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Th| s application is related to and clains priority from Japanese Patent = -
Applicatien No. Hei. 6-168196, incorporated herein by reference. BACKGROUND
OF THE INVENTION 10 1. Field of the Invention This invention relates to a

mobi | e transceiver start_- SPAREAURNETECD FORNMMOBILE MMnt to achi eve
this method to automatically start-up a nobile transcelver perform ng
prescri bed communi caMOBELE JTRANSCENVERS AND aF IXED: PRANSCEXHRScTHEREQE | ed at
15 a ground | ocation, when the nobile transceiver enters an area where
comuni cation with the fixed transceiver is possible. 2. Description of

Rel ated Art It is known that conventionall y, one funct i on provided 20 in
portabl e or vehicul ar noQiSWSRrHREEENCE Xz o) P Aree¥dical power is
a wakeup function to automatically start up the |nternal circuitry of the
transcei ver shen a prescFrbe@Ppilifationsis asdiared %9 ardackaimsipPriefttrfven
(hereafter referred to as a ground statloné |nstallede]né %éground | ocation
upon 25 det er MeRRRESEnFRtERE ARRLicatiemsler vdielnast erEP8d aReaPerakede
communi cation with the fixed transceiver is possible. The nobile

transcei ver, i ASFedBr 0¥ FHERRENRe whet her

BACKGROUND OF THE INVENTION

10 1. Field of the Invention

This invention relates to a mobile transceiver start-up

‘method and communication eqﬁipment to achieve this method to
automatically start-up a mobile transceiver performing prescribed
communication operations with a fixed transceiver installed at

15 a ground location, when the mobile transceiver enters an area

where communication with the fixed transceiver is possible.

2. Description of Related Arxt

It is known that conventionally, one function provided
20 in portable or vehicular mobile transceivers to -conserve
electrical power is a wakeup function t._o.automatically start up
the . internal circuitry of the transceiver when a prescribed
signal is received from a fixed transceiver (hereafter referred
to as a ground station) installed at a ground location upon -
25 determining that the mobile tré.nsceiver has entered an-area where
communication with the fixed transceiver is possible.

The mobile transceiver, in order to determine whether



-2- it has entered an area where comunication with a fixed station is
possi ble, receives a transmt signal fromthe ground station via a

communi cation antenna, detects and anplifies this signal and deternines
whet her the-level of the anplified signal exceeds 5 a prescribed level. In
ot her words, in the conventional nethod, t<2e nobile transceiver receives a
si gnal transniitt da&sf eotered 2m ;ared whare ocommuhiicetiondeith rd fixetdhatatien
recei ved signal exceeds a prescribed |level, then the nobile transceiver is
det er mi ned t o il0 passiblent veceives ar tzankmit signainfoemi the igroundssbationt h
the fixed station and the internal circuitry is started. However, this kind
of start-up ntifo® eepmunicabiem antennat, setrotghandcamplidfiies shigcsigrahas
been sinplified, and is able to curb el ectrical power consunption, only one
conpar at or 15 ands dgsegmipes | vhalhey she ikavedt pEnthe PRRS 1Lhpd s ignads aureeds se
is input via the antenna or the receive circuit input circuit path fromthe
antenna to 3 het ®FRFETdLeA 1eFek- noi se may be nistaken by the conparator for

a received signal exceeding a prescribed |evel, thereb ca.si&g unnecessary
start-up of the transceilfePtB®r Wordsyt ¥ thencoryent me e mobile

conventional start-up nethods, have succeeded in sinplinxigg rece%ye | eyel
circuitry and transceiver receives a signa transmitted from the ground station

and if it determines that the received signal exceeds a
prescribed level, then the mobile transceiver is determined to

10 have entered an area where communication is possible with the
fixed station and the internal circuitry is started.

However, this kind of start-up method has a problem in
that although the circuit structure has been simplified, and is
able to curb electrical power consumption, only one cqmparator

15 is used for level discrimination. Thus, when external noise is
input via the antenna or the receive circuit input circuit path
from the antenna to the comparator, this noise may be mistaken
by the cémparator for a received signal exceeding a prescribed
level, thereby causing unnecessary start-up of the transceiver

20 .circuitry.

In other words, although conventional start-up methods -
have succeeded in simplifying receive level circuitry and
achieved a reduction in electrical power consumption, noise
causes an unintended start-up of the transceiver circuitry with

25 the result that reduction of electrical power Consumption of the
mobile transceiver eéuipment is inadequate.

These mistaken start-ups of the internal circuitry are



achieved a reduction in electrical power consunption, noise causes an

uni ntended start-up of the transceiver circuitry with 25 the result that
reduction of electrical power consunption of the nobile transceiver

equi pnent. i s i nadequate. These m staken start-ups of the internal .circuitry
are -3- prone to occur frequently in envidronment s wi th much noi se (such
as in aut onpbi PESRe kP tqppure fERqUent Iy dncenvinonments stish muphneoiheel {such
adopted for use in nobile transceivers installed in autonobiles, a
satisfactory waRedp PURCEPRALSY At thataieven if SHARLRYRTENTEMAINVENIGNG n
consi deration of these prqoblens, this invention has an object of providing
a wakeup functF‘Sﬁh‘PgrliuP‘éﬁ’rﬁ'ﬁ% Eqrrqse g nomakige ErppgReteerer ingtrldiadhdgimn
area where communicatjon with 10 a ground station is possible by accurately
detecting the ABBPR H-%Fhs@ei%isﬁéﬁ‘é‘iﬂéﬁa&ﬂpnﬁnﬁ‘ﬁ’eﬂ‘ém%Qéltéhnéﬁiea

wi t hout beiBg affected by noise and starting up the internal circuitry of
the transcerfver wth high efficiency. To achieve the above object, a first
aspect of the 15 present inventiqn proy

L iy des a start nethod to start a
mobi | e transcei ver upon enteri ng2dtarsd ! SPARY

ation is possible
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In consideratién of these problems, this invention has
an object of providing a wakeup function for automatic start-up
of mobile transceivers entering an area where communication with

10 a ground station is possible by accurately detecting the mobile
transceiver penetration into the communication area without being
affected by noise and starting up the internal circuitry of the
transceiver with high efficiency.

To achieve the above object, a first aspect of the

15 present invention provides a start method to start a mobile
transceiver upon entering an area where communication is possible
with a fixed transceiver, for the purpose of performing
communications with the fixed transceiver where a start-up signal
of a prescribed time interval is sent periodically from the fixed

20 transceiver, and the signal received from the antenna is detected
and amplified in the mobile transceiver and then comp;red with
a reference value of a prescribed level to allow discrimination,
a pulse signal is generated with a pulse width corresponding to
the level of the received signal, the pulse signal is converted

25 into a start discriminator pulse signal of fixed pulse width and
integrated, and when the integrated value exceeds a prescribed

reference start-up value, the mobile transceiver is determined



with a fixed transceiver, for the purpose of performng comuni cations with
the fixed transceiver Wnere a start-up signal of a prescribed tine interval
is sent periodically fromthe fixed 20 transceiver, and the signal received
frromthe antenna is detected and anplified in the nobile transceiver and
then conmpared with a reference value of a prgscribed level to allow

di scri m nati ontoahgvé Sentsaithlan ar&8€ Wiieree ol Ga tiUrS € sVbadibie wz.th the
corresponding to the | evel of the received signal, the puI se signal

converted 25 i fimed Hmursodiiveti rampt eneplih%erﬁagnahr@m&rye@fp%@ iﬁbﬂife
and integrated, and when the integrated val ue exceeds a prescribed

reference startrapscelver isiestentidde transceiver is determ ned -4- to
have entered an area where comruni cation is possible with the fixed

transcei ver and the intelmathis ridmid of dévéhelisorimenttbomsarithod,| 81though
started. In this kind of |evel discrimnation nethod, although 5 a pul se

signal is génelaapvel;lse\/raargnaielst@eﬂemtxydahhemdmeveﬂaby siynadobet®ived by the
transceiver fromthe fixed transceiver exceeds a prescribed receive |evel,
pul ses nmay al s@mobélgentrangdeivean ofxcm gehenofnkedf etxdmsowdlvemoi egceéds a
superinposed on the receive signal and the resultant level is high.
Consequent | y, @reschbdedoracebveli bewely tihilsedsnwanyt iadiso beegeheratedicwlegt sa
the pul se large amount of external noise is- superimposed on the receive
signal and the resultant level is high. Consequently, a method
10 according to this invention,  therefore, accepts the pulse
generated by the above mentioned level discrimination and
converts the pﬁlse into a start discrimination pulse signal.
This pulse signal is then integrated and when the integrated
value exceeds a prescribed start discrimination reference level,
15 the mobile transceiver is determined to have entered an area
where communication with the fixed transceiver is possible and
the internal circuit;ry is started.
In other words, unlike the start signal sent from the
fixed transceiver, noise cannot change periodically for each
20 specific amount of time. However large the noise level might be,
there will be no periodically repeating' pulse signal generated
by the above level discrimination. In this invention the
generated pulse signal. is converted into a pulse signal of fixed
pulse width by means of the above level discrimination, this
25 pulse signal is integrated and an integrated value exceeding the

prescribed level results only when a pulse signal exceeding the

prescribed period and prescribed quantity is repetitively



generated by the above nentioned | evel discrimnation and converts. the
pul se into a start discrimnation pulse signal. This pulse signal is then
i ntegrated and when the integrated val ue exceeds a prescribed start
disscrim nati-on reference |level, 15 the nobile transceiver is determned to
have entered an area where connunlcatlon mnt the fixed transceiver is

possible and ! Genapdeddialish] oUdd Yubsas! A0he0. 1 CLHES VRS ool h°

start signal sént fromthe fi xe&gtranscelver nol se cannot c

periodical ly f@faﬁ@@é”h.v?é} r%E@%ééCa %ﬁ!'a 21 FBom HANEEEL aaf%ggégwa%se

| evel m ght be, there will be no perlo |ca y repeating pu Se signa
generated by tige q.tiﬁ:\é%ﬂa@é&' val i Wh ItRald Qqueﬁ kRahNiife 's'&!?ﬂtdl dt‘l'?ﬁrnator
se signal pul's

generated pul se signal. is converted into a pu of fixe

wi dth by meansrefetdéiecab@utube\iRitedn$fes Mehaki Othe LRSI LD IEE[aﬁScéiGé@' h'a§
I ntegrated and an integrated val ue exceeding the prescribed level results

only when aspubfitefedndl ecticrd thamid 2SN idaciBR! tRE Alked' ©SGIIdMeYer
gquantity is repetitively -5- generated (in other words, only at tines

when the nobil gstpessilsie/end etei VeGerhal dircaiarplid rsemrkaa. f i xed
transceiver). The integrated value which is.larger than the start
di scrimnator reference twdre€ode} einriannsthddtaccbedingide thisnineeneiomhahe
circuitry can be reliably started exclusively when the mobile
transceiver has entered an area where communication with the
10 fixed transceiver is possible. Moreover, mistaken circuit start-
| ups of the mobile transceiver due to external noise are
prevented. This method also allows an extremely satisfactory
reduction in electrical power consumption. Even when the fixed
transceiver is installed in locations subject to much external
15 noise, such as automobiles, a reduction in electrical power
consumption can be obtained.
A second aspect of the present invention provides a
fixed transceiver having a communication antenna and a
communication section for performing prescribed communication
20 with a mobile transceiver by means of the antenna, where the
communication section is provided with a start-up signal sending
'section for sending start-up signals at predetermined intervals
through the antenna.
According to a further aspect of the present invention{
25 a mobile transceiver includes a communication antemna, a

communication section for communicating with a fixed transceiver

by way of the antenna, and a start-up section which determines



5 entered an area where conmmunication with the fixed transceiver is
possible and the internal circuitry is started. Therefore, in a nethod
according to this invention the circuitry can be reliably started .
excl usi vel y-when the nobile transceiver has entered an area where
communi cation with the 10 fixed transcei verbirs possi bl e. Mreover, i staken
circuit startWh§Bs &pet nBORSME| etrapseeistarr hage ©Fteredr nan nersa avhere
prevented. This nmethod, also allows an extrenely satisfactory reduction in
el ectrical poReRIEBASHFIRT oS RofSAbWReWLEmctle Tdged, SRaneseister daspdt anl ad
in | ocations s%b%gct,to ch external 15 noise _s%ih as autonobiles, a
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reduction in & r FtaRapohEd LS EroR EhA t eFntFeiNege cWhaTashRet
of the present _inyvention provides i xed transcei ver having a )

communi cat i on SEAE nie ﬁﬁﬁé%nﬁﬂﬁf‘&‘iﬁ ot s&LFRHh P&Pcﬁéﬁf-ﬁgmsrﬁfw&cﬁmed
Che communPeafRORCELRE| S ERBIGETIRE HhEnSAURtL, FoRR ErdnSFo0ehaFeR the
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and a start-ug;$66t bOUcWh R tEE Md'%For generating a pulse signal with a

pulse width corresponding to the level of the received signal,

10 a pulse generating section for converting the pulse signél formed
in the lewvel discriminator section into a start pulse signal of
a fixed pulse width, an integrating section for integration of
the pulse signal output from the pulse generating section, and
a start discrimination section for starting the communication

15 section which determines the mobile transceiver has entered an
aréa where communication is possible with the fixed transceiver,
when comparison by the above integrating section shows the
integrated value is greater than the prescribed level of the
reference value.

20 The mobile transceiver may be provided with a
communication antenna, a communication_éection for prescribed
communication with a fixed transceiver by way of the antenna, and
a start-up section for starting the above communication section
upon determining that the mobile transceiver has entered an area

25 where communication is possible with the fixed transceiver based

on a start signal transmitted from the fixed transceiver.

In this start-up section, first a signal processing



-6- when the nmobile transceiver has entered - an ‘area where

comunj cation i's possible with the fixed transceiver based on a start
signal” transmtted fromthe fixed transceiver, where the start-up section
i nel udes a signal processing section for 5 dptecting and anplifying the

signal receive ' I t he antenna,.a | evel discrjm nator for
conmparing the %g?lggtegd cgn rgz}:ﬁplﬂ eamgfjgfrﬁﬁs W% ﬁW’%?LréﬁES’-V%ﬂiu@er &the

i a pul se wedrhoas PRACRFHT BTonEthBRRorotechil Soupdess Bhoriatedioa
ovel G sor m AaCorieLEr oS SAFREY i Bl e Y B o BeteentBandiever
from i ne pul se ‘ensrarime Janons SREMAL R Spedfrdl S Binditionth Mo
{ranscever hat Bars et $PZREipaRALE e SR PR i elRR R i,
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the integrated value iS greater” than the prescri be eve

val ue. 20 the level r@isdﬁlﬂi&lﬁtoir%@n‘ﬁeﬁnFW sttt ?Bg%bg%ﬁ%#[ E:o;f[ iagn

conmuni cati on antenna, a comruni cation section tor prescr

with a fixed t FaRe@CWYEED PYanaNtRhrd PEndHetti8n Afedratled’ tRUPLSESE | AN AG"
starting the above communication Section
output from the pulse generating section, finally a start
10 discrimination for starting the communication section which
compares the integrated value integrated by the integration
section with the prescribed reference value for start
discrimination, and when the integrated value exceeds the start
discrimination reference value, the discrimination section
15 determines that the mobile transceiver has entered the area where
communication is possible with the fixed transceiver, and starts
the communication section.

As a result, the mobile transceiver start-up method can
be implemented using the above fixed transceiver and the above
20 mobile transceiver. These methods and devices allow accurate
start-up of the mobile transceiver ~only when the mobile
transceiver has entered an area where communication is possible

with the fixed transceiver without being affected by noise.
In the fixed transceiver a communication section for
25 performing prescribed communication with a mobile transceiver may
be provided with a start-up signal sending section for sendimj

- start-up signals at predetermined intervals by way of an.antenna.



upon -determining that the nobile transceiver has .e_nt- ered an area 25 Wnere
comuni-cation is possible with the fixed transceiver based on a start-
signal transmtted fromthe fixed transceiver. In this start-up section,
fis+st a signal processing -7- section detects and anplifies the signal
received fromthe antenna, next a |evel di s8ri ni nat or section conpares the
‘detected and anplified ShFRAAIAG hta Aaothemcaspeticodi theprinvention,| o
to determ ne vvhigh s greater and generates a_pulse signal with 5 a pul se
wi dth correspoR@Phget & CReVEF 1S thevehicnlry §rapsfeivenumeuntededatiag
section converts thi pulufe 'sl_ngnaI formed in the |level discrimnator
section, into JSBEGIE- putRFRE GRERURECAtFIn SEChiaRrDeEsy i S&dfaidrptifvingn
i ntegrates the | se, signal _outpyt fromthe ﬁ#s enerating section, _.
finally a star F8§6 d*r%c%i’ﬁ?ﬁat?%ﬁ: f%y JeR0Si t%&gcoﬁﬁﬁﬁﬂn@aﬁ%n thect Fised
whi ch conpar.es the_integrated, valye integrated by the integrati on_section
with the préscFFBgac?éYgf erffid v&l#@r‘f'ﬁ?ggt é?rtes&'r‘%EFam PERS ,m:?ndpﬁ/ﬁg‘ﬁn?%
i ntegrated val s, t start discrimnation referen | ue,._the
di scri m nat i on%‘§5§?§§ﬁ81‘§ B:E’tee&ﬁﬁ%ltt ﬁd‘tgn?'ﬂe%ﬂ%itlh? ?F‘ﬁﬁégte‘%laﬂa}’ésr%eﬁg?r - In
entered the ar er lcation s ssiple wih flxed .
transcei ver, a ghgfgar s‘?‘_%%he @@%ﬂfh%&ﬂ%gﬁg c?zl'}f)%c.w Eraﬁ?geu}e)%, the mobile
transceiver of this invention transmits a self-identifying code
to the fixed transceiver. The transmit signal from the mobile
10 transceiver serves to announce its proximity to the fixed
transceiver and the mobile transceiver then functions as a
transponder, complying with instructions sent from the fixed
transceiver.
Also, it is possible that the device is installed on
15 the roadway along which the vwvehicle runs and that the above
mentioned communication section, when a self-identifying code is
received from the mobile transceiver installed in the vehicle
running along the same roadway, a prescribed command signal is
sent by the fixed transceiver to the mobile transceiver.
20 : The fixed transceiver may be installed along the
roadway used by the vehicle. In this co;niuunication section, when
a self-identifying code is received from the mobile transceiver
mounted in a vehicle moving along the roadway, a prescribed
command signal is sent to the mobile transceiver. In other
25 words, the fixed communication section of this invention

functions as monitoring or command equipment with respect to the

mobile transceiver mounted in a wehicle.



As a result, the nobile transceiver start-up nethod can be inplenented
using the above fixed transceiver -and the above 20 ‘nobi | e ‘transceiver.
These net hods and devices all ow accurate start-up of the nobile transceiver
onty when.the nobile transceiver has entereg_an area where communication is
possible with the fixed transceiver w thout b affected by noise. In the
fixed transceiver a conmpf @ahide ssenscaiver QLE? pltedrtnangqeiaes: icead be
comuni cation with a nobile transceiver may be provided with a start-up

si gnal sendi ngaEB(]:%F‘Sn £or £X3aPhg sttar ttmssvpggawysstemm &dNgr nawleqhomous

I nterval s by ‘%B an anteng -8- According to anot her aspect of the
i nvention, the EJFi'%str%sc aGkries o PdSPatFRr fRGhsEEISRr RAMt RYShems

vehicle. In the co nlc i on section here, Self_lden“%ﬁ gcode IS
first sent bymﬁﬁé g (e SPREHhADEIPIRG PEXBRhEFLeS QRsERE EPadgand pay

i gnal 1 ?imeéiﬁﬁiE&d}q%ééfi's% E%Iq%éﬂe%sacc°r%k3%r¢qé’s%?ﬁaﬁ[ R Lesa
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while mounted in a vehicle and which is able to restrain

electrical power consumption to a minimum because the circuitry

10 1is only started up when the vehicle is in proximity to the fixed
transceiver.

Since the mobile transceiver starts up and sends the
self-identifying code only when in proximity to the fixed
transceiver, the self-identifying code is prevented from being

15 sent in spite of the vehicle being far apart from the fixed
transceiver thus preventing other devices from being mistakenly
operated by a mistaken transmission.

Other objects and features of the invention will appear
in the course of the description thereof, which follows.

20

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present
invention will be more readily apparent from the following
detailed description of preferred embodiments thereof when taken

25 together with the accompanying drawings in which:
FIG. 1 is an electrical circuit schematic showing the

structure of the start discriminator for the transponder of a



transponder, conplying with instructions sent fromthe fixed transceiver..
Al'so, it is possible that the device is installed.on 15 the roadway al ong
whi ch the vehicle runs and that the above nentioned comunication section,
when a self-identifying code is received fromthe nobile transceiver
installed in the vehicle running al ong the stdwe roadway, a prescribed
command si gnal Arefegmedppmbodimentsd transcei ver to the nobile transceiver
20 The fixed transceiver may be installed al ong the roadway
used by the vehicle. In FEés Zdsnamiezalanatsey idraningheh thesebérd eebhbyphpg
code is received fromthe nobile transceiver nounted in a vehicle noving

al ong the road®fy the gréiectben syshemsdforghall imasisnbft the hembwdindht ;

transcei ver. In other 25 words, the fixed conmuni cation section of this
invention functions as nBRF%eri¥Hy endcodRanareqhbilpoknt didgten eshowingo the
nobil e transcei ver mounted in a vehicl e. -9- The nmobil e transcei ver and

fixed transcei \ROEPOSHLHEN 0P| Fhal groyndestapien afotheanshbbect iopstsyskensi figr
autononous vehicles at factories, dispatch facilities, pay systens

moni tori ng t he %934 5§adRdaR@i Hie dranshrafer of the lembodiments pay 5 par ki ng
lots and | evying a toll f%e or farking fee on_vehicl es,

FIGS. 4A-4F are timing charts illustrating the
operation in the start discriminator when a pilot signal is
received from the ground station in the embodiment; and

10 FIGS. S5A~5E are timing charts illustrating the
operation of the system when external noise is input in the start

discriminator of the embodiment.

DETAILED DESCRIPTION OF THE

15 PRESENTLY PREFERRED EXEMPLARY EMBODIMENTS

Thg preferred embodiments of the present invention are
hereinafter described with reference.”to the accompanying
drawings.

FIG. 2 is a schematic drawing of a toll road collection

20 system suitable as an embodiment to which the present invention
is applied. FIGS. 3A and 3B are block.diagram of the toll road
collection system showing the transponder function of a mobile
transceiver for communicating with the ground station upon
approaching the fixed transceiver which functions as the ground

25 station.

As shown in FIG. 2, the toll collection systeﬁ of this

embodiment utilizes ten pilot signals sent periodically from a



etc. These kinds of systems will also benefit fromthe invention since it -
pr'ovi des -a nobil e transcei ver not susceptibl.e to noise while nmounted in-a
vehicle and which is able to restrain electrical power consunption to a
m.ni num because the circuitry 10 is only started up when the vehicle is in
proximty to the fixed transceiver. Since tfie nobile transceiver starts up
and sends the self-identifying code only when in proximty to the fixed
transcei ver, IFOUBE Ft?ﬂb‘?\‘{iaﬁ‘)gﬁeﬁ@acﬁﬁtqlé-eﬂr at e gnftrancdandy exgt a€rthe n
spite of the ve iclea‘ts)igi ng far apart fromthe fixed tégnscei ver thus,
preventing ot REtld&PRCe £ SERFbePRganFsansRandeogdiskaddedyin fhre uricle.

ansm oSt on, o aRleths: A LE M ol NS EILLPD L SRR e
W11 be more FAHEGS BRRFRIRLSY G SRE® NOIS W CHIREOL ST i HILBY DI HOGRC
G awi ngs. | 1 wHILOR: &8 Bof il BEFF ek 1Rl And clndhitel SERBERE e ™
structure of ttrflee Sgtr%%ddis’ggﬂorg,naftogr i}cxgéaﬁrpee W re%”%ﬁg_nxg&{icq_fe Qnters a toll
roadway, the name of the interchange will be stored in the
transponder, and when the vehicle leaves the toll roadway, the
" transponder is made to send the name of the interchange where the
10 toll roadway was entered, and prescribed communication necessary
for billing is performed. '

As shown in FIG. 3A, in order to perform this
communication, the ground station is provided with an antenna 2,

a data transmit-receive section 4 for data communication using

15 the communication antenna 2 with the transponder installed in the
vehicle, and a communication control section 6 for controlling
the data transmit-receive section 4 and transmission/reception
of prescribed data for road toll charges. The communication
control section 6 is connected to a toll collection device 8 for

20 issuing a bill, etc., according to data obtained by communication
with the transponder.

As shown in FIG. 3B the transponder mounted in the
vehicle is provided with a communication antenna 10, a start
discriminator 20 which is always in operation and is directly

25 supplied with power from the power supply 12 which generates a
uniform power supply voltage V.. using power supplied from a

rahirla-manntad hatterv bv wav of vower suvolv switch 14, a data



-10- preferred -enbodinment; FIG 2 is an explanatory drawi ng of the overall
concept of the collection systens for toll roads of the enbodi nent; FIGS.
3A and 3B are bl ock diagram showi ng the 5 conmposition of the ground station
of.--t he coll ection systens for toll roads and the transponder of the

enbodi nent; FIGS. 4A-4F are timng charts il-lhgstrating the operation in the

Is';] a{ Ledleﬁgghwnefﬁﬁs%e?géeﬂvé 0§e§t£51f" 6 Sféféﬁ%f’%&n&.@“él a ng%@%m?%giéﬁm

illustrating twehpHatgryund SH3eidKs a | S8
the start discrimnator qof t he enbé'g?ingm%ﬁ%% @EC}%I@PTI &éd_:@%‘.géviﬁg

PRESENTLY PREFReR EXGWPUNRGIRBOPLPEINT 32The wapicr tad sobodismphs ofitbe

present invention are hereinafter described with reference to the

acconpanyi ng drlaji ngs. ddnfiundcagionscoemeldlded awigng tof %oh@kblroﬁﬂe data
collection 20 system suitable as an enbodi nent to which the present

i nvention i <5 appdanstitFreSei B seckith e fYOciraisadseibal ahferkebpti®pdos
col | ection system showi ng the transponder function of a nobile transcelver

for communi cat ipmpseiribetihdaga ourid es rate owing gowerp Feenhing gdier iswpgly 12,
transcei ver which functions as the ground 25 station.

and to determine whether the vehicle (in other words, the

transponder) has entered an area where data communication is

possible with the ground station based on the signal received

10 from antenna 10 and if within the area, power supply switch 14

is turned on, and data transmit-receive section 16 and
communication controller 18 are started.

Communication control section 6 and communication

controller 18 installed in the ground station and transponder,

15 respectively, each include a one-chip microprocessor which may

include a CPU, ROM and RAM, etc. Communication control section

6 of the ground station not only performs data communication with

the transponder but also causes the data transmit-receive section

4 to transmit through the antenna 2 a signal corresponding to a

20 pulse signal by outputting a burst of a signal having a

predetermined frequency (10 kHz in this- embodiment) at certain

time intervals (every 10 msec. in this embodiment) for a certain

duration (1 msec. in this embodiment) to the transponder. 1In

other words, the antenna 2 of the ground station broadcasts a

25 total of 10 pulses every 10 msec. for a 1 msec.  duration at

intervals of 0.05 msec. by means of operation of communication

control section 6.



As_shown in FIG 2, the toll collection systemof this enbodinent utilizes
tén pirlot signals sent periodically froma -ground station -antenna- '
installed at the entrance and exit of-the toll road to start-up a :

t ransponder .installed in the vehicle. The transponder of the vehicle is
automatically started when the vehicle has €i-ered an area where

conmuni cation with the grigimdeBasimildsaBni %a%SSjjsb@-pHJ@rsiﬁhgﬁé'@gh%er

upon instructions fromthe ground station, for Instance whe

enters a toll woadspya &berd 1)t R ri BE8EEanOthaM it R85t ' he,
transponder, and when the vehicle | eaves the ?%?I roadmay,athgi?ggkgkongg}

i s made to sendthée werds ofddtee tirahenitangm weesectien 11k okl coRaeNEY
entered, and prescribed comuni cation necessary for billing is perforned.

As shown in Fl Gon82oller olglerof otiperdmin®pohdercONRUBLEAL] Ofs 410 W&t thng
station is provided wwth an antenna 2, a data transmt-receive section 4

for data cofnumeceived betweerSthéegeommdingtatiom amd ebpgnsporidelr tfer data
transponder installed in the vehicle, and a comrunication control section 6

for controllingommeniicatian ansrihisr exiginad sict soncHramiked with a 100 kHz

transm ssion/reception of prescribed data for road toll charges. The

communi cati on &sAREMEt setechnamd imodiwated: edthoserial | dztd |srtilon steddcd B

for 20 issuing a bill, etc., according to data obtai ned by conmmrunicati on
higher than that of the pilot signal.

In the transponder, the start discriminator 20 receives

10 the pilot signal sent by the ground station as described above,
and when the transponder determines an area has been entered
where communication is possible with the ground station, the
transponder turgs on power supply switch 14 and supplies power
supply voltage Vo to the communication controller 18. and the

15 data transmit-receive section 16 for their operation.

Beldw are explained, based on FIG. 1, the structure of
start discriminator 20 for controlling in the transponder on and
off operation of power supply switch 14, and the start and stop
of the communication controller 18 and the data transmit-receive

20 section 16.

As shown in FIG. 1, the start discriminator 20 includes
a detector 22 for detecting the signal received from the antenna
10, an amplifier 24 for amplifying the signal after detection in
the detector 22, a level discriminator 26 for comparing the

25 ‘amplified signal from amplifier 24 with a reference voltage Vg

for level discrimination and when the received signal exceeds the

reference voltage Vpy, sending a high level signal to



wi th the transponder. As shown in FIG 3B the transponder nmounted in the
vehicle is provided with a conmunication .antenna 10, a start discrininator
20 which is always in operation and is directly 25 supplied with power from
t Re power. supply 12 which generates a uniform power supply voltagé [err]

usi ng power supplied froma vehicle-nmountedpattery by way of power

supply switch ddscaimimiator pulke tdeidritbr 28Cifde YRHIrARIAE HOM RGN f 1.Ng
data conmuni cation with the groundq station by way of anterJing %0 h\/ﬁ% elq:'r‘;El

recei ving powepulsenfahe speeifseipfime 12nbytney wekdshea RiRe 8¢PR! YoritiG)
14, a communication controller 18 to control the  data 5

transnit-recei palsecridih)l@fiter thenside pifoRhansulas &ilgndn eht €54 dnP 8% e
data while receiving power fromthe power supply 12, and to determ ne

whet her the veheeek discoiminater d5, tde idtegpeeded0 e STH ARG ARG ER
where data conmunication is possible with the ground station based on the

signal recePveBulgefrakgnal enofl lComsihrtd \pulven tHieltdy edutp@eer £39AP! Xhe

swtch 14 is turned on, and data transmt-receive section 16 and

conmuni cat i on @68¢FiMinators pulsesigeneedtofoffuna catapt-uordisdrisdeiater @2

and comruni cation controller 18 installed in the ground station and

transponder, determining that the transponder has entered an area where
communication with the ground station is possible when the
integrated value exceeds a reference voltage Vpg,, and thereupon

10 sending a high level drive signal to turn on the power supply
switch 14, and an output section 34 for driving the power supply
switch 14 and continuing to drive power supply switch 14 for a
specified time even after the fall of the drive signal pulse from
the start-up discriminator 32.

15 Here, the amplifier 24 includes an inverting amplifier
circuit in three stages including an operational amplifier OP1
shown in FIG. 1. The inverting amplifier circuits are comprised
of a capacitor Cl and resistor Rl to input the received signal
to the inverting input of the operational amplifier OPl; a

20 voltage divider formed by resistors R4a and R4b to apply a
specific voltage portion of the power sﬁpply voltage V. to the
non-inverting input terminal of operational amplifier OPl, an
output resistor R3 connected to the output terminal of the
operational amplifier OPl, and a feedback resistor R2 and a

25 capacitor C2 having respective ends connected to the output

terminal of resistor R3 and the inverting input terminal of

operational amplifier OP1 to form an amplifier circuit which



15 respectively, each include a one-chip mcroprocessor which may include a
CPU, - ROM and RAM et c.. Communi cation control section 6 -of the ground . - ..
station not only perforns data comunication with the transponder but also
causes the data transmit-receive section 4 to transnit through the antenna
2 a signal corresponding to a 20 pul se si grlqll§ by outputting a burst of a

a signal ing by outputting a burst of

Certain 1o i SERaS TRvaTy S0 AECRUtPRLY 1t i yelieRY G SRR Ak the

durat i 1 i d 4 [ j : A :

the antenna 2 oo h e E A et on Bradolaihrehd "SRR chfs Jlipllies
10 . ti : 1 Wt . '

of operati on of Sammon eareaasc e FER BLPPOSLERE fom il e RedBHL,

wave is a pil Oéiéiﬂrbminpﬁﬁ”aPE@Frbé’E{c?g%zetfécﬁE&r&{ St 3lekebfbrSH3r i NG the

internal circuitry (in Other words, ta transmt-recelve sectron 16 and

communi cat i gn cont rol | emnd8) 1evet heusldcanpARESE - 75 Sizdhal phsedhidthe e et
5 received between the ground station and transponder for" data

conmuni cat i on. di sdhinfinditdeal oifS theN Pucivead sWighB1 2 ah89; kikd t panRkt k
and nodul ated with serial data so the speed i\gb-ﬂ gherBtJHan tha? o?kt r@&%

pilot signal. stage inverting amplifier circuit of amplifier 24, includes a

comparator comprising an operational amplifier OP2 and voltage
divider resistors RS and R6 applying a reference voltage Vpg; as

10 a portion of the power supply voltage V.. to the inverting input
terminals of operational amplifier OP2. The received signal from
amplifier 24 is sent to the non-inverting input terminal of
operational amplifier OP2. When the received signal here exceeds .
the reference voltage Vgg;, 2 high level pulse signal is output,

15 and when the received signal here is smaller than the reference
voltage Vypy, a low level pulse signal is output.

Next, the discriminator pulse generator 28 inc.:ludes an
operational amplifier OP3, resistors R7 and RS for respective
input of the output pulse from the level discriminator 26 to the

20 inverting and non-inverting input terminals of operational
amplifier OP3, a grounding resistdr -.R8 for grounding the
non-inverting input terminal of operational amplifier OP3, a
resistor R10 for applying power supply voltage Vg to the
inverting terminal of operational amplifier OP3, and a capacitor

25 C3 with one end connected to the inverting terminal of
operational amplifier OP3 and the 6ther end connected to ground.

In the discriminator pulse generator 28, when the .



In the transponder, the start discrimnator 20 recei ves 10 the pi | ot signal
sent by the ground station as described.above, and when the transponder
determ nes an area has been entered where cor_muni-cation is possible with
the ground station, the transponder turns qQngpover supply switch 14 and

[ h |1 18. d
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[err] sending a high I SCrim na

generator 28 f@Fo@RReS ¥y Wayd JF Q:Iﬁel euphcPtdSed Wil TREY TemporT®ith M 1ow
ot her words, a pul se of "a constan
level compared to the non-inverting input terminal level only for
the time required fo; the capacitor €3 to charge, so consequentlf

10 the outpﬁt of operational amplifier OP3 will set to a high level
only for a fixed period of time due to the difference in input
levels. However, if the level discriminator 26 output changes
from high to low (in other words, at pulse signal fall time) then
the level at the inverting input terminals of operational

15 amplifier OP3 grounded by way of the capacitor C3 will be at a
temporarily high level compared to the non-inverting input
terminal level, so the output at OP3 will stay unchanged at a low
level and no signal will bé output from operational amplifier
OP3.

20 Accordingly, after an output pulse rise from the level
discriminator 26, the signal "level (pulse signal) 'from the
discriminator pulse generator 28 is high for only a fixed amount
of time. The output time for this pulse signal (in other words,
pulse width) is determined by the time constant set by the fixed

25 value of resistor R9 and capacitance of the capacitor C3.

An integrator 30 which receives the pulse signal from

the discriminator pulse generator 28 includes a resistor R11 with



pulse width) after the rise of the pulse signal output fromthe |evel
discrimnator 26, an integrator 30 for .integrating the 5 pul se signal of
constant pulse width output fromthe discrimnator pulse generator 28, a
staart-up discrimnator 32 determning that i4pe transponder has entered an

area where conunei eatli conmé¢ted heo HHAINALtHhA! itabmiSaDOSE Bhe &@Seﬁ{)@fn%%
0 sending

I ntegrated val ue exceeds a reference voltage [err] and thereupon

a high level dpilksesgemetatior 28;na0dibde PP preRehy $ekbebe 161 2N0hAD +o
out put section 34 for driving the power supply switch 14 and COI’]?I nul ng Eo

drive pover suppeydisdniotinadotopulbses geaktiatsl tIgwiehent afdmidet Benfiatte® o
the drive signal pulse fromthe start-up discrimnator 32. 15

Here, the anpl kheeotizer iend odesharnresistor RYLanMd fd @roﬁhﬁiﬁ?t ré8idt¥LR12
stages including an operational anplifier OP1 shown in FIG 1. The
i nverting afpl havéngcpneuiend amoeneohpdi tod the xathpdei tof @lodddDI £SEEHON,
Rl to input the received signal to the inverting input of the operational
anpl i fi er OP1; chap@ing tapags torvLdecofmeatstl iy pasailel swida tinsl d¥duriding
apply a specific yolta%ﬁi portion of the power supply voltage [err] to the
non-inverting FRApESt®MHEZal of operational anplifier OP1, an out put
resistor R3 connected to the output term nal of the operational anplifier
OP1, and a feedback resil &he@n&ﬂ@%wapm:m h@ghhdeval sibgmalt{pdse
ends connected to the output termnal of resistor R3 and the inverting
i nput t er ni nal S58dple i PBERRE from £herdigerimdnatem pwlsangeneratori 28 uithe
whi ch . .
10 capacitor C4 is charged by this signal through the resistor R1l.
Later, when the output from the discriminator pulse generator 28
goes low, the condenser C4 discharges its stored charge through
the resistor RI12. However since the resistor R12 in this
embodiment has a resistance value many times greater than that
15_ of the resistor R1ll (for instance, if R11l is 30 Q@ then R12 could
be 1 M) the capacitor C4 will charge quickly due to the pulse
signal rise time and then gradually discharge. Consequently,
when repeatedly inputting a pulse signal from the discriminator
pulse generator 28, the voltage across the terminals of the
20 capacitor C4 will rise every time a pulse is input.

The start-up discriminator 32 is implemented as a
comparator including an operational amplifier OP4 and voltage
divider resistors R13 and R14 to apply a reference voltage Vora
drawn off from power supply voltage V. to the non-inverting

25 input terminal of the operational amplifier OP4. The output
voltage from integrator 30 (in other words, the voltage at the

terminals of capacitor C4) is applied to the non-inverting



-15- inverts, anplifies and outputs a high frequency signal in the vicinity
ofa frequency band (approx. 10 kHz in this enbodi ment) which: corresponds
to the pilot signal fromanong the received signals input after being
det'ected by -the detector 22. 5 Theg.l evel discrimnator 26

for perform’nge Ievek discgrimnatiqn of the received signal anplified by
the three stage rRvEF iﬂg |9RSTAL1ORRL (AN Igf igxp PP el £hiisngblitege alor

conpar at or co Y operatipnal anplifier OP2 and voltage divider -
resistors R5 gﬁ%k%gggﬁgﬁyyﬁguﬁgrb?e?%ﬂégieﬂowﬂééetpérFFféseEQﬁewqiﬂageoﬁﬁgi.

t he power supply volii.age rr] fo the inverting input termnals of

oper at i onal am§ i’fige&rla%:’igsﬁeﬁr% 6@&%%#9‘?1?’&%%%#?1@ discrimimaitor o
t he non-invertiaBg, .4 i.nal of . operational anplifier OP2. \Wen the
received si gnalﬁhvé'trl%wg(h‘céeg;&rsft?ﬁg f’é?%r N omlhe &1 PO pxceeds he seferendse
signal is out Py ¢ ée d when the received signal here is smaller .than the
reference vol tage % r??“ﬁ‘lomllevel pul se signal is output. Next, the

disorim nator pul se genen uu i) Ugkusee ne goci At onel AIBLLY Ler S,

Cherat Tonat “arshr| Pt G0 & UEEALARAL 2 BOSES 8 Ptk ST o,
connected to the output terminal of the start-up discriminator
32 to prevent reverse current flow and a capacitor C5 provided

10 between the ground line and cathode of the diode D2, and outputs
a voltage at the terminal of the capacitor C5 as a drive signal
Vyy to drive the power supply switch 14.

In other words, the output section 34 is arranged so
that when the output signal from the operational amplifier QP4

15 for the start-up discriminator 32 goes high, this output signal
not only serves as a drive signal Vyu for the power supply switch
14 but also charges the capacitor C5, so that even if the output
from the operational amplifier OP4 goes low, the drive signal Viw
will continue to be output for limited amount of time.

20 In this way, in the staft discriminator 20 of this
embodiment, when a vehicle approaches thé entrance or exit of a
toll road, or enters an area where communication is possible with
the ground station, a pilot signal received at fixed interwvals
from the ground station by the antenna 10 is detected in the

25 detector 22, and the received signal after detection undergoes
inverted amplification by amplifier 24 in three stages, and as

shown in FIG. 4B, the output signal from the amplifier 24 is



non-inverting input termnal of operational anplifier OP3, a resistor R10 .
f-of applyi ng power supply voltage [err] to the inverting termnal of .- -
operational anplifier OP3, and a capacitor 25 C3 with one end connected to”
the inverting termnal of operational anplifjgar OP3 and the other end
connected to ground., |Ln the discrimnator pulse generator 28, when the

-16- output f rGﬁPFﬁéefiSVelc 88 nilfat bimess perstlappsec. t Aateapal -tiar ntiks s
of the operational .a I'{ier OP3 are at the sane level and _no signal is
sent fromthe 8&3?&%5‘8?.]5 ATSPrALRg (393, thewdideti (Sl ofepmither | gromndr
26 out put chan%%égtron1lom1to 5 high (in other words, at pulse signal rise
tinme) then the”l &PRat the I nverting input termnals of operational
anplifier OP3 grounded by way,of the capacitor, wlJ be a temporarily | ow
| evel conpared to the no#?%v'éﬁ?i ﬁ@v?flp FSERANREOT) Afel2 FhdPAor LS heutRwe

eaulred Tors URsEAPRELSL. Chlgh SUBEI% A0.CRHRS Ll e ULt !
o C11e, due {0 sbe SUARROSRALAP L SVELE, cEBNOIEL, LIS prnan
o0l oLl LTkl D8 uolnal bl BUSLEL DAL LEPHIOLE! P SR pnis
at a becomes a high level signal for a certain duration after the rise
of the signal, and the voltage at the terminal of capacitor C4

10 increases in steps in response to the number of input pulses.
In this embodiment, the reference voltage Vpg, is set
to correspond to the integrator 30 output voltage when a
specified number (five in the drawing) of pilot pulses are input
into the integrator 30. As shown in FIG. 4D, the pulse signal
15 of fixed pulse width from the discriminator pulse generator 28
to the integrator 30 synchronizes with the pilot sigmal
transmission cycle from the ground statioén, and upoﬂ receiving
five consecutive inputs, the start-up discriminator 32
discriminates to that effect and sets its output to a high level.
20 A drive signal Vyy is finally sent from the output section 34
which sets the power supply switch 14 on and the data
transmit-receive section 16 and.communication controller 18 are

started.

The pilot signal is sent at fixed intervals from the
25 ground station and after transmission of ten signals, the next

signals are not sent for an interval of approximately 9 msec.

In the integrator 30, the capacitor C4 afterwards releases its



1

tenporarily high | evel conpared to the non-inverting input termnal |evel,
so the output at. OP3 will stay unchanged at a | ow | evel and no signal will -
be output from operational anplifier OP3. 20 Accordi ngly, after
an output pulse rise fromthe l'evel discrimnator 26, the signal |evel

(pul se signal) fromthe discrimnator pul ggggenerator 28 is high for only

- a fixed amountstdréd mhargeebpwagubftiiee rbeistdt R1QY! Site TudPak ¢oItRfd8kon
words, pulse width) is determned by the tinme constant set by the f1xed 25

val ue of resistive Rftenrhtapa0 tiandesel thhe erR@acéfarercd V’emthgéeﬂég?;()énao
whi ch receives the pulse signal fromthe discrimnator pul se generator 28

includes a restis¢ osutipit vdilgnal frim- thaeseans-apcisteimivatde IVigeels from
term nal of the discrimnator pul se generator 28, a diode D1 to prevent

reverse flow badidglo tbha kv devel pdiur spntectlpecapatbto?2&S\prbvided dnodne
connected to the other end of the resistor R11, and a groundi ng resistor
R12 5 havi bg outpwndexbioacB84dis occlidrgedaupodbemftit ;tarbiup adibcrimiaagbeg
capacitor C4 connected in parallel with the grounding resistor R12. In the
i ntegrator 30, 3dhemtpulti gdidralel levahalis( fuilghe sihgatirive sdgpal WVggnwilhé
di scri m nator pul se generator 28, the

continue for a while due to the charge on the capacitor C5, even

after the output signal from the start-up discriminator 32 falls

from a high back to a low level.

10 In the start discriminator 20, the charge capacitance
of the capacitor CS is set so that when all of the ten pilot
signals are received, power supply switch 14 will still be kept
in the on state for a 100 msec. period from reception of the
initial pilot signal.

15 Therefore, even if the output <from the start
discriminator 20 falls from a high to a low level due to
termination of pilot signals from the ground station, the output
- level from the start-up discriminator 32 again goes high-provided
the vehicle does not leave the area where communication is

20 possible with the ground station in the approximately 9 msec.
period until the next pilot sigmals aré sent from the ground
station. The capacitor CS charges up with start-up discriminator
32 at a high level, the start discriminator 20 continues to
output a drive signal to keep the power supply switch 14 on, and

25 the data transmit?receive section 16 and communication controller

18 continue to function from the time of entering the possible

ground station communication area until leaving this area.



10., capacitor C4 is charged by this signal through the resistor Rl1. Later,
when the output from the discrimnator pulse generator 28 goes |ow, the :
condenser C4 discharges-its stored charge through the resistor R12. = .
However since the resistor R12 in this enbodRfent has a resistance val ue .
nmany times greater than tf8¢e fthe Behidle Leaves aheRidnmuhdrcathon area ahé Rkl
is 30 0 then R12_gcoul d he 1 %E) t he capacitor C4 will charge quickly due to
the pul se si gnal “tFS&APHESS F4% then capasikan G5 diosdhseharge iy steqedntiarge
when repeatedly %Q%u#i ng ,a %I se signal fromthe discrimnator pulse
generator 28, the voltAge acrBssPIMRE SUPREKaFeith tlfe 180teEned i 0Of @i vilid
rise every tine |.S. Jnput . The start-up discrimnator 32 is
i mpl enent ed as aé%tg#%ggﬁ%%t"irl%ﬁbﬂ? R§CEHOD F6rand BhRICORRPRIF3tdonopantral ler
vol t age di vi der [,S1.0 3 R14 to apply a reference voltage [err]

] i@%t%? 'fgfxgelotﬁt@x

drawn off from power supply Vo de [err] to the non-inverting 25 input
termnal of the operation | fi 4. The output voltage fr

i ntegrator 30 (in other v@r‘%’gﬂ%e %1':?;951’3{1 'rteggfﬁ"ﬁal ¥ °é’ap§rca t Gnd
C4) is applied tgodifiRaRibRVeRs) -184 ternin he, gperati onal
anplifier OP4, and thils vlc') tagé&l{%%]ilﬁ egﬁ'aat e%r\g‘al %éagﬁ:%&coﬁgar é%ewi t%alrﬁ'e

(el erence VOl tageidd¥ilingtor 2 BOON LeiRinRla418h | SolEkBited ' OB QehE" 3P
' self-identifying code from the data transmit-receive section 16
10 by way of the antenna 10 to the ground station and performs
prescribed processing in respo‘nse to commands transmitted from
the ground station, such as a storage command for identifier
codes showing names of toll road entrances and exits where the
ground station is installed or a command to send tha:t stored
15 identifier code information to the ground station.

When external noise is input to the antenna 10, and to
the receive signal input path from the antenna 10 to the start
discriminator 20, the noise is detected as a receive signal at
the detector 22, and the detected noise is amplified in the

20 amplifier 24. Since this input noise may be large in comparison
to the pilot signal received from .the ground- station,
conventional methods relying only on the level of the amplified
signal would mistakenly assume the communication area has been
entered. However in the method of this embodiment, the pﬁlse

25 signal after level discrimination is converted into a pulse
signal of fixed width by the discriminator pulse generator 28§,

.and_._wpen generated as a pulse signal of consecutive specified

AN



32.when the voltage fromthe integrator 30.exceeds the reference 5 voltage.
" Ferr] The output section 34 receiving the output signal fromthe start-up
di scrimnator 32 conprises a diode D2 with its anode connected to the
output terninal of the start-up discrinnatt#2-82 to prevent reverse current

f1ow and” a capauiahaitFDprone dadedfatdedgesnqtdie gravidupi disdrithigakiedss of
the diode D2, and outputs a voltage at the termnal of the capacitor C5 as .

a drive signal epéry] imcodrthe tdommpnieatSompl Mreai tich ddtedmimddeinWdy dgay
t he out put section 34 is arranged so that when the output signal fromthe

oper ati onal anprefFestin@misfken bperathon-dye dicsaoigenat or 32 goes hi gh,
this output signal not only serves as a drive signal [err] for the power
supply switch 14 but al sin céither swardds,c wheni hois€his siettdritedeasn ai fretbtved
output fromthe operational anplifier OP4 goes |low, the drive signal [err]
wi Il continde tsdgpelodnpthefdetedton &2,asbnne tie tamplita@le of the noisénis
this way, in the start discrimnator 20 of this enbodi ment, when a vehicle
appr oaches t he laxgeanthanrthexilevel of ttbiel pibat,signadnt the infenned whecwits
communi cation is gossi ble with the ground station, a pilot signal received
at fixed interwfl Sherampkifdegr 34l lst herene Batuiratadt 29 ripord L3 HEG eSheandn
the 25 detector 22, and the recejived signal after detecti-on undergoes
i nverted anpl i fib@at™PALiBjetnphi Vit QUEPUE tahrdnalagddh d3d98s PORSRAVE nand
FIG 4B, the output signal fromthe anplifier_24 is . .
negative variations. Since a pulse signal is generated in the
10 level discriminator 26 by comparing the sizes of the signal and
the reference voltage Vpg, this widely varying signal and the
reference voltage Vg are compared and a pulse signal generated
so that two wide pulse signals will be generated which have a
wider pulse width than that when the normal pilot signal is
15 received. In this embodiment, after the rise of the pulse signal
that was generated, a high level pulse signal of a fixed pulse
width is generated in the discriminator pulse generator 28 for
a specified time only. Since this pulse signal of fixed pulse
width is integrated in the integrator 30, the input signal level
20 from the integrator 30 to the start-up discriminator 32 will not
exceed the reference voltage Vpy, no matter how large the output
level from the amplifier 24. There is thus no possibility of the
start-up discriminator 32 output going high due to noise, and
unnecessary starting due to noise of the data transmit-receive _
25 section 16 and the communication controller 18 by a drive signal
from the output section 34 is prevented.

Accordingly, this embodiment allows the start



-19; repeatedly changed (10 tines per 1 nsec. interval in this enbodi nent)
aceording to the pilot signal fromthe ground station. Fromthe |evel '
di scrimnator 26 a signal is output 5 which becones a high | evel signal
when this.output signal exceeds the reference voltage [err] and fromthe

di scri m nator pul se gener at 2 si gnal eR3a fixed pulse width is output
whi ch becones smrgﬁgp@ggr gbg?lglt%?%rtr&nﬁﬁﬂl%ﬂ\ HRRAUSA LY cRetemmine dhey

the signal, and_.the voltage at the term nal of capacitor C4 10 increases i
steps in respiidE¥ &% ﬁbenUﬁSéFESf (1mREheR wozds, | fhenFEaRspoRdsiniinttan
ref erence voltage [eérl]eedis set to correspond_ to the integrator 30 output
vol t age when & G5 TR AR WitRh&hgr AROEH Gtakie: sul

i nput into the .nteqrator 30, sho in FIG 4D, _the pul se sign 15, of -
fixed pul se wiHd oﬁ?etlrﬂag d+%€f“?‘?ﬂq?§?(}?y RR LS8 g e ai€'8r S33rtgu h%he data
I ntegrator 30 synchr.qnizes.wth the pjlot signal .transm ssion.cycle,fro
Lhe ' or ound St AT g eEBiRe, RARLoPnES ARdce B LoRCo e TpitTe
start-up discrindnator 32 discrimpates.to that effect_and sets its
output Lo o hiAIdnd 250 SxTIRROLY FaTHa e RoPetLPRatR, S LeRtt fottnRates
out put section_34 whi.ch sgts ﬁhe ]gower siugpl y swwtch 14 on and the data
transm t-receiqpélsélg@ttilf?ﬁ 4 5 8 CEARRS Ion controller 18 are

The ground station is informed of the approach of a
vehicle equipped with a transponder by means of transmission of
10 a self-identifying code from the communication controller 18 in
the transponder to the ground station after start-up so that when
the communication controller 18 is mistakenly started due to
noise, an identifying code is sent to the transponder from the
antenna 10, and the transmission of this self-identifying code
15 by mistake causes potential mistaken operation of other
transceivers. However there is no mistaken start-up of the.
communication controller 18 by noise in this embodiment so that -
the mistaken transmission of a self-identifying code can be
prevented, and this in turn prevents the mistaken operation of
20 other transceivers.

The transmission speed of the pilot signal in this
embodiment is set to a low 10 kHz which is lower than the
communication speed (100 kHz) during normal data transmission so
that the throughput is lower in the internal circuitry of the

25 start discriminator 20 than in other circuits used in normal data
communication, thus allowing operational amplifiers of lower slew

rates to be used in the construction so that the start



started. The pilot signal is sent at fixed intervals fromthe 25 ground
station and after transmi ssion of ten signals, the next signals are not
sent for an interval of approximately 9 nsec. In the integrator 30, the
.gapacitor .C4 afterwards releases its - 2Q4-stored charge by way of the
resi stor R12, dilerbdmipaitor 0@ azpn fheomadee dthtae gorparaBiveky | bos &bsth i@
reference vol t age [erri and the output signal fromthe start-up
di scri m nat or e3ectzéeal rpswer (togisunption wman declkgdbutosantewt bevenpacTher
C5 provided in the 5 output section 34 is charged up when the start-up
di scri m nat or S82r5 R iRTigigaser |28, ean easiilytye fabriicatad ongore dhdpr $inde |
continue for a while due to the charge on the capacitor C5, even after the
out put si gnal ifrbasierllst Arcludesiorsdyian opecatBmalapmplifinn,achmphratek, t o

a low level. 10 In the start discrimnator 20, the charge
capacit ance ofliffe @@fad tBArecampasst and tlightwabeht trytspanderercas e
signals are received, power supply switch 14 will still be kept in the on

state for a 1@8GPA8%¥8A-period fromreception of the initial pilot signal. 15

Therefore, even if the output from the _start discrimnator 20 falls
froma high to a | ow | eth® g gmbodiment explained an adaptation of this

invention to collection systems for toll roads but can of course

be used with any communication system involving a fixed

10 transceiver, and a mobile unit such as are mounted in a vehicle
or carried by a user. This invention can even be adopted, for
instance, to communication systems for controlling automated
conveyor cars in factories or in communication sysﬁems for
connecting fixed land-based telephone networks with portable

15 telephone equipment. '
Although.the present invention has been fully described

in connection with the preferred embodiment thereof with
reference to the accompanying drawings, it is to be noted that
various changes and modifications will become apparent to those

20 skilled in the art. Such changes and modifications are to be
understood as being included within thel -scope of the present

invention as defined by the appended claims.



term nation of pilot signals fromthe ground station, the output level from.
the start-up discrimnator 32 again goes hi'gh-p_r__Q_vi-W' not

| eave the area where comunication is 20 possible wt round stafion
in the approximately 9 nsec. period until the next 'pi, ,Imgp Iﬂl[um ent
di scri m nat or ; the start discrimnator 20. contifiues to
output a drive signal to keep the power supply switch 14 on, and 25 the
data transm t-receive section 16 and comruni cation controller 18 continue

to function fromthe tinmeqof gn Lng, the possible ground station, )
communi cation area until Féav?‘négﬁ'ﬁ%‘ At Fen ‘J'°-r2§- ﬁ@&t’:getﬁﬁa’&%?ﬁ%ﬂeé U@ ¥es

t he comuni cati Qi@ 4 required for the capacitor C5 to
di scharge its storled%?ﬁgrage&@he aﬁs’ed, t he power supply switch 14 is

turned off arngl the data tyxgpseids ei 1i0 apd_the communi cat.i on
controller 5718 stop func??on{nn%]fg&’%ﬁ'eHggﬁgggleé%%egagﬁs%f-f%%%lr‘{fen%éctsilgﬂa%
and comuni cat i PapreRdhkatifs o8 t d by st
di scrim nator 20,p communi cationa g%%nro ffeé& Tg exégz%&l Qéﬁrce and for
sel f-identifyi ng;etiﬁti@tfih@nhtmwtsaghéﬁnfégjdr{s‘igé' V& A 11RelfedOsiatay
of the antenna 10 to the ground station and perforns
an integrator integrating said pulse signal generated
by said pulse signal generation means; and
10 start-up discriminator means for comparing said
integrated pulse signal with a first reference value and for

activating a communication section of said mobile transceiver

unit when a level of said integrated pulse signal reaches said

first reference value.
15
2. The system of claim 1, said pulse signal generation
means comprising:
level discriminator means for comparing said received
signal with a second reference value and for generatiné a pulse
20 signal when said level exceeds said second reference value; and
discriminator pulse generator means for converting said
pulse signal generated by said level discriminator generator

means to a pulse signal 'having a constant pulse width.

25 ' 3. The system of claim 2, said discriminator pulse

generator means comprising:

an operational amplifier;



prescri bed processing in response to commands transm’tt.edmelm - d -
station, such as a storage command for. identifier codes s A WJII/’@!”I o
toll road entrances and exits where the ground station is instalted ors a'
command to send that stored 15 identifier-2®de information to the ground

station. Wen external nQigh® ireshBsests tﬁﬂiﬁi@?tfﬁm_ﬁﬁ«s@&‘iohorsﬁgg i{@ﬁ? ve

signal input path fromthe antenna 10 to the art di'scrimnato

noi se is detectgdcasmindwncimeansi 89 dHon2inbber 48} @GldOLndart Eéﬁiﬂﬁi&cégd
noise is anplified in the 20 anplifier 24. Si'nce this input nolse may be

| arge in conpasksdnoperiticnall ahpbifiwd; received from the ground station,
conventional nethods relying only on the level of the anplified signal

woul d i stakenly assume 4 hgroondiny CaksDitcy egrHasdNRENseDd e~ iearY figi N
the met hod of this enbodi ment, the pul se 25 signal after |evel

di scri m nat isontesmtnalerted into a pul se signal of fixed wdth by the
di scrim nator pul se generator 28, .and when generated as a pul se signal of
consecutive specified a rB2istomrbplyily al hixédipegential 80 sanil iheerting

start-up discrimnator 32, entry into the communications area i s determ ned
in a way preveterminalstatkkbn operati on due to noise. In other words, when
noi se is detected as a received
a capacitor having a first end connected to said
inverting terminal and a second end connected to ground.
10
4. The system of claim 1 further comprising:
a detector detecting a signal from said external source
and generating a detector signal representative thereof; and
an amplifier receiving said detector signal and

15 amplifying said detector signal to generate said signal

representative of said signal from said external source.

5. The system of claim 4, wherein said amplifier
inverts and amplifies components of said detector signal in

20 approximately a 10 kHz frequency band.

6. The system of claim 1, said communication section
including communication means for sendirig an identification code
of said mobile transceiver unit to said external transceiver

25 after being agtivated by said start-up discriminator means and
for performing prescribed communication operations responsive to

a signal sent by said external transceiver.



5 'Signal'in the detector 22, since t he anplltude of* tLE noi se is Iar

than the level of the pilot signal, the internal circu m!nmummr er

24 will beconme saturated as shown in FIG. 5A and the a
output a signal with large positive and negalive varlatlons Si nice *a pul se

signal is generated in the 105) evel discripingtqr 2 aring the sizes
of the signal and the re erengieg Fg El]%@ﬁps ﬁﬂd hfr§ RyisAidi gehile
and the refere are red a naI gener at ed
S0 that tvo vi JEoRirebPdf s v%@"ﬁ@ it AR LR Eediice S pin e

wi dt h than that when the nornal pllot 5|gnal s 15 received. In this
enbodi nent, after the rise of the pul se signal that was generated a high

LpEY% 52}2?5;3“2'8 For " ipaber Fuafel o Bpin G Red Y nkOpta e’ stgmatsanos
evel 20 113m the IﬁtleSﬁatoi?*PS% stREo %[‘%%?i@%°%.€eﬁ¢n“eﬁéa%%%s%® A tpopn
exceed the ref ﬁg$ﬁ§ P! ég&;ﬂﬁa E]Sgeng?t%ssI{gﬁqokehggn%he out put | evel

fromthe anplifti ere’1 s thus he start-up

di scrimnator 32 output godiginglyig eahoaggasec oriHks &lé?‘et%eisgre%oﬁh%hhngf

due to noise of the data transmt-recelve and 't

communi cati on goParHd A ra8ib¥oR S
e og. | an Sau ngl%/, r }159 o et‘é{)%%@véh?@% rrs‘é”&ﬁ%'ﬁerﬂf”f%\td 6% di¥pidtsk
signal generation means;
10 a grounding resistor having a first end connected to
a cathode of said diode; and

a capacitor connected in parallel with said grounding -

resistor.

15 9. The system of claim 1, said start-up discriminator
means comprising:
a voltage divider; and
an operational amplifier having an inverting inpue
connected to an output of said voltage divider and a non-
20 inverting input connected to an output of said integrator to

thereby function as a comparator.

10. The system of claim 9, said start-up discriminator

means further comprising: |
25 a diode having an anode connected to an output of said
operational amplifier to prevent reverse current flow to said

operational amplifier; and



“23- discri m nat or 20 of  the transponder. to accurately ' the eatry
of, the vehicle (in other words, the transponder) into a MH Elj[]
comuni cation with the ground station is posgj ble wthou i ed’

by noise, .and'to start-up the data 5 transmT-receive section 16 and
conmuni cation control | er alg&aphcieondiavingng firsAxehdnednnddied 28l § catho e
reduction in electrical power consunption by the transponder. The groun
station is infoefesaid dieseappdoacsearndaenahécirmected ppegravdd, a
transponder by neans of transmi ssion of 10 a self-identifying code from

t he conmuni cation controller 18 in the transponder to the ground station
after start-up so that when the communi cation controller 18 is m stakenly
started due to noise, anlldentThei agstamieof sckaint 1o wher¢imnspbddetaft-aip
the antenna 10, and the transm ssion of this self-identifying code 15 by

ni st ake causés Bbferiniglatersmeran bpefunther Gbrocomtinuimgstoi aetivate said
However there is no m staken start-up of the conmunication controller 18 by
noi se in this efPERNMATALLON SRGELIQM&henssaikbmobi ke diriagsicehver unit is in an
sel f-identifying code can be prevented, and this in turn prevents the

m st aken oper at gﬁﬁa ofRSRR bf heRl Penfocm Porscribrd (gommIRiSaE AN spPeYR ionshe
pilot signal in tkﬁi%s enpodinment is set to a low 10 kHz which is | ower than
t he conmuni cat i Bht p%ae‘g)(ef@t?rl%ﬂ%)t%ﬁﬂﬁ%@vﬁér mal data transm ssion so

10 12. A method of controlling a mobile transceiver unit,

said method comprising the steps of:
sending periodic signals from an interrogator:;
receiving said periodic signals;

generating pulse signals responsive to said periodic

15 signals;
integrating said periodic signals;
comparing said integrated periodic signals to a first
reference value; and
actuating a communication section of said mobile

20 transceiver unit when a level of said integrated periodic signals

exceeds said first reference value.

13. The method of claim 12, said receiving step
comprising the steps of:
25 detecting ‘said periodic signals; and

amplifying said periodic signals.



that the throughput is-lower in the internal circuitry oumm ' :

di scrinmnator 20 than in other circuits used in normal :-d mmmmm o
thus all owi ng operational anplifiers of |owef,.slew rates to be wsed isn e
constructi.om so that the start -24- discr %Tnator 20 can be nade at a

conparatively | ow cost arfd-.el etheigethqbves &D4NIND3j OBaL@Nakg] k 0,
| ow | evel . The start discrimnator 20 can easily be fabri catagg oﬁp%nr% sC%pp

since it basi cafP¥PFEingiddicomtepantopmpal fyim compontnes, oﬁoﬂﬁﬁaaggfiql‘ﬁ_c
di ode and a nore, conpact and |ightwei ght transponder can be achi eved. e

above enbodi menft Silfed ARedebpminedn foéquéncy bamdntion to col |l ection
systens for toll roads but can of course be used with any comruni cation
systeminvolving a fixed 10 transceiver, and a nobile unit such as are
nounted in asvehi cle or g%rri ed by a user. This invention can even be
adopted, forZinstance, td conmhf CBRShed Dfstalminf ck2,cosaid| femeratingmas
conveyor cars in factaories,or in conmmunication systens for connecting fixed
| and- based t el PN SHEGWSRRsSTH#RS 9f6rt abl e 15 tel ephone equi prent .

Al t hough the present invention has heen fully described in connection with

the preferred enbodi ment “PHBREHRY \§3lA Periodic signals to a second reference
value; and L
generating a high level signal when a level of one of

10 said periodic signals exceeds said second reference value.

16. The method of claim 12, said generating step
comprising the step of generating a fixed width pulse signal
responsive to one of said periodic signals.

15

17. The method of claim 12, further comprising the
steps of: |
sending an identification code of said mobile
transceiver unit to said interrogator after said actuating step
20 is performed;
performing prescribed communication operations

responsive to a signal sent by said interrogator after said

sending step.



reference to the acconpanying drawings, it is to be noted that various
changes and nodifications will beconme apparent to those 20 skilled in the
art. Such changes and nodifications are to be understood as bei ng included
wi thin the scope of the present invention as defined by the appended

cl ai ns. VWHAT IS CLAI MED | S: -1-25- 1. Acontrol systemfor a
nobi l e transceiver unit, said systemconprising: 5 pul se signa
generation means for receiving a signal reprgsentative of a signal from an
external source and for generating a pul se al responsive to said

received signal; an int egrjor inte nal generated by
sai d pul se si gnal generati e neans;| and 10

rt-up
discrimnator . means for gpnparing said int e signal with a
first reference value andEQ_activjating a

ni csiicdn $ection of said

nobi | e transceiver unit . E a | of sai@ fnxegrat©d puyl se signal
reaches said first refereyug\ﬁ%¢1 ‘15. 2. “The ystem of claim1, said pul se
si gnal generation nmeans c | Seg: ans for conparing
said received ad
e
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signal with a second reference value and for generating a pul se 20 signal
when said | evel exceeds said second reference value; and discrim nator
pul se generator neans for converting said pul se signal generated by said
| evel discrimnator generator nmeans to a pul se signal having a constant
pul se width. 25 3. The systemof claim2, said discrimnator
pul se generator neans conprising: an op@rational anplifier; -26- 1input
resistors providing said pulse fromsaid |evel discrimnator neans to
non-inverting and inverting termnals of said operational anplifier; a
groundi ng resistor grounding said non-inverting 5 termnal; a resistor
applying a fixed potential to said inverting termnal; and a capacitor
having a first end connected to said inverting termnal and a second end
connected to ground. 10 4. The systemof claim1 further conprising: a
detector detecting a signal fromsaid external source and generating a
detector signal representative thereof; and

GROUND STATION ANTENNA

TRANSPONDER




an anplifier receiving-said detector signal and 15 anplifying said detector
siignal to generate said signal representative of said signal fromsaid
external source. 5. The systemof claim4, wherein said anplifier inverts
and anplifies conponents of said detector signal in 20 approximtely a 10
kHz frequency band. 6. The systemof claim1l, said comunication section

i ncl udi ng- communi cati on nmeans for sending an identification code of said
nobi |l e transceiver unit to said external transceiver 25 after being
activated by said start-up di scri ni nat 68-neans and for perform ng

prescri bed communi cati on operations responsive to a signal sent by said
external transceiver. 27- 7. systemof claim 1, wherein said
nobi l e transceiver unit is a vehi qount ed nmobil e transceiver unit. 8.
The system of claim 1, said integrftor Qpnprising: 5 an i nput
resistor having a first end connected to apfout put of said pul se signal
generation neans; a diode. having ap anode/connected to a second end of said
input resistor to prevent.reverse curreni flow to said pul se signal
generation neans; 10 a groundi ngjresistor having a first end

connected to TX/RX SECTION 8
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a cathode of said diode;

groundi ng resistor.
di scrim nat or

anplifier
di vi der

prevent

nmeans

and a non-
I ntegrator to thereby function-as a conparator.
said start-up discrimnator
havi ng an anode connected to an output of said operational
reverse current flow to said operationa

15

conpri sing:

a voltage

neans furthgr

di vi der ;

conprising: 25

and a capacitor connected in parallel
9. The systemof claim1,

anplifier;

‘wWth said

said start-up
and an operati onal
havi ng an inverting input connected to an output of said voltage
20 inverting input connected to an output of said

10. The system of claim?9,

a di ode

anplifier to
and a

capacitor having a first end connected to a cathode of said diode and a
second end cofinectedM o ground. 1. The/Fyste of claim1, Ahefdein 9@@5
start-up 5 djscriga pator neans |s further| for gontinuing to actijvate sagd
.conmuni cati onf sectroh when said pobile trgnsceijper unit is injanjarea Nggre '
It can perforn prgscfi bed comrunj cati on o?erati ns wth said extegrna
transcei ver. ,
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10 12. A method of controlling a nobile transceiver unit, said
met hod conprising the steps of: sending periodic signals froman
interrogator; receiving said periodic signals; generating pul se signals
responsive to said periodic 15 signals; integrating said periodic signals;
conparing said integrated periodic signals to a first reference val ue; and
actuating a conmuni cation section of said nobile 20 transceiver unit when a
| evel of said integrated periodic signgkg exceeds said first reference

val ue. 13. The nethod of claim 12, said receiving step conprising the
steps of: 25 detecting said periodic signals; and anplifying
sai d periodic signals. -29- 14 The nmethod of claim 13, said
anplifying step conprising the step of anplifying conponents of said
periodic signals in a predeterm ned frequency band. 5 15. The -
.nmethod of claimpl2, said geperating step comTrising thf steps of: A
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conparing said periodic signals to a second reference val ue; and generating
a high level signal when a | evel of one of 10 said periodic signals exceeds
sai d second reference val ue. 16. The met hod of claim 12, said generating
step conprising the step of generating a fixed width pul se signal
responsi ve to one of said periodic signals. 15 17. The nethod of claim 12,
further conprising the steps of: sending an identification code of said

nobi |l e transceiver unit to gfdwhacdt 8f' PPat "éiigéggaid actuating step 20
i s performed; performng 'Tn15m7+immhfg§ézgﬁg n oper ati ons

responsive to a signal sent by said interrogator after said sending step.

START-UP METHOD FOR MOBILE TRANSCEIVERS,

MOBILE TRANSCEIVERS AND FIXED TRANSCEIVERS THEREOF

To provide a communications system to accurately detect
when a mobile transceiver has entered an area where communication
with a fixed transceiver is possible, and to start-up the

5 internal circuitry of the mobile transceiver, a communications
system transmits a start-up pilot signal of a prescribed period
from a transponder mounted in a fixed station to a transponder
mounted in a.vehicle. In the transponder, the received signal
upon being received by an antenna is detected in a detector and

10 amplified in an amplifier. When this signal is greater than a
referénce voltage, a pulse is output from a level discriminater.
This pulse signal is converted iﬁto a pulse of constant pulse
width in a discriminator pulse generator and integrated in an
integrator. When the integrated value exceeds a reference
15 voltage, a start-up discriminator sends a drive signal to actuate
the internal circuitry of the mobiie transceiver. As a
consequence, mistaken start-up of the internal circuitry due to
noise input is prevented and the internal circuitry is started

only when necessary.



