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2. SUMMARY
As part of the GINA project a set of Exhaustive and End -to-End trials were carried out.
Exhaustive trials aimed to gather data that would enable an in -depth assessme nt of the

performance of the GINA OBU and representative and challenging conditions while he End -
to-End trial aimed to gather data on how an entire GINA Road User Charging Scheme may

operate with a large number of vehicles over a prolonged period. The main aim was to
gather data on how charging would be implemented and the functionality between the back

office and the OBU.

During the Exhaustive trials it was found that the addition of odometer data through a

CANBUS connection to  the GINA OBU can significan tly increase the overall distance

measurement accuracy. The analysis shows that odometer -connected OBU configurations

produced distance deviation of 0.2 3% compared with 0.93 to 0.99 % for configurations

without a n odometer connection. This then suggests tha t for a fAper kil ometre
Road Pricing Scheme, such as the one proposed in the Netherlands, it would be beneficial

for OBUs to have a connection to a vehicle odometer as it will increase the accuracy of the

measured distance  and hence a distance -based charge for road use

The performance of the GINA OBU in terms of overall charging deviation, (using Official -
type Geo -Objects only , that is ones which could be expected in a realistic charging scheme ),
was between -0.65% and -0.74% over all journeys, with 0% overcharging over the
corresponding dataset.

It appears that using EGNOS MOPS did not significantly improve the integrity performance
of the GINA geo-fencing based approached, if all route types are considered, including deep

urban . It had no impac t on distance measurement that is highly influenced by the
odometer. It also did not appear to provide sufficient position integrity for use in a Road

Pricing Context in urban environments, as the integrity risk was over 15% and on one of the

routes, as h igh as 26.65%. It was also found that those configurations of the GINA OBU

that used EGNOS MOPS, produced much higher position deviation than those that used

Kalman filtered data. This suggests that MOPS may not be a suitable standard for use in

urban envi ronments.

However, additional analysis carried out by GMV over a motorway segment of a defined

route shows that for configuration E (EGNOS using MOPS) ; Horizontal Protection Levels
(HPLs) were smaller than 15m for the 99" percentile and had an associated integrity risk of
3x10 "*. These results seem to suggest that EGNOS (using MOPS) is able to provide smaller

HPLs and significantly lower integrity risk in inter -urban conditions than in urban conditions.

In addition, configuration E, at the 95 ™ percentile , produced errors of up to 3m, compared
with errors of up to 6m for other configurations.

The results confirm that GPS can be used for Road Pricing applications, although accuracy of
distance measurements is significantly increased if the OBU is connected to the vehicle
odometer , as an example of GNSS+INS techniques . The results also show that in this trial,
EGNOS data implemented through the present Iy defined MOPS , did not have any benefit on
accuracy of position or integrity in urban environments but did seem to improve both of
these on a motorway section of a route . Itis suggested that a new definition of the EGNOS
MOPS could be provided for road applications to overcome these issues.

Analysis of data from end  -to-end trials suggests that the use of GPS in Road Pricing context
provides a reliable way of performing TDP charging. In particular, over the duration of the

trial the total distance measured and total charges were approximately 94% of the actual

distance and charge. However, when considering aver age distance measured and average
charge deviation, there were substantial differences between measured and actual distances

and charges. These differences were found to be largely due to a small number of outliers

that produced very large deviations, some times as high as 400%. The exact reason for this

GINA GNSS for INnovative road Applications Trials evaluation and reporting
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cannot be determined given the limited data that can be gathered from such a trial , and
limitations due to  data privacy.

The trial did show that GPS had considerably better average availability than the EGNO S
signal. GPS average monthly availability was consistently between 80% and 90% , W hereas,
EGNOS availability fluctuated between 70% and 30%. Taking this into consideration, there

did not appear to be a significant difference in charging deviation between G PS and EGNOS
enabled OBUs. This seems to suggest that EGNOS did not offer additional benefit in
improving distance and/or charging calculation in this trial . This result is in line with the
results from the exhaustive trials for the same topics

The enforc ement trials demonstrated the feasibility to enforce a GNSS -based system. The
results highlight the high dependence of the identification reliability on the enforcement site
environment. This is in line with similar dependencies demonstrated by the GNSS
technology and shows that in fact, it is actually the GNSS limitations that restrict
enforcement to only sites with  good GNSS coverage. This is valid for any standalone
enforcement technique.

Another observation from these trials was the absence of false po sitives during all trial runs,
which means that it is relatively simple to avoid them by just testing with the OBU
configuration.  Other positive points include the fact that the tested enforcement solution

does not need additional equipment on the vehicle (given that a GINA OBU was installed).
Also, the cost is relatively low when compared with other enforcement approaches and
provide a high degree of flexibility, since enforcement sites may be changed in a relatively

simple manner by just relocating the AN PR camera.

Also, to minimize detection error, the final enforcement solution should be less prone to
weather conditions, like fog or heavy rain. This statement comes from the fact that during
enforcement solution testing, several tests were repeated due t 0 bad image quality and
difficulty on licen ce plate reading from the ANPR system when in fog situations.

The Value Added Service ( VAS) Implementation trials were conceived as a small proof of
concept of how GNSS features that were also present in the main trials could improve the
work and results of current technologies employed by real costumers, in this case the
Portuguese highway operator ASCENDI, by using the GINA OBUSs. For this purpose an OBU
was installed in three of the costumer 6 svehicles in charge of road ma intenance, patrols,
etc.. The goal of the project was to compare the existing data at the disposal of the control
centre operators, (normally filled in manually ), with the GPS data recorded in the OBUs.

Three main scenarios were initially envisag ed, Route Patrol Monitoring, Incident managing

and a comparison between DSRC and GPS data in the same check points .. This last one was
later found to be impractical as the patrols were able to use alternative roads, avoiding the

DSRC checkpoint in order to save time and important comparative data was not available

for analysis.

The results provided in the VAS Implementation section points to the conclusion that the
use of GPS improves overall performance of the system . This is because such  methods
avoid manual entry of information and the related errors in time register, while expanding
the data and information known about the movements of the patrols and the incidents
attended and report ed. In addition, such methods freed up the radio channel for inciden t
and alerts management. In general an increase in efficiency was noted for this small scale

trial in real life conditions in the framework of a Highway operator where EFC is the main
application.
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3. INTRODUCTION

GNSS based Road Pricing schemes are being depl oyed for truck tolling schemes and being
considered by a number of governments in Europe and the rest of the world as a possible
method for reducing congestion levels, and potentially reducing pollution. One of the

potential benefits of  GNSS based Road Pri cing is that it does not require a significant
investment into additional roadside infrastructure, unlike DSRC I based tolling schemes , for
example.

GNSS i based Road Pricing schemes, such as the one proposed in the Netherlands, also

have the benefit of be  ing able to cover the entire road network (and if necessary, private

roads) and e mpl kilomet® kWias ed c h apoligyi. Hoyvéver, in order to operate

correctly, schemes such as this require positioning and distance data determined by the On -
Board vehicl e Unit (OBU) to be  sufficiently accurate  in orderto bring incorrect charging
especially overcharging, down to an acceptable level

The GINA project aims  to analyse how the use of different GNSS technologies, in particular
algorithms for GPS position int egrity and EGNOS, can improve the performances of the OBU

in areas such as the level of overcharging . During the project two sets of trials were carried
out. Inorderto  assess the performance  of the proposed technology, an exhaustive trial was
carried out thataim ed to test the technical capabilities of the OBU on routes specifically

designed to be challenging for GPS receivers. And, a n Endi to-End trial that aimed to allow
for an overall assessment of the capabilities of the system and involve d up to 100

participat ing vehicles being equipped with OBUs for a period of six months.

This report provides analysis and evaluation of data gathered during the Exhaustive and
End-to-End trials. At this stage, the report is preliminary and only covers results from the
Exhaustive trials  and partial results from End -to - End trials, based on data available at the
time of writing . However, it will continue to get updated as further data from End -to-End
trials becomes available.

Both sets of trials and the analysis carried ou t on data gathered were based on the trial
methodology defined in D3.1 T Trials Plan.

The main goal of enforcement is to detect malfunctioning or tampered On Board Units
(OBUs) and thus decreases  therisk of loss of revenue dueto  accidental or deliberate  acts,
or functionality due to tampering or fraud. For the enforcement trials, a proof of concept

was proposed, rather than a set of exhaustive trials around enforcement. For the lat ter, a
larger scope would be considered, like the implementation of a wide enforcement setup
along with the End to End trials thus using the OBUs prepared for those trials. However,

since the scope of this trial focused on demonstrating a proof of concept, a small

enforcement setup was prepared, with only one OBU under test.

The objective of the VAS implementation trials was to test the feasibility to implement
additional onroad servicesinareal operation al scenario .

ASCENDI (formerly known as AENOR) provided 3 vehicles that were equipped with OBUs
powered directly from the 12v lighter socket . After connection, the OBU data was then
collected by PALview and made available for the reporting and operational systems

described in sections 8.1 and 8.2.

An initial assessmentwa s performed with ASCENDI in order to determine what services
were the best to implement using GPS.

As a result, the following services were implemented:
e DSRC and GPS comparison;
e Maintenance vehicle tracking;
e Compliance with Contractual Issues
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4. DEFINITIONS AND ACRONYMS

41. Acronyms

Table 2 Acronyms

Acronyms used in this document and needing a definition are included in the following table:

Definition

ANPR Automatic Number Plate Recognition

Bl Business Intelligence

CAN bus Controller Area Network bus i enablesin -vehicle communication

DSRC Dedicated Short Range Communication s

EGNOS European Geostationary Navigation Overlay Service T A system that uses a system of
satellites and ground stations to analyse the quality of the GPS signal (GALILEO in future) and
transmit this information to a user. This enables to improve the accuracy of the GPS s ignal.

GINA GNSS for IN novative road Applications

GMAR GNSS Metering Association for Road User Charging

GNSS Global Navigation Sate llite System

GPS Global Positioning System i a U.S. satellite navigation system

GPRS General packet radio service is a packet oriented mobile data service onthe 2G and 3G
cellular communication systems global system for mobile communications (GSM).

HPL Horizontal Protection Level

INS Inertial Navigation Systems

IVE In -Vehicle Equipment

Kalman filtering

Mathematical method which uses measurements observed over time, containing noise and
other inaccuracies, and produce values that tend to be closer to the true values of the
measurements and their associated calculated values.

OBU On-Board Unit

MOPS (EGNOS) Minimum Operational Perfo rmance Standards

PALView Platform and Platform software developed under internal R&D. PalView® enables vehicle
positionin g services support, integrating GIS, GPS, GPRS and WEB applications technologies

PVT Position, Velocity and Time

RAIM Receiver Autonomous Integrity Monitoring

RITA Road Intelligent Traffic Application i road management and tolling software

RUC Road Use r Charging

RTK Real Time Kinematic

SISNe T A system that makes EGNOS Signal -In -Space (SIS) available in real time via the internet. In
particular it allows real time access to the wide area differential corrections and the integrity
information provided by EGNOS.

TDP Time Distance Place (reference to type of road charging)

TTFF Time To First Fix: term used to describe how long it takes for a GPS receiver to acquire its
position

VAS Value Added Services
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5. EXHAUSTIVE TRIALS
5.1. Background
The final objective of the exhaustive trials was to d emonstrate how and with what
performance European GNSS infrastructure (e.g. EGNOS) and other innovative GNSS -based

technologies (e.g. use of position integrity) can enhance RUC schemes based on satellite
positioning.

The Exhaustive trials tested the four possible configurations of the GINA OBU (shown in

Table 3), and assessed their relative performance via a set of metrics in order to determine

whether the use of EGNOS and the innovative proposed G NSS-based technologies (i.e. use
of position integrity) can lead to improved charging performance and accuracy in a Road

Pricing context.

Table 3 GINA OBU Configurations

Configuration Description |

G ' Raw GPS data only

C Raw GPS data enhanced by CANBUS (Odometer)

E Raw GPS data enhanced by = EGNOS

A Raw GPS data enha nced by both CANBUS (Odometer)
and EGNOS

Note: EGNOS corrections were delivered through SISNeT.

It is important to emphasize that the four configurations included sophis ticated data
processing algorithms, in particular for position integrity, which allow a performance
improvement compared with standard GPS positioning.

TRL defined a set of test routes in the Netherlands that facilitated the Exhaustive trials. A

GMV operat ed test vehicle (Vehicle 1) followed these pre -defined routes over a four week
period in order to gather sufficient data to enable statistically significant results to be
derived. Vehicle Il took part in the Exhaustive trials over four weeks in March 2010 and the

first week of April 2010. Another part of the Exhaustive trials consisted of a second vehicle

(Vehicle 1), provided and operated by Navteq, which was equipped with an identical GINA

OBU except that it was configured to generated only two streams o f data (configurations G
and E as defined in  Table 3). It was not possible to establish a n odometer connection
(through CANBUS) to the OBU in this vehicle. The Navteq vehicle did not follow routes
defined by TRL; instead it contin ued to carry out its usual business operations in the
Netherlands. Vehicle | took part in the Exhaustive trials over four weeks in May 2010 .

Both vehicles were equipped with reference systems. However, different designs of

reference system were fitted to t he two vehicles. Therefore, in order to ensure that both

were operating correctly and data produced was compatible with that of the GINA OBU, a

pre-t r i al Afcali brationd test was carried out dwutial ng t h
test is describe d in more detail in Section 5.2.
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5.2. Methodology
521. VEHICLEIl T GMV OPERATED

Vehicle Il is considered to be the main source of test data for the exhaustive trials. It was
under complete control of the GINA project and operated by GMV for the duration of the
trials. The vehicle contained a reference system an d the GINA OBU ( type GMV I20).
In order to gather sufficient data for Vehicle Il, TRL defined 3 routes in the Netherlands that
represented typical types of driving condition s in the Netherlands and encompassed various
road types; Motorways, urban and rural roads. Twenty repetitions of each route were
performed, with three to four repetitions carried out each day. Drivers of the vehicle made
notes on circumstances that could a ffect the performance of the GINA OBU or the reference
device. These notes were used for reference when carrying out data analysis and
evaluation . More detailed description of defined routes can be found in D3.1 T Trials Plan.
Where, changes to the defined routes had to be made during the trials . These are captured
in the Issues section, Section 53.
In order to test what impact the addition of data streams f rom t he v e h CANBUSO s
(odometer) and from EGNOS via SISNet, had on the performance of the GINA OBU Vehicle
Il was equipped with a single GINA OBU capable of receiving and recording data from three
streams simultaneously:

1. GPS

2. EGNOS

3. Odometer .
The recorded data  from Vehicle I was then post -processed by GMV following completion of
the trials in the 4 possible configurations described in Table 3

Table 3 GINA OBU Configurations . The approach of using a single OBU which produced 4
separate data s treams was implemented to avoid complex instal lation problems with 4
separate OBUs and to simplify the logistics of the trials. The results obtained using one OBU

with post -processing are expected to be equivalent to those that would be obtained, in real

time, with using 4 different OBUs.

EGNOS correction data was provided through SISNeT (Signal in Space through the
internet) . This enabled access to real -time wide area differential corrections and the
integrity information of EGNOS, even in areas where EGN OS satellites may not have been
directly visible to the OBU. SISNeT was also chosen because EDAS was not fully operational

at the beginning of the project. An assumption was made that GINA would function as
intended if SISNeT is replaced by EDAS.

Post-processed data from the OBU and reference system was uploaded to an ftp site hosted
by GMV, from which the rest of the project team could access the data. It is important to
state that all post -processed OBU data was obtained fully independently from the dat a from
the reference system. For each journey , 5 files were created and uploaded to the ftp site,

one corresponding to each OBU configuration and a corresponding reference data file for
that journey. This dataset was then input into the analysis HUB provid e by AVEGO that
provided analysis results against a pre -defined set of metrics  which TRL then evaluated and
report in this document.

Geo-objects of different types were defined along the routes in order to test the
performance of the OBU and determine ch arging accuracy. Geo -objects varied from small,
challenging geo -objects that aimed to test the limits of the OBU and larger, more realistic
Geo-objects corresponding to charged road segments or cordons.
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In the selected architecturéehi(clk@r esemntsantair wadjeccfl i e hée
identification was implemented as an OBU function (although, for the reasons described

above, this identification was performed at the post -processing stage).
Full data analysis output can be seen in Appendix 2 T Full while the main results and
conclusions are described in Section 5.4.

522. VEHICLE | 7 NAVTEQ OPERATED

For data gathering, a different approach was used for Vehicle | than that for Vehicle Il
Vehicle | was not entirely under the project team & control as it was operated by Navteq
during the trials and was performing its scheduled Navteq business operations in the
Netherlands. This meant that the vehicle could not be made to follow the rout es defined for
Vehicle Il . Nevertheless, data was gathered by the GINA OBU and the reference system as
Vehicle | performed its usual driving.

A separate set of Geo -Objects was defined for Vehicle I, taking into account the lack of

controlled trajectories and repeatability. The geo -objects were defined based on
municipalities that were expected to be covered each week by Vehicle I. The types of geo -
objects are described in more detail in Section 5.4.1.6.1

Data analysis was perf ormed in a similar manner to that of Vehicle Il with the following
exceptions:

1. Reference system data was post  -processed by a third party for Navteq then made
available to GMV and the project team

2. Two configurations of OBU

3. Different set of geo  -objects

4. Scaled back geo -object analysis (due to lack of repeatable results)
5. Analysis performed over daily runs and whole data set

Full data analysis output can be seen in Appendix 3 T Navteq , while the main results and
conclusi ons are described in  Section 5.4.3

523. PRE-TRIAL TEST

A pre -trial test was conducted in the first week of March 2010, the following Schedule was
followed *:
1. Tuesday (02/03/10) i Installation/Integration/Test Navteq/GMV vehicles + G MV-SKY

enforcement integration
2. Wednesday (03/03/10) i GMV i GMV-SKY enforcement testing
Thursday (04/03/10) T GMV/Navteq calibration tests + post processing

4. Friday (05/03/10) 1 Thursday results forwarded to AVEGO with a report about any
calibration testing in  cidence or observations.

Pre-trials were conducted in order to ensure that all equipment is working as intended prior

to start of the trials and to run the first set of data through the  AVEGO analysis HUB, in

A The pre -trials, the main aim of which was to fine -tune both Navtegds and GMVds vehicles so that the
could be comparable, had also the purpose to test the enforcement system envisaged for the project. This was not the priority of

the pre -trials and the tight schedule led to postpone ment of the  part of the tests applicable to the enforcement system.
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order to ensure that post -processed data is in  the correct format and can be analysed by
the HUB.
The pre -trial test was carried on part of a defined route, Route 3 (Rotterdam), see Figure 1.
This part of the route included 7 geo -objects that were covered by the two vehicles
travelling in convoy.
Plas et
7
%g% \fﬁl jE
\ ==
% E:.
3 et
Dlympiaweg, Olympiawsd
Figure 1:Pre -trial test location
524. DATA ANALYSIS
The purpose of the data analysis task was t o0 analyse the performances of different
configurations and, in particular compare results of the use of the different  configurations

using GPS only , EGNOS enabled solution and Odometer for the detection of geo-objects and
the implications on overchar ging or mischarging. The following objectives were adopted for
Exhaustive trials data analysis, based on those presented in Part B Annex B of the GINA
project proposal

1. Distance measurement performance
a. Accuracy of distance measurement

2. Performance of Geo -objects Identification (Geofencing)

b. Implications in distance measurement within Geo - objects associated to the
distance travel led once Geo -object is identified
C. Wrong and missed identification of Geo -objects

3. GNSS performance evaluation with the main objective to analyse
a. GNSS positional accuracy performance

d. GNSS integrity performance in terms of integrity risk; (i.e. when real
position is out of the protection levels). This performance is essential as it
has direct impact on the potential wrong identification of Geo - objects
e. GNSS integrity performance in terms of size and availability of protection
levels. This performance is essenti al as it has direct impact on the

capability to identify Geo - objects
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4. Charging performance

The GNSS Metering Association for Road User Charging (GMAR) was established to create
the GMAR Performance Analysis Framework (GPAF) to quantifiably address performa nce
issues related to road -use metering. It was intended that ¢ harging performance during
GINA exhaustive trials  would be analysed using GMAR requirements. If available, t he GPAF
standard (in development) will be used as one of the documents to provide KPI s for
charging.
Charging performance will be assessed on the following:
a) Overall charging measurement accuracy (function of distance measurement
only)
b) Overall charging measurement accuracy (function of distance measurement
and detection of zones)
c) Overchargi ng performance
d) Charging Availability (according to GMAR performance)
e) Charging Integrity (according to GMAR performance)
It is recognised that for all of these objectives, it is important to capture sufficient data to
make any results statistically signific ant.
Further objective include  d:-

e The identification of a set of test routes which contain features likely to stress the
OBUs in terms of positional accuracy and reliability and determine the effects on
calculated distance and charge

e Determining the relat  ive benefits of EGNOS integrity data and Odometer distance
measurements over and above standard GPS positioning for distance based
charging. This is planned to be evaluated via data streams collected in -vehicle from a
single OBU, a Odometer interface and S ISNeT reception and then applying post
processing at a central location

e Use of the GMAR proposal (GPAF Standard in development) wherever possible in
conducting the charging availability and integrity assessment.

Data was recorded in an agreed format that allowed for the capture of all information
required to perform data analysis and reach conclusions on the use of EGNOS and position
integrity in Road Pricing applications. Data from exhaustive trials was recorded in  a format
shown in Figure 2.
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Mame Format Units Effective Range Comments
Time Stamp {uint)GPS Week. (uint)GPS ToV Weeks. Seconds [0..1024], [0..604800] Corresponds to OBU GPS measurement time
0BU_ID uint M Dimensionless [0-100] Unique OBU identfier
Computed position (float)Lat. (float)Lon Degrees. Degrees [-590..50], [-180..180] WGS-84
WGS-34

There might be a time shift between OBU positions and true positions
{e.g. OBU positions at seconds 0.0, 1.0, 2.0, etc. and reference positions
at seconds 0.5, 1.5, 2.5, ete. In this case the reference positions might
have to be interpolated to obtain new reference positions corresponding to

True position (float)Lat. (float)Lon Degrees. Degrees [-90..90], [-180..180] the OBU timestamps

Distance accumulated since engine start. Almost 43,000 Km can be
Computed distance {uint)Distance Centimetres [0..4294967296] driven whithout an overflow

Distance accumulated since engine stat. Almost 43,000 Km can be
True distance {uint)Distance Centimetres [0..4294567296) driven whithout an overflow

Beyond some size (e.g. 200 metres) this migth be disregarded. Mareaver

Horizontal protection level {uintjPL Centimetres [0..4294967296] this maximum could also be used to flag current epoch as integrity-less
Mumber of satellites {uint)N Dimensionless [0..16] Effective range is TBC depending on the number of Rx channels

Effective range is depending on the number of Geo-objects which are
Mumber of Geo-ohjects  uint M Dimensionless subject to be defined in post-processing

If, at current epoch, this geo-object has been identified as being used, this
Geo-object_1 {ucharjldent_flag Dimensionless [0.1] flagis 1. If it is identified as not used, this flagis 0

If, at current epoch, this geo-object has been identified as being used, this
Geo-object_2 {ucharjldent_flag Dimensionless [0.1] flagis 1. If it is identified as not used, this flagis 0

If, at current epoch, this geo-object has been identified as being used, this
Geo-object_N {uchar]ldent_flag Dimensionless [0.1] flagis 1. If it is identified as not used. this flagis 0

Figure 2:Format of Exhaustive data o utput

525. ACCURACY OF REFERENCE EQUIPMENT

Low-cost GPS receivers have a positional accuracy which is typically within 5 -10m of the
correct position. EGNOS enhancements are expected to improve this to about 2 -5m. Both
figures are highly dependent on prevailing reception conditions. The above figures imply

that the reference measurement equipment should have a positional accuracy of better than

0.5m maximum error, and certainly better than 1m. While this could not be guaranteed

under all conditions, this type of accuracy is typically expected from a high -integrity DGPS
receiver supplemented by an accurate Inertial Measurement Unit ( IMU). The reference
system equipment fitted in Vehicles | and Il is understood to meet these requirements.

The measureme nt of driven distance has a more defined accuracy requirement, derived

from the target accuracy of the proposed Dutch KiloMeter Pricing (  KMP) system which states
that 99% of bills should have an error of less than 1%. As the bills are derived directly from

driven distance (although recognising that the requirement for differential pricing means

this is not a direct mapping), this implies that the mechanism for deriving driven distance

should be accurate to within 1%. This then implies that the aim for the r eference equipment
is to be able to measure driven distance to an accuracy of 0.1% or better

Due to the stringent requirements of the Dutch KMP scheme, including the requirement that
all driven distance within the Netherlands is charged (including unmappe d roads), it was
recommended by TRL that the approach for measurement of truth, outlined below, is
adopted within this project for Vehicle Il. This approach required that Vehicle 1l was

equipped with an accurate second -by-second cumulative distance recordi ng capability.

True distance (reference distance) was obtained by d irect measurement of cumulative
driven distance by  the reference system installed in Vehicle Il . The reference system
included an odometer input from the vehicle which was automatically and continually
calibrated by the on-board high -accuracy differential GPS/I MU equipment. The driven
distance recorded by the OBU under test was then to be measured against this reference
distance.
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This solution provided  reference distances for all driven dis tance, including unmapped roads
and was not dependent on the accuracy of underlying informa tion (e.g. maps). It also
allowed the arbitrary placement of geo -objects , which allowed for more freedom in the type

of analysis performed

In order to enable the m easurement, by the reference system, of all driven distances that
the test vehicle undertakes, including from a cold start, the equipment must be capable of

measuring distance immediately from engine start. This is often not possible with IMU based

positio n and distance measurement which often has a slow start up and may require a
calibration drive before starting recording. However, t his requirement has been addressed
through the use of a simulated cold - start procedure described below:

In order to emulate the situation when a car is started in a garage , where GNSS reception is
poor or non -existent , the OBU antenna cable  was disconnected during reference equipment
initialisation. More precisely , the following procedure was followed

1. Initialise reference equi  pment in clear sky conditions with engine off and OBU antenna
cable disconnected

2. After initialisation, start the engine (OBU should then start automatically) and keep
antenna cable disconnected (this would be as starting the engine inside a garage)

3. Then dr ive some trajectory (previously planned) in order to emulate some garage exit
path and to drive the car to a place with limited sky visibility. The OBU should be aware
of some distance being travelled if it is connected to the car odometer, but it still
re ceives no GPS signal (just as what would happen inside a garage)

4. Finally connect the antenna cable (as if the car was exiting the garage and starts
receiving whatever signal are available on the street).

526. GEO-OBJECTS

In order to perform different types of a nalysis on data that included Geo - Object recognition,
several types of Geo -objects were defined that aimed to test various aspects of the charging
system. Table 4 shows the defined geo -objects separated by type.

Table 4: Geo -Object Matrix

1 X
2 X
3 X
4 X
5 X
6 X
7 X
8 X
9 X
10 X
11 X
12 X
13 X
18 X
19 X
20 X
2 X
23 X
24 X
25 X
27 X
28 X
30 X
31 X
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32 X
33 X
34 X
35 X
36 X
37 X
14 X
15 X
16 X
17 X
21 X
26 X
29 X
38 X
39 X
40 X
41 X
42 X
43 X
44 X
45 X
46 X
47 X
48 X
49 X
50 X
51 X
The definition of different types of Geo -objects is described in more detail in Section
54.1.6.1
5.3. Issues
531. ROUTES
In order to minimise the number of foreseeable issues with the routes defined for the
exhaustive trials, TRL undertook route validation of the proposed routes in the Netherlands
This was done in order to ensure that all proposed routes are drivable and are of an
appropriate length. The validation drives also provided an estimate for the likely traffic at
various times of days along the routes.
However, a number of unforeseen issues also came up during the exhaustive trial s for
Vehicle Il part of the trials. The issues are described in more detail below:
1. Changes to Den Haag route T A number of roads were closed in the centre of Den

Haag due to road works when the exhaustive trials started. These closures affected

part of th e route and some major roads, such as the Spui, were inaccessible for
vehicles. Following communication with the trial team in the Netherlands, Route 2

(Den Haag) was revised while trying to adhere as closely as possible to the originally

defined route. Th e revised version of Route 2 can be seen in Appendix 5 T
Exhaustive Routes (GMV Vehicle)

2. Minor changes to Amsterdam and Rotterdam routes. A small number of relatively
minor changes were made to the routes following feedback from the trials team.
Revised routes are included in Appendix 5 7 Exhaustive Routes (GMV Vehicle)

532. POST PROCESSING AND DATA ANALYSIS

It was envisaged from the start of the project that there would be a certain amount of
learning requir ed on how to process, handle and analyse the vast amount of data that would

be generated during the exhaustive trials. Vehicle Il was the first to take part in the
exhaustive trials and therefore, first data available was from that vehicle.

Five files were generated per journey (4 x OBU configuration and 1  x reference system) , up
to four journeys per day were made, over three weeks of driving. Each journey included
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thousands of data points. All of this data was post -processed by GMV, bugs in post -
processing were not always detectable before the data was put through the analysis HUB

and the results evaluated. As a result, data from the exhaustive trials went through a
number of iterations of post -processing and analysis before a final set of analysis was

prod uced.

Intotal, 2 full iterations of post-processing and analysis were made. Some details regarding
each iteration are laid out below

Iteration 1
V1.0 (18/05/2010)
First data analysis - issues identified and resolved:

e Instead of one percentile curve pe riourney,use each epochdés cumulative di
as a sample, one joint percentile curve in which ea
is its elf a sample for the statistics

e EGNOS Horizontal Protection Level (HPL) post-processing errors

e Lack of geo -object post processed data

e Use of relative distance deviation instead of absolute in analysis

e Time To First Fix (TTFF) should only be calculated for the first journey of each day
instead of all journeys (as all other journeys within the day are driven wi thout prior re -
initialisation)

V1.1 (21/05/2010)
Issues identified and resolved:

e Geo object analysis should differentiate between the different geo -object types in order
to make it clear what the purpose of each type of geo object was (see Section 5.2.6 for
more information on Geo - object types)

e Separate analysis for Geo -object identification and measurement of distances within
geo-objects

e Apply example tariff schemes to determine charging performance

e Convention for using positi  ve and negative signs in analysis: Positive should mean
overestimation of distance

V1.2 (26/05/2010)

Issues identified and resolved:

e Geo object analysis should differentiate between the different Geo-object types in order
to make it clear what the purpose of each type of geo object was (see Section 5.2.6 for
more information on Geo  -object types) i Identified but not yet resolved.

e Post-processing of data still needs refinement.

Iteration 2 T Using refined post -processed data, sa me analysis as in iteration 1, but
applying all considerations made in iteration 1

V2.0 (22/07/2010):
Issues identified and resolved:
e Data post processed correctly
e Relative distance devi ation [%] is calculated instead of distance deviation [m], the

values below zero mean under estimation of distance
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e Relative absolute distan ce deviation plots are added for distance deviation obtained
at the end of journey

e Distribution p lots are added to some parts of relative distance deviation analysis

e Time to first fix is  calculated only for one device and for journeys specified by GMV
due to OBU configuration

e Number of satellites  is reported only for GPS device due to OBU device configuration

e "Journey Distance Deviation" showing different (absolute, rel ative) distance devi  ation
plots is changed; only relative distance deviation plot is left and geo -object detection
plot is added under relative distance deviation plot for geo  -object detection visual
verification

e Addition of calculation  formulas to graphs for clarification
e Legends contain better device descriptions

V2.1 (28/07/2010):

Issues identified and resolved:

e Geo object analysis should differentiate between the different geo -object types in order
to make it clear what the purpose of each type of geo object was (see Section 5.2.6 for
more information on Geo  -object types)

V2.2 (29/07/2010):

e Addition of charging analysis by Geo -object type an route

Outstanding issues remaining following the release of data analysis V2.2:

e Provide not only visual but numerical results on the performance of Geo-object detection

e Charging reports modified to take account of distance travelled outside Geo - Objects as
well as inside in order to create analysis of journey / route charging as opposed to ju st
Geo-Object

e Determine the nature of apparent differences between distance deviation in Geo -objects
and charging deviation in the same Geo - Objects

e fiJ o ur ntaty aralysis should be represented as relative distance deviation as opposed

to absolute distanc e deviation.

53.3. DISCREPANCIES BETWEE N AVEGO AND GMV
ANALYSIS

For majority of the analysis metrics, results from which are presented in this report, two
separate analysis were performed, one by AVEGO and one by GMV. In majority of cases,

the results from thes e analyses did not fully match up. It is expected that this was, at least

in part, due to the complex nature of the analysis performed and the large amount of data

that was processed. As a result, the conclusions from the two sets of analysis could not
always be verified, as the source of discrepancies between the two analysis methods was

not always clear. Where possible, conclusions were drawn from available analysis and

results . Where there are contradictions or discrepancies, these are highlighted and th e
results are declared to be inconclusive.

Note: Based on the information made available to TRL, it is our opinion that neither of the
analysis methods used is incorrect , but rather, made different and valid assumptions . It was
not originally the intentio n within the project  for two different analyses to be carried out but
once TRL were made aware that analysis based on two separate interpretations  was
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available, it was decided that for transparency in areas where the corresponding results d id
not match up , both sets would be included in this report .
In each section of the Results part of the report, it is explained which results have been
verified, and which have not. The source of the results is also stated. In addition, where
appropriate, the extenttow hich the results are different is also highlighted.
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54. Results
541. GMV TRIALS
54.1.1. Summary Statistics
During the Exhaustive trials, the trial plan defined in Deliverable D3.1 was followed. Table 5

below shows summary statist ics of the scale of the Exhaustive trials and how they compare

against the planned activities.

Table 5:Summary statistics for Exhaustive trials (Vehicle | | - GMV operated)

Number of Journeys 60 (atleast20 on  each 68 (Den Haag + 5,

route) Rotterdam +3)
Number of Routes 3 3
Total driving time (hours) 90 122
Number of position points 324,000 438,861

obtained (for analysis this figure x4) (for analysis this figure x4)

Approximate distance driven Amsterdam 1640 Amsterdam 1504

(km)

Number of Geo -objects

Den Haag 694
Rotterdam 1158

Total 3492

49

Den Haag 923
Rotterdam 1294

Total 3721

51

This table shows that the
routes , a minimum of

target number or
20 times each. With Route 2 (Den Haag) and Route 3 (Rotterdam)

being covered more times where opportunity existed.

covered by Vehicle |

Some additional geo

charging and the performance of the road use r charging system The exact methodology
used for defining geo  -objects for Exhaustive trials is described in Section 5.2.6 .

5.4.1.2. Distance Accuracy

Evaluation of distance measurement accuracy was performed for all journeys and eith er

with all routes combined or split

sections below

GINA

| during Exhaustive trials.

-objects were defined after the trials
originally included in D3.1. This was done in order to maximise the learning outcomes from
the Exhaustive trials on how the definition of a

GNSS for INnovative road Applications

journeys

were performed covering all three

A total distance of 3721 km was

had commenced, that were not

Geo-object itself can affect the accuracy of

by route. Results of the analysis are presented in the
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54.1.2.1. Relative Distance Deviation
These results were based on GMV analysis. It was found that the results from AVEGO

analysis were also very similar. TR L were able to verify that both sets of analysis produced
similar results and we therefore think that results in this section are reliable and accurate.

54.1.22. All data

This top level analysis combines all routes and presents results of distance deviation

calcula ted using the four OBU configurations under test , against the whole journey distance
calculated by the  truth reference system. The c alculation used is as follows:
Relative Distance Deviation = (distance 1 reference distance) / reference distance *100%
(1)
1 | I | I I I I
— GPS+CANBUS ‘ ' r ‘ :
0.9 ——— GPS+EGNOS+CANBUS i1 : s
0.8 — GPS standalone
3 — GPS+EGNOS
1 & G SR S
| e s s
D5F------ Fo----- L EEELEEE ------- Fo----- Fo----- O CEEEE PR P pe---- —
2 : : ' i ‘ : : :
| e = s
o ' i : : ' ; ' '
& ' , ' ' ' ' ' ,
0.3F------ AR ASRERRRG CARERRE R RRReR ) | kbt R ERRRE R Sebtte
1) U SN U WU VUV S S SO T
| VAR (AUNON IO Sy e o | S S -
o — ; i I 1 | | | |
-6 -5 -4 -3 -2 -1 0 1 2 3 4
Distance error (%) cumulative distribution
Figure 3: Relative Distance Deviation over all data (all routes & all journeys)
In terms  of distance measurement accuracy , those configurations of the OBU that included
an odometer input performed the best, achieving Relati ve Distance Deviation  over all routes
of 0.2 3% for 95 ™ percentile. The median (50" percentile) Relative Distance Deviation was
0.05% for odometer -connected configurations and between 0.31% and 0.33% for
configurations without a n odometer connection .
Maximum Relative Distance Deviation for odometer connected configuration s over all data
was 0.44%. Data from odometer -connected OBUSs is represented by blue and green lines in
Figure 3. The two lines follow each other exactly which implies that EGNOS, in this case,
had little effect on the distance measurement accuracy, and that odometer connection was

the dominating factor in providing accurate distance measurement
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In comparison, results for non-odometer connected O BU configurations  achieved Relative
Distance Deviation of less than 1% for the 95" percentile , with configuration G having
slightly smaller error of 0.93% compared with error of 0.99% for configuration E

The importance of odometer connection in accurate ly determining distance travelled is well
understood and this result was expected for this part of the analysis. It appears that a I OBU
configurations  can guarantee distance accuracy to be within 1% of all distance travelled.

Use of EGNOS data seems to slightly increase the distance error but the error remains
below 1% .

The results described above are summarised in Table 6.

Table 6: Relative Distance Deviation over all routes (%)
Min -5.59 -5.60 -0.75 -0.75
Max 3.97 4.42 0.44 0.44
St.dev 0.94 0.97 0.14 0.14
Percentile- 50% 0.31 0.33 0.05 0.05
Percentile- 95% 0.93 0.99 0.23 0.23

54.1.2.3. Analysis by route

Looking at the distance accuracy performance of the four OBU configurations for each route
shows that different OBU configurations behave differently on different routes. Route 1
(Amsterdam) proved to be the least challenging route overall , while R oute 2 (Den Haag)
was the most challenging for odometer connected configurations and Route 3 (Rotterdam)

was the most challenging for non odometer -connected configurations . Results reported in
this section refer to the 95 ™ percentile figures.

On Route 1, all OBU configurations achieved Relative Distance Deviation of less than 1%
Odometer -connected configurations achiev ed maximum Relative D istance Deviation of
approximately 0.1% while non odometer -connected configurations achieved a maximum
Relative D istan ce Deviation of between 0.5 and 0.6%. By considering simple averages
across each route ofthe resultsin Table 7, Route 2 appears to be the most challenging. The
reason for this could be due to the route including  very few motorwa y sections and being
predominantly based in Den Haag city centre. The route contained a large number of

narrow streets  and numerous turns on urban roads , and this may have presented difficulties

for configurations which relied mostly on GPS to calculate di stance travelled . Route 1
included a large motorway section and although the route through the Amsterdam city
centre did include numerous small roads in urban environments, the presence of a large

motorway section led to the overall distance measurement ac curacy being highe r than on
Route 2 due to GPS being better suited for calculating distance on long stretches of straight

road .

On Route 2, all configurations were able to achieve Relative Distance Deviation of less than
1%, with odometer -connected configu rations having errors of less than 0.3%. Maximum
error for odometer -connected configurations was 0.75% while for non odometer -connected
configurations it was  -5.6%.
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Table 7:Summary of Relative Distance Deviation by Route, for 95 " percentile.
G - GPS only 0.55% 0.91% 1.33%

C - GPS & CANBUS (odometer) 0.09% 0.27% 0.08%

E - GPS & EGNOS 0.58% 0.93% 1.33%

A - GPS & EGNOS & CANBUS 0.09% 0.27% 0.08%
(odometer)

On Route 3 (Rotterdam), odometer -connected devices performed similarly to Route 1, with
a Relative Distance Deviation of 0.08%. This route appeared to be the most challenging for
configurations without a odometer connection, which attained relative distance deviation
errors of 1.3 3%

Maximum Relative D istance Deviation can appear far worse than the general performance of
the OBU configurations due to outliers. Table 7 summarises results by route and OBU
configuration for Relative Distance Deviation for 95 " percentile. Since erroneous data points
were not filtered from the data sets (as this was considered to be part of the true
performance of the OBU ) these results give an approximation to the actual performance
achievable for vast majority of the time.

For some OBU configurations, t he GINA OBU under test has proved to perform much better
than 1% distance accuracy, reaching accuracies in the order of 0.1% or better for the 95
percentile.

54.1.2.4. Alternative analysis

The Relative Distance Deviation analysis desc ribed above was performed by GMV and
independently verified by TRL. The same data set was also analysed by AVEGO and the
results of this analysis are available in APPENDIX 1 i Comparison of Distance Deviation
Analysis . These resul ts are very similar to the ones reported in Section 5.4.1.2.1 with only
very subtle differences on a number of occasions. These are described and compared in
APPENDIX 1 i Comparison of Distance Deviation Analysis . It is not fully understood what

the source of discrepancies is because it was not possible to gain access to how these

particular calculations were carried out. The tool used by AVEGO to carry out the analysis is
an automated HUB. All calculat ions were carried out internally and the visible output
consisted of a set of graphs displaying the results. Those members of AVEGO staff , who
produced the original coding for the HUB to run the GINA analysis, were no longer available

to clarify the source  of the differences in the results, at  the time of writing of this report.

However, due to the fact that the results are mostly very similar and display identical trends
in terms of OBU performance hierarchy, the differences are believed to be due to ro unding
errors, exclusion ffiltering of certain data from raw data files and possibly the use of

different techniques for percentile calculations. It is believed that both sets of results are
correct, but  for simplicity only one (the GMV results) is presente d in the main body of this
report since it has been independently verified by TRL.
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5.4.1.3. Position Accuracy

Positional accuracy is determined by comparing referen ce positions with those determined
by the OBU configurations . The reference system recorded data (including position) at
frequency of up to 200 Hz, whereas the OBU records data at 1 Hz. The method used to
time -synchronise data from the reference system and the OBU was to take the position

recorded at each OBU epoch and compare it with the position recor ded by the reference
system at the corresponding closest timestamp, see Figure 4. This synchronisation of
reference and OBU data was performed at the post -processing stage. During data analysis,

all data supplied to the analysis HUB was time epoch synchronised.

There are two possible ways of determining position error that are commonly used, absolute

error and cross -track error. In this analysis both were considered and compared but only

the absolute error analysis is included in this section of the report. Cross track error analysis

is available in  Appendix 2 T Full . Figure 4 illustrates what the difference between the two

methods is. In general terms, for absolute error analysis the position recorded at each OBU

epoch was compared with position recorded by the reference system at the corresponding,

closest timestamp  (usually to within 1/100 of a second) . The error is then the most direct

distance between the two po  sitions. In the case of cross  -track error, a line is drawn through

the centre of each reference position, forming a Atr
perpendicul ar distance between the fitracko and the OBU

Given that during the GINA trials a reference system was used that was able to record data
at up to 200Hz and routes included many urban environments (some with poor GNSS
signal) with numerous sharp turns and small roads , it is our opinion that the absolute error
method will on average pro  vide more accurate estimates of positional errors at each OBU fix
timestamp. It was therefore chosen to use Absolute Error analysis, as the main source of
conclusions and results.

Cross-track error analysis was carried out and used as a check overall con clusions and
found to agree with those deduced using absolute error analysis, in terms of trends in the
results.
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Absolute Error analysis: Deviation between the OBU position and the ¢ losest (by timestamp)
reference position.
O = Reference position
X = OBU determined position
-- = position error
Cross -track Error analysis: Perpendicular deviation between the OBU position and the line
drawn between reference points.
O = Reference position
X = OBU determined position
-- = position error
Figure 4: Position error
54.1.3.1. All Data
Analysis carried out over all data shows that the OBU configuration of GPS+EGNOS
performed different to the other three configurations. Figure 5 shows absolute error analysis
over all data. The data shows that GPS+EGNOS configuration performed worse than the

other three configurations  , Table 8 below shows some key results.

Table 8: Absolute error (m)

95% 17.03 17.6 17.03 38.06

99% 52.57 51.75 52.57 85.49

During the GINA trials EGNOS Minimum Operational Performance Standards (MOPS) were
used for configuration E ( GPS+EGNOS -only ). All other configurations used a Kalman filtering
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technique. In particular this allowed a comparison between EGNOS using the MOPS
specification an d using Kalman filtering.

Inthe following analysis, results for 95 ™ percentile (in bold italics in Table 8) are considered
for comparison.  Comparing configuration C with G shows that the results appear to be
identical , with Odom eter having no effect on the accuracy of determining position. This was

expected , as a Odometer connection should only have an effect on distance measurement
and not position  accuracy .

Configuration E produced positional error of 38.06m compared with 17. 6m for configuration
A, which corresponds to an increase in position error of 116.25% . Configuration E used
MOPS techniques while  configuration A used Kalman filter techniques. Since it has already
been shown that Odometer has no effect on the accuracy of determining position, t  his
suggests that the use of EGNOS MOPS can lead to a reduction in the accuracy of positioning

in the environments presented by the 3 routes. These results are clearly represented in
Figure 5, where the beha viour of the EGNOS -enabled configuration E (using MOPS) is
clearly different from other configurations. Results described in Section 5.4.1.3.2 , suggest
that the reason for this level of performance from configuration E could be the urban

environments that were present in majority of the routes.

Regarding position accuracy, the poor performance figures of configuration E (GPS+EGNOS)
should be explained; the EGNOS solution is a standalone solution according to SBAS
standards RTCA/ DO-229 (MOPS), whereas  configuration G (GPS only) and configuration A
(which includes EGNOS) are Kalman filtered. This was intended to show that MOPS
standards are not necessarily good for urban environments, but does not mean that EGNOS

corrections spoil  the solution . The quality of EGNOS data  should be treated separately from
the adequacy of MOPS standards (which prescribe how such data must be handled) for

urban environments. By comparing configurations C and A (both Kalman filtered, and hence

not compli ant with MOPS standards) one sees that EGNOS corrections have very little
impact on position accuracy in urban environments

Further, the configuration that included all three data streams, configuration A (where

EGNOS data was Kalman filtered) , was the m ost accurate for 99 ™. This trend is also
confirmed by the cross  -track analysis which is summed up in Table 9. It should be pointed
out again that  Cross-track analysis believed to be less accurate in this case.

Table 9:Cross -track error (m)

95% 15.15 15.76 15.15 33.47
99% 48.3 47.23 48.3 77.18
100% 150.65 106.91 150.65 211.13
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Figure 5: Absolute error over all data

54.1.32. By Route

When considering the analysis by route, trends regarding using EGNOS MOPS identified in

the previous section remain true.

On Route 1, the Amsterdam route, configurations of the OBU
performed the best, see Table 10. As expected , odometer

configurations G and A both had errors of 17.44m in the 95
performed on this Route. OBU configuration E (no odometer

enabled and using MOPS) produced the largest positional error
65.5 % larger than  error from configuration G (GPS only) .

It can be seen in  Figure 6 how con figuration
configurations.
higher percentage of larger errors tha
figure also shows

configuration C.

n other configurations
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™ percentile,
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of 28.86m ,
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E performed differently from the other three
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, for errors larger than 3m
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Figure 6: Absolute error on Route 1
On Route 2, the Den Haag route, configuration s C and G performed the best, with errors of
up to 14.15 m for the 95™ percentile. This error is slightly smaller than the error of up to
14.54m for configuration A, which is a difference of 2.8%. Configuration A, which included
Kalman -filtered EGNOS data, produced errors substantially smaller than those from

configuration E (using MOPS) ; errors from configuration E were up to 83.6% larger
Table 10 : Absolute error by Route (m)

Route 95% 17.4 4 17.97 17.44 28.86

i 99% 48.74 54.73 48.74 62.54
Route 95% 14.15 14.54 14.15 26.69

2 99% 51.94 50.81 51.94 69.07
Route 95% 18.95 19.74 18.95 52.9

3 99% 55.26 51.73 55.26 108.53
Figure 7 below shows the dif ference between the performances  of various OBU
configurations on Route 2. Similar to results from Route 1, configuration E performed
substantially worse than the others and had a higher percentage of larger (>10m) position
errors .
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Figure 7: Absolute error on Route 2

Configuration that used MOPS

s C and G (those that did not include EGNOS)
18.95 m for the 95™ percentile.
larger errors of upto 19.74 m, 4.2% larger.

Configuration A

Configuration E , once again , produced the largest errors of up to 52.9m, 168% larger than
configurations C and G . It can be seen from Figure 8 that, similar to pe rformance on other
routes, configuration E, which used MOPS , produced considerabl vy larger position errors
While configuration A (using Kalman filtered EGNOS data) produced results  which were very
close to results for configurations G and C for the 95" percentile and it produced the best
resulton Routes2and 3 ,for the 99" percentile .

On all three routes, the configuration E that used EGNOS MOPS performed
terms of differences between routes themselves, it appears that for
most accurate configurations performed very similar.
for all routes.

the worst. In
the 95" percenti le the
Table 11 summarises the best results

Table 11 : Best performing configuration on each route

Route Cand G 17.44
1

Route Cand G 14.15
2

Route Cand G 18.94
3
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Figure 8: Absolute error on Route 3
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54.14. GNSS Integrity

GNSS Integrity referstoas ystembs capacity to provide confidenc
alarms in the event that anomalies occur in the positioning data . The most important

measure s of integrity for Road Pricing application s are Integrity Risk and the associated

Horizontal Protectio n Level ( HPL) size .

HPL is a measure of the radius of a circle surrounding the location determined by the GNSS

device, and depends on the quality of the GNSS signal. The HPL guarantees the true
location of the user to be within this specified radius with a certain level of confidence.
EGNOS has been designed to guarantee the position within a maximum radius of 40m
(horizontally) 99% of the time Y. In other words, for a given EGNOS HPL the probability that
true position is inside that protection level is quot ed as being 1e -7 and for RAIM as 1le -3.

A HPL was deemed to be invalid if less than 5 satellites were visible or if certain minimum

values could not be met, for example, poor signal to noise ratio (SNR) , or calculated HPL
values higher than 655 metres (whic h exceeded the maximum size which the HPL assigned
variable field could accommodate). This weakness is minimized by the fact that HPL is
configurable in the OBU, allowing for a confidence level between 10e -1 and 10e -4. This can
create HPLs between a few an  d several hundred metres.

The key is to determine the best possible confidence level and simultaneously keep the
number of false positives at 0%. If the HPL is too low, false positives may appear, and this
is a case that needs to be avoided at all costs.

Y EGNOS website ( http://www.egnos __-portal .eu/index.cfm?objectid=20FC52F0 -B8A7 -11DE -
A2750013D3D65949 ), accessed on 10/11/2010
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54.14.1. EGNOS Integrity Risk
Integrity risk determines what percentage of the time; computed EGNOS HPLs are smaller
than the position error of the OBU (as compared
OBU configuration (configuration E I GPS+EGNOS) was use d to determine this, in order to
compare the results with the Receiver Autonomous Integrity Monitoring (RAIM) method
used in the other OBU configurations. RAIM is an alternative method for deriving HPLs and
is used in the GINA OBU. It was found that during the trials the overall EGNOS integrity risk
was very high when considered in the concept of Road User Charging (19.5% of the time
across all data from all routes). Figure 9 shows the breakdown of Integrity risk by route.

These re sults demonstrate that for the purpose of Road User Charging, EGNOS does not

provide sufficient Integrity to the position data, given an Integrity Risk above 15% for all

three routes. Integrity Risk was the highest on Route 3, the Rotterdam route, which co uld
be due to both the high number of urban canyons and tunnels present on that particular

Route.

It is considered that since Integrity Risk was shown to be high, an analysis of the EGNOS
HPLs would not add any additional value to the findings.

Device: GMV OBU GPS+EGNOS

26 65%

H
Figure 9: EGNOS Integrity risk on each route
54.15. RAIM HPL
All GINA OBUs incorporated Receiver Autonomous Integrity Monitoring (RAIM) and were

capable of deriving RAIM HPLs. This data was collected for all OBU configurations except for
Configura tion E - GPS+EGNOS as this configuration was used to compute EGNOS HPLs.

As Figure 10 shows, RAIM HPL had a very low integrity risk, and much lower than that of
EGNOS HPLs. Therefore GPS RAIM HPLs could be suitable for use in Roa d Pricing.
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Figure 10 : RAIM HPL Integrity risk

The reason why the  Integrity Risks was low for RAIM HPLs was due to th e very large sizes
of HPLs. Table 12 shows summary data for RAIM HPLs over each route. This data highlights
the large sizes of RAIM HPLs.

Table 12 :RAIM HPL size (m) to 95th percentile

Route 1 23352.77 23103.85 23352.77

Route 2 45529.93 45501.7 45529.93
Route 3 57515.28 57444.15 57515.28
Overall 44124.06 44005.18 44124.06

The table above shows that RAIM HPLs were of the order of tens of kilometres in size.
However, the nature of RAIM HPLs means that even if there is only one sufficiently small

RAIM HPL which puts the vehicle inside a Geo -Object then it could be used to guarantee
integrity. Therefore, even though for the 95 ™ percentile the values of RAIM HPLS are very
large, when considering them for all data, as shown in Figure 11, they can be of sizes that
would be appropriate for use in urban Road Pricing context (for example, 30% of RAIM HPLs
are less than 20m in diameter)
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Figure 11 : Distribution of RAIM HPL sizes across all data

In order to implement RAIM, at least five satellites are required to be visible to an OBU.
Figure 12 below shows distribution of satellites in view for all position fixes acquired during

the trial. From this figure it can be seen that almo st 90% of the positions were acquired
using five or more satellites. Therefore, sufficient satellite coverage should exist to provide
RAIM integrity information for majority of the time.

Route: All

Positions: 404558

15
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Figure 12 : Number of satellites in view
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54.16. Geo-Objects
54.16.1. Geo-object types

In order to obtain the most amount of useful information from the GINA trials, defined Geo -
objects were separated into three categories:

1. Official Geo -Objects

2. Challenging Geo -Obijects
a. Small Geo -Objects
b. Area Geo -Objects.

Official G eo-Objects were a set of practical (legal) definitions defined by TRL, which GMV

then used to define realistic Geo - Objects that could be representative of a real charging
scheme. In this sense, TRL played the role of a Scheme Owner/ Charging Authority whil e
GMV undertook the role of a service provider. This set of Geo -Objects comprised large
charging areas (such as city centres), major roads (or segments of major roads) and

bridges. Purpose of these geo  -objects was to simulate a realistic charging environme nt and
assess charging performance of the GINA OBU. The Geo - Objects were based on guidelines

for Geo - Object types defined by the Dutch Government for the ABvM Road Pricing Scheme.

Analysis of OBU performance in Official Geo -Objects is considered to be the main source of
conclusions for Geo -Object analysis.

Challenging Geo -Objects were defined to test the performance limits of the OBUs and the
charging system, and to evaluate what types of Geo - Objects would be the most challenging

in a real road charging en  vironment. They consisted of two sub -sets of Geo -objects (Small
and Area based) which were believed to be challenging for GNSS -based Road Pricing
systems and enabled an understanding of how the definition of Geo -object may affect their
identification and  measurement.

Small Geo -Objects were largely made up of small road segments, tunnels and areas in
urban canyons. These Geo -Objects were not representative of a realistic charging scheme
but did highlight the AwWNSSbascsades ps mgrmpéfomdnde.o r

Area Geo -Objects consisted of a set of small road segment Geo -Objects which varied in
width in order to determine what effect, if any, increasing the width of a short road segment
Geo-Object has on the ability of the OBU to correctly i dentify it, and accurately measure its
length.

Each of the chapters below in this section will consider the relevant analysis for each type of
Geo-Object.

54.1.6.2. Official Geo -Objects
Incorrect Geo-Object detection

For Official Geo -Obiject types, 100% of Geo  -Object s were detected successfully by all OBU
configurations. This means that at least one position was determined inside each Official
Geo-Object.

Distance measured inside  Official Geo-Objects

This metric considers the distance measured inside each Official Geo-object and compares it
with the distance measured inside each Geo -Object by the reference system.
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Missed distance inside Geo -Objects
Table 13 below shows the percentage of distances inside Official Geo -Objects that were
missed by the OBU configurations on each route
Table 13 : Missed distance (%) in Official Geo - Objects
Route 1 6 2.45 2.45 2.45 2.45
Route 2 1 0 0 0 0
Route 3 5 1.15 1.16 1.15 1.16
All 12 1.64 1.64 1.64 1.64

Overall, all configurations of the OBU appear to have performed very similarly across all
routes . The only variation was 0.01% increase in missed distance on Route 3 for the two
EGNOS- enabled configurations.

Device: GMV OBU CANBUS+EGNOS Device: GMV OBU CANBUS+EGNOS
Route: Amsterdam Route: Rotterdam
Geoobject 6 B01% Geoobject 13 0.00%
Geoobject & 0.00%
Geoobject 12 4.28%
Geoobject 4 0.10%
o - -
Geoobject 3 0.14%
Geaobject 10 0.00%
Geoobject 2 0.00%
g
Geaobiect 1 £44% Geoobject 9 0.00%
T T T T 1 T T T T T 1
0 2 4 6 8 0 1 2 3 4 5
Missed Distance [%] Missed Distance [%]

Figure 13: Official Geo - Object missed distance

Figure 13 shows a breakdown by geo-object for Route 1 (Amsterdam) and Route 3
(Rotterdam). On Ro ute 1, the geo-objects that caused the largest deviations are Geo-Object
1 and 6. Geo -Object 1 was a motorway section near the airport that included a tunnel

section. This resulted in some loss of positioning data and therefore distance measured

within the geo-object.

Geo-Object 6 was the Amsterdam charging area enclosed by the A10 motorway. Route 1 is
designed to go around some of the area, avoiding it, and then goes all the way across
Amsterdam.

On Route 3, Geo -Object 11 was a stretch of a main road throu gh the centre of Rotterdam; it
contained a number of tall buildings and urban canyons. Geo -Object 12 was a Rotterdam
city centre area, which also included some tall buildings and urban canyons.

The results for Official Geo -Objects are as expected in terms of all geo-objects being
detected by the OBU and low percentage of missed distances within those geo-objects.
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Invalid Distance measured inside Official Geo-Objects

Invalid distance inside a geo -object is the additional distance falsely identified by the OBU.
All OBU configurations were able to achieve very low invalid distances - lessthan 0.1% (on
average) of actual distance travelled in corresponding Geo -Objects.

It would be unacceptable to obtain a high percentage of invalid distance within Official G eo-
Object type s (relevant to real Charging Scheme s) asit could lead to an increased chance of
overcharging Road Users, It can be seen from Figure 14 that the percentage of invalid

distance is very low,  even though a number of tho  se Official Geo-Objects were deliberately
defined so that a vehicle would pass very close to the edge of the m without actually
entering.

0.010
|

0.009%

0.008
|

0.006%

0.008

0.005%

Invalid Distance [%)]

0.004

0.002%

0.002
|

0.000

GMV OBU CANBUS  GMV OBU CANBUS+EGNOS GMV OBU GPS GMV OBU GPS+EGNOS

Device

Figure 14 :Invalid Geo -Obiject distance (%) for all Official Geo - Objects

Distance Deviation

Important: The results present below are based on the analysis carried out by AVEGO,
using the analysis HUB . The HUB is a proprietary platform that perform s complex
calculations over a very large dataset, and produces output in a graphical form, rather tha n
as sets of numeric tables. It is therefore not possible to evaluate the results in detail and to
determine what mechanisms are causing differences in results when compare d with
corresponding  analysis data which GMV have provided for the same data set . In TRL
opinion , the numeric results below are not entirely conclusive but some trends were
established. Results based on GMV analysis of Distance Deviation inside Official Geo -
Objects, can be found in Appendix 4 1 Distance Deviation inside Official Geo -Objects (GMV
results) .

The Average Relative Distance deviation is a metric that is useful in understanding whether

OBUs are likely to overestimate or underestimate distance travelled in chargeable geo-
objects, which have an impact on o vercharging or undercharging Road Users. The most
relevant geo-objects for this analysis are the Official Geo -Objects . Figure 15 shows the
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results and indicates that all OBU configurations underestimated the distance within  Offici al
Geo-0Objects and that those configurations without odometer connection appear to have
smaller average distance deviation.
However, when looking at the breakdown by route, as shown in Figure 16, it can be seen
that odometer -enabl ed OBU configurations are consistently underestimating on all routes ,
while the non  odometer -enabled configurations have overestimated the distance on some
routes and underestimat ed it on others. This resulted in what seems like a more accurate
overall ave rage result and a smaller distance deviation, but actually is not so for some types
of routes .
o _ -167% -1.67% -0.6% -061%
i
i
g,
g T
[=]
£
" GMV OBU CANBUS  GMV OBU CANBUS+EGNOS GMV 0BU GPS GMV OBU GPS+EGNOS
Device
Figure 15 : Average Relative Distance deviation for Official Geo - Objects
Device: GMV OBU CANBUS Device: GMV OBU CANBUS+EGNOS
z T
g o -248% -001% -117% % - -2.48% -0.01% -118%
Amsterdam Den Haag Rotterdam Amsterdam Den Haag Rotterdam
Route Route
Device: GMV OBU GPS Device: GMV OBU GPS+EGNOS
é‘ 7 1.15% é‘ “1 1.12%
g o -237% -0.15% i o -2.36% -0.15%
Amsterdam Den Haag Rotterdam Amsterdam Den Haag Rotterdam
Route Route
Figure 16 : Average Relative Distanc e deviation inside Official Geo -Objects
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Alternative method for Geo - Object distance measurement
Two different methods were considered for determining distance driven inside geo -objects.

The method used for all geo  -object and charging analysis in Section 5.4.1.6 and 5.4.1.9 is
the one used by AVEGO in their analysis

This method requires a minimum of two positions to be registered inside the geo -object
boundaries in order to be able to calculate the distance between the consecutive positions
inside that Geo -Object and therefore, and the sum of distances between adjacent positional

fixes provides the total distance within the geo -object. It is recognised that in areas of poor
GNSS signal, this method may lead to an underestimate of the distance registered inside

the geo -object compared to its actual length. Assuming the tariff applied inside Geo -Objects
is always higher than the tariff outside, this method would lead to overall undercharging of

the use r. Evidence of this can be seen in the section for Challenging Geo -Objects below,
where considerable percentages of the true distance inside the Geo - Objects were missed by
the OBU in small geo -objects. In a realistic Road Pricing Scheme this undercharging could
be considered a positive, as it can help to guarantee an very small and acceptable level of
overcharging. The potential drawback of such a method is that in certain types of geo -
object, such as small geo  -objects on a road with fast moving traffic or in poor GNSS signal
areas, only a single position inside a geo -object may be registered. In such instances, no
distance can be calculated as being driven inside that geo -object and therefore, no charge
levied.

This method is considered to be the most appr opriate one to use in a real, driven distance,
charging scheme. However, recognising the potential drawbacks, a alternative method was

developed by GMV and comparable analysis performed for Official Geo -Objects in order to
show how the two different method s can produce different estimates for distance travelled

inside geo -objects. This can be seen in Table 14 below. Due to the discrepancy between
AVEGO and GMV results for Official Geo  -Objects Distance Deviation analysis (usin g the
main method) , for consistency, Table 14 includes comparison of the two different methods

from results obtained by GMV from its analysis of the Distance Deviation inside Official Geo -
Objects. .

The alternative method uses the first position recorded on entering a geo -object and the
first position recorded upon leaving the same geo -object, as the start and end point for
calculating the measured distance inside the geo -object. The distance calculated as being

inside that geo -obje ct is then the sum of all increments of distance between adjacent points

between this start and end point. This method allows for calculating distances inside geo -
objects even if only one position point was recorded by the OBU inside it. It is usually

expe cted that the underestimation error introduced in identifying the first position inside the

geo-object is compensated by the overestimation error introduced by the last point just

outside the geo -object. Over a large number of Geo -Objects, statistically t  his is likely to
hold true and the undercharging and overcharging elements at the opposite ends of the

geo-object are likely to cancel out. However, when considering individual and extreme

cases, there is the potential to significantly overcharge a user (f or example, slow entry to
and fast exit from the geo -object).

For example, if entry to the geo -object is taken at low speed, so that a small amount of
distance is covered inside the geo -object before first position is obtained (missed distance),

but at the exit of the geo -object the vehicle is travelling at much higher speed, then a large

distance may be covered before the first position is recorded after the geo -object. In this
case the overcharging element will be larger than the undercharging element res ulting in an
overall overcharge for the geo -object. Another possibility is that if at the exit to the geo -
object the GNSS reception is low (or completely absent) then the first position registered

outside the geo -object may be erroneous and could be a long distance away from the true
position. Even if algorithms are used to filter out those erroneous positions, the first

accurate position may still be considerably further than the true end of the geo -object. This
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could lead to considerable overcharging and would be very difficult to control as it would
depend on factors such as; location of the geo -object, GNSS reception at the time,
surrounding buildings, vehicle speed.
Table 14 : Comparison of two methods for Geo - Object distance m easurement (%)

‘Method  Firstin, Firstout ~ Firstinlastin
'G-GPS 1.32 | 3.25 2.29 -5.05 4.43 341 | 233
Ec¢ GPS + EGNOS 0.86 1.5 3.39 2.37 -5.05 4.43 3.55 2.55
(MOPS)

Cc GPS + CANBUS -4.28 3.34 | 0.31 0.14 -4.46 3.43 0.32 0.13
(odometer)

A ¢GPS + CANBUS -4.29 3.35 0.2 0.08 -4.47 3.44 0.2 0.06
(odometer)+ EGNOS

(KALMAN)

54.1.7. Challenging Geo -objects
Challenging Geo -Object analysis is split into two parts, Sm all and Area Geo -Objects. Each
analysis is described in more detail below:

54.1.7.1. Small Geo -Objects

Table 15 sum marises the performance of all OBU configurations across all routes in
detecting Small Geo -Objects. All OBU configurations fa iled to detect 3 of the 4 Small Geo-
Objects on Route 1. Two of those were tunnels and the third was a narrow road in close

proximity to tall buildings. The fourth Small Geo-Object was another stretch of narrow road
adjacent to tall buildings for which betw een 90 and 95% of distance was missed by all OBU
configurations. The small road segment geo-objects were both under 200m in length. The
results suggest that GNSS -based OBUs may not be capable of detecting very small geo-
objects in urban environment.
A pot ential issue with identifying presence within tunnel geo-objects may be linked to the
filtering that was used during data analysis which discarded (0,0) positions as being invalid.
Some of these invalid positions may have been from inside the tunnels whe re no satellites
were in view.

Table 15 : Missed distance (%) in small Geo - Objects
Route 1 4 97.5 98.75 97.5 98.75
Route 2 3 78.13 74.33 78.13 74.33
Route 3 8 34.64 33.21 34.64 33.21
On Route 2, two of the originally defined Small Geo -Objects were missed out due to a route

change of route caused by road works. Although, as expected, all OBU configurations found
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these geo-objects c hallenging, it appears that EGNOS improved the distance measured
inside those geo-objects by lessthan 4%.

On Route 3, all OBU configurations obtained lower percentages of missed geo-object
distance. The reason for this is likely to be that a number of th 0se geo -objects were not in
urban canyons combined with the fact that most geo-objects on Route 3 were longer than

on the other two Routes. The shortest geo-objects w ere around 250m long with majority
being in the order of 0.5km.

Odometer connection had no effect on the measuring performance of the OBU but EGNOS
did. In some cases EGNOS -enabled OBUs performed substantially better which resulted in
reduced percentage of missed distance for geo-objects , see Figure 17.
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Device: GMV OBU GPS
Route: Rotterdam
Geoobject 37 0.29%
Geoobject 36
Geoobject 35
Geoobject 34
Geoobject 33
Geoobject 32
Geoobject 31
Geoobject 30 0.28%
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0 20 40 60 80 100
Missed Distance [%]
Device: GMV OBU GPS+EGNOS
Route: Rotterdam
Geoobject 37 0.05%
Geoobject 36
Geoobject 35
Geoobject 34
Geoobject 33
Geoobject 32
Geoobject 31
Geoobject 30 0.28%
T T T T T 1
0 20 40 60 80 100
Missed Distance [%]
Figure 17 :Small Geo -Object missed distance
From the figure above it can be seen that EGNOS had a positive effect o n reducing the

missed distances on Geo -Objects 31, 32 and 33. Geo  -Object 31 was a rural road running
adjacent to a motorway. Geo -Object 32 was a short segment of an urban road under heavy
tree -cover and Geo -Object 33 was a road segment within an urban canyon.

Geo-0bject 36 was a tunnel. This appears to have similar issues as tunnels on other routes
with all OBU co nfigurations struggling to determine presence within the geo-object
correctly.

5.4.1.7.2. Area Geo -Objects

I't doesndét appear t hahad @Bidhificarn efféct og reduairtg the percentage

of missed distance in  Area Geo-Object s, as Table 16 shows. From this data it can be seen
that the addition of Odometer had no effect on reducing missed distances in these geo-
objects , while the addition of EGNOS appears to have slightly reduced missed distance on
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Route 1 but incre ased it on Route 2. However, on both routes the changes are very small,
(lessthan 1% ).

Page:

Table 16 : Missed distance (%) in Area Geo -Objects

Route 1 5 46.21 45.14 46.21 45.14
Route 2 2 53.84 54.25 53.84 54.25

The purpose of Area Geo  -Objects was also to determine whether changing the width of a

The purpose of Area Geo -Objects was also to determine whether changing the width of a

fixed length geo -object has an impact on the proportion of distance recorded inside it. On
Route 1, 5 geo-objects were defined. For each of those, two more geo-objects were created
of 2 x width and 4 x width of the original geo -object , creating a total of 15 geo-objects.
Figure 18 below, shows a summary of the analysis for those geo-objects. The number after
the OBU configuration in this figure corresponds to the data gathered in the original width

geo-object, the 2 x  original width or 4 x original width of the geo -object.

From this figure it can be seen that for Geo -Object 14, it appears that increasing its width

had no consistent impact on the proportion of distance missed, regardless of whether
EGNOS was enabled or not. This geo-object was a tunnel. A tunnel was selected in this case
to test how the OBU would behave in such a geo -object and whether the performance could
be improved by increasing its width.

On geo-objects 15, 16 and 17, increasing the width of the geo-objects has resulted in
reduction of missed distances.

100,00%

90,00%

80,00% -
o 70,00% -
o
& 60,00%- "GPS
L
S 50,00%- m GPS+EGNO
O
B 40.00%- mGPS 2
= m GPS+EGNOS

30,00% -

mGPS 4
20,00% -
m GPS+EGNOS
10,00% -
0,00% -
14 (38) (45)15 (39) (46)16 (40) (47)17 (41) (48)21 (42) (49)
GeoObject number
Figure 18 : Comparison of distance missed in Are a Geo - Object by OBU configuration on Route 1
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On Route 2, the effect of EGNOS seems to have been reversed and appears to hav e
increased the proportion of missed distance, as can be seen in Figure 19. In both geo-

objects, the apparent increase in missed distances due to EGNOS is small, approximately
1%. Geo -Object 29 had a very high perc entage of missed distance and showed little

improvement when the width was increased. This geo-object is a tunnel and the
performance of OBUs is similar to that in other tunnel geo-objects.
100,00%
90,00%
80,00%
2 70,00%
& 60,00% mGPS
0
g 50.00% m GPS+EGNO
o mGPS 2
0 40,00%
= m GPS+EGNOS
30,00% -
mEGPS 4
04 -
20,00% m GPS+EGNOS
10,00% -
0,00% -
26 (43) (50) 29 (44) (51)
GeoObject number
Figure 19 : Comparison of distance misse din Are a Geo-Objectby OBU configuration on Route 2
What the data gathered from Area Geo -Objects seems to suggest is that there is benefit in

making geo-objects as wide as possible, particularly in urban environments, as this appears

to reduce the proport ion of distance missed inside them. What this data also seems to
suggest is that a similar principle does not apply to tunnel Geo -Objects. Increasing the
width of a tunnel Geo - Object has a very small impact on reducing the proportion of missed
distance ins ide that Geo -Object.

In terms of the impact of EGNOS on reducing missed distance inside the geo-objects, it
appears that this effect is dependent on route , with data suggesting that on Route 1
EGNOS had a positive effect while on Route 2, a very small neg ative effect.

54.1.8. Time To First Fix
54.18.1. Overall

Time to First Fix (TTFF) was determined during the first journey of each day (18 repetitions

in total). Since the test vehicle had been parked in a garage overnight, the first journey of

the day represented a truly ¢ old start. Some changes had to be made in the data file to take
into account different start ups for the reference device and the OBU under test.

Average TTFF for each route is displayed in Figure 20 below.
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Device: GMV OBU GPS
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Figure 20: Average TTFF for each route
54.1.8.2. Journey Start Distance
This metric describes the distance that was travelled by a vehicle, as measured by each

OBU configuration, to the point at which a first positional fix was determined, i.e. distance
trave lled during TTFF.

Figure 21 shows summary results for this analysis. It can be seen that OBU configurations
with a odom eter connection recorded a much | onger distance d uring TTFF than
configurations without that connection.
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Figu re 21 : Average Journey start distance (m)

The TTFF itself is identical for all configurations as they were configurations of the same

OBU. The average TTFF across all routes was 24.54 seconds. This means that difference in
distance measured during this time between different configurations, is down to
inaccuracies in distance measurement itself of each configuration. From Distance deviation
analysis in an earlier section, it was shown that odometer -connected configurations
produced more accurate distance measurement. Therefore, it could be assumed that
distance of 146.74m is the most accurate representation of average distance travelled
during TTFF during the GINA trials.

5.4.1.8.3. Journey Start Position Error

During TTFF, positions determine d by the OBU are expected to be much less accurate than

those determined once first fix has been acquired. The first part of each journey (which

begun with a cold start), was found to be approximately 147m (on average over the 18

journeys) before TTFF was acquired. Figure 22 below shows that during this time the
average position error could exceed 14m. When compared with the results for the position

error for all data, from Table 8, it can be seen that pos ition error of approximately 14m
during TTFF is actually less than the overall position error (to the 95 ™ percentile for
configurations using Kalman filter), of approximately 17m. This suggests that TTFF does not

produce a significant challenge for the Gl NA OBU in terms of position accuracy. Position
errors during this period are within the 95 ™ percentile of overall position error.

It is also worth noting that Configuration E (MOPS filtered EGNOS data), had significantly

smaller average position error dur  ing TTFF acquisition , of only 6.3m.  This would suggest
that using EGNOS (MOPS filtered) data can improve substantially the  position accuracy
during TTFF (over 100% improvement compared with other configurations ).
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Figure 22 : Posi tion error during TTFF
When considering the position error during TTFF across each route , (Figure 23), it can be
seen that Route 3 1 Rotterdam, proved to be the most challenging route , for Kalman filtered

configurations, while con  figuration E (EGNOS using MOPS filtering ) had the smallest position
error on all routes. These results appear to show that there is benefit in having EGNOS
(MOPS filtered) data during the TTFF acquisition as it is likely to improve position accuracy

during this period.
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Figure 23 : Position error during TTFF by Route
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54.1.9. Charging
54.1.9.1. Overall charging measurement accuracy (function of distance measurement
and detection of zones)
Charging performance on the GINA OBU was assessed by calculat ing the charges
accumulated in chargeable circumstances. In the Exhaustive trials this was a function of
distance driven and geo - object detection.
A simple tariff structure was implemented based on information available about the
proposed Dutch Road Pricin g System (ABvM). The following tariffs and rules were applied:
1. Outside a geo -object: Tariff = 0.065 G/km
2. Inside a geo -object: Tariff = 0.105 Uu/km
Rules:
a) If nogeo -objectis detected, tariff 1 applies for all distance calculated
b) If a geo -object is detected, tariff 2 applies for all distance travelled while the geo -object
is detected
c) For overlapping geo -objects, only the largest one is considered, using rule b), until it is
no longer detected.
The final tariff was then worked out as follows:
Total charge = (t ariff 1 *distance outside geo-object) + (tariff 2. * distance inside geo-
object) 2)
Using Equation (2) the Average Relative Charge Deviation was calculate for all OBU
configurations over all journeys, the result is shown in Figure 24. This data only considers
Official Geo -Obiject types as they are representative of a potential, real charging scheme.
o _ -0.74% -0.74% -0.66% -0.65%
T GMV OBU CANBUS  GMV OBU CANBUS+EGNOS GMV OBU GPS GMV OBU GPS+EGNOS
Device
Figure 24 : Average Relative Charge Deviation over all journeys
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The data show s that all OBU confi gurations undercharged . This is a key performance result
because , according to the expected requirements in the ABvM and other similar systems ,
the probability of overcharging should be much more stringent  that the one of
undercharging.

Overcharging could be due to:
1. An overestimation of the overall measured distance

2. An overestimation of the distance within a geo-object (as for this distance a higher tariff
is applied)

3. A wrong identification of a geo -object (since all the distance within this object would b e
incorrectly charged at a higher tariff)

The third point could provoke substantial overcharging. The fact that the system
implemented by GINA ensured that there was no incorrect geo -object identification is
therefore key to avoiding overcharging (apart fr om the fact that a user may notice the
wrong identification within an itemised bill).

It also seems to show that odometer -connected configurations , configurations A and C,
undercharged the most, while configuration E undercharged the least. However, when
looking at the shape of the charge distribution curves, see Figure 25, it can be seen that
odometer -connected configurations had a smaller percentage of larger errors, heavily
skewed to the undercharge side of the graph . Whereas, t hose configurations that did not
have a odometer connection had a more normal distribution that produced almost as much
overcharging as undercharging, thus overall cancelling out some of the errors and having a

smaller overall charge deviation.
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GMV OBU CANBUS+EGNOS
® GMV OBU GPS
m GMV OBU GPS+EGNOS

0.3
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Figure 25 : Charge deviation distribution (Official Geo - Objects)
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As described previously, charging accuracy is a function of both, overall distance
measurement and distance measured in detected geo-objects. Figure 26 below shows that
distance measured inside the Official Geo -Objects was underestimate d by all OBU
configurations; a similar pattern was followed by the OBU configurations as that in Figure
25. When looking at the overall distanc e measured by OBU configurations on all journeys,
Figure 27 and Figure 28, the data shows that odometer -connected configurations produced
smaller distance deviation and all OBU configurations overestimate d the overall distance
travelled.
Therefore, the resulting charge deviation in Figure 25 is a product of overestimating

distance outside of  geo-objects (at a lower tariff ), and underestimating distance inside
Official Geo -Objects (at a higher tariff ).

0.08
I

= GMV OBU CANBUS

GMV OBU CANBUS+EGNOS
= GMV OBU GPS
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T T T T T T
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Figure 26 : Distribution of Relative Distance deviation inside Official Geo - Objects
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Figure 27 : Distribution of Relative Distance deviation over all journeys
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Figure 28 : Average Relative Distance deviation over all journeys
Looking at charging performance by route, using the Official Geo -Objects, it shows how the
charging deviation can vary based on the type of route and environments on that route.
Although Figure 24 shows that overall all OBU configurations undercharged, Figure 29
shows that on Route 2 all configurations actually overcharged and on Route 3, OBU
configurations without a odometer connection also overcharged.
Overcharging on Route 2 could be due to all OBU configurations overestimating the overall

distance travelled on that route (as shown in Figure 30), and only slightly underestimating
distance inside  Official Geo -Objects (as shown in  Figure 15). On Route 3, OBU
configurations without a odometer connection overestimated the overall distance travelled

(as shown in Figure 30), and overestimated the distance travelled inside Official Geo -
Objects (as shown in Figure 15).
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54.2. ANALYSIS OF EGNOS PE RFORMANCE IN
INTERURBAN CONDITION S

In Section 5.4 of this report, results of the full exhaustive GINA trials are described. These

trials were prepared and carried out in accorda nce with Deliverable D2.1 i Trials Plan.
Routes defined for those trials were done so in order to be representative of the typical trips

likely to be undertaken by in the Netherlands by drivers. Routes included different
environments and were a combination of both urban and interurban driving.

It was found that configurations of the GINA OBU that incorporated EGNOS, specifically the
configuration that used MOPS filtering for EGNOS data, configuration E, did not perform well
when compared to other configurat ions in the trials. It was thought that is may have been

due to MOPS not being suitable for urban environment and that this may have had a

negative impact on the overall results. In order to understand how EGNOS -enabled
configurations perform in non -urban environments, a subset of the data gathered during the
Exhaustive trials was selected and analysed. This subset consisted of a single motorway

section from Route 1 and this motorway section was analysed independently from the rest

of the data from that rou te. All repetitions of this section of the route were considered.

The analysis for this part of the project was carried out by GMV; independent analysis by
AVEGO was not available for this motorway section. However, results from a different
motorway sectio n were available from both AVEGO and GMV. It was originally anticipated
that if both analyse s, for the common motorway section produced similar results, it would
provide assurance that GMV analysis of the motorway section used in this chapter is

reliable. Unfortunately, the two sets of results did not fully match up. Results for HPL sizes
were similar in both analyses and in our opinion this means that HPL results for the

motorway section are reliable. GMV has provided a detailed description of how all other
results were derived and the methodology used to carry out the analysis . TRL have
evaluated the information provided and have found it to represent an appropriate
methodology for the analysis. However, it should be pointed out that, other than the HPL

re sults, no results in this section have been independently verified.

It was found that although, the numerical results obtained by GMV and AVEGO did not
match up (for the analysis of the common motorway section), the trends and patterns in

terms of OBU con figuration performance did appear to be very similar. T herefore, in our
opinion, results reported in this section (based on GMV analysis) are a good representation

of how different OBU configurations performed relative to each other, but numeric values

for absolute error are not considered to be reliable.

Results from the additional analysis performed by GMV on a selected motorway section are
described below.

GINA GNSS for INnovative road Applications Trials evaluation and reporting



Code: D3.3 - Trials data package,
evaluation and results

] N g report
Date: 26 July 2011

g INNOVATING SOLUTIONS

Road User Charging Version: V0.28
Page: 58 of 153
5.4.2.1. Position accuracy 1 Absolute error
HPE Accumulated Distribution Function
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Figure 31 : Motorway section, Position error (m)

OBU configuration E (EGNOS using MOPS) appears to have produced smaller errors than

other configurations on the motorway section. Configuration E, at the 95 ™ percentile,
produced errors of up to 3m, compared with errors of up to 6m for other c onfigurations.
This result appears to be in line with previous results obtained in Section 5.4.1.3.2 , which
suggested that urban environment may have had a negative impact on the accuracy of
position determination for configura tion E.
5.4.2.2. Horizontal Protection Levels
HPL Accumulated Distribution Function
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Figure 32 : Horizontal protection levels (HPLs) on the motorway section

At the 50™ percentile, protection levels from all OBU configurations were up to 7m in radius.
For configuration E (EGNOS using MOPS), HPLs were smaller than 15m for the 99™
percentile and had an associated integrity risk of 3x10 4. These results seem to suggest that
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EGNOS (using MOPS) is able to provide smaller HPLs and

L

inter -urban con ditions than in urban conditions.

54.2.3. Charging

Mean charging deviation appears to be between

while charging deviation at

INA

Road User Charging

significantly lower integrity risk in

-0.07% and
the 95™ percentile is between 0.21% and 0.38%, (see

D3.3 - Trials data package,
evaluation and results

over all journeys,

17).
Table 17 : Charging deviation for Motorway segment
Min -051%  -0.58% W‘
Max 0.39% 0.30% 0.22%
Mean -0.07% -0.12% -0.15%
St. Dev. 0.27% 0.23% 0.24%
50% -0.08% -0.10% -0.12%
95% 0.38% 0.22% 0.21%
Note: Configuration E (GPS + EGNOS using MOPS) results were not
available in this analysis from GMV.
Addition of odometer seems to be the overriding factor in ensuring charging for a given

distance is as accurate a s possible.

54.3. NAVTEQ EXHAUSTIVE TR IALS

54.3.1. Background

These trials were carried out between 19 April and 28 May 2010 where a Navteq vehicle
participated in a separate part of the Exhaustive trials. The vehicle was equipped with a
GINA OBU which had been configur ed to provide two data streams based on

- GPS data only
- GPS+EGNOS data .

1. Configuration G
2. Configuration E

The vehicle also included a reference system as described in Section 5.25.

The Navteq vehicle was performing its usual business operations during the period of test
and did not follow the routes designed for the GMV vehicle. Due to lack or repeatability of

this part of the trial and the less controlled way in which it was carried out, it is only

considered to be a supporti  ng trial. The component of the Exhaustive trials which involved
the GMV vehicle is considered to be the main trial and the main source of results and
conclusions , w hile the Navteq part, is seen as offering additional data for the performance

of the GINA OB U in amore inter -urban environment.

54.3.2. Routes

The routes were defined by TRL (as for the GMV vehicle) but
usual business operations. The routes consisted of separate, non -repeatable journeys,
which were largely made up of motorways and inter -urban roads with in South Holland
region of the Netherlands . Some journeys did cover Rotterdam and Den Haag but did not
include those city centres.

also formed part of Navteq
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Figure 33 below, shows the road network that was covered by the Navteq v ehicle during its
participation in the Exhaustive trials. In total, 22 individual journeys were performed.
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Figure 33 : Road network covered by Navteq vehicle
54.3.3. Navteq Geo -Objects
Since it could not be guaranteed that the Navteq ve hicle would travel through geo -objects
defined for the GMV vehicle tests, a separate set of geo -objects was defined . Because the
journeys carried out by Navteq vehicles were not repeatable, a different methodology was
adopted for defining Navteq geo -object s.
Geo-objects consist ing of large municipalities (in which the distance and position measuring
accuracy of the GINA OBU could be compared with the reference system) and smaller road
segment s (which would help to facilitate geo -object identification analy  sis and charging

accuracy analysis ) were designed
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The extent of Navteq geo -objects can be seen in Figure 34, below. The smaller road
segment geo -objects are designated as red flags in this figure.
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Figure 34 :Navteqgeo -objects

54.3.4. Results

Full set of analysis provided by AVEGO can be found in Appendix 3 1 Navteq
5.4.34.1. Distance deviation

Distance deviation was measured at the end of each journey. Note that each journey w as
only performed once and was of different length and route. Distance recorded at the end of
each journey by the two OBU configurations and the reference system was compared.

Results of this analysis are presented in Figure 35. No tabular results or statistics were
provided for this analysis so all figures are estimates based on the graphs provided.

The main difference between these results and those for GMV vehicle is that, in this case,
performance of both OBU configurations is very similar. At the 95" percentile, both
configurations produced distance deviations per journey in excess of 6%. In comparison,
configurations G and E from the GMV vehicle tests produced distance deviation per route
(the 95" percentile) of less than 1%
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Figure 35 : Relative Absolute Distance Deviation (end of journey)

5.4.3.4.2. Position accuracy

In terms  of position accuracy, results from the Navteq trials show that Configuration E
(GPS+EGNOS using MOPS filtering ) performed better than configuration G (GPS), producing
less than 7m and 10m absolute error ( the 95™ percentile) respectively. Figure 36 shows
these results.

In comparison, GMV vehicle results for configurations G and E were 17.03m and 38.06m

respecti vely ( the 95™ percentile). Absolute positional errors from the Navteq trials appear to

be much smaller than those f rom the GMV vehicle . This could be, at least in part, due to the
nature of the routes driven by the Navteq vehicle. Navteq journeys took pla ce
predominantly in an inter  -urban environment, which is less challenging for GNSS based

Road Pricing systems  than urban environments

From the Navteq results, it can also be seen that configuration E produced smaller absolute
error than configuration G. This is again believed to be due to the nature of the environment

in which majority o f journeys were undertaken. The results seem to suggest that in less

urban environment s, EGNOS performance improves. It also seems to suggest that the use

of EGNOS can le ad to improved positioning performance comparedto a GPS only solution .

The results during the Navteq trials are thought to be indicative of the expected
performance in such environments, but are considered to be inconclusive due to lack of
multiple repeti tions (of the same route) and control.
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Figure 36 : Absolute error i Navteq

5.4.34.3. EGNOS integrity

Average EGNOS integrity risk during the Navteq trial was 1.35% compared with 19.5%

from GMV vehicle trials. As mentioned above, t he improv ement is likely to be due to the
much less urban  environment in which the Navteq trials took place compared with  the GMV
vehicle trials. It was noted earlier that this type of environment appears to be more suitable

for EGNOS and GNSS in general, and this is believed to be supported by improved Integrity

risk performance during the Navteq trials.

Results for EGNOS HPL size remained very similar to those from GMV vehicle trials. Figure
37 below shows distribution of HPL sizes. For the 95™ percentile , were EGNOS HPL found to
be approximately 16m, compared with 20m from GMV vehicle trials. This result further

supports the theory that EGNOS performance is improved in non -urban environment as the
Integrity Risk decreased substantially while HPL sizes were also reduced, thereby improving

the overall Integrity performance.
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Figure 37 : EGNOS HPL distribution i Navteq
54344. RAIM INTEGRITY
Averag e RAIM Integrity Risk during the Navteq trials was 0.28%. This result is h igher
(worse) than the RAIM Integrity Risk during the GMV vehicle trials, which was 0.13% for a
comparable OBU configuration (Configuration T G). It is, however , lower than the EGNOS

Integrity risk.

The reason for the reduced RAIM Integrity Risk  performanc e could be due to the smaller
RAIM HPL sizes (see Figure 38). During the Navteq trial, for  the 50" percentile, the RAIM
HPL size was less than 25m, compared with over 35m during GMV Vehicle trial. In addition

over 70% of HPLs wer e of 100m or less, compared with less than 65% during GMV vehicle

trial. The cause of an increased number of smaller RAIM HPLs during Navteq trials may be
due to the increased \visibility of 5 or more satellites, due to the open -sky non-urban
environment encountered on Navteq vehicle journeys. Due to s mall er RAIM HPLs becoming
more frequent and more often comparable with reference system position errors , it is
possible that this led  to false Integrity Risk events . Although this is thought to happen with
EGNOS Integrity Risk too, due to the percentage of the RAIM Integrity Risk being very low
these false events may have a more visible impact.
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Figure 38 : RAIM HPL size distribution T Navteq
54.345. Geo-Objects
All analysis in this section is performed for Official Geo - Objects.
Average Relative distance deviation inside the geo -objects was -1.37% and -1.42% for

configurations G (GPS only) and E (GPS+EGNOS) respectively. Distribution of the distance
deviation can be seen in Figure 39 below. Distance deviation in this case was derived using
the main method for geo  -object identification, as described in 54.16 .

It must be noted that since journeys could not be repeated, the results presented for geo -
objects analysis are not conclusive. Different trajectories were followed by the Navteq

vehicle during each journey and distance measured inside each geo -object was different on
every journey. Although, these results are not considered to be stati stically significant, they

do indicate that distance was underestimated in all cases . The conclusion is that the GINA
system appears to undercharge inside Official Geo -Objects and is in line with that gathered
from the main trials using the GMYV vehicle.
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Figure 39 : Average Relative Distance deviation inside Official Geo -Objects - Navteq.

In terms of relative missed distance inside official Geo
performed very similarly, with

E (GPS+EGNOS) attaining 1.43%.
5.4.34.6. Charge deviation

Average relative charge deviation was -1.69% and
and Configuration E ( GPS+EGNOS) respectively.

trials using the GMV vehicle, charge deviation for journeys with Official Geo
The larger charge deviation result

0.66 and -0.65 for
from the Navteq trial
therefore larger errors
40, below.

Configuration s G and E respectively.

It should be noted that these results are not conclusive due to lack of repeatability
of journey s and geo -object trajectories and distances. However, the results do

repetitions

seem to indicate that the OBU tested in different configurations

GINA GNSS for INnovative road Applications

-1.72% for

-Objects, both configurations

Configuration G ( GPs only ) attaining 1.4% and

may be due to larger distances being driven inside ge
occurring. Distribution of charging deviation can be seen in

Configuration

Configuration G ( GPS-only)
In comparison, during the main exhaustive

-Objects was -

0-objects and
Figure

and

tend to undercharge.
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Figure 40 : Charge deviation for Official Geo -Objects - Navteq
5.4.34.7. Conclusion
The primary aim of the exhaustive trial was to demonstrate the performance of different
GNSS technologies for Road Pricing application and, in particular, how the developed OBU in
a GNSS -based Road Pricing system is able to guarantee an acceptable level of overcharging.
Analysis of data gathered during Exhaustive trials, using a GMV operated Vehicle showed
that the addition of a odometer connection to a GINA OBU can significantly increase the
overall distance measurement accuracy. The analysis shows that CA NBUS-connected OBU
configurations produced distance deviation of 0.2 3% compared with 0.93 to 0.99 % for
configurations without a odometer connecti on. This then suggests that
travell edd Road Pricing Scheme, s @l Netherlands, itwowd bene pr op
beneficial for OBUs to have a connection to a vehicle odometer as it will increase the
accuracy of the measured distance.
In terms of Geo-Object identification performance, the analysis showed that for Official -type
Geo-Objects, (those that could be expected to be defined in a realistic charging scheme),
the GINA OBU (in all configurations) was able to detect all Geo -Objects. The total distance

missed while inside the Official -type Geo -Objects was 1.64% for all GINA OBU
configurat ions. Perhaps even more importantly, all tested configurations of the OBU had
less than 0.1% of incorrectly identified Geo - Object distance.

The performance of the GINA OBU described above resulted in the overall charging
deviation, (using Official -type Geo -Objects only), of between -0.65% and -0.74% over all
journeys, with 0% overcharging over the corresponding dataset.

It appears that using EGNOS MOPS did not significantly improve the integrity performance
of the GINA geo-fencing based approached, if all r oute types are considered, including deep
GINA GNSS for INnovative road Applications Trials evaluation and reporting
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urban . It had no impact on distance measurement  that is highly influenced by the
odometer. It also did not appear to provide sufficient position integrity for use in a Road

Pricing Context in urban environments, a s the integrity risk was over 15% and on one of the
routes, as high as 26.65%. It was also found that those configurations of the GINA OBU

that used EGNOS MOPS, produced much higher position deviation than those that used
Kalman filtered data. This suggest s that MOPS may not be a suitable standard for use in
urban environments.

However, additional analysis carried out by GMV over a motorway segment of a defined

route shows that for configuration E (EGNOS using MOPS); Horizontal Protection Levels

(HPLs) wer e smaller than 15m for the 99 th percentile and had an associated integrity risk of
3x10 "*. These results seem to suggest that EGNOS (using MOPS) is able to provide smaller

HPLs and significantly lower integrity risk in inter -urban conditions than in urban conditions.
In addition, configuration E, at the 95 ™ percentile, produced errors of up to 3m, compared

with errors of up to 6m for other configurations.

The analysis also showed that having small Geo -objects, especially those defined as narrow
corridors, can significantly increase distance missed by an OBU in those Geo -Objects.
Experience from the exhaustive trials suggests that although the location of the Geo - Object
will have an effect on how it is identified by the OBU, the Geo -Objects should be as lar ge as
possible and generally, not be less than 0.5km in length (for corridor road segments). They

should also be as wide as adjacent roads would allow. Where possible, Geo - Objects should
be defined as cordons as opposed to corridors.
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6. END TO END TRIALS

6.1. Background
As part of the GINA project , an End -to-End trial was carried out with a large number of
participants, in order to determine how the entire system performs over a prolonged period
of time. The whole system aimed to simulate a realistic Road Pricing Scheme where
participating vehicles were equipped with a GINA OBU, and a Back Office collected data
regarding each participant & road usage and produced monthly pseudo -bills for the
participants to review. No actual monetary transactions occurred during t his process.
Reliability and functionality of the OBU s were also assessed.
The original trial definition proposed the End -to-End trials to last for 6 months and involve
up to 100 participating vehicles. Due to several issues encountered during the
manufact uring process of the OBUs, there was a delay in the availability of all 100 OBUs for
the anticipated trial start date. A phased approach was therefore adopted whereby each
OBU would be installed in the participating vehicle as it became available and would remain
in the vehicle for approximate ly 6 months. As a result, those OBUs that were installed last

were also removed last.

In total, 97 OBUs were produced for the GINA project. Out of those, 91 were installed in
participating vehicles due to las t minute withdrawals from trials of some volunteers during

the installation procedures . Of t he 91 OBUs installed, 68 were
the duration of the project. The following analysis is based on this sample of 68 OBUs. A full
list of all OBUs an d their status during the project is included in Appendix 6 7 End-to-End

trials OBU Status

The different OBUs tested the GPS only and GPS+EGNOS configurations, but in this case
there was only one stream of data converted to an o utput file, due to data storage
limitations in the OBUs given the  lack of control over the vehicle trajectories and routes
The approach followed in this case was to run the OBUs in the GPS+EGNOS configuration
for the first phase of the testing, and, start ing from November 2011  , the SISNet Signal was
switched off from the OBUs so that GPS only data was recorded, thereby providing two
different sources in order to compare results. Due to faulty OBUs, some did not provide
GPS+EGNOS data during the period up t o November which resulted in GPS only data from
those OBUs throughout that period, as seen in Figure 46 .

6.2. Methodology

Unlike in the exhaustive trials, participating vehicles  during End -to-End trials did not follow
pre -defined rout es. All participants carried on driving their vehicles in the typical, everyday -
manner and perfo rmed their usual commut ing and other activities . The benefit of this
approach was that  details of a large number of participants Ojourneys could be obtained ove r
a prolonged period of time. However, the results were also affected by the following
limitations:

1. A precise comparison of OBU performance between participants was not possible.

2. No accurate reference data could be obtained for comparison of distance drive n.

3. There was no guarantee that participant would enter the defined geo -objects.

4. There would be variability in how each participant travels through a defined geo -
object.

5. Reference length of geo  -objects could only be obtained from digital maps.
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6. Geo-objects ¢ ould only be of a certain type to allow assessment of distance travelled
within (a road segment with only one entry one exit point).
7. Environmental impacts on the quality of GPS / EGNOS signal were unknown.
8. During September 2011 and November 2011 different shortages for SISNet/EGNOS
were detected while examining the data, several weeks of each month did not
provide EGNOS corrections, for most of the analysis parts it was not relevant, but for
the EGNOS availability analysis it had a big impact since the aver age figures were
much lower than expected but it was not really lack of availability of EGNOS itself
but rather of SISNet service due to configuration changes in the server.
Due to privacy requirements, the data of each participant was condensed into mon thly
averages and so variations in individual OBU or participant behaviour is partly lost. This was
understood at the trial definition stage and data analysis was proposed that would aim to
maximise the use of available data. Based on the information provi ded about trial
participants6é workplace post codes (no personal
post code identifiers were not linked to individuals), TRL defined a set of geo-objects
through which  participants would have a high probability of drivi ng. Two types of geo -

objects were defined:

evaluation and results
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report

1. Large zones i Four main areas in the Netherlands  were identified, The Hague,

Rotterdam, Utrecht and Nijmegen . Each of these areas was defined as a zone geo

object based on the municipality boundary for this area. Comparison with reference

data for this type of geo  -object is not possible as there is more than one possible
route that a participant could take. Therefore, distance (and charge) would always
be different in the same geo - object for different participants.

Figure 41 :End -to -End Zone geo -objects

2. Corridors 1 17 corridor geo -objects were defined in the above z ones. These geo -

objects only had one possible entry and possible exit point. Therefore, each
participant going through a geo-object would travel a similar distance. A comparis
can then be made with reference data for the length of each corridor, obtained from

on

digital maps. A full list of all end -to-end Geo -objects can be seen in  APPENDIX 7 -

End-to-End corridor geo -objects .
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