;| me3exj xg. r 6TELUNDER VEHI CLE | NSPECTI ON SHUTTLE SYSTEM Fi el d of the
‘Invention [0001] The present invention relates to inspection systens for
vehicles. [0002] In particular, this invention relates to a notorized

depl oyabl e shuttle containing caneras qnd an i mage processing nmethod to
correct distortion in the images captured. Background of the Invention
QQO003) There exists the threat of terrorists or crimnal elenents attacking

certain install gtj iAd il ersi de of
vehi cl es enteri ﬂdmggvﬁié&ﬂ%@‘isﬂfgﬁﬁ" gggﬁlhﬁygfr%yxgéﬂ@ve to inspect
the underside of all vehicles entering these areas to prevent such attacks.
[ 0004] The conventional nethod of doing so is to place mrrors under the
vehicle to be inspected. ThesepFRid & the TAVehfioh! Xed on handhel d boons or
the mrrors may be nounted on trolleys that are pushed under the vehicle.
Such product s [a0etjuiThedresentdpeerdionrrelatesitminapegtiorosysteims fat vehiclear ound t he
vehicle to vi |y inspect its. undersi [L0005]., A_UK paten now,, L apsed,
& 2o55301n 088N PATRERL IS URAEG i Ries g mbictis=d dRniSbte SRMpE) Wt 1
canmeras that eantaififg eamaragund lan ifigeproséssinghidtRod to dorestMstoftidnm i ts
own illumnation means and the images captured by the line scan canera are
t hen transf er fh&liMages eantPiader nonitor for viewi ng. The size of the housing
has to be sufficiently large to accommbdate the focal |ength of a canera
that can scan the full width of the vehicle. GB 2258321A al so has an
alternative enbodinent in which a systemof mrrors to "fold" the |ight

path for the camera, shortening the qverall |ength of the trolley. However,
this folding of the Iight pQW%%?uaﬁsﬁ ﬁédﬁ&%"aﬂ@ anount of |ight reaching
the canera anghg g?dqﬁbweﬁgfsﬁhb thfeakt Bf terfBHes saeﬁMLr%@aem nté a‘tt'%aﬁiﬂg' tion, GB

2258321A requir e vehicle to be driven over t ey and, DBecause of
t he hei ght of cel’talntlnsﬁallat}c;neaordmdldmmseby piaou‘@rbombs ba theadderside of

iall'y-built | t these |im.tat
Varaton i n VaoRRRE Y Tese g, of ShehiseBfihdaiest Tt Bibped © he

trolley requi trﬁ-;suﬁdé@warmméme%a@ﬂng thB@e arapttoQirel/Bst é{ﬁiﬁlé}{aﬁ;@o as to
be able to control _the scanning rate of the camera. [0007] Froma security

poi nt of vi ew[00p#i dhamanyentienal apethed ofidotng scEisAe pEBEIMmiersdmgentfent on

et ot enci oo BOMElsRfe RERCER: hephiFr, An R b Bt Ry Shel Wiraatci ng

variation in thenrmeasmmay berreuntetl droligydanat ale pisheleaureRy thy vélielecaner a
will be welcone. Summary of the Inventi on (0008) The present invention

seeks to providEh Preguqts requitechiberrrerater t‘P lvagowaqf@eumu@rﬁr@@d)f _
vehicles. [00g9)] vé“?‘ﬁ&l‘éﬁg v”sQJaYlg n‘nébe%?ﬁs ﬁfbﬁgfsﬁd the present invention provides

a system conprising:. a car %h camera and illunination
nmeans depl oyapdoes)f AduKgratentc aowilapsediiGB 225832 tA) teadhehnumspection anot her

aspect, the present invention provi de t hod of |[nspecting vehicles b
bri ngi hg vohi SYRISHhLEPBpETIBmA wheelsH dsalley Wih carerasithal SamERpiage | i conse

plate of vehi Ha@vuaﬂ?%éﬁﬂﬁul@fboeﬁwérkeﬁé’ dBvie Hé'%qg oWHﬂluYﬁiHhﬁérfmeﬁns

iIlum nating the underside of the vehicle, recording inmages
under si de of 8hd thelmages captueadsby thesting s¢an camereears: then trisferreptmaessi ng

th ded tivati t h huttle f det d Al f
the under st deCBTPLIeY TDEMIATar ViEwieE o188 size at e LByP Ry Hardg e SAAERER chi ol e
into a dat abam%eli’ds aééorﬁﬁﬁﬁfalté)theoﬂécafleh f S pvhmera (HLah sbantré AuIr ed
enbodi ment of t resent invention will now be nore fully described, by

way of exanpl é/ldtwcxf the vekiclen 6B 235831 Al pleai hagsam altedmative 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.
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3 [0012] FIG 1 is a perspective, cutaway view of the present invention
'showi ng the main conponents; 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 u? the invention for use (2C to 2D);
[0014] FIG 3 shows the deploynment of The shuttle of the present invention

3A) in normal_ use, and,t.he of the,anti,-.vehi cl e ,spikes triggered
b % veni ol o IoDghE Rgtios. GB2AERYa Bouids 1 keniE o aRBim gkt 077 o,
fl owchart shoyollgy bRE, hENRE ¢¥ithé RSRME bf tHe t6ilk\C bafedidiied tlolghim asent
invention; and FIG 5 is a flowhart  showi ng how the inmages cCaptured are

processed und&ead peaspesially-buiitiamp oy eteguired. meadditipn fothese t he Dr awi ngs

2ccor dance v TTGUSHENBRLGETh Ble okt kN Wi CEbRIs hoed iteRBpfoni ng
descri ption, ¢eti trélledr egnlrey adpéedanderitarmbasdreahpispbed iof theevdinidiensnt . | t

shal |l be apparent to one skilled in the art, however, that the invention
may be practi @8doWetahdeto sertroldBe scarNingsate ofithegadieraet ai | s may not be

described at {@gt s PSRy bOirk BEGHIE thiRSndtiYg rdibod BRAG) e pr esent

i nvention, an-under vehic pection system conprises a wheeled carrier
100 wi th a ho@2b58821A ihdéperadaht phaevkrat uncontrokalRe factotsh Anaimeertion thatl a

systens control, unit (S 300. The handle 110 of the carrier al so, houses
o ant ] - escap@UfiaRies HaeeR AEenaIe PYEBESR B D NEPRA PN PER S T HY
al | owed to | eﬁ&?intl{og%ﬁ? v?ﬁ%ti%ﬁ‘iﬁ EH@S%Q §5Sed 8V PeAndBErsine O MO BSNT

groups: the canera nea and t he I'ng neans 250. The canera group
240 conpri sesbyith¢ easteramdll be meelewne. canera 242 di sposed in a substantially
hori zontal orientation and at | east one pan-tilt-zoom (PTZ) canera 244
normally in a substantially vertical orientation. The preferred enbodi nent
of the present invention has one horizontal |ine scan canera di sposed al ong

the center 4 line of the sgittle Wic;[thgo ve{itically oriented PTZ caneras
on either side of the line s mrat. F B‘éﬁ']‘ Me scu 300 is a conput er

with a dat abagpog)f ThelpreséntiinPertionnedekBad prbvidle ahsisterh emidatibthod foi cense
pl ate nunbers. It is loaded with the appropriate software for interpreting

vehi cl e | i cenéspecting therapeersideopfruehislesy i mage distortions, conparing
. d h . 1 t i T . . t
o ¢ ho. opelBel; ARGl dh el Apech g Bresktt intertBh HRalARs 2GRS 0

The SCU may beomptisingueararried iafshettld with tdanseraanddbemingatidaseearseed above or
it my be a purBose-@u'lt unit for tk}js agélication. [ 0021] In use, a
sui tabl e ar eadgpPloyah misaid, £afrer.<d 3 sxetem eentRléliithg and i nspecti ng

raf {16 s gne e Nl BB e o e B et ed 1o
t he | ocati on vispestinggehickgsdat brimgisg yebicle and system into proximity, 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 vehicle, 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:



[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 positipon (FIG 2D). The carrier has

sui tabl e conmuni cation ports 140 through which it may be connected by one

Viawireless TR I Eisa i etsnsiivhofuaRal B PR O2Ra, " oozar
El ectrical pogrewirey thehBaiyssngporigits;pe supplied via batteries, an electric
generator or an alternating current mains su 0024] The carrier inits

L ppl y.
ready positi off043nFifa. Bsbaystthe posttiens ohthe earrigr Qfagherﬁrﬁééﬂte'm@mp’bosi ti oned

h that th W 3 i j | i j th
conter | e of PG HesBpdtof RV e, o Fefid o8] chtees e [ 00 ) e
carrier. Int Iséqtrjlerm?]f $étﬁngjppitlgd|a1in\l_feantidltwéom?]s3a (2¢ EDSZDQNg_ritﬁnt ate tthe driver
In positioning the crLe | relarion to e S e | er. exa
i Gment of | aasl ENScp showsdhe deplayarntds InssRuRE e PlasenbivEATon, ¢
necessary. for (A R L9 ahf HEspIdhARATlor o B KRICLEKERidgafedar T er

are brought into close proxinmty, the operator can command one "0f the
pan-ti | t - zoombyRTWhiclerattemptigaostscape inspeciibn(8Bando3@).1 t and capture the
i mge of the jcle s |License, plate. . omer.ci all.y-avail abl.e .vehicle

| eense. pl at e (P2HO5TR: #oh S SPRERBHaEwin e BN et HaBd@ng VariGies oy ot ¢ he
|'i cense pl at e yhgegheSHresent iAvestidry@andhe vehicle's |icense plate nunber.
Thereafter, any previously stored inmages associated with that |icense plate
nunber can bel308¢) FéGed i flomehapshaneng hpedheimages saptisegpesent i nventi on
may be positi j e fr : .ear end of the vehicle, it is
preferable togg%%ltsfgggtrll}ﬁ?%rﬁb ?'%ggﬁirlg%n{éﬁg of the vehicle for the
anti-escape neans of the invention to be fully utilized. This antiescape
feature is described in nore detail below [0027] Once the carrier is in

pl ace near the vehicle, at the start point, the operator activates and

depl oys the shuttle 200 ; intidh JheUSH e SCU. Wieel s 210
driven by at |east one e gg{ﬂréldgglegﬁgﬂi?nl n te;ﬁié u'tntqge nove the shuttle out
of the carri e[go1lindedetalied erplanbtiormonfithel pregentiavé rtiagt Willddiow be giedriinl e. I n

the preferred enbodi nent. of the present.inveniion, the eels. af the

Shut bl o ar e dAECIRARGS Qe preleed SantadimeEER! talpramian I fisoRbwing:
driving each i i t ejgcarrier.
This cable i s%?gﬂﬂggg&é{éﬁé@?ﬁ&egeel 1@8 é}ﬁfﬁ?i&g%@%?@;éﬁ%ﬁi s cable
has a nunber ehall ba@ppanentito onkeskilledsnrhe any bowewer, tatdhe diventionevay i cal
power to the shuttle S. ontrol .cable for neuyver.ing the shuttle, and
as a communic Fipdﬂgt"%?éﬁ‘f"ﬁﬁ? stulgér#seft%' '(?gt"?ae 8@@\%@896??{1? ’%&b"&h@et he shuttle.
The lines for debestsed anehytnso 88 YiobR S9sturé feslindehtiom t he conmon sheath of
the cable 130. [0029] In another_ enbodi nent of the present invention, the
shuttl e can p&Rdsledhgpresertrinention aarunser vehicleniaspestipn systemnot her

enbodi nent, c | ﬁfbdw I SiS 1 i dat a
bet ween t he Sggﬁr?&%egfea ‘%ﬁ%léglrdr%h*e\?\n rel egﬁgyﬁ%@mqgfﬁ élggd&) %p(%{r)yrﬁéegﬁgﬁle
communi cat i on200atittecarherasyland asysteas controhumit (SCUPB00edine. har@ilsS01@s t he

shuttl e noves along the underside of the vehicle at a constant speed, the
qual ity of thé?mﬁag%"”ﬁ[@sp Sep & aMessane @8%%% PERMENt ¥ehicles .M canera

i s higher tha ] it Kdi ¥ Sufficient Iight for inage
capture of th@qé/\;eﬁﬂé (c:)ﬁeb(_:.tsr un e"?ilglcﬁ@& yrt? gtvgérrera means 240 is provided by
the 111 um nat jamondhessiafite cdprisessévérahmait camposamggroopsirtheeaneraour ce

of light such as fl escent of.incandes t|l anps 252 and suitable | anp
refl ector 254%?&%‘&@"5’35??_"9#'?9 MEANS _nTW_ Egm@gﬁo"f%zﬁgomﬂﬁﬁg of
the shuttle. GO} oAb liRERRAK CBeral242MdissiBddt ihPs dhsastmalll HdpzbniERy be
used; in which case, the light reflector may not be necessary as LEDs
provi de di r ecorientationiangnatriaastame paretiltizgan (R Hecamerar244serisralydn@o
provi de even

changed to prgbgg%’inpgw %@é&gq{&%ﬁn&k}%ﬁ@%%qjgﬁga %ﬁqﬁ&?ﬁ; §Lth| ilp%?%eﬂay be

ul traviol et (iMenfibn\Hasi dHechdrdenes)linetseantdaptersidispaenr flong Heecéntet ers (eg
IR filters, UV-transparent w ndows, etc) to suit the canmeras used. If

desired, polarizing filters may be installed for the illum nation and
canmera means to capture polarized i mages. [0033] The camera neans of the
shuttle conprises a horizontally-oriented high resolution [ine scan canera
242 | ocated along the centerline of the shuttle and two vertically-oriented
pan-tilt-zoom (PTZ) caneras 244 |ocated on either side of the |ine scan
caner a.



[0034] This arrangenent is different fromthat used in the | apsed UK patent
'"GB 2258321A where one or two horizontally oriented caneras are used. To
obtain nore detail fromthe inmages under the nethod of that invention, the
i mge obtained has to be enl arged. [00§5] In the present invention, a
canera reflector nmeans 246 using mrrors or prisms, or both mrrors and

Verti cal | y- or NEhBLerutie Wi GBI T Rut BT 2 s it a G L
camera w ndowthetfe Sdart bameap surface of the shuttle housing allows the

caneras to capture_views of the underside of the vehicle. [0036] In one
enbodi ment of [008Y phes¥el 30Qvis @ Gunputenwithi datahpse otvehigle imagesnt er | ne
scan canmera 2 j I : O | t f ' iwant al
orientation. ﬁﬁatlﬁlﬁeeoovgﬁﬁ?@eHE gecftﬂeé% “8%!'%&1% b'@%@?ﬁégﬁag?@hg‘r’gdre Itégt or
means 246 al | appaiphiate softwmaresfor ottépretimplelsicledicease pistaimdged hoormattingt age
in this enbodinent js that the canmera w ndo 248 need not be positioned

directly over @R distRrfigns JAmaRArEIg images anchnas giseresnd YiRw thednages: t ne

w ndow to be Wh@t@@%%fwaéhﬁﬁ RGNS 9 afidw tN%bEBF&tomereﬂ?&gllyféHntr%l the! W ndow
glass, there is no need to have a w per nmechahismto keep the glass clean,
unli ke that otatries andtshdittie operations. (HEOSTU maythieca porypeiter maodifiad ifom,

di stance from,the |ens ofdt he.bcanter | ine scan canera t,o the. r.ef hector

means is extr BHePYRITEAS desHEiPed|qRPve &L MRY hed PUIROSEP UL LRIyt t 1 e
conpact. As sypplicdtiof, | mages captured by the line scan canmera 242 through
its wide angle lens will be distorted. This is where the vertically

ori ented PTZ KQRHr ksuselp switable aren of lapd Wittosdficigntspaaedfos queving and

car “the o UisPebfy FEMEREs hoBAMe TR Fred AT be mEB R g
each of the upgeesitedfiosighboreead bahers Ngsicles!in éed josudratdh@nadirgcied
present invention will use either one or both of these snapshot images to

correct the distherloration whertherngrestionfystes) is fet Wenter 1ine scan canera.
(0039 Briefly r i I ; L LSt =\ Il ows.
Prior to use, iot0 g g'gs%ie(lta%ﬂltgé8;%@(@%3%5@%gﬁ?%%ggﬁté&ﬁg*e%a?r% %%rr% f linear
interval s on withahgshuttietiasideus ercughbiof wheetdd (FIGe 2Adts thesingpagtidnr om 10 cm

i st ort od. | magERs RRRETE IRt (G 265 Bp e 140 fr Mebditesi U Icht 12 B3RO carer a
242 are Comaﬁt@c%ibhirﬂaﬁé%ﬂip%(sg’(f&rp@-'lg@gfsﬂﬁg c%r:?%?gl?§%ﬁﬁaﬁlﬁl ers

captured by the PTZ cameras 24 040 From the ta data built-up from
t hese conpar i somsnunicatian porkse140 $yobgle wihichiéneayba eothectedjbysineedit needed

to correct the distorted.j ptured by the center lipe n ra.
(004e In use, M9E SaRFdPIPE ST ARTEot thecsalsr TRy orymuncals it the SCT
increasingly gl wir6lessl nfsar® if iodérasmBbdinitings vhtHe prekest invenmirci al |y

avai | abl e i mage processing software until the inmage corresponds closely to

t he di st or t ed[00&3gElecdfical pewesfor the system saynbe skpplied viakatteres aabunt or

mages 1rom ¢ REGYS B TaRERE AR Arrcl® BERS AR, Then che
cor r espondi ngcapMUThe @ardergn e rebd¢ posiiohican besbrappht tctheosehivte tarbge from
the center line scan canmera to obtain an undistorted i mage for view ng,

anal ysi s and _lﬂﬁﬁ’ﬁﬁﬁqu%?ﬁ positioneshaygh that the §e’bt§F|mr‘?féBel9§‘"iﬁrd§f%ﬁ_h|Ylg t he

sof tware to dh}f%ﬁ’é‘d %vﬁﬁ thé'%@ﬁﬁeﬂﬁ?&?ﬂh@%ﬁ’clé.hﬁltﬁd&%v@%, tHé\?etﬁEIé’?Hé)?‘BeOf the
| i ne scan canmera I nto several sections (typically si o ten sections). By
conpari ng eachrieén tdthedcaatier.t kxthisseaste), theedpiightdendle 110 hepsanexiendgdeur ed by

the vertical PTZ caneras (which have little or no distortign), the system
bppl | o5 - apHToHvelE PRsHiPBIadNe Hegise oreTatiin Bchp st Nethensiest Y o
remove the digf i 3 i S onst ant
speed while s?g n'?"ﬁg?éﬁtﬂésgﬁﬂey%yﬁﬁmﬁgﬁlﬁﬁ"ﬂggﬁmﬁ?% taﬁ'ce speed of
the shuttle nagcesgarpfordbadnantionAn warknpl e of such a situation is when the

shuttle is rupning.on, internal tteries_and the batteries are . [ 0044]
ne'a precaut | BR=Aga8Tor VBl and B FET off re i R0 oiiRe o BN B s ng
device to Wa&ﬁéﬁat@ﬂ"@bﬁ e6hthridens 8eR@ piin-Whiz6bmt (PT 2 @anidrag 244 dffiiee

undersi de 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. The
operator can then retrieve previous i mages of the same vehicle stored in
t he database. A connercialIy-availableé§nage conpari son software i s then
used to conpare these two i nages. Any discrepancy will be highlighted as

of eaoh veni ciob s DU EhS ERe HielFlage BHABNAIRS el RIS TG, ™00

associ at ed W tdomrhérdialiyeaialiableshitieniense pRite dedaynitish pricgvamds terany
suspi ci ous obj ects) the operator may subsequently direct the shuttle to

stop near or egdrtor'fRadaeinterprehinerlicense plate dmagaesn aﬁaﬁ%CiﬁIIVQttBet he two

si de PTZ caner, Z9f ts for
Getail oa | nepcEnides il bRt dr” odhel a Rl IRRIC Bl PGS P |
vehicle, the @gspaiated with thatdicense tptatemmmtfemrcantbé retieveadehy tied eperatort he
start point or |££&the carrier.. Alternative r ammred

to do so aut orfef e th%Pﬁﬁenhwenw ”iq%/eb‘?/\%%ﬁt'?'ﬁ@t §W&$rttp'€l%?ﬁ5\€9§ ®alst the
end of the ve a
very highr eag:‘ln(relilg&c}ﬁgq,ehhcspe f?fgl‘éﬁgﬁe?é‘tgéﬁﬁgbgftﬁhg Itts tt l'e Eggd‘r@g\lt/ilée gg@tered he
shadow f or ned fblythel‘antweﬂmaﬂeemeans of tie invention tovlze fdlyditilimed. dhis antised as

the signal. Wen th hut t ha ved vehi cl e and senses little
or no {Tght 1 RoRRPREeRHI i deatTBnd Hh R BB AN or f 1 ho undersi de of ¢ he
vehicle, it cago2)ioned iHeaddrief Blif Pdcd hédt!the vBhBR Uakhe s&BHoIRT, @R t he
operator can overcome anbiguities caused by lighting |evels t hat are not

sufficiently peraiosactvates ggddepiays taatsmtatta Q fraat thercarrier 1RO psisgent

wen the shut (18 S5 il RIPRENBR Y drleRtarB AERHANFOG T IR Mitana T 1o

not ori zed wheghsverHd shutiié outiot the daer«iar shdei thecidHitle ahdealony &id leagtt 6€l
fromwhich the conmmunications cable (if used) is dravvng begins to wi nd the
cable at a rat Bedéhi%s'@rtﬁﬁé"fﬁﬁeﬂedt%b@@mt@f thenaresgn W@nthfhéhghuttle may
be fully with ier, at
the start poi ﬁ%%?ﬂmg éé:%ga e'PB ﬁgrggfea)}\)eua i&%Fh‘lﬁ%&%ﬁtﬁ?})ﬁ{eet

anot her errbodlmehmfdrlamga&‘buhrwmmms |n m naturisation of caneras are nade

t he fut [ | ] th
e ecnn oanditit & bable T e ot thecshutle todipeaitighl HeceoB s RaEs (he |
need for a Caw%ygﬁ&bﬁﬁg%%r@eﬁgfomﬂe%érh& Pﬁ%s%asﬁerﬁés ATRinvddr!ds required

for image correct resent I nvention et anot her f eat ure,
t hat of a nearfenttionstin phe presgeint inveatioenproviding electrical pb\fvebwmeesl"tnmﬂe)g

allowed to by the i The ant.i cape, nmeans of the present

i nventi on conﬁf’%ggngg a&?ge Foéé'&%'be%’&”?ggﬁ Buglﬁ ?ﬂg %ﬁ?%"f”&é??&'&narns 114

nornal |y hi ddeabfpfcctransfet data BdteBa st SCLOENA fihéshditle. MheUfifes fbhthedlr | ght

handle is in front of the vehicle. A driver attenpting to escape by driving

of f before beifuactignsdnay besontained within tﬂ@/ﬁomm@nmlmoﬁhe@amﬁom s will

the pl anar vi S8 e PSRl RepR bt e R ER BRI R Ean T e
handl e wi |l r¢losased biydntertal datteriesn Farthendn tiie aﬁbthammmnsmdﬁml The
spi kes are of @Zuffl cient di rren5| ons and characteristics to puncture the

pneumat i c tir & g shytlle andghediansmissior ofithe 'Hgaa%@ataé}ﬁtwp@n't%§%maé/ or at
| east extremelpg e@éﬁ&rhﬁé& ""’"é't%ﬁ%@%ciﬁ%“ neBg & rl%'n?tﬂﬁn Btl e %‘@@géf&.@ﬂd arns

are predeternmined to cover range o rmst ve
i nspected. [ 0@58ireless sommilniestiapmeleat ure i s nost effectl ve when enpl oyed

bar ety A oL Ay e Shufl roves i e dbeSiR s el 2t Ghistant
acci dental deghaygefhe Qialitsf ttﬁ@' Jg@?efﬂlﬁ’lfrhb'ﬁdﬂﬁ 'tﬁbgllgr%)%éﬂsoﬁﬁm tRempei al Iy

during set up of the system The problem of using the system on
uneven ground S¢ap ceeesads bigher ban that oﬁthecmteai prigriartreans. This rail neans

may be sinply IIeI il s secure t ed such

that the shutff °§9th B\ l%‘gtf?ﬂ N9 FaP fJEﬁ.v%%uaﬂersefﬁ%&i . [0055]
There are manyaptbramheass240 lst;h@yWe@IfWﬂ@dIIWIbﬁﬁﬂéaﬁé 250eThévention. One
advant age of the preferred enbodi nent is that under vehicle inspections my

be carried out quickly and efficiently without the need for a trough or
recess to accomodate the system



[0056] In addition, the use of a notorized shuttle allows a constant speed
‘'when scanning the vehicle so as to obtain a high-quality imge. By using
the present invention, inspection of vehicles my be done with fewer
personnel . [0057] Yet another advantagg is the correction of the distorted
i mges captured by the center |ine scan canmera 242 by the processing nethod

used) in conj r t of
canera) |ight Fquglhé}gnggé't&%%g%% g Lﬁggv%gﬁ }thsyucg(};%pﬁ%é 83 % to be
made. |n factjncandesddritdamps @52aind deuitalsie ¢ahpireflestdr 254 beamidithAsughm wi de

x 55 cmlong x 9 cmtall. Further reduction in these dimensions is
envi saged vm t AN diHraination windows 256i0 e REYYAY of thasaUted control neans.

However, Wfogéi Sﬁlt |‘\/B|ye t %@S%fffﬁ @ HBdEE?LED BUEEY iR WHich

accommdat e er ve anot her enbodi ment "'the present
i nvention for caseaﬂheﬂlghgreﬂhedmrvmy oo pacéssasy aaiUEKE/pmrdze diredtioaat or

A

line scan canp{cagatiBia Fh%an§t Mhe88 oufles ERAE niafasd Bﬁ‘énd@d R Frvidethe | mage
processing programme to forma whole, undistorted image for ‘anal ysis and

exam nati on. waystenguohlight c@:styedl(lmﬁatedJ@ngJltramolat () er viside sanges¢aner as

roms: de o Lo pBREHE ArerETes ARTBH InETah Rl P iy 6™

appreci at ed byo sy fHeecaietdsasbddn Iftdiirad! pblagikingTiteps ARG e indtiatifon, bei ng
renotely controlled either by wire or by wrel ess neans, is advant ageous

from a securi the Pemiatien %W%O\?mﬂ’?e”’@ﬁé‘ﬁé@ saptuig polaiizedymagepect the vehicl e
froma dist an@%f\i}ﬂTﬂE%Q ﬁﬂt‘ﬂ?tsh%lf'tfé &%P |Qéé)£‘?1%h§8ntfaﬁg Brightdnat i on

of any bonbs apons in t e ve ent 1 nvention

can be easi | yhigtapsehitibntinersepacanfegar242 Iobatedlatorhlg/thﬁd:emeﬂlneecﬁmn@prl ately
si zed shuttle ‘1“ an i nverted %OSItIOI’] after installing appropriate wheels

and an appropP witle and twos@rtiegllyrorngntad PapdneRaR AP T ShCREgRS 244 tncatedrye
present i ”Ve”bh%hbhgl'a%fcﬁrtﬁe RhO¥LSS 2amerghi cl e inspection systemand a

nmet hod for correctin stortions in captured images that allow users to
over conme, or EODM]eith arrargenert, lsﬁifferpnbfm)mrt’eawsadﬁle theilapsear YK qam&s] | t

wi ||l be appreg | t hough one r.ef ed e d nent has

descr i bed' | n G 227834, wDste RSBy RAG ABHFQm I Crifia airies a1 %8 rade by
a person ski | iredbtaintriéreddétalMrofiPthe iftRipdsturitier tie® Mdthed BE Mg irffentibs, Present
i nventi on. 12 Cains 1. A systemof i nsci)ectl ng a vehicl e using cameras,

sai d syst em cBfpimagasobtaingskhasio be enlarge
[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



a shuttle deployable fromsaid carrier; and a systemcontrol unit. 2. The
‘'system according to Claim1, wherein said carrier conprises: a plurality of
wheel s; a housing; at |east one communications port; and a handle. 3. The
carrier according to daim2, wherein gaid handle further houses spring

| oaded arns and spi kes to puncture pneumatic tires of said vehicle if said

handi e i's_knoglieshp¥Rissbincteidny HERHS hatle aWiBer KRIGHNRRT & fegotfe O aim 1.

wherein said s cohpris a camera mean um na neans; a

shuttl e housi giEssatehrg yplike thattof tied cited priozad. wheel s. 5. The shuttle
according to Claim4, wherein said shuyttle &grther conprises a W rel ess

control meansf0087] ﬂ@%W@@?P%’“&EE@'ﬁiq‘ﬁjaﬂ?ﬁ B edensRES ¢erigs W& aner a
e e or oo Sk HRTRILr o SBefiep SRl ybean a0
4, wherei n canpe, do keepshd shute compaet.i Aesuch, thenoragesafapturedibyrtberdine and
scan camera 242 through its wide angle lens will be distorted. This is where
the vertically oriented PTZ cameras 244 come into play.
[0038] When the shuttie is approximately in the center (in the middle of both
length and width) of the car, the two vertically oriented PTZ cameras will
take a snapshot image each of the underside of the car. The image
correction method of the present invention will use either one or both of
these snapshot images to correct the distortion in the image formed by the
center line scan camera.
[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.



13 said at |east one |line scan canera is oriented horizontally. 8. The
"shut'tl e according to Claim5, wherein said at |east one |ine scan canera is
oriented vertically. 9. The shuttle according to Claim?7, wherein said
canera reflector nmeans conprises pri SiBg 10. The shuttle according to daim
7, wherein said canera refl ector nmeans conprises mrrors. 11. The shuttle

according to | . | | ref . L prisns
and i rrors. 1302 This S BEAbETLY pRAUTR el hE SRl B VER e UTEREN rmy
be adaptabl e fagsemisieebyithg lineiby linealatning ofithe dihkisegn appiaratintatseverael s

and a wireless command and communi catjons neans. 13. A nmethod of inspecting
t he under si de $ctigng éiypigally i taden seatiens). \Rnsemeaning paeh phihesdistosied, sai d

met hod compri sgssiohed Whgg% \é&tﬁitt_ﬁé%n@%aﬁﬁfréﬁ%ry tREGefidi PTZ Ymedlsd system

into proximty at a star
(which have little or no distortion), the system applies an appropriate degree

or amount of correction to the images to remove the distortions.

[0043] While the shuttle can move at a constant speed while scanning,
there may be circumstances under which the speed of the shuttle may not
be constant. An example of such a situation is when the shuttle is running
on internal batteries and the batteries are weak.

[0044] As a precaution against such situations, the shuttle has a speed
sensing device to measure and record the speed at which the scanning of
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



recording i mage of license plate of said vehicle with at | east one pan-tilt

‘zoom canera housed in said shuttle; activating shuttle to nove under said

vehi cl e approxi mately al ong the approxi nate centerline of said vehicle;

i1lum nating underside of said vehicleynith an illum nation nmeans housed in

said shuttle; recording | i ne i mages of “sai d undersi de of said vehicle with

a line scan canera ho &gﬁhqhsald shut t. cor di ng ,at ast | mge of
'c

sai d undersi dgng@mgtg[ a“ & %’??{agﬂ'@r%mﬁ@a\ﬁw Qq Pﬂ om carmer a

housed in sai digrahhg tieat the %ﬂuﬁl%\/lféssmﬁge pRstthegHddov foPmedi s theavdhidiel nt
when said shuttle passes end of said vehicle;, processing said inages

recorded by sAtaiginbedevesestiuation s veedasthe siggak: M@nltbaﬁhhgles@asu
shuttle to MY foved ﬁa{yttpé)%ﬁlb%naﬁﬂﬂ'ggﬁse%aﬂtﬁe }SFnb?bﬁt fr&rn the illumination

means reflected off the underside of the vehicle, it can automatically retract
itself. A manual signal from the operator can overcome ambiguities caused
by lighting levels that are not sufficiently extreme to trigger this automatic
function in the present invention such as when the inspection is performed
under a shelter.

[0049] When the shuttle begins to retract, either automatically or on
command, its motorized wheels will turn in the reverse direction. The
motorized reel from which the communications cable (if used) is drawn,
begins to wind the cable at a rate commensurate with the speed of the
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-escape 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



detail ed exam nation if necessary; associating said inmages with said
"licéense plate nunber of said vehicle; and saving said association, said

| i cense plate nunber and said inmages in at | east one database of said
system 14. The nethod according to Clghm 11, said processing of said

I mages further conprises: interpreting Ticense plate nunber of said |icense

Cavea i mges ynisl: $EndRrnd R MdheanBit s el eafrortel) BN, °F'c e

one database ebnfel Theatimensionsfof #y handieeril amgs ate predeteratitedfsesidred
I mage fromsaid |line i mages recorded by said |line scan canera; distorting
at least one thiayidthsangeetimept vahiglegitobedsepremedpan-tilt-zoom camera at

intervals unt ?[dosgﬁ ﬂgﬁ?ﬁﬂ@@@a ﬁetatmtigfﬁwdgttetﬁfeéﬁ&%mﬁbn'e%?ﬁlbyg&‘g—[ assenbl ed

i mage i s obtaine yi ng correspondi ng correctron to sa | east one
assenbl ed i magenjunctidm aiith ather meaas efl preventing cuchandidentsded rpadcessed i mage
wth said Sav%grr%ers .eA%Sé?igfyi gft sea(¥et\y fctagtures may be incorporated to prevent
accidental deployment of the spikes from injuring operators, especially
during set up of the system.
[oo54] The problem of using the system on uneven ground may be
overcome by the use of a rail means. This rail means may be simply two
parallel rails secured at the width and supported such that the shuttie may
run smoothly under the vehicle to be inspected.
[oos5] There 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.
foos6] 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 55 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



said vehicle, if any; and highlighting any differences between said
‘processed i nage and said save image. 15. A method of inspecting a vehicle
fromone side of said vehicle to the other side of said vehicle by use of a
depl oyabl e shuttle having two |ine scapqcaneras, nounted side by side, said
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[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.
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10. _0c2d2e2f 202 it Jrinssdbtiig (enidRUdhiy Eainbiat> L8 isstkem ™ @mprises:
a carrier;
a shuttle deployable from said carrier; and

a system control unit.

2. The system according to Claim 1, wherein said carrier comprises:
a plurality of wheels;
a housing;
at least one communications port; and

a handle.

3. The carrier according to Claim 2, wherein said handle further houses spring
loaded arms and spikes to puncture pneumatic tires of said vehicle if said
handle is knocked over by said vehicle.

4, The system according to Claim 1, wherein said shuttle comprises:
a camera means;
an illumination means;
a shuttle housing; and
a plurality of motorized wheels.

5. The shuttle according to Claim 4, wherein said shuttle further comprises a

wireless control means.

6. The shuttle according to Claim 4, wherein said camera means comprises:
at least one line scan camera, and
at least one vertically-oriented pan-tilt-zoom camera.

7. The shuttle according to Claim 4, wherein camera means further comprises:

a camera reflector means; and
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8. The shuttle according to Claim 5, wherein said at least one line scan

camera is oriented vertically.

9. The shuttle according to Claim 7, wherein said camera reflector means

comprises prisms.

10. The shuttle according to Claim 7, wherein said camera reflector means

comprises mirrors.

11.  The shuttle according to Claim 7, wherein said camera reflector means

comprises prisms and mirrors.

12.  The system according to Claim 1, wherein said system may be adaptable
for inspecting rail tracks by installing appropriate wheels and a wireless

command and communications means.

13. A method of inspecting the underside of a vehicle using an under vehicle

inspection system, said method comprises:

bringing vehicle and carrier and shuttle of said system into proximity at a

start point;

recording image of license plate of said vehicle with at least one pan-tilt-
zoom camera housed in said shuttle;

activating shuttle to move under said vehicle approximately along the
approximate centerline of said vehicle;

illuminating underside of said vehicle with an illumination means housed in
said shuttle;

recording line images of said underside of said vehicle with a line scan
camera housed in said shuttle;

recording at least one image of said underside of said vehicle with said at

least one pan-tilt-zoom camera housed in said vehicle;
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4. The method according to Claim 11, said processing of said images further

comprises:

interpreting license plate number of said license plate from said image of
license plate of said vehicle;

retrieving said saved images associated with said license plate number
from said at least one database of said vehicle, if any;

assembling at least one assembled image from said line images recorded
by said line scan camera;

distorting at least one image recorded by said at least one 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; and

highlighting any differences between said processed image and said save

image.

16. A method of inspecting a vehicle from one side of said vehicle to the other
side of said vehicle by use of a deployable shuttle having two line scan

cameras, mounted side by side, said method comprises:
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capturing line scan images of said underside of said vehicle;
correcting distorted images obtained by said line scan cameras; and

merging said images to form a whole processed image.



