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Abstract: Ensuring proper driver behaviour and driving style is an essential and ongoing task for
WUDQVSRUWDWLRQHQWHUSULVHVLQFOXGLQJWKRVHWKDWRSHUDWHKHDY\URDGYHKLFOHÀHHWV$VSHFWVDQGVXEWDVNV
of this general task range from issues concerning road and vehicular safety, vehicle and cargo security
WR LVVXHV RI HQYLURQPHQWDO IULHQGO\ DQG HFRQRPLF RSHUDWLRQ RI WKH ÀHHW ,Q WKH SDSHU RQH SDUWLFXODU
facet of the economic operation is addressed, namely the proper choice of momentary speed for heavy
URDG YHKLFOHV DORQJ D URXWH 2QH DSSURDFK WR KDQGOH WKLV IDFHWLV WR GH¿QH ÀHHWOHYHO JXLGHOLQHV DQG
policies concerning the recommended vehicular speed and monitor their enacture regularly. A more
promising option in this respect that can be considerably better monitored is the application of semiautomatic and the fully automatic cruise control devices in the vehicles. A method was proposed recently
for the longitudinal speed control of heavy land vehicles. The method relies on appropriate brake and
traction forces to attain the required velocity. By choosing the vehicle speed in accordance with the
PHQWLRQHG URDG DQG WUDI¿F FKDUDFWHULVWLFV WKH QXPEHU RI XQQHFHVVDU\ DFFHOHUDWLRQV DQG EUDNLQJV DV
ZHOODVWKHGXUDWLRQVUHTXLUHGIRUFDUU\LQJWKHVHRXWFDQEHVLJQL¿FDQWO\UHGXFHG7KHFRQWUROPHWKRG
was designed, modelled and initially tested with a control design tool-set for robust control of the linear
parameter variant (LPV) systems. After series of software-in-the-loop simulations carried out in an upto-date professional vehicle and road simulation environment, an on-the-road testing of the implemented
control method is in preparation.

,QWURGXFWLRQ
Ensuring proper driver behaviour and driving style is an essential and ongoing
task for transportation enterprises, including those that operate heavy road vehicle
ÀHHWV$VSHFWVDQGVXEWDVNVRIWKLVJHQHUDOWDVNUDQJHIURPLVVXHVFRQFHUQLQJURDGDQG
vehicular safety, vehicle and cargo security, environmental friendly, and economic
RSHUDWLRQRIWKHÀHHW
,VVXHVRIWKHURDGDQGYHKLFXODUVDIHW\ZHUHORRNHGDWLQFRQMXQFWLRQZLWK
KHDY\URDGYHKLFOHVVXFKDVWUXFNVLQ )ൺඓൾൺඌ=±*ගඌඉගඋ3) and later in
()ൺඓൾൺඌ=ൾඍൺඅ). In the frame of these studies, emergency braking data was
FROOHFWHGIURPYHKLFXODUVHQVRUVE\ORJJLQJWKHLUPHVVDJHVVHQWRYHUWKHYHKLFOH¶V
&$1EXV,QWKHGDWDFROOHFWLRQDVPDOOÀHHWRIFRPPHUFLDOWUXFNVZDVLQYROYHG
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The location data for the braking events was obtained from the navigation devices
on-board. Apart from the location, the data describing a braking event included a
time-stamp, the vehicle speed just before the braking event and the maximum
deceleration intended. Issues of vehicle and cargo security were touched upon in
()ൺඓൾൺඌ=ൾඍൺඅ). The authors lay emphasis on truck-related aspects. The
low-speed maneuvers and stoppages were looked at in particular. To make the posttrip assessment of the trajectory data easier and faster, a method for rendering route
sections to vehicle activity classes was proposed therein. The method computed
and used certain spatiotemporal features of the trajectory. The linguistic approach
used by the authors to characterize trajectory data took care of the multiple spatial
and temporal resolutions. The multi-resolution capability was deemed necessary to
UHFRJQL]HGLIIHUHQWXVXDODVZHOODVXQXVDOYHKLFOHGULYHUDFWLYLWLHV
In the present paper, the third and the fourth of the issues listed above are
touched upon. Particularly, a facet of the economic operation of the heavy road
vehicles is addressed, which has also environmental relevance. The facet is the proper
choice of momentary speed for heavy road vehicles along their routes. One approach
WR KDQGOH WKLV SUREOHP LV WR GH¿QH ÀHHWOHYHO JXLGHOLQHV DQG SROLFLHV FRQFHUQLQJ
the recommended vehicular speed and monitor their enacture regularly. The
recommendations could depend on many aspects of the freight, route and itinerary.
These aspects include the terrain characteristics, the actual road type, the speed limits
DORQJWKHURXWHDVZHOODVGDWDRQWUDI¿FLQWHQVLW\DQGZHDWKHUFRQGLWLRQV
5HODWHGZRUN
$PRUHSURPLVLQJRSWLRQLQWKHDERYHUHVSHFWWKDWFDQEHFRQVLGHUDEO\EHWWHU
PRQLWRUHGLVWKHDSSOLFDWLRQRIVHPLDXWRPDWLFDQGDXWRPDWLFFUXLVHFRQWUROGHYLFHV
LQ WKH YHKLFOHV +RZHYHU WR UHDFK D JRRG FRPSURPLVH EHWZHHQ WKH FRQÀLFWLQJ
REMHFWLYHVDVVRFLDWHGZLWKWKHSUR¿WDEOHRSHUDWLRQRIWKHKHDY\URDGYHKLFOHV HJ
between the minimization of the fuel consumption and that of the journey time) as
QRUPDOO\ GLFWDWHG E\ WKH HFRQRP\ RI PDQDJLQJ DQG RSHUDWLQJ D YHKLFOH ÀHHW RQH
needs to solve an optimization problem and use its solution in the cruise control
device.
Such optimization problems can be solved using various approaches ranging
IURPSUDJPDWLFHQJLQHHULQJDSSURDFKHVWRWKHRUHWLFDOO\VRXQGEXWLQPDQ\FDVHV
QRWTXLWHIHDVLEOHPDWKHPDWLFDORQHV)RULQVWDQFHWKHLPSOHPHQWDWLRQRIDUHFHGLQJ
KRUL]RQFRQWURODQGWKHPRGHOOLQJWKHWHUUDLQDQGWUDI¿FÀRZZLWK0DUNRYFKDLQVDUH
examples of viable engineering solutions with appropriate mathematical basis. For
references, see (1ඣආൾඍඁ%±*ගඌඉගඋ3). A number of cruise control methods
are known from the literature that take certain road conditions (e.g., inclinations along
WKHURDGFKDQJHVRIWKHIULFWLRQFRHI¿FLHQWGXHWRYDULRXVIRUPVRISUHFLSLWDWLRQ LQWR
consideration in an explicite quantitative manner when choosing the vehicle velocity.
For references see the paper cited above.
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7KHORRNDKHDGFRQWUROPHWKRGVLQFOXGLQJWKHPHWKRGSURSRVHGLQ 1ඣආൾඍඁ
%±*ගඌඉගඋ3) that was put to work in the simulations presented herein and is
GHVFULEHGEULHÀ\LQWKHQH[WVHFWLRQDVVXPHWKDWVRPHXSFRPLQJGLVWXUEDQFHV HJ
disturbances over a certain road length) are known in advance. These disturbances
LQFOXGH LQFOLQDWLRQV RI WKH URDG VSHHGOLPLWV DORQJ WKH URXWH LQWHQVH WUDI¿F
encountered, etc.
For instance, in the look-ahead control system described in (+ൾඅඅඌඍඋදආ(
ൾඍൺඅ DURDGVORSHGDWDEDVHZDVFRPSLOHGDQGXVHGRQERDUGRIDWUXFNLQ
FRPELQDWLRQZLWKD*36XQLWWRH[WUDFWWKHURDGJHRPHWU\DKHDG7KLVLQIRUPDWLRQ
was used for the optimal choice of the vehicle speed with respect to a criterion
weighing up journey time against fuel consumption. A dynamic programming
algorithm was used for feeding the conventional cruise controller with new set points.
On-road experiments were also conducted. The results of these experiments were
covered in depth in the cited paper.
0DWHULDOVDQGPHWKRGV
A look-ahead control method was proposed recently in (1ඣආൾඍඁ%±*ගඌඉගඋ
P. 2015) and was developed further in (1ඣආൾඍඁ % ± *ගඌඉගඋ 3 ) for the
longitudinal speed control of heavy road vehicles. The method relies on appropriate
brake and traction forces to attain the required velocity. By choosing the vehicle speed
LQ DFFRUGDQFH ZLWK WKH URDG DQG WUDI¿F FKDUDFWHULVWLFV WKH QXPEHU RI XQQHFHVVDU\
accelerations and brakings, as well as the durations required for carrying these
RXW FDQ EH VLJQL¿FDQWO\ UHGXFHG7KH FRQWURO PHWKRG ZDV GHVLJQHG PRGHOOHG DQG
initially tested with a tool-set serving the development of robust control of the linear
parameter variant (LPV) systems.
$IWHUORQJVHULHVRIVRIWZDUHLQWKHORRSVLPXODWLRQVFDUULHGRXWLQDQXSWR
GDWHSURIHVVLRQDOYHKLFOHDQGURDGVLPXODWLRQHQYLURQPHQWWKHRQURDGWHVWLQJRI
the implemented look-ahead control method is in preparation. The on-road test drives
will take place in the coming weeks and will be carried out in close cooperation with
our industrial partner.
The main modules of the simulation architecture are shown in Fig. 1. These
are the simulator module appearing at the top of the block diagram, the software
module that carries out the map-related calculations is shown below it, while the
block representing the mathematical optimization module is placed to the bottom.
Most simulation runs concerned the route marked light gray in Fig. 2. It is
a section of the main road No. 3 between Gyöngyös and Kápolna in Hungary. Its
DOWLWXGHSUR¿OHDSSHDUVLQFig. 3.
The sizeable change in the altitude along the road and particularly the rise and
the slope close to Gyöngyös ensure that some practical savings can be accomplished,
if the truck is driven with care either by a human driver, or controlled in that manner
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Fig. 1. The software architecture used for the simulations concerning the look-ahead control
for trucks

Fig. 1. The software architecture used for the simulations concerning the look-ahead control
for trucks

)LJ7KHDOWLWXGHSUR¿OHRIWKH*\|QJ\|VWR.iSROQDURXWH
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by a cruise control application. A short road segment of the route is displayed quite
UHDOLVWLFDOO\HYHQWKHVORSHVRIWKH0iWUD0RXQWDLQVVKRZXSDWVRPHGLVWDQFHLQ
WKHEDFNJURXQGLQ)LJE\WKHYLUWXDOUHDOLW\PRGXOHRIWKH7UXFN6LPVLPXODWRQ
environment. TruckSim is shown as a submodule of simulator module in Fig. 1.
During the on-road test, the implemented control method will be physically
located and work on-board of a truck. The software architecture designed for the
purpose is sketched in Fig. 5. The functions implemented within this software
architecture are the look-ahead control method, the necessary communication with
the vehicle control system, gathering data from the high-precision navigation system,
and accessing and displaying a region of the downloaded map.

Fig. 4. A short segment of the route displayed with the virtual reality module of the TruckSim
simulation environment

Fig. 5. The software architecture implemented for the on-road experiments
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Results
The primary purpose of the simulations in the context of the cruise control
LV WR JDLQ LQIRUPDWLRQ DERXW WKH WUXFN¶V UHVSRQVHV  LQ WKH SUHVHQW FDVH PRVWO\ LQ
WLPH GRPDLQ  WR FHUWDLQ FRQWURO LQSXWV )RU LQVWDQFH WUDQVLHQW VLJQDOV VHWWOLQJ
times, time-lag are normally calculated and analysed by the control engineers to
LPSURYHWKHFRQWUROPHWKRG,QWKHORRNDKHDGFRQWUROPHWKRGXVHGKHUHLQVHHLWV
mechanical and mathematical formulation in (1ඣආൾඍඁ%±*ගඌඉගඋ3 IRU
the simulations, there are several important parameters to be tuned for a satisfactory
control performance.
The different settings of these parameters result in quite different vehicular
behaviours and in very different environmental and economic costs. These parameters
include the performance weighting parameter R ZKLFK HIIHFWV  DPRQJ RWKHU
FKDUDFWHULVWLFVRIWKHVSHHGSUR¿OHWKHRYHUVKRRWV HJZKHQDVSHHGOLPLWVLJQLV
HQFRXQWHUHG WKHQXPEHUQRIHTXLGLVWDQWGLVFUWHWHVSDWLDOSRLQWVDORQJWKHURXWH
DKHDGZKLFKDUHWDNHQLQWRFRQVLGHUDWLRQLQWKHVSHHGRSWLPL]DWLRQDQGL, which
is the actual look-ahead distance. In regards of the different control scenarios and
parameter settings, a number of simulation-based experiments were carried out and
reported in research articles, see e.g., 0ංඁගඅඒ$±*ගඌඉගඋ3, 0ංඁගඅඒ$ൾඍൺඅ
2013 and 1ඣආൾඍඁ%±*ගඌඉගඋ3.
The simulation results presented herein concern the look-ahead distance L is
EHLQJYDULHGLQWKHVLPXODWLRQUXQVZKLOHLQLWLDOO\DQGPRVWRIWKHVLPXODWHGWLPH
R 7KHODWWHUSDUDPHWHULVPRGL¿HGRQO\EULHÀ\WRHQVXUHWKDWWKHVSHHGOLPLWV
are heeded to. /Q , i.e. the distance between consecutive look-ahead points – is kept
constant 100 meters throughout the experiment. The following speed limits apply
DORQJWKHURXWHNPK ±NP NPK ±NP DQGNPK ±NP 
These speed limits were obtained from the Open Street Map road database and were
FKHFNHGDJDLQVWWKHGDWDFROOHFWHGGXULQJHDUOLHUWUDI¿FVLJQGDWDFROOHFWLRQWULSVLQWKH
area (Fazekas Z. et al. 2017). In Fig. 6, the truck velocities derived for different lookahead distances L are shown for the route indicated in Fig. 2. The times required to
cover the route in case of various L look-ahead distances are given diagrammatically
in )LJ, while Fig. 8SUHVHQWVWKHWUXFN¶VWRWDOIXHOFRQVXPSWLRQIRUGLIIHUHQWL’s.
,QWKHVLPXODWLRQUXQVWKHVSHHGSUR¿OHVZHUHQRWSHUIHFWHJDIHZRYHU
VKRRWVRYHUWKHDFWXDOOHJDOVSHHGOLPLWFDQEHLGHQWL¿HGLQFig. 6. These occurred due
to the parameter setting used in the simulation. Nevertheless, these settings and the
WHVWHGPHWKRGRIWKHWHPSRUDU\PRGL¿FDWLRQRIWKHSHUIRUPDQFHZHLJKWLQJSDUDPHWHU
R1 gave us considerable insight on how to choose the aforementioned parameters for
the on-road test and what kind of adaptation via parameter R can be achieved.
For the purpose of on-road testing several other safety functions will be
LPSOHPHQWHG DQG DFWLYHO\ XVHG HJ WRR ODUJH DEUXSW LQFUHDVHGHFUHDVH RI YHKLFOH
speed will not be allowed.
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)LJ7KHVSHHGSUR¿OHFRPSXWHGIRUWKH*\|QJ\|V.iSROQDURXWHIRUGLIIHUHQWFRQWURO
look-ahead distances

)LJ7KHWLPHUHTXLUHGWRFRYHUWKHURXWHLQFDVHRIYDULRXV/ORRNDKHDGGLVWDQFHVXVHG
in the look-ahead cruise control

Fig. 8. According to the simulations, the total fuel consumption for the route varies with the
parameter L

Conclusions
A look-ahead cruise control method was proposed recently for heavy road
vehicles. The method was designed, modelled and initially tested with a control
design tool-set for robust control of the linear parameter variant systems. After a
long series of software-in-the-loop simulations, an on-road testing of the method is
LQ D ¿QDO VWDJH RI SUHSDUDWLRQ 6RPH RI WKH WDVNV DVVRFLDWHG ZLWK WXUQLQJ D WUXFN
simulation into a real experiment were pointed out.
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