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(67)  The invention relates to a method for determin-
ing a speed profile (16) of a railway vehicle for driving on
a given route (6), wherein the railway vehicle consumes
energy at least in speeding up phases (20) and cruising
phases (22).

An enhanced method for determining a speed profile
(16) of a railway vehicle for driving on a given route (6)
may be achieved in that, the route (6) is subdivided into
track sections (8), and sectional energy consumptions

DETERMINATION OF A SPEED PROFILE OF A RAILWAY VEHICLE FORDRIVING ON A GIVEN

(12) for the respective track sections (8) include respec-
tively the energy consumed at least within the speeding
up phase(s) (20) and cruising phase(s) (22) of the re-
spective track section (8). The total energy consumption
(14) adding together the sectional energy consumptions
(12) of the track sections (8) is reduced, wherein an op-
timised speed profile (16) for driving on the route (6) is
determined.
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Description

[0001] The invention relates to a method for determin-
ing a speed profile of a railway vehicle for driving on a
given route, wherein the railway vehicle consumes en-
ergy atleastin speeding up phases and cruising phases.
[0002] Minimising energy consumption of a railway ve-
hicle is an important issue in railway transportation. Most
existing studies focus on the improvement of hardware
conditions such as mass reduction, resistance reduction,
space utilization, regenerative braking and energy stor-
age.

[0003] However, for a trip with fixed locomotive equip-
ment on a given route, the energy consumption is far
from being fixed because it is influenced of trip time and
speed profile.

[0004] A speed profile of a railway vehicle for driving
onagivenroute is generally adjusted to a given timetable
of the railway vehicle. Hence, travel times needed for
driving from one stopping point to the next stopping point
of the railway vehicle are fixed.

[0005] One objective of the invention is to provide a
method for determining a speed profile of a railway ve-
hicle for driving on a given route.

[0006] This objective is accomplished by means of a
method according to claim 1.

[0007] In the method for determining a speed profile
of a railway vehicle for driving on a given route, wherein
the railway vehicle - particularly when driving on the route
- consumes energy at least in speeding up phases and
cruising phases, according to the invention, the route is
subdivided into track sections. Sectional energy con-
sumptions for the respective track sections include re-
spectively the energy consumed at least within the
speeding up phase(s) and cruising phase(s) of the re-
spective track section. The sectional energy consump-
tions for the respective track sections may be calculated,
particularly indirectly or directly.

[0008] The total energy consumption adding together
the sectional energy consumptions of the track sections
is reduced, wherein an optimised speed profile for driving
on the route is determined.

[0009] By reducing the total energy consumption, it
may be minimised.

[0010] The total energy consumption may be a theo-
retical total energy consumption for driving on the route.
[0011] By means of the method, the total energy con-
sumption is reduced, particularly instead of reducing the
sectional energy consumptions of the railway vehicle in-
dividually.

[0012] The invention is based on the finding that a
speed profile of a railway vehicle for a given route can
be optimised by reducing the total energy consumption
for this route. However, the total energy consumption in
turn preferably depends on the speed profile. Hence,
some mathematical effort may be necessary to exhibit
the method.

[0013] By means of the invention, an optimal driving
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strategy of the railway vehicle can be determined. The
total energy consumption of the railway vehicle can be
reduced, particularly by using the optimised speed pro-
file. Moreover, the total energy consumption of the rail-
way vehicle can be reduced, particularly without adapting
the hardware of the railway vehicle itself.

[0014] Preferentially, each track section comprises at
least one speeding up phase. Further, itis preferred that
each track section comprises atleast one cruising phase.
[0015] Advantageously, each sectional energy con-
sumption for the respective track section includes re-
spectively the energy consumed at least within all speed-
ing up phase(s) - if existing - and all cruising phase(s) -
if existing - of the respective track section.

[0016] Expediently, during the speeding up phase, an
acceleration of the railway vehicle is positive and/or a
velocity of the railway vehicle is increasing. Accordingly,
during the speeding up phase, the energy consumption
of the railway vehicle may be positive.

[0017] Expediently, during the cruising phase, the ac-
celeration of the railway vehicle is zero and/or the velocity
of the railway vehicle is constant. However, during the
cruising phase, the energy consumption of the railway
vehicle may be positive, because resistance forces may
act on the railway vehicle.

[0018] The optimised speed profile for driving on the
route may comprise at least one coasting phase. Prefer-
ably, no energy is consumed or regained in the coasting
phase.

[0019] Expediently, during the coasting phase, the en-
ergy consumption of the railway vehicle is zero. Accord-
ingly, during the coasting phase, acceleration of the rail-
way vehicle may be decreased relative to the accelera-
tion in the phase before, because resistance forces may
act on the railway vehicle. If the acceleration is negative,
than the railway vehicle decelerates.

[0020] The optimised speed profile for driving on the
route may comprise sectional speed profiles, preferen-
tially each for driving on the respective track section.
[0021] Itis preferred that each sectional speed profile
for driving on the respective track section comprises at
least one coasting phase.

[0022] Atleastone sectional speed profile, particularly
each sectional speed profile, may comprise at least two
coasting phases.

[0023] Advantageously, the total energy consumption
for the route includes the energy regained within at least
one braking phase.

[0024] Thus, the optimised speed profile for driving on
the route may comprise the at least one braking phase.
The railway vehicle may regain energy in the atleastone
braking phase.

[0025] Expediently, during the braking phase, the ac-
celeration of the railway vehicle is negative - also called
deceleration - and/or the speed of the railway vehicle is
decreasing. During the braking phase, some energy may
be regained. Accordingly, during the braking phase, the
energy consumption of the railway vehicle may be neg-
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ative.

[0026] It is preferred that each sectional speed profile
for driving on the respective track section comprises at
least one braking phase. The sectional energy consump-
tion for a respective track section may include the energy
regained within the braking phase(s) of the respective
track section.

[0027] Itis advantageous that a total travel time avail-
able for the route is predefined.

[0028] However, itis preferred that section travel times
needed for driving the respective track sections are de-
termined. The section travel times may be determined
by means of the optimised speed profile.

[0029] Each determined section travel time may lie
within a respective specifiable time interval. Each time
interval may be predefined and/or calculable.

[0030] By determining the section travel times, a time-
table of the railway vehicle for driving on the given route
can be determined. Thus, the timetable of the railway
vehicle for driving on the given route can be determined
by means of the optimised speed profile.

[0031] As mentioned above, the optimised speed pro-
file for driving on the route may comprise sectional speed
profiles. Each sectional speed profile may be a sectional
speed profile for driving on the respective track section.
[0032] Itis preferred that each sectional speed profile
comprises at least some moving phases of the following
types: speeding up phase, cruising phase, coasting
phase and braking phase. The types of moving phases
may be the types of moving phases named above.
[0033] Each sectional speed profile may comprise all
named types of moving phases.

[0034] It is advantageous, that phase duration times
of the moving phases are determined, particularly by
means of the optimised speed profile. A phase duration
time may specify the duration of the respective moving
phase.

[0035] In this way, optimal switching points between
different moving phases may be determined. Moreover,
in this way, optimal duration of the respective moving
phases may be determined.

[0036] Atleastone acceleration appliedin at least one
speeding up phase of at least one sectional speed profile
may be determined. Particularly, the accelerations ap-
plied in the speeding up phases of the sectional speed
profiles may be determined.

[0037] Further, at least one deceleration applied in at
least one braking phase of at least one sectional speed
profile may be determined. Particularly, the decelerations
applied in the braking phases of the sectional speed pro-
files may be determined.

[0038] Moreover, at least one velocity applied in at
leastone cruising phase may be determined. Particularly,
the velocities applied in the cruising phases of the sec-
tional speed profiles may be determined.

[0039] Itis preferred that each sectional speed profile
of the railway vehicle may comprise at least three of the
types of moving phases.
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[0040] Particularly, each sectional speed profile of the
railway vehicle may comprise all types of moving phases,
particularly speeding up phase, cruising phase, coasting
phase and braking phase.

[0041] Itis preferred,thateach speed profile comprises
at least three, particularly at least four, moving phases.
However, a speed profile may comprise more than four
moving phases, particularly by repeating one or more
type(s) of the moving phases.

[0042] Preferably, a maximum allowed acceleration of
the railway vehicle is considered for the determination of
the optimised speed profile for driving on the route. Ad-
vantageously, a maximum allowed velocity of the railway
vehicle is considered for the determination of the opti-
mised speed profile for driving on the route. Further, it is
preferred that a maximum allowed deceleration of the
railway vehicle is considered for the determination of the
optimised speed profile for driving on the route.

[0043] A maximum allowed parameter may be allowed
as maximum for reasons of safety, of passenger comfort
and/or of physical limits and/or for other reasons.
[0044] The maximum allowed velocity may depend on
the track section or on the part of the track section.
[0045] Moreover, a minimum allowed acceleration
and/or a minimum allowed deceleration of the railway
vehicle may depend on the track section or on the part
of the track section.

[0046] Preferentially, railway vehicle parameters are
considered for the determination of the optimised speed
profile for driving on the route. Some railway parameters
may be: the mass of the railway vehicle, the efficiency in
traction, the efficiency in braking, the maximum tractive
force and/or other parameters.

[0047] Moreover,route parameters may be considered
for the determination of the optimised speed profile for
driving on the route. Some route parameters may be:
route profile, ascending slope, descending slope, radius
of curvature and/or other parameters. Particularly, for the
route parameters, the direction of travel may be consid-
ered. The route parameters may depend on the track
section or on the part of the track section.

[0048] For instance, each track section is a section of
a given route between two stopping points on the given
route. Particularly, the track section is a section of a given
route between two neighbouring stopping points on the
given route. Principally, the track section may be any
section of a given route.

[0049] A stopping point of a railway vehicle may be a
railway station, a signal station and/or similar.

[0050] In an advantageous embodiment of the inven-
tion, the reduction of the total energy consumption and
the determination of the optimised speed profile for driv-
ing on the route are executed by means of a multidimen-
sional optimisation model.

[0051] Further, the invention relates to a usage of the
method described above for determining a system oper-
ational mode of a railway vehicle pool comprising several
railway vehicles for driving on several given routes.
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[0052] This means that the invention relates to the
method described above, which may be used for deter-
mining a system operational mode of a railway vehicle
pool comprising several railway vehicles for driving on
several given routes.

[0053] According the invention, a system energy con-
sumption adding together the total energy consumptions
of the railway vehicles for driving on the respective routes
is reduced, wherein particularly the system operational
mode of the railway vehicle pool is determined.

[0054] By reducing the system energy consumption, it
may be minimised.

[0055] Moreover, the system energy consumption may
be a theoretical system energy consumption of several
railway vehicles for driving on several given routes.
[0056] By means of the invention, the system energy
consumption may be reduced instead of reducing the
total energy consumptions of the railway vehicles indi-
vidually.

[0057] Particularly, by means of the invention, the
speed profiles of the railway vehicles for driving on the
respective routes may be further adjusted.

[0058] Further, a relative timing of the several railway
vehicles for driving on the respective routes may be de-
termined, particularly by means of the optimal driving
strategy.

[0059] In this way, for each railway vehicle an optimal
timing for driving on the respective route is determined.
[0060] Moreover, in this way, a timetable of the several
railway vehicles for driving on the respective routes can
be determined. When using the timetable, the system
energy consumption may be reduced, particularly may
be minimised.

[0061] The determination of the optimal driving strate-
gy may take further constraints and/or circumstances into
account.

[0062] For instance, only one railway vehicle may be
allowed within each track section.

[0063] Moreover, the optimal driving strategy may take
into account that the power supply system delivering the
energy electrically has a limited capacity and/or limited
electrical power, which can be delivered. Hence, simul-
taneously acceleration of all railway vehicles may be for-
bidden. Also, simultaneously deceleration of all railway
vehicles may be forbidden.

[0064] Further, the optimal driving strategy may take
into account that regained energy of a braking railway
vehicle can be used for another, accelerating railway ve-
hicle.

[0065] Further, theinvention relates to a computer pro-
gram with code, which, when executed on a computer,
realises any of the methods described above.

[0066] Moreover, the invention relates to a computer
readable medium having a computer program for execu-
tion on a computer, which computer program, when ex-
ecuted on a computer, causes the computer to perform
any of the methods described above.

[0067] Even if terms are used in the singular or in a
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specific numeral form, the scope of the invention should
not be restricted to the singular or the specific numeral
form.

[0068] The previously given description of advanta-
geous embodiments of the invention contains numerous
features which are partially combined with one another
in the dependent claims. Expediently, these features can
also be considered individually and be combined with
one another into further suitable combinations. More par-
ticularly, these features may be combined with the com-
puter program, the computer readable medium and the
method according to the respective independent claim
individually as well as in any suitable combination.
[0069] The above-described characteristics, features
and advantages of the invention and the manner in which
they are achieved can be understood more clearly in con-
nection with the following description of exemplary em-
bodiments which will be explained with reference to the
drawings. The exemplary embodiments are intended to
illustrate the invention, but are not supposed to restrict
the scope of the invention to combinations of features
given therein, neither with regard to functional features.
Furthermore, suitable features of each of the exemplary
embodiments can also be explicitly considered in isola-
tion, be removed from one of the exemplary embodi-
ments, be introduced into another of the exemplary em-
bodiments and/or be combined with any of the appended
claims.
[0070] In the drawings display:
FIG1 a flowchart giving a schematic overview of the
method for determining a speed profile of a rail-
way vehicle for driving on a given route;

FIG2 exemplarily a sectional speed profile for driving
on a track section of the route; and

FIG3 a flowchart giving a schematic overview of the
usage of the method described in FIG 1.

[0071] FIG 1 schematically shows a flow chart 2. The

flow chart 2 schematically gives an overview over the
method for determining a speed profile of a railway ve-
hicle for driving on a given route 6.

[0072] The method may be realised in software, par-
ticularly by means of a computer program. The computer
program may comprise code, which, when executed on
a computer, realises the method. Moreover, the compu-
ter program may be saved on a computer readable me-
dium.

[0073] The method is executed by means of a multidi-
mensional optimisation model 4.

[0074] The route 6 is predefined. The railway vehicle,
when driving on the route 6, consumes energy at least
in speeding up phases 20 and cruising phases 22 (see
FIG 2).

[0075] The route 6 is subdivided into track sections 8.
Also the track sections 8 are predefined. For instance,
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each track section 8 is a section of the route 6 between
two stopping points 10 on the route 6, particularly be-
tween two neighbouring stopping points 10 on the route
6. A stopping point 10 on the route 6 may be a railway
station or a signal station, at which the railway vehicle
stops when driving on the route 6.
[0076] Also a total travel time t
route 6 is predefined.

[0077] Moreover a maximum allowed acceleration of
the railway vehicle, a maximum allowed deceleration of
the railway vehicle, a maximum allowed velocity of the
railway vehicle and route parameters are predefined.
Some or all of these parameters may depend on the track
section or on part of the track section.

[0078] The route parameters may depend on profiles
of the track sections 8. The route parameters may com-
prise the profiles of the track sections 8 and/or average
values determined from the profiles.

[0079] Further, railway vehicle parameters are prede-
fined.

[0080] For each track section 8, a sectional energy
consumption 12 is calculable. Each sectional energy con-
sumption 12 includes respectively the energy consumed
at least within the speeding up phase(s) 20 and cruising
phase(s) 22 of the respective track section 8 (see FIG
2). Hence, the sectional energy consumptions 12 depend
on the speed profile 16 for driving on the route 6, partic-
ularly on the sectional speed profile 18 for driving on the
respective track section 8.

[0081] Thetotal energy consumption 14 addingtogeth-
er the sectional energy consumptions 12 of the track sec-
tions 8 is reduced, wherein an optimised speed profile
16 for driving on the route 6 is determined.

[0082] The multidimensional optimisation model 4
comprises a constrained gradient optimisation algorithm
(not shown).

[0083] Aninitial speed profile 16 for driving on the route
6 may be given. The initial speed profile 16 is subdivided
into initial sectional speed profiles 18 for driving on the
track sections 8 of the route 6. Sectional energy con-
sumptions 12 for driving on the respective track sections
8 using the initial sectional speed profiles 18 are calcu-
lated. The calculated sectional energy consumptions 12
include respectively the energy consumed at least within
the speeding up phase(s) and cruising phase(s) of the
respective track section 8.

[0084] A total energy consumption 14 for driving on the
route 6 adds together the sectional energy consumptions
12 of the track sections 8.

[0085] A function for calculating the total energy con-
sumption 14 is formulated. The gradient of the function
calculating the total energy consumption 14 is deter-
mined. Also, the value of the total energy consumption
14 may be determined, if necessary. In the direction in-
dicated by the gradient, a next speed profile is chosen
for the next step of iteration and so on.

[0086] By means of the model 4, the total energy con-
sumption 14 is reduced, particularly minimised, wherein

route available for the
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an optimised speed profile 16 for driving on the route is
determined.

[0087] Section travel times ty,; needed for driving the
respective track sections 8 are determined, particularly
by means of the optimised speed profile 16.

[0088] In this embodiment of the invention, the route 6
is subdivided exemplarily into four track sections 8.
Hence, in this embodiment, four section travel times ty.4,
tsecos tsecss lseca are determined. Principally, another
number of track sections 8 as well as another number of
section travel times tg is possible.

[0089] One or several initial speed profiles 16 may be
given. The latter is preferred to find several local optima,
if present.

[0090] FIG 2 shows a diagram comprising exemplarily
a sectional speed profile 18 for driving on one of the track
sections 8 of the route 6. The sectional speed profile 18
can be determined by means of the method described in
FIG 1.

[0091] The sectional speed profile 18 shows the veloc-
ity v of the railway vehicle over time t.

[0092] The shown sectional speed profile 18 compris-
es the moving phases of the following types of speeding
up phase 20, cruising phase 22, coasting phase 24 and
braking phase 26.

[0093] In this embodiment, the sectional speed profile
18 comprises five moving phases. One type of moving
phase, here the coasting phase 24, is repeated once.
[0094] The five moving phases have the following or-
der: the first phase is the speeding up phase 20, the sec-
ond phase is the first coasting phase 24, the third phase
is the cruising phase 22, the forth phase is the second
coasting phase 24 and the fifth phase is the braking
phase 26.

[0095] Within the speeding up phase 20, which is the
first phase, the railway vehicle accelerates. The acceler-
ation to apply in the speeding up phase 20 is determined.
Moreover, the phase duration time t, of the speeding up
phase 20 is determined.

[0096] The track section 8 starts at a stopping point 10
of the railway vehicle. Hence, at the beginning of the
speeding up phase 20, the velocity v is zero. At the end
of the speeding up phase 20, the velocity v reaches the
value v4. The velocity v4 can be determined as a target
velocity for the end of the speeding up phase 20.
[0097] The first coasting phase 24 follows as the sec-
ond phase. Within the first coasting phase 24, no energy
is consumed or regained. Hence, the energy consump-
tion of the railway vehicle is zero within the first coasting
phase 24. Accordingly, during the first coasting phase
24, the acceleration of the railway vehicle is decreased
relative to the acceleration in the phase before (here rel-
ative to the acceleration in the speeding up phase 20),
because resistance forces act on the railway vehicle.
[0098] The acceleration of the railway vehicle may be
constant during the first coasting phase 24 (as shown).
[0099] However, it also may be possible, that the ac-
celeration of the railway vehicle may be decreasing dur-
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ing the first coasting phase 24.

[0100] The phase duration time t.; of the first coasting
phase 24 is determined.

[0101] At the end of the first coasting phase 24, the
velocity v reaches the value v,. The velocity v, can be
determined as a target velocity for the end of the first
coasting phase 24 - and preferentially as a target velocity
for the following cruising phase 22. Itis preferred, that v,
> vy,

[0102] The cruising phase 22 follows as the third phase
P3. During the cruising phase 22, the acceleration of the
railway vehicle is zero. Moreover, during the cruising
phase 22, the velocity v of the railway vehicle is constant
at the value v,.

[0103] The phase duration timet, of the cruising phase
22 is determined.

[0104] During the cruising phase 22, the energy con-
sumption of the railway vehicle is positive, because re-
sistance forces act on the railway vehicle.

[0105] The second coasting phase 24 follows as the
forth phase. During the second coasting phase 24, no
energy is consumed or regained. Hence, the energy con-
sumption of the railway vehicle is zero within the second
coasting phase 24. Accordingly, the railway vehicle de-
celerates during the second coasting phase 24, because
resistance forces act on the railway vehicle. Hence, dur-
ing the second coasting phase 24, the acceleration of
the railway vehicle is decreased relative to the acceler-
ation in the phase before (here relative to the acceleration
in the cruising phase 22, particularly relative to zero ac-
celeration).

[0106] The phase durationtimet., ofthe second coast-
ing phase 24 is determined.

[0107] Atthe end of the second coasting phase 24, the
velocity v reaches the value v;. The velocity v; can be
determined as a target velocity for the end of the second
coasting phase 24. It is preferred, that v, > vs.

[0108] The braking phase 26 follows as the fifth phase.
During the braking phase 26, the acceleration of the rail-
way vehicle is negative, also called deceleration. The
deceleration to apply in the braking phase 26 is deter-
mined. Moreover, the phase duration time t, of the sec-
ond braking phase 26 is determined.

[0109] The velocity of the railway vehicle is decreasing
during the braking phase 26 until zero. Hence, zero can
be the target velocity for the end of the braking phase 26.
[0110] Thesectiontraveltimetg,.oftheregardingtrack
section 8 can be calculated by adding together the phase
duration times t,, t,, t., t, of the moving phases 20, 22,
24, 26. In this example: tgo. =t +toq +t, +to + 1,
[0111] During the braking phase, some energy may be
regained. Accordingly, during the braking phase, the en-
ergy consumption of the railway vehicle may be negative.
The regained energy is considered in the sectional en-
ergy consumption 12 of the railway vehicle for driving on
the track section 8. Hence, the regained energy is con-
sidered in the total energy consumption 14 of the railway
vehicle for driving on the route 6.

10

15

20

25

30

35

40

45

50

55

[0112] By means of the invention, the number of mov-
ing phases 20, 22, 24, 26 as well as the order of moving
phases 20, 22, 24, 26 is optimised for each track section
8, so that the total energy consumption is reduced. Par-
ticularly, the phase durationtimest,, t, t., t, of the moving
phases 20, 22, 24, 26 are optimised, so that the total
energy consumption 14 is reduced. Moreover, the sec-
tion traveltimes t;. . are optimised, so that the total energy
consumption 14 is reduced. However, the constraints
named above have to be considered.

[0113] Since no energy is consumed within the coast-
ing phases 24, the speed profile 16 for the route 6 should
comprise at least one coasting phase 24. However, it is
preferred that each sectional speed profile comprises at
least one coasting phase 24.

[0114] The coasting phase(s) 24 may start as early as
possible to save energy within the coasting phase(s) 24.
On the other hand, the coasting phase(s) 24 may start
as late as necessary to hold the constraints of total travel
time available, maximum allowed acceleration and max-
imum allowed velocity and/or to reduce the energy con-
sumed within other moving phases.

[0115] Further, the phase duration time(s) t, of the
coasting phase(s) 24 may be as long as possible to save
energy within the coasting phase(s) 24. On the other
hand, the phase duration time(s) t. of the coasting
phase(s) 24 may be as short as necessary to hold the
constraints of total travel time available, maximum al-
lowed acceleration and maximum allowed velocity and/or
to reduce the energy consumed within other moving
phases.

[0116] Hence, determining the optimal phase duration
time t,, of the coasting phase(s) 24 may help for reducing
the total energy consumption 14.

[0117] It is preferred, that all sectional speed profiles
18 comprise the moving phases of the following types of
speeding up phase 20, cruising phase 22, coasting phase
24 and braking phase 26.

[0118] Each sectional speed profile 18 can be more
complex, for example, if a maximum allowed velocity
and/or a maximum allowed acceleration changes within
a track section 8 or for other reasons.

[0119] FIG 3 schematically shows a flowchart 30. The
flowchart 30 gives a schematic overview of the usage of
the method described in FIG 1 for determining an optimal
driving strategy 32 of several railway vehicles for driving
on several given routes 6.

The following description is restricted essentially to the
differences from the embodiment of FIG 1, to which is
referred regarding unchanged features and functions.
Essentially identical elements are generally denoted by
the same reference numbers and not mentioned features
are included in the following embodiment without being
described again.

[0120] Constraints have to be considered for each
route 6 and for each railway vehicle. The constraints may
depend on the route 6 and/or on the railway vehicle.
[0121] The routes 6 are given/predefined. Each route
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6 is subdivided into track sections 8.

[0122] Sectional energy consumptions 12 for the re-
spective track sections 8 can be calculated, whichinclude
respectively the energy consumed at least within the
speeding up phase(s) 20 and cruising phase(s) 22 of the
respective track section 8. The sectional energy con-
sumptions 12 depend on the speed profile 16 for driving
on the route 6, particularly on the sectional speed profile
18 for driving on the respective track section 8 (see FIG
1).

[0123] Further, for each route 6, the respective total
energy consumption 14 adding together the sectional en-
ergy consumptions 12 of the track sections 8 of the re-
spective route 6 is calculated.

[0124] A system energy consumption 34 adding to-
gether the total energy consumptions 14 of the railway
vehicles for driving on the respective routes 6 is reduced,
wherein the optimal driving strategy 32 of the several
railway vehicles is determined.

[0125] Foreach route 6, a respective optimised speed
profile (which is determined in analogy to FIG 1) may be
used as an initial speed profile 16 for driving on the re-
spective route 6. Moreover, an initial timing of the several
railway vehicles for driving on the respective routes may
be used.

[0126] However, further optimisation is done. There-
fore, another level is added to the multidimensional op-
timisation model 4 resulting in the multidimensional op-
timisation model 36.

[0127] Here, the system energy consumption 34 may
be reduced instead of reducing the total energy con-
sumptions 14 of the railway vehicles individually.
[0128] Particularly, the speed profiles 16 of the railway
vehicles for driving on the respective routes 6 may be
further adjusted. Hence, the sectional speed profiles 18
of the respective speed profiles 16 may be further ad-
justed.

[0129] By means of the optimal driving strategy 32, rel-
ative timing of the several railway vehicles for driving on
the respective routes 6 is determined.

[0130] In this way, a timetable of the several railway
vehicles for driving on the respective routes can be de-
termined.

[0131] Hence, for each railway vehicle an optimal tim-
ing for driving on the respective route 6 is determined.
[0132] Particularly, the optimal driving strategy 32 may
take into account that the power supply system delivering
the energy electrically has a limited capacity and/or lim-
ited electrical power, which can be delivered. Hence, si-
multaneously acceleration of all railway vehicles may be
forbidden. Also, simultaneously deceleration of all rail-
way vehicles may be forbidden.

[0133] Further, the optimal driving strategy 32 may
take into account that regained energy of a braking rail-
way vehicle can be used for another, accelerating railway
vehicle.

[0134] Further, the optimal driving strategy 32 consid-
ers that only one railway vehicle is allowed within each
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track section 8.

[0135] While specific embodiments have been de-
scribed in detail, those with ordinary skill in the art will
appreciate that various modifications and alternatives to
those details could be developed in light of the overall
teachings of the disclosure. For example, elements de-
scribed in association with different embodiments may
be combined. Accordingly, the particular arrangements
disclosed are meant to be illustrative only and should not
be construed as limiting the scope of the claims or dis-
closure, which are to be given the full breadth of the ap-
pended claims, and any equivalents thereof.

Claims

1. Method for determining a speed profile (16) of a rail-
way vehicle for driving on a given route (6),
wherein the railway vehicle consumes energy at
leastin speeding up phases (20) and cruising phases
(22), characterised in that
the route (6) is subdivided into track sections (8) and
sectional energy consumptions (12) for the respec-
tive track sections (8) include respectively the energy
consumed at least within the speeding up phase(s)
(20) and cruising phase(s) (22) of the respective
track section (8),
wherein the total energy consumption (14) adding
together the sectional energy consumptions (12) of
the track sections (8) is reduced, wherein an opti-
mised speed profile (16) for driving on the route (6)
is determined.

2. Method according to claim 1,
characterised in that
the optimised speed profile (16) for driving on the
route (6) comprises at least one coasting phase (24),
in which no energy is consumed or regained.

3. Method according to claim 1 or 2,
characterised in that
the total energy consumption (14) for the route (6)
includes the energy regained within at least one
braking phase (26).

4. Method according to any of the preceding claims,
characterised in that
a total travel time (t,,, 1) available for the route (6) is
predefined.

5. Method according to any of the preceding claims,
characterised in that
section travel times (t...) needed for driving the re-
spective track sections (8) are determined, particu-
larly by means of the optimised speed profile (16).

6. Method according to any of the preceding claims,
characterised in that
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the optimised speed profile (16) for driving on the
route (6) comprises sectional speed profiles (18),
each for driving on the respective track section (8),
wherein each sectional speed profile (18) comprises
at least some, particularly all, moving phases of the
following types: speeding up phase (20), cruising
phase (22), coasting phase (24) and braking phase
(26).

Method according to claim 6,

characterised in that

phase duration times (t,, t,, t., t,) of the moving phas-
es (20, 22, 24, 26) are determined, particularly by
means of the optimised speed profile (16).

Method according to claim 6 or 7,
characterised in that

- accelerations applied in the speeding up phas-
es (20),

- decelerations applied in the braking phases
(26) and/or

- velocities applied in the cruising phases (22)
of the sectional speed profiles (18) are deter-
mined.

Method according to any of the preceding claims,
characterised in that

a maximum allowed acceleration of the railway ve-
hicle,

a maximum allowed velocity of the railway vehicle,
a maximum allowed deceleration of the railway ve-
hicle as well as railway vehicle parameters and/or
route parameters are considered for the determina-
tion of the optimised speed profile (16) for driving on
the route (6).

Method according to any of the preceding claims,
characterised in that

each track section (8) is a section of the given route
(6) between two stopping points (10) on the given
route (6), particularly between two neighbouring
stopping points (10) on the given route (6).

Method according to any of the preceding claims,
characterised in that

the reduction of the total energy consumption (14)
and

the determination of the optimised speed profile (16)
for driving on the route (6) are executed by means
of a multidimensional optimisation model (4).

Usage of the method according to any of the preced-
ing claims for determining an optimal driving strategy
(32) of several railway vehicles for driving on several
given routes (6),

wherein a system energy consumption (34) adding
together the total energy consumptions (14) of the
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13.

14.

15.

railway vehicles for driving on the respective routes
(6) is reduced,

wherein the optimal driving strategy (32) of the sev-
eral railway vehicles is determined.

Usage according claim 12,

characterised in that

a relative timing of the several railway vehicles for
driving on the respective routes (6) may be deter-
mined.

Computer program with code, which, when executed
on a computer, realises the method according to any
of the claims 1to 11.

Computer readable medium having a computer pro-
gram for execution on a computer, which computer
program, when executed on a computer, causes the
computer to perform the method according to any of
the claims 1 to 11.
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