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““Thomas Kallweit

: Germany and Britain will implement satzifite-based reoad toliing

? for trucks. The European Commission proposes mandating
GNSS-hased tolis throughout Europe. Meanwhile, Switzerland has
already introduced a new road-tolling systam for heavy vehicles,
calculating fees according to distance traveiled. An on-beoard unit
combines a GPS receiver, microwave receiver, gdometer data, and
smart cards.

Driving in Switzerland has a different Jook System Requirements
nowadavs. In the window of an approaching The Distance-related Heavy Vehicle Fee (L8VA)
truck, vou will usually see bright vellow lights, in svstern calls for
bars of various patterns — evidence of the rwo- 2 payment of vehicle rax for wravel over the
year-old Swiss heavy vehicle road-pricing system entire Swiss road network, not just the motorwavs
and its onboard unit using GPS technology. & tee calculation based on the total number of
New rules trom the Swiss Customs Authority kilometers driven 1o Switzerland; the reglstered
(OZD) required installation of these onboard units  net weight of the truck: and the mmack’s Fure class
(OBUSs) in every Swiss truck during the year 2000, {polluutant class)
More than 80,000 OBUs have been manufactured, D payment, i addizion w the distance-related
and 60,000 Swiss trucks and an increasing num- toll, of a fixed fee for travel on cormain roads — e
ber of foreign trucks that regularl}- pass throdgl] Alps raasit passages {many f:'cig_}nl trucks travel
Switzerland now carry the devices. Tax revenues hetween Fastern and Western Europe, and
generated by the system totaled more than €500 Northern and Sowthern Europe. via Switzerland;
million in 2002, This will dise to €1 billien from £ incorporation of a dedicated short range
Thomas Kallweit ;s 2005 onwards, due to an increase of the tariff per communication (DSRC; 58 Ghz microwave link
o techivical projecr kilometer for possible interoperability with existing and

nerar Fole When the initiative began in 1593, several ke forthoos
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et six months.
1 optical display viewable from ou-
he truck, for enforcement purnoses.

s

Gra-nased Prototype

The first OBU concept that we developed
was almost entirely based on GPS and
coime additional sensors for dead reckon-
e, We believed that with GPS we could:

i pi‘ecise]y record kilometers driven,
ard thus taxable, in Switzerland

# switch the tax mode off when the
trzck left the country

2 keep Installation procedures simple

2 gel the unit price helow €350

2 build a simple and easy-to-operate OBU
that would collect reliable data.

in 1997, Fela developed five fully-functional
prototvpes. The OBU needed only a power con-
nection io the vehicle battery and an additional
cornection for automatic recognition of added
truck rrailers.

Border Recoghition, A key step in calculating
disrance driven within Switzerland is of course
kuowing when a vehicle is in Switzerland and
when it is not — thus, border recognition. Prior
1o the start of the project, a competing firm stated
at it had gotten the required vector data for the
Swiss border from around 2 Mbytes down to a
size of 30 Kbytes. At that time, our microproces-
sor in the prototypes had a maximum planned
read-only memory (ROM} size of 60 Kbvtes!

We managed to bring the size of the whole
Swiss borderline down to less than 7 Kbytes with-
out any negative effects on performance. The size
is still of some importance, making it possible
today to transter the entire border data on a sim-
ple 8-Kbyte memory chip card into the OBU.

Chip cards are used in the system to send the
collected data to the OZD taxation office. Each
time rthe cards are sent back to the truck owner,
they can be Joaded with data for updating the
OBUs.

- The first prototype handled only a single bor-
derline. The Swiss OBU in nperation today con-
tains two border lines, producing a corridor zone
from 100 meters to 2 kilometers in width, infla-
crcing certain functions of the OBU when enter-
ing or leaving Switzerland,

With a single borderline, there is only “in” or
"out” status. A corridor enables addificnal OBU
funerionality, for example, to unlock the infout
switch for manual declaration, or to give certain
warnings if the declaration is missing.

The cross-border algorithm presented a prob-
lery at first. We tried both ordinary and quite com-
plicated formulas, but we needed more officient
and compact code. At one point we had the idea of
searching through algorithms developed for com-
puter games. There we found useful input to sub-
stantially speed up calculation time. As scon as
the ORU obtains a valid GPS position fix, it

th

DSRC  Dedicated Short-range communication

HVE Heavy vehicle fee, QOBU viewed from inside the
LSVA - Distance-related heavy vehicle fee truck (left).

OBU . Onboard unit B ORU vi df ide th
0ZD  Swiss Customs Authority viewed Trom outside the

truck (above)

Main Swiss reoad-
ways and border
crossings

instantly knows the status and the area it is in.
“There are no delavs to detect the inside or outside
of Switzerland or the border corridor.

For the final OBU, we designed new hardware
based on a 16/32-bit microcontreller containing
an ARM?7 core. This new hardware and fast algo-
rithms enable the OBU to handle far more vec-
tored geodata than would be needed for the Swaiss
application alone. This has important implications
for new tolling svstems such as those in Germany
and Austria.

Cost. Installation costs represent a significant
and critical part for any onboard car or oruck
equipment. FEven though, under the Swiss system,
the track owner gets the OBU for free, it doesn't
make sense to pay mere for its installation than
the unit’s cost.

Bearing this in mind, we decided 1o incorporate
everything necessary into the unit itself — includ
ing the GPS antenna. This substantially reduced
installation cost, but in turn created the problem
of efficient isolation from high-frequency noise of
the puck’s digital electronics.

We also anticipated that having the GPS anten-
na on the dashboard in the truck’s front window
would produce poorer GPS signal conrditions. ft
turned out that, in general, we received one o two
fewer satellites with the dashboard-placed anren-
na than with a roof-mounted antenna
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H \Jk ..,Ll\ Lil e oM int Jl
switching for tize. trtek driver as well @
the customs officers

® DSRC is absolutely independent o
GPS.

# DSRC can be used for other purpu
es such as enforcemens.

& Tt opens the possibility for interon:
ability with existing Furopean maotorv:
wolling based on DSREC 3.5 Ghz,

Now truck border crossing can be
declared

@ aurmartically by DSRC

F manrually by pressi

. Swiss Hea‘vy\féhlc!e o 0BT

2o butieng o

\ LSVA Area _ ' _ : £ or, the customs officers can use the

_ i special chip card to change the mode.
\ \ \ ' It the declaration is not changed cor-
Taxation . rectly at the border crossing, the OB

built-in GPS will first remind the driver
thar the nnits mode is wrong, and then
unlock the special button for manual de
laration dependent an whether the OBI
i3 in Switzerland, in the corridor zone,

outside Switzerland. 1f the discrepancy

Office

FIBURE 2 (5vA prinai-
ple of operation

continues, iLwill trigger a log event regisiering t
border crossing and its bordervector ID for late
correction by the tasation office.

When exiting the GPS cormidor leaving
Switzerland, the GPS alsa switches off the unit’s
lght bars, visible from the outside, if thev haven
alrzady been turmed off through proper declara-
tion at the customs border control office.

Distance Recording
Precisely recording the distance driven by the
truck - the basis [or ol collection — posed qui
a problem. As mentioned earlier, for the protoiy
phase we relied only on the GPS signal, knowing
that there can always be some GPS signal biock-
and that in parricular the cold start situazio
would present difficulties. It is also easy to block
or disturb the very weak satellite signals, openin
up many ways of manipulating the svstem.

We neeced some sensor signal to estimate the
distance travelled. or the actual speed of the veh
cle to calculate the distance over tme, Existing
accelerator sensors that we foaked at didn’ tir o

Microwave trans-
mitters atop gantry
at horder control
point

Testing needs. Mathemarically inlegrating acceleration
During prototype testing {1695-1999), GPS selec- measurements produced Jdrve errors in a rather
tive availability (SA) had not vet been turned off. short time. The additional TEQUITEITETE [0 1eCoIc
Although GPS performance was still acceprable driving information even il upit power was cut o
under these conditions from our point of view, the meant that we needed a sensor svstem which ha
OZD decided that it was not reliable encugh for to run on abour 200 p.d, including running the
use a3 the primary and sole mechanism. We dis- microcontrolier for dala recos

o

cussed many ideas of extending the unit's software Recording data o 3 GPS b ven using afl

with enhanced dead reckoning algorithms and/or of the mos: suphmndkd power-saving tricks.
map-matching mechanisims, but in the end the ver hove worked Inmo
OZD chose a solution using microwave commuani- dits
cations (DSRC). the movement of the truck by

ProteType units
LSO, o o detect

e ving the low

used twrs ploezo 5o
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@3&4&3 GPS Antennas

Fooanoy accelerarion, and & second sensor for estimating ‘ FAST TU'T-\J:A«}.QQL{ND. TIME - -
elie meed by analyzing the medium frequency range. RSN U5 CUSTOM PRODULT
ring driving phases under good GPS conditions, the sen-
gnals are calibrated by the GPS curput. During absence of

> signals, the sensor signal can be used to estimate the dri- U

'dlalaﬂte- FITASRIE DQ/AMISTTo AMD e e nu s
To get the optimum of the whole sensor system in terms of SELS PRODULTE AMD SERVICE
function, power requirements, and space, we developed a
xed-signal application-specific integrated circuit (ASIC)
combining analog and digital parts.

Now we gof a completely independent internal signal repre-
nting the driving status and vehicle speed. In normal GPS

1]

'gc ration, the sensor system works as a kind of dead-reckoning
device concerning the driving distance. The sensor also fulfilled
-he dernand to operate on a single 3.6Vdce Li batterv of 2 Ah for
ar 1 least six months and collect driving data. The sensor system
iced well, as shown In Figure 3. After a short period of dri

An g the sensor signals get more and more calibrated and preci-

sion gets within demanded range.

Pl

G735 to Backup Role
During the protolype development stage, the OZD made anoth-
er very important decision, that the main kilometer-counting
bud to be taken from the odometer or tachometric pulse of the
vehicle. Legal reasons, primarily, led to this decision. The OZD
wanted to relv on the well-regulated “infrastructure” in the
truck, making it easier ro deal with errors and fraud expecied
1o arise when the system would be put into real operation.
Under these circumstances, the GPS input was now used to
check the precision of the kilometer reading. During good GPS
conditions, the OBU calculates odometer deviation on a daily
andd monthly basis, registering single irregularities as well as
long-term deviation. Achievable precision lies in the range of
0.2 percent of the recorded distance. This i$ very helpful in i
detecting miscalibrated or disturbed odometer output and
mzkes it nearly impossible for truck drivers or truck owners 1o
manipulate the kilometer counting.
 Inthe case of a complete lack of odometer input, the GPS
with the help of the sensor system will detact the error and
L turn the OBU into a “red status.” The OBU will then stop
counting kilometers on its display. This will obviously lead to
substantially different readings between the ruck’s tachometer

5 — - i
B =
P i !
LG ;
;o i
i l I Waypoint Consulling Inc develops scfiware suites to ald customers in
} f | +2.5 % ' precise  carrier phase  postioning. Our post-processing  package
R : i GrafNav/GrafNet 15 now indusiry-leading in kKinematic appiications such as
\ ] ! PON el : ; ; i
: g f TRI Distance Deviation (red) ; airtborne mapping. fFor real-time implementations, RtkNav suppors up (G 20
| [ __.f | /’ ‘1‘\ Pl rovimgd units in full kinematic mode, while the optional RiS1anic module 5
i J ) ! ! [ - . . available for ultra-precise slepe monitoring
i tew (4l e *. Reference System (b[ue)
i!'} ! L.i”’“—“_ ~ —t i Our software supports most GFS receivers on e market and emplovs cor
o T;uii! T . " " E‘*\ T | state-ofthe-art carrier processing algarithms.  In addition, developer’s kit
pooo gt | 40 60 +80 100 are availabie tor systems integrators and custemized appicarions.
i H i [ Driving Distance (Km)
| i Cail us totatk abourvour higf: precsios arojec:,
\ ; i
o] 25% °

Waypoint Consulting Ing.
software for GPS Surveying and Navigation

Phy1403] 7203800 Fax: 4031 THEIREE Emailwpnfs@wavont.oor

See us at www.waypnt.com

FGURE 3 TripOn self-calibration, The errar between the racorded i
diiving distance (rad line} and the calibrated distance recording

_‘with a faser reference system (blue line) gets smaller and smaller !
over distance due to the sensor system’s setf-learning algorithm. [
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R e T
O e ~ Start and End of Testride

T L T - Positioning Signal GPS cnly {recsiving 1-5 Sat} -
" _\ - Positioning Signat with FELY Sarscrfusk i
</" N B
"’I' ‘\_____ﬁ\\ .
—— L ‘
e
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s [ B GPS swiched of :
o T b i
2 ! ‘ GPS reakquisition |
. aftar & rounds K
e o {417 sec !/ 1.96 km) i
srosl -
Testride in the City of Zurich (around high Buiiding) J
RN S PEe ot % a5 c}‘i w
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and the OBU reading. The red indicator LED tells
the driver that the OBU is now no lenger in an
anthorized mode, and

that he should cortect the error by visiting an
approved LSVA workshop.

During this error condition, distance driven is
recorded on the basis of GPS and sensor signals
and stored in the log file for later evaluarion by
the taxation office.

Figures 4 and 5 show rosults of test drives with
the GPS recaiver ned off and on to simulate
lack of availability.

Reviewing system development from the first
ideas ta the final implementation, edomerer input,
DSRC communications and manual declararion
have finally been chosen by the OZD as the main
input tor collecting the Swiss heavy vehicle fee.

The GPS system component turned from being

-‘“41'—_"‘_7__ﬁ—r—~"'— T g [ T T T '"‘l—_r‘—‘ﬁ

" J T Testride on Countryside i

; a N

f+~|L GPS Switched OFF

FIGURE 4 Test
drive in Zurich

FIGURE S Test
drive in
couniryside

- Positioning Signal GPS oniy (3 to 8 Sat )
. - Cositioning Signal with FELA Sensorfusion

,Hﬁ/%\

Morg fum)

L
GPS Reakquisition after /,9‘-.\ ‘J
729 8sc. and 18.73 Km

£ L
At Ty U

Thar T Ty

I fkni]

Maximum Peint to Point
Error over Time between
GPS only and
FELA's Sensorfusion
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ing and distance counting fun ol ty
trolling and verification subsvsiem that he Iy
overcomes exrors and fraud simations and
helps the driver make the proper declarations
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Latest Developments

Lets also lnok into the future of new systerns like
motorway tolling in Germany and Austria and
other planned European implementations. The
German system in particular will be very interest-
ing to watch as it will be the first 1o rely primarily
on GPS ror caleulating motorway tolling fees and
will use & GSM communicarion link to transfer
the account halances from the onboard ¢ quipinernt
into the central accounting svetem. The GSM link,
or a more advanced GPRS connection, will alsa
download new geodats or other parts of the OBU
software.

There is no proven GPS-based wlling equip-
ment on the market today, and operators face a
chaﬂenge n handling all upcoming exceptions
that will arise when dealing with 1.5 million
installed units. Even very rare exceptions and
errors will quickly multiply to a substanual num-
ber of problems.

To fulfill rhe new requirements of the upcorming
systemns, we have developed a new OBU ELU,
which will ke intereperable with cur existing units
bur will incJude al! new sofbware and our core
technologies developed within our research and
dew. elopmun* departrent, such as:

2 One of the smallest GPS module recsivers on
the market, developed to our specifications

2 One of the smallest GSM modules for SMS
and data, developed and manufactured 1o indus-
trial standards by FELA, as the data link 10 the
backeround systern

& Fully programmable DSRC microwave mod-
ules covering all existing tolling applications
based on the standardization work done by the
European Commitiee for Standardization’s
Technical Committee 273, Road Transport and
Traffic Telematics (CEN TC278).

 Software algorithms for better GPS perfor-

mance, dead reckoning, interpolation, and map
matching.

Key features. The new OBL provides:

& Full compatibility to the existing Swiss OB
exchangeable within minutes

% 1o more restrictions to GPS areas, zones, and
virtual gantries.

2 Enhanced | azdu are based on the
ARM?7 32-bir archirecture

% Enough memory 1o run several applications
in parallel on a multitasking cperating evstem

F Integrated GSM module for SMS and dary
communication

® Enhanced GPS dead reciooning based on
odometer, gvro, and sensor inputs.

The software for enhanced GPS pertormance i,
particularly imporant. With GPS as the primaiy

fatest




FIGURE B Sensor

fusion diagram
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data source, GPS startup and enhanced perfor-
mance under bad conditions must be optimized.
This includes optimization of GPS cscillator clock

frequency for faster sateliite tracking, download of

newest almanac and ephemeris data after a longer
off-mede period, optimized dead reckoning for
position and driving distance update.

The new sensor fusion Shown in Figure 6 pro-
duced dramatic improvements during short and
longer losses of GPS signal. A highly optimized 6-
stage Kalman filter combines GPS, gyro sensor,
driving distance information, and offset compen-
sation to get a high-quality position solution.

The OBU can now deliver precise position
informatien for up to 10 minutes witheut GPS

EC Proposes Satellite-
‘Based Road Fees

On April 23, the European Commission proposed to
“the European Parliament and European Council the
“-impiementation of a GNSS-based electranic tolf collec-

tien system interoperable throughout all member

states, to come onling in 2008 — the same vear that
 Galileo is schedufed to bacome fully operational.

If approved, the measure would accelerate adop-
tion of GPS and Calileo functionality on hundreds of
thousands, if not milliens, of land vehicles. It would
have a simiiar effect of stimulating follow-on market
development, just as the £917 mandate in the United
States has begun to drive GPS-enabling of celf phones.

“Developing the trans-Furopean transport natwaork:

Innovative funding solutions and Interoperability of
-electronic-toll collection systems” comes from the
Directorate-General for Transport and Energy (DG-
TREN) with preparatary work by the Research and
Development Framewotk Programmes, Stating that

-the trans-European transport network is under-
financed, it advocates fee collection that “does nat
campromise traffic fluidity,” equating this with inter-
operable toll systems across Europe, enabling a single
subscription contract for intra-EU travel,

It advocates short- and medium-term solutions
combining sateltite positioning, mobile commiunica-
tions, and microwave technologies, but mandating a
transition to the first two techno!ogfes exclusivety
from 2008 onward.

The 50-page proposal can be downloaded at
'<http:/,/europa.eu.iht,’comm/tra_nsport/themes/netf
work/dec/com_2003_01 32_en.pdi>.
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pussible to 1 virtual gantries on motwrways
without the need for CD-ROMs {or map-matching.
(Virtual gantries wre single p:m ts along a road
that must ke detected hut do nar have roadsice
{DSRCj infrastrusture, The data can be dowrn-
loaded into the OBU, and when its GPS coord:-
nates match the downloaded ores, the OBU may
buzz or regisier a predetermined tvpe of event.)

At Home and Abroad. Believe 1t or not, once vou
have gotten familiar with the visible LED light
bars behind rrucks’ front windows while dris ing in
Switzerland, vou will miss them whenever you are
on a foreign road.

Further information on the Swiss road tolling
system for heavy vehicles can be found an
swww.alfd.admin chiefirmen stevernlsva’
ausland. php». &

Manufacturers

The Fela Management { Diessendorf, Switzerland) TRIPON
onboard unit, or OBU, uses the 770 GPS module
from w-blox (Thalwil, Swirzerlands.

German Toll Ce]lect

Germany plans to implement a $7.7-billion automatic
road-tofling system for commercial truckers. The Tall
- Coltect system uses GPS-equipped on-board units tg
measure truck movements alony roads,
" ETC.de, a consortium of DaimlerChrysler, Deutsche
. Telekom and French toll-road operator Cofiroute, will
offer the service, scheduled to begin in 2003,
Mandated for use by trucks of more than 12 tons, the
System is expected ta generate $3.4 billion par year
Once a Toll Collect-eguipped vehicle begins to
_move, the GPS receiver automatically identifies the
road on which the vehicle is traveling. As soon as the
truck enters a toll road, the onboard unit uses the
truck’s data {numher of axles and emissions class) and
the number of kilometers driven to calculate the toils,
A wireless communications link transmits the dis-
tances traveled by vehicles to the Tolt Collact Centar,
The center then arranges payment of the toll with the
shipping campany. The positioning function of the
navigation system reportediy is accurate encugh to
determine whether a truck is on a toll highway or a
paraltel toll-ree road.




