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NAVIGATION DEVICE ASSISTING ROAD TRAFFIC CONGESTION MANAGEMENT

FIELD OF THE INVENTION
The invention relates to a mobile electronic navigation device, software for implementing

a functionality of the device, and, a method of providing a service to a user of such as device.

BACKGROUND ART

Advances in technology and the increasing pressures of congested road environments
have encouraged the development and adoption of Personal Navigation Devices (PND). The
abbreviation PND is sometimes used to refer to a “portable navigation device”, but in this
specification will be given its more expansive definition, covering any kind of personal
navigation device that is either portable (e.g., can be fixed to an auto windscreen using a suction
mount), or embedded (e.g. permanently fixed into an automobile). PNDs can be dedicated
navigation devices (e.g., a device whose primary function is navigation) or can have multiple
other applications (e.g., media players) or can have a primary function other than navigation (e.g.,
a mobile telephone). PNDs are used predominantly, but not exclusively, in cars and other motor
vehicles. PNDs incorporate geographical map databases including road information and points of
interest. They generally include software which allows the user to.input a destination and to be
provided with one or more routes; driving instructions are issued to guide the driver along the
selected route to the destination. The PND may include a mount attachable to an automotive
windscreen.

The selection of the route along which to guide the driver can be very sophisticated, and
the selected route may take into account existing and predicted traffic and road conditions,
historical information about road speeds, and the driver's own preferences for the factors
determining road choice. In addition, the device may continually monitor road and traffic
conditions, and offer to or choose to change the route over which the remainder of the journey is
to be made due to changed conditions.

Road travel is a major part of everyday life for businesses, for other organizations, and for
private individuals. The costs of traffic delays can be very large. The purely financial cost has
been estimated as billions of pounds in the UK alone. In view of these costs, systems which can

assist drivers to optimize their travel, for instance by selecting the best route and by avoiding
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congestion delays, are of significant value. In fact, a diverse array of driver information systems
has grown up. The longest established are broadcast radio traffic reports which aggregate data
from a number of sources such as the police, eye-in-the-sky, and more recently mobile phone
calls from drivers stuck in traffic jams, to provide subjective advice about incidents and delays.
Radio Data System (RDS) radios make these systems more effective by automatically cutting to
traffic reports from normal radio programs. Static route planning systems are provided on the
websites of major motoring organizations such as the Automobile Association (AA) and RAC in
the UK. These allow a driver to enter the points of a journey and to be given a route and driving
instructions for that route.

In the recent past, in-vehicle personal navigation devices have been introduced based on
Global Positioning System (GPS) technology. Examples of these are the TomTom GO™ series
of PNDs. Personal navigation devices use the GPS system to discover the exact position of the
vehicle on the road network and to plot the location of the vehicle on an on-screen road map.
PNDs contain a mechanism for computing best or good routes between two or more points on the
road network and can direct the driver along the chosen route, continually monitoring their
position on that route. Personal navigation devices have begun to incorporate traffic information
into their services, and in some, traffic information is integrated into the route selection process:
the PND will route around congested roads. Where traffic information is provided by the PND,
the user can observe delays where they impact the selected route, and guide the device to re-plan
a route avoiding the delayed sections of road if they consider this necessary. Real-time traffic
monitoring systems, based on various technologies (e.g. mobile phone calls, fixed cameras, GPS
fleet tracking) are being used to identify traffic delays and to feed the information into
notification systems.

As mentioned above, road traffic can be monitored in real-time on the basis of mobile
phone calls as follows. In a mobile phone system, subscribers carry handsets. When the
subscriber initiates or receives a call or text message or data session, radio communication takes
place between the handset and a base transceiver station (BTS), the familiar mast on the modern
landscape. As well as transmitting an encoding of the message passing between caller and call
recipient, the handset and BTS transmit a large amount of control information between
themselves for the purposes of reliably and efficiently supporting the communication; for

example the system must choose when to pass the call to another BTS as the subscriber moves
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about. The control information in a Global System for Mobile Communications (GSM) system or
in a Universal Mobile Telecommunications System (UMTS), contains information on the signal
strength of neighboring BTSes, timing advance information to instruct handsets further from the
BTS to transmit earlier in order to match their time slot, transmission error rates and much more.
Other technologies, such as code division multiple access (CDMA), use different information to
achieve the same purposes of reliable and efficient communication. Collectively, these
parameters are being referred to as the mobile phone control parameters. A location parameter
database (LPDB) correlates mobile phone control parameters with geographical locations of
handsets. LPDBs can be constructed and maintained by one of several means, and can map one
of several useful subsets of control parameters to geographical locations.

For more background information on such PNDs and above services, seg, e.g., US patent
application publications US 20070225902; US 20070185648; US 20070118281; and US
20070117572, all owned by TomTom International B.V. and herein incorporated by reference.

For more background information on monitoring road traffic through monitoring usage of
mobile telecommunication devices onboard road vehicles see, e.g., W0200245046 (“Traffic
monitoring system”); and W02007017691 (“Method of finding a physical location of mobile

telephone at a given time”), incorporated herein by reference.

SUMMARY OF THE INVENTION

The inventors aim at improving navigational guidance to an individual user of a road
vehicle. The inventors further intend to improve traffic management so as to avoid or reduce
traffic congestion.

The invention relates, among other things, to a mobile electronic navigation device
configured for providing navigation information to a mobile user on a road network, depending
on a geographic position of the device and upon being programmed to guide the mobile user to a
pre-determined destination via an itinerary. The device comprises: a storage for storing
information, e.g., roadmap information, about a segment of the road network, including historical
data representative of respective historical traffic progress (e.g., average speeds or average traffic
flow) on respective roads in the segment; a wireless receiver for receiving data indicative of a
current traffic progress (e.g., current average speed or current traffic flow) on a stretch of a

specific road in the segment; and a data processor coupled to the receiver. The processor is
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further operative to carry out following tasks. The processor determines if the stretch is included
in a portion of the itinerary yet to be traveled. If the processor has determined that the stretch is
not included, the itinerary is being used for determining the navigational guidance. If the
processor has determined that the stretch is included, the processor uses the historical data to
determine an alternative itinerary to the destination based on comparing a first expected travel
time for the itinerary, given the current traffic progress, to a second expected travel time for the
alternative itinerary. Depending on a result of the comparing, the processor starts to provide the
navigation information with respect to the alternative itinerary.

Accordingly, the navigation device in the invention provides navigational guidance
according to an alternative itinerary upon receipt of real-time information about the current traffic
progress on a stretch of road in the upcoming leg of the original itinerary that may indicate that
the alternative itinerary has a shorter expected travel time. The data received via the receiver may
indicate an emerging or existing traffic jam in the upcoming leg of the trip. The device in the
invention then seeks an alternative to the original itinerary for the part to be traveled. If the traffic
jam has disappeared before the user has to be guided according to the alternative itinerary, the
receiver receives data indicating an improved traffic progress (e.g., increased traffic flow or
increased average speed) on the stretch and the device determines in a similar way that the
original itinerary is to be taken as a basis for guidance.

In an embodiment of the device in the invention, the second expected travel time is
calculated based on scaling the historical traffic progress (e.g., average speed or average traffic
flow) on a further road in the alternative itinerary with a quantity representative of the current
traffic progress (current average speed or current traffic flow) on the specific road. The scaling
finds its origin that congestion on one road may lead to heavier traffic on connecting roads. That
is, the congestion affects traffic flow and average speeds in the vicinity. By means of taking into
consideration this phenomenon through the scaling, alternative routes are calculated that more
reliably approximate the shortest overall travel time to the destination.

In addition to the current traffic progress conditions, current or expected weather
conditions may also affect the travel time or, more generally, may also affect the itinerary. Real-
time information about weather conditions is therefore preferably also taken into account when
calculating modifications to the current itinerary. For the purpose of the invention, weather

conditions such as fog, rain, snowfall, black ice, etc., can be translated into quantities
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representative of the (virtual) traffic progress. In case of hazardous road conditions due to bad
weather, the expected travel time to cover the itinerary’s stretch affected by the weather is scaled
up. The scaling factor can be determined, e.g., based on historical data (see the historical data
extracted from GPS traces further below) or can be determined by experiment or roughly
estimated. This scaling up of the travel time is the quantity considered in the data processing in
the invention regardless of the origin: whether originating from traffic congestion or from
hazardous road conditions. Accordingly, the concept “current traffic progress™ is also understood
herein as to cover “current or expected weather conditions” for the purpose of the invention.

Another embodiment of the invention relates to software for a mobile navigation device
configured for providing navigation information to a mobile user on a road network, depending
on a geographic position of the device and upon being programmed to guide the mobile user to a
pre-determined destination via an itinerary. The device comprises: a storage for storing
information about a segment of the road network, including historical data representative of
respective historical traffic progress on respective roads in the segment; a wireless receiver for
receiving data indicative of a current traffic progress on a stretch of a specific road in the
segment; and a data processor coupled to the receiver. The software comprises instructions for
control of the processor to: determine if the stretch is included in a portion of the itinerary to be
traveled; if the stretch is not included, to keep using the itinerary; if the stretch is included, using
the historical data to determine an alternative itinerary to the destination based on comparing a
first expected travel time for the itinerary, given the current traffic progress, to a second expected
travel time for the alternative itinerary; depending on a result of the comparing, starting to
provide the navigation information with respect to the alternative itinerary. Preferably, the
software comprises further instructions for the processor to calculate the second expected travel
time based on scaling the historical traffic progress on a further road in the alternative itinerary
with a quantity representative of the current traffic progress on the specific road.

Accordingly, the software can be provided as an after-market add-on or as an upgrade to
an installed base of electronic navigation devices that have a wireless receiver. A separate
wireless receiver can optionally be mounted to a conventional electronic navigation device so as
to make use of the service enabled by the supply data representative of real-time traffic

conditions as specified above.
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The wireless receiver introduces above includes, e.g., a General Packet Radio Service
(GPRS) receiver. As known, GPRS is a packet-oriented Mobile Data Service available to users of
GSM mobile telephones. The expression “packet oriented” refers to the way data packets are
multiplexed. GPRS data communication can be unidirectional or bi-directional. Alternatively, the
wireless receiver comprises a Radio Data System (RDS) receiver. The RDS technology uses
conventional FM radio broadcasts to send data. RDS technology is typically used to implement a
Traffic Message Channel (TMC) for delivering traffic information to drivers. Other
implementations of the wireless receiver are based on, e.g., Digital Audio Broadcasting (DAB)
technology, or satellite radio, the latter using a communications satellite that covers a larger
geographical area than do transmissions using a terrestrial technology.

The GPRS technology enables a bi-directional data communication. This can be used in
an embodiment of the invention, wherein the PND has a GPRS receiver and a GPRS transmitter
and wherein the PND is configured as a thin-client that delegates to a server the calculation
and/or re-calculation of the itinerary to the predetermined destination.

Accordingly, the inventors further propose a method of providing navigation information
to a user of a mobile navigation device, depending on a geographic position of the device, for
guiding the user to a pre-determined destination via an itinerary. The method comprises
following steps. Data is received from the device representative of the geographical position. A
segment of a road network is determined relevant to the itinerary given the device’s current
geographical position. Information is determined about the segment, including historical data
representative of respective historical traffic progress on respective roads in the segment. Current
traffic progress is determined of traffic on a stretch of a specific road in the segment. Then it is
determined whether or not the stretch is included in a portion of the itinerary to be traveled. If the
stretch is not included, then the itinerary is used. If the stretch is included, the historical data is
used to determine an alternative itinerary to the destination based on comparing a first expected
travel time for the itinerary, given the current traffic progress, to a second expected travel time
for the alternative itinerary. Depending on a result of the comparing, navigation information is
provided with respect to the alternative itinerary.

Preferably, the second expected travel time is calculated based on scaling the historical
traffic progress on a further road in the alternative itinerary with a quantity representative of the

current traffic progress on the specific road.
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An advantage of the thin-client approach or of having the processing delegated to a
server, resides in the fact that the server has available traffic information and weather information
about multiple geographic areas, including the area wherein the user is advancing. This enables
dynamically optimizing the itinerary on a scale larger than only locally within a single one of the

geographic areas.

BRIEF DESCRIPTION OF THE DRAWING

The invention is explained in further detail, by way of example and with reference to the
accompanying drawing, wherein:

Fig.1 is a block diagram of a system in the invention;

Figs.2 and 3 give formulae explaining aspects of the invention;

Fig.4 is a block diagram of a first example of a navigation device in the invention;

Figs.5 and 6 are block diagrams of further examples of a navigation device in the
invention; and

Fig.7 is a flow diagram of a method of providing navigational guidance to users of the
devices of Figs. 5 and 6.

Throughout the Figures, similar or corresponding features are indicated by same reference

numerals.

DETAILED EMBODIMENTS

According to some studies, about 25% of traffic monitored on a specific road or highway
consists of vehicles driving a longer, inter-regional route. This is a significant group which could
take quite easily an alternative to the specific road or highway. The question is how to inform of
the alternative? Authorities could inform all drivers driving in the region north of the city of
Amsterdam that today it is better to use the Enkhuizen - Lelystad dike road if they intend to go to
Flevoland or beyond. Drivers coming from the Amstelveen/Schiphol region could be advised to
drive via the city of Utrecht. However, it is extremely difficult to inform these drivers and even
more so to convince them that they should take the advice. The drivers need more detailed
information in order to be able to accept the alternative route.

The system in the invention proposes the alternative routes to a driver via the mobile

navigation device onboard the driver’s vehicle. The alternative routes are proposed together with
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a clarification of the expected advantage of taking these alternative routes. Accordingly, when
traffic gets congested in a certain geographical region, the system of the invention advises the
drivers, driving within this region or traveling towards this region, to proceed according to the
directions being currently given via the mobile navigational device in order to avoid the
congestion automatically. The system in the invention thus helps the drivers to reach their
destination sooner. In addition, the system also contributes to reducing the volume of traffic
passing through the congested area by means of spreading it across the rest of the road network in
the vicinity of the congested region.

The majority of the cars in traffic jams turn out to be on a short intra-regional trip. An
example of drivers on an intra-regional trip is people living in the town of Almere who intend to

do some shopping in the nearby city of Amsterdam. The system of the invention enables these

- drivers to be informed, before starting their trip, about expected travel times. If delays are to be

expected due to traffic congestion, these people may want to reconsider their trip. They may
decide to do some local shopping instead, to drive to another town or city, or to take one of the
proposed alternative routes or use public transport. Again, traffic volume passing through the
congested area will be reduced.

There always remains a group of drivers who, despite the congestion, decide to enter the
congested area. It is a common misunderstanding that in this situation, driving through small
villages and city centers instead, so as to bypass the congestion, is an acceptable solution. Studies
have confirmed that such driving is completely ineffective. Reasons for this are, among others,
that the maximum allowed road speeds are low and that, because of traffic lights and non-
efficient routes, the average speed attainable is not higher than 15 km/hr to 25 km/hr. In most
cases the driver’s destination is reached much faster by just staying the traffic jam or using the
regional roads. All devices from TomTom, the current Assignee, use by default these settings of
the fastest route so as to avoid guidance via inefficient routes. However, the lack of reliable, up-
to-date travel time information causes people to find there own routes, however inefficient. The
system of the invention aims at convincing these people to accept the navigational information to
their own benefit.

Accordingly, the system in the invention provides more reliable and efficient guidance
directions to people on the move. Based on excellent travel time estimation, people can consider

and easier accept alternative routes. The system of the invention improves the utilization of the
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main road network and contributes to reducing traffic congestion. Drivers on inter-regional trips
are re-routed so as to bypass the congested area. Regional drivers will be advised to use regional
alternatives or just accept the delay caused by the congestion.

The system of the invention generates high-quality traffic information for the entire road
network. The system enables to propose alternative routes that better exploit the road network
available around congested areas. The system uses a multi-source strategy. The system combines
traffic information from existing sources, €.g., as supplied by the road authorities and other public
services, with traffic information generated based on data supplied by mobile telephone network
operators and traffic information supplied by users of GPS-enabled mobile navigation devices.
As a consequence, a detailed overview of congestion bottlenecks is created. This detailed
overview can then be used to generate navigation information about alternative routes.

Fig.1 is a block diagram of a system 100 in the invention. System 100 comprises a data
collection and acquisition sub-system 102 that receives data from transportation departments,
road operators or road authorities, local government, etc., all referred to here as “authorities” 104,
data from mobile telephone network operator(s) 106 and data from users of GPS-enabled mobile
navigation devices -108.

The data received from authorities 104 is representative of, e.g., conventional traffic
information obtained via traffic monitoring equipment on the roadside. Such equipment includes,
e.g., live cameras and other road sensors such as inductive loops integrated in the road surface.
Other data received from authorities 104 may include roadwork reports. Yet other data received
from authorities 104 include, e.g., weather forecasts or real-time weather radar data. The real-
time weather radar data enables to, e.g., scale up expected travel times on roads in regions with
heavy precipitation, with reduced visibility as a result of fog or drizzle, or with strong gusts of
winds in order to account for slower traffic.

The data received from operator 106 is representative of road traffic monitored in real-
time on the basis of mobile phone calls as explained above and in, e.g., W0200245046 and
W02007017691, mentioned above.

The data received from users of GPS-enabled mobile devices 108 is based on the
following. Device 108 is configured for recording GPS traces. When device 108 is in operational
use, device 108 repeatedly records its geographic location and a time stamp in a file. The records

in file enable to reconstruct the trips taken with this particular device. An example of such device
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108 is made by the Assignee. Device 108 cooperates with a software program (“TomTom
Home”) installed on the user’s home PC or laptop PC. The software program enables the user to
update, personalize and otherwise manage device 108. For example, if the user wants to install a
new map, a custom points-of-interest database, or have device 108 give directions in another
voice, the user can simply download these and other components from a server via the Internet
and have them installed on device 108. The program also allows planning one’s trip in advance
from home. When connected to the server, the server will upload the file of records. The records
are collected from all devices 108 and stored in sub-system 102.

Accordingly, system 100 has real-time data available through mobile telephone network
operator 106 and historic data available through the download of GPS traces. These data now are
processed in data processing sub-system 110 for generating traffic information stored in storage
114.

Data processing sub-system 110 processes the historic data (e.g., as represented by the
GPS traces from devices 108) is processed to generate traffic information, including mean speeds
for roads that are not, or not adequately, covered by real-time data from operator 106 for the
purposes of the invention. In order to explain the processing, consider the following scenario.

Consider the situation at an arterial route bypassing an urban environment. This urban
environment can be a small town, bypassed by a national motorway or a heavily used big urban
main road which goes around a major city, or crosses suburbs or the city’s center. When the
arterial route is not congested, the GSM-based data received from operator 106 and the GPS-
based data from devices 108 indicate normal transit times on the main roads. But, during rush
hour, the transit time might increase sharply. The data received from operator 106 and devices
108 indicate this increase in transit time during rush hour. An increase in transit time is
equivalent in a decrease of the average road speed. For example, normally the average speed lies
between, say, 100 km/hr and 120 km/h, but during rush hour the average speed is around 30
km/h. During rush hour, the average speed on the urban network of secondary roads decreases as
well, e.g., from around 35 km/h to around 15 km/h. The real-time data received from operators
106 does not enable to reliably measure real-time travel times on the urban smaller roads owing
to the low volume of traffic; only on the urban arterials the measured travel-times are useable
owing to, among other things, the higher traffic volume. Therefore, if the mobile navigation

device of a user does not consider these varying average road speeds on the secondary roads, it
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may lead the user into the congestion or slow-moving traffic on the secondary roads, as these are
not associated with the average speed of 15 km/hr during rush hour, but erroneously with the
static average speed of 35 km/hr, which is still faster than the current average speed of 30 km/hr
on the congested arterial route.

In order to improve navigational guidance to the drivers, the inventors therefore propose
to use both the real-time GSM-based data and the historical GPS-based data in order to provide
an estimate of the average speed or travel time on the secondary roads as is explained further
below in detail.

Now consider the following scenario. System 100 determines via, e.g., the data from
operator 106, that a certain stretch of a specific motorway is congested. That is, the average speed
on this stretch is dramatically lower than during normal traffic flow. It is plausible to assume that
the congestion also affects the average speeds on the secondary roads leading into, or exiting
from, the congested stretch of the motorway. The traffic information generated and stored as data
in storage 112 relates to the average speed on the congested stretch and/or expected travel time to
cover this stretch under current circumstances. Via a server 114, this data is sent via a data
network 116, which includes a GPRS infrastructure, to users of electronic navigational devices
118 in the relevant geographic area. GPRS is a known technology enabling to receive data
packets via a mobile data service available to users of GSM mobile telephones. As mentioned
above, wireless data communication technologies other than GPRS can be used to communicate
data from server 114 to device 118. GPRS is mentioned here as a practical example. Note also
that in addition to traffic information in terms of current average speeds on the roads considered,
server 114 may also communicate to devices 118 data representatiVe of weather conditions
existing or being expected in the relevant geographical area. The data could refer to, e.g., strong
gusts of wind, fog, black ice, etc. Devices 118 are preferably configured to process this data to
generate information conveyed to the users of devices 118 via their display monitor and/or
loudspeaker.

Navigational devices 118 are configured to process this data as follows, and as is
explained in further detail below. The congestion may affect the travel times of one or more users
of devices 118, given their destinations and given their original itinerary as first calculated by
devices 118. Device 118 now recalculates the itinerary by taking into account the expected

speeds or travel times on the secondary roads in the congested area, given the speed on the
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congested motorway stretch. To this end, device 118 has available the required information, e.g.,
from its local storage. Device 118 thus can make an educated guess about what routes to take in
the detour in order to optimize, e.g., travel time, in the presence of traffic congestion ahead.

Details of the approach taken are as follows. The inventors introduce the concept of a
virtual real-time speed (VRS). In an embodiment of the invention, the VRS is computed within
the PND in situations wherein real-time data is not available for the relevant road. The VRS is
computed based on the historic average speed information for that road. The VRS is computed
for secondary road sections in a certain geographic area with traffic affected by congestion on the
main motorway or main arterial route in that area. The VRS is determined by the speed of the
real-time traffic on the main motorway. The VRS on a secondary road is assumed to depend on
the real-time speed on the neighboring main motorway under some circumstances. The invention
now exploits this dependence to improve accuracy of navigational guidance to the individual user
of device 118.

Several approaches can be taken to determining a VRS: a line-based approach and an
area-based approach, as explained in detail below. Preferably, the area-based VRS is used.
However, in case the area-based VRS cannot be computed, the line-based approach is used.

For the line-based approach, one proceeds as follows. The real-time speed on a section of
the relevant motorway, as determined from the GSM-based data, has a value Vica.mor. The
historical average speed on this section, as determined from the GPS-traces, has a value Vhistmot.
Now consider a road segment in the road network surrounding the section of the motorway. For
this segment, labeled “i”, the VRS is assigned a value Vvrs.seg by means of, e.g., scaling the
historical average speed of the segment Vipisi.seg With a function Fy;pe according to expression
(202) of Fig.2. The historical average speed of the segment Vi pjst.seg iS determined on the basis of
the GPS traces mentioned above. Scaling function Fi,e depends on a first quantity Vical.mot.line and
on a second quantity Vhis.mot-tine according to expression (204) in Fig.2. First quantity Vreal-mot-line
is defined as the average of the real-time speeds, as measured from the GSM-based data, on N
sections of the relevant motorway according to expression (206). The sections are identified on
the basis of, e.g., traffic message channel (TMC) codes known in the art. Second quantity V.
motline 1S defined as the average of the historical speeds, as recorded from the GPS traces, on the N
sections of the relevant motorway according to expression (208). An example of a useable scaling

factor F is given in expression (210) of Fig.2, but other dependences are possible as well.
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Expression (210) implies for expression (202) that the ratio of Vjvgs.seg t0 Vreat-mot-line 1S assumed
to be equal to the ratio of Vihist.seg 10 Vhist-mot-line- This is interpreted, roughly, as that the ratio of
the number of vehicles, assumed to be currently present on secondary road segment “i”, to the
number of vehicles, currently present on the N sections of the motorway, equals the ratio of the
number of vehicles, present in the past on segment “i” according to the GPS traces in the
considered time window, to the number of vehicles, present in the past on the N sections of the
motorway in the same time window. That is, the traffic on the secondary roads is scaled to the
traffic on the main motorway.

Above examples of scaling factors in expressions (202), (204) and (210) give rise to
relatively simple models that are, nevertheless, useful in modeling traffic flow in practice for
purposes of the invention. The scaling factor signifies the phenomenon that congestion on the
motorway leads to slower speeds on the connecting secondary roads in the neighboring part of
the road network. In general, the relationship between speed and traffic flow is a complicated
one, and may take into account many other quantities, in addition to speed, for modeling traffic
flow, such as, e.g., response time, acceleration and deceleration of individual vehicles, the time-
derivative of speed and/or traffic volume, the location-derivative of speed and/or traffic volume,
etc . Shock waves may form in the traffic flow resulting in the notorious traffic jam or pile-up
collisions. See, e.g., G.B. Whitham, “Linear and Nonlinear Waves”, chapter 3.1 “Traffic Flows”,
Wiley-Interscience 1999.

Instead of using expression (202), one could use, ¢.g., a set of values for the quantity
Vi VRS-seg> €-8-, @ set of two values wherein one pre-set value represents normal speed (when the
corresponding main motorway is not congested), and the other pre-set value represents the flow
in case the main motorway is congested. The latter value could be determined by scaling the
normal speed by a factor representative of the real-time speed at the connected stretch of the
congested motorway. Other dependencies can be considered so as to determine a quantity
representative of an expected travel time along a certain route, given the historical data about the
route’s average speed and/or traffic volume, while taking into account the effect of congestion on
roads nearby.

The scaling factor of expression (210) uses the ratio of speeds. Alternatively, a scaling
factor Mj;n could be used with expression (202) that includes the ratio of a first quantity TFreal-mot-

line to a second quantity TFhist_morline s given in expression (212). First quantity TFeal-mot-line 1S
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defined as the average of the real-time traffic flow (i.e., the number of vehicles passing a location
per unit of time), as measured through, e.g., loop sensors in the road surface, on one or more
sections of the relevant motorway. Second quantity TFpist-mot-iine is defined as the average of the
historical traffic flows on the one or more sections of the relevant motorway.

Note that the historical data taken into account in these calculations should preferably
have time stamps in time slots corresponding to the current moment. For example, the VRS
calculated at a moment being 17:00 GMT on a certain Wednesday should take into account data
from GPS traces generated around the same time of the day and also on past Wednesdays.

The line-based approach has turned out to be less accurate than the area-based approach.
The line-based approach is therefore preferably used only when the area-based approach does
produce an appropriate VRS. The area-based approach is discussed below in detail, followed by
describing a scenario wherein the line-based approach should preferably be used.

For the area-based approach one proceeds as follows. The real-time speed on a section of
the motorway is referred to as Viea.mot and is determined on the basis of the GSM data. The
historic average speed on this section is referred to as Vhis-mot s determined on the basis of the
GPS traces In case the real-time speed Vies-mot 0N the motorway drops below a certain threshold
level Vical-mot-threshord (@s an indication of a serious unusual blockage of the motorway), the area-
based virtual real-time speed is computed.

Threshold speed Veat-mot-threshold €an be derived from the historic speed data using a
threshold factor Guresnold. The historic speed data has been stored in the speed profile of that
particular motorway section in storage 102 and the threshold factor Ginreshola has to be determined
experimentally. Above considerations regarding time stamps in the line-based approach apply as
well in the area-based approach. Expression (302) of Fig.3 conveys the meaning of Greshota. If
Vreal-mot drops below the threshold speed Gnreshold, then the VRS on the secondary roads in the
area around the motorway section need to be used.

This VRS calculation is similar to the one discussed above under the line-based approach.
The scaling factor Hyrea, however, is now computed for an area instead of for a line, assuming that
enough real-time data is available for the roads in the area. The scaling factor Har. per section of
the motorway is computed by dividing, the averaged real-time speed of the roads in the relevant
area by the averaged historic speeds of these roads where real-time speed is measured. Real-time

speed measurements as extracted from the GSM-based data supplied by operator 106
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discriminates in traffic on a road going in one direction and traffic on the same road going into
the other direction. See, e.g., W0200245046 and W0O2007017691, mentioned above.

Preferably, upon receipt of this real-time data by navigation device 118, device 118 only
considers those measurements that relate to traffic flow in those directions and on those roads that
lay in a routing corridor from the user’s current location towards the pre-determined destination.
Here, a routing corridor is that part of the road network around the congested area to be avoided,
that comprises routes which are candidates for being included into the alternative itinerary. A
route in this sense is a directed graph. By taking into account the routing corridor, one prevents,
among others things, that traffic flowing into the direction opposite to the direction of travel of
the user of device 118 and on the same route, is taken into account when determining the detour.
Accordingly, scaling factor Hyrea depends in general on the predetermined destination.

Another difference is that it will be scaled to the set of real-time measured speeds on the
secondary road network instead of to the set of real-time measured speeds on the motorway
stretch. The above is further explained as follows.

Expression (304) corresponds to expression (202) of Fig.2, differing in the scaling factor.
Scaling factor Hyye, is specified in expression (306) of Fig.3 as depending on a first quantity Vear.
arca and a second quantity Viise.area- First quantity Viear.area is defined in expression (308) as being
the average of all real-time speeds measured on the secondary roads, j= 1, ..., M in the road
network segment around the congestion on the main road or motorway stretch. Second quantity
Vhistarea 1S defined in expression (310) as being the average of all historical speeds measured on
the secondary roads, j= 1, ..., M in the road network segment around the congestion on the main
road or motorway stretch. Preferably, only those real-time speeds and historical speeds are
considered that belong to the routing corridor, as mentioned above. A simple example of scaling
factor Hyrea is given in expression (312) as the ratio of quantity Vical.area t0 quantity Viisearea. AS
mentioned above under the line-based approach, other dependencies may be considered in the
area-based approach as well. Likewise, instead of basing the scaling factor Harea 0n measured
speeds (real-time and historical) one could instead take real-time traffic flow and historical traffic
flow to determine scaling factor Harea. '

The above calculation and recalculation of the itinerary has been illustrated with a
scenario with a user of device 118 being on the road and receiving via GPRS updates about the

traffic conditions ahead. A similar scenario is applicable to a user who is still at home and is
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planning his trip just before departing. The user now uses dedicated software 120 on his/her PC
124 in Fig.1 for downloading the itinerary onto his/her mobile navigation device 118. Similarly,
the current and expected traffic conditions give rise to a certain itinerary, that is downloaded to
device 118 and that again may be changed dynamically while the user is driving. Further, the
relevant data as provided by server 114 may be supplied to authorities 124 so as to be able to
respond to the traffic situation. Authorities 124 may include those introduces under authorities
104, but may also include personnel of ambulances, fire engines, exceptional road transport
operators, railway operators, bus operators, etc.

As mentioned above, the information gathered in storage 102 may also include
information about current or expected weather conditions, e.g., as inferred from the weather
radar. Note that hazardous weather may affect the road conditions similarly to traffic congestion
from the point of view of traffic flow. That is, the average speed attainable in fog, heavy rain,
during a snow storm, or in the presence of black ice will be lower than under more favorable
weather conditions. In an embodiment of the invention, hazardous weather conditions can be
mapped onto a quantity that represents an equivalent traffic flow for purposes of calculating the
itinerary as described above. That is, the GPRS data are interpreted by device 118 as
representative of traffic flow conditions or average speeds, whereas the data has originated
directly from weather conditions.

In order to explain the use of the traffic information generated in system 100, consider
mobile navigation device 118 in more detail. Reference is now made to Fig.4

Navigation device 118 comprises: a GPS receiver 402, a wireless receiver 404, a database
406 storing map information, user controls 412 to enable a user to control device 120, a rendering
sub-system 408, trace storage 410 and a data processor 414 executing under control of software
416. Processor 414 takes care of processing of data and of controlling the other components of
device 118 for the purpose of delivering navigational service to the user of device 118. Wireless
receiver 404 includes, e.g., a GPRS modem.

GPS receiver 402 is configured to determine the current geographic location of device
118. The information about the current location is used by processor 414 to determine in database
406 the road map and other location-dependent information relevant to the user of device 118
given the current location. Given the destination of the journey and the road information from the

map, software 414 enables to generate navigational guidance and have it played out via rendering
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sub-system 408. As in conventional mobile navigation devices, the user enters the destination and
other control information (e.g., preference with regard to playing out the guidance information
via user controls 412, preference to avoid motorways, etc.). User controls include, e.g., hard
buttons and/or soft keys implemented on a touch screen in conjunction with an ergonomic menu
of control options, voice input and/or any other suitable means for letting the user interact with
device 118.

Sub-system 408 preferably includes a display monitor (not shown) and a loudspeaker (not
shown). The display monitor provides the guidance as graphical and text information, and the
loudspeaker supplies the guidance in the form of pre-recorded or synthesized speech. As is clear,
rendering sub-system 408 can be implemented as being partly or completely external to device
118. In that case, device 118 comprises suitable interfaces for communicating to sub-system 408.
For example, rendering sub-system 408 comprises a projection system for a head-up display to
project the relevant information onto the windscreen of the car (or on the visor of the helmet
worn by a motorcycle rider). The car’s projection system is usually physically integrated with the
dashboard. The projection system for the motorcycle rider is integrated in the helmet, and is
powered through a battery or a cord connecting the helmet to the motorcycle’s power supply. The
relevant data is then communicated wirelessly, e.g., via a Bluetooth interface, or wired. As
another example, rendering sub-system 408 comprises a loudspeaker that is a component of the
car’s built-in sound system or, in the case of the motorcycle rider, is built into the rider’s helmet.

During the trip, the geographic positions, based on the GPS information are stored in trace
storage 410, together with time stamps. When device 118 is connected to the user’s home PC,
e.g., in order to receive updates to roadmaps or an update to software 416 from the service
provider via the Internet, the data stored in storage 410 is sent to the service provider where it is
processed anonymously, i.e., without being associated with the individual user of device 118.

GPRS is a known technology. GPRS modem 404 enables device 118 to receive data
packets via a mobile data service available to users of GSM mobile telephones. The data rates are
in the order of 56 kbps to 114 kbps. Generally, data services provided via GPRS can be point-to-
point services (i.e., data communication between two users), and point-to-multipoint (or:
multicast, i.e., from one user to many users). With regard to the multicast GPRS service, data
packets can be broadcast within a certain geographical area. An identifier in the broadcast

indicates whether the data packets are intended for all users in the geographical area or to a
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specific group of users. Within the context of the invention, this type of service enables to send
updates with regard to traffic information relevant to users of device 118 within a certain
geographical area.

In the above embodiments, the (re-)calculation of the itinerary is carried out by device
118 itself which, for this purpose, accommodates processor 414, database 406 and software 416.
Device 118 only receives from server 114 the real-time traffic updates via GPRS modem 404 and
then processes them to modify the itinerary and to generate navigational guidance on the basis of
the modified itinerary and its current position according to the onboard GPS receiver.

Fig.5 is a diagram of a PND 502 in the invention, as an example of an alternative to
device 118. Device 502 is implemented as a thin-client cooperating with server 114. Device 502
now comprises also a wireless transmitter 504 for communicating data to server 114. For
example, transmitter 504 communicates to server 114 information about the destination of the
journey to server 114 as entered through user controls 412, preferably together with the user’s
preferences (e.g., modality of supply of the navigational guidance such as male or female voice;
avoid motorways; avoid toll booths; etc.). The preferences can be either selected by the user per
individual journey or can have been pre-set as a default mode of operation. Transmitter 504
further communicates to server 114 data representative of the geographical position of device
502, as determined via GPS receiver 402.

Server 114 (re-)calculates the itinerary, similarly as discussed above, based on the current
position of device 502, on the real-time traffic information gathered from GSM operator 106 and
from GPS traces 108. If a large enough number of vehicles are using a PND configured as thin-
client 502, then server 114 has real-time information about the geographical position of these
vehicles that can be taken into account at system 100 as well to generate traffic information 112.
Note that also for this reason, device 502 need not have trace storage 410 as the geographic
positions of device 502 are being communicated in real-time to server 114.

An advantage of this implementation is that device 502 can be implemented as a lean data
processing device. Another advantage is that server 114 can put navigational guidance to the user
of device 502 into a broader context. This is explained as follows. Server 114 has traffic
information and weather information 112 not only relating to the geographical area wherein the
user of device 502 is currently present, but also relating to other geographical areas. This means

that navigational guidance to the user of device 502 can be calculated so as to be optimized with
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regard to the entire region of the current journey from departure to destination. That is, a global
optimization is possible. Note that, in contrast, device 118 receives only traffic information about
local traffic conditions and that the modifications to the itinerary represent a local optimization.
For example, consider the scenario wherein, in order to guide the user of device 118 around local,
moderate traffic congestion in a specific area, device 118 provides guidance for a detour that
happens to bring the user into a neighboring area wherein heavy congestion as a result of a
massive pile-up has occurred as a result of a massive traffic accident. If the user had stayed with
the original itinerary to ride out the moderate inconvenience he/she had not encountered the
heavy congestion on the detour. Such bad luck, however, may be incidental and rare, depending
on the density of the roads in the areas.

Depending on the bandwidth available at server 114 and in the wireless communication
from server 114 to receiver 404, server 114 can be configured to carry out all data processing
operations that were carried out in device 118 in the previous embodiment. That is, all data
processing is delegated to server 114. Then, processor 414 in device 502 now mainly takes care
of the control of rendering sub-system 408 to render the navigational guidance information. The
navigational guidance information includes map data received from server 114 on an as-needed
basis to be rendered on a display monitor of sub-system 408, and includes directions received
from server 114 to be rendered as speech via loudspeaker in sub-system 408 and/or as graphical
icons via the display monitor. In this case, device 502 itself does not need database storage 406
for storing road map data and other geographically related data, as everything is being
communicated to device 502.

Note however, that, in order to receive data from server 114 for detailed navigational
guidance, e.g., for rendering detailed roadmaps on the display monitor, receiver 404 and server
114 need to have sufficiently large bandwidth. GPRS-technology could in practice be inadequate
for implementing the download of data from server 114 to device 502. GPRS technology can still
be used for uploading of the GPS to server 114. Television technology, including a dedicated
television channel can be used, in principle, for the download from server 114 to device 502.

Fig.6 is a block diagram of an embodiment 602 of a PND in the invention, whose
configuration can be considered to lie halfway between the configuration of device 118 and the
configuration of device 502. Similar to device 502, device 602 uses a wireless bi-directional data

communication technology to communicate with sever 114, e.g., using GPRS technology in both
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receiver 404 and transmitter 504. Device 602 stores the road map data and other relevant
geographic information in database 406, similar to device 118. Database 406, however, does not
need to store the data representative of the historical averaged speeds recorded per individual
road segment. Transmitter 504 uploads intermittently (for example, periodically or selectively
depending on e.g., the changes in the direction of traveling) GPS data to server 114. As a result,
server 114 is kept informed about the current geographical position of device 602. Server 114
downloads to device 602, via receiver 404, navigational guidance data. This data is calculated on
the basis of the user’s destination and the user’s current geographic position, and on the basis of
the historical and real-time traffic information and weather information created in storage 112.
The creation process has been discussed above, e.g., with reference to Figs. 2 and 3. As with
embodiment 502, an advantage resides in the fact that server 112 has available traffic information
and weather information about multiple geographic areas, including the area wherein the user is
driving or riding. This enables an optimization of the itinerary on a scale larger than only locally
within a single one of the geographic areas. Processor 414 processes the navigational guidance
data received from server 114, under control of software 604, to generate guidance information
suitable for the user of device 602. For example, processor 414 generates visual and/or auditory
instructions on rendering sub-system 408, and combines the guidance information with the
relevant road map data retrieved from database 406.

As to user interface aspects of a PND in the invention, such as devices 118, 502 or 602,
the following features may contribute to perceived user-friendliness of the device in operational
use.

A first feature relates to device 118, 502 or 602 configured or programmed to notify the
user of the current update to the recent itinerary based on traffic conditions or weather conditions
as discussed above. The user is notified through, e.g., synthesized voice via a loudspeaker of sub-
system 408 and/or via graphical indications on a display monitor in sub-system 408.

A second feature relates to the graphical representation of the navigational guidance on
the display monitor in sub-system 408 of device 118, 502 or 602. For example, a portion of the
currently relevant roadmap is rendered on the display monitor, and the corresponding portion of
the currently used itinerary is projected onto the displayed map portion. The user then forms a
mental picture of that part of the itinerary and its geographic environment. At a given moment,

the current itinerary is modified as a result of undesirable traffic conditions and/or weather
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condition in the upcoming leg of the current itinerary, as discussed above. The user then has to
re-adjust his/her mental picture so as to correspond to the modified itinerary. Device 118, 502 or
602 now graphically indicates both the relevant portion of the previous itinerary and the relevant
currently valid portion of the modified itinerary. For example, the previous portion is indicated in
the color red and the currently valid portion is indicated in the color green. Alternatively, the
previous portion and the currently valid portion are graphically indicated in, e.g., different dash
styles. The previous portion is indicated as a string of dashes (“- - - - - ) and the currently valid
portion is indicated as a string of plus signs (“+ + + + + + -+ 7). The latter option is preferable if
the user is color-blind. A configuration menu, accessible through user controls 412, enables the
user to select a preferred way of indicating the previous and currently valid portions in
operational use of device 118, 502 or 602.

A third option relates to providing information to the user of device 118, 502 or 602 as to
the reason for the current modification to the itinerary. For example, the data received from
server 114 includes an identifier processed by processor 414 to select one of multiple pre-defined
icons or texts to be rendered in sub-system 408, the icons and texts being representative of the
reason. For example, if the reason is heavy congestion due to a traffic accident, an icon is
selected that shows a car lying on its side. As another example, an icon corresponding to a traffic
sign conventionally used to indicate a slippery road can be used to indicate inclement weather
conditions being the reason for the itinerary. As yet another example, icons can be selected to
indicate rush hour traffic, a draw bridge, etc.

A fourth option relates to navigational guidance to drivers, e.g., daily commuters, who
know they will encounter the usual unavoidable heavy traffic on their trip. These users of devices
118, 502 or 602 need not to be guided via a detour nor need they be informed about the usual
congestion. The commuter can then, e.g., turn off device 118, 502 or 602, or ignore the guidance.
A more user-friendly option is then to have the guidance operate in a mode, wherein only
unusually severe congestion (i.e., out of the ordinary compared to the daily heavy congestion)
gives rise to a modified itinerary. Server 114 has information about real-time average speeds or
traffic volume and device 118 and/or server 114 have information about the historical average
speeds or traffic volume. The operational mode can then be selected wherein device 118 or server
114 differentiates between usual congestion and unusual congestion so as to enable to selectively

modify the itinerary.
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Fig.7 is a flow diagram of an example of a method executed by server 114 of providing
navigational guidance to devices 502 or 602 as discussed above. The method is initialized in a
step 702. In a step 704, server 114 receives from device 502 or 602 information about its location
of departure its destination. The location of departure can be determined by server 114 from the
GPS data received from device 502 or device 602, or can be received as text data via GPRS as a
result of the user entering or otherwise selecting the name of the destination through user controls
412. In a step 706, server 114 calculates an itinerary, optionally taking into account the user’s
preferences and traffic information and/or weather information available at storage 112. In a step
708, server 114 transmits, to device 502 or device 602, data representative of the navigational
guidance. The data transmission is established via GPRS. Device 502 or 602 submits, e.g., via
GPRS, data representative of the device’s current geographic position, e.g., as determined via a
GPS technology (or another technology). For convenience, this data is referred to as GPS data in
this text. In a step 710, server 114 receives GPS data. In a step 712, server 114 determines if the
destination has been reached. If the destination has been reached, the process of the method ends
in a step 714. If the destination has not been reached, server 114 determines in a step 716 the
geographic area corresponding to the position of device 502 or 602 according to the GPS data
received. In a step 718, server 114 determines the traffic information and/or weather information
relevant to the portion of the currently valid itinerary yet to be covered, i.e., the itinerary between
the current geographic position and the destination. Based on this information, server 114
calculates in a step 720 candidate modifications to the currently valid itinerary to determine if
travel time (or distance to be traveled or a weighted sum of these and other quantities) can be
optimized. If server 114 determines that a modification to the currently valid itinerary is not
needed, the process returns to step 708. If server 114 decides that a modification is needed, server
114 creates a modified itinerary in a step 722. The process returns to step 708 to supply

navigational guidance data based on the modified itinerary.
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CLAIMS

1. A mobile navigation device (118) configured for providing navigation information to a mobile
user on a road network, depending on a geographic position of the device and upon being
programmed to guide the mobile user to a pre-determined destination via an itinerary, wherein
the device comprises:

a storage (406) for storing information about a segment of the road network, including
historical data representative of respective historical traffic progress on respective roads in the
segment;

a wireless receiver (404) for receiving data indicative of current traffic progress on a
stretch of a specific road in the segment;

a data processor (414) coupled to the receiver and operative to:

determine if the stretch is included in a portion of the itinerary to be traveled,;

if the stretch is not included, to keep using the itinerary;

if the stretch is included, using the historical data to determine an alternative
itinerary to the destination based on comparing a first expected travel time for the itinerary, given
the current traffic progress, to a second expected travel time for the alternative itinerary; and

depending on a result of the comparing, starting to provide the navigation

information with respect to the alternative itinerary.

2. The device of claim 1, wherein:
the second expected travel time is calculated by the processor based on scaling the
historical traffic progress on a further road in the alternative itinerary with a quantity

representative of the current traffic progress on the specific road.

3. Software (416) for a mobile navigation device (118) configured for providing navigation
information to a mobile user on a road network, depending on a geographic position of the device
and upon being programmed to guide the mobile user to a pre-determined destination via an

itinerary, wherein the device comprises:
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a storage (406) for storing information about a segment of the road network, including
historical data representative of respective historical traffic progress on respective roads in the
segment;

a wireless receiver (404) for receiving data indicative of a current traffic progress on a
stretch of a specific road in the segment; and

a data processor (414) coupled to the receiver;
and wherein the software comprises instructions for control of the processor to:

determine if the stretch is included in a portion of the itinerary to be traveled,;

if the stretch is not included, to keep using the itinerary;

if the stretch is included, using the historical data to determine an alternative
itinerary to the destination based on comparing a first expected travel time for the itinerary, given
the current traffic progress, to a second expected travel time for the alternative itinerary; and

depending on a result of the comparing, starting to provide the navigation

information with respect to the alternative itinerary.

4. The software of claim 3, comprising further instructions for the processor to calculate the
second expected travel time based on scaling the historical traffic progress on a further road in
the alternative itinerary with a quantity representative of the current traffic progress on the

specific road.

5. A method of providing navigation information to a user of a mobile navigation device (118),
depending on a geographic position of the device, for guiding the user to a pre-determined
destination via an itinerary, wherein the method comprises:

accessing a storage (406) storing information about a segment of a road network,
including historical data representative of respective historical traffic progress on respective roads
in the segment;

receiving via a wireless receiver (404) data indicative of a current traffic progress on a
stretch of a specific road in the segment;

determining if the stretch is included in a portion of the itinerary to be traveled;

if the stretch is not included, using the itinerary;
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if the stretch is included, using the historical data to determine an alternative itinerary to
the destination based on comparing a first expected travel time for the itinerary, given the current
traffic progress, to a second expected travel time for the alternative itinerary; and

depending on a result of the comparing, starting to provide the navigation information

with respect to the alternative itinerary.

6. The method of claim 5, wherein the second expected travel time is calculated based on scaling
the historical traffic progress on a further road in the alternative itinerary with a quantity

representative of the current traffic progress on the specific road.

7. A method of providing navigation information to a user of a mobile navigation device (502;
602), depending on a geographic position of the device, for guiding the user to a pre-determined
destination via an itinerary, wherein the method comprises:

receiving (710) data from the device representative of the geographical position;

determining (716) a segment of a road network relevant to the itinerary;

determining (718) information about the segment, including historical data representative
of respective historical traffic progress on respective roads in the segment;

determining current traffic progress on a stretch of a specific road in the segment;

determining if the stretch is included in a portion of the itinerary to be traveled;

if the stretch is not included, using the itinerary;

if the stretch is included, using the historical data to determine (720) an alternative
itinerary (722) to the destination based on comparing a first expected travel time for the itinerary,
given the current traffic progress, to a second expected travel time for the alternative itinerary;
and

depending on a result of the comparing, starting to provide the navigation information

with respect to the alternative itinerary.
8. The method of claim 7, wherein the second expected travel time is calculated based on scaling

the historical traffic progress on a further road in the alternative itinerary with a quantity

representative of the current traffic progress on the specific road.
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HEEE, BURNNSERERSEZRFIER.
AR ERFT X

TRIE— B, 745 E R A B B A ST K4 25% B 2 B . X sk ] B%
BHEBAR. XEWVIEFEELH MRS EERRLBRNERBENEZNE. WE
7L F a8 S AR Bk A2 7 B BEALAY AT S0 BT A TE P 48 R (Amsterdam) T B EE A X
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AP EEEN R WRELITHEZBIIHEE (Flevoland) BEZ M TT, WA RREE
B 44 — 3EF 5 (Enkhuizen-Lelystad ) 3% 18 2% . A] 2 I >k B B 48 H7 %F /R 7%
(Amstelveen) /53 4# (Schiphol) XK % 5 4t 54553 (Utrecht) TE B . AT,
T AN IX L I 5y T 28 O 4 0 A LA A O AH AR LN SR G IR i U AR S R R . B R A
FEELZHMAME L ME RS EI B NARRT.

AREATMRREBEW AW ER EHTNB IHEE N EH ARUEHERE.
BRIBUCE R B R LLSL, 361 R X L B AR TRV RO A . Rk, AEsf e s B X
Wop RSN, AR R RS TE UG I8 A 2 B sl b (X 34T 2 ) 25 B DA AR 4
MATIE4 BB D) T AR B IR AL TR T AT AE A S ROEETT I . AR KRG hH
B2 AR R ENAR H . BeAh, TR REIEH BY T B T 78 8 28 X 3Pt i 1y 3 2 DY
R H R B RAE BN Bl i 2 X AT &

HEUEH, TEAEPMRZHREREHITHOXBATRE. EITREATERN
B8 B Sk R AT AEBT AR (Almere) SEFT 5 76 BT 48 S0 4 F M AE B3R T rh 9 O N .
75 R B ) 2R G5 fie % 70 1K 6 2 Tk 03 s U AT 0 A X S Bk SR TRV ROAT RE R 1) . SR TR
WERR B EMAEER, NiXE AN ERERBILITE. RURSUERAES
Mol . B RS — MBI, BUOR A BT RO AR R P R B A LIS
FIFE, #K DB EXKZEE.

BE BB RREERERLREENEERX . ANEFIRNAEREE T SO E
N SR BSRT OB LM E ST B R T MR T R TR CIESE, WERES
TR, HBLLE R R R LA T AT A& KB BE AR, Hd T80 KA %0
72 7 45518 T 3 3 (97 393 BE AR % F 15 km/hr 2 25 km/hr. FERBHGEOL T, @EUE H
AT P 22 Bl A IR B S R b B B R (M H M. KRB HET RN GEZHE R
BT 52 B BRI X L R 40 R 8 LA BT 2 R B BR AR R0 51 2. R0, sRZ W) 58
BB AT TS R EAANB B CHRIBARMBNLN. ARVINARRSERRZEA
HTHESHFEMEZSHGER.

F, AKBFEREN EEBMIANRMEETEBARNG FHET. TR
TR AT, AT SR AR AL BEZBEABRE. AR RS S X EIHE M
FMABFEBTRAOZBEE. A EHITXREITENEH R EHCHFBELUERITSEE

o BN IX BRI R AE X IR R ETEMIER.

FRPHREFEBNMEBRNSNRRENZEER. T REREERIUELT A
FEXEREKTTHEREMSEHNSRERE. FTRRFMEHZKIFERE. FEARGAGK
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FIAERIEMBEE S (B, mEREENMMEEEALRSMEN) 5SEThBsE
WG EE RN PEEZENTEEFEEAKBA® GPS MBI FMEERMH - H#
MR EER. Bk, QX EERTNG MR . TSGR~ ERT
BEREANSHEER.

K1 RARHFPHERY 100 MIER. R4 100 0 HFERE RN T RS 102, Fi
i H A KRE T R4 102 BOk Dz MEl ). EHRAE mEUERE BN Hh T
WG (T X LefE B AR AR “ B EHLA 7 104) FIEIE. RABHHIENELE N 106
M8 ok B B & GPS ThRE B3I RN E 108 (1 - 3R .

MEFHK 104 BW K BIRER R (Flin) £hEEs 08 RERE&REBHENLE
HR. FTREAERREE (Blw) B3 N0 S 5 7E 8RR 2 T 5] a8k N 34 Bk 55 FL e TE B
IR, WEBENW 104 BRKM L EHEFTEFER TREMRT. NEEHY 104 ZEK
SN EHEBEaE (Pl RABMEESENRAUEEHE. ENRAFELERY (6
) HeEIMMEE XKERW. BTEFRAWMNFEEAG R R, SR ®mEEN
i DX 3 P 1 B B FRVHAT HERT R), DA % RE BB 18 A A

MEE R 106 B EIER A ECRAE (B> ESCHTR & H) W0200245046 K&
W02007017691 1 BT i B¢ 1 75 7 Bl ¥ 175 B v £ BE Al 1 S I 3 A0 0 3 A3

ME % GPS ThREM B )3 E 108 WA P HERMEBIERETU T ARE 108 LR E L
F 192 3% GPS $UZE . U458 108 AR /E DIy, 26E 108 K b PALE R BE L M
WRTFIXMHF . UHT R L REEANGERETERMRAMATE. LEE 108 1
—SEHHARZIEAGE. %8 108 5SXETHAMEKA PC 8B LA PC LB MFIE
J¥ (“TomTom Home” (ZMHMFE R thiF. FIRRHRBITHEH A RBBER. TA
WRUEEFREREER 108. 200kY, MR HERERBE. & 5K B R
PEPE SR AL B 108 UL - - TE F IR AL FRS], TR P AT iR B b 2 o PRI A AR 55 2% T X &
RECAMNBBHZETHE 108 k. TREFEALFNKFFEHTRINARITE. 3
BB MRS 2B, RS AK ERICRIICHF. WITAEE 108 WE IS BRI RFMT
TREK 102 H.

Ek, %4100 A ALEE B BIEMELER 106 13 201052 5048 X ol @ o T 3
GPS HiZE 15 /0 7 s 098 . B T EIE A E FRE 110 P b BX Lo 3048 UL A T 7 A 124
THREHEE 114 PRSERE R

HARAHF RS 110 0B 7 S 5038 (Flan, Bk E3EE 108 1 GPS FuER =) LA™
ARBEFER, HTARAWEK, RERTEERBIER (BRT M) $RELETR 106

11
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MR SR B R R T E . A TRBITIRALTE, FHELITEN.

K Rgd T RIAIE N L TRHREEEE. RIS b4 B R R 50 1/ 3
BB FE SR R F X S PO REFAM KA TX FEERE. HETBRER
WER, WNAER 106 BWHKE T GSM MR KA E 108 WA T GPS M5 $7
~EEIER ERIER FATE IR . HERERRIIE, FITR A SRMmE . NeE
106 K 4% B 108 He W 1) Hd +8 7~ 75 o 04 I 1) S () 28 4T IS 8] B e 388 00 2 47 B 1) 60 48 0
AT P E B PR, 280k U, —RTFHEEAN T KL 100 km/hr 5 120 km/h
20, BfE R I AR, P KL 30 km/he TEE R ) # R, —RAE AT
IX 48 1 f o 34 R AR, (BIin) MR 35 km/h FRAREIREY 15 km/he B TRACTE
B 15 WAL E T 106 £ 52 H0IE AN BEA% W 52 3 0 8 7l DX e/ 3 B b A0 SR AT
A, REHTFRAXBEREMEGNAEANTET ENERITHENETHE. Fit, wWRA
FRIBE) S EANHSE T REN E XA B A, W AT B
ANZFIEH F L E R BB B RS b, A X A 2 5 i U I TS 1) 5 P S 15
km/hr HICEE, TR IR 5 ER S FIEE 35 km/hr AH2CER, FFA-FXEE 35 km/hr 1)
SR ZE 1) T A LR F I3 30 km/hr $R.

AT B AN R ENES, RPAFRRERET GSM M £ 55T
GPS 1817 52 34 P & DAGE 4R (ot = G008 b (0 7~ 35 38 BF 34T BE R (R) B0 Al b, o R SCaE—
AR .

MAEZELL TS . R 1004H (i) kELER 106 MEBEHER R FE
RIS Bk B A 2 . JRRD, BB L AP R A B R TR AT B BT IE P s R
FE o B 52 b JE s B IR 1) VR ZE A 10 3 2E R BR BB R VR TE RO B 2R B — OB B B T
PEELTRAEMN. e B EV BT HFERE 12 TR EFEE SRR
b BRSP4 3 8 e /B A AE 24 AT IR BE S B i U B TR AT HE A (R R K .2 RS 3% 114,
2 A% GPRS FEAf B M O AU M 4% 116 KUt B R XA FH R X PR T RURE
118 KIH F' . GPRS B8 8 e AT i GSM % 3l i 3 1) 7 48 FH B 38 Bl 5030 R 45 4 W 08
SEMBMBAR. W EICETIRK, FIMERAFT GPRS 70 £k B4 il 15 BOA K B MRk
558 114 5853 E 118. GPRS 7EULEN —ERFRAIMR K. BHER, BRTXT
BT % FE BB B b AP BRI R AE B LA, IR 114 B RS A R E X P
PLA M BT R S &S IEE R B E 18, FIR B TIRMR (Blan) EEER. %,
BKEE HE 118 UELRE LML B R R = A & B H BoR AL 88 R/l A% 1k
HEE NSKAFKER.

12
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SMEE NSAREBEUWM FTEW FXEHMMRLELLEIE. ECMERE 118 K —
AE—ANUERPMERRBCHTRA N EEBEE 18 THEKNRIAERERE I
T, BETRSEWMITRHFRATHENE, £ EREERBR ENERNEFRLT,
$EE 118 PLEMR T % RE i 28 X AP 0 4ol B b 1) T R BRAT B I IR T BB Sk
N ERK, BE NS (Fla) kARAMAMERMNAFHEETH. %E 118 Bkl
TE B 7 77 46 AT 3% ZE RO 00 F M0 6 T 40 18 R R R A B 42 LA SR ARG (D AT ER [A]
A AR B HEN

FHBFHERA T RUANGIARBLHEE (VRS) WM&, AARKHAK—
SEMEBI R, FEH PR SR AT A TR RERNE R T PND ATHHE VRS, & THTd
B 0 5P E T AE BORTHE VRS, tFER X B AR T ERFERIEX T
ML X TRRZ IS ELWNL BN RGN VRS, B FEREE ERsER
AT BB S R A E VRS, fE— ST, BE S4UEM L VRS R TAHS X BIRE
B SEINE E , AS R LR R A DGt R B E XS A B 118 (AN AU P B SRS R 1
HERE .

R E T ERE VRS: B TERMINERETRITE, GTFCERER. L
e, (AR TXH VRS. Rifl, ELFEIFEETXM VRS WBER T, EHE TN
Fik.

SHFEF LT EMTRAT. WET GSM I 2 WA R 4B -5 LW
SRR BB Viearmore M GPS BUZEHA E 06 4 E1 P B E RAFE Vhistmoro
BLTE % FB BR SV 7F 8 1K BT 3R 35 4 P08 e P50 4% e 1) — T R DX B W T AR R 0 1T IR
18 Bl T ) m OB 48 B 2 19838 (2020 F R B Foine 48 TB0RT IR X B4 7 52 P 293 Vi hist-seg
T4 VRS $5URME Vivrs.sege 7E_ESCHTHE K (K] GPS $U7ZE i fifl b7 5 B ik X BL A 177 52 °F
PIEEE Vipisesege WIEE 2 HHIRIZR (204), AL Fine WRTHE B Veealmotline
Fo 5 7B Vhisemottines TRIERIEAR (206) K —F Viearmottine 71 € A H KITFEK N A
oy ERAET GSM KIEENEN TR EENFYE. £ () BIERS oMK
S B AIE (TMCOAUES I Fa 6t BRI BT R 3B 43 o iR 48 RIE R (208K 58 — B Vhist-mot-tine
R B RREER N A8 LM GPS Budiid g R ERFHE. £/ 2 KR
EX (2100 PRETHEAFRT F H—£4], AHEHERERETRN. X TFREKX
(202), FixRX (210) BERBE Vivesseg 7 Vrearmottine HIEEFE T Vinisiseg 79 Vhist-mot-tine
MItL. WM N : BELYHEET REBXE “i” ENFEFHNEE 5 SiFE
THREEBRH N NS LOESHEE QS TERE BN S RIE GPS BLZfEd %

13
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FETFRE “i7 FHEFHNHESRA—NEPELEHFETREEN N NS LRE
WHBE M. IR, AR FEREE LM AE R T FEH LR

xR (202). (204) R (210) Hrf E B BR 7 B9 LA L S4B 7= A= AR X A B O AR A
Rifi, HFAKB AR, TR ARXS B AR s fr AR A SRR B A A . Ll
B 7 ROoR VR 7RI L1 b 28 5 B0E B 4% AR AT R P I EE R I OB B BB 18
BHRE . KEMs, BESTERBZHPRARL-FERAXR, DRERUSE
R TRAGBRE N £ e &, ) m 5 E] | A ) A 5 0 0 58 R R el K
B R/ BB MR, R /R RNME S HES. RBRETARIE
BRI, TP R 4 PR (A B B E A . W () G- B - EEEMW (GB.
Whitham) B “£ M ZIEL % 7 ("Linear and Nonlinear Waves") 2 3.1 & “T#HME"
("Traffic Flows") (Wiley-Interscience 1999).

BARTHARER (202), a[{FH (Bl AT E Vivesse B—41H, #Hln—HM
ME, Hp ATIREER R EFEE CHONNMBEEREENEER), HA MR
EERAFERFEBENBRTHRE. F—AVTEINRREEREEREZRR
Ak 0 52 I SE B (K TR F R R IBCE W BRI A E . AT B E A R LR Ak T B R
P35 30 P e/ AT 0 T s AR BN 0T TR IR B R B b R X Y R X R R W T B E R
TNV R ST AR W TRV AT SRR ) RO &

FikX (210) WHHIRFEHEZEREK. 8&5, AFHREKX (202) 4 H s
B F Miner HHIET My BHFERER (212) PREKHE —8 TFelmoine 558 8
TFhistmottine I H o #2 — 8 TFreatmortine 717 A H RIVFER — B —PLLEF LK)
WL (Fln) R E P IR A BRI B A AL R (JRER, B TR E
—ALEMEBHEE) H-FHME. 5B "8 Thuiscmoine 7+ N H KITFERI IR —
—ANBL L ER 4y L P S AT I R B A 2 AE

B, X E BT R0 S B AR B A T T2 B ) A BB A A
B 201k, EXNMEH=117.00 GMT MEFZIi+8E ) VRS NEER B B RERF A
2 0B = B K L AR 8] i 8) 7= A B9 GPS ik i) 98

HEAER, ET&RMTENNET XK T7EMER. B0 2 T X 07 EmsE
PPEEY VRS WEMETRINTE. TXRARBETXITTE, bR RE D MR
AE BT LM AR

STFEFRMTEMTRHAT. WEER 82 LK IERERE Veearme BE
GSM HUim i) 2Rl L g . St ER D LV E B AEFRNE Viisemo, HAE GPS HLIL K
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ﬁﬂj ,t 5@ % ° Eﬁi ig ,J: E"] % HTJ_:“E)E Vrea]~mot %1& @J Ef%_‘ % I\EEJ 15 7J( iiz Vrcal-mot-thresho]d U\ _F ( 'ﬁf

AT A FH B E R T Gubreshota M7 5238 BE 2088 5 B EEBE Viear-mot-thresholae 7 52 B #X
B O T 63 E 102 PRFTRSF @R FEE I KB ER R, B0 L8 525
SEMME B F Gunesholas T EM TR FHRBAOU LEEHERTHTXHTTE. B3
MRIER (302) 5IE Gureshords FIE X o R Viarmo FRAK B BEIEK Gureshora A N>
HEFHREERS B ENX PR T RIER LK VRS,

bt VRS THE RS EICAEZRE T AETRRE VRS tHE . R, JEF X
T AE 5T XS 2 it B LI R T Hareor BT WM SER BB PT AT T TR X P HVER . EERH
< (X HR (1 1 B 1 T 35 S O R IR LA I B U B S S B 1K T I ) T 2 T SR R R SR
EERE — O RILEE T Hueao MEET 106 $EN FIET GSM R Hh 42 HUK) 5C B
EEWEX B AT EATHMRE SR —ER EE ST RTHENE. L
CBlan) L SCHTHR K W0200245046 & W02007017691.

ik, FFHBE 118 BB EEG, FE 118 (XNHFBELAT WA 1Y
MBS ATE B N2 2 HEEE (routing corridor) H 1) AR £ 77 [a) vp 2 JIF 4478 B%
FHASRR B KRR B, toAb, BRAR o HRm I A P 4R T R T RO R X
EEI A, HASENROE FERBEPMRERANERRE. KEX LHBREER
EME. Bl ERACHRE, REWIETAMERENEEBRAGHEHE 118 KA/
BIAT 35 ) AR 87 1) AR R — B 1% B A8 . Bk, HBIE F Hareo K& EECR T TE
H#He .

F—ZRET KRS GOE M 4 b BT I 4 S B A R T AR AR AR v 4 A
B b 0 BT o 401 S B I B R B SR A . P RO IR .

FiERX (304) HNTHE 2 WERER (202), THZAETHRARF. £F- 3 R
ER (306) PRIBEE — B Vieaarea XF T8 Viistarea 16 E B E F Hareao ZERIZI (308D
FE — B Viealarea & A 7 18 B P 4 DX BL o 7E T 2230 3% BOVR 48 T I B L O 3 28 ) [ 19
THRER (=1, ..., M) FERNAELRNEERNFHE. EREX (3100 PRE-E
Viistarea A& X 4 7E 18 2% 48 X B o 8 F B0 B 8RR 7 0 2 B b RY B 2 R B T RGE R
(=1, ..., M) LB KFTEHREERFHE. Rk, wEXrRE, EER T
fo e T A AR e SR R T R . FER AR (312) FAEAE Vieaarea TE Vhistarea
e Ll T SR 3L B 5 IR F Hlarea B — R SEB . 20 CEER TR ITET TR, WATEET
REFERHEL M. R, SRTHEUHET Haea 5 TN EREE (LK

15
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R 7 S0, T Bk SR S B RS R v B % 7 S AT I B SR GE L) T Hareao

EEE 118 W P IELCER | B4 GPRS 8% T 8T 77 i3S 38 4 4 (19 52 3 O 1%
BT RANBEN L EREFTE . BOESRTENTNER P BEE N X2t
RIEATROBA . B P IEFRE PC 124 (B 1 H) B L ARG 120 BBEE T &
FIHBEH SHEE 18 L. K0, MaTRA M AR ek, TR
B TRIEE 118 B4 P IEFE BN ] k)& BR IR E L. o, AR
AR 55 8% 114 1R ML AOH S5 BOHR AL B FRHLAG 124 LLOR REGE X 28815 T B wa N . & PR AL
) 124 TRFEE AN 104 TRALENE, HETEERF 4. B4 FRERER
ZER. RELEHN. ARARELEREEHIANR.

b SCHTR &, AR 102 PUUEME BIE R ARE X T H S R A& H
B, WRAFISHEE) HELR. HER, ANLXHBEREMNABKE, BERKARSA G
SRPUTAR B EMPMERFM. IR, £%. KW E2RE Y E BTEF LR IK
(5 T WA B B T EE BB T RA RN RS &M TR NP EE. EARKHK
— SRR, W ERTR, HT I EBREN B K, BRI RS M B IR RS
BEHREME L. JFED, HE 118 % GPRS UM ¥ AR RZTEREF M SCFHERL,
FIT R 4 B ARUR 1 RS

AT BBIAERY 100 FreA KR ERMER, BHAEEBITNKRE 118,
M EE 4.

SHUBEE 118 A7 : GPS BMa 402, Tk FEIAR 404, 1748 L BIE B 1058 F 406,
FALUE A P Be i i B 120 WA P I3 E 412, BT R4 408, PulifrifdkE 410
S AE A 416 BIFRHN AT I BIE AL T 2% 414 A0 R BE 414 $ ST A B EOIE AR HIARE 118
MEEAHUB TR SRS ERAEE IS KA KER . TLEWRRE 404 BF (F)
un) GPRS i #4235 .

GPS # i 8% 402 BFCE LI T E 118 FYATHEEAI B . IR A 414 X T 2980
i B K45 B AE TR 4 RTALE W15 0L 72 B0E E 406 i e 53 E 118 YA 7 X R IE B%
REEEEMBEMRKNGER. ECMKENHERBEKRBHEMERFEENELT, &
414 fe = E B3 S B ML FRA 408 HEBRHR. SEFABIHINKE
ok, APMABREEEEFER (Fln, XTLHHAFEHRKE 412 55195
BB R AR . @IFREENMIFES). AP EREEaRE (Fl) A& &/
EOEHEIMALTREEZRTLETMEFE LK. ATEREEE 118
RLHEEFRANKSEAMEEEGEMT.
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TRY 408 MECFERREAE CREZR) k#mds CRER). SR ERHF T
SRENBAEEXARGEE, EHERUTERHRARNETHNRAMLNG T 2R,
A BT R 408 LA BT RERE 118 KIS, AERELT, KE 118 8
SHTEBES TR 408 MEEZED . 20RH, HIAT R 408 G H TP U BN

BHPEEL . AENBRERZEFUDHETRXAENERER. ATERAERTFHXR
HAGERTRET, BB HBEY LB EZERENBIERNREMtE. EELUL
$HR (B, 2HBEFED) RUFLFEEFREE. EhH L6, BRTR
%408 BEHER, MY FRRAREFNNERFERENAMNL, HNEERERTRHE
RTEETHFRLES.

FEATREHAN, ¥ 2T GPS 15 B (¥ 3o 37 B 3 7] A BRAFAE T TP B3R E 410 P . 5
E NS EEIHFMEKA PC (Blan) MBS d KR MR 5 32 4t i s OB B B 3
HERAE 416 BB, B IEth TEME3EE 410 P RRIR R IEFIRFIRULRT, 7EFTIR IR
SRMEF A, FERZHGHEFTREYE, R, AHEE 118 45 7 AHRE.

GPRS & —F 2 A1 AR . GPRS 1 Hilfi# 2% 404 2 & 118 feB & i nl it GSM 30
AT B R P A A B Bt AR 45 R B Ay . B IR K4 2 56 kbps F| 114 Kbps.
KK 5, %0 GPRS AL HIRIR % AT 4 A mUIRS (IRER, BIASH P 2 18] B Sdi T8
f5) kmxtZm (8. 8%, 7580, N AMHPAEFEH). KT EH GPRS k%,
MR EEX AT BEESA. P RRNSEREE AR EE N T X R
FIERPEEATRERPH. £ARBEKHETXAN, REUHRSEERERT 55
EHEX AREEE 118 AP A RN EE B MER.

fELL RsEiEfl A, hIE 118 A B RFTHEN (EH) &, HTIHE®N, ¥E
118 2540 B 2% 414, BIEE 406 R BAF 416, 3 E 118 {U 4 i GPRS i Hlf# A 2% 404
AR5 8% 114 Bollose 2@ B 57, H 85 I P i SE A 2838 B 7 LUE I & TE 2 B T
B8 KILARYE 80 GPS #3510 A B B At _E = TGS

B 5 BA KK PND 502 B, PND 502 2 {ENEE 118 B REEMLH . &
H 502 LHEN SRS 114 MERMBRIZ PG, 3E 502 WELE S —HTHEIE &3
BIARS3E 114 FITRER ST 3 504, 2805k UL, RATAS S04 MBS P EHISE 412 A
X F AR B i BUEZERA A Wi (Fln, SMSISRENES, mEH
BaWiES: BFRAE:, BITWRTES) —&EEF3E3RESS 114, THAFH Y&
— R AREFERLY, BE T RE DA R AT TR O BRNRAE R RS AR 504 #H— 2
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FORZ M GPS BUCHS 402 B M0%E 502 (M E0 AL E ISR 155 B R 45 28 114,

KT ECHiRik, REHE 114 FTEE S04 MVE. TN GSMELERH 106
KA GPS #LF 108 WK S AZEAE R (EHD WEKE. MR LB RO EWIEAL
B E A BRI E PR 502 () PND, WRS 3R 114 BFA X T IX S5 it 2R A7 B A SE Y
R, WMAIERS 100 &% AR LRERUSEZEBELR 112. FER, BHTHE
B, 38 502 NEEBAYIBIEMEER 410, FAEE 502 KB E IF B 5C A Hh % 0%
PR %545 114,

BESERE T RS E T HE 502 AT SEE ARSI (lean data) CHEE. 5
i TRE R 114 T 3EE S22 WA PSS SETE ZNERS . XU
WF. R 114 AERNEEE 502 WA 4T X A RMA S HEmBEX
ARILBERBEARRELE 112, XEWREAHEXRE 502 AP OSHGFUER
TR B B K S50 R R BA KR EL. R, EREEMZITER. F
ER, SR, FE 18 MK T RMATHE & MK AEE B B BERE SRR
WEAE . BBk YL, FHEUUTHES: Hf, ATEREXFRREKHEERRCE
WMEAFEGISEE NISMA,, 2E NS RUXNGEENT T, FRLEMITEMHEA
HYFERLEFSTOREREREREES R EEZOMRER S oA 5w
FERBHENTEZEPSHEENAE, WHASEARE L/ ™EEE. R, ZXHF
MIPRIE ST BB B A, IXER T BT I8 X b R T8 3R B & R

RIEFEIR S B 114 40 X AR S5 2% 114 BIHR AR 404 BICLBE R T %, RS
28114 ATARCE DUSSATAE S AT S HE B rh AE B B 118 TP SEAT BT R B A PR AF . JREN,
KA BRI BAMESE 114, BE, 3E 502 PHLESR 414 A X ERTTHEH
BT RZ 408 LHI NS FELR. BU5 2EEAFEZERTEMNRS S 114 B
RERIT TR 408 B R AN LA KR, HBEBMARS S 114 BRI FEATE
HFERMF R 408 PHIHE R HINR/BAE N ETRERE B R RS FIKIET . El
o T, B 502 HHANHEEH T 764102 B8R &I B B 5 B0 f 80 77
i3 B 406, PIAPTHABHIEHEETIFE 502,

SR, EER, HT MRS 114 BEATFFEA M S0OEIE (B, ATEER
RMLAE I B D, B RS 404 KRB A 114 FERF LW AR R . GPRS
B SEBR BT B TS K B0E MR 45 8% 114 FHEIEE 502 I 5 AL. GPRS HAAN
AT GPS R FIRS 5 114. BT R R MAE R B A ER R B 7T F MR 55 35
114 B2 E 502 1T .
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K 6 A KB H 1 PND KL% 602 FAERE, PI¥ ATk PND KR EM AN TRE
118 MBS E 502 MREZ M. XL TRE 502, FE 602 {F HLL W HHEEH
BARSMRESS 114 15, Flin, NS 404 5K 5158 504 Fi& h 3 H GPRS HAR.
R TFIEE 118, B E 602 Kk KAUE R EH RIS Q-6 T HIEF 406 . &
i, HIEFE 406 H AT BEAFAE R R E X — N5l 18 BR X B A 3% 1 Fy 52 S 2573 5 F) B
R G35 504 [ &M (lan, AR (I AT T ) K o3RI ] A S B E HE ) f GPS
e LR ARG 114, Fk, RS 114 HANBERE 602 FYFT A E . RS
114 £ BBEWES 404 M S5 FHIE TRBIEE 602, 7471 H R R P #2873
AL B AR b R E 112 PR M 7 s R SE R AR B A RAME BB Af ot
FHHE. Exe (pla) sEER 2 KE3RERTELRE. 5L 502 —F, —1{t
MEAEFUTHEE: REF[IRZAAFXTRFHAPEEETERUBRNXNZ AKX
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