§ gfﬁﬁlt%reri ﬁ(gsit?Onf Z{( csxltong the track.
Comp-[iférfanﬁll?ﬁls fob@ detefmine MY spaeini Qﬁﬁﬁ&ntdﬁﬁssh@ssm &A1 by, for example, first

showi ng this crosstie 10, Flé’dge 4B shows an
counting; thenpumheteof SuH intormeeginte fEnesoRs lagking 4 eropstine Thisgnumber of

t [ -

enf I s 3l LVERARICE0 4 W LSO s o5, 01

inch) e cdadateithe distangnbdtesemcrostias | 0 and &0 \Wdarthisvays b selstanfially accurate
the tr IS un stoodt pl ur.al j

I t ty. of such
measRRERT B AE SISO (12 0P e e iined ifiaoy BEGRed for a track

inspeftb ¥ ?hf’ﬁcali:}} ggctzlﬁe SHOMBeaN 18AEhd tREBmES: aMI M8t forms the three-
anot h Crossti that is at further position Z3

dlmemmsqah@flth%tmkb@dnqmﬂeér anal ysi s can determ ne the

spacin et ween for exa

PG DT RGRO RSP AU P ST Ere T B PlRA S TR R by imazing
technfcfied &A6WAAn 3hé LAS SFbxeexan@ aﬂ&”&.’@%ho% mrftlgmleemﬂt:e the contour of a

frames F2 can then be nultiplied by the known spaci ng
crosstie e mpacisnein § eesion of et f 24y foates it Cherpuer analysis can
searc RCRRRE, SRR RHEE BTt Moo Batina B b Buda Brossie. Thi

can b@fdohcﬂﬁ‘of é}@eﬁﬂfplb%& Sefadiey obdummeg e vhlaslof phelsiaale fogion of interest
a track inspector to physically inspect the crossties
R. Begpyse the, copppur oﬁﬁlg*ecrggqt@ 15 pemp9sse o6 darkepixels, the region of interest R in a

v PSBPASHINRL 19500 B DA B b gy (R0 o i
interrth@ligte fifaorerEXlatlying aeeissiie. t echni ques known in the art.

For exanpl e and as shown in Fi e 4A-4C .the contour
ofloogg! ¢ lpwpther féamgieﬁﬁemg&f ofnt Lfﬂs Fragish vith Tespest & therail can be

deterfineliorh P EHakd db3: RORBiHLH PRAYS! §n €38mple frame of railroad track

obtained with the disclosed inspection system is illustrated. The angular orientation of the heads

of the rails 12 can be represented by a line L1. The line L1 can be estimated, for example, by
best fit or curve fitting techniques known in the art. Similarly, the angular orientation of the
crosstie 10 can be represented by a line L2. The line L2 can also be estimated, for example, by

best fit or curve fitting techniques known in the art. These lines L1 and L2 can be averaged from



search the region of interest Rof a frame for pixels
i ndicating the presence of a crosstie. This can be
waeleowe/0048a¢ exanpl e, by averagi ng or sunm ng t hECTEHE2005/023132
of pixels in the region of interest R Because the
contour of the crosstie is conposed of dark pixels,
the region of interest Rin a frane F | having a
crosstie 10 will have a greai?[ average or sumthan
the region Rin an internediafe frame F2 |acking a
crosstie. [0047] In another exanple, the angles of the
crossties with respect to the rail can be determ ned
fromthe inmage data. Referring to Figure 5, an exanple
severdlr afrtheoframas |alewgd ther Zedkiobeai thedermsstie the dompites edalysis can then
lust ] ar

detenigmegﬁ% él]{lg% S%Igl?%etﬁvggla thegg lin ik 3fjlr &glt% d%gg'lgjlgﬁ the angles of the ties with

respeétedr RfeNTEd &Mdﬁoh'xﬁ&ﬂ&'mdlﬁt@ dithBeword r£RBr B late cut condition on a
estimated, for exanple, by best fit or curve ting

'meb@@ﬁﬁﬂ@ues known in the art. Sinilarly, the angular

orjent t|on of the cro st resen a

1| 3h'RRnE A P RRbk i He S edihd FRESRER Hondthetmage data.
ReferﬁﬁQW@F@md@%AbSSE exdanipl® frafiek ¥e-H3 dflrhil@all @bk bBaed kAtMAe disclosed

in the art. These lines L | and L2 can be averaged

inspegtioaniysiery &F ibpstiptrd thelasaBsbearsed do defermring thes sqpagationod rail 12. Figure
6A slﬁ)'ix%sﬁi dnfl fila?ne ﬂ)ﬁgﬁhg an%ﬁfl‘l ﬁﬁ'ﬁ?stcrgin 15 I'{Eél][ 1€§{ fgﬁﬁ({ﬁeﬁ Ie?l%ng the track.
an n - 0

atio ween these 11 nes
This éﬂd eframen@lt besigmagisethe Ofastt framtei dowing hhis eaflet?. tEigtl&i bB shows an
ondi i on woyld indicate either morn rail or
1nterancféqt% ﬁ%ﬁt‘tlliegﬁoglﬁ tne g %Fe e eng feame F [a@é@g]a fpﬁ:her position Z2

alongacﬁg{rg&r ﬁﬁ@fméﬁledﬁatcbﬁﬁﬂé i gaél&ea fafliecARB 1tbregre ents a location between

determ ned fromthe I nage Referring t i gures
rails cﬁ”Ah@@acl@)darthlefstwdﬁhaﬂ-mplﬁfﬁlmj of such itemnddigte Kraotes &R meay follow the

th di sclosed in etionsste re ustrate ,
end St g ol (T IaE GPh NG DA ER e Gt Rigther rail 12° tha
is at fhther pBHIA ﬂal%ﬁ%’\ﬂﬁ: @dke NCorthpdBParfalysish@wi déﬁarﬁf"néi‘ﬂ‘l@ sPicing between

a first rail hat is at position Z | along t

the railg 42 land T8, @r@xanmhahﬁ fm-'stlcorlletgiggthan@mbmh@f m@smecﬂla@rfmmes F2 lacking

S n hi 2. Ei 6B S/ 0 an 4.n
o il AL WL B iPitplfe e 227 Gl AR e TP BT b own spacing
betweah dragdes ge Luotihiaeh)pe shichiat tBe dat@bgbétheer thrghils Thirsd 12°.

internedi ate frane F2 |lacks a rail because it

r @9¥k s diptegmaning vehethen abfé@%éaﬁ # &9i] 42 or nohean paprrfoqmed by imaging
techn#q?g%%ﬁo%@%ﬁ%%aﬁoﬁﬁ% c%m pid dé fspgﬁ%ﬁﬁ{éu}{&gré%?ﬂé %)itour of arail 12

is exﬂ'eic@drlﬁ eﬁﬁg&imuﬁlmestﬁérof ehkd fmes® 133 ﬁbmpmger&mlalyblercan search the
ra is at further, pgosition Z3 al
region ph g ere%&raﬁe MF pics Bdiratg Sermrisnenel 3 5%11: pepgour. This can be

one 5. AR b Bnd 08t il TSt ey, o cxampi

Becawe tlz ¢antotinios thewnatl és cafiposed ef dexdtipiteds, ftharegonRH intrest Rém a frame F1
.be Itip]jed by the known spaci et ween franes

having 2 gl gl hitg s Viealoe 4 BabaoE S dhth Bedhein i adime g2 lacking a

crossfi@i | s 12 and 12'.

—

[00s0) In another example, the wear of the rails can be determined from the image data.
Referring to Figures 7A-7B, example frames F1-F2, of railroad track obtained with the disclosed
inspection system, are illustrated and can be used to determine wear of the rail 12. Computer
analysis can determine if a rail 12 has wear, for example, by determining whether the distance

. between the contour of the rail 12 and a reference point in a frame is less than the same distance



[0049] Determ ning whether a franme has a rail 12 or
not can b e perforned by imagi ng techni ques known in
W0 bweas4846 For exanpl e and as shown in Figure 6PEBUS20051€23132
contour of a rail 12 is expected in a region of
interest R of the frames F1-F3. Conputer analysis can
search the region of interest R of a frame for pixels
i ndicating the presence of ail contour. This can b
e done by averaging or sunmming the value of pixels in
the region of interest, for exanple. Because the
contour of the rail is conposed of dark pixels, the
region of interest Rin a frane F | having a rail 12
in a pifbt framay &Figure ﬂAaﬂmwSa/ﬁamgeF ldravengnail@nthethis at cagiorsi’lioﬁ Z1 along the

in a frame F2 cking a,crosstje. J].0050]_.1n .ano
track. eJlagings R of ahey e WP Te2iog 1 IR R O AdEHe Foffpre the Y-

axis o?l?l% frgﬁg?ld afi c%%tﬁrd'f‘ﬂg 100is FibGte §5refZ&anBlev%I(EQP{Vﬁlch may be the

r ames ralr track obtained wth
heighthfectioplatt, an&:pmnable dlm}meéﬂa As sould hﬁsappateadtoatprcb Qfandlbary skill in
e used. to de ﬁgm ne, wear the

the arE R bUTRER AT Gt SRRIORG FOTErepSR 12 Py loq@a A pgpamber of reference

pomtseg{ﬁﬂ.% Gie ﬂlﬁ’teéj 4 edpiliedi 189 oPRRIsBRSs 10)€orddxahipl: eFRR&VEBkhows another
he contour of the rail 12 and a reference ({)m nt in a

frameﬂ“f?aahanotbeﬂ psiiontzhalong thedraskdiAstnenition #-2a therdiganderldpds less between

e co G o LR RN B LSl bt we o

the rail ab lat 8¢ poki€idn \Eztaﬁbﬂg tBe (6. ORs WouldBeedppaitenRoas@ ofordinary skill in the
| evel L along the Yaxis of the frane Fl The cont our

art haging rb@mﬁtloi this dissipparcaramesmeaell 4laybe detprmigipd epmpaRng,Eames taken
f apl e distance LD.
at dlﬁ%éem 1%Ieg I%lg%é[hgsaa?llé %t%n aloﬁ%?ﬁg%lfi nary skill in the
afobsyhavh ﬁgoth&n@iatﬁple;fthé kliefectdi imcthe sursstiesr Hf earebe eletePmined from the

be | t
1magetn3%tap|eé§ g@gwgdmg%g%@g u,rlrbgr? regglfne[eeéer et ?(I) g’gs'fac o{)]tamed with the -
d1sclo§éf"fﬁ§ @ctlogéﬁﬁflﬁ‘ i/ B0 B BRO DRI Iﬁ’rﬁ’g@hcﬁ%q i the '&EHSE‘[% 10. Computer
ong the track. At position Z2, th
analysis samdaect liDthe srdssiss 10 bdasve dafect) dorcoatmpls, bafdetem@mag Wwhether portions

nd | evel 2 t han. osi,tion .Zl
D of A goRRVEOT TS e Herte SRS 230ibn of iRy RioR Thslfer Fions D of the
contoﬁlhﬁretafbé’&ﬁ wifhin ‘ﬂiéulle i0RER APPSR own0 defR6ts Gh addreisfidlckn include cracks,
[l in the art aV| gg benefit of this discl osure,

sphts,r an breaktam teuties. allsingtiae dduralityi pleiinagsrdsda ey gqchrﬁggefect computer

t different, ti at
ot 7550 Bt R 5000 bR RS BBERPRRL R0 sn n Figurs
11-12d ﬁfe%ﬂﬁl%ht}ﬂoﬂlﬁﬁg@ (015 Sk 66 uddl RARtRALtEE SrdhWchnfinapth heof the crack
| ma data. As shown in Figure 8, an exanple frane of

shown d |t etof ek croBstigi @csoRe; MStapees dihg o  japalysis cpp qetermine the
depthscﬁi]é © ef‘e&iﬁ)li] %%fﬁ%lge&fﬁ&{ the %ri%ﬂgltla’l OP{ e A eé&i&%@gé&%hgﬁ from the laser to

er analysis can

be préje&rsd Widinl thehRfechattbiocld ca;;ftm'ed dyahptanerby Inehe mendmg:nt the angle
whet her portions D of the cont %r of the cross._t
betwasnt the daser apd ghe Famera) fane Pedplavely bt #ethapdhe HighSpisiseting into a

recessoed dtePe%t can still be captured by the camera positioned almost parallel to the beam of laser
light.

pos2] In another example, the spacing or gage of the rail or length of the crossties can
be determined from the image data. In Figure 8, an edge detecting technique known in the art
can be used to find edges of the rail contours 12 in the frame, and the distance W1 between the

edges can be calculated to estimate the spacing of the rails 12. Similarly, an edge detecting



contour are absent within the region R. As is known,
defects in a crosstie can include cracks, splits, or
whe@akesiidh the ties. Using the plurality of i nBgEUSRDH023132

near such a defect, conputer analysis can determ ne
the wwdth and length of the defect. For exanple and as
seen in Figures 11-12, the plurality of inage data can
b e used to estimate the V\AdLj; Wand length L of the
crack shown in the edge of thé crosstie. In sone
i nstances, the conputer analysis can determ ne the
depth of the defect, for exanple, when the orientation
of the defect allows light fromthe |aser to be

technigue keewe th thictani cantteeisekbfeefind edges of the @osstipromtedr Hyint the frame, and

.canera. I n one enpodi nent, .the angl e bet ween | aser .
the dlgmpet\&é b@‘ayﬁgpéhec | ep Aty %fl[lq%]a@tcgﬁsﬁma?estgg f)\ﬂ(gy@% g?fche crosstie 10.
| iogt B Qh&thE] BehrhplE Ohe HeRARSTRShIER! BF telsiRfe @} tlhg: cr?%tie 10 can be

captured by the canera positioned al nost para
deterrhined fiwanthefimlags datal ilgFigur¢ 805 Bhe Fitfingtechmaquecceardstezmine the level of

t.he aci.n r ga of the rail qr,length of. the
the o 300" Berler 308 rivbf o o o AHSrRE BetRen fpse lovels can
estimdtt S Right o e Ballift €8 tdlng el t8 GhaEBERieKINOVIA ahfthbNékadiple, the scans
can be used to find edges of the rail contours 12 in

of thet adrdad 4rask candetused & detemaine Wig sipe piistones incthe dgldast d8n This can be

e calcul ated to.estinate. [ . th .ail
done B pffiiy 8:85loh B B0h5TRRink IFUBAT. A8 Rihits {Phe & ¢ patot stone
using ¢8R afiesig el Echtdirod tiedgdastaly. t he crosstie contour 10

in the frame, and the di stance W between the ed

. : zdges .
 cémbe e anetherxamples raind; spites cembe dpigetRd ipnpthedpgge data. Referring
. 0SSt . . -8 i . .

to Fighl0 24 gl il Ok i o BhctCL BARTR G od BRpDEIAp Rlion system s
illustrdieti erTo dedetnfinowhtther ihemgie adaised spike,F gpgion & int@rdst Recan be analyzed

fitting techni gue can determ ne the.level of the e
to detgEing SEhefEeT BOTIAB O dbke FORIPU FBIESFing 7 ised, SPifg 1 eour within the
regimﬁpfference between these |evels can estimate the

eight HB of the ballast 18 relative to the crosstie
1@0ssi n laotiten exampsphssing e glowssmisalighne tiaplatasadr sunken tie plates

track can be used dgterm ne t.he size of stones | .
can be {g<iaf Baen thedage e c ReRsB R ek Lo B S Biegftpieoad track
obtair®fl with SeQfidcléRY inpedtihl F5lemli imikra@El | TRUHRSINS oZ 8nkeh tie plate can
the bal | ast stone using curvatures in the contour of .
be detetedbfor leasmplegby podBzing g fegion of Brcrestdhphd detprpisimg whether a portion

of th%’ g:io]lé.ﬁ)éﬁ ?r%&g?e%&?& tGai gitﬁ,gﬁatfe r 8&&]}41 %¥ 'd%@? %og %ga%rr g)g&fﬁr {ﬂen gegion R. A

e frane of railroa
misalipRb@itie gllatwichh b ldetettnel dFethei fitting ahd povtivy S &l ¢cntour of the tie plate
illustrated. To determi ne whether there is a raised
and cerppaing the pegnighone! the {ine isthatrelthe crgsstien irpxampleo
d m r [ . . :
- OnFL o TR ML AE el ok bt B B bodiments i gt infended to
limit Rr . reft0idb She Isbopet berapphiabilltesof thes fivegtitd eogeptsesonceived of by the
m sal j gned tie_plat or sunken tie plates

S, . . .

Applicant. In excﬂange for d1scieosmg the mmventive concepts contained herein, the Applicant
desires all patent rights afforded by the appended claims. Therefore, it is intended that the
disclosed inspection system and associated methods include all modifications and alterations to

the full extent that they come within the scope of the following claims or the equivalents thereof.



can be detected fromthe image data. Referring to
Figure 10, an exanple franme of railroad track obtained
WORE0h/0048¢6 di scl osed i nspection systemis il | usPCHUSHN5/023132
The mi ssing or sunken tie plate can be detected, for
exanpl e, by analyzing a region of interest R and
determ ning whether a portion of the contour
representing a tie plate occyrs or does not occur
within the region R. A nisaligned tie plate can be
determined by line fitting the portion of the contour
of the tie plate and conparing the orientation of the
line to that of the crosstie, for exanple. [0056] The
CLAmwﬁegoing description of preferred and other

odimepts is not in ded. . to. limt.or res t th
8 Sl Tos goBEg £ PO ke PEEITRhE e ack! fo be mounted

ona v%ﬁefe%i/ﬁl@vaﬁe&mddg%@mkéaquk thO s anapridins:
di scl'osing the inventive concepts contalned her ei n,
t hicledgp phé hghﬂgedestqr @9s1abmedpmiya@nmt th¢ tilreadafdclsfoe grajgeting a beam of

the ap ded cl.ai her.e is intended that

the di gglflc@éocfs F}Wsrﬁ @Fagﬁ‘ﬂ%{%‘; em and associ at ed net hods

| BClebi@nald uem Qécfehw?e@tpbﬁﬂénsﬂrﬁélj@Eﬁtethétrélﬁl‘}&d treck! fo8 rdodlving at least a
extent tha come wthin the scope of the

foll ovvpﬁ@lotiloﬁ ﬂmshght rQﬂﬁ@teédtﬂm/ megml@ad ﬁ@el@b&pd ad/gensgating a plurality
A syst &

i nel ud f? gIIl% es'r 1%@? ?%ag 39 of tll; inlo?‘geagté L’nn%% i eﬁoqtolﬂn é)f the railroad track
Veth|Bai@hanvenent along the railroad track, the

system conpri si n%(ﬂ at |l east one |ight generator
pakicast one drecgsser denanalygingdhe plysadity of spages ang dejerpininggone or more
a bea
e "Rl Ik 085 of A8 bE A ROl
2. r dhe syt bf alaimﬂpwherem&he/hglg ganerhfmama lasgrorti on of the

ht reflected fr allroadtr ck ,bed a
3. o IREEEThaT Sah A URED 16t enegte dnesd Rese PLBEN  ne

4, p “I‘HE k) RerRof Rlaith 825heRiPRE bt RAst e 1138t ée@iekd:t&qg pEilﬁ&i%d substantially
- and at | easf one processor for analyzing t

abovepﬂhg railroad/ tra¢k amchgogs dredbadot ef highti su@stmt@llarpmmélcular to the railroad
- kphysical characteristics of the said portion of the
aC%-railroad track bed. 2. The systemof claim1, wherein
5. the THO&stcEe BECRAAN 2, | Wheteih 3BE laseB emth €heS Y&dne If Afghe Wvathan angular
2, wherein the laser emts an infrared beam of |ight.
expmmﬁ The systen1of claim1l wherein the at | east one

6. " ;% sggc 1S We%%lhitﬁﬁ S 1P %h?%ﬁlg lltrgceqpeqvc%n{ﬂ}ﬁes a digital

and beamo
camergubst ant i aI I y perpendi cular to the railroad track. 5.
The system of claim 2, wherejn the |laser emts the
7. bg’gﬁ]sb?tem.,oé islaigy &, ﬁvlg:pplgﬁl@mg}cal device comprises a band pass filter allowing

substantially only the wavelength of the beam of light to be captured in the plurality of images.

8. The system of claim 1, wherein the at least one processor comprises a data storage device
for storing the plurality of images.

9. The system of claim 1, further comprising a GPS receiver or an encoder that provides
geographical location data for analysis by the processor.

10.  The system of claim 1, further comprising a temperature sensor positioned adjacent the
railroad track that provides a temperature of the railroad track for analysis by the processor.

11.  The system of claim 1, wherein each of the plurality of images comprises a plurality of

pixels given X-Y-coordinates.



expanse. 6. The systemof claim1l wherein the at | east
one optical receiver conprises a digital canera. | .
wab@esysstem of claim 1l, wherein the optical derRCTES2005/023132

conprises a band pass filter allow ng substantially
only the wavel ength of the beamof |ight to be
captured in the plurality of images. 8. The system of
claim1, wherein the at |eas}_ one processor conprises
a data storage device for stoting the plurality of
i mges. 9. The systemof claim1, further conprising a
GPS receiver or an encoder that provides geographi cal
| ocation data for analysis by the processor. 10. The

12. sY&é eysteh of tlaiomi] whrein eech of dinpplusilityg ofimamep eomprises a Z-coordinate

sensor posi.tioped, adjacent the rai d.,t k that
represghling tajegocaﬂ% e P EAGRS P dehed PPt ek for
13. 2%qb ¥?§t<§n Wﬁfagkﬁ PRARESR We procdssorRSlud¥she Medfittih #rdelormining the

wher el n eac the plurality of I rmges conprises a
distanpé¢ betaken grosdtiep bk thegaifioadtratk beédcoor di nat es. 12. The

. SRSl St SheLel ety LR AL UL for dntiting

specifi@SAHoRBNte bf HeGailRYRa8 BED the length of railroad
track. 13. The systemof claim1l, wherein the

15. pilbesyson dfrdtiodéswhereltl therproeassdranclydesepmplgorighng fer determining a

di st ance bgetween crossties of the railroad track bed.
defeCt_llﬁ.a W@tlgﬁtﬁ"gﬁ?ﬂgf’?{ﬁ%‘fﬁw% wherei n the processor
16. | MabugeemAbf Al i1t Rildrdih thedepibidsydrnhehidesidni slgorithm for detecting

. _conmponents of the railroad track bed. 15. The system
missing, nisadigneds dampsech ion defiseti v fasieras spmpppgitelthg Failroad track bed.

akgori t.h r term ning ' r.asst i .
. SYSOTAIOR LIS Bk HBLC: DA AN o i«
misalished ei sunkretipplatesiibe rdilnedduckek bad al gorit hm for

det ecting m ssing, msaligned, da d, defecti . .
I8, f e SHUAT OB 3T dn FECHSAN 116 PTOCEIOF BRISS 206 g9EHA for dofgrmining wear

ofthesr%{ﬂ@ﬂhﬁfaﬂ?&a@t ok, Wherein the processor includes an
algorithmfor detecting a msaligned or sunken tie

19. plThbesystbmt 6 clain | T, osbertinathk frectssar8incllides gy slgoritioh for determining
.claim1l, rein t rocessor includes an algorithm

Spam‘?g)&ltg%faé]lsvﬁ\‘?ﬁ'feﬁﬁﬂ’(ﬁ@g%a@f’ the rails of the railroad

20. U e ksystd@ of TE18inS ¥ S Whetet el foBRstor MORIIES Bn talfrithm for determining a
proceSsor includes an al gorithmfor determning

height pitwllags relbtiveree & erpsstie of theeiliogd ineelabied. r ack.

21.  The system of claim 1, wherein the processor includes an algorithm for determining a

size of ballast stones of the railroad track bed.
22.  The system of claim 1, wherein the processor includes an algorithm for determining a gap
size between sections of the railroad track.
23. A method for inspecting railroad track bed, the railroad track bed including crossties,
rails, associated fastening hardware, and ballast, the method comprising the steps of:

a) illuminating a line across the span of the railroad track bed;

b) receiving at least a portion of the light reflected from the railroad track bed;

c¢) generating a plurality of images representative of the profile of at least a portion of

the railroad track bed; and
d) analyzing the plurality of images and determining one or more physical

characteristics of the said portion of the railroad track.



20. The systemof claim1, wherein the processor
i ncludes an algorithmfor determ ning a height of
whalobass46 el ati ve to a crosstie of the rail roaPlCT/Us0k5/023132

bed. 21. The systemof claim 1, wherein the processor
includes an algorithmfor determning a size of
bal | ast stones of the railroad track bed. 22. The
system of claim1l, wherein tgg processor includes an
algorithmfor determ ning a gap size between sections
of the railroad track. 23. A nethod for inspecting
railroad track bed, the railroad track bed including
crossties, rails, associated fasteni ng hardware, and

24. bdhk antthod f clmh2?] wherpin 8ilagr tilemiktes sheflineagcross the span of the

.. 1]lumnating a |line across the span of the railroad
ra1lroq4t5%a$q;gd; b) receiving at |east a portion of the

25, | et duedd &iAe I lgmefe'ﬁ?’%lfeﬁﬁslef eRdts b aftar&Esbantof light.

generating a plurality of inmages representative of the )
26. pilheithethad oficlaimd, vehepein tthe dinefactdse theaspanoeidthe raidtoad track bed is

bed: and d). gnal yzi ng t pluralit f, i mges and
substapdiplly RF’??FWZJ“@?%‘%&C ’f?g'ﬁé&]ﬁ‘r‘?f&ﬁ%’&ﬂ tr@'fvﬁlﬁgeé%t eristics of
27.  t e $RbPS ddiRm 4 iwhetEn fiRi1hdep afhits FiRAlheddith dandibirR@fanse.

of claim23, wherein a |aser illumnates the |line . .
28. adhegseth¢rbokglaim 33, whereina figialcaness kecpizgs themt lqgska portion of light

thod of claidp 2 ' he | aser emts an
reﬂecpeﬁfl?cgflgé)og‘éoélrﬁfgl‘?e %ﬂé?\%a%a%%e he net hod of claim 23,
29. WRkehsthbd&fldldit 28y Asthet kempfising ahe iep ofafiltérimged tHer pariion of light
bed is substantially perpendicular tqo the rails of the

reflecteg) froma aortieicad thetniliond trapkbedRtfioubagd rasssilifroa,
r oL i . .
0. ST DARETS ST BB ML By g
31. cdarermethed of viain LBefuathet eamprising thiet stepoDprolvidiig geographical location
reflected froma portjion of the railroad track bed.
dataf%?‘aﬁ%éﬁé?lﬂﬁroor@ CBFetS% 23, further conprising the

32. SURR MRbthbd bf el D3t FeHRS" dohfRisy tht Gb dredttffingth fohiirature of the

a portion of the railroad track bed with a band pass
rails dfith¢ silrod@Qracktbed.net hod of claim 23, further conprising

t step of .storing_the.pluralif. . images. 31. The .. .
33 reaueied of Sef 230 wheienh i Tuieht & imyBRr gl gyetiatiy of pixes
givenX OV Eslrida@eogr aphi cal | ocation data froma GPS

receiver or an encoder. 32. The_ nethod of claim 23,

34. f (Fherraethodabelnion A%, Wheseinithp phralsh ofimagses ferthes spripsyp & coordinate
repreé)efntiBE %erlgclza{tl‘f’)n%tf tﬁqulargglaiorngqge feﬁ@t’fllﬁf ?ﬁpof the railroad track bed.
35.  The method of claim 23, further comprising the step of determining the distance between

crossties of the railroad track bed.

36.  The method of claim 23, further comprising the step of identifying specific components
of the railroad track bed.

37.  The method of claim 23, further comprising the step of determining a defect in a crosstie
of the railroad track bed.

38.  The method of claim 23, further comprising the step of detecting missing, misaligned,
damaged, or defective fastener hardware of the railroad track bed.

39.  The method of claim 23, further comprising the step of detecting a misaligned or sunken
tie plate of the railroad track bed.



33. The nmethod of claim23, wherein the plurality of
i mges conprises a plurality of pixels given X-Y
W@ owna433d es. 34. The met hod of claim 33, whereCTU$1965/023132

plurality of inmages further conprise a Z coordinate
representing the | ocation of the imge al ong the
l ength of rail of the railroad track bed. 35. The
nmet hod of claim 23, further %rrprisi ng the step of
deternining the distance betWeen crossties of the
railroad track bed. 36. The nethod of claim 23,
further conprising the step of identifying specific
conmponents of the railroad track bed. 37. The nethod

40. ofhe heihnd2d, cldinr 23 durtiew rpmipsising théistep o€ detefmining wear of a rail of the
ete i.ng a defect in a crosstie of the railroad

ra11roqdrtga§iglgg3d 38. The nethod of claim 23, further

41. C?HP FletldAD iNEmSBe Rirer Q&h&@émg]ﬂle@te@%f@gsenmrﬁ@g 6@ of rails of the
e

darmaged, or defecfive fastener hardware of th
railroardarackdvad track bed. 39. The nethod of cl ai m 23,

SR 2 e SRl 5 3Rl 9 o e

relawé%la%s@ﬁe 61 kb Mikdad frabkitedr conpri SI ng the step of
determining wear of a rail of the railroad track bed.
43.  4The Trethorb o stiinf 25 | furtherogmprising e Hepnof idstepgining a size of ballast

Stonewﬁﬁ?(r%lgga%tt%@b?g”g spacing of rails of the railroad

e nethod of claim 23, further

44, CUBBMicthaWof Eleins R8pfusthededmpriving g stephef @hérnhinhal gapsdize between
relative to a crosstie of the railroad track bed. 43.
sectioppaf jetoh dlep wilreaddtagk bed- further conprising the step of

45, ?%tag‘{;%ﬁ' %Egpe%};llﬁg rﬁfro?@ dﬂaaf Becf g?ﬂ]ﬁg §1 ér?%slrﬁ@hfaﬂbl $288ated fastening

hardwaed)and dalihgt, tt]mamsﬂle@ cmpdahgthn stépsgpfa gap si ze bet ween
sections of e railroad track bed. 45. A
n@ hod“’é‘f’elﬂ‘?@g ﬁ@al ai | road track bed having a

Sst | tp"f"oj ebtflg! Sfoc@ed DA 08 U ghBRE @R HiOspAA bEWRN ilrodd thack bed;
Ias t he et hod corrpr|5|ngthe stéps of: a

t lc}lvel |cagfuahg) m@lmatlatyr af insagep)of phe ffewis¢chean foéd]?gb’ggrqected across a
beam of 1) 8y BPLARRORL A BSOS o
begm ofgeter@fifing roﬁb ezt 186re84pREIS &f the portion of the railroad track bed by
processing the plurality of images.
46.  The method of claim 45, wherein a laser projects the focused beam of light across the
span of the railroad track bed.
47.  The method of claim 46, wherein the laser emits an infrared beam of light.
48.  The method of claim 46, wherein the laser is positioned substantially above the rails and
emits the focused beam of light substantially perpendicular to the rails.
49.  The method of claim 46, wherein the laser emits the focused beam of light with an
angular expanse.
50.  The method of claim 45, wherein a digital camera captures the plurality of images.
51.  The method of claim 45, further comprising the step of filtering the projected beam of
light with a band pass filter.
52.  The method of claim 45, further comprising the step of storing the plurality of images on

a data storage device.



portion of railroad track bed while traveling al ong
the rails; and d) determ ning one or nore aspects of

wa b@opotsté on of the railroad track bed by proceGEUSI05/023132
the plurality of inmages. 46. The nethod of claim 45,
wherein a | aser projects the focused beam of I|ight
across the span of the railroad track bed. 47. The
met hod of cl ai m 46, mherein_tEe | aser emts an
infrared beam of |ight. 48. FRé net hod of cl ai m 46,
wherein the laser is positioned substantially above
the rails and emts the focused beam of |ight

substantially perpendicular to the rails. 49. The ) _
3. melihieodetbod of alarm 46, funther edmprisieg theswep efriobtaining geographical location

53.
ocu beam of light.with an angul ar expanse. 50. The
dataﬁ%pﬁg(gp%fecavgwﬁafi%c #rein a digital canmera captures
54. t MEhePhethadl bf ¥lafth 45" REGSy c&ﬁpriiﬁ?ﬂ{éﬁ_ﬁé‘pgf SBtaidlridl e 4Emperature of the
further conprising the step of filtering the projected

rails.peam of light with a band pass filter. 52. The nethod

55 OTmEL AU B ol Y5k SR 088 368 AP e iy o

pixeld Biwef & Wadoffinatdsai m 45, further conprising the step of
obt ai ni ng_geogr aphi cal | ocatjon data froma GP

S
56.  elhsipethod pf glaing Aéowhsreinghe phwalitinef Haeges fughesicopyise a Z coordinate
: i gi £ aht aiani ng.t h
reprefeinf e 1G0T BnIaE cRhERlenf' Bl e
57. Wikteahethbd ef plhint 45 fuythef commiyis: the stepef deeminimethe distance between

lugality o i xel s given X-Y coordinates. 56. The
Crossﬁ%f’ﬁ@’ﬁr%‘ I’OE‘FHF% ; wherein the plurality of inmages
58. T UFdehBEMLBRBPLIaRR 43, ArRPLHhPALifs HRPEES 8DideRankihe _slfeé:iﬁc components

| ocati on of the image along the length of the rails.
of thé&ilropddrackbbdd of claim 45, further conprising the

st of . det erm ni t he di stance, befwe rosstie.of . .
59. ¢ hR BrpPd AR S PR e Flebe QP ERL by A dclect n a crosste
of thd 1aflkdadriraeRBRA.I Si ng the step of identifying specific

conponents of the railroad track bed. 59. The nethod

60. ofThe methed Bf claim e Furthsrpempiising theesten epdeecting a missing, misaligned,
dama%g%gﬂr{rggfe%&‘ge I%Stggﬁlg%grmrg crosstie of the railroad
61.  The method of claim 45, further comprising the step of detecting a misaligned or sunken
tie plate of the railroad track bed.
62.  The method of claim 45, further comprising the step of determining wear of the rails.
63.  The method of claim 45, further comprising the step of determining spacing of the rails.
64.  The method of claim 45, further comprising the step of determining a height of ballast
relative to a crosstie of the railroad track bed.
65.  The method of claim 45, further comprising the step of determining a size of ballast
stones of the railroad track bed.
66.  The method of claim 45, further comprising the step of determining a gap size between
sections of rail.
67. A system for inspecting a railroad track bed including the rails, the system to be mounted
on a vehicle for movement along the track, the system comprising:
at least one light generator positioned adjacent the railroad bed for projecting a beam of

light across the entire track bed;



60. The nethod of claim45, further conprising the

step of detecting a m ssing, msaligned, danaged, or
wa@ledoenodswe fastening hardware. 6 1. The net hodrof/usioas/ 3132

45, further conprising the step of detecting a

m sal i gned or sunken tie plate of the railroad track

bed. 62. The nethod of claim45, further conprising

the step of determ ning wear ,gf the rails. 63. The

met hod of claim 45, further ¢onprising the step of

determ ning spacing of the rails. 64. The nmethod of

claim45, further conprising the step of determ ning a

he| ht of ballast relative to a crosstie of the

¢ leashang ppiddal Beegives positinacdradihesat die tailaci)ad; ttack bed for capturing at

further i in t he step.of rn1n a si.ze of .
bal | astlea%?gﬁé%%o fhigdmage Pfgugoraﬁ kra%l% recqiying at least a portion
met hod offthe |11@hméﬁcteﬁuifrblheﬂhe GG SR HeHe whiRPn Phe opt1ca1 receiver
determnm.nin g size between sections of rail. 67.

syst emingy quﬁsﬁf@@@ﬁSﬂ@thgwmw aatimengene! psefile nd| thel |ca1@ured image of
t he ra%ﬁér]&ﬁﬁt@%ﬁ%? be mounted on a vgh!cle for

movenent ong , the system conprising: at

| edltastome drogehdor gemmaayzﬁlig eslimemsiqnd] paifide end détB@nining one or more

railroa r.oj ecting a beamof |ight acragss the
entire P?‘V%lﬁaj E@&Ctg’fls“l? &8 thegyad pghion gf the galpgdrack bed.
positioned adjacent the railroad track bed for
capturing at least a portion of the image of the
railroad track bed by receiving at |east a portion of
the light reflected fromthe railroad track bed,
wherein the optical receiver includes a processor to
generate a di mensional profile of the captured inmage
of the railroad track bed; and at |east one processor
for analyzing the dinensional profile and determ ning
one or nore physical characteristics of the said
portion of the railroad track bed.



