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(57) System and method for optimizing energy con-
sumption of a guided vehicle during acceleration or de-
celeration of the latter.

The present invention concerns a system and meth-
od for dynamically adapting an acceleration curve to
changes in weight of a guided vehicle (1), the system
comprising:
- a camera system (21) configured for being installed
on-board the guided vehicle (1) in order to take images
of each entrance and exit door (12) of the guided vehicle
(1) at least during a period T of time;
- a processing unit (22) connected to the camera system

(21) and to a control system (14) of the guided vehicle
(1) and being configured for receiving the images taken
by the camera system (21), calculating a total number P
of passengers inside the guided vehicle (1) at the end of
the period T of time, wherein P = B-L, determining an
adapted acceleration curve in function of the total number
P of passengers, and transmitting said determined adapt-
ed acceleration curve to the control system (14) in charge
of controlling and commanding changes of velocity of the
guided vehicle (1) in function of the determined adapted
acceleration curve.
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Description

[0001] The present invention concerns a system and
a method for automatic adaptation of an acceleration of
a guided vehicle in order to optimize its energy consump-
tion.
[0002] The present invention is directed to the optimi-
zation of energy consumption of a guided vehicle during
its acceleration or deceleration. "Guided vehicle" accord-
ing to the present invention refers generally to a device
for transporting individuals that is guided by at least one
guiding means, such as a rail, and refers more particularly
to public transport means such as trains or train units,
subways, etc., which are guided along a route or railway
by at least one rail, in particular by two rails.
[0003] A challenging problem regarding guided vehi-
cles transporting passengers remains the optimization
of its energy consumption, notably during acceleration
and deceleration. Indeed, said energy consumption
strongly depends on the weight of the guided vehicle,
which may unfortunately vary in function of the number
of passengers on-board the guided vehicle, making
therefore difficult to choose moving parameters, like an
acceleration or deceleration, that would minimize its en-
ergy consumption.
[0004] An objective of the present invention is therefore
to optimize the energy consumption of a guided vehicle,
notably during acceleration and deceleration phases.
[0005] The aforementioned objective is achieved by a
system and a method for dynamically adapting acceler-
ation curves in function of variations of the weight of the
guided vehicle according to the independent claims. Fur-
ther embodiments and other advantages of the present
invention are proposed in the dependent claims.
[0006] The present invention proposes therefore to op-
timize the energy consumed by a guided vehicle by dy-
namically adapting an acceleration curve to changes of
the weight of the guided vehicle, wherein "dynamically"
refers to an automatic adaptation of an acceleration curve
in function of changes of the weight of the guided vehicle
in function of the time: if the acceleration curve is given
by dv/dt, i.e. the derivative of v in function of t, then we
have dv/dt = F(W(t)) with v being the velocity of the guided
vehicle, t being the time, and F(W(t)) being a function F
of the weight W(t) of the guided vehicle. For instance,
the present invention enables an automatic and dynamic
adaptation of a nominal acceleration curve to changes
in weight, wherein the nominal acceleration curve is a
predefined acceleration curve that minimizes consump-
tion of energy of the guided vehicle for a given nominal
weight N, but is not optimized for other ranges of weights
different from N. Acceleration curves according to the
present invention refer to curves representing a change
of velocity of the guided vehicle with respect to the time.
It includes an increase of the velocity of the guided vehicle
in function of time, i.e. a positive acceleration, but also a
decrease of the velocity of the guided vehicle in function
of time, i.e. a negative acceleration. In case of a positive

acceleration curve, the guided vehicle is increasing its
speed and in case of a negative acceleration curve, also
called braking curve, the guided vehicle is decreasing its
speed. In the following the wording "acceleration curve"
will be used for referring or covering both a curve repre-
senting an increase of the velocity in function of time and
a curve representing a decrease of the velocity in function
of time, unless a distinction is clearly made.
[0007] The present invention proposes therefore a sys-
tem for dynamically adapting an acceleration curve to
changes in weight of a guided vehicle, the system com-
prising:

- a camera system configured for being installed on-
board the guided vehicle in order to take images of
each entrance and exit door of the guided vehicle at
least during a period T of time, wherein for each en-
trance and exit door the period T of time during which
the camera system acquires images for said en-
trance and exit door preferentially starts at the open-
ing of the entrance and exit door and stops at its
closing;

- a processing unit connected to the camera system
and to a control system of the guided vehicle in
charge of controlling and commanding changes of
the guided vehicle velocity according to a determined
adapted acceleration curve, said processing unit
comprising at least one processor and one memory
and being configured for

o receiving the images taken by the camera sys-
tem; and
o processing said images, i.e. analyzing the im-
ages, in order to determine a number B of pas-
sengers boarding the guiding vehicle and a
number L of passengers leaving the guided ve-
hicle during said period T of time in order to de-
termine the total number P of passengers inside
the guided vehicle once the entrance and exit
door is closed, i.e. at the end of the period T,
wherein P = B-L;
o determining an adapted acceleration curve,
i.e. an acceleration curve adapted to the total
number P of passengers inside the guided ve-
hicle at the end of the period T. In particular, the
processing unit might be configured for first eval-
uating a total weight W of the guided vehicle
once the entrance and exit door is closed, i.e.
at the end of the period T, as a nominal weight
N of the guided vehicle, for instance its weight
free of passengers, plus the total number P
times an average weight A per passenger: W =
N + P ·A. It shall be understood that the nominal
weight N could be the weight of the guided ve-
hicle comprising a predefined number of pas-
sengers, or at full capacity (maximum weight) or
free of passengers (minimum weight). In any
case, the system would automatically calculate
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the difference between the real number of pas-
sengers inside the guided vehicle at the end of
the period T and a predefined number of pas-
sengers corresponding to said nominal weight
in order to evaluate the total weight. Then, and
second, the processing unit is further configured
for determining the adapted acceleration curve
in function of the total weight W, which is actually
a function of the total number P of passengers
inside the guided vehicle. Preferentially, the
processing unit might be configured for adapting
a nominal acceleration curve of the guided ve-
hicle in function of the total weight W, for in-
stance according to: 

wherein  is the variation of a nominal

speed v1 in function of the time t representing

the nominal acceleration curve and  is the

variation of an adapted speed v2 in function of
the time t, representing therefore the adapted
acceleration curve. According to another em-
bodiment, the memory according to the inven-
tion comprises a database storing adapted ac-
celeration curves in function of total weights of
the guided vehicle. In this case, the processing
unit is configured for determining which adapted
acceleration curve corresponds to the previous-
ly determined total weight W of the guided ve-
hicle. According to another embodiment, deter-
mining an adapted acceleration curve may com-
prise calculating an adapted acceleration curve
using known techniques;
o providing said previously determined adapted
acceleration curve to the control system in
charge of controlling and commanding changes
of velocity of the guided vehicle in function of
the determined adapted acceleration curve.

[0008] According to the present invention, and prefer-
entially, at least the nominal acceleration curve is prede-
fined in the database of the system and then subsequent-
ly adapted according to each measurement of the total
weight W of the guided vehicle and/or total number P of
passengers. The nominal acceleration curve is notably
typically calculated for a nominal weight N of the guided
vehicle and/or a nominal number P0 of passengers oc-
cupying the guided vehicle in function of its accelerat-
ing/braking performances in order to minimize energy
consumption of the guided vehicle and can be deter-
mined experimentally or theoretically using modeling of
the guided vehicle. Alternatively or additionally, the da-

tabase of the system according to the invention prefer-
entially comprises one or several adapted acceleration
curves a_i, wherein each adapted acceleration curves
a_i corresponds to (i.e. has been defined for) a range of
weights [W_i, W_i+1] and has been calculated experi-
mentally or theoretically in order to minimize energy con-
sumption of the guided vehicle for said range of weights
to which it corresponds. In this case, the processing unit
is able to determine within which range of weights the
total weight W falls, and then to select the adapted ac-
celeration curve corresponding to the determined range
of weights.
[0009] The present invention further proposes in par-
ticular a method for automatically and dynamically adapt-
ing an acceleration curve to changes in weight of a guided
vehicle, said method comprising:

- acquiring images of each entrance and exit door of
the guided vehicle at least during a period T of time
starting at the opening of the entrance and exit door
and until its closing;

- processing said images in order to determine a
number B of passengers boarding the guiding vehi-
cle and a number L of passengers leaving the guided
vehicle during said period T of time in order to de-
termine the total number P of passengers inside the
guided vehicle once the entrance and exit door
closed, wherein P = B-L;

- determining an adapted acceleration curve, i.e. an
acceleration curve adapted to the total number P of
passengers. In particular, the method comprises
evaluating a total weight W of the guided vehicle
once the entrance and exit door is closed as a nom-
inal weight N of the guided vehicle free of passengers
plus the total number P times an average weight A
per passenger: W = N + P ·A, and then determining
the adapted acceleration curve in function of the total
weight W which is a function of the total number P(t)
of passengers or in function of a difference between
the total weight W(t) and the nominal weight N at a
time t corresponding to the end of said period T of
time;

- providing the previously determined adapted accel-
eration curve to a control system in charge of con-
trolling and commanding an acceleration of the guid-
ed vehicle according to the determined adapted ac-
celeration curve; and

- controlling and commanding the acceleration of the
guided vehicle according to the determined adapted
acceleration curve. In particular, the control system
automatically controls the acceleration of the guided
vehicle according to the previously determined
adapted acceleration curve.

[0010] Further aspects of the present invention will be
better understood through the following drawings, where-
in like numerals are used for like and corresponding parts:
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Figure 1 schematic side view of a guided vehicle
equipped by a system according to the in-
vention.

Figure 2 schematic top view of the guided vehicle ac-
cording to Fig. 1 with preferred embodiment
of the system according to the invention.

[0011] Figure 1 and 2 show a preferred embodiment
of a system for automatically and dynamically adapting
an acceleration curve to changes in weight of a guided
vehicle 1. The system according to the invention is con-
figured for being installed on-board the guided vehicle 1.
Typically, the guided vehicle 1 comprises different doors:

- internal doors 11 enabling passengers to move from
one part of the guided vehicle to another part of the
guided vehicle while remaining inside the guided ve-
hicle. Said internal doors 11 are not of importance
for the present invention;

- entrance and exit doors 12 enabling passengers en-
tering the guided vehicle or leaving the latter, for in-
stance from a platform 13 of a station. These en-
trance and exit doors 12 will be of particular impor-
tance for the present invention in order to determine
a flow of people entering/leaving the guided vehicle
1.

[0012] Indeed, the present invention proposes to install
a camera system 21 within the guided vehicle 1, wherein
said camera system 21 is configured for acquiring images
of flows of passenger entering and leaving the guided
vehicle at each entrance and exit door 12. For this pur-
pose, the camera system 21 is configured for imaging
each entrance and exit door 12 of the guided vehicle.
Preferentially, the camera system is configured for auto-
matically starting an acquisition of images of an entrance
and exit door 12 at the time T1 at which said entrance
and exit door 12 opens and for automatically stopping
said acquisition at a time T2 at which said entrance and
exit door 12 closes. For this purpose, the camera system
is preferentially connected to a door system of the guided
vehicle 1 configured for controlling the opening and clos-
ing of the entrance and exit doors 12. The camera system
21 is in particular configured for automatically starting
the acquisition of images at reception of a first input from
the door system and automatically stopping said acqui-
sition at reception of a second input from the door system,
wherein the first input indicates and coincides with the
opening of the entrance and exit door 12 and the second
input indicates and coincides with the closing of the en-
trance and exit door 12. By acquiring images of each
entrance and exit door 12, the camera system 21 is ca-
pable of imaging flows of passengers leaving and enter-
ing the guided vehicle 1 trough each entrance and exit
doors 21, for instance at each stop of the guided vehicle
1 at a station. Preferentially, the camera system 21 com-
prises an infrared camera and/or a camera configured

for imaging the visible spectrum.
[0013] The images so acquired are then transmitted to
a processing unit 22 that uses known techniques, such
as video counting techniques, for counting the number
B of passengers entering (or boarding) the guided vehicle
1 and the number L of passengers leaving said guided
vehicle during a period T of time during which the en-
trance and exit door 12 is opened, i.e. wherein preferen-
tially T equals at least T2-T1. Computer vision techniques
for video counting might be used for evaluating a flow of
people entering/leaving the guided vehicle when passing
the entrance and exit door 12, for instance by using adap-
tive algorithms configured for identifying and tracking
passenger faces and determining a direction of displace-
ment through the entrance and exit door for each pas-
senger appearing in images acquired by the camera sys-
tem 21.
[0014] At the end of the period T of time, i.e. once the
entrance and exit door is closed, the flow of passengers
having entered and left the guided vehicle 1 is known
from the processing of the images acquired by the video
system 1. It is thus possible to determine the total number
P of passengers occupying the guided vehicle 1 at the
end of the period T. The processing unit 22 is notably
configured for calculating this total number P by subtract-
ing the number L to the number B. The processing unit
22 is further configured for determining an adapted ac-
celeration curve in function of said total number P of pas-
sengers. For instance, the processing unit 22 may com-
prise a database storing adapted acceleration curves in
function of total numbers P of passengers, wherein for
instance each adapted acceleration curve is predefined
in function of a range of numbers P of passengers, each
range being preferentially separated from one another.
There is thus an equal number of adapted acceleration
curves and ranges of numbers of passengers stored in
the database of the system according to the invention,
wherein each adapted acceleration curve corresponds
to one and only one range of numbers. The processing
unit 22 is then capable of classifying the previously de-
termined total number P within one of said ranges of num-
bers and determining the corresponding adapted accel-
eration curve. Therefore, depending on which range of
numbers the total number P belongs to, the processing
unit 22 is then configured for selecting the correct corre-
sponding adapted acceleration curve which will minimize
energy consumption during acceleration and decelera-
tion of the guided vehicle 1.
[0015] Preferentially, the processing unit 22 is config-
ured for estimating a total weight W of the guided vehicle
1 in function of the total number P of passengers, i.e. its
real weight when occupied by the total number P of pas-
sengers, by summing a nominal weight N of the guided
vehicle (i.e. its weight when it is free of passengers) and
the weight of the total number P of passengers on-board,
wherein the latter is estimated by associating to each
passenger an average weight A. At the end of this cal-
culation process, the processing unit 21 has determined
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the total weight W of the guided vehicle 1. Then the next
step consists in adapting acceleration curves (for in-
stance a curve characterizing the increase of velocity in
function of time and a curve characterizing the decrease
of velocity in function of time) to the newly estimated
weight W of the guided vehicle 1.
[0016] According to a first preferred embodiment, the
processing unit 22 is configured for selecting in the da-
tabase an adapted acceleration curve in function of the
estimated total weight W. The process is the same as
previously described for the total number of passengers,
but in this case the processing unit 22 processes the total
weight W instead of processing directly the total number
of passengers. Therefore, the database according to the
invention may store adapted acceleration curves in func-
tion of ranges of numbers of passengers and/or ranges
of weights. In the latter case, each adapted acceleration
curve is predefined in function of one single range of
weights. There is thus an equal number of adapted ac-
celeration curves and ranges of weights stored in the
database of the system according to the invention,
wherein each adapted acceleration curve corresponds
to one and only one range of weights. The processing
unit 22 is then capable of classifying the previously de-
termined total weight W within one of said ranges of
weights and determining the corresponding adapted ac-
celeration curve. Therefore, depending on which range
of weights the total weight W belongs to, the processing
unit 22 is then capable to select the correct corresponding
adapted acceleration curve which will minimize energy
consumption during acceleration and deceleration of the
guided vehicle 1. According to another preferred embod-
iment, a memory of the processing unit 22 comprises a
nominal acceleration curve which is used for calculating
the adapted acceleration curve in function of the calcu-
lated total weight W and/or in function of the total number
P of passengers. Preferentially, the processing unit 22
is able to automatically choose a method for determining
the adapted acceleration curve notably either by calcu-
lating an adapted acceleration curve, for instance from
a nominal adapted acceleration curve stored in the mem-
ory, or by selecting in the database said adapted accel-
eration curve in function of the total weight W or total
number P of passengers as it was described before.
[0017] Once the adapted acceleration curve deter-
mined by the processing unit 22, the latter transmits said
determined adapted acceleration curve to a control sys-
tem 14 of the guided vehicle 1, wherein said control sys-
tem 14 is configured for controlling and commanding any
acceleration and deceleration of the guided vehicle 1 ac-
cording to the determined adapted acceleration curve
until a new total number P of passengers and/or total
weight W is calculated and a new adapted acceleration
curve determined. For this purpose, the processing unit
22 is connected to the control system 14 of the guided
vehicle 1 in order to exchange data regarding each de-
termined adapted acceleration curve.
[0018] To summarize, the present invention proposes

a dynamic adaptation of acceleration curves of a guided
vehicle 1 (wherein dynamic means that the acceleration
curve automatically changes or is automatically adapted
in function of the time depending on changes of the
weight of the guided vehicle in function of said time) by
determining in real time, in particular at each opening
followed by a closing of an entrance and exit door, chang-
es in the weight of the guided vehicle 1, so that said ac-
celeration curves remain optimized for the real weight of
the guided vehicle, saving by the same way energy that
would be otherwise lost due to inappropriate acceleration
curves with regard to the real weight of the guided vehicle
1.

Claims

1. System for dynamically adapting an acceleration
curve to changes in weight of a guided vehicle (1),
the system comprising:

- a camera system (21) configured for being in-
stalled on-board the guided vehicle (1) in order
to take images of each entrance and exit door
(12) of the guided vehicle (1) at least during a
period T of time;
- a processing unit (22) connected to the camera
system (21) and to a control system (14) of the
guided vehicle (1) in charge of controlling and
commanding changes of the guided vehicle ve-
locity according to a determined adapted accel-
eration curve, said processing unit being config-
ured for:

i. receiving the images taken by the camera
system (21); and
ii. processing said images in order to deter-
mine a number B of passengers boarding
the guiding vehicle (1) and a number L of
passengers leaving the guided vehicle (1)
during said period T of time;
iii. calculating a total number P of passen-
gers inside the guided vehicle (1) at the end
of the period T, wherein P = B-L;
iv. determining an adapted acceleration
curve in function of the total number P of
passengers;
v. transmitting said determined adapted ac-
celeration curve to the control system (14)
in charge of controlling and commanding
changes of velocity of the guided vehicle (1)
in function of the determined adapted ac-
celeration curve.

2. System according to claim 1, wherein determining
an adapted acceleration curve comprises evaluating
a total weight W of the guided vehicle (1) at the end
of the period T in function of the total number P of
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passengers inside the guided vehicle (1) at the end
of the period T and calculating the adapted acceler-
ation curve in function of the total weight W.

3. System according to claim 1 or 2, wherein the period
T of time starts at the opening of the entrance and
exit door (12) and ends at its closing.

4. System (1) according to claim 2 or 3, wherein the
total weight W at the end of the period T is given by
W = N + P ·A, with N being a nominal weight of the
guided vehicle (1) free of passengers and A being
an average weight per passenger.

5. System (1) according to claims 1-4, wherein the
processing unit (22) is configured for adapting a
nominal acceleration curve of the guided vehicle (1)
in function of the total number P of passengers and/or
the total weight W.

6. System (1) according to claims 1-5, wherein the
memory comprises a database storing adapted ac-
celeration curves predefined in function of total num-
bers P of passengers.

7. System (1) according to claims 2-6, wherein the
memory comprises a database storing adapted ac-
celeration curves predefined in function of total
weights of the guided vehicle.

8. System according to claim 7, wherein the database
comprises one or several adapted acceleration
curves a_i, wherein each adapted acceleration
curves a_i has been predefined for a range of
weights [W_i, W_i+1], the processing unit (22) being
configured for determining within which range of
weights [W_i, W_i+1] the total weight W falls, and
automatically determining the adapted acceleration
curves a_i corresponding to the determined range
of weights [W_i, W_i+1].

9. Guided vehicle (1) comprising the system according
to claims 1-8.

10. Guided vehicle (1) according to claim 9, comprising
a door system connected to the camera system (21)
and configured for sending a first input to the camera
system (21) for starting the acquisition of images and
a second input for stopping said acquisition.

11. Method for dynamically adapting an acceleration
curve to changes in weight of a guided vehicle (1),
said method comprising:

- acquiring images of each entrance and exit
door (12) of the guided vehicle (1) at least during
a period T of time starting at the opening of the
entrance and exit door (12) and ending at its

closing;
- processing said images in order to determine
a number B of passengers boarding the guiding
vehicle (1) and a number L of passengers leav-
ing the guided vehicle (1) during said period T
of time;
- calculating a total number P of passengers in-
side the guided vehicle (1) at the end of the pe-
riod T, wherein P = B-L;
- determining an adapted acceleration curve in
function of the total number P of passengers;
- transmitting the previously determined adapt-
ed acceleration curve to a control system (14)
of the guided vehicle (1) in charge of controlling
and commanding an acceleration of the guided
vehicle (1) according to the determined adapted
acceleration curve;
- controlling and commanding the acceleration
of the guided vehicle (1) according to the deter-
mined adapted acceleration curve.

12. Method according to claim 11, wherein determining
the adapted acceleration curve comprises a first step
for evaluating a total weight W(P) of the guided ve-
hicle (1) at the end of the period T of time in function
of the total number P of passengers inside the guided
vehicle (1) at the end of the period T of time, and a
second step wherein the adapted acceleration curve
is determined in function of said total weight W(P);

13. Method according to claim 12, wherein the total
weight W(P) at the end of the period T is given by
W(P) = N + P · A, with N being a nominal weight of
the guided vehicle (1) free of passengers and A being
an average weight per passenger.

14. Method according to one of the claims 11 to 13, com-
prising adapting a nominal acceleration curve of the
guided vehicle (1) in function of the total number P
of passengers.

15. Method according to one of the claims 11-14, where-
in a database comprises one or several adapted ac-
celeration curves a_i, wherein each adapted accel-
eration curves a_i has been predefined for a range
of weights [W_i, W_i+1], the method comprising de-
termining within which range of weights [W_i, W_i+1]
the total weight W(P) falls, and automatically deter-
mining the adapted acceleration curves a_i corre-
sponding to the determined range of weights [W_i,
W_i+1].
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