»uve3euTrd($6TTQN 1 6 DEC 20p2 Roadsi de control device for a toll apparatus
installed in a no i I Description The invention relates to a
roadsi de control mmmmmmmmm“mmhecking the correct operation of a tol
apparatus which is ingfakd ed in a notor vehicle passingltghBEC gogyr ol devi ce
and exhibiting an identifying license plate, the toll apparatus performng
a satellite-supported electronic toll deduction From EP 0 691 Ol 3 B1, an
el ectroni i t.e n h uti on. charges
can be co Igg%gggfggﬁﬁ%éﬁlﬁéd%CQ g% y%#%reﬁ%f%?%ﬁﬁ%

geogr aphi gozerev@hiaiehargeabl e road dlstance (utilization charges - toll).
The known system provides that in each notor vehicle, a toll apparatus is
installed which has a receiver for the signals of a navigation satellite
system such as, e.g., GPS (G obal Positioning System) or dosnar and is
provi ded ®Weskhraptébesctronic nenory in which the chargeabl e road di stances
and t he geographic zones (in the text which follows, only chargeabl e roads
or road di stances are nentioned, to sinplify matters) and the respectively
associated utilization tariffs are listed. Using the signals of the

navi gation satel | TP SyWEBniophgaldtesapifar at @%décc%stﬁ@ tPRVIEGR I ent

geographIEOQOShec 1ngfthe correct operation of a toll apparatus which

is installed in a motor vehicle passing the control device
and exhibiting an identifying license plate, the toll
apparatus performing a satellite-supported electronic toll
deduction.

From EP 0 681 013 B1,

an electronic
deduction system is known by means of which utilization
charges can be collected from vehicles which move through a
predetermined geographic zone or a chargeable road distance
(utilization charges = toll). The known system provides that
in each motor vehicle, a toll apparatus is insta%led which
has a receiver for the signals of a navigation satellite
system such as, e.g., GPS (Global Positioning System) or
Glosnar and is provided with an electronic memory in which
the chargeable road distances and the geographic zones (in
the text which follows, only chargeable roads or road
distances are mentioned, to simplify matters) and the
respectively associated utilization tariffs are listed. Using
the signals of the navigation satellite system, the toll

apparatus has access to the current geographic position of
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-1 6 DEC.,200Z - 2 the vehicle at any tinme and recognizes fromthe stored
data concerning the chargeabl e road di stances whether the notor vehicle is
on a chargeabl e road di stance or not and can autonaticaltédﬂﬁéernine t he
toll anounts which nay be due in this manner. To ensure-*

anonynous deduction of the toll anmounts, the known system provides for the
use of debit cards (e. g. chip card) on which the respectively due tol
anounts are deducted by the toll apparaﬁﬂsf However, this nmethod of
collecting the toll anounts, which can be carried out mﬁth conparatively

XUl e expradiuien d T T hAGi BLEORSIP 40-auAYIRET obeptal bl Lidester

deception by the operator the respe cl e. eca

for detec g?ﬂgl gg% o. S e nqg%at From
EP 0 701 E gSE%HEEES a%%gr qu%% %%%ﬁn%%%6#; {:ﬁﬁ%g |38%§?ﬁose
a device @Qﬁlé%f ®Nidpr 'angclﬁé’f?é' Héh%da?&ddfl%'ﬁ'al%bleat LeNsi&t & % can

i ndi vi dual conponents of the tolT apparatus and an error nenory

recor di ngadt88A0SERS 1§al@R kiR aase ©b1BNanBantBOWNERN Qfuy Bl m&@tmn
I f an unaut horized mani pul ation occurs, the toll apparatus can send out a

si gnal inghfat magnhe ITEOrapRIiroOPEsd Fl@ﬁe@if bhenypRAlsatdsdudtiich of the
correspondi ng signal device. Natural this presupposes that the apparatus

itself isteMltahednmm,amhdfkﬁoﬂﬁm5§sgealpﬁevﬁd&sh&&rﬂ&hdﬂﬂﬁéEﬁﬁt@QBﬂtoff
or ot herw se mani pul at ed. 1 ~ DEC 20p2
cards (e.g. chip card) on which the respectively due toll
amounts are deducted by the toll apparatus.

However, this method of collecting the toll amounts,
which <can be —carried out with comparatively 1little
expenditure, in principle opens up a number of possibilities
for deception by the operator of the respective wvehicle.
Suitable precautions for detecting corresponding actions of
misuse are therefore mandatory.

From EP 0 701 722 Bl, a toll apparatus is known which
exhibits for this purpose a device for self monitoring for
unauthorized manipulations at the individual components of
the toll apparatus and an error memory for recording
diagnostic data in the case of an unauthorization
manipulation. If an unauthorized manipulation occurs, the
toll apparatus can send out a signal indicating the improper
operation of the apparatus via a corresponding signal device.

Naturally, this presupposes that the apparatus itself

is switched on and that the signal device has not been

switched off or otherwise manipulated.



- 2a Furthernmore, fromEP 0 700 561, a toll apparatus is known which has a
si gnal device via which diagnostic data which provide information on the
operability of the toll apparatus or of its individual cppponents,
respetctively, can be interrogated wirelessly fromthe ou Ui 202i ng the
transmtted diagnostic data, it should be possible to determ ne both
non- payers and wong payers who pay fer2e&heir road utilization in a wong
cl ass of charges. This docunent does not provide nore detailed informtion
on the external nonitoring devices which are intended to _determ ne and
trace the road ni Suséherrerees tronsER78 A003 S8dads? dEoddntarRaxmsiieeifor
checking the correct oBeration,of 3 bgll,appanatus which is installed in a
e

mot or vehfBPENpA8YiGly PRE Anfigna LELGRd Véehi Bt FRg Hpgnrsiic yAaga
license plate,is kno wherein the toll ar at erforns
slat el isi thSbﬁBng%%lvﬁééctlﬁgf:ﬁ%“att&?n d&ﬁ’uc??‘ n.o?—%ga}gﬁi%tﬁur%gsé,het hgoll

control device gﬁgiggx%fifqgnug'cation device for the wreless fxchange of
i nf or mat | ORPBEEREEN Fh& T ohtT of "EBYF SR AnFFRENDNGS agrai RIS TH ¥ heC2
passi ng vghi cl L, a i I d Lhin ol ] appunts
by means %? t%‘ﬁ%?%i[ggg%ggﬁlt %ﬁeﬁééﬁlﬁl tq%?l fg:rgéhd %‘%@%len%%bt ?['rllél?%esgge
anounts e | Iy Afst. redi | ue;sto hiy a C i g edit
card. v%ekﬁﬁﬁﬁggggééehﬁéﬁgﬁgigg% t %ﬁ%ﬁnt%gl §§§Pg§; ?ﬁ% ﬁ%%? I %%s gé t he
control dgyieemdhe Bethvaed e 44d 9986h99pa 2 sCUHLIRNMENY shgpal of
an optical sensor. The conmuni cation , i sTn~c 2002 - 2b “device of the
control deya€eutians@ctinmd ol he webnegl @ MHLhof SchigheRas SHIG adsldhdent

i nquiry which nust be answered within a predeterm ned tine. The response of
t he vehi cdees s nohenpehetdedmbyet Rietanled! idforeatfion t6R phesestee phaRn
error code. An error code is stored by the toll apparatus if the

enf or cemendnitghingi deblieetso whiehowtse dentsndadaged detferinimecraat t t vatele i n
the storage card becones negative and if the antenna of the comunication
devi ce hashéeepadhindkbded.over a certain period of tinme and thus was not
ready to receive. If no error code is detected, the control device assunes
that the toll appB¥abu&B 2 wBPRi AJ&cdhr edt Inpadsidencenbrot héeviged, fan
error code is detected or no dialog can be establjshed between the passing
vehi cl e FREFRENS oRPEOICUHSRAe, CRELAREPR PE &t Fht eBPRAFERVUSaRER ! 18

hot h of hicle. Finall S 5_767 505 al di . dsi d
Cont rol GIRTLRI 11 Sferaig s TON CABpRARRIES b P ERLOFEY W R base

th trol i . The.toll. f sat.ellite- t

(e cont el ovics, The,bol L AORREA0US B! S 2 S2UELL S Bupnert <

wh i h i .l | i i t
thenever 4oy veblel g hospBepseo v iiioh kol lthotan SRRl A gt e

al so has 4hg,posbii opodatd, od 58%6%'e,5t@§éOQ%n%QleV‘*t?é'vi@@S%xﬁ&%i*E%i ng

passed, it automatically transmts certain control data to a centra
station yormanscdf i &hJhealc80bb et hadi@reCamey akdmsi! |d Bfdheaesy 1ol
station record 9 6 DEC 20D2 - 3 all passing vehicles and their |icense
pl at es anskdwsavar @ Hehi SohBLol Maddwincé 0 atde cRat radl st apperatAis t bhs the
station, the inages are evaluated and conpared with the control data in
each casepdgsisaitéleticby. t hreveblt| eppibetosntiesntcaplabie ot dhtse iusl miotg
explained in greater detail. If there is no correlation between the data
conpar ed,tdlienamoueper oy smepmer af ed ime tdepewitental ustatzation draderffo
pursue the matter further manually. If there is correlation, then the data
transmit teedl tof t Hedventimgl thesd oamarastdelediemtranidally héremore cungrit

obj ect of the present invention . '
value stored in an accompanying credit card. When a motor

vehicle passes the control device, the facilities of the
control device are activated by the triggering of a

corresponding signal of an optical sensor. The communication



to specify a roadside control device for checking the correct operation of
a toll apparatus for satellite-supported electronic toll deduction which,
on the one hand, ensures a high success rate during the checks to be
performed but, on the other hand, requires the | east possibl BEG2802ndi ture
for the apparatus technology and the opgration of the control device. 1°
DEC 2002 - 4 According to the invention, the control device has at |east
the following facilities: a) a comruni cation device for the wireless

exchange quvidd os frathen dwitwesn d&eieentreinstg\sceranghtheehaldl eanpad &t us
in the passing vehicle, b) a classification device for allocating the

passi ng shijplst tpasspnedet datiandthatehiel whttRsause) be tarHgaatedayieid or
the accurately tined activation of the devices of the control device, d) an
eval uati rg peedetetoinadplt@irss bi Thiey chepkneé tdfe dhtawipdliediby then
communi cation device and the classification device fromthe and on the
passi ng wieaked (by ithe todintaphbadatvise rspethevensserara ef anr esnrst ng
device for recording the license plate of the passing vehicle in the case
of an unfwstsessAnyl exxorarpdaf isnbtored ovy ofhehéaddmappeattos dévittes with
the toll device of the passing vehicle or in the case of a negative result
of the pleafsiusanant chigRtovisibley dieiathagoysFiide mhedamsandi od ft Hike
provi des a control_ device which can handl e the required roadsi de

survei | | §¥&8d M DatRi hfevEhPERIyiGRnFhI PSFAaR DnBeFRELVE. apd, ifh&he

icati devi t h trol devi : i rel I t. the toll
appar at uSTSE I VontBF e BHEUNAGF 198 R i #° 1 PRRBNP D FAGmEI D

the Curr%%&éﬁ%ﬁ%géfgbétgketQ&etQ%dt%Hu§”%5g6%5§'ready to receive. If

no error code 1is detected, the control device assumes that
the toll apparatus is working correctly. If, on the other
hand, an error code is detected or no dialog can be
established between the passing vehicle and the control
device, a camera is activated which takes a photograph of the
vehicle.

Finally, US &5 767 505 also discloses a roadside
control device for operating a toll apparatus in motor
vehicles which pass the control device. The toll apparatus
performs a satellite-supported electronic toll deduction. In
this process, single amounts are deducted whenever the
vehicle has passed a virtual toll station, the position data
of which are stored in the toll apparatus. In addition, the
toll apparatus also has the position data of control stations
and when these are being passed, it automatically transmits
certain control data to a central station by means of digital

mobile radio. Cameras installed at the control station record



5 _ 16 DEC 2002 In particular, such information contains details on the
vehicle class used as a basis for the charge deduction and on the proper
booki ng of the toll amounts, for instance on a debit card or alternatively
via the correct transm ssion of the toll ampunts to & 6cDBEC gggdeduction
center. The conmunication device is preferably constructed as a dedi cated
short-range comuni cation (DSRC) device for the frequency range from2.4 to
5.8 GHz. It can also be appropriate to use a termnal for a cellular
network (CN) or a data radio network as conmuni cati on device. Such a
term nal i 21df payvsinageecbipéesaland i fheiri $isansablpdafttes dirgl t Abrwabd | e
radi o and corresponds, e.g., to the GSMstandard. A termnal for the
Mobi t ex sydidm dafoamasipa 58vhheagewtsdl skaddion.n Ay ithdispeéatien| sthe so
possi ble to use a conmuni catiop deyice in %gi glgthge information_is

| S

transmitted™AES fir%r 8¥e oP2Re r 3RInFEMBRY WFercorgidlcgata in

transm ssi t r . their s itivity to.
physi cal o(b%%tﬁc |sgefls€%%n%ﬁ£étfe?%ﬁéﬁi éggog)égé{cﬁé'l S:hles acprgtéa‘nrtecooé/mr‘gh’o%rb to
conduct thedi-al og bgtmggpigfn&@n&holgp@afe&e apgaihe t4ql | ppparatus, of the
respective notor vehicle in encrypted Torm For this purpose, corresponding
encrypti on caigdedeciynt i bateosmponeRt Sdaust dwngared, deghen theregpteolidevice
and in the notor vehicle or, respectively, the toll apparatus of the notor
vehi cl e. Tlenediageidnciny tihecr easesal hetsgdoni tin agaidest tanppukati drhe | n
the vehicle, the keys necessary for encr%/lpti on can be stored, for exanple,
in a chip f&tdedr Hirthey mEemdlgon -16 theked ifefairedetine . t dhenagd at us
or of the communication devjce used in the t.or vehigle. A particularly

ef fective &a&tae&f‘ﬁ‘}‘ﬁmég&?ﬁs{:onﬁ}h‘? p‘iﬁ%rﬁaoln sctg‘%lgi’lnsfi‘rﬁegﬁgﬁf‘éﬁt eed if, apart
fromthe current charge apfechih £archd AR e nSabeLLERE. s RASILIAN
and/or other apparatus information is interrogated and transmtted to the
control dewisC@pekhfihe roadside EHMEFO HLMIRE fios eAUERPAY thd hedrdagei ver
for the signals of the navigation satellite systemused, 1n a correspondi ng
manner to pheraechbal eofourd edc¢l | apparatus, foe satekliieessymdrsed
currently received at the vehicle can be conpared, for exanple, with the
satellite slgearenédr teddl Yedaesiond vBychheono&dlsi Gaecdtndol ed@Hres. & n

t his manner,, confusions with other vehicles which are sin he roadsi de
control deVigd SUCCRESsETt et iNE10E QEES 9 r‘f’etiFf%%S %d;’t‘“a:' on

.ma‘ni pulati %Rec%rll'%er \Harr;[cy,algé/ u%.lz.j @ r@’{ee. : aTJPn%cg:sogirbe.Lsepp .é}%ixu@es%o%pp! I es
if the passing vehicle provides dir ec |lﬁ(ﬂ on on | current position
at the tingnaf 106,00 edfindBERSSARY, thal Wp@tdtand 05 PehkCaditiases
whi ch goes beyond the pure nonthly deduction can also be transmtted from

t he vehi cl def@ceqg. driving tinmes of a lorry driver or vehicle data which
could be read out via a CAN bus) . A particularly significant part of the
roadsi de control device is the classification device which suitably al so
operates in accordance with an acoustic or opti cal



1 6 DEC 2002 neasuring principle. It has the task of recognizing the
respective type of the passing vehicle by means of charact ®8iBEC @i gnal s,
with such an accuracy that it can be ungmbiguously allocated to a certain
cl ass of charges with the greatest reliability. Wth respect to acoustic
measuring principles, the noises emtted by a notor vehicle can be

anal yzed, for exanple. Thus, a goods vehicle (truck or bus) has a
distinctly different frequency spectrumifrom a_passenger car or a

not orcycl e. From BiFEPESBRECES BRal dnveBEieRanphe, cPRtEEFaGEyH ceamase at
derived ich can b ed for _determning the size of a vehicle in order to
be able t e?ﬁﬁf@?ﬁ1§9£i8§é“ﬁlf6€é +bhePA this manner. In general, a nunber

of different neasuying nethods can a&so.be %onb'ged mﬁtq one another in
order to increasea{h% FRFFABE FREYOBr CERECS 8Ea% SnYIERERE & %f the

B orefer 1o Bhioaraghen PrelERl kb e et a8t el TR RorcEbR thal & Ceneor

arrange?%Brg%%ﬁﬁ%efgi@ﬁésgggsgﬁgg%%gpégeinage sensor. This inage sensor

provi de e electronit reco { mges of the respective vehicle

which can then bebPOQP@iQQS%fiéaEEBEGer§EQEEOEFQﬂlécﬁﬁﬁh l%h%'%%%s%&q 0

dat abase. The allocation to a vehicle class 1s in each casSe perforne
accordancemdle the greptestermisdaivehherbmaggskeatures. To reduce the
conputing effort for such a conparison nethod and to shorten the tine
required, it is partacetagdeyr afevopei b thet Becakassiili eakkean device
operates in accordance with the 1 6 Di C 2D42 principle of optical

correl atiamtivatidm sofasks dévicsenodfttieei cagerobf aetateon but the spati al
frequenci es of the images which are optically superinposed and through
which a |ight souitleansevaltatomhd ydeshboe. fFheai plensibylotyt hbetkansmi tter
to light is a direct neasure of the correlation of the inages and thus of
the cl asshef dethi cswpp Thed vighi the commyntoat tdoal devbeedendr hred by neans
of the heat distribution over the length of the vehicle, for exanple, wth
the aid oflaffihiealen i dagecechsdn, the en@yonebhs pasainbdcivebékdret(er
array. Another alternative can be seen jn the allocation of the vehicles

passi ng tie ot APRRNA ES pyr $RREEE ety heo®®ri ¢ vehicle surveillance by
means of infra-red detectors. Hoywever Ehis tg e.of vegic e classitication
i s conparatively Very Eﬁﬁﬁﬁégpgué%%%ﬁéa.?ﬂlﬁ? $5ﬁh?9e BhelffBfa Pafit6n of
the contrgl tq'?é”ré:aesé)ﬂﬁ% @é}k{j?f%f‘ﬂ?v&et he, gagwagntltq%ggﬁggggaﬁd- The

central conpone 0 e cton devi ce accordi ng rnvention is a

trigger deyl t%@;i&f‘ ﬁ?@#ﬂ-@éé%r?lcyf o) d V@é@@ﬁl‘@a&’%hoﬁévtg%i &gEn2tte

conponents o contro evi ce and al so ermnes t I'me Sequence of

the vehi glg classidd o i e Jdes i4d 00 deyi 68 getenlschbe HEng at which a

not or vehicle has reached a‘defin€d position on the roadway or a defined
di st ance fdprpthe xoirolcfeaeprnekinfl Negessaty . ol €RePEONLU8Eing- J. .

additional 1nformation on the respective vehicle speed. The trigger device
suitably deasian. el ectroni c i mage sensor followed by inmage processing. As an
alternative, a radar sensor or a |aser sensor can al so be
The invention thus provides a control device which

can handle the required roadside surveillance of the passing

vehicle virtually automatically. Via the communication

device, the control device can wirelessly request the toll

apparatus of the vehicle passing in each case to transmit

information on the current operating state of the toll

apparatus.



1 6 DEC 2pp~._ g _ provided. Naturally, it is also possible to conbine a
number of different sensors. The eval uating device has the task of
determ ni ng whet her the vehicle checked is legally drivj! Bg on the road or
not, i.e. whether the due road usage cha¥ges are correc yDEfetmm ned and
deducted in accordance with the relevant tariff in each case by the toll
apparatus in the vehicle. For this purpose, the information which is
supplied, on the one hand, via the dialog with the toll apparatus and, on

the other hand, by Reacl f8sids CAHMAN ARKOLRat ol OUPAL RENANEoEREE KCE T OF

plausibility. If the vehicle class interrogated fromthe toll apparatus of
the notor pyehivd c folc MMl fedYad Hivayia tbe @H@wmfgél a84devies,
deviates fromthe vehicle class determ ned by the classification device,
the eval ualidn@reHe e rsft iwsolairdd gl t ki €dl 1 namdanes, f Bsrhensaraseres in
order to pursue the probable violation of the law. Instead of a deceptive
mani pul at icona adEthaaad dra it amyatal sl pevid esleat cothectostahspassash
measure consists in securing evidence which provides for a reliable proof

t hat the wéhitdlee talisleramgrlinis daxrha caserdmsdedud spom abeptant Peef or ned a
correct calculation and further debiting of the road usage charge due in
each case corourtisiad jour pisseican ¥equrelf erpkleri constrpcoedded ahdedipeabddces,
in the event of a negative result of the plausibility check or in the event
that no diS&ECgd Wanee ROWeHIGat ign  (REectdseige foe thel frppaeacys of the
vehicl e 1 6 DEC Z002 has been set up at all, a recording of the vehicle

by nmeans &Pl FHhis 4dif ad &EiFb %%iﬁﬁ%s@% IRRFPPFiabe Ratufal | Y,

t he recordi ng of, t egroigccense | ate of the ve%\?le is primarily, suitable for
this purp8s&®rEidR Gt i @é\ﬁ eI ol ¥ 7 F2EXampiE° an

el ectronic canera._ In this .ar ran er%nt.,cét é’@ al so gossi bl e.for_the

el ectroni Eegz‘i'l?glka &5t THEHHESS cﬁo(r%b eVi<e to ijté ébhti/ TeETT +%le(ﬁfi cal with
an el ectrqni r | ch qf 5 t:he . I f i f{cation
devi ce so%ta lP{%trﬁ;t_ e Zexs\sggrfg'ﬁlul_(r)’;e rI‘fforlrtf: hllssg %&pﬁfe%sf‘%clgnd f%%i/g@i%%% time at
which the oages A0 ! dbdAdRENSe P! Al | hd N doapiede! ok MOd; By1 @
correspon& ng signal by the tri‘gger device. It is particularly advantageous

i f the combrol Hde¥ta teMYstet ddrdiaded cavasnesdahdyy audata fadio
device, via which, in the case of an inproper operation of the toll

appar at us prindig1eghiial & viigh hsdiear del ardedh yoddien Byat Lah | dgvdeyi ce,
the recording of the license plate of the vehicle affected and, as far as
necessary inf whiilkeér tthat a niforintae iroes pec ti nem arhiacde digr i aaefsarad de
transmitted to a control center. In this connection, it is also appropriate
i f the confltalasdenicc e ilgas: 1 .ddcaveompr egd igre dadwarsssiosshet méehdds aazan be
transmtted to the control center in conpressed form This nakes it

possi bl e fesgi priederined eiigcda K edgp HENSA rishih ¥ remiy$beal he

transm ssi on channels, and thus the costs of the data transm ssion. - 11
1 6 DEC 2@pstructions on the transmission path. It is also recommended

to conduct the dialog between the control device and the toll
apparatus of the respective motor vehicle in encrypted form.
For this purpose, corresponding encryption and decryption
components must be provided in the control device and in the
motor vehicle or, respectively, the toll apparatus of the
motor vehicle. This distinctly increases the security against
manipulation. In the vehicle, the keys necessary for

encryption can be stored, for example, in a chip card or a



The, control device according to the invention essentially consists of

el ectroni ¢ conmponents which require little constructional volune and have

| ow ener gy consunption. This control device can, ther&8oDE] 2802 produced as
d conpact equipnent unit. It can be installed at fixed locations. e.g. on a
mast used as equi pnent support, or on a bridge |eading over the respective
road. However, the installation in a vehicle is particularly advant ageous
with respect to the effectiveness of control processes which are carried
out as spdtixeldesiesioryo athdthe HeoldorgpmEiratesd cer cah tee usermasiaatbbil e
device at any locations. This has the advantage, on the one hand, that a

si ngl e app&vices vead Ba Udwl Mo areliimler AulRdpticilyrby ebhecoiveoints
and that, on the other hand, the users of the chargeable road distances
cannot adP¥Stecs iR insdi MaNIMBAGE 1N KPRRESe Porgerrapteedai f.
undetected as "fare dodgers", for exanple, by always_performng a correct
oper at i on 28R TENE TOF) IERgh cArTERaR iGhatgfe it SR SRR R SoERREBARr 0l point's
while the toll .gpparatus is, for, exanple, sinply switched off otherw se. A
par ti cul afPy Shigh SePAS A AT (IFIGF FRESRRE HorT P BT F R YEness can
be achiev§d if_the contr devi ce .i.s ructed .in a manner

nst uch co c
Dhat it o gReplrhdl red i R f e S U EhdbD W e TRy ER At

speed checki T r.ese i.nvent it i e r check
of “the cofeaapigseraitstiopie fHM e TullHiin W R Ncel P cto s the

Spot - check;ghadlss 0 £CRMY MIRUSAIIH W11 itel Sysclrd g 2002 gonmparat i vely
| ow expendi ture for the construction and operation of a roadside control
device, iBophiesBoat i %ﬁ%&krﬁt%ﬁ%%é“dﬂhﬂéﬁéiﬂaddééﬁ\Méilréﬁﬁ&@ét&@,the
factual correctiness of the control processes perforned can be achieved. The
essenti al thackakeils itkats iigae 1pe sl 16X peRAiMEE teagssSafehioletbis 1S
extrenely | ow since the control cycles occur virtually in fully autonmated
form |n bhecbexhred,clfdroldxammlet, heviphestrt davedntiitan siddabe explained in
greater detail by way of an exanple with reference to the diagramatic

repr esent atirorstd rowe cier vielde biywt hiel gweels,iden csintatol Hegurae 1 Bhowsia bl ock
di agram of a control device according to the invention and Figure 2 shows a
di agr ammanponegpr esadugtions ofith ofieroveddviles iwisitcll |axk as$ing obltsi de.
The control device 1 shown in the formof function blocks in Figure 1

exhi bi ts Boe8RAHRI QNP LdEFVAES2 afhitéls, SPEIE &XLMPIRE, VI chstgekY elllas a
dedi cated short-range comruni catign device for, a frequency in the regjon of
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If necessary, information for police purposes which
goes beyond the pure monthly deduction can also be
transmitted from the vehicle (e.g. driving times of a lorry
driver or vehicle data which could be read out via a CAN
bus) .

A particularly significant part of the roadside
control device is the classification device which suitably

also operates in accordance with an acoustic or optical



signals to the trigger device. The eval uating device 5 consists, e.g., of
an electronic conputer which perforns a plausibility checi gﬁ h regard to
the vehicle class of the vehicle currently being checked B E%éggpng t he
control device. For this purpose, this Zoﬁputer conpares rel evant
information which is obtained fromthe checked vehicle or, respectively,
fromits toll apparatus via the comuni cation device 2, with the
correspondi ng i nformati on on the passing vehicle which has been determ ned
by the comasireyimeintselé. i bt ohaerthe beskhbbé recspgediziygt heer el evant
vehicle class. If the evaluating device 5 finds that the vehicle class used
in the tofdsppparet usype ohethehpaseing dehfietenbyf meanshefvehicl e cl ass
determ ned by the control device 1 itself, a signal is generated which is
representdidnactriseict aignahat vhehvewrkl ancaceuenaery phsesi a§ camnbe
perform ng a correct_deduction of the road usage charges. A corresponding
si gnal | SR BIRYRAY v hlopRted | fRe? eeyFeEl 4188stRE FhaspErnyidévice 7
in order to make a recording which identifies the vehicle affected. This
recor di nF I RARTs Eohteritiey: Forhekampeet B9 2RCHPELC BRREUEARSra. At
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- 16 - 06.13.2000 Patent clains 1. A roadside control device (1) for
checking the correct operation of a toll apparatus (11} ¥$ECh Is installed
in a notor vehicle (10) passing the control device (1) Q (éiﬂ?bltlng an
identifying license plate (6), the toll apparatus (11) performng a
satellite-supported electronic toll deduction and the control device being
equi pped with the following facilities: - a comunication device (2) for
the wirel ess exchange of information between the control device (1) and the
tol | appaPBinSiPig) Orfnopﬁécﬁés§Pﬁ§e\léﬁllé’Pe (Im)t is é:atsfeilgg‘ér ifeidte ¥ for
the accurately tined activa gf t he deyi ces 3, 5, 7) of the control

devi ce (1}magealF‘§E’6F‘6F|’r8nd Ehe7prpGa e(‘?&eéﬁl Pries sty Va3 e (10)
, ch t t hat, t f || d th t rol
devi ce (1TpiER a'rgl GeEhFPLdY) %HP%“&”@@ 5, & rr%@!%fe.“ﬁifﬁm@e g

hi cl 10 det. d h t d 5
for a pl aSeVBFR %5 R R S L et R, afisoirLansy e T St B Eh gegfv.(c?e

(2) and tQS ghgns! fLeat B?%e%"ln‘é%i;(@e E%O@h‘eh% 4 190 4 eo‘lé‘scﬂ{éqglrﬁ’ scle

(10) , recordln up tor recor N

plate (6)4 ?& E BsPBESLAQ F??E%' Bl Jr@hlb@et h?‘h%a%%hq 13N MDJIC CRAJIY!

exchange o ormation o conmuni cation , ~ DEC 210z - 17
also be determined by means of the heat dlstrlbutlon over the

length of the vehicle, for example, with the aid of an infra-
red image sensor, e.g. by means of a microbolometer array.
Another alternative can be seen in the allocation of the
vehicles passing the control device by means of a geometric
vehicle surveillance by means of infra-red detectors.
However, this type of vehicle classification is comparatively
very complex and, as a rule, requires the installation of the
control device on a bridge above the roadway to be observed.
The central component of the control device according
to the invention is a trigger device which appropriately
activates the various devices and components of the control
device and also determines the time sequence of the vehicle
classification. The trigger device detects the time at which
a motor vehicle has reached a defined position on the roadway
or a defined distance from the control device and, if
necessary, alsolprovides, e.g., additional information on the
respective vehicle speed. The trigger device suitably has an
electronic image sensor followed by image processing. As an

alternative, a radar sensor or a laser sensor can also be



devi de (2) wiith the toll apparatus (11) of the passing vehicle (10) or in
the case of a negative result of the plausibility check1 ﬁ:‘#chzqqgval uati ng
device (5). 2. The control device (1) asgoclained in cla 2 racterized
in that the communication device (2) is constructed as a dedi cated
short-range conmuni cati on (DSRC) device, especially as a radio device for
the frequency range from2.4 to 5.8 GHz. 3. The control device (1) as

clained i rQJvaiidEdl.’r&h?E Tari i ication device (2) is
const r uct g)d as termna ]fa%rle%' élgidliu%]aérf%;eté\%$if§%9%rgagﬁén?aai Buﬁ‘éﬁ)ﬁor Kk,
especi al | yA R iFFHGaNce Ml the GSM standard or for the Mbitex system
1 6 DEC 2002 - 18 4. The control device (1) as clainmed in one of clains 1

to 3, characteri zethd e ddiatad iy CRIFLE optd om&eyi ) ad for
conducting the dial og vvithathlre}%rmt or vehicle (10) |§]ﬁ éﬁccrl%/%?gﬁi?gﬁ% 5. The

control dewethell)hrs vidaidIRg dHedkl Ofs CleddFlyl dPidhinghanacherigsd Lp the
classification device (3) exhibits a sensor system whi ch operates In

accordanceow,t i .en admistdrc tife eud edadmasiyd Chdrdeei P& cérrdbe1gont rol
device (1) as clainmed in claim5, characterized in that the sensor system

of the cl dssekimdasidomrrdedesmqt®d dxhidrderdamad ecitrlonilee | reQevsensor. 7.

The control device (1) as claimed in claim6, characterized in that the

cl assi fi caerdnfddvi eactB)camsetat dde taddc ammnee we tin ttiee prémcepb e Por

optical correlation. 8 The control device (1) as clained in one of clains

1 to 7, chBi8cP¥rPL8E i ithendnfopamatdiqgyehidyiice guppledd bies Hme i omge

sensor fobl owed bé i%age .pr.ocessing or a radar sensor or a |aser sensor. 9.
PRffevivéd ¢

The contr _ = _élslaélo& H‘é&hi Fhend gl ArRaratus el Qrarteteri zed in
(hat ihe, BYALUeHLA I8y Spc(Phaa o Lo sarparing Lhe velicle ol avs
g?ggg?}?2gb?§ﬁg§g%§§e%?§fgkbq1E@$'V%Qi%%% géﬁ%%fgﬂéng§“¥%g)rggggted
from the toll apparatus of the motor vehicle, for example by
radio via the communication device, deviates from the vehicle
class determined by the classification device, the evaluating
device supplies a signal which initiates further measures in
order to pursue the probable violation of the law. Instead of
a deceptive manipulation, a technical fault may also be
present. The most important measure consists in securing
evidence which provides for a reliable proof that the vehicle
observed in each case has indisputably not performed a
correct calculation and further debiting of the road usage
charge due in each case.
For this purpose, a recording device is provided
which produces, in the event of a negative result of the

plausibility check or in the event that no dialog with the

vehicle or, respectively, the toll apparatus of the vehicle



1_6‘DEC 2002 - 19 10. The control device (1) as clainmed in one of clains 1
to 9, ctharacterized in that the recording device (7) exhibits an electronic
canera. 11. The control device (1) as clainmed in cl a%@ﬁ‘%@?arameri zed in
that the electronic canera of the recorditg-device (7) sically
identical to an electronic canera which fornms the sensor system of the
classification device (3) . 12. The control device (1) as clained in one of
claims 1 to 11, characterized in that the control device (1) conprises a
receiver fpr_ tpe.satet! |Leapayygat ,o (12 e Lhe I

appar at us lﬁ) aﬁﬁ tﬁe e aFEatan éegfgé§?§§bié%s§§%uge %Fl%bﬁ%gﬁ%ﬁguhata
det er mi nedo pyyh i Sa! Entkst Dehhe1dabanobet DBl gLbLES Y 3MgRLIMR SYSt em (12)

i nt errogated ¥r0n1the tolf apparatﬁs 511)? wh?ch %a?g can be Eﬁﬁducted to

the_evaluama@@rggyypethé)rébaramﬁ?cganuﬂbca&b@aséephg%e(%k-t%é vEM gentrol
device (1) as clainmed in one of clains 1 to 12, characterized in that the

control devscer{daredypsiuseabler 88irotHeyi parpBke.cspedi al hecardatyy radio
device via which the recording of the Iicense plate (6) of the notor
vehicle (1ldgviea bentcampriteedfos axampleql aneelectirbntbhe caaseaqf Iinproper
operation of the toll apparatus (11) found by the eval uating device (5).
14. The comtisladesngemén), astcliai akdoi poskabielBprchhraefecitzediion t hat
the control device (1) conprises a data 1 6 DEC 2~ - 20 conpression

devi ce forcamenandftthg dacardonghdevdner bp benpbysinaddwypidescdchdrm 15.
The control device (1) as claimed in one of clains 1 to 14, characterized
in that tHelmRoplaebrericiyamnsrapyhiel éarmsnhbe seneprashetege of
construction whjch extends over the road on which the notor vehicle (10) is
dri vi ng. Jéﬁe AgHht+GREURYI CeVEds 89 EhaFnkhei AxBRBAGEUERALRE this 14,
characterized in t@at t he contrﬁl ﬂevice loé iE,a rag ed in g.,vehicle
parked nextCTRPTHA" ro3 BR SAYSH- t iBSnbiBr SERMBiED(E % FecariPHg Ot

the license plate is taken is predetermined by a
corresponding signal by the trigger device.

It is particularly advantageous if the control device
comprises a radio device, especially a data radio device, via
which, in the case of an improper operation of the toll
apparatus in the vehicle which has been detected by the
evaluating device, the recording of the license plate of the
vehicle affected and, as far as necessary, further data of
the respective checking process can be transmitted to a
control center. In this connection, it is also appropriate if
the control device has a data compression device so that the
data can be transmitted to the control center in compressed
form. This makes it possible to distinctly reduce the
capacity requirements for the transmission channels, and thus

the costs of the data transmission.



17. The use of a control device as clained in one of clains 1 to 16 for
detecting the correctness of the operation of a satellite-supported

el ectronic toll apparatus in a vehicle and for securing gypedemse in the
case of inproper operation of the toll apparatus. . A .A .A .AL_.AA9 A
AL. A As. AL Ay .ASR AL% A" h. A A . AYH3. ASe. Ar. A3. A3 . A & JIXd#LM+ 2 : \ ] a

|mﬁnhb]X]ca]caLﬂca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cé]ca]cTa]ca]ca]ca]c

a] ca] ca] ca] ca] c"al¢R] cRlfiaAlfAl LAl 't cording to the invention
essentially consists of electronic components which require
little constructional volume and have low energy consumption.
This control device can, therefore, be produced as a compact
equipment unit. It can be installed at fixed locations. e.g.
on a mast used as equipment support, or on a bridge leading
over the respective road. However, the installation in a
vehicle is particularly advantageous with respect to the
effectiveness of control processes which are carried out as
spot checks, so that the control device can be used as a
mobile device at any locations. This has the advantage, on
the one hand, that a single apparatus can be used for serving
a multiplicity of control points and that, on the other hand,
the users of the chargeable road distances cannot adjust to
control points known in advance in order to remain undetected
as "fare dodgers", for example, by always performing a
correct operation of the toll apparatus in time before
reaching such control points while the toll apparatus is, for
example, simply switched off otherwise. A particularly high
level of flexibility in use and control effectiveness can be
achieved if the control device is constructed in such a
compact manner that it can be used as a hand apparatus
(similar to a "radar gun" used for speed checking) .

The present invention makes it possible to perform a
check of the correct operation of satellite-supported toll

apparatuses in spot-check or also continuous form with
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expenditure necessary for this is extremely low since the
control cycles occur virtually in fully automated form.
In the text which follows, the present invention will
be explained in greater detail by way of an example with
reference to the diagrammatic representations shown in the
two figures, in which:
Figure 1 shows a block diagram of a control device
according to the invention and
Figure 2 shows a diagrammatic representation of a
control device installed by the roadside.
The control device 1 shown in the form of function
blocks in Figure 1 exhibits a communication device 2 which,
for example, is constructed as a dedicated short-range
communication device for a frequency in the region of
5.8 GHz. The control device 1 also comprises a classification
device 3, the sensor system of which contains an electronic
image sensor (e.g. in the form of an electronic camera). The
control device 1 also has a trigger device 4 which is
connected to the communication device 2 and the

classification device 3 for signals. In addition, an

evaluating device 5 and a recording device 7 is connected for
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signals to the trigger device. The evaluating device 5
consists, e.g., of an electronic computer which performs a
plausibility check with regard to the vehicle class of the
vehicle currently being checked and passing the control
device. For this purpose, this computer compares relevant
information which is obtained from the checked vehicle or,
respectively, from its toll apparatus via the communication
device 2, with the corresponding information on the passing
vehicle which has been determined by the control device
itself in order to be able to specify the relevant vehicle
class. If the evaluating device 5 finds that the vehicle
class used in the toll apparatus in the vehicle is different
from the vehicle class determined by the control device 1
itself, a signal is generated which is representative of the
state that the vehicle currently passing is not performing a
correct deduction of the road usage charges. A corresponding
signal is then output via the trigger devices 4 to the
recording device 7 in order to make a recording which
identifies the vehicle affected. This recording device 7 is
constructed, for example, as an electronic camera. At the
same time, this can advantageously also be used as sensor
system for the classification device 3.

A GPS receiver 8, by means of which signals of the
navigation satellite system used by the toll apparatus in the
vehicle can be received, and a radio device 9 constructed,

e.g., as a data radio device, by means of which the recording
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made of the vehicle or, respectively, of its license plate,
together with other information on the detected occurrence
can be transmitted wirelessly to a control center, are
appropriate, but not mandatorily required, for the operation
of the control device 1 according to the invention. After the
transmission, this control center then has reliable evidence
on the basis of which the detected violation of the law by
the driver of the respective vehicle can be pursued. The
authenticity of the interrogated data can be completely
guaranteed by means of the information of the GPS receiver 8
which can be compared with corresponding GPS information
which is interrogated from the vehicle by the control device
1.

Figure 2 diagrammatically shows the process of a
check by the control device 1. A motor vehicle 10 which is
equipped with a toll apparatus 11 and carries a license plate
6 identifying the vehicle is driving on a chargeable road.
Next to the road, the control device 1 according to the
invention is set up on a mobile stand. The reference symbol
12 represents three satellites of a navigation satellite
system which send out signals by means of which an accurate
two-dimensional determination of the location of the
respective GPS receiver, and thus of the vehicle position, is
possible. The control device 1, which, naturally, could also
be installed in a vehicle which is parked by the roadside,

addresses the toll apparatus 11 by its dedicated short-range
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communication device and interrogates the data required for
determining the correctness of the operation of the toll
apparatus 11. As soon as the control device 1 detects a motor
vehicle 10 in which the plausibility check with regard to the
correctness leads to a negative result, an evidence-securing
recording of the vehicle 10, preferably of its license plate
6, is made via the recording unit, not shown in greater
detail in Figure 2, and transmitted to a control center for
pursuing the detected violation of the law, e.g. via a radio
device not shown in greater detail in Figure 2. The relevant
vehicle can then be pulled out of the traffic by the police
at a suitable location (e.g. at a parking spot or a service
area) and the relevant driver can be confronted with the
evidence. At this location, it is then possible to determine
whether the improper operation of the toll apparatus 11 is
based on a manipulation or on a technical failure of the toll
apparatus 11 which would not have to be defended by the

driver of the vehicle 10.
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Patent claims

1. A roadside control device (1) for checking the
correct operation of a toll apparatus (11) which is installed
in a motor vehicle (10) passing the control device (1) and
exhibiting an identifying 1license plate (6), the toll
apparatus (11) performing a satellite-supported electronic
toll deduction and the control device being equipped with the
following facilities:

- a communication device (2) for the wireless exchange of
information between the control device (1) and the toll
apparatus (11) in the passing vehicle (10),

- a trigger device (4) for the accurately timed activation
of the devices (2, 3, 5, 7) of the control device (1),

- a recording device (7) for recording the passing wvehicle
(10),

characterized in that the following are also provided in the
control device (11):

- a classification device (3) for allocating the passing
vehicle (10) to a predetermined wvehicle class,

- an evaluating device (5) for a plausibility check of the
data supplied by the communication device (2) and the
classification device (3) from the and on the passing vehicle
(10), and

- a recording device (7) is set up for recording the

license plate (6) of the passing vehicle (10) in the case of

an unsuccessful exchange of information of the communication

sl
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device (2) with the toll apparatus (11) of the passing
vehicle (10) or in the case of a negative result of the
plausibility check of the evaluating device (5).

2. The control device (1) as claimed in claim 1,
characterized in that the communication device (2) is
constructed as a dedicated short-range communication (DSRC)
device, especially as a radio device for the frequency range
from 2.4 to 5.8 GHz.

3. The control device (1) as claimed in claim 1,
characterized in that the communication device (2) is
constructed as terminal for a cellular network (CN) or data
radio networka especially in accordance with the GSM standard

or for the Mobitex system.



1098 ()- @L0%& ()-310% ()-z " abcCclcdE @s" 1098#" 10% & ()- "10% u& () -
"10% u& ()- "10% u& ()- "10% u& ()-10% u& ()-
Jccddoepeger eexnbCKs" 1098! @ 0%& ()-3 10-5 10-5

10- 53y#10% 5& () - g#" 10% U& () - #" 10% u& () - #" 10% u& () - eekBMHHIMxnbCKs" 10%
39.10% ()- 10g 10g

109" 10%&' ()-"10%& ()-"10%& ()-910%& {3- - h. hhi ej kkdEMbCKs" 10983

"109%& ()-@3 "10%&: ()-@3 "10% ()- @ 3

4. The control device (1) as claimed in one of claims 1
to 3, characterized in that the communication device (2) is
set up for conducting the dialog with the motor vehicle (10)
in encrypted form.

5. The control device (1) as claimed in one of claims 1
to 4, characterized in the classification device (3) exhibits
a sensor system which operates in accordance with an acoustic
or optical measuring principle.

6. The control device (1) as claimed in claim 5,
characterized in that the sensor system of the classification
device (3) exhibits an electronic image sensor.

7. The control device (1) as claimed in claim 6,
characterized in that the classification device (3) operates
in accordance with the'principle of optical correlation.

8. The control device (1) as claimed in one of claims 1
to 7, characterized in that the trigger device (4) exhibits
an image sensor followed by image processing or a radar
sensor or a laser sensor.

9. The control device (1) as claimed in one of claims 1
to 8, characterized in that the evaluating device (5) is set
up for comparing the vehicle class transmitted by the toll
apparatus (11) of the motor vehicle (10) via the
communication device (2) with the vehicle class determined by

the classification device (3).
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to 9, characterized in that the recording device (7) exhibits
an electronic camera.

11. The control device (1) as claimed in claim 10,
characterized in that the electronic camera of the recording
device (7) is physically identical to an electronic camera
which forms the sensor system of the classification device
(3).

12. The control device (1) as claimed in one of claims 1
to 11, characterized in that the control device (1) comprises
a receiver for the satellite navigation system (12) used by
the toll apparatus (11) and the evaluating device (5) is set
up for comparing data determined by itself with the data of
the satellite navigation system (12) interrogated from the
toll apparatus (11), which data can be conducted to the
evaluating device (5) via the communication device (2).

13. The control device (1) as claimed in one of claims 1
to 12, characterized in that the control device (1) comprises
a radio device (9), especially a data radio device via which
the recording of the license plate (6) of the motor vehicle
(10) can be transmitted to a control center in the case of
improper operation of the toll apparatus (11) found by the
evaluating device (5).

14. The control device (1) as claimed in claim 13,

characterized in that the control device (1) comprises a data
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compression device for transmitting data to the control
center in compressed form.

15. The control device (1) as claimed in one of claims 1
to 14, characterized in that the control device (1) is
mounted on a mast or on a bridge construction which extends
over the road on which the motor vehicle (10) is driving.
1l6. The control device (1) as claimed in one of claims 1
to 14, characterized in that the control device (10) 1is
arranged in a vehicle parked next to the road on which the
motor vehicle (10) is driving.

17. The use of a control device as claimed in one of
claims 1 to 16 for detecting the correctness of the operation
of a satellite-supported electronic toll apparatus in a
vehicle and for securing evidence in the case of improper

operation of the toll apparatus.



