1 UNDER VEHI CLE | NSPECTI ON SHUTTLE SYSTEM Field of the Invention [0001]

- The  present invention relates to inspection systens for vehicles. [0002]
In particular, this invention relates to a notorized depl oyable shuttle
cont ai ning caneras and an inmage processing nethod to correct distortion in
t he i mages captured. Background of theqlnvention [0003] There exists the
threat of terrorists or crimnal elenents attacking certain installations
or buildings by placing bonmbs on the underside of vehicles entering these
bui I di ngs. As SUNDERWEHICLE INSPEYTION ﬁ%ﬂpwketévﬁggﬂ side of all
vehicl es entering these areas to prevent such attacks. The
conventional nethod of doing so is to place mrrors under the vehicle to
be inspected. These mrrors may be fixed on handhel d boons or the mrrors
may be nounted on trolleys thaFiedd ©f fhelevkenticier t he vehicle. Such
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wi th canmeras that can replace manually manipulated mrrors. The device has

its own il | urfORERAINIGE oRsReras ansban eagerpreressagtetwdity ddnect diséoricmin canmer a
are then tra onputer nonitor for viewi ng. The size of the
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housi ng has to ly large to accommopdate the focal length of a

canera that can scan the full wdth of the vehicle. (B 2258321A al so has
an alternative enbodinment in which a systemof mrrors to "fold" the |ight
path for the canmera, shortening the overall length of the trolley.

However, this folding of t i reduce t he anount of
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| i ght reaching the canera and reduci ng the i mage captured. 2
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- vehicles entering these buildings. As such, security forces ha\}e to inspect
the underside of all vehicles entering these areas to prevent such attacks.
[0004] The conventional method of doing so is to place mirrors under the
vehicle to be inspected. These mirrors may be fixed on handheld booms or
the mirrors may be mounted on trolleys that are pushed under the vehicle.

Such products required the operator to manually move the mirror around
the vehicle to visually inspect its underside.

[0005] A UK patent, now lapsed, GB 2258321A, teacheé an inspection
system comprising a wheeled trolley with cameras that can replace
manually manipulated mirrors. The device has its own illumination means
and the images captured by the line scan camera are then transferred to a
computer monitor for viewihg. The size of the housing has to be sufficiently
large to accommodate the focal length of a camera that can scan the full
width of the vehicle. GB 2258321A also has an alternative embodiment in
which a system of mirrors to “fold” the light path for the camera, shortening
the overall length of the trolley. However, this folding of the light path may
also reduce the amount of light reaching the camera and reducing detail in

the image captured.




road or a specially-built ranp may be required. In addition to these

- limtations, variation in the speeds at which the vehicle is noved in
relation to the trolley requires a speed nonitor neasure the speed of the
vehicle so as to be able to control the scanning rate of the canera.
[0007] From a security point of view, Hhis nethod and apparatus of GB
2258321A i s dependent on several uncontrollable factors. An invention that
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not introducing variation in scanni speed he "unders t he car
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and illumnation means deployable fromsaid carrier system contr ol
unit. [ool o] tpdh@fﬁr@dlmérewma spead nmmmnmeasmweme spequt ofiheesehiclesbhod of

t hi t t ty,
recording. | gl 5 P8 el thel Sarinyie e T (i s ng shut 1 e 1o move
under the veboori From héatnatyi pint SEviEWIgNS hdehed aﬁ@a Pﬁhalt@é f gpecor di ng

i mages of the underside of the vehicle, reversing tle to the start
point, procesAAg2Ads depepderiion raveral Uamﬁtvﬂlabhg’acmssmlmmwe@tlﬁbrtha

detailed ins [ i.f necessa
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Dr awi ngs [oojnb]t.mrcmm:irgvmtmmﬂdhmbnﬁhgtép@earcﬁwundér\sm oftheVddrl now be
nor e fullyg)y ri bed, tw/vvay of exanple, with reference to the draw ngs of
which: 3 fnelga@erg 'Qbé‘ﬁ‘élpgﬁ‘@:tlve cut away vi ew of the present
invention showi ng the main conponents; [0013] FIG 2 shows the positions
of the carrier of the present invention during transportation (2A) by
hand, at rest (2B), and the steps in the

Summary of the Invention
[0008] The present invention seeks to provide a system and method for
inspecting the underside of vehicles.
[0009] Accordingly, in one aspect, the present invention provides a system
comprising: a carrier, a shuttle with camera and illumination means
deployablé from said carrier, and a system control unit.
[0010] In another aspect, the present invention provides a method of
inspecting vehicles by bringing vehicle and system into broximity, recording
image of license plate of vehicle, activating shuttle to move under the
vehicle, illuminating the underside of the vehicle, recording images of the
underside of the vehiqle, reversing shuttle to the start point, processing the
recorded images, activating the shuttle for a detailed inspection of the
underside of the vehicle if necessary, and saving images of the vehicle into
a database.

Brief Description of the Drawings
[0011] A preferred embodiment of the present invention will now be more

fully described, by way of example, with reference to the drawings of which:




sequence of setting up the invention for use (2Cto 2D); [0014] FIG 3

- shows the deploynent of the shuffle of the present invention (3A) in
normal use and the deployment of the anti-vehicle spikes triggered by a
vehicle attenpting to escape inspection (3B and 3C). [0015] FIG 4 is a

fl owchart show ng the nethod of inspecting vehicles under the present

i nvention; and [0016] FIG 5 is a flowhart show ng how the i nages captured

are processe om/ldﬁre.th% @b@?s%ctib@,v&ﬂéié@?-vié?%iﬁ{Hee&eQéﬁtcihb@rﬁtid?ﬂ of the

Drawi ngs [0017] A detailed explanation the present i1nvention will now be
gi ven in accehewingdheinmainaopnedrented enbodi ment of the invention. In the

fol I ow descri pkj t ai,| ided to describe th f d
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may not be described at |eng SO as not to obscure the invention. [oola]
The present i$R@aNceMS seitinghde the itvieotien forsyrec2Cote 295t em  conpri ses a

wheel ed carri 0 i ' hol d..a depl o |le shuttle 200 with
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off before being allowed to | eave. [oois] The shuttle conprises several

mai n conponemtY givshisde atta@ptinade gscapa inspegtion &RIapdaQ)i ght i ng means 250.

The canera_or @iy 24 SRR hafEnasnbBaR 1Al ioBIGRARITAAL?, i sposed

in a substant y horizon on and at | an-tilt-zoom
(PTZ) camer a @dderribe peedentiimvemtionpbatiantial |y vertical orientation. The

preferred enbodi ne . th resen i nvention has one horjzontal |ine scan
camera di sposi@@i®y) @%q‘{'ﬁ@ @%\ﬁ%@ﬁ&howww the, Enagrs ¢aRIUAA #et wo vertical |y
oriented PTZ KapBsas QRd&Y thBresédtn@dntidnie |ine scan camera. [0020] The

SCU 300 is a conputer with a database of vehicle imges matched with their

respective license plate nunbers. It is |oaded with the

Detailed Description of the Drawings
[0017] A detailed explanation of the present invention will now be given in
accordance with a preferred embodiment of the invention. In the following
description, details are provided to describe the preferred embodiment. It
shall be apparent to one skilled in the art, however, that the invention may
be practiced without such details. Some of these details may not be
described at length so as not to obscure the invention.
[0018] The present invention, an under vehicle inspection system,
comprises a wheeled carrier 100 with a housing to hold a deployable shuttle
200 with cameras, and a systems control unit (SCU) 300. The handle 110
of the carrier also houses an anti-escape means to prevent vehicles from
moving off before being allowed to leave.
[0019] The shuttle comprises several main component groups: the camera
means 240, and the lighting means 250. The camera group 240 comprises
at least one line scan camera 242 disposed in a substantially horizontal
orientation and at least one pan-tilt-zoom (PTZ) camera 244 normally in a
substantially vertical orientation. The preferred embodiment of the present

invention has one horizontal line scan camera disposed along the center




appropriate software for interpreting vehicle license plate inmages,

- correcting imge distortions, conparing inages and has a screen to view
the images. The SCU al so has the neans to allow the operator to renpotely
control the carrier and shuttle operations. The SCU may be a conputer
modified for this purpose as describedg above or it may be a purpose-built
unit for this application. (0021] In use, a suitable area of land with
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area may be marked out wth traffic IC signs or roa arrlers.
Vehi cl es in tHe lineescarecanetsen directed to the Iocatlon wher e the
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is then lifted upright to bring the carrier into the rea y position (FIG
2D). The car r fepropsstessoftvdiedor tderpretingvéhiolegicense pralenmagegmm&mwhglt may

be connect ed cables. to the SCU 300; or,the carrier
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Al ternativel yapplicetlmehl C| e may be driven to the carrier. In this case, the
upright handle 110 helps tQ orientate the driver in positioning the

vehicle in rdP%HdR Uss: l%%"@?@ arga aidand withesudligientsnagerfengueringigadyehi cl e
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to work. [0025 he ve an carrirer are
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programis thespz) To set up the present invention at the inspection area, the carrier
with the shuttle inside is brought or wheeled (FIG. 2A) to the inspection
area and laid flat (FIG. 2C). The handle 110 is then lifted upright to bring
the carrier into the ready position (FIG. 2D). The carrier has suitable
communication ports 140 through which it may be connected by one or
more cables to the SCU 300; or the carrier may communicate with the SCU
via wireless means in other embodiments of the present invention.
[0023] Electrical power for the system may be supplied via batteries, an
electric generator or an alternating current mains supply.
[0024] The carrier in its ready position can be brought to the vehicle to be
inspected and positioned such that the centerline of the carrier is roughly
aligned with the centerline of the vehicle. Alternatively, the vehicle may be
driven to the carrier. In this case, the upright handle 110 helps to orientate
the driver in positioning the vehicle in relation to the system. Neither exact
alignment of the vehicle to the system, nor absolutely flat ground are
necessary for the invention to work.
[0025] As the vehicle and the carrier are brought into close proximity, the

operator can command one of the pan-tilt-zoom (PTZ) cameras 244 of the



used to "read" or interpret the license plate inage so as to derive the
vehicle's license plate nunber. Thereafter, any previously stored inmages
associated with that |icense plate nunber can be retrieved by the operator.
[ 0020] Wile the present invention nay be position at either the front or
rear end of the vehicle, it is preferaple to position it at the front end
of the vehicle for the anti-escape neans of the invention to be fully

utilized. Thi %haﬁreltotmweaﬁta?é tHefinhasy eei\}végﬁclkié'g JEtS grﬁ{éﬂ}\ bel ow.

[ 00271 Once the carrier is 1n place near e start point,
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data between iHdheentinscapaanednn ef tbe inventiamiese fuly ukiized. Thisantions may be
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enbodi nent of present inve can powered by internal

batteries. Fupokgr Dnce thdalcarr&noﬁ replaestredir e VehielN bt Ble staft o, gleuttl e and
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250. The 6  wheels of the shuttle are driven by direct drive electrical motors, with one
motor driving each wheel.
[0028] A cable 130 connects the shuttle to the carrier. This cable is played
out by a motorized reel 120 in the carrier. This cable has a number of
functions in the present invention: providing electrical power to the shuttle,
as a control cable for maneuvering the shuttle, and as a communications
cable to transfer data between the SCU and the shuttle. The lines for these
functions may be contained within the common sheath of the cable 130.
[0029] In another embodiment of the present invention, the shuttle can
powered by internal batteries. Further, in this another embodiment, control
of the shuttle and the transmission of the image data between the SCU may
be performed wirelessly without need for the communications cable through
a wireless communication means.
[0030] As the shuttle moves along the underside of the vehicle at a constant
speed, the quality of the image built up from the line scans from the line
scan camera is higher than that of the cited prior art.
[0031] Sufficient light for image capture of the vehicle’s underside by the
camera means 240 is provided by the lllumination means 250. The




illum nation means conprises a source of |light such as fluorescent or
sincandescent |anps 252 and a suitable lanp reflector 254 beaned through an

illum nation wi ndow 256 in the housing of the shuttle. [0032]

Alternatively, light-emtting di odes (LEDs) may be used; in which case,

the light reflector may not be necessargy as LEDs provi de directional

illumnation. The lighting nmeans are selected to provide even lighting for

the canera neansmnahsﬁenm@@ﬁ?ﬁéeé a@burd@af@en%bamgdlubpeg%ﬁvwe the
wavel ength of light desired (infrared R), ultraviolet (UV) or visible
ranges), t ogé'%Q?é}deﬁP@ht lapsoth2 and afsulte@ies!a(mgraflectquasdrlseamﬂd thraugipar ent

w ndows, etc) _.t: olarizing filters may
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i mges. [0033Joo3kE Aammta/ema;gm-eﬁnmhg didded (LEDMaY Beused; in which

hori zontal l'y-ori en‘i1 g resolution |ine scan canera 242 | ocated al ong
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camera w ndo 8 on the t surface of the, shutt ousi ng all ows the
caneras to c\gﬁl%q\gmaet{%‘ %@C?Eﬂ@e{ﬁmsc@ C@Pt‘frﬁé)t] IMAa9ges0036] I n one

enbodi ment  of [doBy WheseMeraMeahs 8Nthd dHutlé ewn?ﬁeéyb%r%ntéupforrewfé@r line

scan canera 242 is planar to the orientation the canera’s” hori zont al
orientation. highteeolstiendinesgaprassaerasif? logatedi algng ke cemterlime ofdheect or
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directly overohkithensieeafitké linelsean taaista. Thi s obvi ates the need
[0034] This arrangement is different from that used in the lapsed UK patent
GB 2258321A where one or two horizontally oriented cameras are used.
To obtain more detail from the images under the method of that invention,
the image obtained has to be enlarged.
[0035] In the present invention, a camera reflector means 246 using mirrors
or prisms, or both mirrors and prisms, allows the center line scan camera to
capture images while the vertically-oriented PTZ cameras can capture
images directly. Suitable camera windows 248 on the top surface of the
shuttle housing allows the cameras to capture views of the underside of the
vehicle.
[0036] In one embodiment of the present invention, the view captured by
the center line scan camera 242 is planar to the orientation of the camera’s
horizontal orientation. In the preferred embodiment, varying the camera
reflector means 246 allow other views at other angles to be captured. The
advantage in this embodiment is that the camera windows 248 need not be
positioned directly over the camera reflector means. This obviates the need

for the window to be protected by a window glass. Without the need for a



for the window to be protected by a wi ndow glass. Wthout the need for a 7
» W ndow gl ass, there is no need to have a wi per nechanismto keep the gl ass
clean, unlike that of the cited prior art. [0037] In the present invention,
di stance fromthe lens of the center line scan canera to the reflector
means is extrenely short, typically legs thanl0 cm to keep the shuttle
compact. As such, the inmages captured by the line scan canmera 242 through

its wide angl wirldwweghisk! tHege & ﬁ@%teado hEbbSaw éﬁ/ﬂ%&;antéﬁ@td@éépﬁ@ ly
oriented PTZ canmeras 244 cone into ay When the shuttle is
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present i nvengéamcanmkta tsthesriefibetor enearey lslé@dt:’@nfély sh&?&?p@awﬁé@@&hames to
correct the distortion in the inmage forned the cen I ne scan caner a.
[0039] Brief | §M: kvkeeprthepshile pﬁ@P@iO&t Gﬁtsé@hl thegeages septued dydbeioel ons.
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intervals on straig ers rva ng| rom 10 cm
to 100 cmin thﬂe()/arﬁeéllyoasriﬂmm Tar ecamerdsc2dpoordefifiiersiay. rul ers. Then
di storted i mages ken of these rulers by the horizontal |ine scan canera

242 are conpaP®ifl hrshwg @l%%?’f'@lft?‘tﬁ@@%e genten s dhe giddleaf é’foléh
db
captuf ed oY  UBRgfRldnd GAdT a]Sth%zl&lb O osm% em%&%rﬁéglpqzoéatrﬂe ad)pJ‘HI P

fromthese corrparl sons, | et eternm ne ust ment
needed to cortaketa $rtm)sd1\|oktmag@dach1 mﬁ@mun@@'smieemﬂbg caheThelrhagel i ne scan

. [0041] | h istorted i ken by the PT
ot oasi ngl y SriioRanehis atdfs it imiateryuf (SGther ebnmebolitety

~avai |l abl e 1 rfhgge BhAPSIHG iMAges itd WBFrBctifd disfohfori fBpe uﬁagéeérmuﬂﬁ %é’se' y to
the distorted i mage captured by the |ine scan canera hus the anount or

degree of di tenter e sraeeBeiA.t o obtain the best match between these
| mages from t[@@ﬁf ét%ﬂyc WBFLRicPof e disBMe elm%%te% I<1=11<:H|<—,‘Av<—3d as%llows. Prior

to use, the system is calibrated. This is done by marking off linear intervals
on straight meter rulers. Different intervals ranging from 10 cm to 100 cm in
10 cm-increments are marked on different rulers. Then distorted images
taken of these rulers by the horizontal line scan camera 242 are compared
with the non-distorted images of these same rulers captured by the PTZ
cameras 244.

[0040] From the table of data built-up from these comparisons, it will be
possible to determine the adjustment needed to correct the distorted
images captured by the center line scan camera.

[0041] In use, the undistorted image taken by the PTZ cameras is
increasingly stretched or distorted at intervals using commercially available
image processing software until the image corresponds closely to the
distorted image captured by the line scan camera. Thus the amount or
degree of distortion necessary to obtain the best match between these
images from these two camera sources can be determined. Then the
corresponding amount or degree of correction is applied to the image from
the center line scan camera to obtain an undistorted image for viewing,

analysis and comparison.




correspondi ng anount or degree of correction is applied to the inmage from
the center line scan canera to obtain an undistorted i mage for view ng,

anal ysis and conparison. 8 [0042] This is perforned by progranm ng the
software to divide the imge assenbled by the line by |ine scanning of the
line scan canera into several sectionsg(typically six to ten sections). By
conparing each of the distorted, sectioned imges wth the ones captured

by the vertic TG i i i [ OF he
system appl i ezdaélhrgiﬁ gﬁ?g‘??‘?@%g‘?@@@”@n@ﬁ%%@% @e@%’@%ﬁhg(@%?%% i mges
to renove the adssinbiad bythe (1006 liMbiscanhing i lihe scan cameea @ito decanast ant

speed whil e scanni nsq t h@]e. gag be circ t ances under whjch the speed of
the shuttle nayCHyts (tyaicalysixdn ?nﬁﬁc@&#ﬁ)l EMRIHEY aach ehibeidsiortadwnen
the shuttle i sepigHEdEN ' j ' re weak.
[0044] As a prgc_auti on %@%i ‘erisl{]Q@%%heg?thgg{r%%%gw\ﬁéhgﬁﬁ??ggﬁi@ag speed
sensi ng devi céwvhishhsyeditée andordistortibn) Hbesystsn applids ah appeorsiaéandegrgeof

t he underside of the,car was.dope, |.f the speed is not cognstant within a
pr edet er mi ned?Pgm%WélS’?goFrSﬁ ,Poath@dPP@@?itBﬁeWdez%eQWrﬁeﬁs-to the final
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the art. [0045] As previously described, the vehicle |license plate
recogni tion HTevaRkbecigymstandgasaties which theospadttoftbhistiuticpay got

exam ned. The - or ri.eve, pr.evi.ous i e the sane

vehi cl e stor ege;&%ﬂéﬁ%@ dAg‘ta%%éarE@g é&%i’ShﬁE?'ﬂ‘FagPPﬁ @ﬁﬁﬁ%lséuﬁ{?dﬁéu%%ari son
software is tbeintensd batteriesmpartie haeefet Woe Weages. Any discrepancy will be
highlighted as this may indicate a suspicious object. [0046] Any raw or

processed i na@@ylof\sé’aewo_é‘é'ﬁ%laéamsﬁ@ sévaltonsnthenghuttiahapasspeed one or
nore entries g5 ﬁb,@@e%trﬂe%% S!dq%er'éﬁgrd){h%t e%#ar@%@a%@geoé@,mﬁﬁd 8\elet ail ed

vi ewi ng of any suspi ci ous obj he “oper at or que rect

the shuttl e tthestrgersidarofdhe cademastdonearlétheodpaett iemat constdat withintdnen

mani p“' ate hgre%\é?er?t%irqu,Péﬁl%v&a%qgrrgnsgez,%4cczlrireactitogemasggeta%plied to the final
image to improve it. Such techniques are well known to anyone skilled in
the art.
[0045] As previously described, the vehicle license plate recognition
software reads the license plate of the vehicle being examined. The
operator can then retrieve previous images of the same vehicle stored in
the database. A commercially-available image comparison software is then
used to compare these two images. Any discrepancy will be highlighted as
this may indicate a suspicious object.
[0046] Any raw or processed images of each vehicle may be saved in the
database in one or more entries associated with its license plate number.
[0047] For detailed viewing of any suspicious objects, the operator may
subsequently direct the shuttle to stop near or under the area of interest.
He can then manipulate the two side PTZ cameras 244 via the SCU to
zoom in on any suspicious objects for detailed inspection.
[0048) After the shuttle has run the length of the vehicle, the operator can
issue a command for it to be retracted to the start point or into the carrier.
Alternatively, the SCU can be programmed to do so automatically. In the
daytime, the when the shuttle moves past the end of the vehicle and



zoomin on any suspicious objects for detailed inspection. [0048] After the
. shuttle has run the length of the vehicle, the operator can issue a
command for it to be retracted to the start point or into the carrier.

Al ternatively, the SCU can be programmed to do so automatically. In the
daytinme, the when the shuttle noves pagt the end of the vehicle and 9
encounter sunlight, the caneras will record a very high reading of I|ight,

si gnal i ng t hagnddimtsheliniight, tAs C@W&ag%ﬁﬂ réézﬁd%w?mq thyt lighe_vehicle.

At night, the reverse situation is used as the si en the shuttle has
nmoved past th%gﬂélmg:ﬂ”@télmsb@hﬂedmﬂ move@aetth&cshadgwtfofmemllyhbelvlehwln nation

nmeans refl ect under of t he, vehi c tically
retract its ﬁjn@h r%@%g%\ferg?ﬁ ?Mﬁ%a%gﬁ%l%?' eB&@ 8{@ AR5 guities
caused Dby |imgbvedpabeiel @emaatar@r@er@s IR bi b BHk fyorﬂxhéﬂmuhguéﬁl gger
this automatic function in the present invention such when t he

P
i nspecti on i smgaps &efiecied gffdbe underside of thg vehide, iean atukmngmlltylr@tra@tgl ns to

retract, eit i i rized whe i1l
Lornoin the. nSedRds AR Blank fRbnPthe GRTIRD San dBreihe dnffiolifios Fadsed
communi cat i onisy lighting IEVélsukatard sotdudfidientoeaidife t@trifged tihibautsthhee at a
.rate comrensu%ate wWith the speed of the shuttle. The shuttle may be fully

wi t hdr awn i ntfgNEfRN tadhei Riesent ingartion sueh as vihesithe inspectian is perforared he

start point, peady rﬂalf% used for the next vehicle. [0050] In yet another
enbodi nent, as advancerrents in mnaturisation of canmeras are nade in the
future, use dbo4s] \Aé/hyndbmsauttleclme’glas td reteaci ceither @aitematiodllylorald ow the |ine

scan canera to be oriente Thi s. enbodi nent obvi aies the need
for a camera ‘?‘C’é?mé‘ego&s %’gﬂ %va‘ {St%"'l-"*l‘fi‘ '"éﬂ%‘?‘é?srs%ﬂéreﬁi'?'ﬂ Pequired for
I mage corr eCthibnzéQQéél]frJthvt%ﬁ%ﬁé‘boMFNﬁﬂ&étfHﬁsQ%%lé’ gf tl??Favt/ﬁat ure,

that of a neans to- op a vehicle attenpting to nov ore bei ng
al lowed to bwagﬂ@s tq wmgtbemaéle Fha ratet ¢onmenperate with thé speed f e nt

e o TR S ShU 7 BRI R R S AR TeL o 1

handle is in cfutﬁdé the carrier, at the start point, ready to be used for the next vehicle.
[0050] In yet another embodiment, as advancements in minaturisation of
cameras are made in the future, use of a very compact center line scan
camera will allow the line scan camera to be oriented vertically. This
embodiment obviates the need for a camera reflector means while the PTZ
cameras are still required for image correction. _
[0051] The present invention has yet another feature, that of a means to
stop a vehicle attempting to move off before being allowed to by the
inspectors. The anti—eécape means of the present invention comprises
spring-loaded spikes 112 on two spring-loaded arms 114 normally hidden
safely within the handle 100 (FIG. 3). In use, the upright handle is in front
of the vehicle. A driver attempting to escape by driving off before being
allowed to will knock down the handle (FIG. 3B). This will immediately
trigger the deployment of the arms and the spikes as shown in the planar
view of FIG 3C.
[0052] When knocked over, a mechanism in the handle will release the two
arms containing the spring-loaded spikes. The spikes are of sufficient

dimensions and characteristics to puncture the pneumatic tires of the




of the vehicle. A driver attenpting to escape by driving off before being
allowed to will knock down the handle (FIG 3B). This will imrediately
trigger the deploynent of the arns and the spikes as shown in the planar
view of FIG 3C. [00521 When knocked over, a nechanismin the handle wll
rel ease the two arnms containing the sfing-|loaded spi kes. The spikes are
of sufficient dinensions and characteristics to puncture the pneumatic

tires of the vdhicleetindesingrthadenionsirdperaisibiof eldaRPERIraRER @ifficalt th east

extrenely difficult_to control. The dinensions of the handle and arns are
pr edet er mi ned®@Wolg dinpepsionsiphthehrpedie angwsms\amircedetermings tormoyett ed.

[ 0053] This %EiWieﬁﬁlZa?l@ef&%Héte\/élﬁclgg?(% P%fiﬁ%%«’tgkev .nwhen enpl oyed in

conjunction wth o means of preven g cidents (eg road
barriers). A [oess] etlyis ahtissfoapy feanraiemosapfidaivenemsperpi@ddia prevent

accidental depl oynent of the spikes frominjuring operators, especially
during set u W‘qu&'é’né’ﬁ’/@ gﬁ\er offpreventig sighoincidentyy(adeasy st em on

uneven groun e I 3l | S,rail means
my bo o mpl v e e phr A ey OFSafely Ieautesinal B ebafiBR TP klstr ted sucn
that the shutadcianig! deployrsemtoofithy spitdssrfromenjueihg oberdtorhespasipiget ed.

[ 0055] There are %%{J g(gvt nt ages of the preferred enbodi nent of the
i nvention. MGV 8 ¢ SY t@n?)r eferred enbodi ment is that under vehicle

i nspect i ons  1BesaPETHeA fobRch A sy $! st ol ek i; ' the need for
a trough or recgss@% accorrrmgg‘;ge th%/ssysterhm%g% MTWa%ﬁ# ion, the use
of a not ori ze&westnine by the usesfa rmdmseans. Thisadil mezms mapibei sigiptyhisvovehi cl e

SO as to obtg] I.0h- Lty.im By, usin t he esent invention,

i nspection o$ a\?aelﬂeil E%'%ss%é‘%@llmyﬂﬁptaﬁ'%fsé{%f)ﬂeﬂé“%%%q t_ﬁe[s@yg mayt

anot her advantiagmdathly iideptriccothier tofbd Mepeitelort ed i mages captured by
the center line scan canera 242 by the processing nethod used, in

conj uncti on PSRl tTherpare BpnyBdvaategessof thegreferredgmeedimsnt of the
invention. One advantage of the preferred embodiment is that under vehicle

inspections may be carried out quickly and efficiently without the need for a
trough or recess to accommodate the system.

[0056] In addition, the use of a motorized shuttle allows a constant speed
when scanning the vehicle so as to obtain a high-quality image. By using
the present invention, inspection of vehicles may be done with fewer
personnel.

[0057] Yet another advantage is the correction of the distorted images
captured by the center line scan camera 242 by the processing method
used, in conjunction with the paired PTZ cameras. The arrangement of
camera, lighting and reflector means allow a very compact system to be
made. In fact, a working model of the present invention is only 40 cm wide
X 95 cm long x 9 cm tall. Further reduction in these dimensions is
envisaged with advances in the illumination, camera and control means.
However, it is also possible to scale up the present invention to
accommodate wider vehicles.

[0058] In another embodiment of the present invention for inspecting wide
vehicles such as railway cars or tractor trailers, two line scan cameras

disposed side-by-side in the shuttle with a single PTZ camera between



canera, lighting and reflector nmeans allow a very conpact systemto be
made. In fact, a working nodel of the present invention is only 40 cm w de
x 55 cmlong x 9 cmtall. Further reduction in these dinmensions is

envi saged wi th advances in the illum nation, canera and control neans.
However, it is also possible to scale tp the present invention to
accommodat e wi der vehicles. [0058] In another enbodi nent of the present

i nvention for thems pent bergsed d&hevattigesasipsued bysthe dihkWan Gahters nidyaiss or
trailers, two,l]i g ﬁcan caneras di sposed side-by-side in the shuttle with

a single PTZ & Séms’ersﬁddog@themm plpbiiniadaipropResingwyearasape e ed by
the line Scanf&ﬁ{@wr%lé'%d%ortegwn%g@?&r atdlys & %t Rﬁﬁ%ﬁb by a suitable
or nta whol e; or a

i mage processing programre t ge for analysis

and exam nat i [9059]] 805!9]an$unbo¢maaflmxsd1'gm\m oumior@hrte!\@czm camieead mag Hean
cameras nmay to |nsPect| ng vehjcles such as sedan or sal oon

.
cars fromsid g%BPP%eq gg%?b?ﬁtéﬂg VeRIGles YishAfesedan erealern srisdromsissie] | t

can be appr eciab egitiey RO &ifd bhadoiyfe pltferart that the present
i nvention, being renotely control elt er by wire or by wrel ess neans,

is advant agel@@@]fH@ﬁﬂ@esmmecayeq)byramyohesklﬁed infthee anp thiatttbe presgntsafel y
i nspect the v, m a di st ance ehi.nd bl ast shelter,
brobect ed 1 rBNe g R forie BAES il GHEREN ik of bY Hie aSHTERES. 5 0067]
In addition, Adenpagsrrtfromesstay %ﬂﬂﬁvﬁﬁ@'fb{eéﬂéfﬁt&% rfngx sa\‘é]?pec“ ng
rail tracks by usi ngq}an appro rlately sized shuttle 1n an i hverted

position aft e'f‘SP@@tt VeRig Qafﬁ@ﬁb@di%@léc%éﬁfbm lzﬁfmhda& biagirsheites tproteicted] ess

control and he pr invention therefore

_provides a vehicle (lgﬁés!ogc @%@E)gr%(?@??}ogsﬁ% \Se'? g€ correcting

di stortions |moalaﬂhwdﬂdlomﬁgspré§m irledntioh EaA b eddlyARIpt&dTor or at | east
of the prior art. [0063] It WI|| be appreci ated

alleviate, the (%ble
that alt hou_gH_nB‘?%p BodPTREls BxiSiic R APREePak s AessUiR i AR ieried
various nmodi fdiidrParerdRstalifi i BERAR WRYIEEnd an appropriate wireless

control and communication means.

[0062] The present invention therefore provides a vehicle inspection system
and a method for correcting distortions in captured images that allow users
to overcome, or at least alleviate, the problems of the prior art.

[0063] It will be appreciated that although one preferred embodiment has
been described in detail, various modifications and improvements can be

“made by a person skilled in the art without departing from the scope of the
present invention.




made by a person skilled in the art wi thout departing fromthe scope of the
present invention. 12 Cdainms 1. A vehicle inspecting systemfor

i nspecting the underside of a vehicle, said systemconprising: a carrier
for carrying the vehicle inspecting system wherein the carrier conprises a
housi ng for holding the vehicle inspecting system a plurality of wheels

di sposed onto the housing so that the housing can be noved easily, and a
handl e attached to the housing so that a2t he housing can be noved by the
handl e; wherein the handl e has a shallow inside for holding anti-escape
neans inside of the handle, thereby thg, anti-escape means prevent the
vehicle from noving off if the handl e 1's knocked over by the vehicle; and
an inspecting,shuttl.e bei.ng housed. wi t hi n_.and .depl oyabl.e fromthe carrier,
aher or n dne el RSt PR EEinSp-Ung 1R mSs Bt FRufrly BESEST { aki ng
i mages otorhfrisingider si de of the vehicle when the inspecting shuttle is
runni ng underneath of the vehicle;, .an illum nating nmeans for praviding

i || umi nation #6HTIEHET F3EGRs ths vERHgleipspacing systemy wherein ks GATHE cPBPIIHRSEsi ng t he

| mage- t akhich 'IBARAdRABthd Whidld InsSE-HRS §R%m, mﬂgﬁtﬁ@d«h@dgﬁg@mﬁ&o e

notori zed wheel s di sposed onto the shuttle housfng so i nspecting
shut t | e beusirgeorthat bt hqusinglean bemovédecasihg ped o hanyfls yitichen tofthehaisimg 5o theher ei n

the anti ; S b r.i ng.l oaded, ar and i kes. t hat n

punct ur e et PR O 19 s RIS epRTGE nB A AN R Sk Al 1 o

ﬁf cl ai l’mllit}-e.‘wﬁ[ﬁ mbamsgﬂiﬁ)dei d'f}i@@h@dlel thgrebp ﬂfhﬁarﬁ%@é’dpe&@ns pratent f&xlﬁsﬁehicle from
orizontal |l y-orj.ent ne |ine scan canera; and a canera reflector neans.

4. The vEWV%%éﬁéﬁgﬁgﬁTgﬁQS§V§k '%ﬁbﬁﬁﬁﬂ’ ?;Wﬁkrein the i mage-taking nmeans

further conpii $§sechhg HRAK beMENNSEL wmhlalxd _Qéﬂlgy‘ébréfhcﬁﬁ‘ Picldatrder, 2016 }ET a.

13 5. The vehicle inspecting systemof claim3, wherein the canera
r ef | ect oMSpesHAS shrilje eanprises:sms or mirrors.

an image-taking means for taking images of the underside of the vehicle when
the inspecting shuttle is running underneath of the vehicle;

an illuminating means for providing illumination for the image-taking means;

a shuttle housing for housing the image-taking means and the illuminating
means; and

a plurality of motorized wheels disposed onto the shuttle housing so that the

inspecting shuttle can be moved.

2. The vehicle inspecting system of claim 1, wherein the anti-escape means may be

spring loaded arms and spikes that can puncture pneumatic tires of the vehicle.

3. The vehicle inspecting system of claim 1, wherein the image-taking means comprises:
at least horizontally-oriented one line scan camera; and

a camera reflector means.

4. The vehicle inspecting system of claim 3, wherein the image-taking means further

comprises at least one vertically-oriented pan-tilt-zoom camera.




6. The vehicle inspecting systemof claim1, wherein the inspecting shuttle
further conprises a speed sensing device for neasuring and recording the
speed at which the scanning the underside of the vehicle was done so that
a correction may be applied to the final images. 7. The vehicle inspecting
systemof claiml, said systemfurther conprises a rail neans so that the
i nspecting shuttle can be enpl oyed on uneven ground. 8. The vehicle
i nspecting systemof claiml, said systemfurther conprises a system
control unit enabling a user to control the inspecting shuttie. 9. The
vehicle knsp : ' : [ tabl e
for i ns"ps)ect ?g%é \?}glw?é/ lgf?g}glgé %&kﬁgﬁ %?‘ﬁ%&l%%%} glgrc %g?%§%&<§e@egﬁﬁmg§i€m@r el ess
comuand pmsns @emnors. cat i ons neans. 10. A net hod of inspecting the underside
of a vehicle using an under vehicle inspection system said nethod
conprising: bringing the vehicle and a carrier and a shuttle of said system
into progim ch@&ehﬁ:léih@;EeTctm?Wsth of @giay Himrdlﬂ%@&l@éctm@ehﬁﬁle éntger pl at e of
said vehicle with on pan-tjlt-zoomcanmera  housed in s hutile; .
i nt er pr eSQRRYIsEH@ SR é%?@g eyice QrungRsyng and gpcerding té%ee% w% OF"* Bhycannipe
| mage of gl 'uﬁ&&ﬁlﬁe Bf th SeifblcSls QOH@&J Bht cdh%f:t'idneﬁ{h}nﬂe lied foge ﬁﬁMQQagé@QEd
associated wth sai 't cense pl ate nunber from’one dat abase of sa
vehicle, if any; activating shuttle to nove under said vehicle
approxi nat el y. the appr ox ent. rI|
il um ng?l ng %evetrl}%l g?eﬁpg%?yss al Clalﬁq Q’I g s?%man I ?F&nnﬁlg&% ?15%1 %é%lﬁ
housed i o thai tHe ispeitihp shuttl€cortdi engpldyed@niuiegngraindt he undersi de of said
vehicle with a line scan canmera housed in said shuttle; assenbling at
| east one assenbled image fromsaid line inmages recorded by said |ine scan
canera; gecorghdghale n§Relin® §RtdniBOif] 1,558 syREs Tikie cahpsRl d sy@dthcl e with
the one pan-lilt-zoom canera housed in said shuttle; reversing said
shuttl e canteohpuit enabling puiento whgiel Baispettivershetipasses the end of said
vehicle; distorting at | east one image recorded by said pan-tilt-zoom
canmera at intervals until at

0. The vehicle inspecting system of claim 8, wherein said system may be adaptable for

inspecting rail tracks by installing appropriate wheels and a wireless command and

communications means.

10. A method of inspecting the underside of a vehicle using an under vehicle inspection
system, said method comprising:

bringing the vehicle and a carrier and a shuttle of said system into proximity at a start
point;

recording image of the license plate of said vehicle with on pan-tilt-zoom camera
housed in said shuttle; interpreting the license plate number of said license plate from said
image of license plate of said vehicle; retrieving said the saved imaged associated with said
license plate number from one database of said vehicle, if any;

activating shuttle to move under said vehicle approximately along the approximate

centerline of said vehicle;




| east one best match with said at | east one assenbl ed image i s obtained;
applying corresponding correction to said at | east one assenbled inage to
obtain a processed inmage; conparing said processed imge with said saved

i mge associated with said vehicle, if any; highlighting any differences
bet ween said processed i mage and said save inmage; activating said shuttle
to nove to any position under said vehicle for detailed examnation if
necessary; associating said inmges wthgsaid |license plate nunber of said
vehicle; and saving said association, said |license plate nunber and said

R N L S S R R S RS

i nspect i slgittiche under si de of vehicles for security reasons are presented.

The system has a .depl oyabl e uttle wth .canera and.illumnation nmeans to
Tove under. veRFRrBETPERgs h e HagEste o it SIS iEp e LR e B o
pr ocesseth safitkha@RPasablagadt bt onRra83¢hdlkal idBYBomhidilie isages riekdealby st or ed
in a database. Differences between current and previous | nages nay

indicates%dgﬂ%ﬁP%P@G§abbject and the shuttle may be activated to inspect
such obj ects fe@or‘éﬁxgaa't le\-ﬁ]t_%ﬁg ﬂna%él%ﬁﬁ&ﬁﬂ&&?d&b?‘sﬁﬂ v {I!@lel%ﬁistﬁ@ Bn%ﬁb‘fnecm—kc%ﬁl may
'y ile t y f

be perfornmed renot . e operator is safe protecte rom any
bonbs pl eamerdhoused hesauhshettk de of the vehicles. The invention may be

;gigin’:)gn?ggpi %gerglglr% ts%ligis &ﬁg . J'%id éa}!cult \ﬂ@%t w}lénas%ll(ds sh%&lev\pﬁgsle's tlle%gg gf é:alicp 1
vehicle;
distorting at least one image recorded by said pan-tilt-zoom camera at intervals until at
least one best match with said at least one assembled image is obtained; applying
corresponding correction to said at least one assembled image to obtain a processed image;
comparing said processed image with said saved image associated with said vehicle, if
any; highlighting any differences between said processed image and said save image;
activating said shuttle to move to any position under said vehicle for detailed
examination if necessary;
associating said images with said license plate number of said vehicle; and

saving said association, said license plate number and said images in at least on

database of said system.






