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(57) ABSTRACT 

A method for controlling a vehicle's speed, including: 
acquiring a set speed; determining, using using map and 
location data, a horizon made of route segments, each with 
a route characteristic; performing simulation cycles, each 
including: predicting the speed according to a conventional 
cruise control, which first prediction depends on the route 
characteristic; comparing the first predicted speed with 
lower and upper limit values, which define an engine torque 
for use in the next simulation cycle; making a second 
prediction of the speed when the engine torque depends on 
the comparison in the immediately preceding simulation 
cycle; comparing, as a second comparison, the second 
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predicted speed with second lower and upper limit values, 
which delineate a speed range within which the speed is 
maintained; determining, based on the second comparison 
and/or the second predicted speed in this simulation cycle, 
a reference value for use by a vehicle control system. 
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METHOD AND MODULE FOR 
CONTROLLING A VEHICLE'S SPEED 
BASED ON RULES AND/OR COSTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is a 35 U.S.C. SS371 national 
phase conversion of PCT/SE2011/051575, filed Dec. 22, 
2011, which claims priority of Swedish Application No. 
1151256-3, filed Dec. 22, 2011. The contents of both appli 
cations are incorporated by reference herein. The PCT 
International Application was published in the English lan 
gllage. 

FIELD OF THE INVENTION 

The present invention relates to a method and a module 
for controlling a vehicle's speed on the basis of its predicted 
speed according to the present disclosure. 

BACKGROUND TO THE INVENTION 

Cruise control is now usual in motor vehicles, e.g. cars, 
trucks and buses. An object of cruise control is to achieve a 
uniform predetermined speed. This is done either by adjust 
ing the engine torque to avoid retardation, or by applying 
braking action on downhill runs where the vehicle is accel 
erated by its own weight. A more general object of cruise 
control is to provide convenient driving and better comfort 
for the vehicle's driver. A driver of a vehicle equipped with 
cruise control usually chooses a set speed v as the speed 
he/she wishes the vehicle to maintain on level roads. A 
cruise control then Supplies an engine system of the vehicle 
with a reference speed v, used for control of the engine. 
The set speed V may thus be regarded as an input signal to 
the cruise control, whereas the reference speed V, may be 
regarded as an output signal from the cruise control and is 
used for control of the engine. 

Today's traditional cruise control (CC) maintains a con 
stant reference speed v, usually set by the vehicle's driver 
in the form of a set speed V, which is thus here a desired 
speed chosen for example by him/her, and for today's 
conventional cruise controls the reference speed is constant 
and equal to the set speed, i.e. V. V. The value of the 
reference speed V, changes only when adjusted by the 
driver while the vehicle is in motion. The reference speed 
V, is then sent to a control system which controls the 
vehicle so that its speed corresponds when possible to the 
reference speed V. If the vehicle is equipped with an 
automatic gearchange system, the gears may be changed by 
that system on the basis of the reference speed V, to enable 
the vehicle to maintain the reference speed V, i.e. to enable 
it to maintain the desired set speed V. 

In hilly terrain, the cruise control system will try to 
maintain the set speed Vset uphill and downhill. This may 
result interalia in the vehicle accelerating over the crest of 
a hill and into a Subsequent downgrade. It will then need to 
be braked to avoid exceeding the set speed V or will reach 
a speed V, at which the constant speed brake is activated, 
which is a fuel-expensive way of driving the vehicle. It may 
also need to be braked downhill to avoid exceeding the set 
speed V, or the constant speed brake's activation speed Vi, 
in cases where the vehicle does not accelerate over the crest 
of the hill. 
To reduce fuel consumption, especially on hilly roads, 

economical cruise controls such as Scania's EcoCruise R. 
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2 
have been developed. This cruise control tries to estimate the 
vehicle's current running resistance and also has information 
about its historical running resistance. The economical 
cruise control may also be provided with map data com 
prising topographical information. The vehicle is then 
located on the map, e.g. by means of GPS, and the running 
resistance along the road ahead is estimated. The vehicle's 
reference speed V, can thus be optimised for different types 
of roads in order to save fuel, in which case the reference 
speed V, may differ from the set speed V. This specifi 
cation refers to cruise controls which allow the reference 

speed V, to differ from the set speed V., chosen by the 
driver, i.e. reference speed-regulating cruise controls. 
An example of a further development of an economical 

cruise control is a “look ahead cruise control (LACC), a 
strategic form of cruise control which uses knowledge of 
sections of road ahead, i.e. knowledge of the nature of the 
road ahead, to determine the reference speed V, LACC is 
thus an example of a reference speed-regulating cruise 
control whereby the reference speed v, is allowed, within 
a certain range V, V, to differ from the set speed V, 
chosen by the driver, in order to achieve more fuel saving. 
Knowledge of the road section ahead may for example 

comprise information about prevailing topology, road cur 
Vature, traffic situation, roadworks, traffic density and State 
of road. It may further comprise a speed limit on the section 
ahead, and a traffic sign beside the road. Such knowledge is 
for example available from location information, e.g. GPS 
(global positioning system) information, map information 
and/or topographical map information, weather reports, 
information communicated between vehicles and informa 
tion provided by radio. All this knowledge may be used in 
a variety of ways. For example, information about a speed 
limit on the road ahead may be used to achieve fuel 
efficiency by lowering the vehicle's speed before reaching a 
lower speed limit. Similarly, knowledge of a road sign which 
indicates for example a roundabout or intersection ahead 
may also be used to achieve fuel efficiency by braking before 
the vehicle reaches the roundabout or intersection. 
An LACC cruise control does for example make it 

possible, before a steep upgrade, for the reference speed V, 
to be raised to a level above the set speed V, since the 
vehicle will be expected to lose speed on such a climb owing 
to high train weight relative to engine performance. Simi 
larly, before a steep downgrade, the LACC cruise control 
makes it possible for the reference speed v, to be lowered 
to a level below the set speed V since the vehicle will be 
expected to accelerate on Such a downgrade owing to its 
high train weight. The concept here is that reducing the 
speed at which the vehicle begins the downhill run makes it 
possible to reduce the energy braked away and/or the air 
resistance losses (as reflected in the amount of fuel injected 
before the downgrade). The LACC cruise control may thus 
reduce fuel consumption without Substantially affecting 
journey time. 
An example of a previously known cruise control which 

uses topographical information is described in the document 
entitled “Explicit use of road topography for model predic 
tive cruise control in heavy trucks” by Erik Hellström, 
ISRN: LiTH-ISY-EX-05/3660-SE. Cruise control is here 
effected by real-time optimisation, and a cost function is 
used to define the optimisation criteria. A large number of 
different solutions are here calculated and evaluated, and the 
Solution resulting in lowest cost is applied. As a considerable 
amount of calculations is involved, the processor which is to 
perform them needs a large capacity. 
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Other known solutions for cruise control have reduced the 
number of possible solutions by opting instead to iterate 
from one solution along the vehicle's intended route. How 
ever, the topography of the itinerary and the vehicle's weight 
and engine performance may lead to various heavy demands 
in terms of processor load for determining the reference 
speed V. More calculations are needed when, for example, 
a heavily laden truck with medium-high power output 
travels on a hilly road as compared with a lightly laden truck 
with a higher power output travelling on a relatively level 
road. The reason is that the truck in the first case is likely to 
accelerate on each downgrade and decelerate on each 
upgrade, whereas in the second case the truck will find the 
road substantially level. 
The built-in system’s processor will thus be subject to 

relatively large demands if the previously known solutions 
are applied, since the processor load may vary greatly in 
different circumstances. For example, the capacity of the 
processor needs to be sufficient to deal quickly with cases 
where a large number of calculations have to be done in a 
limited time. The processor has therefore to be dimensioned 
to cater for Such cases despite the fact that they arise during 
only a limited portion of the processor time used. 

SUMMARY OF THE DISCLOSURE 

An object of the present invention is to propose an 
improved system for controlling a vehicle's speed so that the 
amount of fuel used can be minimised and, in particular, for 
controlling the vehicle's speed in Such a way that the 
processor load will be smaller and more uniform over time. 
A further object of the invention is to propose a simplified 
cruise control which behaves more predictably than previous 
known economical and/or reference speed-regulating cruise 
controls. 

According to an aspect of the present invention, at least 
one of the objects described above is achieved by applying 
the aforesaid method for controlling a vehicle's speed, 
which method is characterised by: 

acquiring a set speed V for the vehicle: 
determining a horizon for the itinerary by means of map 

data and location data, which horizon comprises one or 
more route segments with at least one characteristic for 
each segment; 

performing, during each of a number of simulation cycles 
s, each comprising a number N of simulation steps 
conducted at a predetermined rate f. the steps of: 
making a first prediction of the vehicle's speed V. 

along the horizon according to a conventional cruise 
control when the set speed V is imparted as a 
reference speed V, which first prediction depends 
on the characteristics of said route segment; 

doing a first comparison of the first predicted vehicle 
speed V, with at least one of first lower and 
upper limit values V, and V2 which are used to 
define an engine torque T for use in the next simu 
lation cycles: 

making a second prediction of the vehicle's speed 
V, i.e., along the horizon when the vehicle's 
engine torque T is a value which depends on the 
result of said first comparison in the immediately 
preceding simulation cycle s : 

doing a second comparison of the second predicted 
vehicle speed V with at least one of second 
lower and upper limit values V, and V, which fia f 

delineate a range within which the vehicle's speed 
should be: 
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4 
determining at least one reference value which indi 

cates how the vehicle's speed is to be influenced, on 
the basis of said second comparison and/or the 
second predicted vehicle speed V, in this 
simulation cycles, and 

using in a control system of the vehicle at least one 
reference value on which the vehicle is then regulated. 

According to an aspect of the present invention, at least 
one of the objects described above is achieved by using the 
aforesaid module to control a vehicle's speed, which module 
is characterised by: 

an input unit adapted to receiving a set speed V 
vehicle: 

a horizon unit adapted to determining a horizon for the 
itinerary by means of map data and location data which 
comprise route segments with at least one characteristic 
for each segment; 

a calculation unit adapted to performing, during each of a 
number of simulation cycles s, each comprising a 
number N of simulation steps conducted at a predeter 
mined rate f, the steps of: 
making a first prediction of the vehicle's speed V. 

along the horizon according to a conventional cruise 
control when the set speed V is imparted as a 
reference speed V, which first prediction depends 
on the characteristics of said route segment; 

doing a first comparison of the first predicted vehicle 
speed V, with at least one of first lower and 
upper limit values V, and V, which are used to 
define an engine torque T for use in the next simu 
lation cycles: 

making a second prediction of the vehicle's speed 
V, along the horizon when the vehicle's 
engine torque T is a value which depends on the 
result of said first comparison in the immediately 
preceding simulation cycle s : 

doing a second comparison of the second predicted 
vehicle speed V, with at least one of second 
lower and upper limit values V, and V, which fia f 

delineate a range within which the vehicle's speed 
should be; and 

determining at least one reference value which indi 
cates how the vehicle's speed is to be influenced, on 
the basis of said second comparison and/or the 
second predicted vehicle speed V, in this 
simulation cycles, and 

a providing unit adapted to Supplying a control system of 
the vehicle with said at least one reference value on 
which the vehicle is then regulated. 

The control of the vehicle's speed by applying the method 
described above and/or using the module described above 
result in a substantially constant processor load, since simi 
lar numbers of predictions are made during each simulation 
cycle at a constant rate f. According to the present invention, 
the processor load is independent of the vehicle's power 
output and weight and the nature of the roads topography. 
The processor which is to perform the calculations knows 
here how much processor power will be needed over time, 
which makes it very easy to allocate Sufficient processor 
power over time. The processor load will thus here be 
substantially similar in different situations with different 
topography and also be independent of the vehicle's engine 
torque. This means that the processor which is to perform the 
calculations can be dimensioned without having to cater for 
peaks associated with worst possible situations. The proces 
Sor can instead be dimensioned to cater for a uniform 

for the 
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processor load. The processor cost can thus be reduced, 
leading also to lower production costs for the vehicle. 

Only vehicle speed variations ahead along the horizon, 
i.e. the first predicted vehicle speed v and the second rea ce 

6 
BRIEF DESCRIPTION OF THE ATTACHED 

DRAWINGS 

The invention is described below with reference to the 
predicted Vehicle speed V e. for two different ways of 5 attached drawings, in which: 
driving the vehicle, are predicted, rendering the processor 
load relatively small. Depending on the results of the two 
predicted modes of driving, i.e. the first predicted vehicle 
speed V, and the second predicted vehicle speed 
v. 1, this is followed by choosing the reference value 
to be used for regulating the vehicle's speed. 
By predicting the vehicle's speed at some other torque T. 

e.g. minimum torque which retards the vehicle or maximum 
torque which accelerates it, the system can evaluate which 
reference value should be used in regulating the vehicle's 
speed. Various embodiments use a reference value deter 
mined during a previous simulation cycles, in the control 
of the vehicle's speed if the second predicted vehicle speed 
Vie e is above/below the limit values V, V,ii. 

According to an embodiment of the invention, the refer 
ence value on which the vehicle speed is to be regulated is 
based on at least one rule. This rule or rules thus define how 
to choose the reference value. 

According to an embodiment of the present invention, at 
least one of these rules is that the reference value on which 
the vehicle speed is to be regulated is a value corresponding 
to the set speed V if the second predicted vehicle speed 
V in the second comparison is above the second 
upper limit value V, or below the second lower limit value 
Vmin' 

According to an embodiment, the reference speed V, is 
determined to a value which represents the second predicted 
vehicle speed V. if a minimum value for the latter is 
equal to or above the second lower limit value V, and if 
also a maximum value for it is equal to or above a further 
upper limit value V, which is related to a set speed V. 
According to an embodiment, the reference speed V, is 
determined to a value which represents the second predicted 
vehicle speed V, if a maximum value for the latter is 
equal to or above the upper limit value V, and if also a 
minimum value for it is equal to or below a further lower 
limit value V, which is related to a set speed. 

According to an embodiment of the invention, the simu 
lations done according to the method of the invention are 
evaluated by use of cost functions. The cost is here calcu 
lated for the second predicted vehicle speed V, 1 
and/or a third predicted vehicle speed V . In other 
words, the costs are here calculated for these two different 
simulated modes of driving. This evaluation uses at least one 
cost function J. J., based on calculations of at least 
one from among a vehicle speed profile V, an energy 
consumption E and a journey time t. 

According to an embodiment of the invention, the refer 
ence value to be used in regulating the vehicle speed is 
determined on the basis of a fourth comparison between the 
cost functions J and J. for the second predicted 
vehicle speed V and for a third predicted vehicle pred. Tnew 
speed Vp red Tk+new 

According to an embodiment of the invention, a penalty 
may be added to at least one of the cost functions Jr. 
Jr., if the second predicted vehicle speed V, and 
the third predicted vehicle speed V, reach different 
final speeds. The penalty is here added if these second and 
third predicted speeds do not reach the same final speed, to 
compensate for different final speeds being compared. 

Preferred embodiments of the invention are described 
herein. 
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FIG. 1 depicts a module according to an embodiment of 
the invention. 

FIG. 2 depicts a flowchart for the method according to an 
embodiment of the invention. 

FIG. 3 illustrates a predicted speed during a simulation 
cycle according to an embodiment of the invention. 

FIG. 4 illustrates a number of simulation cycles according 
to an embodiment of the invention. 

FIG. 5 illustrates the vehicle's predicted speeds according 
to an embodiment of the invention. 

FIG. 6 illustrates a flowchart for the method according to 
an embodiment of the invention. 

FIG. 7 illustrates the vehicle's predicted speeds according 
to an embodiment of the invention. 

FIG. 8 illustrates different final speeds for various pre 
dictions of the vehicle's speeds according to an embodiment 
of the invention. 

FIG. 9 illustrates the vehicle's predicted speeds according 
to an embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

FIG. 1 depicts a module for controlling a vehicle's speed 
according to an aspect of the invention. The module com 
prises an input unit adapted to receiving a desired speed, i.e. 
a set speed v, for the vehicle. The driver may for example 
set a speed V, which he/she wishes the vehicle to maintain. 
The module comprises also a horizon unit adapted to deter 
mining a horizon H for the itinerary by means of map data 
and location data. The horizon H is made up of route 
segments with at least one characteristic for each segment. 
A possible example of characteristics of segments is their 
gradient a, in radians. 
The description of the present invention states that GPS 

(global positioning system) is used to determine location 
data for the vehicle, but specialists will appreciate that other 
kinds of global or regional positioning systems are conceiv 
able to provide these data. Such positioning systems might 
for example use radio receivers to determine the vehicle's 
location. The vehicle might also use sensors to scan the 
Surroundings and thereby determine its location. 

FIG. 1 illustrates how the module is provided with infor 
mation about the itinerary from maps (map data) and GPS 
(location data). The itinerary is sent to the module bit by bit, 
e.g. via CAN (controller area network) bus. The module may 
be separate from or be part of the one or more control 
systems which are to use reference values for regulating. An 
example of Such a control system is the vehicle's engine 
control system. Alternatively, the unit which handles maps 
and positioning systems may be part of a system which is to 
use reference values for regulating. In the module, the bits 
of the itinerary are then put together in a horizon unit to 
construct a horizon and are processed by the processor unit 
to create an internal horizon on which the control system can 
regulate. The horizon is then continually supplemented by 
new bits of itinerary from the unit with GPS and map data, 
to maintain a desired length of horizon. The horizon is thus 
updated continuously when the vehicle is in motion. 
CAN is a serial bus system specially developed for use in 

vehicles. The CAN data bus makes digital data exchange 
possible between sensors, regulating components, actuators, 

Set 
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control devices etc., and provides assurance that two or more 
control devices can have access to the signals from a given 
sensor in order to use them to control components connected 
to them. Each of the connections between the units illus 
trated in FIG. 1 may take the form of one or more from 
among a cable, a data bus, e.g. a CAN (controller area 
network) bus, an MOST (media orientated systems trans 
port) bus, or some other bus configuration, or a wireless 
connection. 
The module comprises also a calculation unit adapted to, 

during a number of simulation cycles s, each comprising a 
number N of simulation steps which are conducted at a 
predetermined rate f, in each simulation cycle make a first 
prediction of the vehicle's speed V, along the horizon 
according to a conventional cruise control when the desired 
speed V., is imparted as a reference speed V, which first 
prediction depends on the characteristics of said route seg 
ment. A first comparison is also done between the first 
predicted vehicle speed V, and first lower and upper 
limit values V, and V, which are used to define an 
engine torque T for use in the next simulation cycles. 
A second prediction of the vehicle speed V, i.e., along 

the horizon is then made on the basis of a vehicle engine 
torque Twhich depends on the result of said first comparison 
in the immediately preceding simulation cycle s. This 
simulation cycles, thus here uses the first comparison in the 
preceding simulation cycles, when the second prediction 
of the vehicle speed v, is made in this simulation 
cycles, 

In a second comparison, the second predicted vehicle 
speed V is then compared with second lower and 
upper limit values V, and V, which delineate a range 
within which the vehicle's speed should be. This is followed 
by determining at least one reference value which indicates 
how the vehicle's speed is to be influenced on the basis of 
said second comparison and/or the second predicted vehicle 
speed Vie e in this simulation cycle s, 
The module is further arranged to Supply, e.g. by sending, 

to a control system of the vehicle said at least one reference 
value on which the vehicle is then regulated. How the 
predictions of the speeds are made will be explained in more 
detail below. 
The module and/or the calculation unit comprise at least 

a processor and a memory unit which are adapted to making 
all the calculations, predictions and comparisons of the 
method according to the invention. Processor means here a 
processor or microcomputer, e.g. a circuit for digital signal 
processing (digital signal processor, DSP), or a circuit with 
a predetermined specific function (application specific inte 
grated circuit, ASIC). The calculation unit is connected to a 
memory unit which provides it with, for example, the stored 
programme code and/or stored data which the calculation 
unit needs to enable it to do calculations. The calculation 
unit is also adapted to storing partial or final results of 
calculations in the memory unit. 
The method for control of vehicle speed according to the 

present invention and its various embodiments may also be 
implemented in a computer programme which, when 
executed in a computer, e.g. the aforesaid processor, causes 
the computer to apply the method. The computer programme 
usually takes the form of a computer programme product 
stored on a digital storage medium, and is contained in a 
computer programme products computer-readable medium 
which comprises a Suitable memory, e.g. ROM (read-only 
memory), PROM (programmable read-only memory), 
EPROM (erasable PROM), flash memory, EEPROM (elec 
trically erasable PROM), a hard disc unit, etc. 
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8 
FIG. 2 is a flowchart for the steps of a method for 

controlling the vehicle's speed according to an embodiment 
of the invention. The method comprises a first step A) of 
acquiring V, as a desired set speed for the vehicle to 
maintain, and a second step B) of determining a horizon for 
the itinerary by means of map data and location data which 
comprise route segments with at least one characteristic for 
each segment. 

According to the method, a number of simulation cycles 
are then done along the length of the horizon. A simulation 
cycles, comprises a number N of simulation steps conducted 
at a predetermined rate f. and the following steps are 
performed during a simulation cycles, 
C1) Making a first prediction of the vehicle's speed V. 

along the horizon according to a conventional cruise 
control when the desired speed V is imparted as a 
reference speed V, which first prediction depends on the 
characteristics of said route segment. 

C2) Doing a first comparison of the first predicted vehicle 
speed V, with first lower and upper limit values V, 
and V, which are used to define an engine torque T for 
use in the next simulation cycles. 

C3) Making a second prediction of the vehicle's speed 
V, i.e., along the horizon when the vehicle's engine 
torque T depends on the result of said first comparison in 
the immediately preceding simulation cycles. During a 
simulation cycles, the prediction according to C1) and the 
prediction according to C3) are thus made in parallel as 
illustrated in FIG. 2. The result of the first comparison of 
the first predicted vehicle speed V, with first lower 
and upper limit values V, and V in the immediately 
preceding simulation cycles, determines the torque T to 
be used in making the second prediction of the vehicle's 
speed V, a during this simulation cycle s, 

C4) Doing a second comparison of the second predicted 
vehicle speed V, with second lower and upper 
limit values V, and V, which delineate a range within 
which the vehicle's speed should be. 

C5) determining at least one reference value which indicates 
how the vehicle's speed is to be influenced, on the basis 
of said second comparison and/or the second predicted 
vehicle speed V in this simulation cycles, 
As a further step D) said at least one reference value is 

then Supplied, e.g. by being sent via a CAN bus, to a control 
system of the vehicle in which it is then used to regulate the 
vehicle's speed according to said at least one reference 
value. 
The method according to the present invention results in 

a constant and predetermined processor load when deter 
mining said at least one reference value. 
The set speed V is thus the drivers input signal related 

to a desired cruise control speed, and the at least one 
reference value is the value on which the vehicle is regu 
lated. The at least one reference value is preferably a 
reference speed V, a reference torque T or a reference 
engine speed (), 
The reference speed V, is imparted to the speed regulator 

of the engine control unit. In traditional cruise control, as 
mentioned above, the reference speed V, is equal to the set 
speed, i.e. V. V. The speed regulator then controls the 
vehicle's speed on the basis of the reference speed v, by 
demanding necessary torque from the engine's torque regu 
lator. According to the embodiment in which the at least one 
reference value is a reference torque T, it may be sent 
directly to the engine's torque regulator. In the embodiment 
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where the at least one reference value is a reference engine 
speed (), it may be sent directly to the engine's speed 
regulator. 

There follows a description of how the various predicted 
speeds are determined. 
The total force F acting upon the vehicle from the 

environment is made up of rolling resistance F., gravita 
tion F and air resistance F. Gravitation is calculated as 

where m is the weight of the vehicle and a the gradient of the 
road in radians. Since mostly only small angles are con 
cerned, sin(C) is approximated to C. 

Air resistance is calculated as a factor k multiplied by the 
square of vehicle speed, as follows: 

Fens anese+m 9.82°C-kiv- (eq. 2) 

Froll present item mak/2p'C'A (eq. 3) 

where A is the vehicle's estimated frontal area, C, the 
resistance coefficient which depends on the streamline shape 
of the object, p the density of the air and m the weight of the 
vehicle estimated by its weight estimation system as m 
Current rolling resistance Fn, is also estimated in the 
vehicle continuously as F. For calculation of mes, and 
F, please refer to the dissertation entitled “Fuel Optimal 
Powertrain Control for Heavy Trucks Utilizing Look 
Ahead” by Maria Ivarsson, Linköping 2009, ISBN 978-91 
7393-637-8. V is the vehicle's predicted speed at preced 
ing simulation step. 

The force F which propels the vehicle forwards 
depends on which prediction is made. It is taken according 
to an embodiment as either a torque which accelerates the 
vehicle or a torque which retards the vehicle as compared 
with conventional cruise control. 

The force F which propels the vehicle forwards may 
be taken as between a maximum possible force (maximum 
torque) and at least possible force (minimum torque, e.g. 
drag torque). It is possible, however, as described above, to 
use Substantially any desired force within the range 

es 

roi. 

Faisarivesfinax (eq. 4) 

and the first prediction V, and the second predic 
tion V, of the vehicle's speed may therefore be 
made at torques other than maximum or minimum torque. 
F is calculated as a maximum available engine torque, 
which is described as a function of engine speed, multiplied 
by the total transmission ratio i? and divided by the effec 
tive tyre radius r. The minimum force F is calculated 
in a similar way to the maximum force F, but with 
minimum torque instead: 

Tina (co) iot (eq. 5) 
wheel 

Finar = 

Tnin (co) iot 
wheel 

... 6 Fmin = (eq. 6) 

where n is the vehicle's engine speed and i? the vehicle's 
total transmission ratio. 

The vehicle's acceleration Acc is given by 

According to an embodiment, simulation steps C1-C5 
during a simulation cycles, of N steps have a constant step 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
length which depends on the vehicle's speed. The length dP 
of each simulation step is given by 

iait (eq. 8) 

where K is a time constant, e.g. 0.9 s, and V is prevailing 
vehicle speed at the beginning of the simulation. 
The time dt for a simulation step is given by 

dit=dP/v (eq.9) 

where V, is predicted speed at preceding simulation step 
i-1. 
The speed difference dv is 

dy=Accidt (eq. 10) 

Energy consumed dW for a simulation step is given by 
dWidP(F-Fi) (eq. 11) 

The speed V, at current simulation step becomes 
v=v, 1+dv (eq. 12) 

Total time t, for current simulation step is 
t=t.1+dt (eq. 13) 

Total energy consumed W, for current simulation step is 
W= W. +d W (eq. 14) 

FIG. 3 illustrates how a vehicle speed is predicted during 
a simulation cycles, of N simulation steps with a horizon 
which is L. metres long. The prediction is discontinued after 
N simulation steps, i.e. after a simulation cycles. A fresh 
simulation cycle s, then begins in the next time sample. 
Each simulation cycles, has a predetermined frequency f. At 
a frequency of 100 Hz, for example, 100 simulation steps are 
conducted per second. As the length of each simulation step 
depends on the vehicle's speed V at the beginning of the 
prediction, the length of the predicted section of the horizon 
varies with the vehicle's speed. 

For example, at 80 km/h (22.22 m/s) the horizon becomes 
2 km long if f=100 Hz, and K=0.9 s, since each simulation 
step dP then becomes 20 m long and over 100 steps the 
horizon then becomes 2 km. FIG. 3 shows a fresh speed V. 
predicted at each simulation step i. The processor load here 
becomes constant and the number of simulation steps i 
decides how long a simulation cycle s, will taken. The 
number of simulation steps is determined by the rate f. 
which according to an embodiment is a predetermined 
value. The maximum processor load can therefore always be 
determined in advance, which is advantageous in that the 
processor can be dimensioned accordingly. The processor 
load is therefore independent of road topography, vehicle 
weight and engine type. According to an embodiment, the 
first predicted speed V, and the second predicted speed 
V, a may be vectors with N values each, or alterna 
tively only maximum and minimum values for the first 
predicted speed and second predicted speed may be saved in 
each simulation cycles, 

FIG. 4 illustrates three simulation cycles s, s, and s, 
and the predictions made during each of them. The first 
predicted vehicle speed V, and the second predicted 
vehicle speed V. are predicted in each simulation 
cycle. After each simulation cycle, the first predicted vehicle 
speed V, is compared with the first lower and upper 
limit values V, and V and the result of this comparison 
is used as a basis for determining the torque T to be used in 
determining the second predicted vehicle speed V, 1 
for the next simulation cycle, as described above and also 
illustrated in FIG. 4 by arrows marked “valt T. This is also 
illustrated at steps C2 and C3 in the flowchart in FIG. 2, in 
which a torque T is determined at step C2 during this 
simulation cycles, and is then supplied to step C3 in the next 
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simulation cycles. This is also illustrated at step S2 in 
FIG. 6, followed by respective steps S21 and S31 depending 
on the magnitude of the first predicted vehicle speed V. 
In other words, step C3 during simulation cycle s, is based 
on a torque T determined during the preceding simulation 
cycle s, i. 
Two different vehicle speeds are thus predicted during 

each simulation cycle, viz. the first predicted vehicle speed 
V, and the second predicted vehicle speed V re. 
As described and exemplified in more detail below, 

according to an embodiment of the invention, after a simu 
lation cycles, the second predicted vehicle speed V, 1 
is compared with at least one of the second lower and upper 
limit values V, and V. Here at least one of a set of rules 
is used to determine the value of the at least one reference 
value. 

According to an embodiment, such a rule is that the 
reference value is taken as the value for the set speed V. If 
in this comparison the second predicted vehicle speed 
V, is below the second lower limit value V, or 
above the second upper limit value V, the vehicle has to 
be controlled on the set speed V, i.e. the reference value 
has to be taken as the value for the set speed V. This is 
illustrated at step S3 in FIG. 6, which is reached if the result 
of the comparison at either of steps S22 and S32 is “NO”. 

If on the contrary the result of either of the comparisons 
at steps S23 and S32 is “YES, the respective acceleration 
or retardation is evaluated at step S23 or S33. Thus if for 
example the second predicted vehicle speed V, is 
within the range defined by the second lower and upper limit 
values V, and V, or is equal to either of these limit 
values, the method moves to the respective step S23 or S33 
in FIG. 6. 

Therefore, if instead the second predicted vehicle speed 
based on a retardation is not below the second 

limit value V, the method moves on to step S33 in which 
the retardation (the lowering of the speed) is evaluated. 

At step S33, according to an embodiment, the reference 
speed V, is determined to a value which represents the 
second predicted vehicle speed V, if a minimum 
value for the latter is equal to or above the second lower limit 
value V, and if also a maximum value for it is equal to or 
above a further upper limit value V, which is related to a 
set speed V. According to an embodiment, the further 

corresponds to the set speed plus a upper limit value V 
constant c, i.e. V, V+c According to another embodi 

corresponds to a ment, the further upper limit value V, 
factor c multiplied by the set speed, i.e. V. V*c. This 
factor c may for example have the value 1.02, meaning that 
the further upper limit value V, is 2% higher than the set 
speed Vse. 
At step S33, according to an embodiment, the reference 

speed V, is determined to a value which corresponds to the 
set speed V., if the second predicted vehicle speed V, 
based on a retardation is below the second lower limit value 
V, and/or below the further upper limit value V. 

According to an embodiment, step S33 determines the 
reference speed V, to a value which corresponds to the 
second lower limit value V, if a smallest value for the 
second predicted vehicle speed V, a based on a retar 
dation is above or equal to the second lower limit value V, 
and if a largest value for the second predicted vehicle speed 
V based on a retardation is above or equal to the 
further upper limit value V This is illustrated schemati 
cally in FIG. 9. 

If instead the second predicted vehicle speed V, 1 
based on an acceleration is not below the lower limit value 
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V, the method moves on to step S23, in which the 
acceleration (the raising of the speed) is evaluated. 
At step S23, according to an embodiment, the reference 

speed V, is determined to a value which represents the 
second predicted vehicle speed V, if a maximum 
value for the latter is equal to or below the upper limit value 
V, and if also a minimum value for it is equal to or below 
a further lower limit value V, which is related to a set 
speed. According to an embodiment, the further lower limit 
Value V2 corresponds to the set speed V, minus a constant 
c2, i.e. V-V-ca According to another embodiment, the 
further lower limit value V, corresponds to a factor c. 
multiplied by the set speed, i.e. V. V*c. This factor c. 
may for example have the value 0.98, meaning that the 
further upper limit value V, is 2% lower than the set speed 
Vset' 

According to an embodiment, step S23 determines the 
reference speed V, to a value which corresponds to the set 
speed V., if the second predicted vehicle speed V, 1 
based on an acceleration is above the upper limit value V, 
and/or above the further lower limit value V. 
At step S23, according to an embodiment, the reference 

speed V, is determined to a value which corresponds to the 
second upper limit value V, if the second predicted vehicle 
speed V, a based on an acceleration is below or equal 
to the second upper limit value V, and if a smallest value 
for this second predicted speed is below or equal to the 
further lower limit value V. According to an embodiment 
of the invention, the reference speed V, may here also be 
ramped up towards a value which corresponds to the further 
upper limit value V2. 

Each simulation cycles, is thus followed by determining 
whether it is the set speed V, the second predicted vehicle 
speed V, or some other value which is to influence 
the vehicle's speed. Reference values representing the speed 
determined, which may take the form of a reference vehicle 
speed, a reference torque or a reference engine speed are 
then imparted to a control unit for use in controlling the 
vehicle's speed. 
The one or more reference values which the vehicle's 

control system is to work on are determined continuously 
when the vehicle is in motion. They are preferably deter 
mined as from a certain predetermined distance ahead of the 
vehicle and are then synchronised in the control unit so that 
a calculated reference value for a given situation is set at the 
right time. An example of Such a distance is 50 metres, 
which the control unit therefore caters for in regulating the 
vehicle. 
An embodiment according to the invention will now be 

explained with reference to FIGS. 5 and 6. The top part of 
FIG. 5 illustrates the first predicted vehicle speed ve. 
(thick line) which would be arrived at by a conventional 
cruise control along a horizon with a road profile Such as 
depicted in the lower part of FIG. 5. 
The flowchart in FIG. 6 shows how the first predicted 

vehicle speed V, is predicted at a first step S1. When it 
has been predicted for N steps, the first predicted speed 
V, is compared with the first lower and upper limit 
Values V, and V2, as depicted at a second step S2. If the 
first predicted speed V, is below the first lower limit 
value V, an upgrade is identified, but if it is above the first 
upper limit value V, a downgrade is identified. 

If an upgrade is identified, i.e. if the first predicted speed 
V, goes below the first lower limit value V, as at P1 
in FIG. 5, the vehicle's engine torque T in the prediction of 
the second predicted vehicle speed v is taken as a pred. Tnew 
torque which accelerates the vehicle (e.g. a maximum 
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torque) in the next simulation cycles. This is illustrated 
at step S21 in FIG. 6, see also equation 5, and is depicted as 
a broken line in FIG. 5. This does however presuppose that 
the first predicted speed V, was below the first lower 
limit value V, before potentially going above the first 
upper limit Value V2. 

If on the contrary a downgrade is identified, i.e. if the first 
predicted speed V, goes above the first upper limit 
value V, as at P2 in FIG. 5, the vehicle's engine torque 
T in the prediction of the second predicted vehicle speed 
V, is taken as a torque which retards the vehicle (e.g. 
a minimum torque) in the next simulation cycles. This is 
illustrated at step S31 in FIG. 6, see also equation 6, and is 
depicted as a broken line in FIG. 5. This does however 
presuppose that the first predicted speed V, was above 
the first upper limit value V before potentially going 
below the first lower limit value V. According to an 
embodiment, the calculation unit explained above with 
reference to FIG. 1 is adapted to doing the calculations and 
comparisons here described. 

According to a preferred embodiment of the invention 
described above, if a hill is identified by the analysis 
described above of the first predicted speed V, specific 
rules are applied to determine which one or more reference 
values the vehicle is to be regulated on. According to this 
embodiment, the calculation unit is adapted to using rules 
for determining the at least one reference value. 

According to an embodiment of the invention, the second 
predicted vehicle speed V, is compared with the 
second lower and upper limit values V, and V, which 
define a range within which the vehicle's speed should be. 
These comparisons are done at steps S22 and S32 in FIG. 6. 

According to an embodiment of the invention, such a rule 
is that if the second predicted vehicle speed V is 
within the range defined by the second lower and upper limit 
Values, i.e. if Visve resV, the method moves on to 
steps S23 and S33 respectively, in which the vehicle's 
imparted reference value is determined as a value which 
represents the second predicted speed v, re. It is thus 
possible to ensure that the vehicle's speed will not be above 
or below the respective speed limits defined by the second 
lower and upper limit values V, and V. 

In the upper part of FIG. 5 three dotted lines illustrate how 
V, is predicted with an accelerating torque and is 
then also predicted to be above the second upper limit value 
V. As this scenario is undesirable in that the vehicle's 
speed will exceed the speed limit V, the set speed V is 
imparted as reference value, as at step S3 in FIG. 6. Only 
when the second predicted vehicle speed V is pre 
dicted not to be above the second upper limit value V, may 
a reference value which represents the second predicted 
vehicle speed V, be imparted according to step S23 
in FIG. 6. 

This is also illustrated in the flowchart in FIG. 6. If 
predicted with an accelerating torque at step S21, the second 
predicted vehicle speed V. is then compared with the 
second upper limit value V, at a step S22. According to an 
embodiment of the invention, if it is below or equal to the 
second upper limit value V, the second predicted speed 
v. is imparted as reference value at step S23. The 
second predicted speed V is then preferably 
imparted as reference value at the time P1 when the first 
predicted speed V, goes below the first lower limit 
value V, provided that it is predicted not to go above the 
Second upper limit Value V. 

Similarly, the second predicted vehicle speed V pred. Tnew 1S 
compared with the second lower limit value V, at a step 
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S32 if it is predicted on the basis of a retarding torque. 
According to an embodiment of the invention, if it is above 
or equal to the second lower limit value V, the second 
predicted vehicle speed V. is imparted as reference 
value at step S33. The second predicted vehicle speed 
V, is thus preferably imparted at the time when the 
first predicted speed V, is above the second upper limit 
value V, provided that it is predicted not to go below the 
second lower limit value V. 

In the next simulation cycle, the method begins again 
from S1. The time for performing the calculations, i.e. the 
predetermined rate f, is adjusted so that the whole method is 
gone through during a simulation cycles, 

For the vehicle to be retarded or accelerated (reach 
minimum torque or maximum torque), it is possible, accord 
ing to an embodiment of the invention, for the at least one 
reference value, e.g. the reference speed V, to be imparted 
with an offset. Minimum torque may than for example be 
imparted by giving the reference speed V, a low value 
below the lower limit value V. For example, the reference 
speed V, may be given the value V, -k, in which k is 
within the range 1-10 km/h. The engine's control unit will 
then demand drag torque from the engine. In a similar way, 
maximum torque may be reached by giving the reference 
speed V, a high value above the second upper limit value 
V. For example, the reference speed V, may be given the 
value V+k, in which k is within the range 1-10 km/h. 

According to an embodiment of the invention, the highest 
first predicted speed V, and the lowest first pre 
dicted speed V, , are determined during the first 
prediction of the vehicle's speed V, according to a 
conventional cruise control and are then used in the first 
comparison with the respective first lower and upper limit 
Values V, and V2 to determine the Vehicle's engine 
torque T in the second prediction. According to this embodi 
ment, the calculation unit is adapted to performing these 
calculations. Using this embodiment, only scalars need be 
saved, not whole vectors, thereby saving memory space. Nor 
need the values be saved after they have been used in the 
simulation cycles, since no adjustment of reference values 
rearwards in the horizon takes place, which means that the 
values will not be used again for calculations after this 
simulation cycles. This difference compared with previous 
known calculation algorithms saves processor power and 
helps to achieve a constant processor load. Similarly, the 
respective highest and lowest speeds for the prediction of the 
second predicted vehicle speed V. may be deter 
mined during a simulation cycles, 

According to an embodiment of the invention, the refer 
ence value, e.g. the reference speed V, is taken as the 
second lower limit value V, or the second upper limit value 
V. This embodiment is an alternative to those described 
above which use hysteresis or addition of a constant offset 
k or k to the reference value. This embodiment may 
therefore be used to avoid jerky regulation or to achieve a 
certain low or high torque. It results in less sensitivity to 
potential errors in the speed predictions and avoids driver 
dissatisfaction by neither going below the second lower limit 
value V, nor above the second upper limit value V. 
An embodiment of the invention takes into account the 

efficiency of the power train (i.e. the engine, gearbox and 
final gear) and comfort/drivability when predicting the sec 
ond predicted vehicle speed V - i.e. when choosing 
control strategies which are to be predicted when the second 
predicted vehicle speed V, is determined. Determin 
ing the torque T in terms of magnitude and/or time according 
to the engine's efficiency or on the basis of comfort require 
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ments, resulting in different magnitudes of the second pre 
dicted vehicle speed V, , makes it possible to achieve 
comfortable and economical cruise control. This embodi 
ment may be implemented on the basis of rules, e.g. that the 
engine has to have a certain torque at a certain engine speed 
or that torque which results in more acceleration than a 
certain limit value is never allowed. 
We have described above how various rules may be used 

to decide which at least one the reference value the vehicle 
is to be regulated on. Embodiments described below use 
instead cost functions to decide which at least one reference 
value the vehicle is to be regulated on. FIG. 6 shows the 
respective calculations based on these cost functions at steps 
S23 and S33. How the cost functions are used in determining 
the at least one reference value will therefore be described 
in detail below in relation to further embodiments of the 
present invention. 
An embodiment according to the invention will now be 

explained with reference to FIG. 7, partly corresponding to 
FIG. 5 described above. In FIG. 7 (as in FIG. 5) the upper 
part illustrates the first predicted speed V (thick line) 
which would be arrived at by a conventional cruise control 
along a horizon with a road profile Such as depicted in the 
lower part of FIG. 7. 
When it has been predicted, the first predicted speed 

V, is compared with the first lower and upper limit 
values V, and V. If it is below the first lower limit value 
V, an upgrade is identified, but if it is above the first upper 
limit value V, a downgrade is identified. 

If an upgrade is identified, i.e. if the first predicted speed 
V, is below the first lower limit value V, as at P1 in 
FIG. 7, the vehicle's engine torque T in the prediction of the 
second predicted vehicle speed V. is taken as a 
torque which accelerates the vehicle (maximum torque) in 
the next simulation cycles. This is illustrated as a broken 
line in FIG. 7. This does however presuppose that the first 
predicted speed V, was below the first lower limit value 
V before potentially going above the first upper limit 
Value V2. 

If on the contrary a downgrade is identified, i.e. if the first 
predicted speed V, is above the first upper limit value 
V, as at P2 in FIG. 7, the vehicle's engine torque T in the 
prediction of the second predicted vehicle speed V re. 
is taken as a torque which retards the vehicle (minimum 
torque) in the next simulation cycles. This is illustrated 
as a broken line in FIG. 7. This does however presuppose 
that the first predicted speed V, was above the first 
upper limit value V before, where applicable, it goes 
below the first lower limit value V. According to an 
embodiment, the calculation unit explained above with 
reference to FIG. 1 is adapted to doing the calculations and 
comparisons here described. 

If the first predicted speed V, is above or equal to the 
first lower limit value V, and below or equal to the first 
upper limit value V, the reference value is taken to be a 
reference speed equal to the set speed V, as illustrated at 
step S2 followed by step S3 in FIG. 6. The set speed V is 
thus imparted as reference value if the first predicted speed 
v. does not go outside the range defined by the first 
lower and upper limit Values V, V2. This may for 
example mean that no hill is identified, in which case the first 
predicted speed V, is outside the range bounded by the 
first lower and upper limit values V. V. This may 
therefore mean that the vehicle will travel on a level road. 
The set speed V then becomes the reference value on 
which the vehicle's control system is to be regulated. The 
second predicted speed V is preferably still pre pred. Tnew 
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dicted with maximum or minimum torque in order to 
achieve the advantageous uniform processor load. 

According to an embodiment of the present invention, at 
least one further prediction of the vehicle's speed 
V, along the horizon is made in each simulation 
cycles. According to an embodiment of the invention, a 
total of three different predictions of the vehicle's speed are 
made here, viz. Vee ce. Vere re. Vered re. Each of the 
at least one further prediction of the vehicle's speed 
V, i.e., is based on a torque which is required to 
increase the vehicle's speed above the first predicted speed 
V, or on a torque which is required to lower the 
vehicle's speed below the first predicted speed V, in 
which case the torque on which the at least one further 
prediction is based depends on said first comparison in the 
immediately preceding simulation cycles. 

According to an embodiment, each simulation cycle s, 
therefore also makes a further, e.g. a third, prediction of the 
vehicle's speed V, i.e., along the horizon, resulting in a 
total of three different predictions, viz. V. V. . 
V re. The first predicted speed Vee conforms to 
what a conventional cruise control would predict and is 
followed by predicting the second predicted speed V, 
and the third predicted vehicle speed V, i.e., when the 
vehicle's engine torque T is taken as a maximum torque, a 
minimum torque or some other torque, see equation 4, which 
results in an alternative mode of driving, depending on said 
first comparison in the immediately preceding simulation 
cycles. This third predicted vehicle speed V. is 
represented by a chain-dotted line in 

FIG. 7. 
According to an embodiment, similar criteria are used for 

deciding when and at what torque T the second predicted 
vehicle speed V, is to be predicted, and also for 
deciding when and at what torque T the third predicted 
vehicle speed V, i.e., is to be predicted. 

According to an embodiment, other criteria are used for 
determining another torque Twhich results in an alternative 
mode of driving, in order to decide when and at what torque 
T the third predicted vehicle speed V, i.e., is to be 
predicted, e.g. when particular comfort requirements are 
desired. Predicting the third predicted vehicle speed 
V, i.e., preferably comprises first doing one or more 
simulation steps by using the function of a conventional 
cruise control, followed by doing the remainder of the 
simulation steps with another torque T than that of the 
conventional cruise control, e.g. maximum or minimum 
torque as described above. For example, simulation steps 1 
to 4 in FIG. 3 may be performed by using a conventional 
cruise control, followed by performing simulation steps 5 to 
N with accelerating or retarding torque. 
The various chain-dotted lines in the upper part of FIG. 7 

illustrate how the third predicted vehicle speed V, i. 
is predicted to go above the second upper limit value V. 
As this scenario is undesirable, the reference value is deter 
mined to be equal to the set speed V. Only when neither the 
third predicted vehicle speed V, i.e., nor the second 
predicted speed V, is predicted to go above the 
second upper limit value V, may this mode of driving be 
applicable for comparison with a cost function according to 
a version of the present invention. This is described in more 
detail below in relation to equations 15 and 16. 

According to an embodiment of the invention, if the 
second predicted vehicle speed V is above or below 
limit values set directly or indirectly by the driver, e.g. the 
second lower and upper limit values V, and V the 
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reference value is determined to be equal to the set speed 
V, as illustrated by steps S22, S32 and S3 in FIG. 6. 

According to that embodiment, three predictions of the 
Vehicle's Speed Vered ce. Vered re. Vered Te With differ 
ent control strategies are thus made for a limited portion of 
the route ahead of the vehicle, a portion of length L, also 
called the horizon. According to an embodiment of the 
invention, each such prediction then preferably involves 
calculating the vehicle's speed profile V, total energy con 
Sumption E and journey time ty. According to an embodi 
ment, maximum and minimum speeds are also calculated for 
the predictions, as described below in more detail. The total 
energy consumption Ex for a predicted speed during a 
simulation cycle is calculated by using equation 14. The 
total time t for a predicted speed during the simulation 
cycle is similarly calculated by equation 13. The prediction 
of the first predicted vehicle speed V by a conventional 
cruise control gives the total energy consumption designated 
E. and the total journey time designated to and 
decides which of the other control strategies/modes of 
driving are to be predicted, in a similar way to that described 
above. 
The total time t, z and the total energy consumption 

E, are calculated during each simulation cycle for the 
second predicted speed V, i.e. The third predicted 
vehicle speed V, i.e., is also predicted as described 
above, and the total time t, z and the total energy 
consumption E, for the third predicted vehicle 
speed Vera renew are calculated during a simulation cycle. 

According to an embodiment of the invention, the speed 
predictions are evaluated by calculating the cost for the 
second predicted vehicle speed V, and/or a third 
predicted vehicle speed V, i.e., by use of at least one 
cost function J. J. It is thus possible on the basis 
of the cost for these second and third predictions of the 
vehicle speed/control strategy to evaluate which of the 
predictions of the vehicle speeds/control strategies is best for 
the particular case, making it possible to choose an appro 
priate predicted vehicle speed/control strategy. 
The calculation unit described above is preferably adapted 

to performing these calculations. According to an embodi 
ment, the costs Jr. and J. for the mode of driving 
according to the second prediction V, i.e., and third 
prediction V, of the vehicle speed are determined 
by weighting their respective energy reductions and journey 
time reductions relative to corresponding respective reduc 
tions for the mode of driving according to the first predicted 
vehicle speed V with a weighting parameter Baccord predicc 
ing to the cost functions 

ELA.Tnew . .tl.A.Tnew (eq. 15) 
Thew = Epired cc pred_cc 

ELA.Tk+new LA.Tk+new (eq. 16) Jk = - E + f3 Epired cc pred_cc 

The cost functions J and Je are thus standardised 
with respect to the vehicle's predicted mode of driving 
according to the conventional cruise control E. and 
t). The cost estimations are therefore independent of 
for example, the vehicle's weight. They are based solely on 
energy consumption and journey time, and the calculations 
take no account of the vehicle's fuel consumption. This 
means that there is no need for any model of the engine's 
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efficiency, thereby simplifying the calculations when evalu 
ating which control strategy is the most advantageous. 
The weighting parameter B also depends very little on 

vehicle weight, distance traveled and engine type. The 
introduction of modes or setting facilities for controlling the 
vehicle speed is thus simplified. According to an embodi 
ment, the driver or the system may for example choose 
whether to give priority to reducing fuel consumption or 
reducing journey time by altering the weighting parameter B. 
This function may be presented to the driver in a user 
interface, e.g. in the vehicle's instrument panel, in the form 
of the weighting parameter B or a parameter which depends 
on the weighting parameter f3. 

According to an embodiment of the invention, the costs 
for the cost functions J and J. for the second 
predicted vehicle speed V. and for the third pre 
dicted vehicle speed V, i.e. are subjected to a fourth 
comparison which is then used as a basis for determining 
which reference value the vehicle is to be regulated on, i.e. 
the reference value is determined on the basis of this fourth 
comparison. Whichever of the second and third predictions 
of the vehicle speed results in the least cost is then used as 
reference value, i.e. the reference value taken is whichever 
of these second and third predicted vehicle speeds results in 
least cost. This is done in this embodiment at step S23 for 
acceleration and at step S33 for retardation (FIG. 6). Accord 
ing to an embodiment, in a way similar to that described 
above, the at least one reference value, e.g. the reference 
speed v, is here imparted with an offset for the vehicle to 
be retarded or accelerated (to reach minimum torque or 
maximum torque). Minimum torque may then for example 
be imparted by giving the reference speed v, a low value, 
below the second lower limit value V, whereas maximum 
torque may be achieved by giving the reference speed V, a 
high value, above the second upper limit value V. 

According to an embodiment of the invention, the highest 
first predicted speed V and lowest first predicted 
speed V, , are determined during the first prediction 
of the vehicle's speed V, according to a conventional 
cruise control and are then used in the first comparison with 
the respective first lower and upper limit values V, and 
V to determine the vehicle's engine torque T not only in 
the second prediction but also in the third. According to this 
embodiment, the calculation unit is adapted to performing 
also these calculations, in which only scalars need to be 
saved during the actual simulation cycles, and can thereafter 
be deleted, resulting in a Substantially constant processor 
load. 
The various control strategies, i.e. the various predicted 

Vehicle speeds Ve tel, and Vee T-e often have the 
same final speed at the end of the horizon, and according to 
an embodiment this is catered for in the evaluation of the 
costs of the control strategies. This is illustrated in FIG. 9. 
in which the second predicted vehicle speed V is 
predicted with maximum torque and the third predicted 
vehicle speed V, i is predicted according to a con 
ventional cruise control in a number of simulation steps and 
then with maximum torque. The second predicted vehicle 
speed V re results in a higher final speed Vize than 
the final speed V for the third predicted vehicle 
speed V. since the third predicted vehicle speed 
V, i.e., initially resembles a conventional cruise con 
trol, with the result that the speed in this case does not 
increase as much as for the second predicted vehicle speed 
V, i.e. since the maximum torque is here applied in later 
simulation steps than in the prediction of the second vehicle 
speed. However, the simulation cycle s, here ends after a 
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number N of steps (depicted as a broken vertical line in FIG. 
8), at which stage the final speeds for the respective predic 
tions are also arrived at. 

According to an embodiment, a penalty is added to at least 
one of the cost functions J Jze if the second pre 
dicted vehicle speed V, and the third predicted 
vehicle speed V. 

eas 

reach different final speeds. The 
amount of the penalty may be calculated on the basis of the 
energy consumption E, and the journey time t, which would 
be required to move the third prediction’s final speed 
Vette, along the horizon to the final speed Vette for 
the second prediction and at the same time to cause both 
predictions to cover the same distance. 
The cost functions will then resemble 

f ELA Tiew Ey. Tnew -- LA.Tnew ty, Tnew (eq. 17) 
T = -- + p -- Epired cc pred_cc 

ELA.Tk+new Ey.Tk+new tLA.Tk+new + iy, Tk+new (eq. 18) 
Jrk+new = Epred_cc pred_cc 

Arriving at the energy consumption E, and journey time 
t, involves a number of calculations based on Newton's 
second law, Supposing a constant running resistance in the 
case where F is constant, i.e. it is here assumed that the 
road is level and that the air resistance and rolling resistance 
do not depend on the vehicle speed: 

(eq. 19) 

On these assumptions, the vehicle speed becomes a linear 
function of time. 
The journey time for the third prediction to move from 

to V becomes 

m=(Fre-F) 

ead,7--e. ead, Zaev 

i (eq. 20) ty.Tk+new F (Vend. Tnew Vend, Tk+new) Fdrive - Feny 

The distance traveled by the vehicle is 

Fdrive - Teny? (eq. 21) 
Sy = 2n y Tiew 'end.Tk+new ty.Tk+new 

The energy requirement is 
E.T-new F.driv'sy (eq. 22) 

The journey time for the second prediction to cover the 
same distances, with no change in the speed v is ead, Zaev 

Sy (eq. 23) 
Wend.Tk+new 

ty. Thew 

The energy requirement is 

E.Tnew 
If Vend, T-newV 

is used, and if V 
is used. 

According to an embodiment, the standardising values 
E. and t, are not updated to obtain values for 
exactly the same distance traveled as the other predictions. 
For example, the values may be updated for each simulation 
cycle. The distances, is so short relative to the total distance 

=F.'s (eq. 24) era y y 

f a) ete a maximum torque (FF 
>v a drag torque (F ead,7--e. ead, Zaev drive 
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20 
predicted that the standardisation works well even without 
taking into account energy and time consumed under con 
ventional cruise control over the distance sy. 

According to an embodiment of the invention, the at least 
one reference value is determined to the predicted vehicle 
speed which results in the lowest total cost (J. or Je). 

According to an embodiment, a specific reference value 
which differs from the set speed, i.e. if the reference value 
determined is for example V, re or V, i.e., may be 
obtained during the time when the vehicle is for example on 
a steep hill. Control action which jumps between different 
modes of driving/predictions is thus avoided. A steep hill 
may here be identified as a hill where the gradient exceeds 
a predetermined value. 
An embodiment of the invention takes the engine's effi 

ciency and comfort/drivability into account in predicting the 
second predicted vehicle speed V, i.e., and the third 
predicted vehicle speed v, r- i.e. in choosing the 
control strategies to be predicted when the second predicted 
vehicle speed V, and the third predicted vehicle 
speed V are determined. Determining the torque T 
in terms of magnitude and/or time according to the engine's 
efficiency or on the basis of comfort requirements, resulting 
in different magnitudes of the second predicted vehicle 
speed V, , makes it possible to achieve comfortable 
and economical cruise control. This embodiment may be 
implemented on the basis of rules, e.g. that the engine has to 
have a certain torque at a certain engine speed or that torque 
which results in more acceleration than a certain limit value 
is never allowed. 

According to an aspect of the invention a computer 
programme product is proposed which comprises pro 
gramme instructions for enabling a computer system in a 
vehicle to perform steps according to the method described 
when those instructions are run on said computer system. 
The invention comprises also a computer programme prod 
uct in which the programme instructions are stored on a 
medium which can be read by a computer system. 
The present invention is not restricted to the embodiments 

described above. Various alternatives, modifications and 
equivalents may be used. The aforesaid embodiments there 
fore do not limit the scope of the invention. The invention is 
defined by the attached claims. 

The invention claimed is: 
1. A method for controlling a speed of a vehicle based on 

at least one reference value, the method comprising: 
acquiring a set speed for the vehicle; 
determining a horizon for an itinerary of the vehicle by 

reference to map data and location data, which horizon 
comprises one or more route segments, each route 
segment having at least one route characteristic; 

performing, by a module comprising an automated pro 
cessor, a number of simulation cycles s, each simula 
tion cycle comprising a number of simulation steps 
conducted at a predetermined rate, the simulation steps 
comprising: 
making a first prediction of the speed of the vehicle 

according to a conventional cruise control when the 
set speed is imparted as the reference speed wherein 
the first prediction depends on the at least one route 
characteristic of said route segment; 

comparing, as a first comparison, the first predicted 
speed with at least one of first lower and upper limit 
values and, wherein the first lower and upper limit 
values define an engine torque for use in an imme 
diately following simulation cycles: 
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making a second prediction of the speed of the vehicle, 
wherein an engine torque is a value which depends 
on a result of said first comparison in the immedi 
ately preceding simulation cycles; 

comparing, as a second comparison, the second pre 
dicted speed of the vehicle with at least one of 
second lower and upper limit values, wherein the 
second lower and upper limit values delineate a 
speed range within which the speed of the vehicle is 
maintained; 

determining the at least one reference value based on 
said second comparison and/or the second predicted 
vehicle speed in this simulation cycle s, and 

outputting to a control system of the vehicle said at 
least one reference value, and regulating a speed of 
the vehicle accordingly. 

2. A method according to claim 1, wherein each of said 
simulation steps has a step length which depends on the 
speed of the vehicle. 

3. A method according to claim 1, wherein said at least 
one reference value is at least one of the following: 

a reference vehicle speed V, 
a reference torque T and 
a reference engine speed (), 
4. A method according to claim 1, wherein the engine 

torque in the second prediction is a torque required to retard 
the vehicle below the first predicted vehicle speed in this 
simulation cycles, when this first predicted speed is deter 
mined to be above the first upper limit value in an imme 
diately preceding simulation cycles. 

5. A method according to claim 4, wherein said at least 
one reference value is at least one reference value deter 

mined during a previous simulation cycle s, when the 
second predicted vehicle speed is below the second lower 
limit value in said second comparison. 

6. A method according to claim 4, wherein a highest first 
predicted vehicle speed and a lowest first predicted vehicle 
speed are determined during the first prediction of the speed 
of the vehicle according to a conventional cruise control, 
which highest and lowest first predicted speeds are then used 
in the first comparison with the respective first lower and 
upper limit values to determine the engine torque T in the 
second prediction. 

7. A method according to claim 1, wherein the engine 
torque in the second prediction is a torque required to 
accelerate the vehicle above the first predicted vehicle speed 
in this simulation cycles, when this first predicted speed is 
determined to be below the first lower limit value in the 
immediately preceding simulation cycles. 

8. A method according to claim 7, wherein said at least 
one reference value is the at least one reference value 
determined during a previous simulation cycles, when the 
second predicted vehicle speed is above the second upper 
limit value in said second comparison. 

9. A method according to claim 1, wherein the method 
further comprises applying a hysteresis to said at least one 
reference value. 

10. A method according to claim 1, wherein the method 
further comprises applying rules to determine the at least 
one reference value. 

11. A method according to claim 10, wherein a rule is that 
the at least one reference value is the set speed when the 
second predicted vehicle speed in the second comparison is 
above the second upper limit value or below the second 
lower limit value. 
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12. A method according to claim 10, wherein the at least 

one reference value is the second predicted speed when both 
following conditions are true: 

(a) a minimum value for this second predicted speed is 
equal to or above the second lower limit value, and 

(b) a maximum value for the second predicted speed is 
equal to or above a further upper limit value, 

wherein the further upper limit value corresponds to the 
set speed plus a constant. 

13. A method according to claim 10, wherein the at least 
one reference value is the second predicted vehicle speed 
when both following conditions are true: 

(a) a maximum value for this second predicted speed is 
equal to or below the upper limit value, and 

(b) a minimum value for the second predicted speed is 
equal to or below a further lower limit value, 

wherein the further lower limit value corresponds to a set 
speed minus a constant. 

14. A method according to claim 1, wherein at least one 
further prediction of the speed of the vehicle is made in each 
simulation cycles, each such further prediction of the speed 
of the vehicle being based on a torque which is required to 
raise the speed of the vehicle above the first predicted 
vehicle speed, or on a torque which is required to lower the 
speed of the vehicle below the first predicted speed, and the 
torque on which the at least one further prediction is based 
depends on said first comparison in the immediately pre 
ceding simulation cycles. 

15. A method according to claim 14, wherein a total of 
three different predictions V, V, and 
V, tie of the speed are made. 

16. A method according to claim 1, wherein a speed 
profile V, energy consumption E and journey time t of the 
vehicle are calculated during each prediction. 

17. A method according to claim 16, wherein the simu 
lations are evaluated by calculating a cost for the second 
predicted vehicle speed and/or a third predicted vehicle 
speed. 

18. A method according to claim 17, wherein the cost is 
calculated by employing cost functions J and J. for 
the second predicted vehicle speed and a third predicted 
Vehicle speed, wherein the cost functions J and J. 
respectively, use weighting with a weighting parameter B, of 
energy reductions and journey time reductions relative to the 
first predicted speed. 

19. A method according to claim 18, wherein the method 
further comprises: 

comparing, as a fourth comparison, the cost functions 
Jr. and J. for the second predicted Vehicle speed 
and for a third predicted vehicle speed; and 

determining based on the fourth comparison the reference 
value. 

20. A method according to claim 16, further comprising: 
adding a penalty to at least one of the cost functions Jr. 

Jr. for the second predicted vehicle speed, and for 
a third predicted vehicle speed, when the second and 
third predicted speeds reach different final speeds. 

21. The method of claim 1, wherein the method is 
performed according to instructions incorporated on a non 
transitory computer-readable medium product when the 
instructions are run on a processor. 

22. A module arranged to control a speed of a vehicle, the 
module comprising: 

a vehicle driver-indicated vehicle speed signal generator 
configured to receive a set speed for the vehicle: 

a vehicle itinerary processor configured to determine an 
itinerary by reference to map data and location data 
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which comprise route segments, each route segment 
having at least one route characteristic; 

a vehicle speed simulator configured to perform a number 
of simulation cycles s, each simulation cycle including 
a number N of simulation steps conducted at a prede 
termined rate, the simulation steps comprising: 
making a first prediction of the speed of the vehicle 

such that a set speed received for the vehicle is 
imparted as a reference speed, the first prediction 
depending on the route characteristic of said route 
Segment, 

comparing, as a first comparison, the first predicted 
vehicle speed with at least one of first lower and 
upper limit values, wherein the first lower and upper 
limit values define an engine torque for use in an 
immediately following simulation cycles; 

making a second prediction of the speed of the vehicle 
Such that the engine torque is a value which depends 
on the result of said first comparison in an immedi 
ately preceding simulation cycles: 

comparing, as a second comparison, the second pre 
dicted vehicle speed with at least one of second 
lower and upper limit values and of the vehicle, the 
second lower and upper limit values delineating a 
range within which the speed is maintained; and 

determining at least one reference value based on said 
second comparison and/or the second predicted 
vehicle speed in this simulation cycle s, and 

a vehicle speed regulator configured to Supply a control 
system of the vehicle with said at least one reference 
value for regulating the vehicle. 

23. A module according to claim 22, wherein said vehicle 
speed simulator is configured: 

to use during each simulation cycle of the N simulation 
steps, a constant step length, the constant step length 
depending on the speed of the vehicle, and 

to adjust said step length based on the speed of the 
vehicle. 

24. A module according to claim 22, wherein said at least 
one reference value is at least one of the following: 

a reference vehicle speed V, 
a reference torque T. 
a reference engine speed (), 
25. A module according to claim 22, wherein the vehicle 

speed simulator is configured to take the engine torque in the 
second prediction as a torque which is required to retard the 
vehicle below the first predicted vehicle speed in this 
simulation cycles, when this first predicted speed is deter 
mined to be above the first upper limit value V in the 
immediately preceding simulation cycles. 

26. A module according to claim 25, wherein the vehicle 
speed simulator determines said at least one reference value 
according to the at least one reference value determined 
during a previous simulation cycle s, when the second 
predicted vehicle speed is below the second lower limit 
value in said second comparison. 

27. A module according to claim 25, wherein the vehicle 
speed simulator is configured: 

to determine a highest first predicted vehicle speed and a 
lowest first predicted vehicle speed during the first 
prediction of the speed according to a conventional 
cruise control, and 

to use the highest and lowest first predicted speeds in the 
first comparison with the respective first lower and 
upper limit values and to determine the engine torque 
in the second prediction. 
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28. A module according to claim 22, wherein the vehicle 

speed simulator is configured to take the engine torque in the 
second prediction as a torque which is required to accelerate 
the vehicle above the first predicted vehicle speed in this 
simulation cycles, when this first predicted speed is deter 
mined to be below the first lower limit value in the imme 
diately preceding simulation cycles. 

29. A module according to claim 28, wherein the vehicle 
speed simulator determines said at least one reference value 
as the at least one reference value determined during a 
previous simulation cycle s, when the second predicted 
vehicle speed is above the second upper limit value in said 
second comparison. 

30. A module according to claim 22, wherein the vehicle 
speed simulator is configured to apply a hysteresis to said at 
least one reference value. 

31. A module according to claim 22, wherein the vehicle 
speed simulator is configured to apply rules to determine the 
at least one reference value. 

32. A module according to claim 31, wherein the vehicle 
speed simulator is configured to apply a rule that the at least 
one reference value is determined to a value which repre 
sents the set speed when the second vehicle predicted speed 
in the second comparison is above the second upper limit 
value or below the second lower limit value. 

33. A module according to claim 31, wherein the vehicle 
speed simulator is configured to determine the at least one 
reference value to a value which represents the second 
predicted vehicle speed when a minimum value for this 
second predicted speed is equal to or above the second lower 
limit value, and when a maximum value for the second 
predicted speed is equal to or above a further upper limit 
value, the further upper limit value corresponding to a set 
speed plus a constant. 

34. A module according to claim 31, wherein the vehicle 
speed simulator is configured to determine the at least one 
reference value to a value which represents the second 
predicted vehicle speed when a maximum value for this 
second predicted speed is equal to or below the upper limit 
value and when a minimum value for the second predicted 
speed is equal to or below a further lower limit value, the 
further lower limit value corresponding to a set speed minus 
a COnStant. 

35. A module according to claim 22, wherein the vehicle 
speed simulator is configured to make at least one further 
prediction of the speed of the vehicle in each simulation 
cycle s, each such further prediction of the speed being 
based on a torque required to raise the speed above the first 
predicted speed, or based on a torque required to lower the 
speed below the first predicted vehicle speed, and the torque 
on which the at least one further first prediction is based 
depends on said first comparison in the immediately pre 
ceding simulation cycles. 

36. A module according to claim 35, wherein the vehicle 
speed simulator is configured to make a total of three 
different predictions Vred ce. Vered tie and Vered T-net of 
the speed of the vehicle during the simulation cycle. 

37. A module according to claim 22, wherein the vehicle 
speed simulator is configured to calculate a speed profile V, 
energy consumption E and journey time t of the vehicle 
during each prediction. 

38. A module according to claim 37, wherein the vehicle 
speed simulator is configured to evaluate the simulations by 
calculating a cost for the second predicted vehicle speed 
and/or a third predicted vehicle speed by using at least one 
cost function. 
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39. A module according to claim 38, wherein the vehicle 
speed simulator is configured to determine cost functions 
J and Je for the second predicted Vehicle speed and 
a third predicted vehicle speed by weighting using weighting 
parameter B, respectively, energy reductions and journey 
time reductions relative to the first predicted speed. 

40. A module according to claim 39, wherein the vehicle 
speed simulator is configured to compare, as a fourth com 
parison, the cost functions J and J. respectively, 
for the second predicted vehicle speed and for a third 
predicted vehicle speed to determine the at least one refer 
ence value. 

41. A module according to claim 37, wherein the vehicle 
speed simulator is configured to add a penalty to at least one 
of the cost functions J. J. for the second predicted 
vehicle speed, and for a third predicted vehicle speed, when 
the second and third predicted speeds reach different final 
speeds. 

42. The module of claim 22 in combination with the 
control system. 
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