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DESCRI PTI ON VEHI CLE DETECTICN SYSTEM W TH TRANSPONDER

BACKGROUND WO 9B4@R2NVENTION 5 1. Field of the Invention PCTAPIHE754

present invention relates to a vehicle detection system

for detecting

a passage of a vehicle in a non-contact manner, and nore particularly

.to.a vehicle detection system
bet ween predeternined 10 .
usabl e at a ‘parking areéa or &

Rel at.ed Ar 5“59? ?g*hﬁ“gﬂi e ground have been general |y used
@H%ICE% et ection sys eﬁg§or managi ng vehi cl es i nconi ng '

as- 15 a

outgoing a parking area. A detection principle of this vehicl e
detection systemis as follows. Wen a vehicle conmes over a | oop
coil, ap

det ect ed.

this |gducian§§eiaagge

a € mk 20 changes and this change is
§ﬂ8E§§QUR# bgwﬁh% ?Heﬁh?6ONinductance of a-loop coil changes,

Eﬁtq ected to detect that a vehicle is over

e I
the I oop coil, tﬁ 3etect|on signal is generated. A

conventi ongheVgheseRt IBAPEAL ION SHSLHER P 6 W rehilciRe detectionS89¥ee” Fi 0.
In a conventional vehicle detection

9.
1

10

15

for detecting a passage of a vehicle in a non-contact
manner, and more particularly to a vehicle detection systém
capable of discriminately detecting between predetermined
specific vehicles and other vehicles and being usable at a

parking area or the like.

2. Description of the Related Art
Loop coils buried in the ground have been generally used as

a vehicle detection system for managing vehicles incoming

- and outgoing a parking area. A detection principle of this

20

25

vehic}e detection system is as follows. When a vehicle
comes over a lbop coil, a parameter of the loop coil
changes and this change is'detected. For ekample, when the
inductance of a loop coil changes, this inductance change
is detected to detect '_that a vehicle is over the loop coil,

and a detection signal is gemnerated.

A conventional vehicle detection system of such a type is

shown in Fig. 9. In a conventional vehicle detection

capabl e of discrimnately det%®cting
specific vehi cl es and ot her vehicles and being
BRION 2. Description of the

and
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system 100, a loop coil 1 buried under an inftet road of a par ki ng
area forns wogmeEance circuit with a capacitor 102 of peT/IP99/01754
self-oscillator 101 which oscillates at the resonance frequency of
the resonance circuit. An oscillation output 5 of the self-oscillator 101
I's supplied to a frequency discrimnator 103 which generates a
d.c. voltage corresponding to the oscillation frequency of the self-

osci | | at orsy9tiem ALQAO0 c. a vbbopgeodlt pubiiried whdetr egudmdet roadliafrad ni nat or
103 is supplled to an A/D converter 104 to 10 .convert it into a digital
‘signal . Tpaxkingiacea floymd a resonancespireuitowithk gnicapacitanslohi ch
conpares it with a redeternmned threshold value to detect the

vehi cl e. - of a sekfrpecikintor 10k sthich\agciliatesnat fhe fesc‘:m?‘}‘?ﬂjuct ance
15 of the_loop coil 1 |owers because of an edd curr nt | 0SS

vehicl e boWW?’ﬁé%sﬁ?l%ﬂﬁW’?‘?%ﬁw osci ‘f°‘b&*"‘m‘%ﬁ or 101
shifts hi ghe fre n Ther ef ore, an_ out put_of the A/D
conver?er t154 ﬁﬁiftﬂﬁcgf]e’a%'g’ﬁr 0 & va?‘tﬁ?f’ﬁi &ont’ olqrﬁq‘ims t hat
t he vehi clglébr%&né oV e 0t3he |828FCOI| eran gegerages. | A

det ection Sl gna In response o tITERM ¢l e®det BT |on si'gnal, a

ticket ven,_c_l‘gi.,ﬁ Al od i d é ilﬁ’ti Hi tf’%?? pat £.0 issue
a parking ticket, ?Pﬁ/ﬂeﬁt e pgr 6 tic eﬁc&' plckgg y t he
driver, a Gé‘éxﬂféﬁofl 161 0Peged., c.25olltaghh'o%t%'%n‘iiomv%e0|ﬁ$edﬂ&%§ ng and.
out90|ng t he parking
discriminator 103 is supplled to an A/D converter 104 +to
10 convert it into a digital signal. This digital signal is
supplied to a controller 105 which compares it with a

predetermined threshold value to detect the wvehicle.

When a vehicle A comes over the loop coil 1, the inductance
15 of the loop cpil 1 lowers because of an eddy current loss
"by a vehicle body and the oscillation frequency of the
self-oscillator '.101 shifts to a higher frequency.
Therefore, an output of the A/D converter 104 exceeds the
threshold value. The controller judges that the vehicle A
20 is over the loop coil 1, and generates a vehicle detection
éignal-. In response to this vehicle detection signal, a
ticket vendor 2 and a car gate driver circuit 3 are
operated to issue a parking ticket, and when the parking
ticket is picked up by the driver, a car gate 4 is opened.

25 In this manner, vehicles incoming and outgoing the parking -
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are nmanaged. The frequency discrimnator 103 is realized by a ratio
det ector orwowo/d3ade. It can al so be - realized by a fr XgT&Rey01754
counter. In this case, the AID converter 104 can be omtted and the
count of the frequency 5 counter is directly supplied to the controller
105 to process it. Charged parking areas include a tihe

chargi ng parking area whi ch charges in acc rd,an*c.e.wi g_h tggq:gpar.ked tinme
and a 10 mh?igc'&md-‘charﬁ}%gfg‘%%%r LSHRTBARRERT r actd &Y -a

provi de. oRARY HeehTRac T IRPST oo afre LUt Tl R gafl AIFOEEY g
areas have pRace i.n the parki f og_al ] hi S a0
persons in S aglrlgzéa%ofb’f h3 f%gqhﬁggk'i "ncé’ ueﬁee?’t o] grel bdg(r}'\lége% o&; ELSSuAé’h

Cobi ned pAIAG-ALIDAPEAN HE SREVECESaRE Ghd/Idinft of tHeAiEeBelidy)

driver of a specitic vehicle su contracted vehicle and a

vehi cl g asgRpuiriledd Y&t ddfet13P. fagkﬂaa aE§a .t dcahtL¥i Dert hEDSIr ipeer to

freely come in and go out” o e parking area. Although such a card is
used - PRoUed Wy inserting it into a ticket vendor or a fare
adjuster, there is a card of a different type whose contents can be

read while the driver holds it up in the 25 vehicle. A parking area
i n/ out managenent system which - 3
Charged parking areas include a time charging parking area
which charges in accordance with the parked time and a
10 monthly contract charging parking area which contracts on
a month unit basis. Most of large time charging parking
 areas also provide monthly contract charging. Almost all
such combined parking areas have a space in the parking

area for allowing vehicles of persons in charge of the

15 parking area to be parked.

Such combined parking areas provide services of giving a
‘card to each driver of a 'specific vehicle such as a

. contracted veﬁicle and a vehicle associated with the

20 parking area, and allowing the driver to freely come in and
go out of the parking area. Although such a card is used
geherally by inserting it into a ticket vendor or a fare
adjuster, there is a card of a different type whose
contents.can be read while the driver holds it up in the

25 vehicle. A parking area in/out management system which
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all ows both-types of cards has a non-contact card reader. A

non- cont actygahahdes Called a transponder of a non-contact PCTAP99/01754
di scrim nation systemwhich is forned in a card shape. 5 A vehicle
managenent system of a parking area using both a vehi cl e detection
system and a non-contact card reader is configured as shown ‘’in Fig.
10. Fig. 10 shows the parking . area inconmng side. As shown in Fig. 10,
-this syst abliows botlcongies Weccards has-gononecontadts candr readeRi-th a
card 10 antenna 106, a vehicle detection system 100A with a | oop . :
coi'l 1A . & nookepntactocazd iscealled & drtangpenderh@f a nopnePRERCEeh cl e
detection system 100B with a |loop coil_ 1B, . all hein onnected to a
“control | edikgaAmimatfiorp Exstem which g Lommed in @m‘ﬁ?é‘g $MSam si de of
the inlet road of the 15 parking area. The vehicle detection systens
100A and 100B have the structure sane as the vehicle detection system

100 h in Fig. 9. Wen th troll 05A _det : :
Vehi cif canSShirke MARAGSRPRILAYSEAR Bf G, #RRIERY AECR LRAPY BotR, 2 o
and car gate driver 3. ., After the ticket | . .SS - e 41is
opened. gWFg’h‘"E% ‘i%"fﬁ?"b’r?’érsﬁ% and ad’él?ée ég‘{:ﬁg? Fﬁgdvgﬁggﬁgg?&ms l)ver
the |l oop coil 1B, i I t carg:gat e hieO he car
gate 4. P °°nﬂ1ﬁ1'g$‘iarﬁ nsghoé'%{e)g'ngut %ét'rlg"de X °s?' rngcgth &r%resd?tih% gssk?‘%?lgtar

panner excehls tdtohiifgt LEKE! VRRIUhdwh &P REGY DY, athikesystemadisuster. -
constituted of a non-contact card reader 107 with a card

10 antenna 106, a vehicle detection system 100A with a loog
coil 1A, a ticket vendor 2, a car gate driver 3, and
another vehicle detection system 100B with a loop coil 1B,

all being connected to a controller 105A and disposed in
this order from the upstteam side of the inlet road of the

15 parking é.rea. The vehicle detection systems 100A and 100B
- have the structure same as the vehicle detection system 100
shown in Fig. 9. When the controller 105RA detects that a
vehicie comes over the lobp céil 13, it operates the ticket
vendor 2 and car gate driver 3. After the ticket is

20 issued, a car gate 4 is opened. When the controller 105A
detects that the vehicle comes over the loop coil 1B, :i.t.
operates the car gate driver 3 to close the car gate 4.

The parking area outlet side.is structured in a similar
manner except that the ticket vendor is replaced by a fare

25 adjuster.
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However, although it is convenient if such a conventi onal non- cont act
card readeWO9983g#620vi ded in combination with an i ns eGR4
card reader, the conventional systemis associated wth sone

probl ens. One problemis that a 5 driver is required to carry a card
and hold it up when the vehicle cones in and goes out a parkfng area.

If th dri ld th d d | h

vehi cle colleBegFEr. AIPASEE idoits RYEHIRE Lf otk Aoroivartibass.
ki ticket h dt

DN g peu R -eRmtat fazd Sreés‘é%ﬁifdg%v‘iﬁéﬁheﬂcg?ﬁ%b&%%‘% O

the card rg gﬂ%&utoﬁe gfg frd redded! | QiRA Lsnsgﬁﬁl#,a?ih% & &l ngsar ea,

and t he par §o88ce Testied beconss wast e er problem

fss%%l k{qaga&wﬁr 'ga?g jeh€. | NhpRbt ‘iﬁ'dﬁlén cged that 13
t y tronmi

transferre to a I rd part ts owner. Anot problemis that

if a ngn- copliyel YShirelgidedC Fcbnbaew a cards }éﬁheﬁbnfal ¢kt dpSaheh thkes
vehi cl es from vehicl e nunbers by using inage recognition techniques,

i s used, tRRHIVIY dcomes HAStad agbes Akt t aoparkinigr aedaand Thethgstemis
20 expensi ve. Some non-contact card readers utilize radio waves,

wher eas drivichcrdoes i hoze halghethe  idaxidisup  inddveirtentdyf camdr these, a
read performance is deteriorated by 5
vehicle comes over the loop. coil, then the ticket vendor
issues a parking ticket. Even in such a case, the parking
- 10 area is required to be managed so that if the driver holds:
the card up thereafter toward the card reader, the vehicle
is allowed to come in the parking area, and the parking
ticked once issued becomes wasteful. Another problem is
that an illegal parking cannot be inhibited if a card is
- 15 transferred to a third party from its owner. Another
. problem is that if a non;contact vehicle discriminator
system which discriminates vehicles from vehicle numbers by
us;ingr image recognition techniques, is used, the camera
installation position is limited and the system is

20 expensive.

Some non~contact card readers utilize radio waves, whereas

others utilize magnetic fields.

25 In the former case, a read performance is deteriorated by
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rains and snows. |In such a case, an antenna cannot be buried in the
ground, but wd od/gaegg0unt ed above the ground. There ar ipgagpbbyeref or e
a problemthat dust-proof and r obbery-proof of an antenna is
necessary increasing the 5 cost. |If a non-contact card reader utilizes
m crowaves, it is necessary to nount the antenna at the position
where a stabl e read operation is possible in terns of radio wave

- transm ssi eaipisarand eshewscs, Ihusugbsiangasey oghepndenna  cannofobet i on
limtation., Further, in this case, a transponder = 10 cannot be npunted
under t he pumieds ipodhe [ground,i dufpukk cbs mounted aboye i thar gxpundef fhe
vehi cl € body thus degrading the - decqrative performance qQf th
vehi cl e'bo&%\erﬁ sﬁri‘-ﬁésnoﬁgerEf°re dnERILIER § ti@%depuﬁFFPF?P g AP€rowaves
I's associated with Pone probl ens {hat the trans onderzﬁggutées a

r

battery asTOPPEXY-progf,9f ;8 APLENRY 18X PEFESFATYnSNFRR2S Ber is

_ ir t [ th del t Is . : ' t.
| thed a GEFtastE 2 HOmEER TS dent apten gt L pe i crowayess kT C"
coupl i ng Oﬁs”%%%‘és%gﬂ‘%cwo%t ffénd 4€%he positPSh'GhARACE IS not
af fected by rains and“snows, an antenna can b %urle I'n the ground,
- dust - proof ARdePRRGld - di&tion is BbEsiBleNAnCHEmMs ¥0rdalsanapander

can be mounted conveni ently under the vehicle body. The distance
between  tifanshii®shion diitttdmiE¥ashk Untkast pesiagi & piuklemnest Be
position limitation. Further, iﬁ this case, a transpbnder
-10 cannot be mounted under the vehiclg‘body, but it is mounted
on the front side of the vehicle body thus degrading the
decorative perfo;mance of the vehicle body. Also the non-
contact card reader utilizing microwaves is associated with
some problems that the transponder requires a battery as
15 its power source and is expensive and that the reader is
: required to receive the model acceptance as a radio wave

equipqent.

In the latter éase, the non-contact card reader utilizes.
20 magnetic coupling or magnetic induction. Therefore, a read
performance is not affected by rains and snows, an antenna
can be buried in the ground, dust-proof and robbery-proof
are not necessary, and a transponder can be mounted
conveniently under the vehicle body. The distance between

-25 the transponder mounted under the vehicle body and_the

6
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antenna buried under the ground is approximately a di stance bet ween

t he ground smobersmsand t he bottom of the vehicle . body, PEr/IFveio1%s
stabl e and | ess-variation read performance I s possible, and the

decorative performance of the vehicle 5 body is not damaged. Furt her
w th magnetic coupling or magneti c i nduction, the transponders i s not
necessary to use a battery, and the reader is not required to receive

the- maRdienna: byriedo undey thei gropnd isApprorimatelyeadistance t he
latter case, the frequency range used by the card 10 reader is several
tens kHz tPeIHREY the grevrdypurfacg. and the HEERW efhtbeyyabhiGle ne
vehi cl e detection systemis ener.ally severgl tens kHz to several

mandr eds. KEPHarsd Fhat a Sehle, $od dass-yar o aon. Epd BREEORRERED | he

I nduct ance of,.t.he | o oi |, i s ahqut several tens rt]H to . several '
15 hundr ed RAS§ikle ftg}ee,dec[q;& V& ipggomlg%ﬁgrtg&gegxc ®robl em
t hat t nQ-£ONt ac ar rousi gnet,i.c upl.ing,9r _magnetic
I nduct ir}'gn ?rll)ﬁ h}égv;e’ﬁ%clée;"{(?é%gﬁ‘t [ o%wgh@sfsﬁté‘m%%%ff e°‘a‘sf§é‘%9 the sane

time. = 2Qg {nduckfon, A tibnspondLl 13 Q@%&Dﬁa&%]&%ﬁu@&sem

i nvention to provide a vehi c ctron systemca el ng

applied tog p pcl e ts f s Ll h ' p | ng
area whi ch E'Lchaartg:j‘%és\ia"l*n g%gg?ggngga\%ie?ﬁ J'tsﬁgwp%rﬁée t%éré‘re‘gﬁt ééggaggl ?‘{)ﬂ@ for a

; onbi ned it HEcdptdid) asi£xraddd Gbave equipment. However, in
| the latter case, the frequency range used by the card
10 reader is several tens kHz to. several hundreds kHz. The
freqpe_ncy range used by the vehicle detection systeﬁ is
generally several tens kHz to several hundreds kHz near to

the above-described frequency range because the inductance

of the loop coil is about several tens pH to several

15 hundreds nH. Therefore, there arises an interference

- problem that the non-contact card reader using magnetic

coupl:i'.rig or magnetic induction and the vehicle detection

system cannot be used at the same time.

20 SUMMARY OF THE INVENTION
It is an obj ect of the present invention to provide a
vehicle detec*l_:ion system capable of being applied to
vehicle management not only for a time charging parking
area which charges in accordance with the parked time but -

25 also for a combined charging parking area which
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I ncorporates both the tinme charging and nonthly contract - charging, by
provi di ng i tact. vehicle discrimnator Syst em Upgvhingd

magneti c cg‘ﬁ’%ﬁgﬁg&gr ~magnetic induction. 5 .According to %ﬁtbﬁ%bgzy
aspect of the vehicle detection system of the invention, a vehicle
detection systemfor detecting an arrival of a vehicle in non-contact
W th the predeterm ned vehicle conprising;, a first inductive el ement
for functiiocorpaatesinsothtthg tither abanging nesdsmanthilyt cobdraeghi cl e
detecting circuit connected to the first inductive el enent, and a

t r anspondeghangiried hyn proywiskiag: mrineaccontacte vebliigle discriminatioar nation -
which identifies t he predeterm ne vehicle, perjodjcally activated
by a magnesystem utiligingimagnetic fgoupling ax magnetipdndugionres, 15
periodically transmtting the stored information to the first vehicle
detecting circuit via the first inductive el ement, wherein the first

hi cl e detecti ' ' . iodically-stigulates,t first .i,nducti
oot 1 Recordfhd 560 the, £iBRE, Bonat tof| B8 ERHTHG. AERAt LG 0
duri L mul ati iod f the fi i nd ' ] It
during o SHRb bR SR AR dLe {1 LA A U Bl Rl 4TS 1S
first !ndt@w&ﬁ%@taﬂﬂ\;{g 8¢ a vell813! LAVLALL REAREEROG bR e first
i nductive el enen en e transponder nounted vehicle has enter into

| -g speci T i Gfredetedhfifed Vell3A¢ bBapkisihg’;"dUEir £t GHdict AR dilttmeiy St

for functioning as transmitting and receiving means a first

10 vehicle detecting circuit connected to the first inductive
element, and a transponder mounted on a predetermined
vehicle, storing information which identifies the
predetermine vehicle, periodically activated by a magnetic
‘field which +the first inductive element generates,

15 periodically transmitting the stored information to the -

- first vehicle detecting circuit via the first inductive
elemeqt, wherein the fii:st vehicle detecting circuit
periodically stimulates the. first inductive element to
generate the magnetic field, <+the <transponder activated '

20 during a stimulating period for the first inductive element
transmits the stored information to the first vehicle
detecting circuit via the first inductive element during a
‘non-stimulating period for the first inductive element when
the transponder mounted vehicle has enter into a specified

25 area arranged the first induct element, and the first
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vehicle detecting circuit detects the arrival of the pr edet er m ned
vehi cl e by wigbgeasgdre recei ved i nformation _ fromthe tr apcapsrmoo1754 5
According to the second aspect of the vehicle detection system of the
i nvention, a vehicle detection system conprises: an inductive el enent
nmount ed at a predeterm ned position; a transponder selectiveély nounted
en a vehicle, the transponder storing information indicating the
vehicl e Mehigdent detgictinghecirsndfondetecssy phedamriiaked afehitdiee;
and a first vehicle detectjon_circuit for magnetically, coupl,ing the
i.nduct i ve Ruedaterninad ; vehichec by n3singg the rogeived.informatiam enters
a predeterm ned area in front of the inductive elenment, and receivin
“the infor fR9Fhe tTanSPANASL, ( he transponder to detect that the -
pr edet er m ned vehicle enters the predeterm ned area. I nrthe
vehi cl e detection systemof this invention, when a vehi cl e nount ed
with trgnspo r_epie a predetern ' eg i o] [ 4ls
e ve RRRRS ¢ he  Ihel SHAE ChRRREY of il Mhchic)l Herdlorith
‘magnet i cal pl ] S TH R , ed YR O din
the transpé%sdtgdiyi soefrje\zg%i%y !g%ifr?:!{"fi rast v\/ééﬁ'?:g'lté; g(ﬁ?{aegl on c% curt. In
accordanC%amrgﬂs s: dSdditkivi YIGHdiY) mdunted RASY Pradetedfiisea that a
25 predeter necF vehicle enters the predetermned area in
9 position; a transponder selectively mounted on a vehicle,

D)

the transponder storing information indicating the vehicle
10 mounted with the transponder is a predetermined vehicle;
and a first vehicle detection circuit for magnetically
coupling the inductive element when the vehicle mounted
with the transponder enters a predetermined area in front
of the inductive element, and receiving the information
15 stored in the transponder to detect that the predetermined
- vehicle enters the predetermined area.
/ . _
In- the vehicle detection system of this invention, when a
vehicle mounted with a transponder enters a predetermined
20 ~ area in front of the inductive element, the transponder and
inductive element are magnetically coupled with each other,
and the infom?tion stored in the transponder is read by
the first vehicle detection circuit. In accordance with
the read information, it is possible to detect that a

. 25 predetermined vehicle enters the predetermined area in
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front of the inductive el enent. Si nce magnetic coupling is used,

. the transp r n. be made conpact and can be nounte e
vehi cl e bogeﬂﬁgBag that the decorative performnce of the vgﬁ?@P%hB%%y S

not damaged. Further with nmagnetic coupling, it is not

necessary to receive the nodel acceptance as a radi o wave equi pnent ,

and the transponder can be nade inexpensive. As conpared with a

non- cont agrofidl 6£" €RdeindGEOgvel 61amexnes, 10 the transponder is not

necessary to use a battery, and is nore i nexpensi.ve.

. Furthernore, since magmatic coupling is utilized, influence + by rains
and snows is not present. Since the inductive 15 -elenent can be buried

" in the grSinde magneticoctouplihg is usiedsr ythe otfansponderncaasskey. The

transponder can be nmount ed conveniently under the vehicle body. The

di st ance made gompect and canndeomoanbedyingdenthe vehdalehihody beely and

- the inductive elenment buried in the ground is approxi matel 20 a distance
" bet we@n t kBagr 6bﬁdd§gwatevanaeﬁmﬁewﬁftlme'vehicl%éﬂmér ARt so that

a stable gnd | ess-variation read perf.ormance_i,s possible, and the

decor at i v8aBaPegr pandiigther  with, o FPUPLingy gitmgt®. POt25 |n
~the vehigle detec%ion SXStGQL th first _vehicle . '
10 necessary to receive the model acceptance as a radio wave
' equipment, and the transponder can be made inexpensive. As
compared with a non-contact card reader using microwaves,
10 the transponder is not necessary to use a battery, and is

" more inexpensive.

Furthermore, since magmatic coupling is utilized, influence

by rains and snows is not'present. Since the inductive

15 elemenf can be buried in the ground, dust-proof and
" robbery-proof are not necessary. The transponder can be
mounted conveniently under the vehicle body. The distance
between the transponder mountéd under the vehicle body and

the inductive element buried in the ground is approximately

20 a distance between the ground surface and the bottom of the
vehicle body, so that a stable and less-variation read
performancé is possible, and the decorative performance of

the vehicle body is not damaged.

25 In the wvehicle detection system, the first vehicle

10
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detection circuit may tine divisional supply the transponder with
an oper ati woesusx6p/ t hr ough magnetic coupling with the PCEHIPHDITAGr , OF
may perform a supply of an operation energy to the transponder and a
reception of 5 information fromthe transponder; and the inductive

el enent I's used for both the supply of the operation-energy®and the
reception_ of the. .infornmation. In this, case, _the t ransponder

i s not ne9€§§5ft}°f‘o USEEGUEL { My asté"‘ﬁomeqi"ism%%’ur cé“Pi’H'é' t h&BBnduct i ve

el enent c n be effectlv?e_z%ﬁ used 10. i.,n commbDn ehi cl e
e

det ection’ § FOSRAPAEY 4 ra’borﬂﬁ%rsaérs"“&' SEOSTFY thr?&ﬁ clﬂaﬂﬁF&’fFl on

t al | | t h duct | t_f det
E'rregg'nce"%?“?&&@ﬁ i 4R ] @Pﬁ%ﬁ’é‘ﬁfah&%u@%a'ﬁ%e £ e Sepfkog 10 °
h | d
S e A AT Sl g 0
det eclg Onlﬁ'fb 1b§1 £ £ ot dgg%&g%s' b Eﬁe induffi& teigﬁ% ngot only

a vehicle nmounte a transpon 0o a vehicle wthout a

transpondgg ﬁQ&BSf_Bi‘%o-El'i'ethe su p’%ﬂ(ﬁf Ve bpeRaitioh! ehérbﬁ}e&ﬁﬁoi:ﬁe
convenient that this vehi cl etection Ssystem can be used by a

conmbi ned petéption ofil céhe NCDAPEIMatIGN DOt h trine WA gi Ggs@nd enat hly

contract: charging. 25 WO 99/ 53462

PCT/ JP99/ @tabéponder is not necessary to use a battery as a power
source, and the inductive element can be effectively used

10 in common.

The vehicle detection system may further comprises a second
vehicle detection circuit magnetically coupling the
inductive element for detecting a presence of a vehicle
15 over the inductive element in accordance a change in an
- electric parameter of the inductiQe element to be caused by
the vehicle on the inducti.ve element. If the second
vehicie detection circuit is provided, it is possible to
detect that not only a vehicle mounted with a transponder
20 but ‘also a vehicle without a transponder comes over the
inductive element. It is therefore convenient that this
vehicle detect:i_.on system can be used by a combined parking
area incorporating both time charging and monthly contract
charging. |
25

11



The second vehicle detection circuit may detect a presence of, a .
vehicle in accordance wth a phase of an output signal obt ai ned

t hr ough magﬂ%;/f“gpupl ing with the inductive el enent IFe6hPRE 2

change in the electric paraneter of 5 the inductive elenent froma

vol tage charged in a capacitor and detect a presence of a vehicle in

accordance with a phase of the charged voltage, or may detect a

presence of - a vehicle in accordance with a level of output voltage

obt ai ned trived seitoid) Pehicleo dpiteegiont kirkaiitnfkgt detectOa presente As

above, = various detection nethods can be sel ectively used and an

appl i cati of B wvehiclet hhsasgetdance withe [phiaseadeaadoutput sigrRakF

DESCRI PTION OF THE DRAWNGS 15 Fig. 1 is a blaock diagramshow ng the

struct ur e obftagned thrpughe magneticon cyupbimacouirth ngbeo indugbddenent of

- the invention. Fig. 2 is a schematic diagram show ng an exanpl e
of a 20 elemente mawmtdeteqt R change pindtheoeleqtrienparangtescefon

system of the enbodi nent, Fi gs... 3A to-3D show waveforns illustrating
t he 0|§er aftih$n igductive glepept fEofA e‘é‘ﬂ'@ﬂg%ﬁaé?ﬁ%’f imn@ eapBeEiteRt. 25

' I%’éT/ P99/ @R A/g?tegcg 524-%%es.ence of a vehicle in accordance with a
phase of the charged voltage, or may detegt a presence of .
‘a Vehiéie in accordance with a level of output voltage
obtained -through magnetic coupling with the inductive
10 element. As above, various detection methods can be
selectively used and an application field of this system

can be broadened.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a block diagram showing the structure of a
" wvehicle detection system accofding to an embodiment of the
invention. |
Fig. 2 is a schematic diagram showing an example of a
20 vehicle mounted with a transponder of the vehicle detection

system of the embodiment.

Figs. 3A to 3D show waveforms illustrating the operation of
the vehicle detection system of the embodiment.
25
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Figs: 4A and 4B are diagrans illustrating the operation of t he

vehi cl e detection system of the enbodi ment. Fig. 51s a schematic
di agram i | IMQPP/E¥M6Hg a parking area 5 nmnagement system UEW@PSPWUS"
vehi cl e detection system of the enbodi nent . Fig. 6 is a
flowchart illustrating the operation of the par ki ng ‘ar ea managenent

system using the vehicle detection 10 system of the enbodi nent. *

Fi 7 i . Cecti
S;gtem :'vlicorg%(r)ngk‘?o R B 00 A [l s LI HG St e opdILELE 8P Lecti on
|s a blockefeageRit 38046 c%f@nséﬁgféﬂréfo-ﬁhé embodifiBhgl e detection system_

according to another nodification : enbodi nment . 20 Fig. 9is
a bl ock diagram showi ng the structure of a conventional vehicle
detection system -~ - Fig. 10 is a schematic diagramillustrating a
parking arpgg. 5 isaaammaﬁbsmwg.nmfsm&ﬁm@rpdrwﬁtg&ﬁea
detection 25 system WO

99/ 53452 management system using the vehicle BG‘t'bd:E&&hOé?E#em of the

embodiment. .

Fig. 6 is a flow -chart illustrating thé operation of the
parking area management system using the vehicle detection
.10 system of the embodiment.
Fig. 7 is a block diagram showing the structure of a
vehicle detection system according to a modification of the
embodiment. _
15
. Fig. 8 is a block diagram showing the structure of a
vehicle detection system according to another modification

/
ofr_ the embodiment.

20 Fig. 9 is a block diagram showing the structure of a

conventional vehicle detection system.

Fig. 10 is a schematic diagram illustrating a parking area
management system using the conventional vehicle detection

25 system.
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS An enbodi nent of.a
vehi cl e detection system according to ‘the invention will be

described. woobysadgz 9. 1 is a bl ock diagram show ng the strucgey/sroior B4
vehi cl e detection system according to an enbodi nent of the i nventi on.

The vehicle detection system of the enbodinent is 10 constituted

of a vehicle detection circuit 10, another vehicle detectiort circuit

40, and a controller 60. The vehicle detection circuit 10 constitutes

- a non- contRRRAILED DESGRIRTIAN OF FHFRRREEFRAED BMRODIMENTS) buried, for '

.exarrpl e, under the parki ng area |nI et road. The vehicle 15 _detection
g

Circuit 10ncemhediment spfigas vebisleadetechian system | 3gEoEding 1 tong o

transponder 30, that a vehj such as, _.a nont hly contract vehicle cones
ovei’ the 8% inyenti °nTH‘E"C1% ?ﬁw%ﬂcre detection circuit 40 has a

coi-l 50 magnetically coupled to the loop coil 1, and detects from 20.
a conbi nation of the | oop coiI 1 and coil 50 that a vehicle such as a

time cgtar géig’t vghlfsle 2SCWES .%%A__oggog?{%é Fttld +8& orglange with

vehi cl'e det i On srgnals ou etection circuits

10 and 40,@#}%@@4@&&%&% stem YdetrHithd ﬁ% &ﬁuﬂéﬁ&m@?& dfCqhegat €.

driver. transponder 30 1s nounte nder a burrper of a vehr cle A
14 - 9/ 53462
PCT/ JP99/ 01754

The vehicle detection sy-stem. of the embodiment is _
10 ° constituted of a vehicle detection circuit 10, another
vehicle detection circuit 40, and a controller 60. The
vehicle detection circuit 10 constitutes a non-contact
vehicle discriminator with a loop coil 1 buried, for
example, under the parking area inlet road. The vehicle
15 detection circuit 10 detects by using a combination of the
- loop coil 1 and a transponder 30 that a vehicle such as a
monthly contract vehicle comes over the loop coil 1. The
other vehicle detection circuit 40 has a coil 50
magnetically couple_d to the loop coil 1, and detects from
20 a combination of the loop coil 1 and coil 50 that a vehicle
such as a time charging vehicle comes over the loop .coil 1.
In accordance r_nith vehicle detection signals output from
the vehicle detection circuits 10 and 40, the controller 60
drives a ticket vendor and a car gate driver. The

25 transponder 30 is mounted under a bumper of a vehicle a
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such+as a-.parking area associ ated vehicle and a nonthly contract

vehicle, as shown in Fig. 2. ’ The vehicle detection circuit 10 is
constit ut edWOf99434625 reference oscillator 11,  a frequenBGTAIPRNOIZ
12, a calculation unit 21, an AND gate 13, and a power anplifier

14. The frequency denultiplier 12 receives an oscillation out put from
the reference oscillator 11 and denmultiplies the oscillatidn

frequency hlip do 6oL arks SassBifibel Uebdlil tand N fidhHlY T on

unit 21 recerves t e refeérence odcillator

11 to out gy d%§[§H aso to output a high potenti al
trac arge perloch#‘ e trans

output during a c ondér 30 (i. durign an
acti-vation period for transponder 30). The AND 15 gate 13 outputs the
~dermul tipliéd output fromthe frequency - denul tiplier 21 when both the
demul ti pl ifage OveRY 1kl OgtE8tion cir@eienqw degul éomstLtutdd asE t e charge
period high potential output fromthe calculation unit 21, are input.
The p@rer refidvdricy ldsqilatarpl1l) esaantpagnencel 8ieiddd 2@,gale. An
out put of the power anplifier 14 is supplied to the | oop c0|I 1.

The vehi clealstlecticm wiiic (Bl, B MY gateel3comnd aupeverf amplifisr
capacitor 15, a resistor 16, a limter L, an anpllfler 19 25 and a
denmodul at drd« 2(The fnmﬂemulﬁnlgezsérz Felcpives an osciidasddon3462

PCT/ JP99/ 01754 connected to the loop coil 1 to constitute a
seri al output from the reference oscillator 11 and demultiplies

the oscillation frequency into a frequency of, e.g., about

10 100 kHz. The calculation unit 21 receives the oscillation
output from the reference oscillatoi 11 to output a
calculation output and also to output a high potential
output during a charge period of the transponder 30 (i.e
durign an activation period for transponder 30). The AND

15 gate 13 outputs the demultiplied output from the frequency
. demultiplier 21 when both the demultiplied output from the
frequency demultiplier 21 and the charge period high
po;enéial.output from the calculation unit 21, are input.

The power amplifier 14 power-amplifies an output of the AND

.20 gate. BAn output of the power amplifier 14 is supplied to

the loop coil 1.

The vehicle detection circuit 10 is further constituted of
a3 capacitor 15, a resistor 16, a limiter L, an amplifier 19

25 and a demodulator 20. The capacitor 15 is serially

15



resonance circuit. The limter L conmprising of the resi-stor « 16
and inversely connected parallel diodes " protects the succeeding
circuit bywo oddssgrg t he out put 5 voltage |l evel of the segTAlPIY/EISaANCE
circuit. The anplifier 19 anplifies a discrimnation informtion.
out put,. - e.g., FSK nodul ation signal, supplied fromthe transponder

30 viathe limter L and a capacitor 18. The denodul ator 20

denpdul ates. an output of the anplifier 19.  The 10 .calculation unit
21 al so r eesngsted dsapdthet ilnepucedd 1 tof aomstitukeneul sesiako and
processes the denodul ation out put such as.an error_correction process

7 and a decé@%?@ance cﬂFSé‘é§s to T‘E‘ng‘-’oﬂ\’éﬁ%r L' ) SoMPEESingh a O onthe

information cates that the vehicle is nmont h on t vehicle
or 15 arﬁzﬁ"ﬁ E‘@a Andciinerrsely ol %°m‘e‘|’1‘e‘?hep§€ﬁil¥?§ i 8 '

: t hi t t I Ki hi. cl
T b Cosates ThE! il PPrELEE, %%fgfmiggngheﬂteoﬁaﬁv . 60,
200 T t d 0 t t 32,
di oder%B @&3%%} i % I "o Onrf@r‘r%ryé% EeCsOI an%é c%n ro CéeroE%GTheThe coi ?

"31 magnet ighlok gqrggeémﬁbﬁfiagpa aiseniififation LRI pitpld,

connect ed to't orma para

circuit. The di e@k Fddudation! b‘lbﬁ%lcuﬁhﬁﬁﬁ.;bﬁd !E%Sﬂ itRet l@%aagg\onaér The
capaci tor 3 99/ 53462

PCg/JP99/ @h?%a the limitexX Bried abycaﬂsacfﬂéfens r ephef deModulaiterdi ode 33
o 20 demodulates an output of the amplifier 19. The
10 calculation unit 21 also receives a demodulation output
| from the demodulator 20 and processes the demodulation
output such as an error correction process and a decoding
process to judge whether the discrimination information
indicates that the vehicle is a monthly contract vehicle or
15 a parking area associated vehicle. If the vehicle is é
- monthly contract vehicle or a. parking area associated

vehicle, a discrimination signal to such effect is sent to

the controller 60.

.20 The transpondef 30 is constituted of a coil-31, a capacitor
32, a diode 33, a capacitor 34, a memory 35, and a
controller 36. The coil 31 magnetically couples the loop
coil 1. The capacitor 32 is connécted in parallel to the

~coil 31 to form a parallel resonance circuit. The diode 33

25 rectifies current induced in the coil 31. The capacitor 34

16



functions.as a power source. The nmenory 35 stores therein t he
discrimnation information indicating whether the vehicle is a
mont hl y coMQ 2¢83462ehicl e or a parking area - 5 associ ated v&HToP01THhe
controller 36 is powered with the charged voltage in the capacitor
34, reads the discrimnation information stored in the nenDry 35
and transmts the discrimnation information fromthe coi

descri bed, earl.ier tr nspond 30 is nfed. L bugper of a
v Ca chazand 8y o the 5 Fase{PHd oy RBR arafie, 45 o |
qﬁgtotﬁef véhlcle det ection C|rcfﬁg cQ tl&aggd é &< +th Qgse
conparatoF“ﬂEt 8ﬁslﬁfe6r398F 43°%R ean X;B Sa erter s? gt V) eﬁﬁe phase
conpar at Olpg2 1§9%§%ﬁ§ﬁgﬁﬁﬂhaiﬁ Bhatibanakna atdHEPUknbEREL! Nenbr equency

denultlpller Int coll 5. This
coi | gas&bﬁa' 3% a moﬁ%ﬂgkr' %ﬂéﬁé@%ﬁi’de okS D Ysd Ak A dgrebne road

near the oop coil 1 and has the nunber of turns snmaller than that 20

of theg | ogeseihteéd vehacial eg'rﬁteoeoﬁ%rbm&r 863 sapBliaged withCeHBarison
out put fromthe phase conparator 42. The A/'D converter 44 A/D converts

t he out puth@kgelie | GbEFageor imndthe &upatieort he34y D q@adw t edheehicle
detection signal to the controller 60. A capacitor 41 is connected in
paral | el ddscZiminbtion |idfbrmaitims stozede ixctthe membryhe3Hhaandof
17 WO 99/ 53462 PCT/ JP99/ 01754
vol tage i teansuiits the ddscriginaddon ieforimetioncfromethe coil 31.
As described earlier, the transponder 30 is mounted under
10 - the bumper of a monthly contract vehicle or parking area

associated vehicle.

The other vehicle detection circuit 40 ig constituted of a
phase comparator 42, an integrator 43 and an A/D converter

15 44. The phase comparator 42 compares the phase of a signal
. output from the frequency demulfiplier 12 with.the phase of

a signal induced in the coil 5. This coil 5 magnetically
coupling the loop coil 1 is buried under the road near the
loop coil 1 and has the number qf turns smaller than that

20 of the loop coil 1. The_integrator-43 integrates a phase
comparison output from fhe phase comparator  42. The A/D
converter 44 A/D converts the output of the integrator, and
supplies the A/D converted vehicle detecfion signal to the
confroller_ﬁo. A capacitor 41 is connected in parallel to

25 +the coil 50 and has a value set so that the phase of

17



the loop coil 1 beconmes nost suitable for the phase conpari sen by-the

phase conparator 42. 5 The controller 60 receives: the vehicle

detecti on WEems462 fromthe vehicle detection.circuit 10por/seenifsom the
calculation unit 21; the high potential signal for opening t he gate of
the AND gate 13; and the vehicle detection signal from the vehicle
detection <circuit 40. The 10 controller 60 controls: to op&n the car
gate w t hout i ssuing a parking ticked fromthe ticket vendor when the

vehi cl e deoddrgen indpeed iip sthe| ceil f Onwhea @ vehinle comes qwer 21;
also to open the car gate without issuing a | arking ticked fromthe
‘ticket vetddgr WeeR (il CPSC"!'&sde’E‘BEgi okt - 5055 kB8 cBPRFBmM t he
calculation unit, 21 and_when the vehicle_detection signal is supplied
from t he compagdgon byydhe: Phase: cOPRAFateT 4%4¢ to operate the ticket |
vendor and car gate driver to issue a parking ticket and open the car
gate after the parking ticket is picked up 20 fromthe ticket vendor when

the Vel chpelSlaall ¥ il 96! rhieives: " the’ Vil [dQERLEEEALERHAL O unit

21 butf” thé vehic ron srgnal 1s supplie omthe Vv Cle

det eCti on gpom eﬁécw&%gggggcwsnp%i%dﬁbi Ezl?t he &1 gh St Nkhal

signal for opening the I'S generat ed. _
18 calcui@ti¥no 384 21; the high_ potential signal for p}:exiing
[

PCT/ JP99/ 01754 In the terns use n clains, the | oop coi
correspondhel Qgate of the AND gate 13; and the vehicle detection
'signal from the vehicle detection circuit 40. The
10 controller 60 controls: to open the car gate without
issuing a parking tickéd from the ticket vendor when the
vehicle detection signal is supplied from the calculation
ﬁnit 21; also to open the car gate without issuing a
parking ticked from the ticket vendor when the vehicle
15 detection signal is supplied from the calculation unit 21
- and when the vehicle detection signal ‘is supplied from the
vehic}e detection circuit 40; and to opefate the ticket
vendor and car gate driver to issue a pai:king ticket and
open the car gate after the parking ticket is picked up
.20 from the ticket vendor when the vehicle detection signal is
nbt supplied from the calculation unit 21 but the vehicle
. detection sign_al is supplied from the vehicle detection
circuit 40 during the period while the high potential
signal for opening the AND gate is generated.
25
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-an "inductive elenment”, the vehicle detection circuit 10 corresponds
to a "first vehicle detection circuit", the t ransponder 30 corresponds
to a "tran3ponYsde and the 5 vehicle detection circuit 40 RAUJRIDUB4t 0 be
descri bed | ater) corresponds to a "second vehicle detection circuit”.
The operation of the vehicle detection system constructed as above
according to the enbodi nent of the invention wll 10 be descri Bed.

I'n the vehicle detection system \I:‘Ft he enbodi nent ref erence
osci | 1 at ort™ they Ws\/é‘ﬁFél injelaips onthe, lopp qoil b °°6~'§'(ﬁ§3°&1 t? a

det d, f h | [ at 15 f th f
beci 11 ot orasn 1 +adg v pifBesiy. i %‘@ﬁ%uéﬁﬂégﬁa%?ﬁﬁﬁéﬁte {0 a

frequency of about a ul Qi vV he _
osci | I at | OT T TSP spu"tmf Pom %“%ﬁs.‘; §P§ cé o"f;‘ec"% T%’l"’j‘g% i'e?'q}a‘}'I control
si gnal sggm A %ﬂjt cygl & w2 a wdth
of about 5 e‘icn'fd:éxtghBa lﬁg;%%% %8 £ t%n@? e%{gh pot%ntla period
~of th g e it 40°f(4ddiE A Pe daiSigy so t hat
a denu tlgf cfjgéurglglteétiagut put j? about( 100 kHz |s suppl [ ed fromthe

-frequency jater fA8dddspldntis 44 40"$860RAVFeh £ET6 Idd tictibnViidedier - 25

anplifies and supplies the anplified power to the serial

19 WD 99/ 53462 _ -
PCT/ JP99/ 01754 resonance circuit of the Ioop coil 1 and capacitor
15. The operation of the vehicle detection system constructed

as above according to the embodiment of the invention will

10 - be described.

In the vehicle. detection system of the embodiﬁent, the
reference oscillator 11 of the vehicle detection circuit 10
oscillates at a predetermined frequency. The oscillation

15 frequency of the reference oscillator 11 is demultiplies by
- the frequency demultiplier 12 to a frequency of about 100
.kHz._ ’ The calculation unit 21 received the oscillation
outpu;t from the reference oscillator 11 supplies a control
signal a shown in Fig. 3A having a duty cycle of about 1/2

20 and a width of about 50 msec to the AND gate 13. During
the high potential period of the control signal a, the gate

.of the AND gatg 13 is opened so that a demultiplied burst
output of about 100 kHz is supplied from the frequency
demultiplier 12 to the power amplifier 14 which power-

25 amplifies and supplies the amplified power to the serial

19



Upon reception of an output of the power anplifier 14, the | cop coi |
1is applied with a high voltage of the output 5 voltage of the power
amplifier 3IgopgisséP!ied by Q of the serial resonance cCigcejpooirsi he

| oop coil 1 and capacitor 15, 'so that the loop coil 1 generates a
magnetic field (that is to say the loop coil 1 is stinmulated to
generate a magnetic field). In this case, the level of this*high 10

. voltage is limted by the limter L so that the succeeding st age

circui't i xmwmwamwmmﬂwn lagidhicgipacitorpdBent i al .

For the convenience. of description, consider now the case 15 wherein a

" vehicle A nounted with the transponder 30 under . the bunper enters
first a predeterm ned area around the | oop coil 1 and then cones over
the 1 oop &pon reception pfcan putpyrti oifc thenpowesdamplifise 1fanthender 30
under 20 _ the- bunper enters_the predetern ned area around the | oop .
coil 1, tHeMo&Pidoid} isnagriiedapifhcdufiigh (ypltage of aﬁ%ﬁoﬁHEPuﬁo

e 1 oy 9% 19 Hireever =seTisssr i4, midigdhed by et Fon0 *
gﬁggﬁtlgfg%%xei %%E%H%ﬁ%% el d e 600 £84) %ngpi'Ed Wb %@;agfgg;ggd
PCT/ P99/ Q&7545, that tHP"Ehof "Woli & déneralls’ & Wfyndtus! 2ELAAMOLI Ve

force S
(that is to say the loop coil 1 is stimulated to generate

a magnetic field). In this case, the level of this high
10 voltage is limited by the limiter L so that the succeeding
stage circuit is prevented from being destroyed by the high

potential.

For the convenience of description, consider now the case

15 wherein a vehicle A mounted with the transponder 30 under

- the bumper enters first a predetermined area around the
loop coil 1 and then comes over the loop coil 1.

When the vehicle A mounted with the transponder 30 under

- 20 the bumper enters the predetermined area around the loop

coil 1, the loop coil 1 magnetically couples the

transponder 30 mounted under the vehicle A. This magnetic

coupling is indicated by M1l in Fig. 1. With this magnetic

céupling; the coil 31 links with magnetic fluges generated

25 by the loop coil 1 applied with an amplified output of the

20



I nduced inh the coil 31 during the high potential period (50 nmsec) of

the control signal a (refer to Fig. 3A), so that current flows

t hrough t hWOR9/5a462el resonance circuit of the 5 coil 31 aRETZRPUNTSbr 32.
This current is rectified by the diode 33 and charges the
capacitor 34. Ther ef or e, transponder 30 is activated during this
period and a rectified voltage -b shown in Fig. 3B appears &cross the

sour.ce of. 10 ihe

Capaci tor_34 which gerefore fynctigns _as _a pqwer, s

Cr Anspondeap, saRLLEEEE ShT | #hckerBzel b, BlFdmiAfyi%e tamtm 441 4 an
therefore 14 1Ss;unngecessary Lo jgghi attery.
Upon applﬁ':(k:%‘f#%?\ i(;rf %‘i}]ee%&%%r égda g%??gggﬁgﬁ%gg ?%?a&!‘!ﬁggl pacﬁo@@& the -
controll r h ' i gi 4 O L.ntar | oyafyr 0 nory 35.
cont 1ol | eel® {68 dend NEofki61 | SLABRLOR (cegok Ll B0, 04 0T Y
100 kHz dutifght £1ows RErGGES RAWpaPalilel 2EsoRlfickSciFalstids ahd rom the
controller 36 via the parall'el resonance circuit of the 20 coil 36 and
capacstoregl 31 and cApaitoie 3l ghTReEeshipbnPeis Ofetbif18@ Dy Gthd he
control signal a, the calculation unit 21 outputs a | ow |evel

si gnal. dudidde a2 I®Xtaid’ i Mbhrdeds NBHE . capaditar t IB1) ow THerdfosd, peri od
of the control signal a, the gate of the AND

21 transpéh@&t 53W2is activated during this period and a

PCT/ JP99/ 01754 gate 13 is closed so that no input signal is

suppl i ed xectified voltage'b_shown in Fig. 3B appears across the

capacitor 34 which therefore functions as a power source of
10 the transponder 30. The transponder 30 is activated during
- this period and therefore it is uhnecessary to have a power

source such as a battery.

Upon application of +the charged voltage across ‘the
15 capacitor 34, the controller 36 reads the discrimination
. information from the memory 35. The read discrimination
information FSK~modulates a carrier of about 100 kHz during
a per:liod shown in Fig. 3C, and is transmitted from the

controller 36 via the parallel resonance circuit of the

20  coil 36 and capacitor 32.

After the high potential period (50 msec) of the control
signal a, the calculation unit 21 outputs a low level
signal during a next period (50 msec). During the low

25 level period of the control signal a, the gate of the AND

21



the power anplifier 14. The output term nal of the power anplifier
14 becones therefore in a grounded state and the’ | oop coil 1 and
capacitor Wopdomssga parallel resonance 5 circuit rel ativepbg/spbsnioss ri er
and function as an antenna for receiving a signal transmtted from

" the transponder 30. This period is a non-stinulated period for the

| oop coil 1. Fig. 3A shows the waveform of the control sfgnal a
supplied 10 fromthe calculation unit 21, Fig. 3B shows a charged

- vol t age wasteoild ds tdieosesh=n tthaBinoahdphitgsigeadhdws supplied téni hg and

anplitude of the carrier generated by the coil 31 and capacitor 32.
15 An outhet Pewer smplisdprcddl. 1 Thec autpnt emmdmaloef sthel power wave
transmtted fromthe transponder 30 is input via the limter L and
capaci t or a#Blifiercld hecenes therefore in a grpunded statriand the
anplifier 19 is sypplied to the modul at or 20 enodul ate it. The
Gohodul at 0B BRI o 359 GARFGANRRILS, GO f PETRLEL TePqRRRCS

Corvors™ ' ek Bunerve SocBuR BERREES S ARREIA IS i Geac, °° "
.the di g | | t Ladi ~Lhey | ' 1t hly
cont ract | Sk EreShridh M, BAkeR el Froh fnd (i fponaer ' 92 Voni ol ¢

|5 a mont §hysCouE{ 681y W ifdrf imulated perio 11 1. 22
VO 99/ 53462 * n-stimilated period for HhRbPER 291t 1
parking area associ ated vehicle, a discrimnation signal

Fig. 32 shows the waveform of the control signal a supplied
10 from <the calcuiation unit 21, Fig. 3B shows a charged
voltage waveform of the capacitor 34, and Fig. 3C shows the
timing and amplitude of the carrier generated by the coil

31 and capacitor 32.

15 An outéut from the loop coil 1 received the FSK modulated
' wave transmitted from the transponder 30 is input via the
limitgr L and capacitor 18 to the amplifier 19. An
amplified output of the ampiifier 19 is supplied to the
demodulator 20 to demodulate it. Tﬁe demodulated output of

20 the demodulator 20 is supplied to the calculation unit 20
which processes ‘the demodulation output such as an error
correction proqess and aldecoding process to judge whether

the discrimination information indicates that the vehicle

is a monthly contract vehicle'o: a parking area associated

25 vehicle. 1If the vehicle is a monthly contract vehicle or

22



to such effect is sent fromthe vehicle detection circuit 10 to the

controller 60, to thus detect that the nonthly contract vehicle or
par ki ng ar eaW@9%s3dé2at ed vehicle is 5 incom ng. Upon recepti RCTAPIINLISS

di scrim nation signal, the controller 60 inhibits the ticket vendor to
I ssue a parKking ticket, and drives the gate driver to open the car

gat e. If the vehicle Ais in the predeterm ned area and ise*still 10
not over the loop coil 1, the inductance gf t he Iocg coi | 1 is_higher
t han t hat \ﬂhé’ﬂrﬂ@g\/m éﬁ?&ﬁé?‘@@ef’ §lewop 4 igipation sigppl ase,

18 YOl St MLl o S8 G Sbshiled, SEREAE 1©

[ 1 | 15 d h
\C/gﬂltgf)e ir \S/et\gf ?h‘é?ngﬂ‘aﬁgscr gv?f’erﬁ’e"nun&et?co% l'&%?l%e Fﬁg‘%ﬁ'féfuc_t ance
of the | OOQ:ogIQ:k:OcJtZ 9$%éle e arkgﬁgl | Jdeif! 9&&?81?9%# NS P ? 1' I Tier

14 is applie € Serral®res nce CI rcul e | oop coi and

capaci gor F& comil %afgfslb% LESEPEI6R &f il laiQ Q&na‘%?%r: ﬁ" aqi,! theand

capaci t or reso at ‘a resonance frequency er ‘t han a

resonance Ho@dd#Rer! sa ifh9bitsbehé 4D8ket verdddr Wiriskhe angiekange

the loop coil 1 is not Iowered. 25 "Therefore, current correspondlng to

the resonardekier;da@id@ drives the gate driver to open the ca¥ gate. WO
99/ 53462 PCT/ JP99/ 01754 frl

shown at a curve al in Fig. 4A flows, the phase of the

If the vehicle A is in the predetermined area and is still
10 not over the.loop coil 1, the inductance of the loop coil
1 is higher than that when the vehicle comes over the loop
coil 1. In this case, the vehicle detection circuit 40
does not detect that a vehicle is incoming, and doee not
send a vehicle detection signal to the controller as will

15 be described hereinunder.

Next, as the vehicle A moves further and comes over the
_lopp.;oil'l, the inductance of the loop coil 1 lowers. An
amplified output of the power amplifier 14 is applied to
20 the serial resonance circuit of the loop coil 1 and
capacitor 15. The serial resonance circuit of.fhe loop
coil 1 aﬁd capacitor 15 resonates at a resonance frequency
fri higher than a resonance frequency fr2, e.g., abeut 100

kHz when the inductance of the loop coil 1 is not lowered.

25 Therefore, current corresponding to the resonance frequency
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current being indicated by a curve bl in Fig. 4B ‘In this .state,
in the vehicle detection circuit 40, 5 ‘magnetic fluxes generated by the

| oop coil $woddNsked Wi th - the anplified output of the pe¢gfpagikid i e
14 link wth the coil 50 so that an-electronotive force is induced in

the coil 50. A signal made suitable for the phase conparison by the
capacitor 41 is supplied to the 10 conparator 42 which conpares it with
an out put of the - frequency demultiplier 12. A phase conpari son out put
from - ft:hesbtmaeatoa:pauﬂeraMZinsthpplneﬂlnmst hthe rphaseatof tige

which integrates it. An integrated output is A/D converted and

" Suppl i ed corraptcbedngl isdieated byeaAcorveribdr indFigs 4But put is checked
during the high potential period of the control signal a (the
stinulating period for the 'l oop coil "1-°or the activating period for

t he trans&onder 30) supplied to _the controller 60. In_ this case, the
control | efRgothis s s tit thee KPBiE’&ﬁveQFEGCGéPButcéBFﬁéFdeéow th the

20, UBL SReheshendh g Lo R Bredeletyl 16 Level oYY fo4St Sy ek 120 (NE
(A0 12 ekt e o By, RAASHERE S EE 15s”
2 oo 529, SRIVUP Ut oo piepiegmotize force s, 19754 Bonder
30, the the coil 50. A signal made suitable for the phase
comparison by +the capacitor 41 is supplied +to ‘the
10 comparator 42 which compares it with an output of the
frequency demultiplier 12. A phase comparison output from
the phase comparator 42 is supplied to the integrator 43
which integrates it. 'An integrated output is A/D converted
and supplied to the controller 60. The A/D converted
15 output is checked during the high pofential period of the
- control signal a (the stimﬁlating period for the loop coil
1 of the activating'period for the fransponder 30) supplied
- the controller 60. In 'i:his case, the controller 60
judges that the A/D converted output coincides with the
20 data corresponding to a predetermined level, and detects
that the vehicle A is over the loop coil 1. This vehicle
detecfion by the vehicle detection circuit 40 is always
performed irrespective of whether or not a vehicle is
mounted with a transponder 30.

25
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vehicle A,was al ready judged as a parking area associ ated vehi cl e or

a nonthly contract vehicle when the vehicle A entered the

predet er m ngo9svseB2 around the loop coil 1 and 5 a presencePCT/IPIIVS3hi cl e
was al ready detected. Therefore, irrespective of the detection of the
vehicle A by the vehicl e detection circuit 40, the ticket vendor does
not | ssue a parking ticked and the car gate IS opened to aI l*ow

the vehicle to run into the arkln Duri n ow otentlal
-period of :E%etbﬁnVPBI‘céPgﬁallsa moun ?‘i ‘é"ﬁ}&ntgﬁ rERREPAY Erl €| oop

modul at ed ‘tre*hicmat%‘é‘s"; eniY. SHABRB RN e EAL °”d%9=a‘°éﬁ)ﬁﬁ#°“§=cat§% 15

h 50 t

because  MEShiTke, S8, o by SEen | vehlclh CRRUACRE], vensdf'DY |

I I ] I
1Oggdcgei Ié%'géges&seﬁgrské&ee n%gaaaﬁg\?ve%g‘a uc<La"'gl I N t%?e c0|1I rgoéllﬂis)ps%ca): I
fromtde saffeddhed %%ea%ea%\ie wBQeaIEQh I(eaée&ee&aonﬂiémsréo I's not

necessary t ave a lrmter even if tage 1s I nduced in the

loop coil jrrespectivé OE ¥REI ‘déhe%‘ﬁi%xﬂobfnm egdetitled A r pyspengler 30,

when 25 the veh| cle entered the predeterm ned area around the | oop
25 vehidfk 086%84€20n circuit 40, the ticket vendor does not

PCT/ JP99/ 01754 coil, the discrimnation of the vehicle A by a

_ transpondeissue a parking .tit:ked and the car gate is opened to allow
the vehicle to run into the parking area.

10 |
During the low potential period of the control signal a
(the non-stimulating period for 1loop coil 1 or the
transmitting period for transponder 30), the FSK modulated
wave is transmitted from the coil 31. In this .case,

15 however, the coil 50 is not affected by the FSK modulated

. wave, because the number of turns of the coil is smaller

than that of the loop coil 1 and a magnetic coupling
coefficient between the loop coil 1 and coil 50 is small.
Since a power induced in the coil 50 is small from the same

20 reason as above, the vehicle detection circuit 40 ié not

necessary to have a limiter even if a high voltage is

induced in the loop coil 1.

If the vehicle A is not mounted with a transponder 30, when

25 the vehicle entered the predetermined area around the loop
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30 was not made and a presence of the vehicle was not detected. Only
when the vehicle conmes over the loop coil - I, the vehicle is det ect ed
and it is% %hatthe 5 wvehicle is a tinme charging v

Ther ef or e, en t vehicle detection circuit 40 detects the veﬁl cle
A the ticket vendor issues a parking ticket and when the ticket

.i's picked up, the car gate is opened to allow the car run i mto the
parking area. 10 If the vehicle Ais not nounted with a transponder
~30, . cofbit thefdigesiminative odythervelnicIé dhiby a ntrdrespaager coil
1 link only with the coil 50. Therefore, the denodul at or 20 out puts
no ‘si ghal 3@ndvashenct! oaldet i owd uai tprefsfenc dfetheotvelicle hwagi seet mi nation
si gnal indicating that the vehicle is a nonthly contract vehicle or a
par ki ng afetected. 5s9pdyawbeny thec vehigle: comes @ivesr ithendkaam eobhal is
not seat fromthe_vehjcl e detection circuit. 10 to the controller
60, the cént rﬂ?ﬁ Pebécj‘-ﬁdgﬁ cted \ard clid  is Zindged ¢ kAt At hi y
contract ve e nor rklcrigaar ea SOCI at ed vehicl e. efore

Th
the c8ntr¥ 60"&0@5 rg*ﬂﬁbﬁ’?’hfﬁ t| c ROereEnTs:, t"ﬂ‘em’%s
ot 19 Ei{%égﬁm Yorersdlf (SRR Ol Aeote Aupe KLAOCLLOLE! ene 25
26 4
2o/ 3pog, bicket vanad 9%3#8sovePaf#i'ﬁgo&a°é*aﬁ aﬁdf uhen the ticket =

CONE OVElis picked up, the car gate is opened to allow the car run

into the parking area.

10
1f the vehicle A is not mounted with a transponder 30,
magnetic fluxes generated by current flowing in the loop
coil 1 link only with the coil 50. Therefore, the
demodulator 20 outputs no signal and the calculation unit

15 21 does not send the discrimination signal indicating that
- the vehicle is a monthly contract vehicle or a parking area
assoc:}ated vehicle. Since the discrimination signal is not
sent .from the vehicle defection circuit. 10 to the
controller 60, the controller 60 judges that the vehicle is

20 neither a monthly contract vehicle nor a parking area
associated vehicle. Therefore, the controller 60 does not
inhibit the ticket vendor to issue a parking ticket, to

thereby allow to issue a parking ticket. -

25 Next, a case will be described wherein the vehicle does not
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the loop coil, the inductance of the loop coil 1 is |arger ~ . than that
when .t he vehicle conmes over ‘the | 6op coil 1. Therefore, the serial
resonance cwacasvs346af the loop coil 1 5 and capacitor 15 apmOraeoswizéy t he
anplified output of the power anplifier 14 resonates at the resonance
frequency fr2 when the inductance of the loop coil 1 is not |owered.
Therefore, current corresponding to the resonance frequency fr2 shown
at a curve a2 in Fig. 4A flows, the phase of the 10 current being

i ndi cat ed 59'1'5 QYET cthe loppricpilyp If the vehickpsdgesiRot| GOMAOVERi cl e

detection ¢ gnetic fl-uxes generated by the | oop coil 1
appl i ed wi f°°9tﬁ%i£np$§?|¥Rﬂﬂﬁﬁiﬁﬁed?g Ekﬁ %é%Q?ﬁk with

5. " gfbﬁagoﬁie&t SHhedpeher Fenif tELX'S%'EgéC%vE%o%“ gﬂbgf% Lapact tor
;i e{ ﬁﬁszzp Sﬁ’étﬁcﬁﬂa%nﬁ?ff%f?r?i%aé?%Ls%“t‘g%ﬁrf‘b%#%wth goff $m 20
ntenr ot s R eARbRisdE 15 SHRRLCA widn, ihe Hli¥ila Shvony, 4F B
the contr ﬁ%ﬁﬁér%pl dgf% ’%}Pr“e%ﬁparttézsd at the.oilé bhahde f‘f&%@%@#’rf@ the

hi gh potential perio contr ol S|gna a supp

control | eryfén hhe NifducFanddtS8f ithid cpaaﬁobbs& 60 jedaet tighelds, A
convert ed WD 99/ 53462

(I;CT/JP99/ OtHedefore, mﬁﬁpwoz&@syaumwtnel FEEbNARME' £ dqilericy evel of
ata
fr2 shown at a curve a2 in Fig. 4A flows, the phase of the

10 current being indicated by a curve b2 in Fig. 4B.

In this state, in the vehicle detection circuit 40,
magnetic fluxes generated by the loop coil 1 applied with

the amplified output of the power amplifier 14 iink with

15 the coil 50 so that an electromotive force is induced in
- the coil 50. A signal made suitable for the phase
compafison by the capacitor 41 is supplied +to the
comparator 42 which compareé it with an output of the
frequency demultiplier 12. A phase comparison output from

20 the phase comparator 42 is supplied to the integrator 43
which integrates it. An integrated output is A/D converted

and supplied to the controller 60. The A/D converted
output is checked during the high potential period of the
control signal a supplied to the controller 60. 1In this

25 case, the controller 60 judges that the A/D converted
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corresponding to a predeterm ned | evel, and detects that t he-vehi el e
A does not come over the loop coil 1.° "Therefore, neither the

ticket veng{q;w;ggg&t he car gate 5 driver is driven, and neipichgposioipsy Ki ng
ticket is issue nor the car gate is opened. Even if the

vehicle A mounted with the transponder 30 enters the predetern1ned
range around the loop coil 1, the 10 vehicle detection circuit®40

. operates in the manner same as - the above operation to be perforned if
~ t he“vehi cbatgats cadincides aaoith caveléevak lLowprcdhan antidvelheofedatae comes
over the - loop coil. - 15 Next, how the controller 60 judges that a
vehi cl e | sorresponddmigngo MApredbterMDsedlﬂeuelmommdsﬂnx#¢t%ath§t A
tenperature drift of the resonance frequency of the . resonance circuit
const it ut #heof vehdcleopAcodves mettrome ouemadieor 109pi ncphd vihicl e

detection circuit 10 can be 20 lowered by properly setting the capacitor
15, so t hFhegefore,,meither dheyntickpd: vendgr oPWhe%a@rco%E ator 42

to be caused by_a, tenper ure,change can _he s pressed
i nducfanc@rdvernds it éhﬁﬁb@geﬁréaE@F' éﬁ ﬁ%hfﬁ?ﬁeeones

over the |l oo oil 1 th when bi.cycle not 25 charged cones over the
| oop coi nfrp#h?r EPSr ga Jﬁfdg?@ﬁéﬁdc | 28
WD 99/ 53462 PCT/ JP99/ 01754 of
an |ncon1ng vehicle may be made in accordance with only )

Even if the vehicle A mounted with +the transponder 30
enters the predetermined range around the loop coil 1, the
10 vehicle detection circuit 40 operates in the manner same as
the above operation to be performead if the.vehicle does not
come over the loop coil, until the vehicle comes over the

loop coil.

15 Next, how the controller 60 judges that a vehicle is
" incoming, will be desciibed more specifically. A
tempe:Fature drift of the resonance frequenéy of the
resonﬁnce'circuit constituteﬁ of the loop coil 1 and the
capacitor 15 in the- vehicle detection circuit 10 can be

20 lowered by properly setting the capacitor 15, so that a
variation of an output level of the phase comparator 42 to

be caused by a temperature change can be suppfessed. The
inductance of the loop coil 1 changes greater when a
vehicle comes over the loop coil 1 than when a bicycle not

25 charged comes over the loop coil 1. Therefore, -a judgement
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a level change in an output of the A/D converter 44. Since t he
controller 60 generally utilizes a mcroconputer, a j udgenent of an
i ncomi ng veWPAOP/E3462n be nmde nore easier in 5 accordance w FET’JP”@J
change pattern of an output of the A/ D converter. Wth such a
j udgenent using a | evel change pattern, the t enper ature conpensati on
of the resonance circuit by 10 properly setting the capacitor 15 is not

necessary . qndi ti.qps..of i ' |_ad f -the
vehicle - éP'-écfgtaié%??%Jhn Mﬁ%mia%%%t%ﬁ%éd% sﬁaﬁgrclﬁie)l%t iC

di agram s ' lﬂi?dH)" | 4&h e t ut of
thegA/ D --C(Ia)gn):,/yé%?'rb 44, A plglr %da\l‘/lm PS gﬁvgptgasgﬁf ‘%@g@?%?gg%%d bsyﬂ'%&%ar I n

Fig. 3D istgengbakpdigar’ %‘ipog&%eigug utlilg Zais0" PRl EPbEapateod pf the
control signal a shown in Fig: A. A period while a voltage is not

gener at ed judgemiéit &SP W Inlcoming aNikAecBhhabePRadE théfe t&fs LN IO
signal a shown in Fig. 3A Periods t1, t3 and t5 20 correspond to
t he pesi odscadndendd avititl ustlaiasl dhdrdge |PDPtern of Gird dutpwl st [$hehanges

because of a tenperature change - “and an out put of the integrator 43

drifts. AfRrcamveélter. corresponds to the period while the integrator 43

slightly I ncreases its output |evel because a bicycle or the like 25
. passes over the loop coil 1. A period t4 corresponds to

29 WD 99/ 53462 ' PCT/ JP99/ 01754

the periodi¥i#h | suche a | jldgpment vsingsidctensl chergespattern, the
temperature compensation of the resonance circuit by

10 properly setting the capacitor 15 is not necessary so that
the conditions of design and installation of -the vehicle
detection system can be alleviated. Fig. 3D is a schematic
diagram showing an example of a level chahge pattern pf an
output of the A/D converter 44. A period while a voltage

15 indicated by a bar in Fig. 3D is generated corresponds to
. the high potential period of the control signal a shown in
Fig. 3A. A period while a voltage is not generated
co;rg;ponds to the low potential period of the control
signal a shown in Fig. 3a. Periods tl, t3 and t5

20 correspond to the periods while the inductance of the loop
coil 1 gradually changes because of a temperature change

and an output of the integrator 43 drifts. A period t2
corresponds to'the period while the integrator 43 slightly

increases its output level because a bicycle or the like

25 passes over the loop coil 1. A period t4 corresponds to
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Its output |evel because a vehicle passes over the |oop coile 1..

In accordance wth a change anmount and " characteristics, e.g.,

di fferentiqloomiqacteristics, of 5 such output |evels, thepegypbsthes 60
can detect an out put | evel change pattern of the A/D converter 44. By
conpari ng the detected pattern with patterns stored in advance, the
controller can judge that a vehicle cones over the | oop coilb. Inthis

manner, a vehicle can be detected nore 10 stably and with | ess erroneous -

det ect i ont¢he periodiwhilennthe iotegratesr I3 repnsiderabignainoreasesyst em

~incorporating the vehicle detection system of the enbodi nent of the
" i nvent i oniks| lowkPwesteyebdbreansel s vehiele cpasgesi gvex the loop | gop
coil 1A is bur| ed under a vehicle inlet road of a par ki ng area, and

anot her | 88dcoit: 1B i TP HuPFEBTERRER a¥With -gor iGhRPaR eaP‘F at aBfle
substant| SRFacsersRtirs e e, dhTtRrerHial  Shagagharistiges S

di ti | f th h t t 1

det ELLSF‘OEaacéﬂg?&%”% 18T, ntnoLAPRFEBRIEE, PO Fah FRLPEEHR  aptell T o
toa . A %E?P gé‘tte @fcﬁi Vi3 J&M:D‘&p”tsgrcg&ﬁgfln?

controll er a car gate driver

30 the e%%@iﬁ?ttem with patterns stored n dvance, the

PCT/JP99/01754 are control Iped When a ve Te cones over the

| oop coi | controller can judge that a vehicle comes over the loop
coil. In this manner, a vehicle can be detected more

10 stably and with less erroneous detections.

An example of a parking area ménagement system
incorporating +the vehicle detection system of the
embodiment of the invention will be described with

15 reference to Fig. 5.

a loop coil 1A is buried under a vehicle inlet road of a
parkihg area, and another lobp coil 1B is bﬁried under a
parking area road at the downstream -side of a car gate 4.
20 The loop coil 1A is connected substantially to vehicle
detection circuits 10 and 40. A discrimination signal from
the vehicle de_tection circuit 10 and a detection signal
from the vehicle detection circuit 40 are supplied to a
controller 60A. In accordance with an output from the

25 controller 60A, a ticket vendor 2 and a car gate driver 3

30



1A, am output of the controller 60A controls the drive of the ticket
vendor 2 in accordance with whether the vehicle 60A is nounted with a
t ransponder v@M99/88462 controls the car 5 gate driver 3 irresREHiRgO154
whet her the vehicle 60A is nmounted with a transponder 30. More
specifically, if the vehicle Ais mounted with the transponder 30, the
ticket vendor 2 is inhibited to issue a parking ticket and tWMe car
gate driver 3 is driven to open_.the car_qgate 4, whereas the. 10 vehicle A
i s not . murﬁ%_%"c@?‘#ﬂ@‘{v anspdfhest --aBH,ehtg‘ﬁ’ e comes; QV&eX d&ereoddy i yen

tois ki ng tjcket . and frer the ticket is pjcked.un by th
ariver: -t ndbrarsmyeteet o e cont€ohTry RO, cihEhot A, ther B Pt 71
If the vehigle A t .over_the: | L] JAL :

i scri i nattis SR AT 4 dh Hordaanty sit phGrpef; the veniclg
discrim natTon ® . etectton t
that the cott aq Hodfpd 1 8 UEapouney o' ang confTeld s °°

gate drg Ve ghd §L{PeR Sherrakpective! o wHo3RE the venibfe! 8OR G | 1B
I's positioned sufficiently spaced apart fromthe loop coil 1A to the

degree t haimaifiedd ivel €18’ £NEFanspondépbBe N dRegenN8peEsfichelyceq ft Re 00p
coils 1A and 1B. 25 Therefore, a conventional vehicle detection unit 100B

may vehicle A is mounted with thle transponded\(BO9/ thé6ticket
‘PCT/ JP99/ 01754 be used for the loop coil 1B. Wen a vehicle cones
over vendor 2 is inhibited to issue a parking ticket and the car

gate driver 3 is drivén to open the car gate 4, whereas the
-10 vehicle A is not mounted with the transponder 30, the
ticket vendor 2 is driven to issue a parking ticket, and
after the ticket is picked up by the driver, the car gate

driver 3 is driven to open the car gate 4.

15 If the vehicle A does not come over the loop coil 1A, the
- discrimination signal of the vehicle detection circuit 10
and the detection signal of the vehicle detection circuit
40,aré not sent so that the controller 60A does not drive

the ticket vendor 2 and car gate drive 3 to remain the car

20 gate 4 closed.

The loop coil 1B is positioned sufficiently spaced apart
from the loop coil 1A to the degree that any interference
problem does no occur between the loop coils 1A and 1B.

25 Therefore, a conventional vehicle detection unit 100B may
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the loop coil 1B, the vehicle is detected with the vehicle det ecti on

unit 100B and the car gate is closed by the ‘car gate driver 3 under

t he control wefoojshiggzcontrol l er 60A. 5 In the above exanpkgypébgidssage
of a vehicle through the car gate 4 is detected by using the | oop coi
1B and the conventional vehicle detection unit 100B. | nstead, the
configuration sane as the |oop coil 1A and vehicle 10 detectibn

circuits 10 and 40 may al so be used The vehicle detection circuit 10°
oper at es iberaspdn€ert ¢dhehdoopnicodll 1B. "sWhenl aavehdale wdnies Grer
Therefore, even if a plurality of vehicle detection circuits 10 wth

| oop coi | stiid boep coil ukRd the pehiclmsisalatectadion th khe vehiarleer ence
can be 15 prevented through proper synchronization between control

si gnal s a.detectiomcunit 1008 handythecrardgetet isn cdiosed by the 1gax s
connected to the loop coil 1B in place of the vehicle detection unit
100B and p8aperdsives3wader othe scontrolsefpthe eenteehber €0R- control
.signals a for the vehicle 20 detection circuiits connected to the |oop
coi |l 1A and 1B, then stable operation is ensured even if the | oop

COlLe 1A n B8 s5be, pAL!  Uekodd ofn Feblerll WhrdB Bl
BT Spooy ofE9=te 4 1= detected, by uegolf ehe lpop cof® A 2fiine
flow conventional vehicle detection unit 100B. Instead, the
configuration same as the loop coil 1A and vehicle
© 10 detection circuits 10 and 40 may also be used. The vehicle
detection circuit 10 operates in response to the céntrol
signal a shown in Fig. 3A. Therefore, even if a plurality
- of vehicle detection circuits 10 with loop.coils 1A are
used at positions near to each other, interference can be
15 prevented through proper synchronization between control
" signals a. Therefore, if another vehiéle detection circuit
10 isﬂconnected to the loop coil 1B in place of the vehicle
detection’ unit 100B and .proper synchronization is
established between the control signals a for the vehicle
20 detection circuits connected to the loop coil 1a andllB,
then stable operation is ensured even if the loop coils 1A

and 1B are positioned in an area with possible

interference.

25 The operation of the parking area management system shown
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chart shown in Fig. 6. At the start of a business hour of the
parking area, the 5 <controller 60A is initialized (Step S1) to wait for

an I NnO¥OPNEP462hi cl e. Next, it is checked whet her there PGTAIP99/01754
di scrim nation data obtained through magnetic coupling with a
transponder 30 of an incomng vehicle A (Step S2). If the vehicle A

IS not nmounted with the transponder' 30, it is 10 judged at Step S2 that

there is no dij scrlgtv %ehgatdaé %e&) Vi?&ere fter it |s E_n d whet her

a-vehicl e 1R 1@ Fhe

vehicle As ted Wt i he transponder 30 at Step 15 S2, |t i s j udged
whet her ttﬁg1 n%f?? téo\

T ¥ra s valid- - or not (Step 83) I'f it is
j udged at Step _SSthat t he discrimnation data is valid, the flow
follows Step S6° after Step S3. The judgenent at Step 'S3 " that

the digye r{ﬂ% NgtLPP d2'3 hudiYesindhr ”@f‘“@h{}bﬁhﬂﬂih& hkah ttk‘i‘ﬁ 20

vehicle A'ls a parking area associ ated vehi cle™ nor

contragt \@A}t&&l&tdsahsqst had i +{ 913 2@ Miske ”?1) to (tsawlawatanon data

indicated an expiration of an effective - It is judged

as valid d@iconiin t@éhf@leﬁheﬁéfﬁﬁtlﬂeﬂgohhecked whether there is
33 ' WO 99/ 53462

PCT/ JP99/ Miirhkimination daita bbRtaineddthPough itagn@tddidtggl e twilth ep S4)
ahd- a transponder 30 of an incoming vehicle A (Step S2). If
the vehicle A is not mounted with the transponder 30, it is
10 judged at Step S2 that there is no discrimination data, and
thereafter it is checked whether a vehicle A comes over the

loop coil 1A (Step S6).

If the ‘}ehicle A is mounted with the transponder 30 at Step
15 82, it is judged whether the discrimination data is valid
or not (Step S3). If it is judged at Step S3 that the
diser?mination data is valid, the flow follows Step S6
af_;terr Step S3. The judgement at Step S3 that the
discrimination data is not valid, means obviously that the
20 vehicle A is not a parking area associated vehicle nor a
monthly contract vehicle, and also that, for example, th_e
discrimination data indicated an expiration of an effective

term.

25 If it is judged as valid data at Step S3, the ticket vendor
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then the car gate 3 is opened (Step S5). ' If it is judged at Step S6
that a vehicle cones over the 5 loop coil 1A the ticket vendor 2 issues

a parking wodsHas (Step S7). It is then checked whet hepchjypofghki N9

ticked i's picked up (Step S8). If it is confirmed that the
parking ticked was picked up, the car gate 3 is opened at Step S5.
10 After the car gate 3 is opened at Step S5, it is checked*®

whet her the vehicle A passes through. . the car gate 3 and comes over

the | oop Roiils lmkilisedoto L&sube avqgamking\ ticketofStepy&d)i,heandop coi

1B, the car gate 3 is closed (Step 15 S10) and the vehicle A parks in the

'parkl ng atbhen the chr gate 3bbscopened! éSteheSHéscription i's directed to
the inlet side of the parking area. Simlar operations are performed
“also on'the outlet side of the parking area, excepting that - a parking

account adjuster, is installed in place of the 20_.ticket vendor 2 and t he
car gate 3% &todéndmdgad.at fitep S6,3hatng yebigle Somes AvAr th

CTOETHENC RN S R T
34
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is picked up (Step S8). If it is co'r_xfimed that the
parking ticked was picked up, the car. gate 3 is opened at
Step S5.
10
After the car gate 3 is opened at Step S5, it is checked
whether the vehicle A passes through. the car gate 3 and
comes over the loop coil 1B (Step S9). If the vehicle 2
comes over the loop coil 1B, the car gate 3 is closed (Step |
i5 S10) and the vehicle A parks in the parking area. In the
- above example, the description is directed to the inlet
side 9f the parking area. Similar operations are performed
also 6n the outlet side of thé parking area, excepting that
a parking account adjuster is installed in place of the
20 ticket vendor 2, and the car gate 3 is opened after the

parking account adjustment.

Next, a modification of the vehicle detection system
according to the embodiment of the invention will be

25 described.
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nodi f.i cati,on of the vehicle detection systemaccording to t he

enbodi nent of the invention: A vehicl e detection circuit 10A is
used i n pl axe 99fs34ghe vehicle detection 5 circuit 10, and amrairiess/oresy cl e
detection circuit 40A is used in place of the vehicle detection
circuit 40. In the vehicle detection circuit 10 of the above

enbodi nent, large current flowi ng through the |oop coil 1 10 during the
hi gh potential period of the control signal a is detected with the
coi' |l 50. Fign 7cbstadslockidiagram showingdthe wonbigurationrefithe| ow ng
in the loop coil 1is detected by a resistor 23 which is_inserted

bet ween a modifieatiopoef1thenyebiclg detectiom systemmccording sbke 15
val ue not consideraply affecting Q,of the serial respnance cijrcuit of

the | oop.cthe emhdiment:of, the iRVeprhicRye A vebigle dptegti® oy 23
5 SO S8 A1 e Pk S S SRR 21

(o a cBpactLErRsE  1BY i, diqeney, rebl1 € QUEperon TRMAT ads Q0P
Cheret or o, 18eE°15:BRAbE aE the veR1818°8eLRuRTGR Bizphie! dop DT [ COLL 0T

.35 | WO 99/ 53462 o PCT/ JP99/ 01754
omtted. The resistor 24 and capacitor 45 are properly

In  .the vehicle detection circuit 10 of ‘the above
embodiment, large 6urrent flowing through the loop coil 1

10 during the high.potentiai period of the control signal a is
detected with the coil 50. In contrast, in this
modification, the current flowing in the loop coil 1 is
detected by a resistor 23 which is inserted between a
capacitor 15 and the ground and has a small resistance

- 15 value not considerably affecting 0 of the serial resonance
- circuit of the loop coil 1 and capacitor 15. The voltage
across the resistor 23 is supplied via a resistor 24 to the

vehicle detection circuit 403.

20 In the vehicle detection circuit 40a, a voltage detected by
the resistor 23 replacing the coil 50 of +the above
embodiment is applied to a capacitor 45 to charge it, and
the charged voltage across the capacitor 45 is supplied to
a phase comparator. In this modification, therefore, the

25 coil 50 and capacitor 41 of the above embodiment are
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sel ected so that the phase conparator 42 can perform an opti.mum -
phase conparison with the voltage phase generated by the |l oop coil 1.
The ot her sypusiiyses of the vehicle 5 detection circuits 10pchfsbofefsear e
the same as those of the vehicl e detection circuits 10 and 40, and the
vehicl e detection circuits 10A and 40A realize equival ent

operations to those of the vehicle detection circuits 10 and 40. 10
Next, another nodification of the vehicle detection system accordi ng
“to the entmsiittesd. of Thiee desdertidn24i bhdbeapacitidesots bade properliig. 8 is
a bl ock-di agram showi ng the configuration of the other nodification of
t he vehi clsekittad | 50 thaterthe phaseocdmpgratorhdedanii penfoon ane

. invention, In this nmodi fication, a vehicle detection circuit 40B is
“used ih optimumohAse comparisen geithtthe vpltage pbaseTgenergtede 20
detection circuit_40B detects a presence of a vehicle in accqrdance

with a red fthe bePBuEoidvd- ofThe| FEhRx | stxpetures of nthecyehigde ¢ hout

cirouid 1oitection Grc HON and ADRJBFeCERG PHMe A (thape ofpthe
‘:I))'ﬁe val uesvec}Ti'%ﬁ% ?gﬁti?éélgi\ﬂ‘ngci"ﬁmﬁ%sl 3‘(9p.33?l ?'\I\hgﬂdé the vl;g‘g_/c\y;%/ oLroa
S detection circuits 10A and 40A realize equivalent
operations to those of the vehicle deteétion circuits 10
and 40.
- 10
Next, another modification of the vehicle detection system

s according to the embodiment of the invention will be

described.

15 Fig. 8 is a block diagram showing the configuration of the

" other modification of the vehicle detection system

according to the embodiment of the invention. In this

modification, a vehicle detéction circuit 40B is used in

place of the vehicle detection circuit 40. The vehicle

20 detection circuit 40B detects a presence of a vehicle in

accordance with a rectified output level of voltage induced

in a coil 46, without using an output of a frequency

demultiplier 12 of a vehicle detection circuit 10B
replacing the vehicle detection circuit 10.

25
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vehicle is and is not over the loop coil 1 are determ ned fromthe
curves al and a2 shown in Fig. 4A. The curve a2 corresponds to when a
vehicle i s WO@e9/s53462 | oop coil 1, and 5 the curve al correspP@lfdPra9®1tden a
vehicle is not over the | oop coil 1. The current flowing in the | oop
coil 1 i nduces a voltage across the coil 46 through nmagnetic

coupling M2. This voltage changes with the current flow ng i*n the coil
1. Therefore, a presence of. a vehicle can _be 10 _ detectege nltorlng
‘this vol (TR values pfj curhent; flowingqin; the JipoR (RP3 |%a§ eMhdiced
across the- coi

[ fied f h
rectified "ehicicﬁjt‘b%!tg%gl {'ﬁgég%tsi’ﬁ% Egév?fp%%gtclf’ rra'g % r?%%ﬁé;‘t}??n rt 5
d f hi Th ti
omitted i FERA Go f%@%v¥§dﬁiean%n =f hgﬁscfﬂh dpokag. ! }'&ﬁv"ﬁv LA
d. d t
Syetem of GEetReAdy B LY Adhide AETEL Mhd Qqlf oBE Y ° A6 PO on-

V' usi nexpenS|ve ansponder,

055| t o K Ci at ed
\eehlcles andéj %%n@& é%ract vehﬁ?‘e d{ahée)aﬁ(rrﬂry%%‘%ﬁg%

vehicles. 100p coil 1. 'The current flow:mg in37the loop coil 1

- CLAI M5

induce.s a voltage across the coil 46 through magnetic
coupling M2. This voltage changes with the current flowing
in the coil 1. Thérefore, a presence of a vehicle can be
10 detected by monitoring this wvoltage. In this other
modification, the voltage induced across the coil 46 is
rectified by a rectifying circuit 47 and the rectified
output voltage is A/D converted to make the controller 60
detect a presence of a vehicle. The rectifying c;rcuit 47
15 may be omitted if the voltage induced on the coil 46 is

- directly A/D converted.

As. described so far, according to the vehicle detection
system of this invention, by wusing an inexpensive
20 transponder, it is possible +to discriminately detect
between the parking area associated vehicles and honthly

contract vehicles, and the time changing vehicles.
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1. A vehicle detection systemfor detecting an arrival of a vehicle

I n non-contact with the predeterm ned vehicle 5° conprising; a first
i nductive Q‘I,@?g;ﬁhd or functioning as transmtting and rggeipdb/B@sieans,
a first. vehicle detection circuit connected to the first 1nductive

el ement, and a transponder 10 nounted on a predeterm ned vehicle, storing
I nformati on which identifies the predeterm ned vehicle, periodically

generates, perioorcally transnitt i nguammestored TINHKUMMEARAN .

first vehicle detecting circuit via the 15 first ihddctive®el &neht,
characterized i‘n that the first vehicle detecting circuit
periodically stinulates 20 the first inductive el ement to generate the

"magnetic fi<l @ vehicle detectiop)sysden fory dedectinpngnaazriyalacfon

period for the first inductive elenent transnmts_the stored

i nf or mat i éh Yehiglef insinontgontaciet Withythe (Rxedetermined yshicles:

i nductive el enent, during a non-stinulating period for

38 5  comprisipgiirst jnductive el ement during a non-stinulating period

for the first inductive el ement when the t:ransponder mount.ed vehicle
has entered into a specified area around the first inductive el enent,

and . 5 a first inductive element for functioning as transmitting

and receiving means, a first vehicle detection circuit
connected to the first inductive element, and a transponder
100 mounted on a predetermined vehicle, storing information

which identifies the predetermined vehicle, pgriodically

- " activated by a magnetic fiéld which the first inductive

element generates, periodically transmitting the stored
information to the first vehicle detecting circuit via the

15 first inductive element,

characterized in that
r
the first vehicle detecting circuit periodically stimulates

20 the first inductive element to generate the magnetic field,

the transponder activated during a stimulation period for
the first inductive element <transmits the stored
information to the first vehicle detecting circuit via the

25 first inductive element during a non-simulating period for

38
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the first,vehicle detecting circuit detects the arrival of t he
predeterntned vehi cl e by using tfe—tecetrved Tnformation fromthe

transpondenwoo9/s3kér 2. A vehicle m accor di reCI/IPoSEiSa 1,
conprising a second vehicle detec ‘mmm uﬂaﬁ i ded with a second

i nductive el ement magnetically co first inductive

el enent, wherein the second vehicle detectlng circuit det e¢t s whet her
a vehicle exists near the first |nduct|ve el enent exam ni ng
changes t fhes|Edast e—aductivepalgm dugiing,a PPF‘SFH“H&G&?-WePSFéﬁ’ént
during the exi stence of .the vehic]le near the first inductive el enent,
thereby t fo% ré’ﬂ?poﬁﬂﬁ?tm%@'éﬁt%‘éﬁl C?Jee‘gﬁa t (heRhthe, transponder oqn: ¢

have the t ands det ect ed th bot h b |
scri m ndospted ve fg%bﬁﬁiﬁﬁf%&i 5 oh WRTTHISRCOTERng=PE™M ai m 2,

dlscrlntnévﬁﬁP

conpri sin tr e es a vehicle detection
si gnal %‘hﬁe (ﬁ%ca n "tvo \M}' i gha tr'f ?ag{nﬁyt he 25 first vehicle detecting
circui so that the control unlt , _ . 39

WO 99/53462 ' - PCT/ JP99/ 01754

drives gatgJTaansd Q 5&1&@ 'afe)ee&fdae éiﬁa?.ﬁomc@g%h@d arrivadic® e and
t ransponder - unnmount e ehicl e. . A vehicle detection system

accor di ng e prald@tbrminedhobhliBlaabg ﬁsiﬁé M irecR idRE S hirdgmaition t

conpri ses a
from the transpondér.

10 2. A vehicle detection system according to claim 1,
comprising a second vehicle detecting circuit provided with
a second inductive element magnetically coupling with the
first inductive element, wherein the second vehicle
detecting circuit detects whether a vehicle exists near the
15 first inductive element by examining changes the electrical
: parameter of +the first inductive element during the
existence of the vehicle near the first inductive element,
thgre;y the transponder-mpunfed vehicle and the vehicle

which doesn't have the transponder can be detected and the

20 both can be discriminated.

3. A vehicle detection system according to claim 2,
comprising a control unit which receives a vehicle
detection signal and periodical control signal from the

25 first vehicle detecting .circuit so that the control unit

39
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reference oscillator, a frequency divider ecei ving an osci | I atd on
out put from the reference. ator and dividing the oscillation
frequency i ecific ° ma\ mtocesm ng unit i ng
the oscillati on @ out put ; m‘mw oscil |l ator toggﬁfd; ?’%%
processed out put and als c okt plit a control signal with the peri od

of a high potential output corresponding to the charging perd od for
t he transponder, an AND gate for receiving both of the divided output

. fromt he. f@eires oyate inéaiis afdr t BPassbfyingr ghag tianisponidegi+mpantaid al-

out put to output the divided output fromthe frequency divider, and a
power anplvéhizle and farampspendearintdounted vehddlet from the ‘AND gate to
suppl y the power-anplified output to the first inductive elenent.
20 5. "A vehicle detection systemaccording to claim4, wherein the
first vehicle detecting circuit further conprises a capacitor serially
connected t4- t hed f vebdcle d¢¢ﬁﬁ!€lQWeS¥F§#EntaQQPM| ttet eclatmr dal
resonance circuijt with the first inductive el enen alimter corrposed
“of a 25 "?%‘l‘%’t’brsih‘a F‘-F‘rF§Fsé’P}‘1€&ﬁné¥ﬁ"&Fﬁ5¥%I ‘F%F"'EVBdEQmPHEFEEy
.40 9/ 534

PCT/ JP99/ OTﬁﬁﬁFe“ce oscillafiory |an§rﬁ%’en%&?‘é'é’(ﬂeﬁg for Eﬁcle"lﬁ’ﬂ'“ﬁ A ing the
out put | evel . fromthe,serial. resonance ci.rcyit, _a
amplifier osfc""ﬂa% T ¢ HPYY fgroé"crl B atieEh s o FREE4ator a&@?put
ecel ved TanmddG | REPORLES )1 DN IHRdudidy 1diko 2 A HRRATILST

denodul ator e out put
frequency, a processing unit for receiving the oscillation

10 output from the reference oscillator to output a processed
output and also to output a control signal with the period
of a high potential output corresponding to the dharging
period for the transponder, an AND gate for receiving both
of the divided output from the frequency divider and the

15 charging period high potential output to output the divided

" output from the frequency divider, and a power amplifier
for pqyer-amplifying the output from the AND gate to supply

_the power-amplified output to the first inductive element.

20 5. A vehicle detection system according to claim 4,
wherein the first vehicle detecting circuit further
comprises a capacitor serially connected to the first
inductive element to constitute a serial resonance circuit
with the first inductive element, a limiter composed of a

25_ resister and inversely connected parallel diodes thereby
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of the anplifier, and a prOCESSLIEk+HH4—4Hm“*FEC€—VIng t he denodul at ed
out put fromthe denodul ator, deter the discrimnation
i nf or mat i oy oyk3ge es that a ve ‘E ﬂ ﬂl‘ determ ned BCIRIE®9Mi758Y

r

si gnal processing such as an %1 rection processing and a

decodi ng processing, and ‘t ransmitti ng a discrimnation signal to the
control unit. 6. A vehicle detection systemaccordeng to
claim1, 15 wherein the transponder conprises a coil for magnetically
coupl i ng Bretecting rthe . m¢£§‘1@| ekrruity byapimiting the contputed in
par al | el to the coil to conflgurate a parall el resQnance circuit with
t.he coil, V@l3aGe fA6VelecEreyi nthe sexipl erﬁesqqmm FAreNd teoj pRd,y

capaci t or ch:ir %ed by he 20 %urrent atlfl t he di, oge and .operat ed
as. a poweP® iggur £OF o amRldtying: & F'ﬁ&rt"ﬁ'é t%ef‘l mth PFﬂB LRPor mat i on

A R N G ENE I R T
readi B9 e SN0 AlnoliRkER! 9D Heloat1pRibl tﬁsnguxpﬁgd

transmttlng

99/53462 ¢ lifier ¢ rougrpr%cess:.?g Pgit]. ngfoﬂ'géékvinﬁ. tPe

dlscrlmnatlng |n|g I'TB.'[IOI’]

det ecti on gayRideatal Gutpt 'fom %h@ demodulat¥e’ aé‘&ei‘miﬁEOﬂﬂe‘éﬁEkC' e
det ect i ng circuit conprises a 5 phase conparator for conparing the phase
of the sighel discrimination information indicates that a vehicle is
predetermined by executing signal processing such as an
10. default correction processing and a decoding processing,

and transmitting a discrimination signal to the control

unit.

6. A vehicle detection system according to claim 1,

15 wherein the transponder comprises a coil for magnetically
- coupling with the first inductive eiement, a capacitor
conneqted in paralllel to the coil to configurate a parallel
resonénce circuit with the éoil, a diode for rectifying
current ‘ induced in the coil, a capacitor charged by the

20 current rectified by the diode and .operated as a power
source, a memory for storing' the discriminating information
indicating thgt a vehicle is predetermined, and a
controller operated by the charged voltage in the capacitor
operation as the power source, reading the discriminating

25 information stored in the memory and transmitting the

41



induced in a second inductive elenent with the phase of the oyt put .
signal fromthe frequency divider, the second I nducti ve el enent havi ng

et e MR, o, e
t

el enent, an integrator for int egrat| ng e phase conpari son out put
from t he phase conparator, and an A/ D converter for A/ D .
converting the output of the integrator to transmt the Al D- convert ed
vehi cl e daieeiiingnatdh _-ihcio&-hataant— thirought thelZoil. . 8. . A vehicle
detection system according to claim7, wherein the control unit
detects the changing pattern of out put voltage | evel and conpares the
detected pattern with the pattern stored in advance thereby the second
- vehicle 70 detfecwvehdcler cdeteationlctsustham t-hocardingl td sladm cRe

near the first inductive el enment. 9. A vehicle detection system
accor di ngwhereis na 1 segondy vehiclee detieatiing acivauihv comprnis@sndt t he
information from 25 the transponder. 42
VO 995534 phase comparator for comparing the phaseg jpfg/thersgignal 10.
A vehicl e detection system conpri Si an.in ctlve el ement nount ed

at a preddPdugededn gssecend L d‘S"t%"? r%ﬂ‘%‘?ﬁfh"&é‘f“gbl ubB8d on a

vehi cl e, s

Ip(ljrl: signal from the frequency divider, the second.
inductive element having the small number of turns and
located adjacent to the first inductive element thereby

10 magnetically coupling with the first inductive element, an
-integrator for integrating the phase comparison output from

= the phase comparator, and an A/D converter for A/D-
~converting the éutput of the integrator to transmit the
A/D-converted vehicle detecting signal to the control unit.

15 |
- 8. A vehicle detection system according to claim 7,
wherefj.n the control unit detects the changing pattern of
output voltage level and compéres the detected pattern with
the pattern stored in advance. thereby the second vehicle
20 detecting circuit may detected the arrival of a vehicle

near the first inductive element.

- 9. A vehicle detection system according to claim 1, using
the FSK modulation wave to transmit the information from

25 the trahsponder .
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transponder storing information LﬂngaLLng~th€”V€ﬁTEIe mounted with
sai d transponder is a predeterm ned vehi nd 10 a first
vehi cl e deipasbd@geci rcuit for magmﬂ\“ “ﬂ“‘“ \“‘“ S ai EC1/Irev0i7sy e

el enent when the vehicle nounted s tfansponder enters a

predetermned area in front of said” |nduct|ve el ement, and receiving
the information stored in sai d transponder to detect that t he
predeterm ned vehicle 15 enters the predeternined area. 11. A
vehi ¢l e .dédict iRovehinlendetestdony systamiqampeising: wherein said first -
vehicle detection circuit includes a calculation unit for generating a
pul se "having a.high 20 -"potential period and a | ow potential period, the
hi gh otengial, peri,od caorresp to a eriod whjl e the

t r anspond&™ i+ & elﬁ’ﬂ?"fbné'qu %otaghﬁ eﬂr "?etﬂ‘lne‘i mding to
a period while the transponder responds to sai d flrst vehlcle
detection circuit.. 25 MD

99/ 53462 CT/ JP99/

o9 32 8 o SEAREREDAEE, RASFRITEY, Brahels Y Qéﬁné’fbe]ierf 28 ot
vehicl e Q.Pztﬁfstd | [ Vi Sl pl sponder
with an operatléﬁm er %‘EBH{n ﬂﬁf%ﬁgﬁtrlrggneﬁc cot Hng'éﬁ %t}gl@ '
”an5p0nd‘i{ounéd with saxd transpcnder is a predetermined vehicle;

and

10 a first vehicle detection circuit for magnetically coupling
said inductive element when the vehicle tnounted with said
transponder enters a predetermined area in front of said
inductive element, and receiving the information stored in
said transponder to detect that the predetermined vehicle

15 enters the predetermined area.

11. A vehicle detection system according to claim 10,
wherein said first vehicle detection circuit includes a
calculation unit for generating a pulse having a high

20 potential period and a low potential | period, the high
potential period corresponding to a period while the
transponder i; charged, and the low poténtial period
corresponding to a period while the tr#nsponder responds to
said first vehicle detection circuit.

25
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13. A vehicle detection systemaccording to claim10, wherein said
first vehicle detection circuit tine di vi sional perforns a supply of

an operati to the - m a reception ' tion
fromthe %ogglrgiﬁgponder; ar’)dlllmmmmm muﬂm ement is useﬂf’f"%‘?*@%ﬁ
the supply of the operation enetgy®and t*he®releption of the
I nformati on. 14. A vehicle detection systemaccording to ¢l aim 10,
15 further conprising; -a second vehicle detection circuit
magnet i cally. compl vélgicle detiedtionucdystent! ageotrding dei eclatm 40presence
of a- vehi cl e over said inductive elenent in accordance with a 20
change i n whemdiact r saifar dfiatsetr obebicllei ndetidctdon eneitcuit ttdmee caused
by the vehicle on said inductive el enent. 15. A vehicle detection
syst em acdabiniisiprial clsnippllies the whransponded setnd anchiopesatdoacti on
circuit detects a 25 .presence of a vehicle in accordance with a phase of
‘an energy through magnetic coupling withthe twmapsnondaky ned t hrough
magnetic coupling with said inductive elenment. - 16. A vehicle detection
system® according to claim14, wherein said second vehicle detection circuit
detects a change in the_electric paraneter of saiqd.inductive elegent froma:
vol tage chHatyged?d n"ﬁh{:ﬁbﬁc%ﬁe,"t&ﬁ& FEYEten QGﬁPﬁgéﬁget& ﬁEMi @ in

accordance .\ th, a phase of_the charged,voltage. .. 17. A vehigl e detection
syst em accBISR toséf"gi m ,s%eygﬁﬁcégi d ‘ﬁé’&ﬁﬁ}%hiﬁ"é‘“&bﬁecﬁl@ﬁ circuit

d f cle d : Wi 3 | I
Vol tage ol T RENSRY Rl of wbel MO 2 RatlhaBn RSl SRWE

transponder and a reception of information from +the

10 transponder, and said inductive element is used for both
the supply of the operation energy and the reception of the

== information.

14. A vehicle detection system according to claim 10,

15 further comprising;

a second vehicle detection circuit magnetically coupling
said inductive element forA detecting a presence of a
vehicle over said inductive element in accordance with a
20 change in an electric parameter of said inductive element

to be caused by the vehicle on said inductive element.

15. A vehicle detection system according to claim 14,
wherein said second vehicle detection circuit detects a

25 presence of .a vehicle in accordance with a phase of an
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18. A vehicle detection systemfor detecting-an arrival of a vehicle in
non-contact with the predeteerm ned vehicle conprising a first inductive

mﬂuﬁﬁﬁﬂmf$mmmwwmﬁﬂﬁﬁﬂﬁm“ﬁ

first vehicle detection circuit dené raf ing a magnetic field which
periodically activates a transponder nounted on a predetermni ned vehicle
and periodically receiving fromthe transponder a stored information of

i dentifyi ogtpht pigralcobtatnedchhroeghi magrheticrsbuphingtwithesaddnt,
characterized in that the first vehicle detection circuit periodically-
sti mul at esnfihetiveselemgotti ve el enent to generate the nmagnetic field for .-
the activation of the transponder, the first vehicle detection circuit
receives- fromthe transponder the stored information via the first

i nductive_elenent during a_non-stinulating period for the first inductive
el ement whEm. t h8 M%%d@?t%tﬁﬂ%dsVEWiE& caererdingr &8 gkaim ifecified
area Sroun the first_ 'inductive ele and the first vehicle detecting

circuPt JUPEERIn; (RALd ( PeGPRd VERS PoAREATHRR GARFBLE HFRRRTR Sho
St TN OT BEBEAELRRRRSRERE O f sald {ndyuctive PLemERECti on

h d d
ol v e t a‘g%%@.g'dQ hrd %‘ﬁﬁa@%&uﬁé.%”E%'e%%ﬁ?%éﬁ%?é‘ BEFESo ng v 11
he fi I
e 1 Yo £Ta 10 QAR 5 %eéénéﬂ?hﬁ' et

exanlnlngcﬁggggasvgﬁq sgectrlcal paranmeter of first |nduct|ve elenent
during the existence of the vehicle near the first inductive el enent,
thergley the transponder-nmounted vehicle and the vehicle which doesn't have
the transponder can be detected and the both can be discrim nated. 20. A
vehi cl e dayecti An valfilcl® ad€tectigh t syshemm décofdind etoC WHAEnsi 19, a
control unit which receives a vehicle detection signal and periodical .

control swherkeihr saidiesécond wehicdle di¢eedtbon Cccitouttsaddtedts ha control
unit drives gate neans for classifying the transponder-nounted vehicle and
t r ansponderesencenprédavvghitde in accordance with a level of output

voltage obtained <through magnetic coupling with said

15 inductive element.
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