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(54) Bumping prevention system

(57) With the bumping prevention system according
to the present invention, when a vehicle (7) passes by
a fixed point information detection support facility (1)
and enters the service area (24), the vehicle's driver rec-
ognizes availability of the service for provision of infor-
mation, alarms, and controls for prevention of bumping
when entering a crossing upon reception of a signal in-
dicating the service area (24), and starts computing a
current position of the vehicle by grasping the current
running position of the vehicle and a distance up to a
priority road. On the other hand, the system control sys-
tem acquires information concerning vehicles (25) on
the priority road from the on-road infrastructure, and pro-
vides the driver, when there is any vehicle (25) entering
the crossing on the priority road, with the information

concerning the crossing as well as the vehicle (25) en-
tering the crossing at a point where the driver can brake
the vehicle (7) with sufficient time allowance for stopping
the vehicle in front of the crossing. Further when it is
determined that there is the possibility of bumping with
the vehicle (25) entering the crossing, the system gives
an alarm indicating the possibility of bumping to the driv-
er at a point where the driver can brake the vehicle (7)
in an emergency with time allowance for stopping the
vehicle (7) in front of the crossing. When it is determined
that there is the possibility of bumping with another ve-
hicle (25) entering the crossing, the system continuously
provides controls for decelerating and stopping the ve-
hicle (7) in a range from a point where the system can
decelerate the vehicle (7) in an emergency with time al-
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lowance for stopping the vehicle (7) in front of the cross- ing up to a point in front of the crossing.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to an bumping prevention system which is used, for instance, in the field of
traffic signal control and prevents bumping between a vehicle running in a non-priority road and a vehicle running in a
priority road at a crossing between the two roads by transacting signals with on-road infrastructure in a service area
between fixed point information detection support facility for service-in installed at a point by a specified distance away
from the crossing on the non-priority road and a fixed point information detection support facility for service-out installed
at a point near the crossing.

BACKGROUND OF THE INVENTION

[0002] Conventionally, in order to prevent bumping at a crossing between a priority road and a non-priority road as
described above, a driver just about to enter from a non-priority road into a priority road once stops in front of the
crossing, checks behaviors of vehicles running on the priority road with a mirror installed at the crossing, and then
restarts after the safety is confirmed.
[0003] Therefore, it is impossible to completely prevent bumping due to a driver's careless mistake or the driver's
mistake in determination of the situation, and occurrence of traffic accidents between a vehicle running on a priority
road and that running on a non-priority road has not completely been suppressed.

OBJECTS AND SUMMARY OF THE INVENTION

[0004] It is an object of the present invention to provide an expected bumping prevention system which can solve
the problems in the conventional technology as described above and prevent bumping between vehicles by supporting
safe access of a vehicle running on a non-priority road to a crossing between the non-priority road and a priority road,
and/or supporting restart of a vehicle at a stop in front of the crossing.
[0005] To achieve the object described above, the bumping prevention system according to the present invention is
a system for preventing bumping between a vehicle running on a non-priority road and a vehicle running on a priority
road at a crossing between the two roads by transacting signals with on-road infrastructure in a service area between
a fixed point information detection support facility for service-in installed at a point away by a specified distance from
the crossing on the non-priority road and a fixed point information detection support facility for service-out installed at
a position near the crossing, and when a vehicle passes by the fixed point detection support facility for service-in and
enters the service area, the vehicle recognizes availability of providing information, alarms, and control for prevention
of expected bumping at a crossing upon reception of a signal indicating entry into a service area from the support
facilities, and starts computing of a position of the current by recognizing a distance between the current running
position of the vehicle and a priority road. When the vehicle receives information concerning vehicles on a priority road
from the on-road infrastructure and recognized that a vehicle just about to enter the crossing is present on the priority
road, the system provides information concerning the crossing as well as the vehicle just about to enter the crossing
at a point away by a distance enough to decelerate and stop the vehicle by the crossing, and further when it is deter-
mined that there is the possibility of collision between the vehicle running on the non-priority road and the vehicle
running on the priority road and just about to enter the crossing, the system gives an alarm indicating the possibility of
bumping to a driver of the vehicle running on the non-priority road. Further when it is expected that there is the possibility
of bumping between the vehicle and another vehicle running on the priority road and entering the crossing, the system
continuously provides controls for emergently decelerating or stopping the vehicle in front of the crossing.
[0006] In the system described above, it is preferable to provide information with a time allowance sufficient for a
vehicle's driver to understand contents of the information and also required for braking the vehicle in en emergency,
to give an alarm to the driver with a time allowance sufficient for the vehicle's driver to respond to the driver and also
enough for the driver to brake the vehicle, and also to provide automatic controls for decelerating or stopping the vehicle
taking into account a delay time in this control system and a rising time for braking.
[0007] Further to achieve the object described above, the bumping prevention system according to the present in-
vention is a system for preventing bumping between a vehicle running on a non-priority road and a vehicle running on
a priority road at a crossing between the two roads by transacting signals with on-road infrastructure in a service area
between a fixed point information detection support facility for service-in installed at a point away by a specified distance
from the crossing on the non-priority road and a fixed point information detection support facility for service-out installed
at a position near the crossing, and when a vehicle passes by the fixed point information detection facility for service-
in and enters the service area, the vehicle receives a signal indicating start of the service area from the support facility
and recognizes the availability of information provision service for preventing expected bumping after restart. When
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the vehicle stops in front of the crossing, the vehicle obtains information concerning vehicles on a priority road from
the on-road infrastructure and if the vehicle recognizes presence of a pedestrian or a vehicle just about to enter the
crossing on a priority road, information indicating presence of the pedestrian or vehicle is given to the driver.
[0008] Further to achieve the object described above, the bumping prevention system according to the present in-
vention is a system for preventing bumping between a vehicle running on a non-priority road and a vehicle running on
a priority road at a crossing between the two roads by transacting signals with on-road infrastructure in a service area
between a fixed point information detection support facility for service-in installed at a point away by a specified distance
from the crossing on the non-priority road and a fixed point information detection support facility for service-out installed
at a position near the crossing, and when a vehicle passes by a fixed point information detection support facility for
service-in and enters a service area, the vehicle recognizes availability of the service for providing information, alarms,
and controls for prevention of bumping when the vehicle accesses a crossing or availability of the information provision
service for prevention of expected bumping after the vehicle once stops in front of the crossing and then restarts upon
reception of a signal indicating start of the service area from the support facilities, and starts computing a position of
the vehicle by grasping the distance from the running position of the vehicle up to the priority road. When the vehicle
obtains information concerning vehicles on the priority road from the on-road infrastructure and recognizes that a
vehicle just about to enter the crossing is present on the priority road, the system provides information concerning the
crossing as well as presence of the vehicle just entering the crossing on the priority road to the driver at a point where
the driver can decelerate and stop the vehicle in front of the crossing. Further when it is determined that there is the
possibility of bumping with the vehicle just entering the crossing, this system gives an alarm indicating the possibility
of bumping to the driver at a point where the driver can brake and stop the vehicle in an emergency in front of the
crossing. Still further when it is determined that there is the possibility of bumping with another vehicle subsequently
entering the crossing, the system continuously provides controls for support in braking in a range from a point where
the driver can brake and stop the vehicle in front of the crossing up to a point just in front of the crossing. When the
vehicle stops the vehicle once in front of the crossing, the system obtained information concerning vehicles on the
priority road and gives to the driver information concerning the vehicle, if any.
[0009] In the system described above, it is preferable to provide information with a time allowance sufficient for a
vehicle's driver to understand contents of the information and also required for braking the vehicle in an emergency,
to give an alarm to the driver with a time allowance sufficient for the vehicle's driver to respond to the alarm and also
enough for the driver to brake the vehicle, and also to provide automatic controls for decelerating or stopping the vehicle
taking into account a delay time in this control system and a rising time for braking.
[0010] With the configuration as described above, it is possible to prevent bumping between vehicles by supporting
safe access of a vehicle running on a non-priority road to a crossing between the non-priority road and a priority road,
and/or supporting restart of the vehicle after the vehicle stops once in front of the crossing. Therefore it is possible to
substantially reduce the possibility of bumping between a vehicle running on a priority road and that running on a non-
priority road at a crossing between the two roads, thus safety at the crossing being substantially improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 is a general block diagram showing an bumping between vehicles according to one embodiment of the
present invention;
Fig. 2 is an on-road section of this system for describing a scenario according to the present invention;
Fig. 3 is a scenario in this system;
Fig. 4 is a time chart for processing by the on-road facilities in this system;
Fig. 5 is a flow 1 of the processing by the on-road processing facility;
Fig.6 is a flow 2 of the processing by the on-road processing facilities; and
Fig. 7 is a time chart centering on an AHS car according to this system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] Fig. 1 is a block diagram showing general configuration of this system, and in the system shown in the figure,
the number of each facility may vary according to a point where the facility is installed or a monitoring range for the
on-road facility, but a number of facility is not an important factor. Also the input/output data in this figure indicates only
those essentially required in this system.
[0013] At first functional contents of on-road facility as the on-road infrastructure constituting the system as well as
of facilities loaded on an AHS car as an example of vehicle are described. Herein the term AHS is an abbreviation of
Advanced-cruise-assist Highway System indicating a road system enabling automatic driving of vehicles, and the AHS
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car indicating a car which can automatically be controlled by the Advanced-cruise-assist Highway System. The on-
road facilities of this system comprises a fixed point information detection support facilities 1, 2 provided on a non-
priority road, and a vehicle detection facility 3, an on-road processing facility 4, an on-road database 6, and a road-to-
vehicle communications facility 6 each provided on a priority road, and functions of each facility are as described below.
Namely the fixed point information detection support facilities 1, 2 are facilities used in a pair with a fixed point infor-
mation detection sensor 8 loaded on the AHS car 7, and the AHS car 7 having passed the fixed point information
detection support facility 1 installed at a specified position on the road can recognize a service-in point, a type of the
provided service, and a service-out point. The vehicle detection facility 3 detects behaviors (such as a position and a
velocity) of vehicles (including two-wheel vehicles) running on a priority road. The on-road processing facility (including
the running support information preparation facility) 4 is a computing/processing unit as a main device among the on-
road facilities for this service, and the facility 4 executes operations mainly for processing input/output data and pre-
paring output data. The on-road database 5 is a database in which data required for the service is stored, and in this
system information concerning road line form of objective priority roads and non-priority roads. The system provides
the information when accessed by the on-road processing facility 4. The road-to-vehicle communications facility 6
executes communications between the on-road facilities and a vehicle, and in this system the road-to-vehicle commu-
nications facility 6 provides mainly information concerning vehicles on a priority road and information concerning road
line form to the AHS car 7.
[0014] Devices 11 loaded on the AHS car 7 includes a fixed point information detection sensor 8, an AHS car position
detection sensor 12, a road-to-vehicle communications device 13, a peripheral situation detection sensor 14, an AHS
car state detection sensor 15, and an on-vehicle processing unit 16, and functions of each device is as described
below. Namely the fixed point information detection sensor is a facility used as a pair with the fixed point information
detection support facility 1, and detects such factors as a type of available service, a service area length, and service-
out or the like when the vehicle passes by the fixed point information support facility 1 installed at a specified position
on the road. The AHS car position detection sensor 12 detects a position of the AHS car based on the information from
the fixed point information detection support facility 1. The road-to-vehicle communications device 13 controls com-
munications between on-road facilities and vehicles. The peripheral situation detection sensor 14 detects a situation
around the AHS car. The AHS car state detection sensor 15 detects a velocity, acceleration or the like of the AHS car.
The on-vehicle processing device (including also the computing/processing unit) 16 is a device which collects infor-
mation required for the AHS car and executes processing such as provision of information, computing, and determi-
nation, and in this system the on-vehicle processing device 16 provides information concerning presence of a vehicle
entering a crossing, determines the possibility of bumping, and gives an instruction for alarm to the on-vehicle HMI
(Human Machine Interface) 17 and a control instruction value to the vehicle control unit 18 when it is determined that
there is the possibility of bumping.
[0015] This service assumes a section of an ordinary road where there is not sign for a crossing. An example of the
service is described below with reference to Fig. 2. Fig. 2 shows a crossing 9 (without any alarm) between a non-
priority road 22 with a stop line 21 provided thereon and a priority road 23, and this figure shows an example in which
a priority road with two lanes to which the present invention is applied and a non-priority road with one lane.
[0016] Herein description is made for a system in which information, alarms, and controls are provided when the
AHS car is approaching a crossing 9 within a service area 24 including a stop line 21 and it is determined that there
is the possibility of collision of the vehicle with another vehicle running on a priority road 23 and also for a system in
which information is provided when the vehicle stops once at a stop line and then restarts assuming a vehicle ap-
proaching the crossing and following the operating sequence up to the processing sequence.
[0017] Fig. 2 assumes that the fixed point information detection support facility 1 for service-in installed at a point P1
away by a specified point (for instance, 40 m) from the crossing 9 can recognize a service-in point, a service-out point,
an area length, and a type of available service. When the AHS car 7 passes by the point P1 and enters the service
area 24, the AHS car recognizes availability of the service for providing information, alarms, and controls for prevention
of bumping during access to the crossing 9, grasps a running position of the AHS car and a distance up to a priority
road, and starts computing for a position of the AHS car. The AHS car 7 having reached the point P1 activates the
service for providing information, alarms, and controls for prevention of bumping and immediately start acquisition of
the information concerning vehicles running on the priority road 23 from the on-road infrastructure. The information
concerning vehicles on the priority road 23 is transmitted at a prespecified cycle (typically at a cycle of 0.1 second)
through the road-to-vehicle communications facility 6. When the AHS car 7 in the service area 24 continues to run and
passes through the crossing 9, the AHS car 7 determines whether there is the possibility of collision of the AHS car
with another vehicle 25 running on the priority road 23.
[0018] Fig. 2 shows an example of determination on the possibility of collision of the AHS car with the vehicle 25
from the upstream side of the priority road 23 at the crossing 9. In this case, it is required only to check how the time
zone in which the vehicle approaching the crossing 9 from the upstream side of the priority road 23 resides on the
crossing overlaps with the time zone in which the AHS car 7 resides within the crossing 9. Namely, if the two time
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zones overlaps with each other, it is determined that there is the possibility of collision, and if the two time zones do
not overlap with each other, it is determined that there is not the possibility of collision. The AHS car 7 can determine
the possibility of collision by assuming a constant acceleration pattern (including a uniform velocity movement) and
also assuming that the vehicle 25 approaching from the upstream side of the priority road 23 to the crossing continues
to run at the current velocity measured at the current point detected by the vehicle detection facility 3. When it is
determined that there is the possibility of collision, an alarm is generated, and at the same time controls are provided
to control running of the vehicle with the vehicle control unit 18. After the vehicle stops at a stop line 21 once, the AHS
car receives information concerning vehicles just about to enter the crossing. The fixed point information detection
support facility 2 installed at the point p2 is for enabling detection of service out, and provision of the service is finished
when the AHS car 7 has passed over this point.
[0019] Fig. 3 is an explanatory view showing a scenario in this bumping prevention system, and is a flow chart
showing the operations described above.
[0020] Fig. 4 is a time chart for the bumping prevention system centering on the on-road processing facility 4 at the
crossing shown in Fig. 2. AS shown in Fig. 4, input to the on-road processing facility in this system is information
concerning a velocity and a position of a vehicle on the priority road 23. Information concerning vehicles on the priority
road 23 is inputted once for every 0.1 second from the vehicle detection facility 3, and is stored in the on-road database
5. The on-road processing facility 4 prepares information to be transmitted to the AHS vehicle 7 once for every 0.1
second.
[0021] Fig. 5 and Fig. 6 show processing flows by the on-road processing facility 4 at the crossing shown in Fig. 2.
Fig. 5 shows a flow of processing a data concerning a position and a velocity of the vehicle 25 on the priority road 23
detected by the vehicle detection facility 3. The processing is executed once for every 0.1 second, and the data is
stored as data 1 indicating a position and a velocity of the detected vehicle and a time of detection of the data in the
on-road database 5. Fig. 6 shows a processing flow for preparation of output data to be sent to the ASH car 7. This
processing is executed once for every 0.1 second, and the prepared output data is once stored in the on-road database
5. The stored output data is transmitted from the road-to-vehicle communications facility 6 to the AHS car 7. The
information concerning a velocity and a position of the vehicle 25 on the priority road 23 detected by the vehicle detection
facility 3 is used for determination of the possibility of bumping.
[0022] Fig. 7 is a time chart of the processing for computing a range of management by the on-road facility on the
bumping prevention system shown in Fig. 2, and mainly shows the AHS car and the driver's operations. The bumping
prevention system has the vehicle detection facility 3 installed on the priority road 23 and the fixed information detection
support facilities 1, 2 installed on a non-priority road.
[0023] The bumping prevention system mainly computes a range of monitoring by the vehicle detection facility 3 for
monitoring the vehicle 25 running on the priority road 23 toward the crossing 9 and a range of communications for a
vehicle to be serviced.
[0024] At first, the total time Tk from a point of time when a driver of the AHS car 7 running on a non-priority road 22
recognizes presence of a vehicle 25 entering a crossing on the priority road and brakes the AHS car 7 until the point
of time when the AHS car 7 stops in front of the stop line is computed. A distance L1 between the crossing 9 and the
vehicle at the distal point can be obtained by multiplying the total time Tk by the maximum velocity V of the vehicle 25.
[0025] As shown in Fig. 7, the time T3 from the point of time when the driver recognizes presence of a vehicle
accessing the crossing on the priority road and determines the possibility of bumping until the point of time when the
driver actually brakes the vehicle is computed through the equation 1:

wherein T2 is a period of time from the point when the driver recognizes a situation on the priority road 23 until a point
of time when the driver determines the possibility of bumping, T1 is a period of time required for changing a foot position
from the accelerator to the brake, and T0 is a period of time required for actually stepping on the accelerator. Assuming
that a running speed of the AHS car 7 is reduced to a velocity a in the time T4 after the driver brakes the AHS car 7,
a period of time T5 from a point of time when the driver brakes until the AHS car 7 actually stops in front of the crossing
9 can be computed through the equation 2:

[0026] The distance over which the AHS car 7 runs from the point of time when the driver receives the information

T3 = T2 + T1 + T0 (1)

T5 = V
α
---- +

T4

2
------ (2)
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until the point of time when the ASH car 7 actually stops at the stop line 21 is computed through the equation 3:

[0027] Therefore, assuming the equation 4:

and the equation 5:

wherein T2 = 1.0s, T1 = 0.2s, T0 = 0.1s, T4 = 0.5s, α = 3.0 [m/s2], and V = 60 [km/h],
L1 = V x Tk = 60 [Km/h] x (1.3 [s] + 5.8 [s]) = 118.7 [m], so that the distance L1 is equal to 119 [m] when the

decimal section is rounded up.
[0028] From the result of calculation above, it is assumed that a range of monitoring by the vehicle 25 is 119 m from
the crossing 9.
[0029] Further as the distance L is equal to 32.6 m, it is assumed the range of communications is 40 m when the
first digit is rounded up.
[0030] Description of the embodiment above assumes that support for access to a crossing and support for a re-
starting vehicle are combined with each other in this system, but it is needless to say that either one may be provided
as an independent service. Further the description above assumed that there is no alarm at the crossing point, but this
system can be applied even to a crossing with a flickering alarm. In addition, arrangement of a priority road and a non-
priority road in this system such as a number of lanes, a width of each lane, and a number of various types of facilities
to be provided on the road are arbitrary, and the present invention is not limited to the configuration shown in the figures.

Claims

1. A bumping prevention system for preventing bumping between a vehicle running on a non-priority road and another
vehicle running on a priority road at a crossing between the two roads by transacting signals with on-road infra-
structure in a service area from a fixed point information detection support facility for service-in installed at a point
away by a specified distance from the crossing up to a fixed point information detection support facility for service-
out installed at a point near the crossing, wherein, when a vehicle passes by the fixed point information detection
support facility for service-in and enters the service area, a driver of the vehicle receives a signal indicating start
of the service area from the support facility and recognizes availability of the services for provision of information,
alarms, and controls for prevention of bumping when approaching the crossing, said system starts computing a
position of the vehicle by grasping a distance from a current position of the vehicle up to the priority road, acquires
information on vehicles on the priority road from the on-road infrastructure, provides information the vehicle's driver
with information concerning presence of the crossing as well as of vehicles entering the crossing at a point where
the driver can brake the vehicle with sufficient time allowance for stopping the vehicle in front of the crossing when
there is any vehicle entering the crossing on the priority road, gives an alarm alerting the possibility of bumping at
a position where the driver can brake the vehicle in an emergency with sufficient time allowance for stopping the
vehicle in front of the crossing when it is determined that there is the possibility of bumping with a vehicle entering
the crossing, and continuously provides controls for support for braking in a range from the position where the
driver can brake the vehicle in an emergency with sufficient time allowance for stopping the vehicle in front of the
crossing up to a position in front of the crossing.

2. The bumping prevention system according to Claim 1, wherein said system provides a driver of a vehicle with
information taking into a period of time in which the driver responds to the information as well as a period of time
in which a braking operation is actually effected, gives an alarm to the driver taking into account a period of time
in which the driver responds to the alarm and the driver's braking operating is actually effected, and also provides
automatic control for stopping the vehicle taking into account a delay time of this control system and a period of
time required until braking is actually effected in the emergent stop.

L = V X T3 + V X T4 - 1
6
--- X α X T4

2 + 1
2α
------- (V - 1

2
--- α X T4)2 (3)

Tk = T3 + T5, (4)

L1 = V X Tk (5)
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3. A bumping prevention system for preventing bumping between a vehicle running on a non-priority road and another
vehicle running on a priority road at a crossing between the two roads by transacting signals with on-road infra-
structure in a service area from a fixed point information detection support facility for service-in installed at a point
away by a specified distance from the crossing up to a fixed point information detection support facility for service-
out installed at a point near the crossing, wherein, when a vehicle passes by the fixed point information detection
support facility for service-in and enters a service area, a driver of the vehicle recognizes availability of the service
for provision of information for prevention of bumping after the vehicle stops once in front of a crossing upon
reception of a signal indicating start of the service area from the support facility and then restarts, the driver can
acquire information concerning vehicles on the priority road when the vehicle once stops in front of the crossing
from the on-road infrastructure, and when there is any car entering the crossing on the priority road, said system
provides the driver with the information concerning presence of the vehicle.

4. A bumping prevention system for preventing bumping between a vehicle running on a non-priority road and another
vehicle running on a priority road at a crossing between the two roads by transacting signals with on-road infra-
structure in a service area from a fixed point information detection support facility for service-in installed at a point
away by a specified distance from the crossing up to a fixed point information detection support facility for service-
out installed at a point near the crossing, wherein, when a vehicle passes by the fixed point information detection
support facility for service-in and enters a service, a driver of the vehicle recognizes availability of the service for
provision of information, alarms, and controls for prevention of bumping when approaching to a crossing or avail-
ability of service for provision of information for prevention of bumping when the vehicle once stops in front the
crossing and then restarts, starts computing of a current position of the vehicle by grasping the current running
position of the vehicle and a distance up to the priority road, and also wherein said system acquires information
concerning vehicles on the priority road from the on-road infrastructure and provides, when there is any vehicle
entering the crossing, the driver with the information concerning presence of the crossing and vehicle entering the
crossing at a point where the driver can reduce a running velocity of the vehicle with sufficient time allowance for
stopping the vehicle in front of the crossing, or gives the driver, when it is determined that there is the possibility
of bumping with a vehicle entering the crossing, an alarm concerning the possibility of bumping at a point where
the driver brakes the vehicle in an emergency with sufficient time allowance for stopping the vehicle in front of the
crossing, continuously provides controls for the decelerating or stopping the vehicle, when it is determined that
there is the possibility of bumping with any subsequent vehicle entering the crossing, in a range from a position
where the driver can brake the vehicle with sufficient time allowance for stopping the vehicle in front of the crossing
to a point in front of the crossing, and further acquired information on vehicles on the priority road from the on-
road infrastructure when the vehicle stops in front of the crossing, and provides the information concerning pres-
ence of the vehicle when it is determined that there is any vehicle entering the crossing.

5. The bumping prevention system according to Claim 4, wherein said system provides a driver of a vehicle with
information taking into a period of time in which the driver responds to the information as well as a period of time
in which a braking operation is actually effected, gives an alarm to the driver taking into account a period of time
in which the driver responds to the alarm and the driver's braking operating is actually effected, and also provides
automatic control for stopping the vehicle taking into account a delay time of this control system and a period of
time required until braking is actually effected in the emergent stop.
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