2 be able to identify this e.g. visually in situ or on—am evidence photo of
t he road section of the beacon. Vari ous net hods of deternininm t he di st ance

are known currently. One solution 5is to use nultiple phyjmmm MMMW@WHWt
he

récei ving antennae in the radio beacon to determine the p
OBUs in the radio receiving field fromphase difference -neasuremsnts -
bet ween the OBU signals received by the individual antennae. Another
solution is known fromthe US patent 5, 790.052 and _is based on Dopp| er
neasur emeMeshed forRetgrminipg the B@F%Rcie\?é agyrhicle fom g RadieBescangng Ragiot o
physically offset receiving 1l0antennae of a radi o beacon to determ ne the
rati o of the distances from t hBeacom foedhis Purgosnt ennae fromthe rati o of

t he speed neasured values. Finally, it would al so be possible to use a
separate radi o beacon with a | ow radi o coverage range for each | ane. A

t hese known sol utions are expensive, not |east because they are based on

mul tiple recei Tg@&ggﬁgmﬁon fetates o a mdth6d FrBeiphiliig G dtiERBYLON 1S O

provi de a mnet ho etermning the distance of an U froma radi o beacon

' d |l i ch ' i : dj
convere: ok THEREE Thral St a8 Tl SRl B RERRBARER bhHR b,

aspect of the inventign with met hod t he : . .
. P vehicle is equippeg with an onboard un(l)t, w%gch emits a signal with a known curve of its

frequency over time. The invention additionally relates to a radio beacon for

implementing this method.

10 In radio beacon-based road toll systems, e.g. according to the DSRC (dedicated
short-range communication) or WAVE (wireless access in a vehicle environment)
standard, onboard units (OBUs) carried by the vehicles communicate with
geographically distributed radio beacons as soon as they pass these. The radio
communication generally serves to locate the vehicle on the radio coverage area of the

15  radio beacon in order to charge for usage of locations or also simply to transmit toll data

generated by the OBU to radio beacons on its route.

It is often desirable to determine the distance at which the vehicle passes a radio
beacon, e.g. to penalise toll violations in the case of multi-lane roads: when multiple
20  vehicles travelling next to one another on different lanes pass the radio beacon and one
of its radio communications indicates a toll violation, e.g. a missed toll charge debit, an
inadequate balance of a charge account, a defective or incorrectly adjusted OBU etc., or
a lane-dependent charge rate or toll (multiple occupant lane) is to be calculated, then it

is essential to know which of the vehicles travelling next to one another is responsible to

AR
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aforenenti oned type, which is distinguished by the steps: receiving the
signal in the radi o beacon during passage of the vehicle and recording the
curve of its frequency over tinme in relation to the known frequency curve;
3" detecting a change in the recorded frequency curve exceeding a
predeterm ned threshol d val ue; | qoking for two far regions in the
frequency curve lying before and after “the detected change in tinme and

whi ch show a frequency change bel ow a threshol d val ue; 5scaling the
recorded be ebjasnidendlyrthis &4 visyely i siwrmon anteyidenpreplicde of digireatsseaseuede

pr edet er mi ned val ues; and determ ning the said distance fromthe

gr adi ent dfe Yeheonscal ed frequency curve in an inflection point thereof 10The
i nvention makes use of the circunmstance that at the tinme of direct passage
t he Doppl er-rel ated frequency change of the OBU signal is inversely
proportional to the normal distance fromthe radi o beacon, when the

nneront speod Aoty AR HEANIRD e khd LR TSR fo®
15t he Venohesemme etk e el mrpE 8t annd n LRl hear B RIS <
n'egl i bl (taﬁe p%rs],iqclions of the OBUs in the radio receiving field from phase difference

measurements between the OBU signals received by the individual antennae. Another

solution is known from the US patent 5,790,052 and is based on Doppler measurements

of the different relative speeds of an OBU in relation to physically offset receiving

10  antennae of a radio beacon to determine the ratio of the distances from the two receiving
antennae from the ratio of the speed measured values. Finally, it would also be possible

to use a separate radio beacon with a low radio coverage range for each lane. All these

known solutions are expensive, not least because they are based on multiple receiving

antennae.
15
The aim set by the invention is to provide a method for determining the distance
of an OBU from a radio beacon in a road toll system, which requires lower equipment
expenditure for conversion than the known solutions.
20 This aim is achieved in a first aspect of the invention with a method of the

aforementioned type, which is distinguished by the steps:
receiving the signal in the radio beacon during passage of the vehicle and

recording the curve of its frequency over time in relation to the known frequency curve;



therefore the extent of the Doppler shift there depends substantially only
on the inherent speed and this can be determ ned therefrom Further, the
dependence on the nornal distance, and therefore this itself, can be
déterm ned fromthe analysis of the frequency curve conpensated by the

i nherent speed in the near region of the beacon where the 20greatest change
("Doppler jump") of the frequency pattérn occurs in its inflection point.
As a result, the passing distance can be determ ned fromthe radio

communi cat i on Betegtinert eaagomUhameorded frequensysEBCor cegdinea NedetcEnigpdgl e
receiver and a single antenna. 4 The invention is suitable for
onboar d utlireshold ¢diuegny type of known curves of their transm ssion frequency
over time, whether they transmt a constant frequency, e.g. a constant

carrier frequengking for W £ r&ae ih i faioncy ERUIBMKYbeTolfe\d afteSthap! y
"constant", or they transmt frequencies that vary in the frequency hopping

process, (gl rcﬁ'zﬂl%@ %M@%Qﬂ@ %i&whﬁi@voéjﬁeé%gﬁ)hcﬂaﬁg%’ﬂgm’a thfesh gtv(e)ﬂ;ula?

frequency curve received in the ra can pbe nornuall se

referepnced to the known transm ssion frequency curve. The road |ane of a
mul ti ? ane r oa&caglﬂg&?ﬁ r(?ﬁorfiﬁ‘gasgﬁngy &UV§ l%u\ﬁﬂﬁgm?lglef ﬁ‘gﬁ&fg%rrrg elabl y
~determ ned fromthe defined distance. As a result of this, toll violations
in the cad®ugre nsedegrmaneds: mJi9vehi cl es can be unequivocal |y associ at ed

with one |ane and the vehicle or vehicles located therein. According to a
first advant agdetgsnisfrizolie saiddistence fiweni the gradien of the scaled Eequepay curve in

an inflection point thereof.

10 ~ The invention makes use of the circumstance that at the time of direct passage
the Doppler-related frequency change of the OBU signal is inversely proportional to the
normal distance from the radio beacon, when the distance is minimal, so long as the
frequency curve is normalised to the inherent speed of the vehicle. The latter is achieved
by evaluating the frequency curve in "far regions": in these far regions the distance of

15  the vehicle compared to the normal distance is very large and this is negligible, and
therefore the extent of the Doppler shift there depends substantially only on the inherent
speed and this can be determined therefrom. Further, the dependence on the normal
distance, and therefore this itself, can be determined from the analysis of the frequency
curve compensated by the inherent speed in the near region of the beacon where the

20  greatest change ("Doppler jump") of the frequency pattern occurs in its inflection point.
As a result, the passing distance can be determined from the radio communication
between the OBU and the radio beacon alone with a single receiver and a single

antenna.



15point is determ ned by seeking the point in the frequency curve at which
the frequency has a predeterm ned value, which is in particular the rated

or resting frequency of the OBU Therefore, this enbodinment is suitable for
t hose cases in which the rated frequency of the radi o conmmuni cation of the

OBU is previously known. 20According to an alternative preferred enbodi nent

of. the invention the inflection point i*s det er ni ned by seeking the point in

the frequency curve at which the frequency corresponds to the frequency
mean val ue of flheirfventiereigisonigble khenbeard gnits wifhank yynsfofknewaRwvgset not have
to be previously known for this enbodi ment, the process adjusts

aut omat i céidintransmiskioa fReppharovehtifne, whaherahegdtramstlit 4 benstant freguenty,tee

i nvention can be neasured at any desired frequency of the signal, whether

it is a calhh®intich@RYERGYenRY, iRNAHIET @RE YhekndRURfubfty duresidanspyt her eof .
Modul ation frequency is understood to be a frequency of 5any desired

nodul at i om _ Qf e I ] [ i litude
rodul at i oncotsinl"sp ey Kl edlbEbiatloat baryin IR IERENTAL BEP
al so a_pul.se or burst nodulati.qn. such as occurs as a result of periodic
Lr ansf &1 s DSAUGHRY CPRnEs SR GENE is KIBR R ECRe FEBlicy B Crase 0 B so be
regarded as _a nodul ation frequency, the Doppler frequency shift of which
can be meaadie beacon gan be normpligedyerirRissensed e kAQWR tapsmIssoR HegyencE for al |
types of radi o beacon-based road toll systens. The nethod is particularly
sui t abl e ferveDSRC and WAVE road toll systenms, in which a DSRC or WAVE
transmtter of the onboard unit is used to emt the signal. O her
configurations using RFID technology, or also any cellular (e.g. GSM
15UMTS, LTE) and near-range radi o technologies (e.g. Bluetooth, WAN), are
al so The road lane of a multi-lane road on which the vehicle is moving is then

10  preferably determined from the defined distance. As a result of this, toll violations in the

case of parallel passing vehicles can be unequivocally associated with one lane and the

vehicle or vehicles located therein.

According to a first advantageous embodiment of the invention the inflection
15  point is determined by seeking the point in the frequency curve at which the frequency
has a predetermined value, which is in particular the rated or resting frequency of the
OBU. Therefore, this embodiment is suitable for those cases in which the rated

frequency of the radio communication of the OBU is previously known.

20 According to an alternative preferred embodiment of the invention the inflection
point is determined by seeking the point in the frequency curve at which the frequency
corresponds to the frequency mean value of the far regions. The rated frequency of the
OBU does not have to be previously known for this embodiment, the process adjusts

automatically.



possi bl e. In a further aspect the invention also provides a radio
beacon for a road toll systemfor determning the distance of a vehicle
passing this, which is equi pped with an 20 onboard unit, which emts a
signal with a known curve of its frequency over tinme, said radi o beacon

bei ng di stinguished by: a receiver, whiich is configured to receive the

si.gnal of a passing vehicle; 6 asnennry connected to the receiver,

which is configured to record the curve of the frequency of the received
signal over tine in relation to the known frequency curve over tine;

a detector, which is connected to the nmenory and is configured to detect a
5change i n t heTheDoppledsHiftegaieates withrtie method of thminewdtionatan ba mbevureé at whi ch
is connected to the detector and the nmenory and is configured to | ook for

two far reg @ifed ﬂeamcgbemwl ,GiHewtfer it B@akRE @eguandd oppiledrailha det ect ed
change in tine and which show a frequency change bel ow a threshold value; a

scal i ng dgyly gﬁm &nc i 86HafiOn g@gue?i%maﬁd@&@oms b%‘éaﬁéd;ﬂéﬂé}rbfdew ce

10and is con |gure e the recor requency curve In such”a manner

that the far i,on ter d.val ues
di f f erent &Y ‘éﬁmg ggﬁi g? @r é‘%@aﬂﬁﬁa’e&&\}f 33“%%?\“6&&& nines the
IR I A A TN R AT N IR SR

also a pulse or burst modulation such as occurs as a result of periodic transfers of entire
data blocks; such a block repetition rate can also be regarded as a modulation frequency,
the Doppler frequency shift of which can be measured.

10

The method of the invention is suitable for all types of radio beacon-based road

toll systems. The method is particularly suitable for DSRC and WAVE road toll
systems, in which a DSRC or WAVE transmitter of the onboard unit is used to emit the
signal. Other configurations using RFID technology, or also any cellular (e.g. GSM,

15 UMTS, LTE) and near-range radio technologies (e.g. Bluetooth, WLAN), are also

possible.

In a further aspect the invention also provides a radio beacon for a road toll
system for determining the distance of a vehicle passing this, which is equipped with an
20 onboard unit, which emits a signal with a known curve of its frequency over time, said
radio beacon being distinguished by:

a receiver, which is configured to receive the signal of a passing vehicle;



15 The radi o beacon is preferably installed on a nulti-Ilane road and
the differentiator is configured to determne the |ane, on which the
vehicle is passing, fromthe distance. 20ln a first enbodi nent the
differentiator determ nes the inflection point by seeking the point in the
frequency curve, at which the frequency has a predeterm ned value. 7
Al.ternatively, the differentiator dete%nines the inflection point by
seeking the point in the frequency curve, at which the frequency
corresponds t oa fHEMATY eopRestsy torEhatecaly ewBichiheonfigureddgresesd thsiuneff case,

t he received signal can be nodul ated wth a nodul ati on frequency and the
sai d freqtherfequeny dfehd reecived siigadliovar fime duestatipn todthectnova: fodspuaneyechrivar t he
recei ver by denodul ati on. The receiver is preferably a DSRC or WAVE
transm tt gyer tihgk; Wth respect to the advantages of the radi o beacon
according to the invention, reference is nmade to the above enbodi nents for

el ow on the bASFET el P ERANA IR FhORR & EFRC Snce 16
the acé: Ongk?a%ie ?Igth%rrg(\:lgrc?e%s i;requency curve;
an evaluation device, which is connected to the detector and the memory and is
configured to look for two far regions in the frequency curve lying before and after the
detected change in time and which show a frequency change below a threshold value;
_a scaling device, which is connected to the memory and the evaluation device
10 and is configured to scale the recorded frequency curve in such a manner that the far
regions assume predetermined values; and
a differentiator connected after the scaling device, which determines the gradient

of the scaled frequency curve in an inflection point thereof and determines the distance

therefrom.
15
The radio beacon is preferably installed on a multi-lane road and the
differentiator is configured to determine the lane, on which the vehicle is passing, from
the distance.
20 In a first embodiment the differentiator determines the inflection point by

seeking the point in the frequency curve, at which the frequency has a predetermined

value.



Figure lis a schematic plan view of a radio beacon on a nulti-|ane road
showi ng the geonetric relationships during the passage of two vehicles; 20
Fi gure 2shows frequency curves of the signals of two vehicles when passing
t he radi o beacon; Figure 3shows the frequency curves of Figure 2 after
bei ng scaled; 8 Figure 4shows the difgerentials of the scal ed frequency
curves of Figure 3; and Figure 5is a bl'ock diagram of the radi o beacon of
the invention. 5Figure 1 shows a road toll system 1 conprising a plurality
of geogr aphi caPlgrmatixely thadiftereniisies dstermies the ipBegtipngint Sy sogknpihe
representation), which connect wwth a central control unit (not shown) of

t he road paint inshie trequehcy carveadt avhocnthe dteqoasyIorrspendat the reqomoy nizaar e
respectively installed on a road 4 that can conprise nultiple carriageways
or lanes %Halubof the far region§;0r exanple, the radio beacon 2 consists of a |oca
conputer 7, a (transceiver/) receiver 8 and a canera 9, which - operated by
the conputer 7 - can record inages of the road 4 wwth its lanes 5, 6 for
penalising toll violations.

5 In any case, the received signal can be modulated with a modulation frequency
and the said frequency can be the modulation frequency, which is obtained in the

receiver by demodulation.

The receiver is preferably a DSRC or WAVE transmitter.

10
With respect to the advantages of the radio beacon according to the invention,

reference is made to the above embodiments for the method.

The invention shall be explained in more detail below on the basis of preferred

15  exemplary embodiments with reference to the accompanying drawings:

Figure 1 is a schematic plan view of a radio beacon on a multi-lane road showing

the geometric relationships during the passage of two vehicles;

20  Figure 2 shows frequency curves of the signals of two vehicles when passing the

radio beacon;

Figure 3 shows the frequency curves of Figure 2 after being scaled;



15The (transceiver/) receiver 8 serves to conduct radi o conmmunications 10
with onboard units or OBUs 11 carried by vehicles 12 passing the radio
beacon 2 in the lanes 5, 6. The radi o conmuni cations 10 are generally
birdirectional data package connections. An analysis of the signals sent by
the OBUs 11 to the (transceiver/) receiver 8 of the radio beacon 2 is
sufficient for the purposes of the pre§ent i nvention, and therefore the 20

following will only describe the OBU 11 sending signals 10 to the receiver
8 of the Frnirod beacomvs theidiffeventials af thesaateddresmenyy quinests of Higwradtdnde si gnal s
are also sent in the opposite direction. 9 The vehicles 12 with the

BUs 11 travel in lanes 5, 6 at different speeds vi, v2 past the radio
beacon 2, nore precisely its receiver 8, at different passing or normnal

di stancesgglire 82. | s 4 Blbsk GAgAm e SdBLRor B BiikVeRHopy the OBUs 11 are
respectively subject to frequency-dependent Doppler shifts in accordance
with the known fornula where fs-transm ssion frequency of the signal 10
of the OBU 11 10f pDoppl er-shifted receiving frequency of the signal 10 in

t he radi o beac 2 {fthe OBU.11 were to nove towar it front .on;
: g Elngure i shows a road toll system E comprising aVI\),?ura ?ty of geographlcari'ly

distributed radio beacons 2 (only one shown for representation), which connect with a
central control unit (not shown) of the road toll system 1 via data connections 3. The
radio beacons 2 are respectively installed on a road 4 that can comprise multiple

carriageways or lanes 5, 6.

10
For example, the radio beacon 2 consists of a local computer 7, a (transceiver/)
receiver 8 and a camera 9, which - operated by the computer 7 - can record images of
the road 4 with its lanes 5, 6 for penalising toll violations.
15 The (transceiver/) receiver 8 serves to conduct radio communications 10 with

onboard units or OBUs 11 carried by vehicles 12 passing the radio beacon 2 in the lanes
5, 6. The radio communications 10 are generally bidirectional data package connections.
An analysis of the signals sent by the OBUs 11 to the (transceiver/) receiver 8 of the
radio beacon 2 is sufficient for the purposes of the present invention, and therefore the
20  following will only describe the OBU 11 sending signals 10 to the receiver 8 of the
radio beacon 2. However, it is understood that in practice signals are also sent in the

opposite direction.



v-speed of the OBU 11; and c-speed of light. 151f the OBU 11 travel s past
the distance 2 at a distance a, equation (1) can be witten by neans of
geonetric deliberations as .f, -=- cos arctan ,"a 1\ \ Xj fp 10

hori zontal distance of the OBU 11 fromthe radio beacon 2 in the coordinate
5 and fB 2 5

The vehicles 12 with the OBUs 11 travel in lanes 5, 6 at different speeds v, v
past the radio beacon 2, more precisely its receiver 8, at different passing or normal
distances a,, a,. In this case, the signals 10 emitted by the OBUs 11 are respectively

subject to frequency-dependent Doppler shifts in accordance with the known formula

5
fo=-Ls M
LY
c
where
f - transmission frequency of the signal 10 of the OBU 11
10 1p - Doppler-shifted receiving frequency of the signal 10 in the radio beacon
2if the OBU 11 were to move towards it front on;
\% - speed of the OBU 11; and
c - speed of light.
15 If the OBU 11 travels past the distance 2 at a distance a, equation (1) can be
written by means of geometric deliberations as
a
fz = cos I:arctan (—ﬂ /o (2)
X
20  where
a - vertical distance of the OBU 11 from the radio beacon 2 in the

coordinate system of Figure 1;



system of Figure 1; assum ng a constant speed v or VI, v2 of the OBUs 11
the horizontal distance also simnmultaneously corresponds to tine t;

Doppl er-shifted receiving frequency of the signal 10 in the radi o beacon
when the OBU 11 is noving past it at the distance a. Figure 2 shows two
exenpl ary curves of the receiving frequency fBin relation to 10t he

hori zontal distance x or the tinme t. The solid line 13 shows the receiving
frequency curve for the OBU 11 in lane 5 and the broken |ine 14 shows that
for the OBU 11-in | herezomtal distangp opthed 2 11tfrun theppdierbepeana? midhe r equency
shift Afi, Afi in "far regions" 15, 16 of the frequency curves 13, 14 far
bef ore andoadlinete a regi on 17 of maxi num change fB = afwat is small, i.e.
the frequency change fB' |lies below a significance 15threshold e in the far
regions 15, 16. Theé)%fté?ﬁ6fFigﬂreIﬂ%silﬁﬁin%@@bﬂﬂ&lt%ﬁeed]xﬁox(@[‘dz srahe0BUy11al so
further outside these) the extent of the Doppler shift Af is scarcely
dependent on the passing [ S . Y. L i t

excl usi vel y dependent on%eﬁig%%g@ggdl\gﬁ aeléog ?‘gg?%g Slp%ghgg%\r}gitloﬂlgpgpeed %
on the_fregpency curves 13, 14 can therefore be elimnated by scaling these
so that tﬁ%y respectively assune the sane value in the far regions 15, 16,

e.g. a predeterm ned val ue AF. o ] ] )
. fs - Doppler-shifted receiving frequency of the signal 10 in the radio beacon

2 when the OBU 11 is moving past it at the distance a.

Figure 2 shows two exemplary curves of the receiving frequency fg in relation to
10 the horizontal distance x or the time t. The solid line 13 shows the receiving frequency
curve for the OBU 11 in lane 5 and the broken line 14 shows that for the OBU 11 in
lane 6. As can be seen, the Doppler-related frequency shift +Af}, £Af; in "far regions”
15, 16 of the frequency curves 13, 14 far before and after a region 17 of maximum
change fg' = 0fg/Ot is small, i.e. the frequency change fg' lies below a significance

15  threshold e in the far regions 15, 16.

Therefore, in the far regions 15, 16 (and naturally also further outside these) the
extent of the Doppler shift +Af is scarcely dependent on the passing distance a any
longer and instead is almost exclusively dependent on the speed v. The effect of the

20  vehicle speed v on the frequency curves 13, 14 can therefore be eliminated by scaling
these so that they respectively assume the same value in the far regions 15, 16, e.g. a

predetermined value =AF.



11 Figure 3 shows the result of such scaling, in which the indicated
frequency curves 13, 14 have been scaled ("normalised") so that they assune
the predeterm ned values AF in the far regions 15, 16. 5The scal ed
frequency curves 13', 14' therefore are nore dependent on the ratio aix,
i.e. the passing distance a to the horjzontal distance x or to the tine t,
in accordance with the follow ng 10!1 As may be seen from Figure 3,
the scal ed frequency curves 13', 14' differ particularly clearly in their
gradi ent fB =FigRBf Dshaats thheeshli odsudscaling, in whgh the indiviated fraquéncycur ve at
the sane time shows an inflection point 20: the greater the passing

di st ance ayrvei3, " Tdiaee bdehadaldd (toemslisel Bdofth@qusnsyumetheprddiermlded, 1. e.
the lower the gradient fB' at 15the inflection point 20. Therefore, the

passi ng dighanesr & the Ar¥Ebag! ¥, 1 oportional to the gradient fB, i.e. 1
--=f 8" (x)
5 The scaled frequency curves 13', 14' therefore are more dependent on the ratio
a/x, i.e. the passing distance a to the horizontal distance x or to the time t, in accordance

with the following

f5 = cos |:arctan (%ﬂ fi (3)

10
As may be seen from Figure 3, the scaled frequency curves 13', 14' differ
particularly clearly in their gradient fg' = 0Fp/0t at the location x =t = 0, at which their
curve at the same time shows an inflection point 20: the greater the passing distance a,
the "more abraded" the scaled frequency curve 13", 14', i.e. the lower the gradient fg' at
15  the inflection point 20. Therefore, the passing distance a is inversely proportional to the

gradient fg', i.e.

1 fim £ (x) (4)
a x-0

20 The gradient fg' at the inflection point 20 can be determined by differentiating
the scaled frequency curves 13', 14, and the result of the differentiation is shown in

Figure 4.



a X (4) 20The gradient fB' at the inflection point 20 can be determ ned by
differentiating the scaled frequency curves 13', 14', and the result of the
differentiation is shown in Figure 4. 12 Wth know edge of the |lane width
bl, 132 of lanes 5, 6 - the respective lane 5, 6 in which the OBU 11 was

| ocated during the transm ssion of its_signal 10 can then be determ ned
fromthe passing distances al. a2 dete}iined inthis manner. A sinple

rel ati ve conparison of the passing distances al, a2 is often also

suf fi ci enWithoknperledgs aféhe laae wadthbr.3x@f lpage &, Gf therespeetiiiedpessd, 6 in which ¢ has
been assuned hitherto that the transmtting frequency fs of the signal 10
of the OBtheXdBUsd lcwasdbeated during the transomssidnm efjiiesignal d (e thes ba dewneinadt

curve. However, it is also possible that the OBU 11 transmits a signal 10

with a traesht phdithg JiSERREEY, af HErnihBd Hathis HariRh-A Sinfll@fdlative time, e.g. in
the case of frequency hopping radi o communi cations, in which the

transmttigng &{s%ﬂ%?ﬂ&ypafss‘inggﬂglhé&télYaﬁ?éﬁ%ﬁaﬁscﬁ sFRERAGL MRt Birf thE RY&t er m ned
The or de r

&
or known patPern. rec recel vi ng equency curves 13, 14 are

recordfd relativ%. ovthqeggior known curve of the transmtting frequency fs
over t nes%¥w?%@)é£ﬁlﬂﬂf ether it is constant or changing, i.e. is

referenced or normalised to 15these, so that the effect of known changes in
transmtting frequency of the OBU 11 can

It has been assumed hitherto that the transmitting frequency f; of the signal 10 of
the OBU 11 is constant, i.e. its own frequency curve is a constant curve. However, it is
also possible that the OBU 11 transmits a signal 10 with a transmitting frequency curve

10  that is non-constant in time, e.g. in the case of frequency hopping radio
communications, in which the transmitting frequency f; constantly changes - according
to a predetermined or known pattern. The recorded receiving frequency curves 13, 14
are recorded relative to the prior known curve of the transmitting frequency f; over time
of the OBU 11, whether it is constant or changing, i.e. is referenced or normalised to

15  these, so that the effect of known changes in transmitting frequency of the OBU 11 can

be compensated.

Therefore, in summary, the method for determining the passing distance a of the
OBU s 11 passing the radio beacon 2 is configured as follows:

20 Firstly, the frequency curve 13, 14 of the signal 10 of the OBU 11 is plotted in
relation to time t (= x) - possibly based relatively on a prior known curve of the
transmitting frequency f; over time. Then, the region 17 is approximately determined in
the frequency curve 13, 14 at which a significant change indeed occurs, i.e. &fg/ct

exceeds a predetermined detection threshold s. This serves to obtain a time reference



be conpensat ed. Therefore, in summary, the nmethod for determ ning the
passi ng di stance a of the OBUs 11 passing the radi o beacon 2 is configured
as follows: 20Firstly, the frequency curve 13, 14 of the signal 10 of the
OBU 11 is plotted in relation to time t (= x) - possibly based relatively
on a prior known curve of the transmt{jng frequency fs over tinme. Then,
the region 17 is approximtely determned in the frequency curve 13, 14 at
whi ch a significant change indeed occurs, i.e. ofB/at exceeds a

pr edet er nbeiatifod seeking ba tvefaghgipes 5. 1Pnvclsmpstdie haforglspdpierdhe chamge ef er ence
13 point for seeking the two far regions 15, 16 which nust |ie before and
after thel?hadbesdiar asmoved froon flas thaenmfiethef sigmificimt Sreghatcyrvbhadgerdfivét
significant frequency change fB/at occurs in these, i.e. this lies below a

predet er npaggs #i tHEVef 1.& WS Bed HI6S RAPredcermPWE fgrifoace dgeshefd & he far regions
17. 18 and the Doppler shifts Afi, Af, occurring therein (which can also be

consi dered to be quasi-constant because their change does not exceed the
significance threshold e), the frequency curves 13, 14 can now be scal ed so

h 1.0 vel h d ' I F i heir f
regi ont 15, 16 pkrovieBRHIR Rl o KRR EsD MR B Ealtne® n e

scal ed frequency curves 13', 14'. For this, the location x or the tinmnet is
sought i nOSHERS BgTramcyhieh carealsgbe gansideradria be quasiveRgiant PeeATehFITf B assunes
ei ther the frequency nean value (the "m ddle") between the "quasi-constant”
far regi onkangs dodonasrexceedfthe $ignifiganed thineghpld el thedtequbrcysiugves| 13104 efn t he
now be scaled so that they respectively assume the same predetermined value £AF in
their far regions 15, 16.
10
The inflection point 20 is then sought in the scaled frequency curves 13', 14'. For
this, the location x or the time t is sought in the frequency curves at which the receiving
frequency fg assumes either the frequency mean value (the "middle") between the
"quasi-constant" far regions 15, 16 or - if the rated frequency of the signal 10 of the
15  resting OBU 11 is known - assumes this rated frequency. The inflection point 20 can be

determined in both ways, i.e. both before the scaling in the frequency curves 13, 14 and

after the scaling in the scaled frequency curves 13', 14",

After determining the inflection point 20, the gradient fg' (x=t=0) of the scaled
20  frequency curves 13', 14" in the inflection point 20 can now be determined (see Figure

4) and the passing distance a or a;, a, can be determined therefrom, as explained above.

Figure 5 shows an exemplary hardware configuration of the radio beacon 2 for

conducting the outlined method. Connecting to the receiver 8 the radio beacon 2 has a



15 resting OBU 11 is known - assunes this rated frequency. The inflection

poi nt 20 can be determ ned in both ways, i.e. both before the scaling in
the frequency curves 13, 14 and after the scaling in the scal ed frequency
curves 13', 14'. After determining the inflection point 20, the

gradient fB" (x=t=0) of the scaled 20f%€quency curves 13", 14' in the
inflection point 20 can now be determ ned (see Figure 4) and the passing

di stance a or al, a, can be determ ned therefrom as explained above.

Fi gure 5 Bisowsy 3h iBxéngll the yimedfnar e @oYesi lgulhof be regeivedsignalsi 10 #eacon 2
for conducting the outlined nethod. Connecting to the receiver 8 the radio
beacon 2 hmsrded. Adeteetwn c@inecied tokliecherhory 21i datecty the ukangy regiovéd 13, 14 of
the received signals 10 are recorded. A detector 22 connected to the nmenory

21 det ect gft/ae>chand el ediPRfobhalidBl PiccarSdvaltioh @8Se DHiThe WhRANAGE i on 17 to
an eval uation device 23. The eval uation device 23 deternm nes the far

regions 1ae; 2§&etgﬂﬁn§%tﬁg¥%qg o148 o the f?efhrglgﬁ%}gcu%ésai%ﬂ @?thté”ﬁ?/rofir om and

with this |n%£rnat|on tuatés a sca Vi ce t hat scal es the

frequepncy curves 13, 14 to.scaled frequency curves 13'., 14'.. The |latter are

fed toa rIFEranenaran B8 i Son ey SAdeie Y e davisn c? e 0 B o pa at

the location x =t =0 of its inflection point 20 _in order to determne the

passi ng diSHugTeRsuyes 13 14itaspaded Bravere i Veohdife dthe 1atter areplisd (o pe

i npl enented, for exanple, by the local conputer 8 of the radi o beacon 2.
differentiator 25, which calculates the gradient fg' (0) = 0fg/0t at the location x =t =0 of

its inflection point 20 in order to determine the passing distances a;, a, therefrom.

10 The components 21 - 25 can be implemented, for example, by the local

computer 8 of the radio beacon 2.

The invention is not restricted to the represented embodiments, but covers all

variants and modifications that fall within the framework of the attached claims.



The invention is not restricted to the represented enbodi nents, but covers
all wariants and nodifications that fall within the framework of the
attached clainms. 15 Patent Cains: 1. Method for determ ning the distance
of a vehicle passing a radi o beacon of a road toll systemfromthis
radi o beacon, wherein the vehicle is equipped with an 5onboard unit, which
emts a signal with a known curve of its frequency over tinme, characterised
by the steps: receiving the signal in the radi o beacon during passage
of the veRntemeClgimst ecording the curve of its frequency over tine in
relation to the known frequency curve; 10detecting a change in the recorded
frequency curve exceeding a predeterm ned threshold val ue; | ooki ng
for two far regions in the frequency curve lying before and after the

det ect ed ¢hang®fdtibdt fofBetamsinial thOdstrave of { vantle pesinphangR thatavofa t hreshol d
val ue; 15scaling the recorded frequency curve in such a manner that the far

regions ass U”erd%%‘l?%}?s'ié}% Rt % H&%be@%, wherein the vehicle is equipped with an

5 onboard unit, which emits a signal with a known curve of its frequency over
time, characterised by the steps:
receiving the signal in the radio beacon during passage of the vehicle and
recording the curve of its frequency over time in relation to the known frequency
curve;
10 detecting a change in the recorded frequency curve exceeding a
predetermined threshold value;
looking for two far regions in the frequency curve lying before and after
the detected change in time and which show a frequency change below a
threshold value;
15 scaling the recorded frequency curve in such a manner that the far
regions assume predetermined values; and
determining the said distance from the gradient of the scaled frequency

curve in an inflection point thereof.

20 2. Method according to claim 1, characterised in that the lane of a multi-lane road,

on which the vehicle is moving, is determined from the distance.



determning the said distance fromthe gradient of the scaled frequency
curve in an inflection point thereof. 202. Met hod according to claim1l,
characterised in that the lane of a multi-Ilane road, on which the vehicle
i$ moving, is determned fromthe distance. 16 3. Method according to claim
1 or 2, characterised in that the inflection point is determ ned by seeking
the point in the frequency curve, at ch the frequency has a
predet erm ned val ue. 54. Method according to claim1 or 2, characterised in
that the 3nfl eMethnd aseording te ctidmelr ¢f 5 sbaregtegsadin Hapt thednBestion rointihe
frequency curve, at which the frequency corresponds to the frequency nean
val ue of the fae¢temagedbypseckinglthe haut actbe fidqmancy oureatofhich thierfreqiierioy 4,
characterised in that the signal is 10emtted by the onboard unit as at

| east one carrhgra pre@ab@iiayd vRge!l ated with a nodul ation frequency, wherein
the said frequency is the nodul ation frequency. 6. Method according to one
of claims 1 to 4, characterised in that a DSRC or WAVE transmtter of the
onboard unit is used to enit the signal.

5 4. Method according to claim 1 or 2, characterised in that the inflection point is
determined by seeking the point in the frequency curve, at which the frequency

corresponds to the frequency mean value of the far regions.

5. Method according to one of claims 1 to 4, characterised in that the signal is
10 emitted by the onboard unit as at least one carrier frequency modulated with a

modulation frequency, wherein the said frequency is the modulation frequency.

6. Method according to one of claims 1 to 4, characterised in that a DSRC or

WAVE transmitter of the onboard unit is used to emit the signal.

15
7. Radio beacon for a road toll system for determining the distance of a vehicle
passing the radio beacon, which vehicle is equipped with an onboard unit which
emits a signal with a known curve of its frequency over time, characterised by:
a receiver, which is configured to receive the signal of a passing vehicle;
20 a memory connected to the receiver, which is configured to record the

curve of the frequency of the received signal over time in relation to the known
frequency curve over time;
a detector, which is connected to the memory and is configured to detect

a change in the recorded frequency curve;



15 7. Radio beacon for a road toll systemfor determning the distance of a
vehicl e ‘passing the radi o beacon, which vehicle is equipped with an onboard
unit which emts a signal with a known curve of its frequency over tine,
characterised by: a receiver, which is configured to receive the signal of
a passing vehicle; 20a nenory connected to the receiver, which is
configured to record the curve of the trequency of the received signal over

time inrelation to the known frequency curve over timg; a detector,
whi ch is connected ewocvdeatipamsyigeambich & connedteditocthie defeeter anst the memmyge i n
the recorded frequency curve; 17 an eval uation device, which is

connected to t el debsfigwed anidok e twerfer egrind i the deqhemgyrcad etigingbeforé or t wo
far regions in the frequency curve lying before and after the detected

change in tineaanghaheletei@clanké BOUREGYd GRARGRONE R¥uendyilasgobdowal ue;
5a scaling device, which is connected to the nenory and the eval uation

device and is ggp%&gm{@ﬁugo scal e the recorded frequency curve in such a
manner that the far regiorns assune predeterm ned val ues; and a
di fferentiator connect g

d 3fter tge scaliqg(ﬂg%hce, whi ch gﬁteﬁnunes t he
gradi eht of the scaPStFPESGUERCYMER IO HE MEmOrh ARG e SY i of  and
10det erm nes the distance therefrom ' ]

. device and 1s configured to scale the recorded frequency curve in such a manner
that the far regions assume predetermined values; and
a differentiator connected after the scaling device, which determines the

gradient of the scaled frequency curve in an inflection point thereof and

10 determines the distance therefrom.

8. Radio beacon according to claim 7, characterised in that it is installed on a
multi-lane road and the differentiator is configured to determine the lane, on

which the vehicle is passing, from the distance.

15
9. Radio beacon according to claim 7 or 8, characterised in that the differentiator
determines the inflection point by seeking the point in the frequency curve, at
which the frequency has a predetermined value in the frequency curve.
20 10. Radio beacon according to claim 7 or 8, characterised in that the differentiator

determines the inflection point by seeking the point in the frequency curve, at

which the frequency corresponds to the frequency mean value of the far regions.



8. Radi o beacon according to claim?7, characterised in that it is installed
on a nulti-lane road and the differentiator is configured to determ ne the
| ane, on which the vehicle is passing, fromthe distance. 15 9. Radio
beacon according to claim7 or 8, characterised in that the differentiator
determ nes the inflection point by seeE%ng the point in the frequency
curve, at which the frequency has a predeterm ned value in the frequency
curve. 2010. Radi o beacon according to claim7 or 8, characterised in that
the diffelkbnti Bedio bgacasracrording thong of Flains bip Phicheraggriseddrithgthene point in
the frequency curve, at which the frequency corresponds to the frequency
mean val ue of tdeeivkdsignaldiasasleast bBe tdrrieRfrdquenbe amdnlagdovitida npdulatiome of
claims 7 to 10, characterised in that the received signal has at |east one
carrier frequeggyudiRdUndltkésaM Froq@end titha i odniatios Giegagiy, whidh ihe said
frequency is the nodul ati on frequency, which is obtained in the receiver by

demodul at i on. E,@mirga%eﬁt}sé&w?w%%q{ﬂagoﬁ.o one of claims 7 to 11,
characterised in that the receiver is a DSRC or WAVE transm tter
5

12. Radio beacon according to one of claims 7 to 11, characterised in that the

receiver is a DSRC or WAVE transmitter.



