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(54) MOTORCYCLEWITHDEVICE FORDETECTING A VEHICLE APPROACHING FROM THE REAR

{57)  Amotorcycle (1) comprises a frame mounted on
wheels and has a front part (5) and a rear part (6), a
handlebar (7) being located at the front part, means being
provided to detect at least the speed and roll angle of the
motorcycle when in movement, the frame having a lon-
gitudinal median plane (W) joining such front part (5) and
the rear part (6). A device (10) for detecting a vehicle (V)
which is moving towards the rear part (7) of the motor-
cycle when such motorcycle is in movement is provided,
said device (10) comprising a radar detector or a televi-
sion camera (12) rigidly of one piece with the motorcycle
(1), said radar detector (12) being rigidly associated with
the rear part (6) of the motorcycle (1) and following its
movement, said radar detector (12) being connected to
means (15) for evaluating the presence and movement
of said vehicle (V) moving towards the rear part of the
motorcycle (1) and capable of determining a variable haz-
ard indication which identifies a time to collision between
the vehicle and the motorcycle, said evaluation means
(15) activating warning means (38) on the basis of such
hazard indication which generate a warning for therider’s
attention when said hazard indication reaches a prede-
termined value.

BSMIN 1
_p
BSI_V.I "

Fig. 3

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 401 198 A1 2

Description

[0001] The present invention relates to a motorcycle
according to the precharacterising clause of the principal
claim.

[0002] As is known, a motorcycle comprises a frame
having a median plane joining a front part and a rear part
of the vehicle, this frame having a handlebar located at
the front part.

[0003] Use of a motorcycle, particularly on roads with
traffic, requires considerable attention on the part of the
rider, in particular when he has to move from his own
lane to an adjacent lane to overtake a vehicle in front of
the motorcycle. This action means that the rider has to
check visually whether other vehicles are approaching
the motorcycle from behind before changing lane.
[0004] This operation may however be hazardous if,
for example on a motorway, a vehicle is approaching
from behind at high speed and the rider does not suitably
evaluate distances.

[0005] Radar systems fitted to motor vehicles which
can detect the presence of other vehicles in front of and
behind the vehicle, which are also capable of identifying
whether there is sufficient space for the vehicle to change
lanes on the basis of approaching vehicles, are known.
[0006] US9630672relates to adevice for detecting the
roll angle of a vehicle, in particular a motorcycle. This
device uses a Kalman filter to evaluate various vehicle
data such as roll angle, yaw, the speed and the angular
speed of the vehicle on the basis of corresponding de-
tected values and on the basis of previously estimated
values.

[0007] US2009/0033475 describes a warning device
for a cyclist capable of warning the latter that an object
(such as a vehicle, other bicycles or the like) are ap-
proaching from the rear. This text describes the use of
an ultrasound transmitter mounted on the bicycle, in par-
ticular on the rear part thereof, and the use of a receiver
capable of receiving echoes or signals reflected from any
objects approaching the bicycle from the rear. A control
unit connected to such transmitter and receiver calcu-
lates a value for the reflection time for each reflected
echo or signal and compares it with corresponding time
values so as to determine whether the object is coming
closer or not. Ifit is found that the object is coming closer,
the control unit activates an alarm to warn the cyclist.
[0008] This prior document is only able to warn the
cyclist about whether an object is approaching from the
rear, butdoes notdescribe nor suggest the determination
of any time between possible collision with said object
and the bicycle. The prior document only describes the
possibility of detecting an object approaching from the
rear and consequently of providing an alarm, but does
not enable the cyclist to know how much time there is to
any possible collision, thus not enabling the cyclist to
know for example whether he can divert from the course
being followed to avaoid the collision.

[0009] Substantially the known solution is an YES/NO
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device which generates a warning if it detects the ap-
proach of any object from the rear of the bicycle; the prior
documentdoes not however describe or suggestthe pos-
sibility of offering any kind of indication of the hazard as-
sociated with such approach, neither does it describe nor
suggest any gradation in the hazard warning, distinguish-
ing for example hazards deriving from vehicles which de-
spite being far from the bicycle are at a speed such as
toreach the bicycle in much shorter time than the hazards
deriving from vehicles closer to the bicycle but travelling
at lower approach speeds such that they will reach the
bicycle in longer times.

[0010] Thisis also associated with the manner in which
the acoustic signal emitted by the emitter associated with
the bicycle is generated: this signalis emitted in adiscrete
manner, so that dead times (even short ones) are pro-
duced when detecting the object approaching from the
rear.

[0011] US2008/0296880 describes a protection de-
vice foramotorcycle through the use of an airbag capable
of expanding outwards and covering a surface of the mo-
torcycle so as to protect it after a limiting inclination has
been reached or exceeded.

[0012] US2016/363665 describes a radar sensor sys-
tem associated with a bicycle which enables the cyclist
to recognise items such as motor vehicles or pedestrians
which are close to his bicycle.

[0013] US2015228066 describes awarning system for
a vehicle comprising a detection system orientated rear-
wards which is capable of identifying a position and speed
relationship for an approaching object. This circuit may
be of the type which obtains video images and incorpo-
rates a controller operating as a user interface. The con-
troller provides warnings and other information to the us-
er. The controller may be a smartphone application.
[0014] DE102013218458 relates to a device fordetect-
ing a traffic situationin a blind spot of an inclinable vehicle
such as a motorcycle. The device comprises a first and
at least a second distance sensor to detect distance in-
formation about objects on one side of the vehicle.
[0015] The device comprises a detection unit which
evaluates whether the signals from the distance sensors
are caused by a traffic situation or an inclination status
of the device. This device has the advantage that traffic
situations in the overturnable vehicle’s blind spot can be
detected reliably when the overturnable vehicle is at any
inclination, because there are always distance sensors
which are not capable of detecting the traffic situation but
are directed towards the road surface. There are fewer
detection and status errors in which an existing traffic
situation is not recorded correctly.

[0016] The state of the art therefore describes the use
of devices associated with motorcycles or two-wheeled
vehicles such as bicycles which are capable of detecting
whether there is a moving abject such as another vehicle
or a pedestrian behind the vehicle or within a blind angle
at the side of it. These known devices also make it pos-
sibletodetect objects, for example vehicles, approaching



3 EP 3 401 198 A1 4

from the rear of the motorcycle or bicycle.

[0017] However the state of the art neither describes
nor suggests the determination of a collision time be-
tween the object or vehicle approaching from the rear
and the motorcycle or bicycle; that is the state of the art
neither describes nor suggests calculation of the time
which the rider of such motorcycle or bicycle has in order
to be able to change direction before the approaching
vehicle can be alongside (preventing the change in
course). Also the known patent documents neither de-
scribe nor suggest indicating this time to collision to the
rider in a variable way so that at all times when riding the
rider can have accurate and up-to-date information about
the time for the vehicle approaching from the rear to reach
his motorcycle (or bicycle).

[0018] The objectof the presentinvention is to provide
a motorcycle provided with a device capable of checking
whether itis possible for the motorcycle to change course
without this giving rise to any danger to the rider.
[0019] Inparticular, the object of the invention is to pro-
vide a motorcycle provided with the abovementioned de-
vice that is able to warn the rider about the possibility of
changing the motorcycle’s direction or course (for exam-
ple in order to overtake) despite the fact that another
vehicle is approaching the motorcycle from therear, even
at a speed greater than that of the motorcycle itself.
[0020] A further object is to provide a motorcycle pro-
vided with a device that can provide the rider, moment
by moment, with information which is always up-to-date
about the time available before a vehicle approaching
the motorcycle from the rear at a greater speed than the
latter can reach or come alongside the motorcycle itself.
[0021] Afurther objectis to provide a motorcycle of the
abovementioned type provided with a device that can
provide the rider, moment by moment, with information
about the presence of a vehicle approaching a blind spot
at the side of the motorcycle.

[0022] Another object is to provide a motorcycle pro-
vided with the abovementioned device which can warn
the rider whenever itis not possible to check for the pres-
ence of approaching vehicles, in particular when the mo-
torcycle is inclined in order to take a bend or whenever
the motorcycle is inclined to one side.

[0023] Another object is to provide a motorcycle with
a device through which the approach of a vehicle can be
detected continuously, effectively and reliably, even
when the presence of the vehicle is momentaneously not
detected by the device as a result of effects associated
with the functioning of the device itself.

[0024] Another object of the invention is to provide a
motorcycle with a device of the abovementioned type
through which the actual danger due the presence of the
approaching vehicle can be evaluated, with differentiated
levels.

[0025] Another object is to provide a motorcycle with
adevice of the abovementioned type whose construction
does not result in structural changes to the motorcycle
andwhich does not give rise tothe occurrence of possible
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causes of danger during use.

[0026] These and other objects which will be obvious
to those skilled in the art are accomplished through a
motorcycle according to appended claim 1.

[0027] Forabetter understanding of the presentinven-
tion the following drawings are appended purely by way
of a non-limiting example, and in these:

Figure 1 shows a diagrammatical view of a motor-
cycle according to the invention;

Figure 2 shows a block diagram of a device applied
to the motorcycle according to the invention;
Figure 3 illustrates a particular situation during use
of the motorcycle in Figure 1;

Figure 4 shows a graphic indicating one way of using
the device in Figure 2;

Figure 5 shows a functional diagram relating to use
of the device according to the invention; and
Figure 6 shows a time/distance graph relating to the
detection of vehicles moving at different speeds.

[0028] With reference to the figures mentioned, the in-
vention relates to a motorcycle 1 having a frame (taking
this term to mean the whole load-bearing structure itself
and the various parts attached to it such as the normal
tank, saddle, engine, etc.) mounted on a front and a rear
wheel, said frame having a longitudinal median plane W
joining a front part 5 and a rear part 6 of the motorcycle.
A handlebar 7 is present close to the aforesaid front part
5.

[0029] The vehicle is also provided with the usual ele-
ments (accelerometers, gyroscopes or other elements,
not shown) which can detect the speed of the motorcycle
when in movement, its yaw angle and its roll angle on
both sides. These data are used by a normal central
processing unit on the motorcycle (not shown) to monitor
the functioning of various of its parts, such as for example
the engine and the usual shock absorber units.

[0030] The motorcycle is provided with a device 10
which can detect the approach of another vehicle (for
example a car) from the rear while the motorcycle is being
driven, whenitis inmovement. This device is in particular
capable of detecting not only the presence of the ap-
proaching vehicle but also its speed so as to offer the
rider of the motorcycle an indication of the possibility, risk
and danger of any change in course, for example in order
to overtake or to turn into a side road from that being
travelled.

[0031] More particularly, device 10 is connected to a
normal data exchange network between the electronic
components of the vehicle, for example a motorcycle
CAN-BUS, and from this receives data relating to the
motorcycle’s speed, yaw androllangle. Suchdata enable
device 10 to calculate in succession, as will be indicated,
the absolute speed (that is with respect to a reference
system external to the motorcycle, which has a fixed or-
igin and whose X axis is always parallel to the direction
along which the motorcycle is moving) of another vehicle
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V approaching the motorcycle from the rear or moving
towards the rear part 6 of the latter.

[0032] Through suitable "formatting” via a circuit 11 to
create a suitable electrical signal every speed and roll
angle value is directed to a detection device 12 such as
a radar, television camera or similar (electromagnetic
wave) detection device located on the rear part 6 of the
motorcycle, preferably on the median plane W, in order
to achieve optimum detection of approaching vehicles.
The detection unit has a predetermined visual field, for
example preferably from 130° to 180°, advantageously
of 150° in the horizontal, for example between 7° and
15°, advantageously 10°, in the vertical and with a depth
of between for example 50 and 100 m, preferably 80 m.
[0033] More particularly the detection unit receives
from circuit 11 a yaw datum generated by that circuit on
the basis of the roll angle and speed of the vehicle and
operates on the basis of these signals.

[0034] Detection unit (or merely "sensor") 12 gener-
ates anoutput signal comprising as many subsidiary sig-
nals as correspond to vehicles identified to the rear of
the motorcycle. Foreach vehicle or"object" detected sen-
sor 12 provides data corresponding to its relative position
with respect to a reference system having its origin inthe
sensor (that is the distance "d" from that origin) in a two-
dimensional Cartesian plane X-Y; this sensor 12 also pro-
vides data relating to the speed of each vehicle detected.
The measured speed is the absolute speed, that is speed
with respect to the fixed reference system with respect
to which the motorcycle is also moving.

[0035] Sensor 12 also offers data relating to the width
and length dimensions of each vehicle detected.

[0036] It should be noted that the value of the absolute
speed of the vehicle detected is obtained by evaluating
the relative speed of that vehicle with respect to the mo-
torcycle and summing this relative speed with the abso-
lute speed of the motorcycle with respect to the fixed
reference system (which sensor 12 knows because it is
received from the data or CAN-BUS network). Thus, by
the term "absolute speed” is inthis text meant an absolute
speed with respect to the fixed reference system (with
respect to which the speed of the motorcycle is also
measured), but one calculated with regard to the relative
speed of the vehicle and the absolute speed of the mo-
torcycle.

[0037] In other words, the "absolute speed" of the ve-
hicle is the "actual" speed of the vehicle with respect to
such fixed reference system.

[0038] Thanks to this calculation, sensor 12 detects a
vehicle V which is actually in movement, distinguishing
it from bodies (for example other vehicles) which are sta-
tionary with respect to the fixed reference system.
[0039] The data generated by sensor 12 are sentto an
evaluation unit 15 capable of evaluating whether or not
any change in course by the motorcycle is possible (for
example for overtaking) and of communicating such pos-
sibility to the rider, or of advising him of a danger when
performing such a manoeuvre. This communication or
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warning is provided continuously and is updated on the
basis of the data generated by sensor 12, moment by
moment.

[0040] More particularly, evaluation unit 15 is connect-
ed to the data exchange network (for example the CAN
BUS) of the vehicle andreceives from it data on the speed
and roll angle of the motorcycle. Unit 15 comprises a
component 16thatis capable offiltering the data received
from sensor 12 and said network or CAN BUS andis able
to calculate the properties, that is at least the (absolute)
speed and (relative) position of the objects (vehicles) de-
tected. Component 16 defines the speed and position of
these aobjects (in particular the distance from the motor-
cycle to the vehicles) compensating for the presence of
noise or any other spurious or corrupt data originating
from sensor 12.

[0041] This component 16 also operates on the basis
of the motorcycle’s speed to establish in relative terms
(with respect to the motorcycle) the speed and position
of approaching vehicle V, that is whether it is moving
towards the rear part 6 of the motorcycle (so as also to
be able to confirm the speed and position data originating
from sensor 12, but which are obviously filtered, and to
enable the finding, as will be described below, to check
whether there is any danger of collision between the mo-
torcycle and the vehicle even when the maotorcycle is
moving without changing course).

[0042] The manner in which such component 16 op-
erates is illustrated graphically in Figures 4 and 6. In par-
ticular Figure 4 shows how the data/signals originating
from sensor 12 are processed in a time (abscissa) and
space (ordinate) diagram: these signals are indicated by
the vertical dashed lines K. From these signals compo-
nent 16 generates corresponding graphs graphics D and
C corresponding to the filtered signals and the validated
(or determined) detection of the object or vehicle.
[0043] This validated signal is based on detection of
the vehicle persisting for a sufficiently long time for com-
ponent 16 to establish its presence. For example, this
time may preferably be between 0.5 and 1 second, for
component 16 to "accept" the detection as being real.
[0044] Arrows Z indicate the sections of graphic D in
which the duration of the signal is too short to be consid-
ered by component 16 and corresponds to a moment
during which detection of the vehicle is interrupted or lost.
In this case however the last detection is maintained
(straight line parallel to the time axis) until another signal
representing detection of the vehicle at a different dis-
tance from the motorcycle arrives from sensor 12.
[0045] Through the signals corresponding to the differ-
ent distances detected at different times, graphic D and
consequently graphic C corresponding to whether or not
a vehicle is approaching the motorcycle are calculated.
[0046] However, as mentioned, even when the signal
received from sensor 12 is validated (graphic C) it is pos-
sible to detect data which might provide a false indication
of the position or speed of the vehicle following the mo-
torcycle ("imperfections" in the sensor). This may also
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be detected through jumps in measuring the detected
position which are inconsistent with the speed of the de-
tected following vehicle oramomentaneous loss of signal
(for example due to noise or phenomena associated with
the operating principle of sensor 12).

[0047] In these situations the positions of the objects
(vehicles) are filtered by combining the available meas-
urements and using a suitable tool, for example a Kalman
filter, which operates on the measured position and
speed data for the object following the motorcycle. Inthis
way component 16 (comprising such filter or operating
with it) extrapolates the position of the object or vehicle
on the basis of the last values measured, overcoming
the imperfections in sensor 12.

[0048] Figure 6 shows examples of graphic A, B, F, H
for the signal leaving the Kalman filter indicating the po-
sition of the detected object on the basis of the detection
by sensor or radar (or television camera) 12. Graphics
B, F and H correspond to different filter settings made on
the basis of experimental tests. All graphics B, F and H
converge with graphic A after a certain period of time.
Component 16 thus generates a filtered signal directed
to a control unit 25 which, also on the basis of the mo-
torcycle’s roll angle, checks for the existence of any haz-
ard conditions using an algorithm that evaluates the pos-
sibility of safely changing the course currently being fol-
lowed. The operating stages of this algorithm are illus-
trated in Figure 5.

[0049] According to thefigure in question the algorithm
(hereinafter indicated as LCDAS) has two macro states,
that is a disabled state 30 and an enabled status 31.
[0050] In particular LCDAS is disabled if the speed of
the motorcycle (Vpie) is below a threshold value
(Vinreshoia)» for example 10 km/h. If the speed of the
motorcycle is the same or greater than the threshold,
LCDAS is enabled (status 31) .

[0051] In this condition there is processing of the sig-
nalsreceived from component 16 onthe basis of a hazard
indication. This indication depends on the roll angle of
the vehicle indicated by ¢: if this indication is greater than
a given threshold value (for example 20° or 30°) LCDAS
is in a stand-by status (status 40). If instead this value of
¢ is in absolute terms lower than the threshold value (for
example between 0° and 20°) LCDAS becomes fully
functional (status 41) to determine whether or not there
is a need to warn the rider of a hazard situation (status
35) or not (status 36).

[0052] By way of clarification, when the motorcycle is
moving perpendicular to the road it has a roll angle of 0°,
whereas if the motorcycle is lying completely on the
ground the aforesaid angle is 90°.

[0053] When evaluating the hazard indication and the
need to enter into the fully functional phase following de-
tection of a specificroll angle of the motorcycle, the lateral
position of the vehicle with respect to the motorcycle and
the relative speed of the motorcycle with respect to the
approaching vehicle are taken into consideration by con-
trolunit 25 so that it can select only the following vehicles
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which are potentially able to overtake.

[0054] In particular, relative speed is calculated as the
difference between the speed of the vehicle vy, (detected
by sensor 12 and component 16 as described above)
and of the motorcycle vy, (detected directly) that is vy =
VvV

[0055] A time to callision (TTC) quantifying the immi-
nence of overtaking by vehicle V (and therefore the dan-
ger of the motorcycle changing course) is calculated on
the basis of these parameters. This time is calculated as
the ratio between the distance from the vehicles to the
motorcycle (defined by sensor 12) and the difference be-
tween the speeds indicated above, that is

TTC= d/dvy

If this value is below or equal to a reference value, unit
25 activates an element warning the rider of the hazard
situation.

[0056] The TTC value is a variable hazard indication
which is proportional to the distance of vehicle V and
inversely proportional to its speed. This indicator is an
accurate andrefined indication of the danger of a change
in course to the motorcycle.

[0057] The TTC indicator is alsc a safe indicator: in
fact it considers correctly both the distance between the
motorcycle and the approaching vehicle and the differ-
ence in speed between the latter and the speed of the
motorcycle. In this way, even if there is a difference be-
tween vy, and vy, if value "d" is very high then TTC is
high; the rider will therefore not receive any warning and
may proceed with the change in course. Vice versa, if
the difference between vy, and vy, is very small, but the
value of "d" is small, TTC will be low and consequently
the rider will receive a hazard warning.

[0058] This TTC value therefore enables the rider to
know whether or not he can safely change course (in
order to overtake).

[0059] The same thing happens if the vehicle is in the
unseen area not covered by the motorcycle’s rider’s vis-
ualfield or the vehicle’s mirrors, an area known as a "blind
spot". This area may however be "covered" by sensor
12, which in this case can generate a warning of pres-
ence, independently of its function as a component of
the device described above operating to calculate TTC.
[0060] In particular, according to the distance from the
approaching vehicle, (detected as indicated previously),
unit 25 is able to generate a warning signal for the rider
when the vehicle is approaching a blind spot and such
warning signal considers said proximity or distance. In
this way, the rider can receive a signal relative to such a
position depending on said distance: the smaller the dif-
ference, the higher the danger that the vehicle enters the
blind spot caming from the back of the motorcycle and
is no longer detectable.

[0061] If sensor 12 does not cover the blind spot but
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nevertheless in view of a previous detection of vehicle V
made by sensor 12 unit 25 generates the warning signal
on the basis of the motorcycle’s roll angle and the data
originating from comparator 16 when the previous de-
tected vehicle is in such an area in which sensor 12 now
no longer detects it. This situation is shown in Figure 3
where BS,,y and BSyax indicate the limits of the blind
spot, the vehicles are indicated by V and the detection
zone of sensor 12 is indicated by P; when the vehicle is
in the BSy,y position, it is highly dangerous and this sit-
uation is reached gradually with the decrease of the dis-
tance between the motorcycle and the vehicle V.
[0062] The warning signal is generated by a warning
unit 38 which is for example located on handlebar 7 and
is defined for example by one or more LED or is defined
by a unitgenerating vibration positioned on the handlebar
or on other parts of the motorcycle, the rider’s clothing
or helmet to generate vibration which can be perceived
by the rider. The luminous signal generated by the LED
or the vibration signal varies in relation to the value of
the TTC indicator (or to the position of the vehicle that is
to its distance from the motorcycle) and enables the rider
to know the actual level of danger in the situation at any
time when the motorcycle is in use. For example, the
stronger the luminous signal (for example the more LED
are lit), the more the value of TTC is below the reference
value and therefore the greater the potential hazard sit-
uation for the rider when the latter wishes to change
course, for example in order to overtake.

[0063] The condition 41 of LCDAS being activated but
in stand-by is achieved or imposed when the motorcycle
takesonanexcessively highrollangle (thatis one greater
than the preset threshold value), for example on a bend,
when the vehicle is moving. This situation is defined be-
cause the "visual field" of sensor 12 degrades rapidly
with increasing roll angle, as this sensor is rigidly of one
piece with the motorcycle. This is potentially critical both
when the motorcycle is being used on the road, for ex-
ample when taking a bend, and when moving into a lane
adjacent to the one from which it starts; but this is also
critical in manoeuvres such as entering a camber, where
the direction of the bend is opposite to the direction of
future movement (and the blind spot is higher).

[0064] In a situation such as that indicated above a
potentially hazardous scenario for the rider may occur if
the aforesaid situation becomes established after a ve-
hicle has been correctly identified as approaching the
rear of the motorcycle. In the case in point, if the motor-
cycle in fact inclines to take a bend the vehicle will unex-
pectedly disappear from the visualfield of sensor 12 even
thoughitis close tothe motorcycle (and outside therider’s
visual field). As a result of this there will be a situation of
extreme danger for the rider in that he will not be warned
of the actual (very close) presence of the approaching
vehicle.

[0065] For this reason the device according to the in-
vention provides for the disabling of sensor 12 with a
consequent warning being provided to the rider through
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warning unit 38 and such sensor 12 is re-enabled when
the roll angle again falls below the threshold value (for
example 20° or 30°) or another lower value (for example
15°), which indicates that the motorcycle has completed
taking the bend.

[0066] The aforesaid disabling of the sensor is in any
event to be recommended because at high roll angles
the visual field of sensor 12 is considerably reduced (as
mentioned).

[0067] Warning unit 38 can therefore be activated on
the basis of two levels of attention/warning 50 and 51: a
first level 50, for example associated with the disabling
of sensor 12 because the motorcycle is on a bend and
the roll angle has become high in a short time, greater
than the threshold value (for example greater than 20°),
and a second level 51, preferably of variable intensity,
because at a roll angle of less than the threshold value
(for example between 0° and 20°) there is an immediate
danger to the rider because of the approach of a vehicle
from the rear at high speed. These different levels may
be indicated using different intensities or frequencies of
the lighting of the LED or LEDs located on the handlebars
defining unit 38, or by lighting up the LEDs for a different
time, or a combination of both. Alternatively LEDs of dif-
ferent colours or more LEDs which become activated in
a different way in number and/or position (for example
on opposite sides of the handlebar) may be used.
[0068] The invention makes it possible to provide the
rider of the motorcycle with great safety when carrying
out changes in course or changing to a lane alongside
that being travelled. In addition to this it makes it possible
to avoid detection errors when the motorcycle is inclined,
but at the same time makes it possible to warn the rider
of situations in which there is no detection of vehicles
behind the motorcycle and in which the rider must pay
the greatest attention to changes in course or bends.

Claims

1. Motorcycle (1) comprising a frame mounted on
wheels and having a front part (5) and a rear part
(6), a handlebar (7) being present at the front part,
being provided with detection means on the motor-
cycle to detect at least the speed and roll angle (¢)
of the motorcycle when in movement, the frame hav-
ingalongitudinal median plane (W) joining such front
part (5) and rear part (6), the motorcycle comprising
adevice (10)for detecting a vehicle (V) which is mov-
ing towards the rear part (6) of the motorcycle (1)
when such motorcycle is in movement, said device
(10) comprising a detection device (12) rigidly of one
piece with the motorcycle (1), said detection device
(12) being connected to means (15) for evaluating
the presence and movement of said vehicle (V)
which is moving towards the rear part (6) of the mo-
torcycle (1), approaching said motorcycle, said eval-
uation means (15) being capable of activating warn-
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ing means (38) generating a warning for the rider’s
attention when said vehicle (V) is detected, the eval-
uation means (15) comprising a component (16)
which is at least capable of determining the speed
of a vehicle (V) following the motorcycle (1), said
motorcycle being characterised in that the evalu-
ation means (15) define a variable hazard indication
which identifies the time to collision between the ap-
proaching vehicle (V) and the motorcycle, said indi-
cation being defined on the basis of a comparison
between the speed of the motorcycle and the speed
of the vehicle (V) moving towards the rear part (6)
of the motorcycle (1) and a comparison between the
relative distances between said motorcycle (1) and
said vehicle (V), said warning means (38) being ac-
tivated whenever the time to collision is less than a
predetermined value.

Motorcycle according to claim 1, characterised in
that said variable hazard indication identifying a time
to collision is determined by the following formula:

TTC= d/dvy
where:

TTC = time to collision;

d = distance of the motorcycle from the vehicle
as defined by the detection device (12) of one
piece with the motorcycle;

dvy = difference between the speed of the vehi-
cle following the motorcycle and the speed of
the motorcycle;

said hazard indication being capable of being
compared with a predetermined value.

Matorcycle according to claim 1, characterised in
that the evaluation means (15) are capable of acti-
vating warning means (38) to generate a warning
signal when a vehicle (V) which has been detected
to approach the motorcycle approaches a blind spot
not covered by the visual field of the motorcycle’s
rider or the motorcycle’s mirrors, said warning signal
is based on a danger indicator defined by the eval-
uation means (15) when the detected approaching
vehicle enters the blind spot and deriving from the
detection of the variation in the distance between the
vehicle that follows the motorcycle and the motorcy-
cle itself.

Matorcycle according to claim 1, characterised in
that the warning means (38) have graduated activa-
tion according to the value of the variable hazard
indication defined by the evaluation means (15).

Maotorcycle according to claim 4, characterised in
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that said warning means (38) which are gradually
activated according to the hazard indication deter-
mined are a luminous device comprising atleast one
LED associated with the handlebar (7) or an element
generating vibration associated with the motorcycle,
the rider’s clothing or helmet, capable of generating
vibration which can be perceived by the rider, the
luminous or vibrational signal of such warning means
varying according to the value of the hazard indica-
tion.

Motorcycle according to claim 1, characterised in
that said evaluation means (15) operate in relation
to the roll angle of the motorcycle, comparing it with
a threshold value of the angle, said detection means
(15) being in particular activated if the roll angle of
the motorcycle is less than a predetermined thresh-
old angle value.

Motorcycle according to claim 1, characterised in
that said evaluation means (15) are activated when
the speed of the motorcycle is above or atleast equal
to a threshold value.

Motorcycle according to claim 1, characterised in
that the detected speed of the vehicle (V) following
the motorcycle (1) is the absolute speed of that ve-
hicle (V) or the relative speed of said vehicle on the
basis of which the absolute speed of the vehicle (V)
is determined.

Motorcycle according to claim 1, characterised in
that said component (16) comprises a filter such as
a Kalman filter or the like capable of determining the
distance of vehicle (V) from the motorcycle (1).

Motorcycle according to claim 1, characterised in
that said component (16) is connected to a control
unit (25) of the evaluation means (15) which deter-
mines whether or not there is a hazard situation for
the rider on the basis of the roll angle (¢) of the mo-
torcycle (1) and if so activates the warning means
(38).

Matorcycle according to claim 5, characterised in
that the evaluation means (15), which also operate
on the basis of the roll angle of the motorcycle (1),
disable the detection device (12) if said roll angle
has a value greater than the predetermined thresh-
old value so as to interrupt detection of the vehicle
approaching the rear part (7) of the motorcycle, the
warning means (38) being active in this condition.

Motorcycle according to claims 1 and 10, charac-
terised in that said warning means (38) operate in
a different manner if a possible hazard associated
with the hazard indication which identifies the time
to collision is determined or if the roll angle greater
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than the set threshold value is detected.

Motorcycle according to claim 1, characterised in
that the detected speed of the approaching vehicle
(V) is considered to be constant when evaluating the
hazard indication defining time to collision when said
vehicle can no longer be detected by the detection
device (12) for a limited period of time, preferably
less than 1 second.

Matorcycle according to claim 1, characterised in
that said detection device (12) is aradar or television
camera (12) and is connected to a data exchange
network of the motorcycle (1) and receives data re-
lating to the speed of said motorcycle and data re-
lating to the motorcycle’s roll angle.

Matorcycle according to claim 13, characterised in
that there is a device (11) defining a value of the yaw
angle of the motorcycle on the basis of the roll angle
thatis located between the detection device (12) and
the motorcycle’s data exchange network, and that it
passes this value to said detection device (12).
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