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

t he
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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
housi ng has B@éﬁééé% %?%@5%% y large to accormmodate 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
Badi n%&hﬁig%vpﬂlkiﬁﬁ

| i ght reaching the canera and reduci ng the i mage captured. 2
[0003] There exists the threat of terrorists or criminal elements attacking

certain installations or buildings by placing bombs on the underside of

- 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.




[0006] In addition, GB 2258321A requires the vehicle to be driven over the
- troltley and, because of the height of the trolley, a dedicated trough in
the 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.
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2258321A i s dependent on several uncont n1nvention that
addr esses t helsellayednd; ibecaiies obthesheigtit nfitheptrdlley, & nepectedtropglodetds and by

not introducing variation in the scanning speed of the underside of the car
by the canmerd ) q7 ao%p‘?/%"iﬂ%ﬁ‘é'h iRy b&regﬁge&r}p g FJ§S§? The present
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undersi de of vehicles. [ooos] Accordingly, I'n one aspect, the present
i nventi on prdeitbedroley yequiras @ spped snonjtor aneasure the speaxhaf theevakiitlé soanmer a

and illum natjo deployable fromsagid_ carrier, and a system control
unit. [ool o] Sp%a%?{ﬁ%rtoac_g%irey, qﬁ%?W%é%? qfﬁ?f’eﬁ?m_ﬁf?'pr ovides a method of
i nspecting vgboer| €5rohyakecodlyhiNedi bR MHinYifdEahd BbPaRitQX bR -

recording inmge of |license plate of vehicle, activating shuttle to nove
under the v 3 1Ajis dgppRAENteN shverahteewitudlable fahtors.ofn diventior datdi ng

i mages of th i el ' -eversi ng shuttle to the start
o . pr oce e EEsThESe BenbBficl S abeedity BR Trd frbbtion ot Aty
det ai | ed i nspexttntoodusing miatmﬁdiﬁrtﬁé@eaﬁﬁing%eédmfﬂh@uhﬂeﬁﬁfééﬁt%@barand
saving i magei)mot‘1 t he vehi ﬁl e into a database. Brief Description of the

Drawi ngs [ 00 R GHmsraryil beangleaMeent of the present invention will now be
nore fully described, by way of exanple, with reference to the draw ngs of
whi ch: 3
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:




[0012] FIG 1 is a perspective, cutaway view of the present invention

- show 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 sequence of setting up the invention for
use (2C to 2D); [0014] FIG 3 shows theg deploynent of the shuffle of the
present invention (3A) in normal use and the depl oynent of the

anti-vehicle gpikepidri ' i i W i nspection
(3B and 3C). [00 Sfldlszl 1Gwﬁb?§pﬁygﬁﬁ§%b§ﬁ%bﬁgﬁ Heég?r@tqﬂgé of inspecting

vehi cl es undehowing the esaintconmaneritsin; and [0016] FIG 5 is a flowhart
show ng how t j captured ar rocessed under the present invention.
et ai | o DescBPH BiS ot SORME S pPRonf 565 C5gb Phieaicastl BIERIoBh of t he
present i nvengingsy Wahspdrea M)\wmafrml,laaeégr(gap%d%bfstépdornqhérred
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enbodi ment of the inventi Qrﬁwﬁ n'the foll ow ng description, details are
provi ded to deaayanse aftsetticetie themventiodfereire (2Q to 2BaI | be apparent to one

skilled in th t t i nventi gn be pract.iced.w thout
such detar s PRI FELs 4l BoploV ey HE e, SR be e aR RGN o0 as
not to obscur@A)he nonvantisedand kg tiaployhfrenp of FRNENt-M¥IgBle esa(fﬂig%édﬁf _
vehicl e i nspection system conprises a wheeled carrier 100 with a housing

to hold a dephbyaphiclepiempingloesanpa inspestion (3BaAd8@yst ems control unit
S 300. T | ; : C
(SQU) gﬁ?t&ﬁ‘gglcf A% 1Qhchit gpﬁﬁv[)dﬁggkgﬁoﬁgﬁgﬁp&%@ag%hlC«F&Cape means

to prevent v rom novi ng ern eave. [o0o0i s]
The shuttl e cameritbepresargimlent@nnandnponent groups: the canera neans 240,

and the lightin 250, The capera group 240 conprises, at |east one
line scan canrﬂﬁ"%] g@% @rﬁ)g%‘ﬂgri“?ﬁé QY5 oW ithg I'?agﬁﬁng%er&# ar€rij ent ati on
and at |east Qagepadt GhddrthEPreéEhivEIGH @ 244 normally in a

substantially vertical orientation. The preferred enbodi nent of the present

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




i nvention has one horizontal |ine scan canera di sposed al ong the center 4

> line of the shuttle with two vertically oriented PTZ caneras on either side
of the line scan canmera. [0020] The SCU 300 is a conputer with a database
of vehicle inages matched with their respective license plate nunbers. It
is loaded with the appropriate softwaye for interpreting vehicle |license
pl ate i mages, correcting inage distortions, conparing imges and has a

screen to Vi eynd BetHISHIRfe withifobeiighiLoied hﬁ'%?‘flﬂérarsoo@%ﬁﬁély éﬁﬁﬁfe scU

operator to renotely control the carri‘er and shu e operaflons
may be a conptitecinensetirf ¢adefeor this purpose as described above or it may

b - hui it f hi i cation. (0021 In. use, i t abl
area of Tand Moed THPSGY Re'S enrPlier it Ratebinas of veficla Migasoni o es i s
set aside. Thh@t@fe&ﬁuﬂﬁm&ﬁré%%hﬁﬁe%éné@ piatd hdhbbfs. I‘E@rgéd?g&f}ﬁﬂ;thgos' gns

or road barriers. Vehicles in the queue are then directe cation
wher e t he i nspeRRoPHatesseftveareifor iderpupting velaglk litenseplaip imhgeprasmuting

i ti t ' ' th ' ith th huttle inside i
br ought or - wniTHALTERT BN kR nenfadeand has HiseiberfotPdithe fmaget m o -

2C). The handrke S0V bfsd hentHel mtaaﬁ_sw@én@\ntthé_a{)éfdt&gto refifotef donfol tHat o t he
ready position (FIG 2D). The carrier has suitable comunication ports 140

t hrough whi che3fieqapnd shuitieranarationsyThe8Col majbesa catmpetertroodified §8U 300; or
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system nmay beappligptioed via batteries, an electric generator or an

alternating current nmains s_ugPly. [0024] The carrier in its ready position
can be brough931d lnHisey arsuitable aresof land patbrsdficient sesetfroauauisg@Emdt hat t he
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case, the upréqtes, traffigisigrisior reldoisarriersai\iedidlas & the queue are then directed
to the location where the inspection system is set up.
[0022] 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



the driver in positioning the vehicle in relation to the system Neither

» exact alignnent 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 proximty, the operator can command one of
the pan-tilt-zoom (PTZ) caneras 244 of ghe 5 shuttle to tilt and capture
the inmage of the vehicle' s license plate. A commercially-avail able vehicle

| cense pl at e shagRaBI A4 BARGFAM Pddiedt tHEVEhidOs IESAS plf | RLer pret the

i cense plate inmage so as t erive t I'i cense pl ate nunber.
Thereafter, aﬁynm@‘wiaﬂusa\wllabler\ahlmled@eese pixe ceadgeition progtdmats thepense

I nmb tr 0020] Whjle the present
Pn\?teﬁt |ngn ?rlraycﬁgdg(gsﬁre% rolf?F\élﬂ e@r%%tbpqpﬁggé%ﬁﬁ%@ "B?b?éﬁr";s toerive tFﬁe vehicl e,
it is preferaQbRicleds Pesidd §Btd humbet.NThéF &feviofelgl Vsﬁtﬁﬂeq ifhadedr the

anti-escape neans of the invention to be fu l'i ze I's antl- escape
feature i s de8gsogiaied withthat lidense plab@hdvmbe[r@ﬁnhb etriay edhsy th&raparatars in

I th h t the start.point, the e c tes and
fepl oys. the SRIH VBB mkrenEnEEN e ey Beriigh ot Aasels Tonber SeB10
driven by at bRdsf teneeldibRS itrs paéfefam@lto pasmaﬁ .tssmﬁé kr@ntéf@df@ffﬁ@véﬁh&éf'e
out of the carrier, under the vehicle and al ong t | ength of the vehicle.

In the preferfdhe@plwseane regansefl t@eegmthmt@d?ﬁ fudih Utlhlftdh This &irdi- tof t he
shuttle are d ors, w one notor
driving each é Hﬁb %F&%éfaks %/Oeml@g?é S%ﬁa@c'%e he shuttle to the carrier.
This cable i S[opizay@ahcedbe chytiex it placaerdar ¢ied vaRBle), Bt tHeestaRPoiM! theThi s

cabl e has a nunber of nctions jn the present invention; prOV|d|ng
el ectrical poRRFaY qcﬁ'é(aérﬁﬁ ‘f aep'% the §8Hﬁt'9(ﬂ°°cfméh¢ AR AOWSING g t he

shuffle, and @@gcgprmﬁﬁgga%'lodrjaﬁﬁeﬁﬁpl léé%tbﬁ@’é?écﬁﬁceg%&op tt\f‘@e{;\u&‘mﬁehl 7 the

and the shuttle. The |lin ese unctl ons nma e contai ne

comon sheat hmovetthe sbatilecout 30 the FanR9) umde:ahewbbrcleaaMdldmrthedéngthmf

present inven 'eO\PéhlélQ IR ﬂ\uet érle?er?gc? embodiment of the present invention, the
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




powered by internal batteries. Further, in this another enbodi nent, control
»0f t'he shuttle and the transm ssion of the image data between the SCU may
be perforned wirelessly without need for the comruni cations cabl e through
a W reless comuni cati on neans. [0030] As the shuttle noves along the
undersi de of the vehicle at a constant gspeed, the quality of the inmage
built up fromthe line scans fromthe line scan canera is higher than that

of the cited Rpfirgihatioh mé4H3ddmptiédd gls@otrcé offdht 5QEh 'am%rés%ﬁh%le of the
vehicle's underside by the canmera neans 240 i's provided by the
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| i ght such as I t nd a suitable | anmp
refl ector 2540 é%ﬁﬁﬂoﬁ@ an ﬁdﬁ% é‘tsfrllgr&a)ﬁﬁ(fg%ﬂ%% in the housing of
the shuttle. ﬂdﬂ?Bﬂ]AltélrmﬁNm} iligat-gmitting ifiodss (LEDY) rAhpeesseliERsyhigRy be

used; in which ca | i ght reflector may not be necessary as LEDs
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ilters, -trans ar ngdows, etc 0 SuUi e caneras use
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shuttl e conprises a hori ntally- or| I ne sScan’ canera
242 | ocat ed atwsigit tHeecaroatas Usatk Ibcﬂesltmi pslmizirigaf Itergl miayobe installed for

vertically-orpented.pan-tilt-zoom (PT cane as 4 | ocated on either side
of the Ii xe Smﬁlggﬁftﬁm? §ﬁT16‘T"f‘1?r§ea£eSt ﬁtpq %r'%ﬂdfmg@ﬁt from t hat
used in the | mpsHdTHK Rat&BtmesHs 3?5%&(!@’6&%@8@ aq{oer\bﬁtdﬂga driepd! 1y

oriented caneras are used. To obtain nore detail fromt ges under the
net hod of t hahighresalutien linetseani cameradtZlosaiedralong the certerimegefdhe

shuttle and two vertically-oriented pan-tilt-zoom (PTZ) cameras 244 located
on either side of the line scan camera.

[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



[0035] In the present invention, a canmera reflector nmeans 246 using mrrors
» OF prisns, or both mrrors and prisnms, allows the center |ine scan canera
to capture imges while the vertically-oriented PTZ caneras can capture

i mages directly. Suitable canmera w ndows 248 on the top surface of the
shuttl e housing allows the canmeras to gapture views of the underside of the
vehicle. [0036] In one enbodi nent of the present invention, the view

captured by wiRigvegles, {Helﬂé|§ﬁ@he§§ff€fh%v3‘b2wlp‘érlﬁ4néﬁﬂéhlsfrﬁt6 ReepHeent ati on
of the canera's horizontal orientation. In the preferred enbodi nent,

varyi ng the c@k@esglearefundise dratias e citad pabr st ot her vi ews at ot her angl es

to be capture o is t rrera

w ndows 248 n@o‘?ﬁ th%gyl‘@ Rﬁﬁ‘/%ﬂé&ﬁ éﬁ?%g?WOB}/ ?ﬂ%ogg}% Sect or
means. This ofsdrat@setd®d m@a@ﬂeét@r niéﬁsWBf&erﬁe%bﬁo@rt%ﬁéﬂﬂésb)th@w ndow
gI ass. Wt hout the need for a 7 w ndow gl ass ere iS no need to have a

wi per mechani $h tokeeR e slattig campact.¢ 4R, SU@hI thedmaggs cepturad byithedingr i or
art. [0037] |Qdfieaefosnd iR Waes ﬁ@%@gtv&mgg&.&gﬁgggfhgyp%%ﬁem er

line scan canera to nmeans y less
thanl0 cm tthekesficallycoriniéd PFZccamards. 24 comehntotflgy.i mages captured by

the line scan ca 242 th Pgh its wide angle lens will be distorted.
This is wherd? %8|}, ahultie s appredmatelyda e gantendn depdniddesf oty .

[0038] When tl@ﬁ%ﬁ%d {Aﬁ‘dth?of‘ réﬁ?'fﬁ%t d’vérﬁcélgﬁ?ﬁé?ﬂ%ﬁlp'[@ &rﬁ?leag die of

both Ilength and w dth e car, e two vertically orrente Z caneras
will take a f@ha@ssmapshmhgeameacimbf ti‘r&aumntmierc@i afdhefcat.h®hedmagdhe i mage

t t hod_of ntio th both of
Fhese- snapshdo R4 e BB IEE presRstaiotivil ueh Sl PRagEbobr Hed by the
center line shase ealpsiiot iffd@88ko Boiret the distor®sit inQHe%a%;@?oﬁr'\éd By tigd 1 mage

is achieved as follows. Prior to use, the systemis calibrated.” This is
done by nar kiGepter ing seaseeamateer val s

[0039] Briefly, correction of the distorted image is achieved as follows. 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.




on straight nmeter rulers. Different intervals ranging from10 cmto 100 cm
in 10 cmincrenents are marked on different rulers. Then distorted inmages
taken of these rulers by the horizontal |ine scan canera 242 are conpared
with the non-distorted i nages of these sanme rulers captured by the PTZ
caneras 244. [0040] Fromthe table of data built-up fromthese conparisons,

it wll be possi ble to determ ne the adjustnent needed to correct the
di storted i AR &vi use,
the undi storted | mage taﬁgf&?é¢ﬁ%8§$ﬁ@ﬁn@ ggélggﬂwlglncr e@gﬁd%gﬁéﬁé?égtched

or distorted assemnblad/hyﬂwmhmelgymomannmblqﬂmahéabhnecairmmt@semsl ng
software until {1 ({ae r onds closely to the distorted imge
captured by tRECY? ‘gﬁﬁ ﬁ'ﬁngen'?ﬁﬁ%o"c e BYRImRaryg e%@b?é@e(ﬁ“taﬁ%@:ortl on
necessary 10 gBbfbribd iMad@Siitithe BnBELuBlied B3 \EARAPPTYAMdtgse L vO

canmera sources can be d m ned rrespon I ng anount or degree
of correcti on(wbichgsvieditle or nhedlfstnﬁgm)fmeraystdm apphesaanlappmm-dmde@rrmr ato

bt d £
Co0az] This i & BRIHER s EBHSelMtbin iimiges B Tembredne dssSPb e "the | mage
assenbl ed by jdogs) Vieilothe $HRHS eaRMAR & a E;Bﬁst!ahﬂ@pé‘é?ﬁﬂhﬁé‘%élﬁm‘\q:to several

sections (typically six to ten sections). By conparing each of t
di storted, s&&r%ﬂ@dbﬁrwgémmnqe&wemmdmm sp@sﬂ @Mhemb\uﬁ@rmawbt PTZ

CaTer oS, a8 et ) ol B R HEREE STV BUD, e

distortions. pAMBrAIibDatictibe apluthe lbatteBs Iéﬁé/ﬂ/eék a COﬂStant speed while
scanning, there may be circunstances under which the speed of the shuttle

may not be c@ﬁéﬁ]aﬁﬁ a precaytiappaatst suehsiuafiongatheoshuttie lee e speedshut tle i s
running on i Qér?srtﬁg"'de@%%ttﬁrrh@és&@%ntdnpecggqﬁf&%[%p%%has amg@g% dwgﬁﬂg o @

precauti on agali nst”such situations, the
the underside of the car was done. If the speed is not constant within a

predetermined, allowable range, a correction may be applied 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



sensing device to nmeasure and record the speed at which the scanni ng of

. the underside of the car was done. |If the speed is not constant within a
predet erm ned, allowable range, a correction may be applied to the final
image to inprove 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

exam ned. Theenmatﬁm@m th@%nﬁ@hé'mﬂﬁ‘ed&&‘é‘ hi ir}f oft IRt SaMe.
vehicle stored in the database. A commerci al ly-available I"magée conpari son

software is t$ignalingsthat the ebuﬁﬂar@stmese ptaabther&tg?dsw fanyedibydthepahicle.wi | | be
hi ghl i ght ed i ndi a.su 046 raw or
processed i naé%@'tgg %égi%‘@fgﬁn @ %f 't’)%eods ?'ﬂn%lh%hﬁh(g'&%ﬁé%ﬁ?ﬁ‘a@ne or
nore entries @mevedipabetheNdticlbland s&rfssititd 8t fo NYALIRSM thé ARfdihafied detail ed
vi ewi ng of any suspi ci ous ob{]ects t he operator nay subsequently direct

the shuttle tiheangpelircded off t ﬁd@deﬁﬁ@e@f wghiclat écasmutorntically retiaet
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run the |engthy li{jhthigelevelblthbtearetﬂitﬂW&Weﬂ@ne&@&l@@e@ﬂﬁgmaf@r it to
.be retracted to the start point or into the carrier Al ternatively, the

SCU can be pr H@P%Rﬁrﬁﬁfhﬁdofeée%fdnaﬁwﬁfhw%msWhenﬁh@mspe@awsfﬁerf@medmen t he
shuttl e moves,pasty dhgiegnd of the vehicle and 9 encounter sunlight, the
canmeras w | | record a very high reading of light, signaling that the
shuttl e has noe4s] dé/hemthesﬁhath)beglnsm@cbttaptlélmereﬂulmhatlcalmormrght t he
reverse situation ia sed as_the, si t he shuttl e has_ noved past

e

nal .
the vehicle &ANTBALeLS MQtehize Whﬁsgl W&Qm'mr indhe fRNETSR KilRETRR BRE moans
reflected of fmbf@f?nzé&‘?@éﬁﬂr&ﬁ which ke ESHn@unﬁcatIdnch%f?olé‘ﬂEQé% i€ @kdwn," et ract

itself. A manual signal fromthe operator can overco iguities caused
by lighting Ikegistawind theecable atafratectammensesate with the speedgéthe hi s

aut ormat i ¢ shuttle. The shuttle may be fully withdrawn into the carrier or remain just
outside 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




function in the present invention such as when the inspection is perforned
under a shelter. [0049] Wen the shuttle begins to retract, either
automatically or on conmand, its notorized wheels will turn in the reverse
direction. The notorized reel fromwhich the conmunications cable (if
used) is drawn, begins to wind the cafle at a rate comensurate with the
speed of the shuttle. The shuttle may be fully withdrawn into the carrier

or remain | usvehiclel sindieringehe aehicks inoplerahle of bldasPekiiémelyedifiitult@® be used
for the next vehiﬁl [0050] In yet another enbodi nent, as advancenments in
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center |ine : i R canera to be oriented
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vertically. enbodi men a canera reflector neans

whi | e t he PTZo0aspriEhiasntirescapelfeatuedis medt fisctiveagdsers erptdjddin. (oosl] The
present invention has yet another feature, that of a neans to stop a
vehi cl e att edfftVHYIOH “ﬁ‘ﬁ?/@ MNP EPISYERBNBESYGUBGIdenth(eg I@d | nspect or s.

pi koo 112 on i Zor Ruiqtp B E5REF Ratl YTkl BE FOMRDIAER o BBV W Thin the
handl e 100 ( RicGidedfal daplaywsent dfehempilgst frivancleng spermtbrspetpedifily he

vehicle. A drjver attten;ﬁrt hn% to escape by driving off before being allowed
to will knocWBESHE HARGP¥SeENG 3B). This will imediately trigger the

depl oynent ofpodsae THSrobh P eisi fhe AT ﬁ&ﬂr view of FIG
3C. [00521 Men nocélzgzl over, gmr?echzs i genrﬁbﬂvﬂt?}%"'é’gﬂadﬁ@%‘@éw Iberzel ease the
two arnms corverenime byitee siseioi@ ladadeans pikissail fitemrspnig beagimplyf tweuf f i ci ent
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to control. rihentbiotieipsinaes tied véhielctarsl mspastegr s are predeternined to
cover the width range of nost vehicles to be inspected.

[0055] Thefe are many advantages of the preferred embodiment 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



[ 0053] This anti-escape feature is nost effective when enployed in

* conjunction with other nmeans of preventing such incidents (eg road
barriers). A variety of safety features nay be incorporated to prevent
acci dental depl oynment of the spikes frominjuring operators, especially
during set up of the system [0054] Th&1problem of using the system on
uneven ground may be overcone by the use of a rail neans. This rail neans

may be si npl ythem mayebalbed. Taielimagpswapturat byltae Wheistanrdnserap aidyese such
that the shutj;ligcma%, run sggothly under the vehicle to be inspected.

[0055] There &t P SRIRE dpesthsr byresiabiesimage piaseasipgmrogrmme to
i nvention. mﬁ)fﬁ‘ﬂ%%toﬁg,% fiStBH‘sd%ség;f&g%‘ﬁggg.g@%%ﬁﬁ%ﬁﬂt under vehicle

i nspections nmay carried out quic out the need for
a trough or [0e8xsSucio ancrobodiderd ushey ysoemord DS 6¢ar bameehs ay alédie use

of a notori zeg shuht%ﬁ) al | OV\@ a co.nét ant speed when scanni nfg t he vehicle
so as to obt aPR2RPIFGIR HERPFYRM VaRiGes Saieh AS srflan Mesale s 6fS TTRr&iS ton,

i nspect i on_ of SMERkIeF MdlRioRFofOBRA M) e pREr  per sonnel . [0057] Vet

anot her advantage is the correction of the distorted i nages captured by

t he center | ilt0603clhrandesapprediateny by maypne skitied irgtheear ttht the pdesent
conjunction w e ired PTZ caneras. .The arr.angepent of canera,

| i ghti ng andTA‘lrnQelgrllti(tch’,gr?'3 ﬂfpef'ﬁﬁgo@ﬁf 89\?%01&&?&56%3&6 85/&?% sgecatRde. | n
fact, a workiagvamasipdoueffrérher SEQFRP oI\ ERVPTHS oBBlatoAdmasufdlg X 55 cm

long x 9 cmtall. Further reduction in these dinmensions is “envisaged with
advances i n tiRgPestithvaRicietiomecagistancedr ttomthaliindradiast shelter\peotectad i s

Veni of s, [0k FASSHRo I BETBE A R B SR vent  on for
i nspect i ng wifdes1] wera@dmnitm,mpr@@mwaﬁbnmh%@a@?mgd for l ers, two
| i ne scan caner as tind| SH%%% s%l de-by-side in the shuftle with a single PTZ
canera bet wedRspPecting ra y using an appropriately sized shuttle in an inverted
position after installing appropriate wheels and 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.




0 11 them may be used. The images captured by the line scan caneras may be
"stitched" or nerged together by a suitable inmage processing progranme to
forma whole, undistorted image for anal ysis and exam nation. [0059] Such
an enbodi ment using two or nore |ine scan caneras may also be applied to

i nspecting vehicles such as sedan or saloon cars fromside to side rather
than fromone end to the other. [0060] It can be appreciated by anyone
skilled in the art that the present inyention, being renotely controlled
either by wire or by wireless neans, is advantageous froma security point
of view. The operators may safely iq§83§§ the vehicle froma distance or
from behind a blast shelter, protecte rom detonati on of any bonbs or
weapons En th vghicle. .0067J Ip addigiogi tge @%e§ent.inve tign can be
easi |y adapt eft YOI PYRSSUE YR ST {Pspeetipg Hegipdersids 9T 4 ¥ehiglssaid Y e B y si zed
shuttl e tém@isingiverted position after installing appropriate wheels and an
appropriate wirel.ess control and communi cation neans. [0062] The present
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at least alleviate, The proble of " t’he p 0063]" It wll be
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an inspecting shuttle being housed within and deployable from the carrier, wherein the
inspecting shuttle comprises:
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.




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 the housing can be noved by the
handl e; wherein the handl e has a shallow inside for holding anti-escape
means inside of the handle, thereby the anti-escape neans prevent the
vehicle from noving off if the handle is knocked over by the vehicle; and
an inspecting shuttle being housed withgn and depl oyable fromthe carrier,
wherein the inspecting shuttle conprises: an inmage-taking neans for taking

I mages of t heTl‘rH\%ﬁ.[cZ&% ﬁ%}e@{in%%}?(t:e}‘rg?f Ghifh reih A€ chideRSEAdRE nddAHE bh§bl S

runni ng under neat e v an 1Tl'um nating means for providing
i |1 um naprisems drgmirotse | mage-t aki ng neans; a shuttle housing for housing the
i mge-taking means and the illumnating neans; and a plurality of

not ori zed wheel s di sposed onto the shuttle housing so that the inspecting

shuttl e gan behdWahidk indpeclif@systit 6f @aitE pERtdiMthe Syspt@ifighutdl @irthel, Wherei n
the anti-escape neans may be spring | oaded arms and spikez, hﬁt can
punct ur eCPHEIRTHE prReed sensigsevic fOoryaeseing ang recprding tispeed 3t W Lféé § §f4PEP&t em

of clai nlhll' undISHEbFhE BENEIRRES dbAKE @l BRAR G RAY §€5ppliedio the .ﬁﬁ£1 images.

hori zontal | y-oriented one |1 ne scan canera; and ‘a cafnera refl ector neans.

4. The vehicle inspecting systemof claim3, wherein the image-taki ng neans

further ,co i ses. at. | east one verti.cal lv-orien -tklt- nmer a.
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ref | ect ogo thigEtns ingpactibg shitlé Saitbe@inployed @hSmeven gfhumdvehi cl e i nspecting system
of claim1l, wherein the inspecting shuttle further conprises a speed
sensing device for neasuring and recording the speed at which the scanning

the undegsi deTRfvehhige ¥§MIcEhEs R SONENST shidAYstéin GREHe 6brhpiisesBYyskm app! i ed
to the final inmages. . The 'vehicl e inspecting systemof claim1, said

syst em f eanitebpnitenaplingeyses ta efntrohbgirspedmgshetiet he i nspecting shuttle can
be enpl oyed on uneven ground.

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;




8. The vehicle inspecting systemof claim1, said systemfurther conprises
a system control unit enabling a user to control the inspecting shuttle.
9. The vehicle inspecting systemof claim@8, wherein said system may be
adaptabl e for inspecting rail tracks by installing appropriate wheels and
a wreless command and comunications neans. 10. A nethod of inspecting

t he undersi de of a vehicle using an under vehicle inspection system said
met hod conprising: bringing the vehiclggqand a carrier and a shuttle of said
systeminto proximty at a start point; recording imge of the |license
plate of said; ' . huttl e;
interpreting ;[llr\qﬁ-ﬂ}a%'n ﬁlagelh% %@ggﬁgﬂg%ﬁw Sala&@ﬂﬁﬁ@%@?ﬁ%ﬁ?&b?ﬁ%ﬁqﬁ gaé?
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il lum nating the underside of said vehicle with an ill.um nati on neans

housed iﬁ'ﬂ}l@ PUSCABRYRYPe; recording line images of the underside of said
vehicle with l%%ﬂlde a8 AR B TRLS SINSEfllersids otRhid véfﬁlz'ltetv!uﬂr th@%ﬁ@ﬁﬂﬁ' HIRGo Rt

| east one asse Image fromsaid |1 ne 1 nages recorded sald |line scan
caner a; caowa Housgd at saldsimttleone i mage of the under si de of sal d vehicle with
t he one pan- I|It -Z0Q
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processed image with sai d saved i nage associ ated with said vehicle, if
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.




any; highlighting any differences between said processed i nage and said

. save image; activating said shuttle to nove to any position under said
vehicle for detailed exam nation if necessary; associating said imges
with said |icense plate nunber of said vehicle; and saving said

associ ation, said |icense plate nunber and said inmages in at |east on

dat abase of said system 15 UNDER VEHLZLE | NSPECTI ON SHUTTLE SYSTEM
Abstract [0064] A systemand a nethod for inspecting the underside of
vehicles for security reasons are presented. The system has a depl oyabl e
shuttle with canmera and illum nation nmeans to nove under vehicles to
record i mages. The distorted inages recorded are processed and conpared

against  previous | jigasvaic RensMBrfisiarplaked, I 0 a database.
D fferences between current and previousS 1 mages may indicate a suspicious

object and the shuttle may be activated to i nspect such objects in detail.
Such inspections using the present Absfgaati on may be performed renotely
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camera and illumination means to move under vehicles to record images.
The distorted images recorded are processed and compared against
previous images of the same vehicle stored in a database. Differences
between current and previous images may indicate a suspicious object and
the shuttle may be activated to inspect such objects in detail. Such
inspections using the present invention may be performed remotely while
the operator is safely protected from any bombs planted on the underside of
the vehicles. The invention may be readily adapted for inspecting railway
tracks as well.

[0065] FIG. 1 accompanies the abstract.



