; }~e3eVYV| F<64T; F4 , APPARATUS AND METHOD FOR DETECTI NG AND COUNTI NG

VEHI CLES BA E INVENTION This invention relates generally to a

system and W@Mﬁﬁm&&t ecting and counting noving vehicles on a road.

Currently, t riety of known Vehicle detection and counting

systens. Commonl {F%R¥¥ed sensors for vehicle detection include inductive

| oops, pressure sensitive strips, three-beaminfrared sensors, and

el ect 1 OMAgNYBIARATSA AN&)TNETH@BCFOEFD PERTIRGEANDEOUN AN eIt T oad

pavenment and capabl e of detecting vehicle presence, speed and | ength. The

pressure sensitive strips are installed on the road surface for neasuring

the applied pressure exerted on the strips. El ectrlmﬁmﬂw C Sensors neasure
t

the changes in the earth's magnetic filed to detec MHWI I"he
t hr ee- beamrBAGKGREWUNBOBBHRINVENSI@N ed above gr made up of

transmtters and receivers. The infrared sensors are adaps®ed to generate

three infra-redThaaep@bal refted ge@\'é%ll}dtoaa%)ﬂéiérﬁ%@ methdd forddéteetihgn of
t he passing vehicle. As the vehicle passes through the beans, the sensors

are adapte : . that only a vehicle will generate.
The above ggﬁgggghﬁgvtme&r@f?g@?‘é%t@?%5@%{%ms because they are not able to
differentiate a vehicle from other m)via‘}g3 obj ects ;such as notorcycles and

troll eys. Anot h&UrEBh: dbpiemgree vadely ekkaewnowphigle: detgctiantand coHelngr e

not able to detect vehicle tail-gating; i.e., closely spaced vehicles. They
have diffi systeynd. nCananonlyi used sgndoes Yeevehicle detegioroiichiade maluetiventpdpse
detection area or two closely spaced snall er objects. 2 Vi deo caneras

have been wWseshifra &ldiiivd %tisdl mrééaq]éétfﬁ iﬁﬁ‘a’)’%d %@HEBF‘s,i%}ﬁe&;’Qéé’ﬁomagnetic

conput ati onal 1 mage processing. Furthernore, because Vi I mages dre
dependent gn the lighting conditions and at her h may ,not produce
conel st ent SPBSAR s WeIntisTian: ioohS Seamsialed Pibsetifits TB¥ddtaRiai A
external illum nating source for accurate detection. Thus, detection

syst ens usicAgablieddlaiectingaxehicle presence; spgedareiiength. t the peessure sengitive
remains a need for a detection systemcapable of reliably classifying and
counting velipd esetinstalle@noRehensdarl kadass fbPWhEQSIrind Whé NEspRIde préddeirg i s

a need for a systemthat has the ability to detect vehicle tail-gating

The- pr esenXPHoard ahe gy BE RIS Pt meRa L el el e ana

counting noving vehicles on a yoad or gt the entrance and exit junction of
a bui | di ngegFth:s maaneliciiled e ?ﬁtc\feé“‘gﬁec-‘meowrﬁﬁ S35 T MG ISRISHS Gt he
present invention conprises at |east two ultrasonic sensors for determ ning
the w dt h @fstalied mbdveggrairicched ate et upwof trahsonitterssand ceseivers. The
detecting incomng vehicle and direction of travel, a controller for

processi ng jhfherediseMabls AfcoaRdpted 36 BBAbRt8Mtred ihfrar8a beahsBarm¥eld goandr om
ot her noving objects, and a counter for counting the nunber of detected

tenteles. BYRATAEONY CBeP i of P PRLEE HEPE, a0 P8 g hoses
through the beams, the sensors are adapted to detect a sequence pattern that
only a vehicle will generate.

The above sensors have reliability problems because they are not able 1o
differentiate a vehicle from other moving objects such as motorcycles and
trolleys. Another shortcoming of these detection systems is that they are not able
to detect vehicle tail-gating; i.e., closely spaced vehicles. They have difficulty in
discriminating between one large object entering the detection area or two closely

spaced smaller objects.



from unwant ed novi ng objects |ike notorcycles and people. The systemis
nount ed above the ground and is relatively inexpensive to install. 3

Anot her aspect of the present invention is that the vehicle detection and
counting systemis adaptable for detectig tailgating of a vehicle with the
infrared sensors when installed at the entrance or exit of a car park with
or without a barrier. The novel features and advantages of the present
invention wll o} ety gl tion
of the inventi o‘g%a%g? er edBP%ncoér)léjHu?l‘gth%m% %ﬁigl]eg a@cto&r%gnﬁﬁ fe?
drawi ngs. BRI EE DESCRI PT] ON OF THE DRAWNGS FIG 1 illustrates, the

schemati ¢ 6%’@%‘%8’?‘%%%@“’6@@@&?‘&&%% EHEheBlAe: hgcayse ¥idamimages
accordance with the preferred enbodi nent of the present invention. FIG 2
shows t he arepdependett ondhe righdingecbnditivnd andeweathesn they mayunot peodyas em
FIG 3 shows the side view of an arrangenent in which two bars supporting

t he sensorgonkisiént ebhBs SNﬁéﬁrBo?fdi‘th'&tr@CbédJ Wi@!@%dcaﬂegas %é@@“’ﬁe@lﬂﬁé her
side view the bars shown in Fl 5 shows the side view of

mount ea oot Rl i 3pBeck Evé}"éé#w%b& AERTRRD! TrRG ekt s?g%hﬁm of

t he met hod for vehicle detecting and counting nDV|ng vehi cl es in accordance
with the pr¥ngyvides eamemsnaRtrelivelyexpeasatioinsialht i on. FIG 7 shows a
fl owchart depicting the second part of the nethod for detecting and

counting novi ngThefs reinesins a HeddEbARLdee ORI STEN@d pabl el biErABByEFREEying
EMBODI MENTS The present invention is directed to vehicle detection and

counting >4 %thh@é VBRI tiﬁléi%aﬁ'eﬁg%ﬁélllécﬁ‘gef‘dbgrc%QFeF Rofifore, Hlerd i5QAd Of

bui | di ng. e errin vehi c tion n countf ng system of

Sensor -1 BRI % SYReL e iesyip AEUIY I Eilec ep e FpErg hRpals® e

controller 5, a vehicle counter 6 and a display device 7. Infrared sensor 1
i ncl udes timprstantferraccuraleccountispver R1. I nfrared sensor 2 incl udes
transmtter T2 and receiver R2. The infrared sensors are operable to detect
the presence of a noving object in a defined zone where the infrared
sensors are nounted. The controller 5 is adapted to capture the output

signals fr and 2, and trigger the ultrasonic
sensors 3 §W"Zﬂﬂw§ﬁﬁ? E)(ﬁh of the noving object. The controller 5
is operable to determne if the sensed object is a vehicle based on the

measur ed wi dt h A8 PreserdAnvastionrs direstes! t@ aaFemranl metherd far datectingand e
after it is classified as such. The display device 7 in conmunication with

t he contr otboentiry nmsovinigpiehities ahi aploay dhat ties @ntrance amdvedit jancliogidf a

emtting diodes (LEDs) 9 are provided for diagnostic and al i gnnent

purposes. BhiRIiSGdr 2Obdrdark. M6 PénibletitEctich 8hdRoukBRg s951efi 8f thdiresent
invention comprises at least two ultrasonic sensors for determining the width of
the moving vehicle, at least two infrared sensors for detecting incoming vehicle
and direction of travel, a controller for processing the signals from the sensors
and differentiating a vehicle from other moving objects, and a counter for counting
the number of detected vehicles. By measuring the width of the moving vehicle,
the vehicle detection and counting system is adapted to differentiate vehicles

from unwanted moving objects like motorcycles and people. The system is

mounted above the ground and is relatively inexpensive to install.



fieldbus. FIG 2 shows the top view of the vehicle detection and counting
systemw th a passing vehicle 18. A pair of bars 10 and 11 are installed
above the ground and spaced from each other to define the detection zone. A
novi ng vehi cl e or another noving object 3ay enter the detection zone in the
direction A or B. The bars 10 and 11 are arranged so that they are
substantially parallel to the direction of the noving vehicles. At both
ends of bar 10 ' ; j ' smiters
T and T2 responeloa SPRE obh Rikenr ipvbnilt GRS e VBHICA SEidd o

whi ch hold_jnfrared.receivers Rl _and R2. respectively. U trasonic, sensor U
1 is inst a?‘%"ér&[’]%ﬁ%mc'éﬂ@%%%é?fngetf?f"aﬂ ?qjlg,aﬁ@g ,O?én‘@m‘Fl?r"ﬂg'bﬂ'lecmg’@F@‘gr u2
is installed in the center housing 16 of bar 10. The distance (z) between
the two in$eRIWE wher dnstalled (ittberenteandsy ot lexit rafxa wampaple edtioor twithoui\d ng
object to be detected and the maxi num di stance between the ultrasonic
sensors ofpamiert 6 neters. It has been determ ned that a bar |ength of
approximately one nmeter long is sufficient for detecting nost vehicles

traveling at a n r el .t sh d bhe..poi nted out that
ot her bar | engtﬁgsﬁg&%@%{tgﬁ% E%gdygbga\'@é ﬁsifnt(ﬁ‘eﬂr%ﬁgﬁ{ B‘é’%m}gﬂt\@h%%ome
substanti aH?y parallel to the fground vi a _acgai r of vertically grounded

pol es 19 afPrec@RRareRbffem he fellowing-detaileds Aegeriptinn wétheiinkeniien vdierone
of the mounted bars, in this case bar 10. Light emtting diodes (LEDs) 9
are provi dechsidereddn cenjusction wdthcthetacoapaslyimgdrawihdss. 4 for di agnostic
and al i gnnent purposes. Alternatively, LEDs 9 nay be nounted on the side of
the each bar. Wen the infrared beans are not broken by a noving object and
the infrared sensors are in line of sight, the LEDs will remain |lighted

gt 't ho BRE GESCHIEHTAN OF gt BHANIERS ' arv angement , the bars 10

and 11 can be al icgged. easily. As an alternative, the bars 10 and 11 may be
mount ed ont o t hEl@all #lustratesdtha sebemalicyvdiagramndf dlse stedieiei detBttionsandrhe
bars 10 and 11 may be installed at a distance (h) of about 0.5 to 0.7 neter

above the gountrty systeasen abBbrddiveoWithitne Hresiré® wisbédinimt Bifthecpriaknt or

detecting nost vehicles, particularly when the system of the present
invention jweHB&s In @ multi-story car park, which normally 6 has a
height limt of about 2 neters. In the case of open car parks, there may be

a need for dete [én Sgi trucks, which have a bodg_ hei ght of nore than 0.7
meter. For dete 'ng Pg/stﬁh@ctQQ,V'?WeOfst%t'@ﬁtﬁB?dtVﬁ iclp detaption@ndhepentingn be
nodi fied by providing an additional, upper arrangenent of infrared sensors

and ul trassydtemsensors above bars 10 and 11 so that the infrared beans and
the ultrasonic sound waves will be generated at two different heights

relative to grop[q. F@hoWs2imd SsidbPedd &t AR ErafgémentihNwhith 9r\li\‘/6‘°~‘bars

construction as bars 10 and 11, can be installed above and parallel to bars
10 and, 11 LT BAed el laihb S nol BeRigRraad L SnoeTe, he

FIG. 4 shows another side view the bars shown in FIG. 3.

FIG. 5 shows the side view of an arrangement in which two bars
supporting the sensors used in the system are mounted to the walls.

FIG. 6 shows a flowchart depicting the first part of the method for vehicle
detecting and counting moving vehicles in accordance with the preferred
embodiment of the present invention,

FIG. 7 shows a flowchart depicting the second part of the method for

detecting and counting moving vehicles.



The infrared sensor used in the present invention is a through-beamtype,
whi ch neans that it needs a transmtter and a receiver. The transmtter
transmts an infrared beamin a straight line to the receiver at 90 [err]
with respect to the bar. Arrows L1 and I in FIG 2 depict the infrared
beans generated by the infrared sensors 1 and 2. The infrared sensors are
oriented to generate infrared beans that will be broken by a noving object
noving in r } i (e g hERI=H if the infrared
beami s br%EZﬁ?Lg’ﬁ?E?%Pglﬁ@gﬁlecﬁTB@ gﬁ%@%@%@g@@@%ﬁﬁﬁ rasonic
sensors transmi a sound at 90 [err] with respect to the bar. Even though
beans L1 and L2+|?a? er vyentignds d a&edbt@i\f?}'@%%é@ﬁimﬁ COWNYNESYHENe| i ng
direction of the noving vehicle, it is not necessary for the noving vehicle
t o be travibbt agn peripetailieddtahe temtranes lerahexit 61 &.roéd oindwsidimdt | dvafaering to
depicting the nethod of operating the vehicle detection and counting system

shown in REG, 2, tNOSRHIAE §oRERhignd @ohhﬂhgﬁﬁ%teﬂnnf)f 3h 8 hrosans MdritfonT 1

transmts infrared beam L1l to recelver RI1, transmtter Tl transmts

i nfrared beam to receiver and the systemis ip an4ddle state 100.
when . moraR AR &eatkond B chirreRen SEnafre, DaBS 2 fest BhB e
beam L1 and L2 wil| be broken first. Dependi ng on which beamis broken
first, theofdiliragenisrsesisarsd andidn@ evjteeiterdars Nehigla epunies® and asdisplayoi,

t he system determ nes whether beam Ll is broken. If yes, then the systemis

activated gdviet an 1iffared $adorvl imudegitanshdttet Me aiy) esteiver Psdnbased
nmoving in direction A. The system determ nes whet her the sensed object is

presert. ¥ oot 21 UTHEA Far? 12 g RBipTRe, THS [farEaenti T
SO N N R S RS A M

vehicle as it approaches the detection zone. If the systemis installed at
t he entry iofraced sepnsors areanhountesliThdi cantralles Srisxadapted geaxhphiret the onipihg
vehi cl e can be assuned to be less than 30 knmfhr. If the detected tinme of

the inf rar@ignasnﬁ@m e infafed BBAsSMRET AN DUAK] thggdrlthe! NEraBbhicesBtRs Pack
to idle state 100. If the detected tine is greater than the mnimumtine ti

, then the t QLS 104 t ] e '
broken. 1120 S ThBRSEEIHR A+ ByT BEmerinRulel bEL TS sBifoNes KaRRPN B
beam L1 again at step 105 to find out if it is broken. If beamLl is still
not br okendetepaing i tenseased ©bjacs i aeehicla basrd ahiamegsyred wigih ashioangd
105 goes on indefinitely until beam Ll or L2 is broken. If beamL1l is found

to be br okesntedl tisé ephit@bcourtens tdbeoayisthemeahidle after it ds slaspifid@3s duchbedve L2
is found to be broken at step 104, the systemconfirns that the object is

moving in Ei%b)f?a?%?ﬁcé"ﬂﬂ%%ﬁﬁu lcraﬁaﬁ%{rPth%eétSkﬁrgF%]fé} 5 B Afpredisdidayrasur e

t he di stance step 106, ereln yl Is I stance between ultrasonic
sensor Ul and the noving object as.shqwn N Bl G 2. The ultrasoni
sensor W2 fessung‘H A p@%ﬁ'eglgt%g %ﬁm @'OPﬁé @F‘ﬁ%#c@r %Er%d%q g?f qlégﬁoéﬁ%r e
y2 is the distance between ultrasonic U2 and the noving object as shown
FIG 2. |nandaignmentrparnnsest Nehadcentealies 5(pay be lrkeddetatbehcenicollans SR oni c
sensor and the noving object, the controller 5 activates each

fieldbus.

FIG. 2 shows the top view of the vehicle detection and counting system
with a passing vehicle 18. A pair of bars 10 and 11 are installed above the
ground and spaced from each other to define the detection zone. A moving
vehicle or another moving object may enter the detection zone in the direction A

or B. The bars 10 and 11 are arranged so that they are substantially parallel to

the direction of the moving vehicles. At both ends of bar 10 are housings 12 and



ultrasonic sensor to transmt an ultrasonic signal toward the noving

obj ect. The echo of the reflected signal by the noving object is received
by the ultrasonic sensor. The returned echo signal is then processed by the
controller 5. At least three readings should be taken and the best average
of the readings will be used. Steps 101-107, as descri bed above, represent
the logic for detecting an object noving in direction A The logic for

detecting 8] \ohibR Hold'ifta8d itrardhiiféds! PP aRdi T2, T estRBle dAPYofl &Rss d08arl 14,
which are the reverse of steps 101-107. If beam'L1l is found to be unbroken

at step 10 e tem det.er m ther beam L2 .is brpken at_step
Toss 1T yeb! $RERAUMIE SERTE G M M BB T0teR €1 PO, Tl g
that the object is possibly nmoving in direction B. The system determ nes
whet her t H@Speaii@ly.obliteagoriic sgmwgm i igstallediinithe epbienhiopsingoti” ofibat 1t ep
110. If the detected tine is less than the mnimumtine ti , the system

goes back amd uitrascticsensfPU2 ks installddtiacthedcdntat houbinggt &af dyart ten THee
mninmumtinme t1, then the system proceeds to step 111 to determ ne whet her

beam L1 i sy; Ny | i t : :

oyet em chelR 8ot LpRBEfT the, WD, rfteply'serispye I BRI Aeg hothel dimrhOfy
beam L2 is_sti]l,pot broken,, t stem retur to step 111. The, checki ng
ot steps 1paal PETGHEG Bhiechin PEAaierpaAnd e B TRMEAISanGA DGR I 1
beam L2 is found to be broken at step 112, then the systemreturns to step
110. | f bethen ultraisonicosenisars dfealoutk@ meterst dplhasiheameetgraminad tbat iarlpar t hat

the object is noving in direction B and the 9 ultrasonic sensor Ul is

activat ed [eRgtfeasHpproxirdathly onaCRieYer 1Bhg S5 BRifficlent fHRASHAIRPATUSE vERRAY U2
is activated to neasure the distance y2 at step 114. After step 107 or 114,

obj ot s v ArnEe g BHE RS kP e Jesnbuf beJipiRed i thalfaaner ; ¢
t he di stance between the ultrasonic sensors UL and U2. The system
det er ni nesPAHENEES 18 POSEBIR JthedPais J0aRB 11 nay baimoeunied sLbsianiipl parallekt ep

116. If y3 is not within a vehicle width, then the systemreturns to idle
state 100.td theygroundavia epait ef wedichlly ghemdeepales d€t ammh 20ias sigovenh i FréG.
infrared sensors is conpared with a mninumtinme period t2 at step 117 to

confirma g1 e SAE Anbfndr a8t YRDIdE e ndifntEl BafiithiPca®d bafl ! 2

is the mninumtine that e two infrared sensors detect a noving vehicle.
Steps 116 d 117 are. carr.ied to filter out unwanted,objects, such as
peopl e or it eyt Ptiting; diofigs EDSS sLarg Broideq Rl RA FarySuhE Safn ks
broken. If no, then the systemcontinues to check until beam L1l is broken.

| f beam L1shewnrioKd&. 4 fesrdipgaosticand atigaoiand purposesmmAliernativedy, rBréh,
the systemcontinues to check until beam L2 is broken. If L2 is broken, the

vehi cl e comalyeie hfountedeerive side of e d2dh bar.C WNRén tihe infRved bhezmeate ast a
vehicle noving in direction A or B. Steps 119 and 120 are carried out to

determ ne i : i i : hendl e
tate 100 BrkeRt.aholinh obfich st hainttEteddheoi B EHATRE St o LEDS
detection a counti.ng. syst of th resent, inventiop is installed at, the
ont rance aWll s8N ighEd Sdelnehk: JPaR RS BeBReKRISBRARD BhrnBATUREH o
By zoning the car park, it is possible to inplenment a zone-specific
gui dance fsensaasgee oubpbsight, the AEDsawill not beulighted wpe Bycdthis aaamngermant the
arrangenent woul d provide a cost effective parking gui dance system

bars 10 and 11 can be aligned easily.

As an alternative, the bars 10 and 11 may be mounted onto the walls at a
distance above ground as shown in FIG. 5. The bars 10 and 11 may be installed
at a distance (h) of about 0.5 to 0.7 meter above the ground surface. This height

has been found to be sufficient for detecting most vehicles, particularly when the

system of the present invention is used in a multi-story car park, which normally



10 One inportant advantage of the vehicle detection and counting system of
the present invention is that it is capable of detecting vehicle
tailgating, i.e., closely spaced vehicles. Because the infrared beamis
narrow, it can detect a small break between two cl osely spaced vehicl es.
The system can discrimnate between vehicles noving at 20 kmhr with as
little as 30 mm between their bunpers. In the past, people have tried to
cheat by td i ! iCl f rier. d 0, 0 as
o avor d poy Saeidt i oPdbout S pAslsr IR 108 cake ot BpeReivBli. Infr 0TS 12°: e
exit barrier, the stemw |] be ahl o detect that vehi ¢l e s al ready
oassed t het BEPHITEr JBHENG Piainusie MUGHhEYS Sitbtdialghel Borehan e maler or
is closed again, tailgating would be detected. Various actions can be

i mpl enent eldontietecting Ibigtrusls, thedsystamed the pgesérddgventianmcam bel modified yhe
conputer, capturing the tailgating vehicle on the video, or activating a

sound al ar;ﬁ'ﬂovﬂéhﬁg RIre&g8fiohAY AipeNaPaydrgst af wfifdrebessiioRs tdrenuRR@onic
counting systemihat is accurate and sinple to install. Because the system

f th t bi [ ' t o, 1l .t h [ I tect |
Systoms, " faoss BHEe) Rl Tt T 4 b, il ST A CRR vRESERILc
i nvention has been described herein wth specificity, it is not confined to
the det ai | SOHKHWAVERI Wil Peiegaeiated aiwolifarenideighs relativede giovRdn ok

scope of the appended cl ai ns. 11 CLAIMS 1. A systemfor detecting and

counti ng vexamples twbaidditionairbers) gvithhiheugima caetiottiormnag baes 10 amd thvedn ng
direction, said systemconprising: at |least two infrared sensors for

detecting f i ] TR ] f
ravel | ohed TaRaraRE O b o0 A A oAb B oA ol
the traveljng direction within th? etection zone, at |leagt two ultrasonic
sensor s { of UGt el F4aMhEn Erengematoine YRParRATS Wb Bpetate 1 fe SrmeaBanNe!
sensors bei ng nounted above ground and within the detection zone; a

control | eragtheplowdriars 16 andf ttred sensors and the ultrasonic sensors for
processing the signals received fromthe sensors and differentiating a

movi ng vehi cl e ThEMPAREIsaARGy Dged M &6 Fresiéwﬂ ifveP@BRtieh thesugrryBamgphe
nunber of detected vehicles. 2. The systemof claim1l, wherein the infrared

) ‘ L . . 4 b
The passaginii! FREAE A 1EREEAEERARRPFnd BERaAR, THY apdfijue) Fofatftes ™
The systemof claim?2, wherein the infrared sensors are oriente

. \ . : dto
gener at e | ARRFI@dReAR it Raslraight kngia thea T%el'\ﬁﬁrr?érgﬁenwl't@dpﬁpe?tototth@ bar.
traveling direction of the noving object. 4. The systemof claim1l, wherein
each i nf r aAedwselns @andcldpr FE@s2 alepicikaiinfranedarebms gecerated byt #he infrared
transmtter being operable to transmt an infrared beamin a straight |ine
to the recgsNgdrs 1 and 2. The infrared sensors are oriented to generate infrared beams
that will be broken by a moving object moving in the traveling direction. Line of
sight is blocked if the infrared beam is broken, i.e. interrupted, by a moving
object. The ultrasonic sensors transmit a sound at 90 2 with respect to the bar.
Even though beans L1 and L2 are shown in FIG. 2 as being perpendicular to the
traveling direction of the moving vehicle, it is not necessary for the moving vehicle
to be traveling perpendicular to the beams.
FIG. 6 shows a flowchart depicting the method of operating the vehicle

detection and counting system shown in FIG. 2. When the system is initialized,

infrared transmitter T1 transmits infrared beam L1 to receiver R1, and transmitter



12 5., The systemof claim1, wherein the ultrasonic sensors are positioned
so as to transmt sound wave toward the noving object as it noves through

t he detection zone and to receive the reflections of the sound fromthe
novi ng obj ect. 6. The system of claim57 wherein at | east two ultrasonic
sensors are positioned on opposite sides of the detection zone so that they
will transmt sound waves toward the noving object in opposite direction to

each otherry t??ngrlﬂﬁs%(ﬁér%@ arh! 13 8 b eiwrtﬁi@r%{&ﬁma é)ﬁét@ﬁx 's(if\)an’?‘i |%rs§étebar
supporting a first housing at one and a secdn ousIngs a% he ot her ‘end,
each of sai st _and second housi ngs, cont ai ni one of the infrared
transmtt 395 ‘@ﬂ%ﬂ 2 PRVINg %@P@%@gm@ﬁgﬁ\h@%%@?ﬂ%aog%c%%l oﬁﬁgfﬁrﬁes,
said third housing containi ng one of the ultrasonic sensors; and (b} a
second bambe&ippdranchyawifl e brokesuflish g Depeodingeon verich &eant ishbrakes firgt, at

t he other end, each of said fourth and fifth housings containing one of the

infrared tleselireetion oiite ansving objestsddtobdiei®eminee AstebM @nangidyiskem
housi ngs, said sixth housing containing one of the ultrasonic sensors;

wherein t ne upt Ladly I o the
directi Onr&%ftér’{rﬁ@%gﬁﬂﬁe&ﬁggpegmggﬁ%@?@fésffaﬁc)ge% ﬁﬁ%ﬁi@%%&g{eﬁ%ﬁgéﬁv#ﬁé atstyst em
of claim7, wherein each of the first and second bars is munted at_a

di st ance SRR 4088 pliPvstheylqgie thatdhe egiact ik pgssiblyqnayingdnSiiagtian &.ambe.

13 9. The systemof claim7, wherein each of the first and second bars is

mount ed omsystemldetatmimedi whethee thbosensgdoobjgct I prdsentsips tae minimwhatine1,
wherein the infrared sensors and the ultrasonic sensors are arranged at

di fferent degiodhtSatSstep Na3. t MRisS¥ YD AMABR UnwdrHEH hofsesMplat tRggetther

vehicles. 11. A nmethod for detecting and counting vehicles that @re noving

t hrough a. tlon zone in a, trayeling direction, said nmethod conprising:
(2 “proj el ISRAE S wochin AT BY.Ae @ nd@ HefLiny SHSURENG,
that the beans will be broken by the passage of an object noving through
t he det ect@ryironsirnt. t ibepainimuseitinge qretiost thiiv myedeterminad bydasswningnaof

t he noving object; (b) detecting the presence of a noving object in the
det ecti on rAgXimumR s@dePspddirof BIhOVIRG vehBe Hylit dpbrobicids thaeddieation 26is.

broken; (c) determning the direction of travel based on the sequence in
e, 4o P HROR ¥ g b Y PALS: KRy e e
o Rl aregdnet TR rovin vehigeuean be%asalimet 16 be’lest TRl 50 RAVAY! fithe e
detected time of the infrared sensor is less than the minimum time t1, the system
goes back to idle state 100. If the detected time is greater than the minimum time
t1, then the system proceeds to step 104 to determine whether beam L2 is
broken. If beam L2 is found to be unbroken at step 104, the system checks beam
L1 again at step 105 to find out if it is broken. If beam L1 is still not broken, the
system returns to step 104. The checking at steps 104 and 105 goes on
indefinitely until beam L1 or L2 is broken. If beam L1 is found to be broken at
step 105, then the system returns to step 103. If beam L2 is found to be broken
at step 104, the system confirms that the object is moving in direction A and the
ultrasonic sensor U1 is activated to measure the distance y1 at step 106, wherein

y1 is the distance between ultrasonic sensor U1 and the moving object as shown



(f) determ ning whether the length of time for the broken beans and the
wi dth of the noving object satisfy the criteria for a noving vehicle; (9)
counting the noving object as a noving vehicle if said criteria are net.
14 12. The nmethod of claim 11, wherein 8teps (d) and (e) are repeated
several tinmes so that several w dth neasurenents are taken, then the
average of the width neasurenents is calculated. 13. The nethod of claim
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beam L1 is broken. If beam L1 is found to be unbroken at step 111, the system
checks beam L2 again at step 112 to find out if it is broken. If beam L2 is still not
broken, the system returns to step 111. The checking at steps 111 and 112 goes
on indefinitely until beam L1 or L2 is broken. If beam L2 is found to be broken at

step 112, then the system returns to step 110. If beam L1 is found to be broken

at step111, the system confirms that the object is moving in direction B and the
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After step 107 or 114, the system follows the flow chart shown in FIG. 7.
At step 115, the object’s width is computed using the formula y3 = d — y1 — y2,
where d is the distance between the ultrasonic sensors U1 and U2, The system
determines whether the computed width y3 is within a vehicle width at step 1186.
If y3 is not within a vehicle width, then the system returns to idle state 100. If y3
is a vehicle width, then the detection timing of the infrared sensors is compared
with a minimum time period t2 at step 117 to confirm a minimum length of the
moving vehicle. The minimum time period 12 is the minimum time that the two
infrared sensors detect a moving vehicle. Steps 116 and 117 are carried out to
filter out unwanted objects such as people or motorcycles. At step 119, beam L1
is checked to see if it is broken. If no, then the system continues to check until
beam L1 is broken. If beam L1 is broken, then beam L2 is checked. If beam L2
is not broken, the system continues to check until beam L2 is broken. [f L2 is
broken, the vehicle counter is triggered at step 121 to count the moving object as
a vehicle moving in direction A or B. Steps 119 and 120 are carried out to
determine the exit of the tail of the vehicle. The system returns to idle state 100
once the vehicle is counted at step 121.

When the vehicle detection and counting system of the present invention is
installed at the entrance and at the exit of a parking area, a parking zone can be
created. By zoning the car park, it is possible to implement a zone-specific
guidance for larger, open-air car park or multi-level car park. This arrangement

would provide a cost effective parking guidance system.
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closely spaced vehicles. Because the infrared beam is narrow, it can detect a
small break between two closely spaced vehicles. The system can discriminate
between vehicles moving at 20 km/hr with as little as 30 mm between their
bumpers. In the past, people have tried to cheat by tailgating the exiting vehicle
before the barrier is closed so as to avoid paying parking fees. When the system
is installed just before the exit barrier, the system will be able to detect that a
vehicle has already passed the barrier, and if another vehicle is detected before
the barrier is closed again, tailgating would be detected. Various actions can be
implemented when tailgating is detected, e.g. logging in an alarm in the
computer, capturing the tailgating vehicle on the video, or activating a sound
alarm.

The present invention provides a vehicle detection and counting system
that is accurate and simple to install. Because the system of the present
invention is easier to install than conventional detection systems, the cost of
installation is thereby reduced.

Although the present invention has been described herein with specificity,

it is not confined to the details and drawings described above but may be

modified within the scope of the appended claims.
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at feast two infrared sensors for detecting the presence of an incoming
moving object and the direction of travel, the infrared sensors being mounted
above ground and spaced along the traveling direction within the detection zone;

at least two ultrasonic sensors for determining the width of the moving
object, the ultrasonic sensors being mounted above ground and within the
detection zone;

a controller coupled to the infrared sensors and the ultrasonic sensors for
processing the signals received from the sensors and differentiating a moving
vehicle from other moving objects; and

a counter for counting the number of detected vehicles.

2. The system of claim 1, wherein the infrared sensors are oriented to
generate infrared beams that will be interrupted by the passage of the moving
object traveling through the detection zone.

3. The system of claim 2, wherein the infrared sensors are oriented to
generate infrared beams that are substantially perpendicular to the traveling
direction of the moving object.

4, The system of claim 1, wherein each infrared sensor comprises a

transmitter and a receiver, the transmitter being operable to transmit an infrared

beam in a straight line to the receiver.
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detection zone and to receive the reflections of the sound from the moving object.
6. The system of claim 5, wherein at least two ultrasonic sensors are
positioned on opposite sides of the detection zone so that they will transmit sound
waves toward the moving object in opposite direction to each other.
7. The system of claim 4, further comprising:
(a) a first bar supporting
a first housing at one and a second housings at the other end, each
of said first and second housings containing one of the infrared
transmitters, and
a third housing between the first and second housings, said third
housing containing one of the ultrasonic sensors; and
(b) a second bar supporting
a fourth housing at one end and a fifth housing at the other end,
each of said fourth and fifth housings containing one of the infrared
receivers, and
a sixth housing between the fourth and fifth housings, said sixth
housing containing one of the ultrasonic sensors;
wherein the first and second bars are mounted substantially parallel to the
direction of travel and at a spaced distance from each other.
8. The system of claim 7, wherein each of the first and second bars is
mounted at a distance above ground on a pole having a height equal to said

distance.
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sensors are arranged at different heights so that the system can detect trucks as
well as other vehicles.
11. A method for detecting and counting vehicles that are moving through a
detection zone in a traveling direction, said method comprising:

(a) projecting at least two infrared beams across the detection zone so that
the beams will be broken by the passage of an object moving through the
detection zone, the beams being spaced along the travel direction of the moving
object;

(b) detecting the presence of a moving object in the detection zone based

on the length of time during which the beams are broken;

(c) determining the direction of travel based on the sequence in which the

beams are broken;

(d) transmitting ultrasonic sound waves towards opposite sides of the
moving object and receiving the reflections of the ultrasonic sound wave;

(e) calculating the width of the moving object based on the timing of the
reflections;

(f) determining whether the length of time for the broken beams and the
width of the moving object satisfy the criteria for a moving vehicle;

(g) counting the moving object as a moving vehicle if said criteria are met.
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14. The method of claim 11, wherein the ultrasonic sound waves are
transmitted by at least two ultrasonic sensors located on opposite sides of the
detection zone, said at least two ultrasonic sensors being oriented so that
ultrasonic sound waves will be transmitted in a direction substantially
perpendicular to the direction of travel.

15. The method of claim 11, wherein the infrared beams are projected at
different heights relative to ground so that the presence of moving trucks as well

as other vehicles can be detected.



