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(54) EGO MOTORCYCLE ON-BOARD AWARENESS RAISING SYSTEM, METHOD FOR DETECTING 
AND DISPLAYING PRESENCE OF AUTONOMOUS VEHICLES

(57) This patent relates to ego motorcycle on-board
awareness raising system placed in an ensemble con-
sisting in an ego motorcycle and an ego motorcycle rider
smart helmet, provided with advanced driver assistance
systems camera acquiring video streams and further
comprising: a radar module; a gyroscope, a GPS sensor;
an acceleration sensor; a speedometer, an ego motor-
cycle on-board unit communicating with other vehicles
via the Vehicle-to-Everything communication channel
and reading autonomous vehicle identifier; an on-board
detection processing unit and a bus system for connect-
ing components.

The method for detecting and displaying presence
of autonomous vehicle comprises receiving data regard-
ing other vehicles driving in motorcycle rider’s field of
view and regarding the ego motorcycle rider, performing
processing of video stream, creating of a fused environ-
ment road model, applying simultaneous localization and
mapping algorithm for localizing the ego motorcycle in
the fused road environment, detecting and marking in
said processed video stream the presence of autono-
mous vehicles, applying correction to the marking and
sending the result of detected autonomous vehicles to
the smart helmet visor in an understandable manner by
the motorcycle rider.

The computer program when executed on the ego
motorcycle on-board detection processing unit causes
the execution of the steps related to the detection of the
autonomous vehicles driving in motorcycle rider’s field
of view.
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Description

Field of the invention

[0001] The invention is related to increasing road safe-
ty. In particular the invention is related to a system and
a method for increasing the awareness of motorcycle rid-
ers in respect to the presence of autonomous vehicles
driving in their field of view as well as a computer program
for carrying out steps of the method. By increasing the
awareness of motorcycle riders, safety of the road par-
ticipants is increased.

Background of the invention

[0002] It is known that motorcycle riders are more vul-
nerable to the consequences of road accidents than per-
sons travelling in vehicles, as the motorcycle, by its mere
construction is less stable and protects less the human
in case of an accident than a vehicle with at least four
wheels.
[0003] One way to reduce vulnerability of motorcycle
riders is by increasing their awareness in respect to other
traffic participants.
[0004] For example, the invention US 5251333 A
presents a simplified display system that is mounted on
the helmet of the motorcycle rider.
[0005] The invention US 20130305437 A1 proposes a
helmet with a look-down micro-display that projects a vir-
tual image in-line with the helmet’s chin bar.
[0006] The invention US 8638237 B2 discloses a sys-
tem that alerts a vehicle driver about a motorcycle ap-
proaching from the rear. The system consists in a unit
located in the car and a unit located on the motorcycle.
The second unit transmits signals toward the traveling
lane of the motorcycle and the car unit is responsible of
receiving the transmitted signals and alerting the driver
of the approaching motorcycle from the rear.
[0007] The invention disclosed in US 20140273863 A1
provides a system which establishes a communication
between a smart helmet and a mobile phone/communi-
cator. It consists in a computer processor, a microphone
and one speaker, all connected and integrated in the hel-
met to be used by the motorcycle rider for mobile calls.
[0008] The invention US 20160075338 A1 presents a
safety device for motorcycle riders that includes a safety
helmet and a camera device, which is situated on the
motorcycle rider’s helmet; the camera device is connect-
ed to a warning device that outputs a warning as a func-
tion of data collected by the camera device related to the
state of the motorcycle rider, e.g., fatigue monitoring.
[0009] The invention US 20170176746 A1 presents a
system with one or more cameras that are physically cou-
pled to a helmet, where each camera is configured to
generate a video feed, which is presented to a user by
projecting it onto a surface, such as the visor of the hel-
met, thereby enabling enhanced situational awareness
for the user of the helmet to the surroundings, but no

processing is done on the received images, they being
presented directly as captured by the cameras.
[0010] The invention JP 2017004426 A describes a
traffic safety system which includes a traffic light system
with a plurality of wireless tags that measures the dis-
tance and the position of the communication devices de-
tected by their radio tags owned by pedestrians, bicycles,
motorcycles, wheelchairs, automobiles in its proximity
and then sends this position to the other participants that
have radio tags. The system operates based on a com-
bination of sensors using radio signals and light la-
ser/LED emission to detect the position of the vehicles
around and to communicate it via V2X (Vehicle-to-X).
The traffic information is displayed by means of a head
unit display HUD that associates the received position
information with the actual position on the road surface.
[0011] One special category of traffic participants re-
fers to the autonomous vehicles.
[0012] There is an increasing interest in letting auton-
omous vehicles ride in many world jurisdictions. The ad-
vanced driver assistance systems used by autonomous
vehicles are still far from providing complete and accurate
information to enable autonomous vehicles to be at least
as safe as human-conducted vehicles.

Disadvantages of prior art

[0013] Prior art does not disclose a solution capable
of distinguishing among the vehicles driving in the ego
motorcycle rider’s field of view which vehicle is autono-
mous and which one is not. Fig. 1 depicts a plurality of
vehicles driving in the ego motorcycle rider’s field of view
without any hint of which vehicle among them is auton-
omous.
[0014] It is a disadvantage the fact that prior art does
not disclose any solution to detect the autonomous ve-
hicles driving in motorcycle rider’s field of view because
said motorcycle rider cannot take his precautions in re-
spect to said vehicles if he so desires.

Problem solved by the invention

[0015] The problem solved by the invention is to pro-
vide a system and a method of detecting and displaying
the presence of autonomous vehicles driving in the field
of view of the ego motorcycle rider for the purpose of
alerting said ego motorcycle rider about such presence
enabling him to decide on the precautions to take in re-
spect to the detected autonomous vehicles.

Summary of the invention

[0016] In order to solve the problem, the inventors con-
ceived in a first aspect of the invention an ego motor-
cycle on-board awareness raising system placed in an
ensemble consisting in an ego motorcycle and an ego
motorcycle rider smart helmet, said smart helmet com-
prising an advanced driver assistance systems camera
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acquiring video images having the field of view facing
forward and said smart helmet comprising a smart helmet
visor for displaying said video images to the motorcycle
rider as well as other awareness information,
said ego motorcycle on-board awareness raising system
further comprising:

- a radar module placed in front of the ego motorcycle
facing forward, configured to measure the distance
between the ego motorcycle and the vehicles driving
in the ego motorcycle’s field of view and configured
to send the measurements to an ego motorcycle on-
board detection processing unit;

- a gyroscope placed within the smart helmet config-
ured to determine the direction and inclination of the
field of view of the smart helmet depending on the
direction in which the rider looks and configured to
send the measurements to the ego motorcycle on-
board detection processing unit;

- a GPS sensor placed in the ego motorcycle config-
ured to determine the geographical position of the
ego motorcycle and configured to send the meas-
urements to the ego motorcycle on-board detection
processing unit;

- an acceleration sensor placed in the ego motorcycle,
configured to measure the acceleration signal of the
ego motorcycle on three axes X, Y Z and configured
to send the measurements to the ego motorcycle on-
board detection processing unit;

- a speedometer placed in the ego motorcycle, con-
figured to measure the speed of the ego motorcycle
and configured to send the measurements to the ego
motorcycle on-board detection processing unit;

- an ego motorcycle on-board unit configured:

- to communicate via the Vehicle-to-Everything
V2X communication channel with other vehicles
provided with a corresponding vehicle on-board
unit for the purpose of receiving the geographi-
cal position, speed and acceleration signal on
three axes X, Y Z of each said another vehicle
provided with a corresponding vehicle on-board
unit VOBU;

- to receive and read an autonomous vehicle iden-
tifier sent via the Vehicle-to-Everything V2X
communication channel by the corresponding
vehicle on-board unit of each respective auton-
omous vehicle together with the targeted path
and estimation of position, speed and acceler-
ation on three axes X, Y Z in a subsequent pre-
determined prediction interval for each autono-
mous vehicle for which the autonomous vehicle
identifier was received and read;

- to send the measurements to the ego motorcy-
cle on-board detection processing unit;

- the ego motorcycle on-board detection processing
unit configured to carry out detection of the autono-

mous vehicles driving in the ego motorcycle’s field
of view and further configured to send said result of
detection to the smart helmet;

- at least one ego motorcycle bus system, configured
to interconnect the advanced driver assistance cam-
era, the radar module, the gyroscope, the GPS sen-
sor, the acceleration sensor, the speedometer, the
ego motorcycle on-board unit, the ego motorcycle
on-board detection processing unit and the smart
helmet visor.

[0017] In a second aspect of the invention, it is pro-
vided a method for detecting and displaying presence of
autonomous vehicles driving in the field of view of an ego
motorcycle rider wearing an ego motorcycle rider smart
helmet provided with a smart helmet visor, using the ego
motorcycle on-board awareness raising system having
the following repetitive sequence of eight steps of the
method carried out at regular intervals of time tn:

Step 1 Broadcasting by an ego motorcycle on-board
unit of messages through Vehicle-to-Everything V2X
communication channel, said messages having the
purpose to send to other vehicles provided with cor-
responding vehicle on-board units data about the po-
sition of the ego motorcycle and having the purpose
to gather data about the presence of said other ve-
hicles provided with corresponding vehicle on-board
units and to gather data about which ones of said
other vehicles are provided with a corresponding au-
tonomous vehicle identifier.

Step 2 Receiving by an ego motorcycle on-board
detection processing unit of input data from the sen-
sors via the at least one ego motorcycle bus system:

- video streams acquired from an advanced driver
assistance systems camera;

- distances to all vehicles situated in front of the
ego vehicle from a radar module provided that
said all vehicles are driving within the range of
the radar module;

- speed of the ego motorcycle from a speedom-
eter;

- acceleration signals from X, Y and Z axes of the
ego motorcycle from an accelerometer;

- orientation of the smart helmet of the ego mo-
torcycle from a gyroscope;

- ego motorcycle geographical position from a
GPS sensor;

- data from the ego motorcycle on-board unit re-
garding the geographical position, speed and
acceleration signals from X, Y and Z axes of
other vehicles provided with corresponding ve-
hicle on-board units including autonomous ve-
hicles;

- data from the ego motorcycle on-board unit for
each autonomous vehicle: the autonomous ve-
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hicle identifier, the targeted path and the esti-
mation of position, speed and acceleration sig-
nals from X, Y and Z axes in a subsequent pre-
determined prediction interval.

Step 3 Performing by the ego motorcycle on-board
detection processing unit (DPU) the processing of
video stream acquired in step 2 from the advanced
driver assistance systems camera:

- Applying image segmentation to the video
stream for the purpose of identifying in it all the
relevant objects;

- Labelling of the relevant objects in the segment-
ed image,

resulting a processed video stream with the relevant
objects labelled.

Step 4 Creating by the ego motorcycle on-board de-
tection processing unit of a fused environment road
model based on the previous processed video
stream and on the data received from the radar mod-
ule.

Step 5 Based on the fused road environment model
of step 4 and based on part of the input data received
in step 2:

- inclination of the helmet received from the gyro-
scope;

- geographical position from the GPS sensor;
- the lateral, longitudinal acceleration signal and

the yaw rate from the accelerometer and
- speed from the speedometer,

applying by the ego motorcycle on-board detection
processing unit of simultaneous localization and
mapping algorithm with the purpose of localizing the
ego motorcycle in the fused road environment model
and localizing the corresponding orientation of the
smart helmet,
resulting the simultaneous localization and mapping
of the motorcycle rider and its smart helmet (SH) in
the fused environment road model.

Step 6 Based on:

- the processed video stream with the relevant
objects labelled of step 3;

- the simultaneous localization and mapping of
the motorcycle rider and its smart helmet SH in
the fused environment road model of step 5 and

- on the data from the ego motorcycle on-board
unit received in step 2 regarding the other vehi-
cles provided with corresponding vehicle on-
board unit) including autonomous vehicles;

- comparing and correlating the data regarding si-

multaneous localization and mapping of the mo-
torcycle rider and its smart helmet in the fused
environment road model as resulted from step
5 with the data received in step 2 from the ego
motorcycle on-board unit regarding the other ve-
hicles provided with corresponding vehicle on-
board unit including autonomous vehicles,

- detecting in said processed video stream of
each autonomous vehicle provided with the cor-
responding autonomous vehicle identifier, and

- marking each detected autonomous vehicle in
the processed video stream,

resulting a processed video stream with detected
marked autonomous vehicles driving in the field of
view of the motorcycle rider.

Step 7 Applying correction to the marking of each
detected autonomous vehicle in the processed video
stream for ensuring a greater accuracy of marking
on the processed video stream of the detected au-
tonomous vehicles and sending via the ego motor-
cycle bus system data regarding said marked auton-
omous vehicles the smart helmet visor,
resulting a corrected video stream with detected
marked autonomous vehicles driving in the field of
view of the motorcycle rider.

Step 8 Displaying on the smart helmet visor of the
marked autonomous vehicles in an understandable
manner by the motorcycle rider

[0018] In a third aspect of the invention it is provided
a computer program comprising instructions which, when
the program is executed on an ego motorcycle on-board
detection processing unit cause said ego motorcycle on-
board detection processing unit to execute the steps 2
to 7 of the method.

Advantages of the invention

[0019] The main advantages of this invention are the
following:

- Providing the motorcycle rider with the possibility to
become aware of the autonomous vehicles that drive
in his field of view so that he can take special pre-
cautions.

- Carrying out of all computations onboard in the ego
motorcycle detection processing unit DPU without
need of any infrastructure components such as radio
frequency tags, smart signs traffic, light emitting in-
struments, which makes the system and the method
a self-contained solution.

Brief description of the drawings

[0020]
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Fig. 1 refers to the representation of the smart helmet
visor of the vehicles driving in motorcycle rider’s field
of view in the prior art;
Fig. 2 refers to a diagram of the system and method
according to the invention;
Fig. 3 refers to the representation of the smart helmet
visor of the vehicles driving in motorcycle rider’ s field
of view with the displaying of the autonomous vehi-
cles as a consequence of applying the method of the
invention in the system according to the invention.

List of references in the drawings:

[0021]

SH Smart helmet of the motorcycle rider
ADASC Advanced driver assistance systems cam-
era
RM Radar module
GYRO Gyroscope
GPSS Global Positioning System GPS sensor
ACC Acceleration sensor
SPEEDO Speedometer
MDU Motorcycle Dynamics Unit = Acceleration sen-
sor + Speedometer
DPU On-board detection processing unit of the ego
motorcycle
V2X Vehicle to Everything communication channel
MOBU Ego motorcycle on-board-unit for communi-
cating through Vehicle to Everything communication
channel
VOBU Vehicle on-board unit for communicating
through Vehicle to Everything communication chan-
nel
AVI Autonomous vehicle identifier
tn regular interval of times for the sequences of the
method.

Detailed description and example of realization

[0022] With reference to Fig. 2, the ego motorcycle on-
board awareness raising system is placed in an ensem-
ble consisting in an ego motorcycle and an ego motor-
cycle rider smart helmet SH. Some components of the
system are being placed in the ego motorcycle, whereas
other components are being placed in the smart helmet
SH of the motorcycle rider, as it will be hereafter detailed.
[0023] Said ego motorcycle rider’s smart helmet SH
comprises an advanced driver assistance systems cam-
era ADASC, alternatively called camera, acquiring video
images and a smart helmet SH visor for displaying said
video images as well as other awareness information
such as images and/or warning messages addressed to
the motorcycle rider.
[0024] The advanced driver assistance systems cam-
era ADASC used in this invention has at least the follow-
ing characteristics: 2 MP (megapixels) and a rate of 30
fps (frames per second) . Said camera is mounted in/on

the motorcycle rider’ s smart helmet SH in a known way.
[0025] The advanced driver assistance systems cam-
era ADASC used in this invention has the field of view
facing forward, that is in the direction of movement of the
motorcycle rider. The inclination of the head of the mo-
torcycle rider and/ or its rotation shall have as effect the
change of the field of view.
[0026] Said ego motorcycle on-board awareness rais-
ing system according to the invention further comprises
the following components:

- a radar/radar module RM;
- a gyroscope GYRO;
- a GPS sensor GPSS;
- an acceleration sensor ACC;
- a speedometer SPEEDO;
- an ego motorcycle on-board unit MOBU;
- an ego motorcycle on-board detection processing

unit DPU;
- at least one ego motorcycle bus system BS.

[0027] The definition of the field of view of the motor-
cycle rider facing forward includes the angle of the field
of view and the distances in respect to the vehicles driving
ahead of the motorcycle rider. Both the angle and the
distances are pre-determined depending on the charac-
teristics of the camera and, respectively of the radar mod-
ule RM. The angle of the field of view may be up to 150°
inclusively measured in horizontal plane.
[0028] The radar module RM is placed in front of the
ego motorcycle facing forward. It is configured to meas-
ure the distance between the ego motorcycle and the
vehicles driving in the ego motorcycle field of view, said
distance typically ranging between 5-200m inclusively.
Any radar used in the automotive industry may be used
in the invention provided that it is configured to send the
measurements to the ego motorcycle on-board detection
processing unit DPU.
[0029] The gyroscope GYRO is placed within the smart
helmet SH. It is configured to determine the direction and
inclination of the field of view of the smart helmet depend-
ing on the direction in which the rider looks. Any gyro-
scope used in the automotive industry may be used in
the invention, provided that it fits within the smart helmet
SH and provided that it is configured to send the result
of determinations to the ego motorcycle on-board detec-
tion processing unit.
[0030] The GPS sensor GPSS is configured to deter-
mine the geographical position of the ego motorcycle.
Any GPS sensor used in the automotive industry may be
used in the invention, provided that it is configured to
send the result of determinations to the ego motorcycle
on-board detection processing unit DPU.
[0031] In a preferred embodiment, the GPS sensor
GPSS may be placed in the ego motorcycle as a com-
ponent of said motorcycle as provided by the manufac-
turer of motorcycles.
[0032] In an alternative preferred embodiment, ego
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motorcycle is not provided with GPS sensor GPSS, but
the ego motorcycle on-board unit MOBU is provided by
its manufacturer with a GPS sensor GPSS. In this case,
said GPS sensor GPSS of the ego motorcycle on-board
unit MOBU is the one configured to determine the geo-
graphical position of the ego motorcycle and to send the
result of determinations to the ego motorcycle on-board
detection processing unit DPU.
[0033] In an alternative preferred embodiment, neither
ego motorcycle nor ego motorcycle on-board unit MOBU
is provided with GPS sensor GPSS. In this case, the GPS
sensor GPSS may be provided by a rider’s smartphone
configured to determine the geographical position of the
ego motorcycle and to send the result of determinations
to the ego motorcycle on-board detection processing unit
DPU.
[0034] The multiple examples of GPS sensor GPSS
as shown in the alternative embodiments above have the
advantage of providing flexibility to the system and al-
lowing it to be used in a wider range of situations, irre-
spective of whether the ego motorcycle is provided with
its built-in GPS sensor GPSS.
[0035] The acceleration sensor ACC is placed in the
ego motorcycle in the usual place(s). It is configured to
measure the acceleration signal of the ego motorcycle
on all three axes X, Y Z. Any acceleration sensor used
in the automotive industry measuring the acceleration
signal of the ego motorcycle on all three axes X, Y Z.
may be used in the invention provided that it is configured
to send the measurements to the ego motorcycle on-
board detection processing unit DPU.
[0036] The speedometer SPEEDO is placed in the ego
motorcycle in the usual place (s) . It is configured to
measure the speed of the ego motorcycle. Any speed-
ometer used in the automotive industry may be used in
the invention provided that is configured to send the
measurements to the ego motorcycle on-board detection
processing unit DPU.
[0037] It is possible to combine the acceleration sensor
ACC and the speedometer SPEEDO in a single sensor,
in this way making economy of space, which is an ad-
vantage given the general shortage of space in a motor-
cycle. This is shown in Fig 2 as motorcycle dynamics unit
MDU. This has the advantage of using less space in the
motorcycle and the advantage of synchronizing the rate
of providing data by the acceleration sensor ACC and
the speedometer SPEEDO.
[0038] The use of the motorcycle dynamics unit MDU
can be combined with any of the possibilities of use of
the GPS sensor GPSS within the system, having the ad-
vantage of flexibility.
[0039] The ego motorcycle on-board unit MOBU is
configured to communicate via the Vehicle-to-Everything
V2X communication channel with other vehicles, includ-
ing other motorcycle riders.
[0040] In general, communication via the Vehicle-to-
Everything V2X communication channel requires that all
vehicles communicating be provided with a correspond-

ing vehicle on-board units VOBU, said vehicle on-board
units VOBU allowing sending and receiving messages
through said Vehicle-to-Everything V2X communication
channel.
[0041] The initial configuration of the ego motorcycle
on-board unit MOBU is the one commonly known in the
state of art for the vehicle on-board unit VOBU. The ego
motorcycle on-board unit MOBU used in the invention is
further configured to send via the vehicle bus VB the data
received from other vehicles’ vehicle on-board unit VOBU
to the ego motorcycle on-board detection processing unit
DPU.
[0042] It is known that autonomous vehicles are pro-
vided with vehicle on-board units VOBU. Additionally, it
is known that each autonomous vehicle must be provided
with an autonomous vehicle identifier AVI.
[0043] In the invention, the ego motorcycle on-board
unit MOBU is configured to read the autonomous vehicle
identifier AVI of each autonomous vehicle.
[0044] The ego motorcycle on-board unit MOBU is
configured to receive periodically from other vehicles’ ve-
hicle on-board units VOBU, including autonomous vehi-
cles the following information, for each vehicle: geo-
graphical position; speed; acceleration signal on the
three axes.
[0045] In addition, the ego motorcycle on-board unit
MOBU is configured to receive periodically, apart from
the above-captioned information, the following informa-
tion referring to autonomous vehicles, for each autono-
mous vehicle for which the autonomous vehicle identifier
was received and read: targeted path; estimation of po-
sition, speed and acceleration in a subsequent pre-de-
termined prediction interval.
[0046] Fig. 2 places schematically the ego motorcycle
on-board unit MOBU in the same category as the sen-
sors, as the data received by the ego motorcycle on-
board unit MOBU about other vehicles provided with ve-
hicle on-board unit VOBU, including autonomous vehi-
cles, is used by the method according to the invention in
the same way as the information from the other sensors.
[0047] The ego motorcycle on-board detection
processing unit DPU is specially configured to carry out
the detection of the autonomous vehicles. Whilst all the
other components of the system according to the inven-
tion already exist either on the ego motorcycle or on the
ego motorcycle rider smart helmet SH, being specially
adapted for the invention, the ego motorcycle on-board
detection processing unit DPU does not exist in the ab-
sence of the invention.
[0048] The ego motorcycle on-board detection
processing unit DPU is configured to receive input from
all the categories of sensors, configured to detect auton-
omous vehicles driving in the ego motorcycle’s field of
view and further configured to send said result of detec-
tion of the autonomous vehicles to the smart helmet SH
visor in order to be displayed, as it will be further detailed
in the description of the steps of the method.
[0049] In order to carry out said majority of the steps
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of the method, the ego motorcycle on-board detection
processing unit DPU comprises a dedicated processor
having a processing power above 1000MHz and a ca-
pacity to store information of at least 1-2Gb and also com-
prises at least one non-volatile memory.
[0050] The ego motorcycle on-board detection
processing unit DPU is placed in the motorcycle, for ex-
ample, in a location suitable for electronic control units.
[0051] The at least one ego motorcycle bus system BS
is configured to interconnect all the components of the
system: the advanced driver assistance camera ADASC,
the radar module RM, the gyroscope GYRO, the GPS
sensor GPSS, the acceleration sensor ACC, the speed-
ometer SPEEDO, the ego motorcycle on-board unit MO-
BU, the ego motorcycle on-board detection processing
unit DPU and the smart helmet SH visor.
[0052] The at least one ego motorcycle bus system BS
may be any kind of vehicle bus used in the automotive
industry, using communication protocols such as but not
limited to: CAN bus, FlexRay, Ethernet, Bluetooth, etc.
Depending on the particular configuration of said com-
ponents of the system, more than one motorcycle bus
system BS may be used to interconnect various compo-
nents of the system, including the case when various
communication protocols are used respectively for each
bus system BS.
[0053] In a second aspect of the invention it is provid-
ed a method for detecting and displaying presence of
autonomous vehicles driving in the field of view of an ego
motorcycle rider using the ego motorcycle on-board
awareness raising system. The method consists of se-
quences of 8 steps carried out at regular intervals of time
tn when said motorcycle rider is in traffic.
[0054] The method is described below in connection
with examples of values of the parameters. Said values
shall be considered for exemplification only and shall not
be considered limiting the invention, because the range
of the parameters’ values depend on the configuration
of each of the components of the system.
[0055] A non-limiting example of regular intervals of
time tn is between 20ms and 100ms.
[0056] In the first step of the method, the ego motor-
cycle on-board unit MOBU broadcasts messages
through Vehicle-to-Everything V2X communication
channel, said messages having the purpose to send to
other vehicles provided with corresponding vehicle on-
board units VOBU data about the position of the ego mo-
torcycle and having the purpose to gather data about the
presence of said other vehicles provided with corre-
sponding vehicle on-board units VOBU and to gather da-
ta about which ones of said other vehicles are provided
with a corresponding autonomous vehicle identifier AVI.
[0057] The broadcasting is carried out regularly cov-
ering a pre-determined broadcasting range. In a non-lim-
iting example, broadcast is carried out every 100ms and
the broadcasting range is of around 200m around the
ego motorcycle in all directions, thus including the field
of view.

[0058] In the second step of the method, the ego mo-
torcycle on-board detection processing unit DPU re-
ceives via the at least one ego motorcycle bus system
BS signals as input data from the sensors:

- video streams acquired from an advanced driver as-
sistance systems camera ADASC. In a non-limiting
example, said video streams are received at an ac-
quisition rate of up to 33ms inclusively;

- the distances to all vehicles situated in the range of
a radar module RM from said radar module. In a non-
limiting example, data from the radar module RM is
received at equally-spaced time intervals of 50-60ms
inclusively and refers to the distances to all the ve-
hicles, irrespectively of whether they are provided or
not with corresponding vehicle on-board units VOBU
as the radar module RM is not configured to distin-
guish which vehicle is provided with vehicle on-board
units VOBU.

- speed of the ego motorcycle from a speedometer
SPEEDO. In a non-limiting example, data about the
speed is received at equally-spaced time intervals
of 10ms;

- acceleration signals from X, Y and Z axes of the ego
motorcycle from an accelerometer ACC. In a non-
limiting example, data about acceleration signals is
received at equally-spaced time intervals of 10ms.
It is customary in the automotive industry to synchro-
nize the receiving of data from the speedometer
SPEEDO and the accelerometer ACC, irrespective
of whether the speedometer SPEEDO and the ac-
celerometer ACC are combined in one sensor.

- orientation of the smart helmet of the ego motorcycle
from a gyroscope GYRO. In a non-limiting example,
data about the orientation is received at equally-
spaced time intervals of 10ms-15ms;

- ego motorcycle geographical position from a GPS
sensor GPSS. In a non-limiting example, data about
geographical position is received at equally-spaced
time intervals of 50-60ms inclusively;

- data from the ego motorcycle on-board unit MOBU
regarding the geographical position, speed and ac-
celeration signals from X, Y and Z axes of other ve-
hicles provided with corresponding vehicle on-board
units VOBU including autonomous vehicles;

- data from the ego motorcycle on-board unit MOBU
for each autonomous vehicle: the autonomous ve-
hicle identifier AVI, the targeted path and the esti-
mation of position, speed and acceleration signals
from X, Y and Z axes in the subsequent pre-deter-
mined prediction interval. Typically, the pre-deter-
mined future interval ranges between 10s and 20s
from the moment data is sent by the ego motorcycle
on-board unit MOBU and refers to a best prediction
of the position, speed and acceleration signals from
X, Y and Z axes of said autonomous vehicle at the
end of said subsequent pre-determined prediction
interval.
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[0059] Sensors send data to the ego motorcycle on-
board detection processing unit DPU at different rates,
depending on the specific configurations of the compo-
nents. It is not mandatory for the invention that the rates
be synchronized.
[0060] In the third step of the method, the ego motor-
cycle on-board detection processing unit DPU performs
the processing of video stream acquired in step 2 from
the advanced driver assistance systems camera
ADASC, including steps such as:

- Applying image segmentation to the video stream
for the purpose of identifying in it all the relevant ob-
jects;

- Labelling of the relevant objects in the segmented
image.

[0061] Image segmentation and labelling, in general,
aim to reveal the relevant objects in the image corre-
sponding to each video stream. In the invention, the rel-
evant objects are all vehicles from the field of view irre-
spectively of whether they are provided or not with cor-
responding vehicle on-board units VOBU.
[0062] The processing of video stream is carried out
with the same rate as the acquisition rate of said video
stream. The resulting processed video stream with the
relevant objects labelled does not contain yet the detec-
tion of the autonomous vehicles.
[0063] In the fourth step of the method, the ego motor-
cycle on-board detection processing unit DPU creates a
fused environment road model based on the processed
video stream carried out in the third step and on the data
received from the radar module RM in the second step.
[0064] The fused environment road model has thus
more information than the processed video stream, as
the distance to the relevant objects revealed in the proc-
essed video stream is now added, still the detection of
the autonomous vehicles is not yet carried out.
[0065] In the fifth step of the method, based on the
fused environment road model created in step 4 and
based on the following input data received in step 2:

- inclination of the smart helmet SH received from the
gyroscope GYRO,

- geographical position from the GPS sensor GPSS,
- the lateral, longitudinal acceleration signal and the

yaw rate from the accelerometer ACC and
- speed from the speedometer SPEEDO,

the ego motorcycle on-board detection processing unit
DPU applies simultaneous localization and mapping
SLAM algorithm with the purpose of localizing the ego
motorcycle in the fused road environment model and lo-
calizing the corresponding orientation of the smart helmet
SH.
[0066] Simultaneous localization and mapping SLAM
algorithm includes correlation by the ego motorcycle on-
board detection processing unit DPU with data received

from the sensors: inclination of the helmet received from
the gyroscope GYRO, geographical position from the
GPS sensor GPSS, the lateral, longitudinal acceleration
signal and the yaw rate from the accelerometer ACC and
the speed from the speedometer SPEEDO. One non-
limiting example includes the correlation of orientation of
the inclination of the helmet received from the gyroscope
GYRO with the results provided by the radar module RM
that are already processed in the fused environment road
model because when the motorcycle rider moves his
head, the inclination of the smart helmet SH changes and
the video acquired by the camera changes.
[0067] The result of this step is the simultaneous local-
ization and mapping of the motorcycle rider and its smart
helmet SH in the fused environment road model, that
includes information about the distances to all vehicles
driving in the field of view of the motorcycle rider as meas-
ured by the radar module RM, still the detection of the
autonomous vehicles is not yet carried out. Bv
[0068] In the sixth step of the method, the ego motor-
cycle on-board detection processing unit DPU detects in
the video stream of step 3 the autonomous vehicles pro-
vided with the corresponding autonomous vehicle iden-
tifier AVI.
[0069] In order to do so, the ego motorcycle on-board
detection processing unit DPU compares and correlates
the data regarding simultaneous localization and map-
ping of the motorcycle rider and its smart helmet SH in
the fused environment road model as resulted from step
5 with the data received in step 2 from the ego motorcycle
on-board unit MOBU regarding the other vehicles pro-
vided with corresponding vehicle on-board unit VOBU
including autonomous vehicles of step 2. Specifically,

- simultaneous localization and mapping of the motor-
cycle rider and its smart helmet SH refer to the lo-
calization of the motorcycle rider and its smart helmet
SH in respect to all vehicles, autonomous or not,
provided with vehicle on-board unit VOBU driving in
the field of view of the motorcycle rider within the
range of the radar module RM. In this case the dis-
tances from the motorcycle rider are measured by
the radar module RM,

- the data provided by the ego motorcycle on-board
unit MOBU refer to the presence of only the vehicles
provided with corresponding vehicle on-board unit
VOBU including autonomous vehicles running within
said pre-determined broadcasting range. In this case
the distances from the motorcycle rider are deter-
mined as a difference between the GPS location of
each vehicle provided with corresponding vehicle
on-board unit VOBU and the GPS location of the ego
motorcycle.

[0070] The comparison and the correlation have as re-
sult the detection in said processed video stream of the
autonomous vehicles driving in the field of view of the
motorcycle rider that satisfy both conditions:
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- the autonomous vehicles are placed within said pre-
determined broadcasting range, because in the con-
trary their autonomous vehicle identifier AVI cannot
be read by the ego motorcycle on-board unit MOBU
and

- the autonomous vehicles are placed within the range
of the radar module RM, reason for which said au-
tonomous vehicles are found among the relevant ob-
jects labelled in step 3 based on which the fused
environment road model was created in step 4 serv-
ing for the application of the of simultaneous locali-
zation and mapping SLAM algorithm in step 5.

[0071] The autonomous vehicles detected are then
marked by known marking techniques on the processed
video stream. The result of this step is a processed video
stream with detected marked autonomous vehicles driv-
ing in the field of view of the motorcycle rider.
[0072] In the seventh step of the method, corrections
are applied to the detection carried out in previous step.
Such corrections are needed for various reasons, such
as but not limited to:

- the sensors send information at different rates to the
ego motorcycle on-board detection processing unit
DPU;

- during the time elapsed between carrying out step 1
of the method and step 6 of the method all vehicles,
ego motorcycle rider moved their position;

- the distance is measured by the radar module RM
and respectively determined as difference of GPS
location as measured by GPS sensor GPSS.

[0073] The correction of the position marked for each
autonomous vehicle detected is carried out by using a
general kinematic estimation algorithm taking into ac-
count the values of the subsequent pre-determined pre-
diction interval and has the purpose of ensuring a greater
accuracy of marking on the processed video stream of
the detected autonomous vehicles. In case of discrep-
ancies between the determination of the distances meas-
ured the radar module RM and respectively determined
as difference of GPS location as measured by GPS sen-
sor GPSS exceeding a pre-determined ration, the meas-
urement of the radar module RM is considered as the
more accurate and the determinations of the GPS sensor
GPSS must be adjusted to match the measurements of
the radar module RM.
[0074] The result of this step is a corrected video
stream with detected and marked autonomous vehicles
driving in the field of view of the motorcycle rider.
[0075] Once the correction carried out, the ego motor-
cycle on-board detection processing unit DPU sends via
the at least one ego motorcycle bus system BS to the
smart helmet SH visor the corrected video stream with
detected marked autonomous vehicles driving in the field
of view of the motorcycle rider.
[0076] In the eighth step of the method, the smart hel-

met SH visor displays, in an understandable manner by
the motorcycle rider, the autonomous vehicles provided
with corresponding autonomous vehicle identifier AVI.
[0077] Comparing Fig 1 illustrating the image as dis-
played on the smart helmet SH visor in the absence of
the invention, with Fig. 3 illustrating the image as dis-
played on the smart helmet SH visor of the motorcycle
rider by applying the invention, one can see that in Fig.
3, autonomous vehicles appear represented with dotted
line, said dotted line being one of the non-limiting exam-
ples of displaying the detected and marked autonomous
vehicles in an understandable manner by the motorcycle
rider.
[0078] In a third aspect of the invention it is provided
a computer program, which, when the program is exe-
cuted on an ego motorcycle on-board detection process-
ing unit DPU of any of the preferred embodiments, cause
said ego motorcycle on-board detection processing unit
DPU to execute the steps 2 to 7 of the method.
[0079] While the description of the invention was dis-
closed in detail in connection to preferred embodiments,
those skilled in the art will appreciate that changes may
be made to adapt a particular situation without departing
from the essential scope to the teaching of the invention.

Claims

1. Ego motorcycle on-board awareness raising system
placed in an ensemble consisting in an ego motor-
cycle and an ego motorcycle rider smart helmet (SH),
said smart helmet (SH) comprising an advanced
driver assistance systems camera (ADASC) acquir-
ing video images having the field of view facing for-
ward and said smart helmet (SH) comprising a smart
helmet (SH) visor for displaying said video images
to the motorcycle rider as well as other awareness
information, characterized in that said ego motor-
cycle on-board awareness raising system further
comprises:

- a radar module (RM) placed in front of the ego
motorcycle facing forward, configured to meas-
ure the distance between the ego motorcycle
and the vehicles driving in the ego motorcycle’s
field of view and configured to send the meas-
urements to an ego motorcycle on-board detec-
tion processing unit (DPU);
- a gyroscope (GYRO) placed within the smart
helmet (SH) configured to determine the direc-
tion and inclination of the field of view of the
smart helmet (SH) depending on the direction
in which the rider looks and configured to send
the measurements to the ego motorcycle on-
board detection processing unit (DPU);
- a GPS sensor (GPSS) placed in the ego mo-
torcycle configured to determine the geograph-
ical position of the ego motorcycle and config-
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ured to send the measurements to the ego mo-
torcycle on-board detection processing unit
(DPU);
- an acceleration sensor (ACC) placed in the ego
motorcycle, configured to measure the acceler-
ation signal of the ego motorcycle on three axes
(X, Y Z) and configured to send the measure-
ments to the ego motorcycle on-board detection
processing unit (DPU);
- a speedometer (SPEEDO) placed in the ego
motorcycle, configured to measure the speed of
the ego motorcycle and configured to send the
measurements to the ego motorcycle on-board
detection processing unit (DPU);
- an ego motorcycle on-board unit (MOBU) con-
figured:

- to communicate via the Vehicle-to-Every-
thing V2X communication channel with oth-
er vehicles provided with a corresponding
vehicle on-board unit (VOBU) for the pur-
pose of receiving the geographical position,
speed and acceleration signal on three axes
(X, Y Z) of each said other vehicle provided
with a corresponding vehicle on-board unit
(VOBU);
- to receive and read an autonomous vehicle
identifier (AVI) sent via the Vehicle-to-Eve-
rything V2X communication channel by the
corresponding vehicle on-board unit (VO-
BU) of each respective autonomous vehicle
together with the targeted path and estima-
tion of position, speed and acceleration on
three axes (X, Y Z) in a subsequent pre-
determined prediction interval for each au-
tonomous vehicle for which the autono-
mous vehicle identifier was received and
read;
- to send the measurements to the ego mo-
torcycle on-board detection processing unit
(DPU);

- the ego motorcycle on-board detection
processing unit (DPU) configured to carry out
detection of the autonomous vehicles driving in
the ego motorcycle’s field of view and further
configured to send said result of detection to the
smart helmet (SH) ;
- at least one ego motorcycle bus system (BS)
configured to interconnect the advanced driver
assistance camera (ADASC), the radar module
(RM), the gyroscope (GYRO), the GPS sensor
(GPSS), the acceleration sensor (ACC), the
speedometer (SPEEDO), the ego motorcycle
on-board unit (MOBU), the ego motorcycle on-
board detection processing unit (DPU) and the
smart helmet (SH) visor.

2. Ego motorcycle on-board awareness raising system
of claim 1, wherein the GPS sensor (GPSS) may be
placed in the ego motorcycle as a component of said
motorcycle.

3. Ego motorcycle on-board awareness raising system
of claim 1, wherein the GPS sensor (GPSS) is a com-
ponent of the ego motorcycle on-board unit (MOBU).

4. Ego motorcycle on-board awareness raising system
of claim 1, wherein the GPS sensor (GPSS) is a com-
ponent of a motorcycle rider’s smartphone.

5. The ego motorcycle on-board awareness raising
system of any of the claims 1 to 4, wherein the ac-
celeration sensor (ACC) and the speedometer
(SPEEDO) are combined in a single sensor forming
a motorcycle dynamics unit (MDU).

6. Method for detecting and displaying presence of au-
tonomous vehicles driving in the field of view of an
ego motorcycle rider wearing an ego motorcycle rid-
er smart helmet (SH) provided with a smart helmet
(SH) visor, using the ego motorcycle on-board
awareness raising system, characterized in that
the following repetitive sequence of steps of the
method is carried out at regular intervals of time tn:

Step 1 Broadcasting by an ego motorcycle on-
board unit (MOBU) of messages through Vehi-
cle-to-Everything V2X communication channel,
said messages having the purpose to send to
other vehicles provided with corresponding ve-
hicle on-board units (VOBU) data about the po-
sition of the ego motorcycle and having the pur-
pose to gather data about the presence of said
other vehicles provided with corresponding ve-
hicle on-board units (VOBU) and to gather data
about which ones of said other vehicles are pro-
vided with a corresponding autonomous vehicle
identifier (AVI).
Step 2 Receiving by an ego motorcycle on-board
detection processing unit (DPU) of input data
from the sensors via the at least one ego motor-
cycle bus system (BS):

- video streams acquired from an advanced
driver assistance systems camera
(ADASC);
- distances to all vehicles situated in front
of the ego vehicle from a radar module (RM)
provided that said all vehicles are driving
within the range of the radar module (RM);
- speed of the ego motorcycle from a speed-
ometer (SPEEDO);
- acceleration signals from X, Y and Z axes
of the ego motorcycle from an accelerome-
ter (ACC);
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- orientation of the smart helmet (SH) of the
ego motorcycle from a gyroscope (GYRO);
- ego motorcycle geographical position from
a GPS sensor (GPSS);
- data from the ego motorcycle on-board unit
(MOBU) regarding the geographical posi-
tion, speed and acceleration signals from
X,Y and Z axes of other vehicles provided
with corresponding vehicle on-board units
(VOBU) including autonomous vehicles;
- data from the ego motorcycle on-board unit
(MOBU) for each autonomous vehicle: the
autonomous vehicle identifier (AVI), the tar-
geted path and the estimation of position,
speed and acceleration signals from X,Y
and Z axes in a subsequent pre-determined
prediction interval.

Step 3 Performing by the ego motorcycle on-
board detection processing unit (DPU) the
processing of video stream acquired in step 2
from the advanced driver assistance systems
camera (ADASC):

- Applying image segmentation to the video
stream for the purpose of identifying in it all
the relevant objects;
- Labelling of the relevant objects in the seg-
mented image.

resulting a processed video stream with the rel-
evant objects labelled.
Step 4 Creating by the ego motorcycle on-board
detection processing unit (DPU) of a fused en-
vironment road model based on the previous
processed video stream and on the data re-
ceived from the radar module (RM).
Step 5 Based on the fused road environment
model of step 4 and based on part of the input
data received in step 2:

- inclination of the helmet received from the
gyroscope (GYRO);
- geographical position from the GPS sen-
sor (GPSS);
- the lateral, longitudinal acceleration signal
and the yaw rate from the accelerometer
(ACC) and
- speed from the speedometer (SPEEDO),

applying by the ego motorcycle on-board detec-
tion processing unit (DPU) of simultaneous lo-
calization and mapping (SLAM) algorithm with
the purpose of localizing the ego motorcycle in
the fused road environment model and localiz-
ing the corresponding orientation of the smart
helmet (SH), resulting the simultaneous locali-
zation and mapping of the motorcycle rider and

its smart helmet (SH) in the fused environment
road model.
Step 6 Based on:

- the processed video stream with the rele-
vant objects labelled of step 3;
- the simultaneous localization and mapping
of the motorcycle rider and its smart helmet
SH in the fused environment road model of
step 5 and
- on the data from the ego motorcycle on-
board unit (MOBU) received in step 2 re-
garding the other vehicles provided with
corresponding vehicle on-board unit (VO-
BU) including autonomous vehicles;

- comparing and correlating the data re-
garding simultaneous localization and
mapping of the motorcycle rider and its
smart helmet (SH) in the fused environ-
ment road model as resulted from step
5 with the data received in step 2 from
the ego motorcycle on-board unit (MO-
BU) regarding the other vehicles pro-
vided with corresponding vehicle on-
board unit (VOBU) including autono-
mous vehicles,
- detecting in said processed video
stream of each autonomous vehicle
provided with the corresponding auton-
omous vehicle identifier (AVI), and
- marking each detected autonomous
vehicle in the processed video stream,

resulting a processed video stream with detect-
ed marked autonomous vehicles driving in the
field of view of the motorcycle rider.
Step 7 Applying correction to the marking of
each detected autonomous vehicle in the proc-
essed video stream for ensuring a greater ac-
curacy of marking on the processed video
stream of the detected autonomous vehicles
and sending via the ego motorcycle bus system
(BS) data regarding said marked autonomous
vehicles the smart helmet visor (SH),
resulting a corrected video stream with detected
marked autonomous vehicles driving in the field
of view of the motorcycle rider.
Step 8 Displaying on the smart helmet (SH) visor
of the marked autonomous vehicles in an un-
derstandable manner by the motorcycle rider

7. A computer program comprising instructions which,
when the program is executed on an ego motorcycle
on-board detection processing unit (DPU) of any of
the claims 1 to 5, cause said ego motorcycle on-
board detection processing unit (DPU) to execute
the steps 2 to 7 of the method according to claim 6.
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