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Description

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates generally to a roadside
beacon system. More particularly, this invention
relates to a roadside beacon system which is used
to calibrate the position of a vehicle and to perform
data transmission in a navigation system in which,
after data on a departure point are inputted, vehicle
speed data and direction data are inputted to en-
able the display of the present position of the
vehicle.

Background of the Invention

A so-called "navigation system" for vehicles
has been known in the art (see for example EP-A-
0021060). In these systems, a small computer and
a small display unit are installed on a vehicle. A
road map is read out of memory means such as a
compact disk and displayed on the display unit. On
the other hand, the vehicle speed data outputted
by a vehicle speed sensor and the direction data
provided by a direction sensor are inputted, so that
calculation of the position of the vehicle and deter-
mination of the traveling direction of the vehicle are
performed at all times. According to the results of
the calculation and the determination, the vehicle is
marked on the road map displayed on the display
unit.

With the navigation system, the operator in the
vehicle can visually detect the present position and
the traveling direction of his vehicle. Therefore, he
can reach his destination without losing his way.

However, the navigation system described
above is disadvantageous in the following point. In
the system, the errors inherent in the vehicle speed
sensor and the direction sensor are accumulated
as the vehicle runs. When the distance traveled by
the vehicle exceeds a predetermined value (which
is not always constant, being determined by the
errors of the vehicle speed sensor and the direction
sensor of each vehicle and by the environmental
conditions of the positions where the sensors are
installed), then the position of the vehicle displayed
on the display unit is greatly shifted from the true
position. That is, the system becomes unreliable
and the vehicle operator may lose his way.

In order to overcome this difficulty, a so-called
"roadside beacon system" has been proposed. In
the system, roadside antennas are installed at in-
tervals shorter than the distance with which the
error accumulated exceeds the above-described
predetermined value. The roadside antennas are
used to transmit signals including position data and
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road direction data to predetermined relatively
small areas, respectively. On the other hand, the
signals thus transmitted are received through the
antenna installed on a vehicle so that the position
and the fraveling direction of the vehicle are cali-
brated with a computer.

With the roadside beacon system, the error
accumulated is smaller than the predetermined val-
ue so that the position of the vehicle can be
displayed according to the correct position data
and the accurate direction data at all times. This
means the navigation system is reliable. If the
roadside antenna is installed for instance near a
railroad or a railroad crossing where the magnetic
direction sensor is liable to erroneously operate,
then errors atfributed to external factors such as
the railroad can be effectively eliminated.

In the above-described roadside beacon sys-
tem, roadside antennas considerably high in direc-
tivity are used to transmit the aforementioned sig-
nals including position data and road direction data
at all times. The vehicles receive the signals only
when passing through the areas converted by the
signals and the calibration is carried out according
fo the signals thus received. Therefore, if the area
covered by the signal thus fransmitted through
each roadside antenna is increased, then the signal
receiving position of the vehicle with respect to the
roadside antenna is greatly shifted. As a result, the
position and the traveling direction of the vehicle
cannot be effectively calibrated.

The roadside beacon system is provided pri-
marily for fransmitting signals including position
data and road direction data to vehicles having
navigation systems. However, it is desirable to give
the following functions to the system for more
effective utilization:

(1) Traffic information such as ftraffic congestion,
construction work and road condition near a
roadside antenna are additionally transmitted to
the navigation system to allow the smooth
movement of the vehicle;
(2) Data concerning a detailed map including
buildings with names around a roadside antenna
are added to facilitate the navigation of the ve-
hicle to a desired destination near the antenna;
and
(3) Information on a relatively wide road map
including the area where a roadside antenna is
installed is additionally transmitted to the naviga-
tion system to renew the road map displayed on
the display unit so that the operator can smooth-
ly drive his vehicle to a distant place.

For these purposes, it is necessary to increase
the frequency band of the signals fransmitted
through the roadside antennas and to increase the
areas covered by the signals thus transmitted.

However, if the frequency band of the signals
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transmitted and the areas covered by the signals
are increased, then the signal receiving position will
be greatly separated from the position of the road-
side antenna. Therefore, the calibration of the ve-
hicle position, which is the original object of the
navigation system, cannot be accurately achieved.

SUMMARY OF THE INVENTION

In view of the foregoing, an object of this
invention is to provide a roadside beacon system in
which a variety of function can be readily per-
formed and calibration of a vehicle position can be
achieved with high accuracy.

The foregoing object of the invention has been
achieved by the provision of a roadside beacon
system in which according to the invention, a navi-
gator device is installed on a vehicle and is adapt-
ed to receive signals transmitted through each of
several roadside antennas to calibrate and display
vehicle position data. The navigator device includes
data receiving means for receiving a transmitted
signal when the level of the transmitted signal is
higher than a relatively low level. Position determin-
ing means receive a fransmitted signal when the
level of the transmitted signal is higher than a
relatively high level in order to output a position
determination signal. Calibrating means calibrates
position data based on data representing positions
of antennas, for instance, which has been stored in
navigator devices and direction data according to
the position determination signal and data received.

In the system, the relatively low level should be
set to a value with which the signals transmitted
through the roadside antennas can be received
without being affected by noise or the like. On the
other hand, the relatively high level should be set
to a value which is close to the peak value in level
of a signal received by the navigator device when
the vehicle confronts the roadside antenna.

Furthermore in the system, data transmitted for
a relatively long period of time which is determined
by the relatively low level are applied to a commu-
nication data terminal.

Therefore, a variety of data including a variety
of data are transmitted to the vehicles through the
roadside antennas installed along roads at pre-
determined positions. In the roadside beacon sys-
tem thus organized, of the signals fransmitted
through the roadside antennas, the signal whose
level is higher than the relatively low level can be
received by the data receiving means and the
signal whose level is higher than the relatively high
level can be received by the position determining
means thus providing the position determination
signal. The calibrating means, receiving the data
received by the data receiving means and the
position determination signal outputted by the posi-
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tion determining means, calibrates the position data
and the direction data. Then, navigation of the
vehicle is continued by using the output signals of
a vehicle speed sensor and a direction sensor.

Thereafter, the above-described calibration and
navigation are repeatedly carried out so that the
vehicle can smoothly fravel.

In the above roadside beacon system, the rela-
fively low level is set to the value with which the
signals transmitted through the roadside antennas
can be received without being affected by noise or
the like. Then, the navigation system on the vehicle
can receive signals including data necessary for
additional functions as well as the position data and
the road direction data which are absolutely re-
quired for the original position finding function.

Furthermore, in the above roadside beacon
system, the relatively high level is set to the value
which is close fo the peak level value of the signal
received by the navigator device when the vehicle
confronts anyone of the roadside antennas. There-
by, the position data and the road direction data
can be calibrated when the vehicle has approached
the roadside antenna.

Moreover, in the above roadside beacon sys-
tem, the data transmitted for a relatively long pe-
riod of time which is determined by the relatively
low level are applied to the communication data
terminal, necessary communication data can be
read with means connected to the communication
data terminal.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing one example
of a roadside beacon system according to this
invention.

Fig. 2 is a graphical representation indicating
the relation between the variation in level of a
signal received by a mobile antenna and reference
levels.

Figs. 3 and 4 are a plan view and a perspective
view, respectively, outlining the roadside beacon
system.

Fig. 5 is a schematic diagram showing one
example of a road map displayed on a display unit
in the system of the invention.

DETAILED DESCRIPTION OF THE PREFEERRED
EMBODIMENTS

One embodiment of this invention will be de-
scribed with reference to the accompanying draw-
ings.

Fig. 5 is a diagram showing one example of a
road map displayed on a display unit. The present
position and traveling direction of the vehicle is
indicated by the arrow A. The positions of roadside
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antennas Pq, P2,... and P, are also indicated (the
indication of these roadside antennas not always
being required). In addition, buildings or the like
(not shown in Fig. 5) which can be used a guides
are indicated.

Figs. 3 and 4 are schematic diagrams for a
description of the road-side beacon system accord-
ing to the invention. A roadside antenna 2 is in-
stalled at a predetermined position near a road 1.
The roadside antenna 2 is connected to a naviga-
tion data fransmitter 2a to transmit a signal includ-
ing position data and road direction data. On the
other hand, a mobile antenna 4 for receiving the
aforementioned signal is installed at a predeter-
mined position on a vehicle 3 which runs along the
road 1. The signal received by the mobile antenna
4 is supplied to a navigation device (not shown in
Figs. 3 and 4). The roadside antenna 2 is so high
in directivity that it covers only a relatively small
area R in Fig. 4. In addition, the roadside antenna 2
is such that it is non-directional for instance in a
horizontal direction.

Fig. 1 is a block diagram showing one example
of the roadside beacon system according to the
invention.

The signal received by the mobile antenna 4,
after being amplified by an amplifier 5, is supplied
to a high level determining circuit 6, a low level
determining circuit 7 and a gate circuit 8 which is
opened by the output signal of the second level
determining circuit 7. The signal passed through
the gate circuit 8 is temporarily stored in a memory
9. Thereafter, necessary communication data are
read out by a CRT display device 11a connected
to a communication data terminal 11. On the other
hand, data such as road direction data and map
data are transferred into a navigation device. The
present position data is applied to a navigator 10 in
response to a position determining signal (or timing
pulse signal) outputted by the high level determin-
ing circuit 6, so that the present position is cali-
brated.

The determining reference levels of the level
determining circuits 6 and 7 are set, to Ly and L, -
(L1>L2) respectively.

The operation of the roadside beacon system
thus organized will be described with reference to
Fig. 2.

Let us consider the case where the vehicle 3
comes nearer to the roadside antenna 2 and then
goes away it, i.e., the vehicle 3 passes by the
roadside antenna 2. First, the level of as signal
received by the mobile antenna 4 is substantially
zero (0). Therefore, signals whose levels are lower
than the determining reference levels Ly and L2 are
applied to both the level determining circuits 6 and
7. Therefore, the gate circuit 8 is maintained closed
and no data is transferred to the memory 9, e.g.,
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during the period T1 in Fig. 2.

As the vehicle 3 approaches the roadside an-
tenna 2, the level of the signal received by the
antenna 4 gradually increases. However, the
above-described operation is continued until the
level of the signal applied to the low level determin-
ing circuit 7 becomes higher than the determining
reference level L2, (e.g., during the period T2 in
Fig. 2).

That is, during the above-described operation,
no data is transferred to the navigator 10 from the
memory 9, and the navigator 10 calculates and
determines the present direction and the fraveling
direction of the vehicle according to the vehicle
speed data outputted by a vehicle speed sensor
(not shown) and the fraveling direction data pro-
vided by a direction sensor (not shown), so that the
present position and ftraveling direction of the ve-
hicle together with the road map are displayed on
the display unit (not shown).

As the vehicle 3 further approaches the road-
side antenna 2, the level of the signal received by
the antenna becomes higher. When the level of the
signal supplied to the low level determining circuit
7 exceeds the lower reference level Lo, the gate
circuit 8 is opened by the data-transmitting-area
determination signal outputted by the low level
determining circuit 7. As a result, the signal re-
ceived by the mobile antenna 4 and amplified by
the amplifier 5 is stored in the memory 9, (e.g.,
during the period T3 in Fig. 2) and predetermined
data are applied to the communication data termi-
nal 11 and the necessary data are inputted into the
navigator 10.

When the vehicle 3 substantially confronts the
roadside antenna 2, the level of the signal received
by the mobile antenna 4 is further increased and
the level of the signal supplied to the high level
determining circuit 6 exceeds the high reference
level L1 so that the high level determining circuit 6
outputs a position determination signal which is
applied to the navigator 10. At the same time, of
the data stored in the memory 9, the position data
is transferred to the navigator 10, so the present
position stored in the navigator 10 is calibrated.
Thus, the position data and the traveling direction
data have been calibrated. That is, the correct
present position and fraveling direction can be dis-
played on the display unit.

Thereafter, with the present position and travel-
ing direction thus calibrated as references, the po-
sition and the ftraveling direction of the vehicle 3
can be displayed as a function of time with the
arrow A on the display unit 11a together with the
road map using the vehicle speed data outputted
by the vehicle speed sensor and the ftraveling
direction data provided by the direction sensor.

Fig. 2 shows the variation in level of the signal
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received by the vehicle 3 which runs at a constant
speed. In the case when the vehicle moves at
different speeds, the periods Ti, T> and Ts; are
merely varied, shortened or lengthened, according
fo the speeds, which will not change the effect of
the invention.

As was described above, in the roadside bea-
con system according to the invention, when the
level of the signal received by the mobile antenna
exceeds the relatively low level, i.e., the data trans-
mission can be effectively carried out, the neces-
sary data are stored in the memory 9 temporarily,
and the predetermined data are store in the naviga-
tor 10. Only when the vehicle has sufficiently ap-
proached the roadside antenna 2 is the position
data transferred to the navigator 10 so that the
present position and the traveling direction of the
vehicle are calibrated. Therefore, even if the num-
ber of pieces of data transmitted through the road-
side antenna 2 increases, the data can be posi-
tively written in the navigator 10. Therefore, the
system can perform a variety of functions (such as
displaying road conditions and traffic congestion).
Furthermore, other necessary communication data
can be transmitted to the communication data ter-
minal 11. Since the position detection of the ve-
hicle 3 is carried out when the vehicle comes
sufficiently close to the roadside antenna 2 and the
received signal level reaches the peak value, the
position of the vehicle 3 can be detected with high
accuracy.

In the system of the invention, the threshold
level for storing data transmitted through the road-
side antenna is set at a low level and the treshould
level for detecting the position of the vehicle is set
fo a high level with the result that the position
detection is carried out with high accuracy and the
number of pieces of data transmitted can be in-
creased.

Claims

1. A roadside vehicle system, comprising:

a plurality of antennas installed along sides
of roads at predetermined positions and con-
nected to at least one data transmitter for
fransmitting a data signal to vehicles; and

a navigator device installed in at least one
of said vehicles, each said navigator device
comprising

a data signal receiving means for receiving
said transmitted data signal from one of said
antennas when a level of said fransmitted data
signal is higher than a first level and outputting
a data signal,

position determining means for receiving
said transmitted data signal when said frans-
mitted signal is substantially higher than a sec-
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ond level higher than said first level, and out-
putting a position determining signal,

calibrating means for calibrating according
to said data and position determining signals
position data of said vehicle in which said each
navigator device is installed, and

means for displaying said calibrated posi-
tion data on said vehicle.

2. A roadside beacon system as recited in Claim

1, wherein said first level is set relative to a
noise level of transmission from said antennas.

3. A roadside beacon system as recited in Claim

1, wherein said second level is set to a sub-
stantial fraction of a level of said transmitted
signal received by said vehicle immediately
confronting one of said antennas while posi-
tioned on said roads.

4. A road side beacon system as recited in Claim

1, wherein said navigator device includes a
gate circuit receiving said data signal, a mem-
ory receiving an output of said gate circuit, a
first determining circuit triggered at said first
level for causing said gate circuit to pass said
data signal to said memory, and a second
determining circuit triggered at said second
level for causing said navigator device to pro-
cess said position calibrating data received
from said memory.

Patentanspriiche
1. Ein StraBenleitsystem, welches umfaft:

eine Vielzahl von Antennen, die entlang von
Seiten der StraBen an vorbestimmten Positio-
nen installiert und mit wenigstens einer Daten-
Ubertragungseinrichtung zum Ubertragen eines
Datensignals zu Fahrzeugen verbunden sind;
und

eine Navigatoreinrichtung, die in wenigstens
einem der Fahrzeuge installiert ist, wobei jede
Navigatoreinrichtung umfaft:

eine  Datensignalempfangseinrichtung  zum
Empfangen der Ubertragenen Datensignale von
einer der Antennen, wenn ein Pegel des Uber-
tragenen Datensignals hdher als ein erster Pe-
gel ist, und zum Ausgeben eines Datensignals,

eine Positionsbestimmungseinrichtung  zum
Empfangen des Ubertragenen Datensignals,
wenn das Ubertragene Datensignal wesentlich
hdher ist als ein zweiter Pegel, der hdher als
der erste Pegel ist, und zum Ausgeben eines
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Positionsbestimmungssignals,

eine Kalibriereinrichtung zum Kalibrieren, ent-
sprechend dem Daten- und Positionsbestim-
mungssignal, von Positionsdaten des Fahr-
zeugs, in welchem die jeweilige Navigatorein-
richtung installiert ist, und

eine Einrichtung zum Anzeigen der kalibrierten
Positionsdaten flir das Fahrzeug.

Ein StraBenleitsystem nach Anspruch 1, wobei
der erste Pegel relativ zu einem Stdrsignalpe-
gel der Ubertragung von den Antennen einge-
stellt ist.

Ein StraBenleitsystem nach Anspruch 1, wobei
der zweite Pegel entsprechend einem wesentli-
chen Anteil eines Pegels des Ubertragenen
Signals, welches durch das einer von den An-
tennen unmittelbar gegeniiberliegende Fahr-
zeug, wahrend es sich auf den StraBen befin-
det, empfangen wird, eingestellt ist.

Ein StraBenleitsystem nach Anspruch 1, wobei
die Navigatoreinrichtung einen das Datensignal
empfangenden Gate-Schaltkreis, einen das
Ausgangssignal des Gate-Schaltkreises emp-
fangenden Speicher, einen ersten, mit dem
ersten Pegel getriggerten Bestimmungsschalt-
kreis, der den Gate-Schaltkreis veranlaBt, das
Datensignal in den Speicher zu leiten, und
einen zweiten, durch den zweiten Pegel getrig-
gerten Bestimmungschaltkreis, der die Naviga-
toreinrichtung veranlaft, die aus dem Speicher
empfangenen Positionskalibrierungsdaten zu
verarbeiten, enthilt.

Revendications

Systéme de balises disposées le long des
routes comprenant :

plusieurs antennes placées le long des
routes en position prédéterminée et connec-
tées & au moins un émetteur de données
destiné & émettre un signal de données vers
des véhicules, et

un appareil de navigation installé dans I'un
au moins des véhicules, chaque appareil de
navigation comprenant

un dispositif de réception des signaux de
données émis par l'une des antennes lors-
qu'un niveau du signal émis de données est
supérieur & un premier niveau, et 3 transmetire
un signal de données,

un dispositif de détermination de position
destiné & recevoir le signal de données émis
lorsque celui-ci est nettement supérieur & un
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10

second niveau supérieur au premier niveau, et
A transmeitre un signal de détermination de
position,

un dispositif d'étalonnage, en fonction des
signaux de données et de détermination de
position, des données de position du véhicule
dans lequel est installé 'appareil de navigation,
et

un dispositif d'affichage des données éta-
lonnées de position sur le véhicule.

Systéme de balises disposées le long des
routes selon la revendication 1, dans laquelle
le premier niveau est réglé par rapport & un
niveau de bruit d'émission des antennes.

Systéme de balises disposées le long des
routes selon la revendication 1, dans laquelle
le second niveau est réglé & une fraction nota-
ble du niveau d'un signal émis regu par le
véhicule placé juste devant les antennes, tout
en se trouvant sur les routes.

Systéme de balises disposées le long des
routes selon la revendication 1, dans laquelle
'appareil de navigation comporte un circuit
porte qui regoit le signal de données, une
mémoire qui regoit un signal de sortie du
circuit porte, un premier circuit de détermina-
tion déclenché au premier niveau de maniére
qu'il provoque le passage du signal de don-
nées par le circuit porte vers la mémoire, et un
second circuit de détermination déclenché au
second niveau et destiné & provoquer le traite-
ment des données d'étalonnage de position,
regues de la mémoire, par |'appareil de navi-
gation.
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