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Assistance system for the berthing manoceuvres at a pier

Technical domain

The present invention relates to a road vehicle with an

assistance system for the berthing manoceuvres at a pier.

The invention relates to any type of vehicle with articulated
axles, in particular a road public transport vehicle, like a bus,
including an appliance that helps the driver for the berthing
manoeuvres and the departure manoeuvres at a pier, so that the
vehicle does not collide with its environment and remains as close

as possible to the pier at the end of the approach manoeuvre.

State of the art

In the domain of the special road transport vehicles, in
particular for the logging trucks, it 1is well known to equip
vehicles with steering axles that the driver can control for
difficult manoeuvres. Such appliances are usually controlled with
a remote command, with the driver off the driver’s cab to monitor

the various movements of the axle from outside the vehicle.

Thus, such appliance is not suitable for driving in the urban
environment, where leaving the driver’'s cab is particularly

dangerous for the driver.

It is also well known to equip road vehicles with various
sensors or cameras to help the driver for difficult manoceuvres by
providing visual or audio information about, notably, the
presence, the position and the distance to obstacles around the

vehicle.

At times, these sensors and cameras are coupled to an
artificial intelligence to automatically monitor the front axle of

the vehicle.

Thus, there are anti-collision devices and path correction
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devices that work on the front axle of the vehicle at great speed

to prevent accidents.

There are also anti-collision devices and path correction
devices for vehicles, where the wheels of the rear axle may be
slightly turned with a steering angle usually less than 2° in
absolute value. This very small steering angle does not help the

driver for berthing manoeuvres at low speed.

However, there 1is no sensor coupled to an artificial
intelligence to automatically drive a rear steering axle of a road
vehicle, in order to help the driver for low speed manoeuvres, in

particular for the berthing manoeuvres at a pier.

Indeed, berthing manoeuvres at a pier with a road public
transport vehicle are often difficult in the urban environment.
Since there are pedestrians, who may walk on places intended for
buses, badly-parked cars that may intrude on such places at the
bus stops, or various urban obstacles, it is sometimes difficult
for the driver to achieve such approach and departure manoeuvres
at a pier, so that the vehicle does not <collide with its
environment and remain as close as possible to the pier at the end

of the approach manoeuvre.

Description of the invention

Therefore, the object of the present invention is to address
the drawbacks of the state of the art, by proposing a new road
vehicle with an assistance system for the berthing manoeuvres at a

pier.

This assistance system works automatically when triggered.
Thus, during the berthing manoeuvres at a pier, the driver will
not take care of the assistance system when triggered. The driver
will drive the vehicle in a classical way, by turning the front
steering axle in a classical way with the steering wheel, while
the assistance system according to the invention turns a rear axle

that is modified to be steering, without the driver taking care of
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According to the invention, the wheels of the rear axle can
be turned with a steering angle far more than 2°, for example more

than 10°, preferably more than 20°, and even more preferably more

than 30°.

A steering rear axle allows berthing manoceuvres to the
vehicle on a shorter distance, which is particularly beneficial

with small reserved parking places for public transport vehicles.

This also makes it possible to position the rear of the
vehicle as close to the pier as possible during the approach
manoeuvres, so that the vehicle is both as close as possible to
the pier and perfectly parallel to it. This 1s particularly
important for public transport vehicles that may carry passengers

in a wheelchair, with strollers or shopping trolleys.

Another object of the present invention is to propose a new
process of berthing at a pier for a road vehicle with the

assistance system according to the invention.

According to a first variant of the invention, the objects of
the invention are reached thanks to a zroad vehicle with front
wheels mounted on a steering front axle and with zrear wheels
mounted on a rear axle, characterized in that it includes an
assistance system for berthing manoeuvres at a pier, and that the
rear axle 1s a steering axle with a steering, the assistance
system being designed to work according to a road mode or a

berthing mode, and including the following means:

- a directional Steering system designed to monitor the

deflection angle Aaxr of the rear wheels;

- a distance sensor at the rear of the vehicle, to measure the

distance Darp from the rear of the vehicle to the pier;
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wherein:

- 1in rocad mode, either the wheels are straight ahead, or their
deflection angle Aaxx is monitored by the direction driving

device based on the deflection angle Aa of the front wheels;

- in berthing mode, the driving system monitors the direction of
the deflection angle of the rear wheels based on the distances
as measured by the distance sensor and the angle of the front

wheels Any.

Thus, the assistance system monitors the turn of the rear
wheels totally automatically in order to optimize and facilitate

the various manceuvres by the driver when berthing at a pier.

According to a second variant of the invention, the

assistance system also includes the following means:

- a distance sensor at the front to measure the distance Davpier

from the front of the vehicle to the pier;

- a distance sensor at the rear to measure the distance Darenv from
the rear of the vehicle to the other obstacles 1in the

environment;
wherein:

- in road mode, either the wheels are straight ahead, or their
deflection angle 2Bax 1is monitored Dby the direction driving

device based on the deflection angle Aaxy of the front wheels;

- in berthing mode, the direction of the deflection angle of the
rear wheels is monitored by the steering system based on the
distances as measured by the distance sensors and the

deflection angle Aav of the front wheels.

Thus, thanks to additional distance measurements, the
assistance system monitors the turn of the rear wheels with more
optimization to facilitate the various manoeuvres by the driver

when berthing at a pier.
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According to an implementation of the invention, the
assistance system also includes a distance sensor at the front of
the vehicle to measure the distance Davenr from the front of the

vehicle to the other obstacles in the environment.

According to another implementation of the invention, the
rear wheels can be turned according to an angle with an absolute
value more than 10°, preferably more than 20° and more preferably
more than 30°. This deflection angle, which is far more than
angles of existing steering rear axles, optimizes the various
berthing manoeuvres in comparison with vehicles of the state of

the art.

According to an implementation of the invention, in road
mode, the directional steering system monitors the deflection
angle Axr of the rear wheels, so that the rear wheels are straight
ahead 1in a first time, then, beyond a specific value of the
deflection angle of the front wheels, the deflection of the rear
wheels is controlled as a proportional and linear function of the

steering command from the front wheels.

According to another implementation of the invention, in road
mode, the rear axle is fixed with straight ahead rear wheels when
the speed of the vehicle is faster than the maximum speed in road
mode Svar. This prevents any risk of dangerous behavior of the

vehicle above a given speed.

According to an implementation of the invention, the
assistance system automatically switches from the berthing mode to
the road mode when the speed of the vehicle is faster than the

maximum berthing speed Vuaxpverthing ©r when the deflection angle Bay of
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the front wheels is more than a value Ooutmerthing ©f the angle out of
the pier. This prevents any risk of dangerous behavior of the

vehicle above a given speed.

According to another implementation of the invention, the
assistance system includes sensors to measure then deflection
angle Apy of the front wheels and the deflection angle Axz of the
rear wheels. These sensors give the necessary information for the

function of the assistance system, in particular in road mode.

According to this implementation of the invention, when the
front axle includes a steering gear, the deflection angle Aay of
the front wheels can be measured by an angle sensor that is

connected to this steering gear.

Similarly, when the directional steering system includes a
mobile rod actuator, the deflection angle Amxx of the rear wheels
can be measured by a position sensor connected to the actuator of
the directional monitoring device, while the deflection angle A
of the rear wheels 1is calculated based on the position of the

actuator rod.

According to an implementation of the invention, the distance
sensors are positioned on the right side of the wvehicle,
particularly if the vehicle should drive on the right side of the

road.

According to another implementation of the invention, the
distance sensors at the front of the vehicle are positioned in
front of the front wheels, the distance sensor to the pier at the
rear of the vehicle is positioned in front of the rear wheels, and
the rear environmental sensor 1is positioned at the rear of the
rear wheels. This way, the sensors are as close as possible to the

obstacles they are designed to detect.
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According to an additional implementation of the invention,
the front and rear distance sensors information from the distance
sensors are visually transmitted to the driver, which helps it

drive.

According to an implementation of the invention, the
assistance system includes a berthing/road mode switch that makes
the assistance system change between the road mode and the

berthing mode when triggered.

According to this implementation, the driver can activate the
berthing/road mode switch thanks to a button provided inside the

driver’s cab of the vehicle.

The berthing/road mode switch can also be activated through a
dialog without contact between the infrastructure and the vehicle.
Thus, +the driver won’t have to care about activating the
berthing/road mode switch: it will be automatic, for example when
a vehicle draws near to or away from a pier equipped with a dialog

system without any contact with the wvehicle.

According to an implementation of the invention, the
berthing/road mode switch does not allow the driver to change the
assistance system from the road mode to the berthing mode as long
as the vehicle drives faster than the maximum berthing speed
VMaxbertning. This prevents any risk of dangerous behavior of the

vehicle above a given speed.

According to an implementation of the invention, the
assistance system also includes an onboard intelligence that

monitors the directional steering device to the rear axle.

For example, this onboard intelligence is connected to the

distance sensors, to the sensors that measure the deflection angle
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Ay of the front wheels and the deflection angle Ax of the rear

wheels, and to the berthing/road mode switch.

The onboard intelligence may include a memory to store the
mathematical formulas as used in the assistance system to monitor
the deflection angle of the rear wheels in road mode and berthing

mode, and the constant values as used with these formulas.

The objects of the invention are also reached thanks to a
berthing process to a pier, for a road vehicle as previously

described, characterized in that it includes the following steps:

a) a driving phase, where the vehicle drives a classical way,
where the assistance system is switched to road mode, and
where the rear wheels are straight ahead or controlled by

the front steering;

b) an approach phase, where the vehicle starts berthing to a
pier, where the assistance system switches to the berthing
mode with the rear wheels remaining in road mode as long
as the distance sensor does not detect the pier, and where
the rear wheels are controlled by the assistance system as
soon as the distance sensor detects the pier, and are

steered so that the rear axle is moved to the pier;
c) a stop phase, where the vehicle is berthed to the pier;

d) a start phase, when the vehicle is leaving the pier, where
the assistance system switches to the berthing mode and
the rear wheels are steered so that the rear axle is moved

away from the pier;

e) a driving phase, where the vehicle drives a classical way
after leaving the pier, with the assistance system
switched to the road mode and the rear wheels straight

ahead or controlled by the front steering.

According to this berthing process, during the stop phase,

when the vehicle is berthed at the pier, the rear wheels can be
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monitored to come back to unturned position. Indeed, it brings the
vehicle as close as possible to the pier, while turned wheels may

impede the opening of the side doors of said vehicle.

This process makes berthing manoeuvres much easier for the
driver. The berthing is thus automatically optimized thanks to the
assistance system, which allows the vehicle to berth parallel and
close to a pier easier and more securely, with less space required

than for classical vehicles.

Thanks to the invention, there 1s less gap between the
vehicle and the pier, which makes it access easier. Since the
distance to the pier is under control, the sides of the wheels no

longer rub against it, which prevents their untimely wearing.

In addition, the required length for the berthing is reduced,
which makes it possible to the wvehicle to berth even if there 1is

not enough space to do so for a classical vehicle.

By optimizing the duration and number of manoeuvres required
to berth, the invention also optimizes the fuel consumption of the

vehicle.

At last, the sensors of the invention provide a visual driver

assistance that does not depend on the weather and visibility.

Brief description of the illustrations

Other characteristics and advantages of the present invention
appear more clearly when reading the following description in
reference to the appended illustrations; they are illustrative and

do not restrict the invention:

- figure 1 is a graph that shows the mathematical law yielding
the deflection angle of the rear wheels Dbased on the
deflection angle of the front wheels, when the rear axle

works in road mode;

- figure 2 is a schematic view of a vehicle with an assistance
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system for the berthing manceuvres at a pier according to a

first variant of the invention;

- figure 3 1s a schematic view of a vehicle with an assistance
system for the berthing manceuvres at a piler according to a

second variant of the invention; and

- figures 4 to 11 are schematic views of the approach
manceuvres to and from a pier for a road vehicle with an
assistance system according to the invention, where the

trajectory of the axle is shown as a dotted line.

Mode (s) of implementation of the invention

Structurally and functionally identical items on several
distinct figures are given the same numerical or alphanumerical

reference.

The assistance system (1) for berthing manoeuvres at a pier
(2) according to the invention is designed for a road vehicle (3)
with a steering front axle (4) equipped with a classical steering
(6) monitored from the steering wheel (3) of the vehicle. The
front steering (6) 1is, for example, assisted by a steering gear

with variable hydraulic assistance (not figured).

Below in this description, by commodity, the word “pier” will
describe any kind of edge, vehicle access concourse or any
physical means, fixed or movable in reference to the ground, where
travelers stand before entering a vehicle. Thus, the word “pier”
shall not be considered in a limitative way, but as referring to

any similar kind of edge.

The assistance system (1) of the invention 1s preferably
designed for a road public transport vehicle (3), i.e. a bus, but

may be adapted to any type of road vehicle (3).

The assistance system (1) according to the invention is also
designed to make the rear axle (5) of a road vehicle (3) work

under two modes, i.e. a road mode and a berthing mode. According



10

15

20

25

30

11

to the invention, the rear axle (5) 1is a steering axle too and is
equipped with a steering (7), but the driver of the road vehicle
(3) does not monitor it. Indeed, the rear steering (7) is fully

monitored by the assistance system (1) according to the invention.

In order to monitor the deflection angle of the rear wheels
(9) in both function modes, the assistance system (1) according to
the invention includes a directional steering system (10) of the
rear axle (5). This directional steering system (10) includes an
actuator, preferably as a hydraulic actuator coupled with a

proportional valve or as an electric actuator.

As a rule, in road mode, the rear wheels (9) are straight
ahead firstly, then, beyond a given deflection angle value of the
front wheels (11), the deflection of the rear wheels (9) 1is
proportionally controlled in reference to the steering command

from the front wheels (11).

According to a less beneficial variant of the invention, in
road mode, the rear wheels (9) are always straight ahead, like for

a classical vehicle.

“Straight ahead” wheels are wheels that are not deflected -
wheels whose deflection angle is 0°, aligned with the longitudinal

direction of the vehicle.

In berthing mode, the deflection angle of the rear wheels (9)
is monitored by the assistance system (1) as a function of the
distances from the vehicle (3) to the pier (2) and to the other

obstacles in the environment.

Both function modes of the assistance system (1) of the

invention will be described more in detail hereafter.

Road mode

In road mode, the rear axle (5) is designed for the normal
driving of the vehicle (3) on the road (8) based on a maximum

speed abiding by the speed limitations of the traffic regulations.
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In this mode, the rear wheels (9) are steered according to the
position of the front wheels (11) under a mathematical law based
on the deflection angle of the front wheels (11) . This
mathematical law that rules the road mode is depicted in the

figure 1.

In road mode, the wvehicle (3) can drive at a speed, whose
value is incompatible with the necessary manoeuvres when berthing
to a pier (2). For example, although it is not forbidden by the
traffic regulations, a vehicle (3) cannot reasonably berth at a

pier at 50km/h.

In road mode, the rear wheels (9) are straight ahead until
the front wheels (11) are deflected right or left beyond a given
angle, called unlocking threshold Sardebioc, wWhere the assistance
system (1) according to the invention automatically turns the rear
wheels (9) by a deflection angle that is proportional to the
deflection angle of the front wheels (11).

Thus, as displayed in the figure 1, when the deflection angle
Bpy 0f the front wheels (11) reaches the threshold value Sardevioc,
the wheels (9) of the rear axle (5) also turn by an angle Bu that
is proportional to the deflection angle Axy of the front wheels

(11l) «

According to a preferential implementation of the invention,
the rear wheels (9) are progressively steered by the front wheels,
which results in a curve at the transition between the straight-
ahead position of the rear wheels (9) and their state as steered
by the front wheels. This transition results from a 2™ degree

polynomial law.

See the mathematical laws that rule the road mode:
1
If ‘AI\Vl < AAVmax X SARdebJ.oc . E A’l‘rr then
AAR = O

1
If IAI\V| 2 A!Wmax X Sz’mdcbloc = E A’L‘rl then
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Bpr = ki x sign (Baw) X (|Rav|-Bavmax X Sardebloc — = Dry) 2

1
If |Bav| 2 Bavmax X Sardebloc T = Ary, then

IAavI—AAav-max X SAR-debloc
AV-max— Aav-max X SAR-debloc

AAR = AAR-max X SIgN(Apy) X

with

AAR-max X ATr
o ot R (Aav-max = AaV-max* S AR-debloc)
ek =

2
ATr

where the terms have the following meanings:

- Dy steering angle of the front wheels (11), in degrees

- Apvmax maximum steering angle of the front wheels (11), in
degrees

- Am steering angle of the rear wheels (9), in degrees

- Pnpruax maximum steering angle of the rear wheels (9), in
degrees

- Ay angular range for the transition, in degrees

- Sardebloc unlocking threshold of the rear wheels {9}, in
percentage

In the context of this description, it is considered a 0°
steering angle of the wheels means straight ahead wheels, which

are aligned with the longitudinal axis of the vehicle.

The maximum steering angle Aarmax ©0f the rear wheels (9)
intrinsically depends on the vehicle (3) and its design. It

generally ranges between -35° and +35°.

The steering angle Ay of the front wheels (11l) is preferably
measured by an angle sensor (12) that is connected to the steering
gear (13) of the front axle (4) while the steering angle Axx of the

rear wheels (9) is preferably measured by a position sensor (14)
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that 1s connected to the actuator of the directional steering
system (10) to measure the linear movement. The position sensor
(14) computes the steering angle A of the rear wheels (9) as a
function of the position of the actuator rod thanks to a PID

controller.

According to a (not shown) implementation of the invention,
the steering angle Axp of the front wheel (1l1) is measured by an
angle sensor inside the swivel of at least one of the front wheels
(11), while the steering angle 2Ax of the rear wheel (9) 1is
measured by an angle sensor inside the swivel of at least one of

the rear wheels (9).

The transition angle BA;. ranges between 0° and 40°. The
default value is 6°, but it can be empirically tuned by tests in

real conditions for each type of vehicle (3).

The unlocking threshold Sagrdebioc ©f the rear wheels (9) 1is
selected according to the desired steering degree for the rear
axle (5). The lower the threshold Sardebiocy the more the driver may
feel that the back of the vehicle (3) goes adrift. On the
contrary, the higher the threshold Sardesice, the more the driver
feels like in a classical vehicle without an assistance system (1)
for the berthing manoeuvres, and the more the steering wheel shall
move. The threshold Sardebice 0f the rear wheels (9) is preferably
selected at 25%. Its definitive value retained may be empirically

enhanced by tests in real conditions for each type of vehicle (3).

In road mode, it is also possible to have the rear wheels (9)
controlled thanks to a modified mathematical law that takes the

speed of the vehicle (3) into account.

According to this modificative mathematical law, the steering
angle Axr of the rear wheels (9) is multiplied by a coefficient kyit
that depends on the speed of the vehicle according to the

following formulas:
A'pr = Bpar % kyit

with
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kvie = max (0 ; min (1 ; (Pv x V)+(-Svar X pPv))
where the terms have the following meanings:

- BAmr steering angle of the rear wheels (9), in degrees,

computed according to the previous mathematical law

- A steering angle of the rear wheels (9), in degrees,

taking the speed into account

- Awy steering angle of the front wheels (l1ll), in degrees
- Py slope of the speed control between -1 and O

- Svar maximum speed in road mode, in km/h

- v speed of the vehicle, in km/h

The maximum speed in road mode Syar 1s the maximal speed,
above which the rear axle (5) is fixed with straight ahead (0°)
rear wheels (9) when the assistance system (1) is in road mode.
Indeed, above a given speed of the vehicle (3), it is assumed
dangerous that the rear axle (5) be steering, because this could
induce instability to the vehicle (3) at the rear in a curve. The
default maximum speed in road mode Syiar 1is 40km/h in an urban
environment but may be empirically enhanced by tests in real
conditions for each type of vehicle (3), taking into account the

peculiarities of the scheduled path.

The slope of the speed control amounts between -1 and 0. The
default value is -0.1 but may be empirically enhanced by tests in

real conditions for each type of vehicle (3).

Berthing mode

In berthing mode, the rear axle (5) is designed to facilitate
the berthing of a vehicle (3) at low speed to the pier (2). In
this mode, the assistance system (1) of the invention
automatically monitors the steering of the wheels (9) of the rear
axle (5) with a wide angle that optimizes the berthing of the
vehicle (3) against the pier (2).
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In berthing mode, the vehicle (3) must drive at low speed
compatible with the required manoceuvres when berthing to a pier
(2) . Indeed, when a vehicle berths at a pier, it generally drives

slowly to prevent any collision with the environment.

This reduced speed also guarantees the security of the

assistance system (1) in case of malfunction.

In order to optimize the berthing of the wvehicle (3), the
assistance system (1) according to the invention includes wvarious
sensors that make it possible to localize the vehicle (3) inside
the environment, in particular in reference to the other vehicles

and to the pier (2) where the driver wants to berth.

It should be noted that some piers are not equipped with
specific edges. Thus, a pier may have the same height as a
sidewalk, and it is not possible to distinguish a pier (2) from a
sidewalk from the height. For other piers (2), on the contrary,

the sidewalk can be higher or lower than the pier (2).

According to a first variant of the invention as displayed in
the figure 2, the assistance system (1) includes at least one
distance sensor (16) at the rear of the vehicle (3) that 1is
designed to detect and specifically measure the distance Dagpior

from the rear of the vehicle (3) to the pier (2).

According to a second variant of the invention as displayed
in the figure 3, the assistance system (1) also includes at least
one distance sensor (17) at the front and at least one distance
sensor (18) at the rear of the vehicle, each one being designed to
detect and measure the distance Davenv: Darenv L0 the other obstacles
in the environment (cars, pedestrians, etc.) According to this
second variant of the invention, the assistance system (1) also
includes at least one distance sensor (15) at the front of the
vehicle (3) and designed to detect and specifically measure the

distance Davpier Lo the pier (2) in front of the vehicle (3).

The distance sensor (17) to the environment at the front is

optional, Dbecause the assistance system (1) according to the
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invention does not take this distance into account to monitor the
steering of the rear wheels (9) and the driver does not need this
information if the visibility is good, for it can assess it by

itself from the driver’s cab.

In these two variants of the invention, the distance sensors
(15, 16, 17, 18) can be of any type. So, they can be radar, laser,

infrared, ultrasound or optical devices, such as cameras.

Similarly, in these two variants, in addition to the
nmeasurement of the distance from the pier (2) to the vehicle (3),
the distance sensors (15, 16) to the pier can also be provided to
measure the height of obstacles, in particular the height of the
pier (2). For example, in the case of road public transport
vehicles, it makes it possible to adjust the height of the vehicle
(3) in reference to the height of the pier (2) so that the level
of the floor of the vehicle (3) is the same as the pier (2).

Thus, it might be possible to use distance sensors (15, 16)
to the pier, or other specific sensors, to measure the height of
the pier, so that the vehicle (3) can adjust its height and/or
deploy an access platform, if necessary, and the passengers get in
and out the vehicle. For example, this adjustment of the height of
the wvehicle (3) is made by acting on the suspension. The height
adjustment of the vehicle (3) can be automatic during the stop
phase of the vehicle (3) and/or can be manually triggered by the
driver or the passengers, for example thanks to a button outside

the vehicle to be accessible to any disabled in a wheelchair.

In the case of the second variant of the i1invention, the
distance sensors (15, 17) provided at the front of the vehicle (3)
not only measure the distance Dawpier from the front of the vehicle
(3) to the pier (2) and the distance Davenv from the front of the
vehicle (3) to the other obstacles in the environment to optimize
the monitoring of the steering of the rear wheels (9), but also
help the driver. Indeed, thanks to a progressive - preferably

visual -~ information feedback, the driver can optimize the
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position of the front wheels (11) that he monitors thanks to the

steering wheel of the vehicle (3).

Thanks to the information from the distance sensors (16, 18)
and from the angle sensors (14) of the wheels at the rear of the
vehicle (3), the driver also receives information about the
steering angle Ay of the rear wheels (9), about the distance Dugpior
from the rear of the vehicle (3) to the pier (2) and about the
distance Darenv from the rear of the vehicle (3) to the other
obstacles in the environment, for even more optimization of the

berthing.

In the case of the second variant of the invention, at the
front and the rear, the same distance sensor can fulfill at the
same time the function of a distance sensor (15, 16), to detect
and specifically measure the distances Darpier and Dawier To the pier
(2), and of a sensor (17, 18) to detect and measure the distances

Dakenv @nd Davenv tO the other obstacles in the environment.

Most of the +time, however, those are distinct distance
sensors, because the sensors (15, 16) designed to detect and
specifically measure the Dagpicr and Davpicr to the pier (2) that may
not be at the same height on the wvehicle (3) as the sensors (17,
18) designed to detect and measure the distance Darenv a@and Davery tO
the other obstacles in the environment. Thus, the sensors (15, 16)
designed to detect and specifically measure the Dagpier and Davpier tO
the pier (2) can be provided lower than the sensors (17, 18)
provided to detect and measure the distance Dawenv and Davesr to the

other obstacles in the environment.

In fact, some obstacles in the environment, i.e. such as the
body frame of a car (19) on the road (8), may be higher than the
pier (2) but may not touch the ground; they would not be detected
by a distance sensor positioned too low, while other obstacles in
the environment may be standing lower than the pier (2) and would

not be detected by a distance sensor positioned too high.

According to another variant of the invention, redundant
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sensors (15, 16, 17, 18) may be considered, i.e. with distance
sensors (17, 18) to the environment and/or distance sensors (15,
16) to the pier both at the front and the rear of the wheels (9,
11) of the vehicle (3).

For a road public transport vehicle designed to drive on the
right side of the road (8), the distance sensors (15, 16, 17, 18)
according to the invention are positioned on the right side of the

vehicle (3).

Preferably, the front distance sensors (15, 17) of the
invention are positioned in front of the front wheels (11), while
the rear distance sensor to the pier (16) is positioned in front
of the rear wheels (9) and the rear distance sensor to the

environment (18) is positioned behind the rear wheels (9).

The distance sensors to the pier (15, 16) are preferably
provided on front of the wheels (9, 11), because vehicles (3)

generally berth moving forward.

The distance sensors to the environment U7, 18) are
preferably provided at the front and back ends of the wvehicle (3)
to be as close as possible to the environmental obstacles they

should detect.

In addition to the distance sensor of the rear environment
(18), a second optional sensor (not figured) of the same kind may
be positioned in front of the rear wheels (9) to improve the

accuracy of the environmental detection.

As a rule, distance sensors (15, 16, 17, 18) are provided on
the wvehicle (3) in order to ideally detect and localize the
obstacles, so that the road vehicle (3) does not collide with its
environment and, during the approach phase to the pier (2), the
steering angle Amp 0of the rear wheel (9) is optimized, so that the
wheels (9, 11) of the vehicle (3) do not collide with the pier
(2), the back of the vehicle (3) does not come close to the pier
(2) faster than the front of the vehicle (3), and the vehicle (3)
is parallel to the pier (2) at the end of the approach phase, with



10

15

20

25

30

20

the front axle (6) and the rear axle (5) as close as possible to

the pier (2).

The distance information that are received by distance
sensors (15, 16, 17, 18) at the front and at the rear of the
vehicle (3) are transmitted to the driver, preferably visually and
not by audio because o0of the ambient noise as usual in public
transport vehicles. This way, the driver follows in real time the
position of its vehicle (3) in reference to the pier (2) and the

environment.

The distance sSensors Darpier, Davpier, Darenv and  Daveny are

preferentially provided with a detection range between 0 and 1.5m.

For both variants of the invention, the assistance system (1)
according to the invention also includes a berthing/road mode
switch (20) that makes the assistance system (1) change between

the road mode and the berthing mode when triggered.

This Dberthing/road mode switch (20) is preferably manually
activated thanks to a button (21) provided inside the driver’s cab
of the vehicle (3), which allows the driver to switch the
assistance system (1) by itself between the road mode and the

berthing mode.

According to a variant of the invention, the berthing/road
mode switch (20) can also be activated through a dialog without
contact between the infrastructure (ground, pier, tag, etc.) and

the vehicle (3).

For security reasons mentioned above, this berthing/road mode
switch (20) does not change the assistance system (1) from the
road mode to the berthing mode as long as the vehicle drives at a
speed matching the road mode. Indeed, the assistance system (1)
won’t turn by accident to the road mode when in berthing mode if
the vehicle is driving at a speed where it would be dangerous, and
the assistance system (1) automatically switches to road mode in

case of overspeed.

So, the berthing/road mode switch (20) prevents changing to
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the berthing mode as long as the vehicle drives faster than the

maximum berthing speed Vwuaxberthing-

In addition, when the speed of the vehicle (3) is faster than
the maximum berthing speed Vwuaxverthing, the assistance system (1)

automatically switches to the road mode.

The default maximum berthing speed Vuaxverthing 1S 25km/h but may
be empirically tuned by tests in real conditions for each type of
vehicle, taking into account the peculiarities of the scheduled

path.

At last, as schematically displayed at the figures 2 and 3,
the assistance system (1) according to the invention also includes
an onboard intelligence (22), which is notably connected with all
sensors (12, 14, 15, 1le, 17, 18) of the invention, with the
directional steering system (10) of the rear axle (5) and with the

berthing/road mode switch (20).

This onboard intelligence (22) notably includes a memory (not
figured), where the mathematical formulas are stored as used by
the assistance system (1) according to the invention along with
the constant values as used with these formulas. Of course, means
(not figured) are provided to input and change these mathematical
formulas and these constants in the onboard intelligence (22), no

matter directly or remotely.

The onboard intelligence (22) may include means (not figured)

to transmit information to the driver, preferably visually.

Preferably, +the assistance system (1) according to the
invention also includes a survey appliance (not figured) of the
rear axle (5) designed to detect any abnormality on it, i.e.
electronic failure, hydraulic failure, general function default,
inconsistencies, etc. if an abnormality is detected, the rear axle
(5) 1s secured with the rear wheels (9) fixed in central position

parallel to the longitudinal axis of the vehicle.

It should be noted that the first wvariant of the invention,

which includes only one distance sensor (16) at the pier (2) at
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the rear of the vehicle (3), is a basic and simplified version of
the inventiocn, while the second variant of the invention, which
includes many other distance sensors (15, 17, 18) 1is a more
elaborate and complex version of the invention. Thus, the first
variant of the invention is less expensive than the second one,
but also provides some less optimized help to the driver during

the approach and departure manoeuvres at a pier (2).

Now, we will focus on the function of the assistance system
(1) for the berthing manoeuvres at a pier (2) according to these
two variants of the invention during the different phases of a

berthing.

Driving phase

When the vehicle (3) drives at a normal speed to move quickly
from a place to another, the assistance system (1) according to
the invention switches to the road mode. The rear wheels (9) are
straight ahead, like in a classical vehicle (figure 4) or steered
in position to the front wheels (11) 1if the driver steers the

front wheels (11) beyond a given steering angle Sardebloc-

Approach phase (for the first variant)

During the approach phase of the berthing to a pier (2), the
driver drives the vehicle (3) slowly and the assistance system (1)

according to the invention is switched to berthing mode.

Thus, the approach phase is launched when the vehicle 1is
driving slower than the maximum berthing speed Vwwwertning and the
driver has manually triggered the berthing/road mode switch (20)

to change the assistance system from road mode to berthing mode.

The rear axle (5) is controlled so that it gets closer to the
pier (2) as long as the rear distance sensor (16) has not detected

the pier (2) (figures 4 and 5). At this moment, the steering angle
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Bpr of the wheels (9) of the rear axle (5) is proportional to the
steering angle BAapy of the wheels (11) of the front axle (4)
multiplied by an angular ratio Rperthingsimpl a5 specified in the

following formula:
Apr = BApv % Rperthingsimpl

The angular ratio Reerthingsimp: pPreferably ranges between 0 and
10. Its default wvalue is 2 but it can be empirically tuned by

tests in real conditions for each type of vehicle.

When the rear distance sensor (16) detects the pier (2), the
rear axle (5) is monitored in berthing mode and the rear wheels
(9) are steered, so that the rear axle (5) comes as close as
possible to the pier (2) without colliding with it (figure 6).

This function may induce crab steering.

The steering of the rear wheels (9) is adapted according to
the distance Dpppier from the back of the vehicle (3) to the pier
(2), so that the wheels (9, 11) of the vehicle (3) do not collide
with the pier (2).

The steering angle Axz of the rear wheels (9) is computed as a
function of the distance measured above according to the following

formula:

Apg = min (Apy X RBerthinqSimpl v f(DARpier))
where f (Darpier) 15 a 2" degree polynomial law, such as:
(apierAR X XZ) - (bpier[\R * X) + Cpierar

The terms in the above formula can be empirically tuned by
tests in real conditions for each type of vehicle (3), taking into
account the peculiarities of the place where the vehicle will have

to manoeuvre.

The default values of these parameters are:
apierar = —0,0305
bpierng = 6,381

Cpiernk = —44
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Approach phase (for the second variant)

During the approach phase of the berthing to a pier (2), the
driver drives the wvehicle (3) slowly and the assistance system (1)

according to the invention is switched to berthing mode.

The wheels of the rear axle (5) remain monitored in road mode
as long as the front distance sensor (15) does not detect the pier

(2) (figure 5).

When the front distance sensor (15) detects the pier (2), the
rear axle (5) is monitored in berthing mode and the rear wheels
(9) are steered, so that the rear axle (5) comes as close as

possible to the pier (2) (figure 6).

This function may induce crab steering of the vehicle (3) if
the environment makes it possible, or it may have the vehicle move

in a more conventional way to avoid obstacles.

The steering of the rear wheels (9) is tuned according to the

following measure values:

- the distance Darenv from the back of the vehicle (3) to the
other obstacles in the environment, so that the vehicle (3)

does not collide with the environment;

- the distance DARpier from the back of the vehicle (3) to the
pier (2), so that the wheels (9 11) of the vehicle (3) do not
collide with the pier (2);

- the distance Daypier from the front of the vehicle (3) to the
pier (2), so that the back of the vehicle (3) does not come
close to the pier (2) faster than the front of the wvehicle
{3) .

Thus, the steering angle 2Amx o©of the rear wheels (9) 1is
computed as a function of the three measured distance values above

according to the three following formulas:

Apr = min (£ (Darenv) 7 f (Darpier) 7 £ (Davenv) )
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where f(Dprenv) 1is a 2" degree polynomial law, such as:
(denv X x2) + (benv x X} + Conv
and f (Dpgpier) 1s a 2" degree polynomial law, such as:
(@pierar * x2%2) + (bpiernz X X) + Cpicrar
and f (Davpier) 1s a 1° degree polynomial law, such as:
apierav X (Davpier — Darpier) + Dpierav

The various factors in the three formulas above depend on
each other and are intrinsically linked to the type of wvehicle (3)
equipped with the assistance system (1) according to the

invention.

These factors can be empirically tuned by tests in real
conditions for each type of vehicle (3), taking into account the
peculiarities of the place where the vehicle will have to

manoeuvre.

The default values of these factors are:

denv = 0
bonv = 4 ’ 4
Cenv =—50

ApierAR = _O, 0305

bpiorl—\R = 6, 381

CpierABR = -44
AdpierAV = 0 7 5
bpierI\R =0

Stop phase (for both variants)

When the vehicle (3) is berthed at the pier (2), it stops on

place. It’'s temporarily entering a stop phase.

In the case of a public transport vehicle, it is the moment
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when the driver allows the opening of the doors.

In the stop phase, the rear wheels (9) are preferably
monitored to be straight ahead, so that they are as close as
possible to the pier (2), but this may increase the wearing of the
tires. So, this straight ahead orientation of the rear wheels (9)

may be optional.

The vehicle (3) stands as close as possible to the pier (2)
both at the front and the rear to allow the passengers to get on

and off the bus easier (figure 7).

Start phase (for both variants)

When all passengers got in or out, the vehicle (3) can leave

the pier (2).

In the case of a public transport vehicle, it is the moment
when the driver shuts the doors, which launches the start phase.
For obvious security reasons, this phase can only be effective

when the doors are closed and locked.

So, the rear axle (5) remains locked with the rear wheels (9)

preferably straight ahead as long as the doors are not locked.

Once all doors locked, traction 1s available again for the

driver to leave to pier (2).

The assistance system (1) according to the invention switches

to the berthing mode.

During this start phase, the assistance system (1) according
to the invention makes it impossible to the rear axle (5) to steer
the rear wheels (9) to the pier (2). The rear wheels (9) are
indeed steered in the opposite direction (figure 8) proportionally
to the steering command received by the wheels (11) of the front

axle (4) according to the following formula:
Apx = Apy X kdépart

where Kkaspart 1S @ proportionality percentage, in percent.
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By default, the value of kagpart 1s selected at 20%. Here

again, this value can be empirically tuned.

According to a variant of the invention, during the start
phase, the rear wheels (9) are not steered proportionally to the
steering command received by the wheels (11) of the front axle (4)

but according to a fixed steering angle, i.e. 5° to the left.

According to another variant of the invention, the rear
wheels (9) are steered the same way as for the approach phase, but
in the opposite direction. So, the rear axle (5) leaves the pier
(2) as fast as ©possible without ever «colliding with its
environment and without getting away from the pier (2) faster than

the front axle (6).

Driving phase (for both variants)

When the vehicle (3) has left the pier (2) (figure 9), the
start phase is over and the assistance system (1) according to the
invention switches to the road mode (figure 10). The vwvehicle is

back in driving phase (figure 11).

Once the wvehicle (3) has finished its start phase, the
switching of the assistance system (1) according to the invention
to the road mode can be manual by the driver thanks to the
berthing/road mode switch (20), automatic when the speed of the
vehicle (3) 1is faster than the maximum berthing speed Vuaxbershing
(default value 10km/h) or automatic when the steering angle Ax at
the front wheel (11) to the right is larger than an angle OCoutiertning

out of the pier.

The value of the angle outserthing Oout of the pier can be an
absolute angular value or in percentage of the maximum steering
angle of the front wheels (11) Aawmax. This angle ooutBerthing 18

preferably 5° to the right. This value can be empirically tuned.

Reverse gear (for the first variant)
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The assistance system (1) for the berthing manoeuvres at a
pier (2) according to the first variant of the invention is also
designed to be used with the reverse gear of the vehicle (3) for

all the driving modes of the rear axle (5).

In driving phase, the assistance system (1) is in road mode

and no change of the driving rule is necessary.

In approach phase, as long as the rear distance sensor (16)
does not detect the pier (2), the driving rule is not modified. As
soon as the rear distance sensor (16) detects the pier (2), the
driving rule is reversed, which means that the rear wheels (9) are
monitored to come close to the pier without ever colliding with
it.

In stop phase and start phase, the driving rule is reversed

like above.

Reverse gear (for the second variant)

The assistance system (1) for the berthing manoeuvres at a
pier (2) according to the second variant of the invention is also
designed to be used with the reverse gear of the vehicle (3) for

all the driving modes of the rear axle (5).

In driving phase, the assistance system (1) 1s in road mode

and no change of the driving rule is necessary.

In approach phase, as long as the front distance sensor (15)
does not detect the pier (2), the driving rule is not modified. As
soon as the front distance sensor (15) detects the pier (2), the
driving rule is reversed, which means that the rear wheels (9) are
monitored to come close to the pier without ever colliding with
il

In stop phase and start phase, the driving rule is reversed

like above.
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It is obvious that the present description is not restricted
to the explicit examples but also encompasses other modes of
realization and/or implementation. So, a technical characteristic
as described may be <replaced by an equivalent technical
characteristic without departing from the frame of the present
invention, and a step of implementation of the process may be
replaced by an equivalent step without departing from the frame of

the present invention as described in the claims.
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CLAIMS

s c. Road wvehicle (3) including front wheels (11) mounted on a
steering front axle (4) and rear wheels (9) mounted on a rear axle
(5), characterized in that it includes an assistance system (1)
for the berthing manoceuvres at a pier (2) and in that the rear
axle (5) is steering and equipped with a steering (7), wherein the
assistance system (1) is designed to work according to a road mode
or according to a berthing mode, and including the following

means:

- a directional steering system (10) designed to monitor the

steering angle Am of the rear wheels (9);

- a distance sensor (16) provided at the back of the wvehicle
(3) to measure the distance Dapier from the back of the

vehicle (3) to the pier (2);
wherein:

- 1in road mode, either the rear wheels (9) are straight ahead
or their steering angle Ax is monitored by the directional
steering system (10) based on the steering angle Aay of the

front wheels (11);

- 1in berthing mode, the steering angle of the rear wheels (9)
is monitored by the directional steering system (10) based on
the distances measured by the distance sensor (16) and on the

steering angle Aay of the front wheels (11).

2, Road vehicle (3) according to the claim 1, characterized in

that the assistance system also includes the following means:

- a distance sensor (15) provided at the front to measure the

distance Davpier from the front of the vehicle (3) to the pier

(2) s

- a distance sensor (18) provided at the rear of the wvehicle

(3) to measure the distance Darenv from the rear of the vehicle
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(3) to the other obstacles of the environment;
wherein:

- in road mode, either the rear wheels (9) are straight ahead,
or their deflection angle BAxpr is monitored by the direction
driving device (10) based on the deflection angle An of the

front wheels (11);

- in berthing mode, the steering angle of the rear wheels (9)
is monitored by the direction driving device (10) based on

the distances measured by the distance sensors (15, 16, 18).

3. Road vehicle (3) according to any of the previous claims,
characterized in that the assistance system also includes a
distance sensor (17) provided at the front of the vehicle (3) to
measure the distance Davenv from the front of the wvehicle (3) to the

other obstacles of the environment.

4, Road vehicle (3) according to any of the previous claims,
characterized in that the rear wheels (9) can be steered with an
angle, whose absolute value is more than 10°, preferably more than

20° and more preferably more than 30°.

5. Road vehicle (3) according to any of the previous claims,
characterized in that, in road mode, the direction driving device
(10) monitors the deflection angle Axx of the rear wheels (9) so
that the rear wheels (9) are initially straight ahead, then,
beyond a given value of the steering angle of the front wheels
(11), the deflection of the rear wheels (9) is controlled as a
proportional and linear function of the steering command from the

front wheels (11).

6. Road vehicle (3) according to any of the previous claims,

characterized in that, in road mode, the rear axle (5) is fixed
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with straight ahead rear wheels (9) when the speed of the vehicle

(3) is faster than the maximum speed in road mode Svar.

r Road vehicle (3) according to any of the previous claims,
characterized in that the assistance system (1) automatically
switches from the berthing mode to the road mode when the speed of
the vehicle is faster than the maximum berthing speed Vwuagberthing OL
when the deflection angle Aay of the front wheels (11) is more than

a value ooutmerthing ©f the angle out of the pier.

8. Road vehicle (3) according to any of the previous claims,
characterized in that the assistance system (1) includes sensors
that make it possible to measure the deflection angle Amy of the
front wheels (11) and the deflection angle Axx of the rear wheels

(8.

9. Road vehicle (3) according to claim 8, characterized in that
the front axle (4) includes a steering gear (13), and in that the
deflection angle BAay of the front wheels (11) is measured by an

angle sensor (12) that is connected to this steering gear (13).

10. Road vehicle (3) according to claim 8, characterized in that
the direction driving device (10) includes a mobile rod actuator
and in that the deflection angle Am of the rear wheels (9) 1is
measured by a position sensor (14) connected to the actuator of
the directional monitoring device (10), while the deflection angle
Axg of the rear wheels (9) is calculated based on the position of

the actuator rod.

11, Road vehicle (3) according to claim 1, 2 or 3, characterized
in that the distance sensors (15, 16, 17, 18) are positioned on

the right side of the vehicle (3).

12.. Road vehicle (3) according to claim 1, 2 or 3, characterized

in that the distance sensors (15, 17) provided at the front of the
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vehicle (3) are positioned in front of the front wheels (11), in
that the distance sensor to the pier (16) provided at the rear of
the vehicle (3) is positioned in front of the rear wheels (9) and
in that the distance sensor to the environment (18) is positioned

behind the rear wheels (9).

13. Road vehicle (3) according to claim 1, 2 or 3, characterized
in that the distance information from the front and the rear that
are received by the distance sensors (15, 16, 17, 18) are visually

transmitted to the driver.

14. Road vehicle (3) according to any of the previous claims,
characterized in that the assistance system (1) includes a
berthing/road mode switch (20) that makes the assistance system
(1) change between the road mode and the berthing mode when

triggered.

15. Road vehicle (3) according to the previous claim,
characterized in that the berthing/road mode switch (20) is
manually activated by the driver thanks to a button (21) provided
inside the driver’s cab of the vehicle (3) or is activated through
a dialog without contact between the infrastructure and the

vehicle (3).

16. Road vehicle (3) according to the claim 14, characterized in
that the berthing/road mode switch (20) does not allow the driver
to change the assistance system (1) from the road mode to the
berthing mode as long as the vehicle (3) drives faster than the

maximum berthing speed Vmuaxberthing-

17. Road vehicle (3) according to any of the previous claims,
characterized in that the assistance system (1) also includes an
onboard intelligence (22) that monitors the directional steering

device (10) to the rear axle (5).
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18. Road vehicle (3) according to the claims 8, 14 and 17,
characterized in that the onboard intelligence (22) is connected
to the distance sensors (15, 16, 18), to the sensors that measure
the deflection angle Aaxy of the front wheels (11) and the
deflection angle Ax of the rear wheels (9), and to the

berthing/road mode switch (20).

19. Road vehicle (3) according to the claim 18, characterized in
that the onboard intelligence (22) includes a memory to store the
mathematical formulas as used in the assistance system (1) to
monitor the deflection angle of the rear wheels (9) in road mode
and berthing mode, and the constant values as used with these

formulas.

20. Berthing process to a pier for a road vehicle (3) according
to any of the previous claims, characterized in that it includes

the following steps:

a) a driving phase, where the vehicle (3) drives a
classical way, where the assistance system (1) is
switched to road mode, and where the rear wheels (9)

are straight ahead or controlled by the front steering;

b) an approach phase, where the vehicle (3) starts
berthing to a pier (2), where the assistance system (1)
switches to the berthing mode with the rear wheels (9)
remaining in road mode as long as the front distance
sensor (15) does not detect the pier (2), and where the
rear wheels (9) are controlled by the assistance system
(1) as soon as the front distance sensor (15) detects
the pier (2), and are steered so that the rear axle (5)

is moved to the pier (2);

c) a stop phase, where the vehicle (3) is berthed to the

pier (2);

d) a start phase, when the vehicle (3) is leaving the pier



35

(2), where the assistance system (1) switches to the
berthing mode and the rear wheels (9) are steered so

that the rear axle (5) is moved away from the pier (2);

e) a driving phase, where the vehicle (3) drives a

5 classical way after leaving the pier (2), with the
assistance system (1) switched to the road mode and the

rear wheels (9) straight ahead or controlled by the

front steering.

10 21. Berthing process according to the previous claim,
characterized in that, in stop phase, the rear wheels (9) are

monitored to go back to a non-steered position.



