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scanni ng of vehicles. In partjcular, the invention
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exterior and interior inspection of vehicles, said
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for automatlc exterlor and interior inspection of vehicles, said system comprising

imaging means for capturing an image of the undercarriage of the vehicle as it is

being driven into a secure area; imaging means for capturing an image of a luggage

compartment of the vehicle as it is being driven into the secure area; database

means for storing the captured images; and monitoring means operable to facilitate

activation of an alarm based on the captured images.

In accordance with a second aspect of the present invention there is provided a
method of automatic exterior and interior inspection of vehicles, said system
comprising capturing an image of the undercarriage of the vehicle as it is being
driven into a secure area; capturing an image of a luggage compartment of the



and interior inspection of vehicles being driven into
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DESCRIPTION
A layout of an example embodiment of an intelligent vehicle access control and
inspection system 100 is illustrated in the block diagram of Figure 1.

A vehicle (not shown) approaching a secure area in the ftraffic direction 124
sequentially passes through a series of interconnected sensors or devices.

Firstly, a vehicle detection sensor 102 detects the presence of an approaching
vehicle thereby triggering the associated devices of the system 100. The vehicle



vehicle thereby triggering the associ ated devi ces of
the system 100. The vehicl edetection sensor 102 is in

W b@elorme of a proximty sensor. Alternativel yPO¥/SG2005/000351
additionally, a |ight beam abd photo-sensor, a ground
| oop detector, an inmage processing neans or any
dotasbiioratseasort 62 eifoin theey foren ufed proxidiifyf eemsor. Alternatively or

di ts,. d [ f icl .
B fonayy ot PERm R kR eoBi” & Btafio ogb Mot h, mage
provgesing mbenyedri ang kombinatorpl therefor Theayc deerusedninh Ldferent
t 128 .i.d i.fi h t d .
BRSBTS AT oG8 ot
CLRR)asystom r2g egptutesam imeighad she Tehicle lisereeqiiate hEhe camera and

icle lLcense.pl i i.fi i .
LR Ss o 428 BRRuRsthE ot Bel Aip A€ PactlieBind6G 0P e tioense piate
abihgi cvenputerovisipn drsed i chgradier Eapgnitiad mataps. dihe imageedf the
i n_.a _dat aba 2 T, i e . .
VBB AeARE ot S B CEBUFLE VBAGEERunBEC 98 Botonal verice
diassification i data Opidiret £0B processingaihei ecaptured image are stored in a
two- di [ I ight distributi f th hi cl e.
BRBEEROTAT nanei onal Cvei ght di ot i but i on of tho vehi ol e
is stored in the data base 120. After this, the

icl e t eri. ' . .
(U EEEREE03, bIGHEN e ol JIAACni bedenni v
#iBfribotion lsystemhi @3 éori ahtaibingi a éwb-tineasionaldweight distitpuition of the

VEFIER. e R kP pidicR SR Uhicd s fedtin the data
pasg 62& canera in the exanpl e enbodi nent, but may
additionally or alternatively be a video canera. The
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consists of an X-ray detector control 132, coupled to an X-ray beam control 134.
The X-ray technology used is backscatter technology which creates photo-like X-ray
images revealing the threats that optical scan camera 130 may miss, including
explosives, human, plastic weapons, and drugs. In backscatter X-ray technology,
data from X-ray photons that are scattered from the object undergoing inspection is

captured.



detecting the presence of explosive chem cals inside

the vehicle. The trace detector 108 in the exanple
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of nost commercial and militgry explosives, including

RDX, PETN, HMX, Bl ack Powder, Ammonium Nitrate and etc
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display 122 for visual monitoring and the backend database 120 containing the

database of various information, such as vehicle identification numbers, vehicle
classification data, personal identification information of drivers/passengers such as
biometrics and processed images, facial features for use in facial recognition etc.

The inspection of vehicles may be fully automated and there is no need for the
driver and passenger to step out of the vehicle for opening the luggage



Fi gures 2A and 2B shows respectively the side and
bottom views of a vehicle positioned on a vehicle
W@ e@aning apparatus 131 in accordance with an PCT/SG2005/000351
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back wheels could also be supplemented by the use of a proximity sensor, a light
beam and photo-sensor, an ultrasonic sensor or any combination of these sensors.

The X-ray scanning device 101 may alternatively be located by the side of the
vehicle or on top of the vehicle, and is operable to be activated upon detection of the
rear wheels 216 of the vehicle 202.
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of the strip is stored in a database for analysis of the stored image. As the vehicle
moves, the scan system 131 produces a plurality of continuous strips of X-ray
images extending over the entire luggage compartment. The plurality of image strips
are stored in the database for processing and analysis. The X-ray scan system 101
creates photo quality backscatter images by directing a sweeping beam of X-rays at
the vehicle luggage compartment, and then measuring and plotting the intensity of

scattered X-rays as a function of the beam position. The system can be configured
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The second chamber 101a consists of an X-ray device 416 for emitting one or more
beams 458 of X-ray from an elongate slit 468 located transverse to the surface and
above the X-ray device 416. The width of the slit 468 is chosen to cover the entire
width of a vehicle luggage compartment. For safety reasons, the X-ray emission is
only activated after the detection of a rear wheel of the vehicle concerned.
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data base for processing and analysis. The X-ray
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gehicle detection sensor 602, a weigh-in notion sensor
604, an optical scan device 652, an X-ray scan device

654, explosive trace detector 608, a first inaging
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ab Ivehlcle: Iane 600 employing an embodiment of a intelligent vehicle access control
and inspection system 100 of the present invention. The traffic light 626 indicates a
green signal inviting the vehicle drivers to move to the inspection area. The
intelligent vehicle access control and inspection system is comprised of a plurality of
sensors and devices that are mounted below or above the surface of the vehicle

lane 600. In the example embodiment, the vehicle 601 is indicated to pass through a
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In Figure 6D, the vehicle 601 moves over an optical scan device 652 located within
a housing either above ground or below ground level. As the vehicle 601 moves
forward, images of the undercarriage sirips are obtained by an area scan camera
positioned inside the optical scan device 652. These images are stitched by the
system to obtain a composite undercarriage image of the vehicle 601. The

undercarriage image captured by the system is compared with previous
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As illustrated in Figure 6G, if no alarms are activated and as the vehicle moves out
of the position shown in Figure 6E, the data of a particular vehicle from all the
5 sensor and devices are saved into a database for future reference and reporting. At
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respectively at” steps 742 and 746. The

At step 716, strips of optical images of the vehicle’s undercarriage are captured by
an area scan camera and stored in the database of the system. At step 726, the
plurality of optical image strips corresponding to undercarriage of a vehicle are
processed and stitched by the system 700 to obtain a composite image of the
vehicle undercarriage. The composite images of the undercarriage is store in a
database. At step 734, the composite image of the undercarriage is compared with
those stored previously in the database. At step 738, when a matching of the
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passenger(s) is displayed on a operator console. At

step 732, the presently acquired passenger information
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suspi ci_ous chem cal ? cNOl osi ve devi ces, ar
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displayed on a operator console. At step 732, the presently acquired passenger

information from a security card reader and/or biometric scanner as well as the
image of the passenger obtained from a camera are displayed on the operator
console. The system or the operator may raise an alarm at step 750 if there is any
difference in the images or information of the passenger as verified against the
database.

At step 724, the results from a explosive trace analyser obtained from the vicinity of
the vehicle is displayed on a operator console. The system or the operator may



Once a vehicle obtains clearance fromthe inspection
system and operator the barrier is raised at step 752
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during any specific event. It will be appreciated by a person skilled in the art that in
a portable system, the various components may be provided as portable above-

ground modules for laying out along a driving surface for a particular secure area.

Embodiments of the invention seek to monitor, inspect and/or control vehicular
access to civilian, military areas, border crossing, and potentially sensitive or
threatened buildings and facilities. Embodiments of the invention relate to system
and method for exterior and interior inspection of vehicles. The exterior inspection
includes scanning of vehicular undercarriage, whilst the interior inspection includes
scanning of vehicle luggage compartment, detection of explosive trace in a driver or
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as clainmed in any one of the preceding clainms, further
conprising nunber plate recognition neans for
capturing nunber plate data of the vehicle being

AMA: i nto the secured area; and the nonitoring means

i's furt her sopRiaRfer h@ofnaid leidefibe aR¢ intadr inspeetiomnf vehicles,
al arm based on_a conparison of the nunber plate data

wRdISYplemesasiisingat a stored in the dat abase neans. 5.

The SYRLQAY Arafs Ar¥BBtutiRy Bh ahdddef tib @naéroartibge blthibakhicle as
plate recogni tion means conprises a canera and a
litji¢ bejag dryert iBtorReRyH 2€8n (LPR) system whi ch processes

the i iRAGANG e foFRhstuAnd dRbiffagh! cft# eBbe redthpajtmiehe of the
camera usin onput er vi si on based character

4 I1S1 Ng.COMput ¢
vebiglgrastlt is helngdnyers intethe pREVR\ASAB M as ¢l ained in any

one ofgatdhBsdrRaRSN Stofihg tHEcdptired fhages@id si ng
optional neans for c

_ITE apt ur.i t.he vehicle
o assMAEATIGReAR? SPHAPIEIA BTt APLRon o AL frrerbn the
icAptarddimagesur ed area; and the nonitoring neans is
further operable to fa}c_i litate ag’t{vgti on of .a
c ugt

. . al arm
based?on a '@8SYHPMECIIMed R iy 1 TUENE] %%gﬁmfs?n@;\ﬁcg neans for
dRblasivé trics BERERINCS the velatia itbiiured it is Helig diven liats ¢he secured

means7. The systemas ¢laiped in ¢l aim, erein the

PER7: @nd the merifaring means '%@&H% %ﬁ‘iﬁﬁ? Ef’e@” fa@éﬂ?fé%"" ‘5 ap alarm
fb@@éd?bﬁ?ﬁtrﬁﬁﬁfréﬂﬁﬁﬁél trade m?éﬁﬁgn \é\lhi CE processes _the

i mge o vehi cl e capture e. G ra usin

conputer vil ?ﬂsﬁﬁkéﬁc%g’?ﬁ‘{:‘f‘é;‘?"éa{ o & fg% facé’f‘?%ﬁg‘g means for
EBiRaMSy tHe eaptiredtimbles vetheClahicld athi driecat more dsfér@née stored
The system as clained in

I an e of .the precedi
ATERRSIOR i1 i ILRRRSFIrTanG: FRALING TPyptoag gl fither operable
it6l efikdte Getivabion dRbA akld@Uasad Ghi areinptrom shalmieans prtdomparing
vehicle into the secured area; and the nonitoring

M FAPtied fMPgeTer operable to facilitate activation of

an al ar m bapedystend as UEMAEH $9Anplonk e thel rédetiingadlaions, further
data with reference datgostored [ e._dat abase

SOMPHENS JUTERT RS [eSPAULRT (eBS{dh tBPHARa U AE AR the
fvehicleabdibg idfiden (R tthé isealrea aréat and Greprioditeringnmeans is further
et AL oSBT 2 o Bl G ar TR fumoer
Pte 650 vath reheideatRsl stogedtih shaBatabadetrheansconpr i si ng
\r/néﬁiniﬁfe?ra tetalﬁgsltg gsvﬁéiﬂ@d ldnI charirlnbﬁ,t W %ré’uf\ {hréenumber plate
recognition means comprises a camera and a license plate recognition (LPR)
system which processes the image of the vehicle number plate captured by the
camera using computer vision based character recognition methods.

6. The system as claimed in any one of the preceding claims further
comprising optional means for capturing the vehicle classification information of the
vehicle being driven into the secured area; and the monitoring means is further
operable to facilitate activation of an alarm based on a comparison of the vehicle

classification data with reference to data stored in the database means
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10.  The system as claimed in any one of the preceding claims, further
comprising means for obtaining a weight distribution of the vehicle; and the
monitoring means is further operable to facilitate activation of an alarm based on the
obtained weight distribution.

11.  The system as claimed in any one of the preceding claims, further
comprising means for detecting approach of the vehicle into the secure area, and
means for. activating components of the system in response to an input from the
means for detecting.

12.  The system as claimed in any one of the preceding claims, wherein
the imaging means for capturing the image of the undercarriage of the vehicle
comprises a reflection mode camera.

13. The system as claimed in any one of the preceding claims, wherein
the imaging means for capturing the image of the luggage compartment of the
vehicle comprises a backscatter mode X-ray camera.

14. A method of automatic exterior and interior inspection of vehicles,
said system comprising:

capturing an image of the undercarriage of the vehicle as it is being driven
into a secure area;

capturing an image of a luggage compartment of the vehicle as it is being
driven into the secure area;

storing the captured images; and

monitoring the captured images for facilitating activation of an alarm.



