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Abstract

The paper introduces a hardware-in-the-loop (HIL) driving
simulator with the implementation of a look-ahead cruise
control considering forward road information. The vehicle
dynamics are simulated real-time in the high fidelity heavy
duty vehicle simulation environment TruckSim, while the pro-
posed look-ahead control algorithm also runs real-time on
dSPACE MicroAutoBox II. The latter functions as a vehicle
electronic control unit (ECU) and is used for rapid control
prototyping (RCP), hence the proposed look-ahead driver
assistance system can be tested and tuned in a real-time HIL
vehicle simulator before installing dSPACE MicroAutoBox 11
in a real vehicle.

Keywords
HIL, look-ahead control, vehicle simulator, dSPACE

!Institute for Computer Science and Control,
Hungarian Academy of Sciences,
H-1111 Budapest, Kende u. 13-17., Hungary

“Corresponding author, e-mail: mihaly.andras@sztaki.mta.hu

Tuning of Look-ahead Cruise Control
in HIL Vehicle Simulator

Andras Mihaly'", Mark Baranyi', Balazs Németh'!, Péter Gaspar'

Received 16 August 2016; accepted 08 December 2016

1 Introduction and motivation

Software-in-the-loop (SIL) and hardware-in-the-loop (HIL)
simulation systems are powerful tools for developing produc-
tion ready controllers. The integration of a compiled software
codes in simulation systems have multiple purposes: it can
increase simulation speed, verify the control algorithm in a pro-
duction controller, etc. The development of SIL and HIL sim-
ulation environments are getting more and more widespread
among automotive companies and researchers as well, see
(Bringmann and Krdmer, 2008; Vandi et al., 2014). In (Szalay
et al., 2012) a HIL vehicle driving simulator has been devel-
oped based on a real vehicle. In (Gietelink et al. 2007) a HIL
environment served for the development of intelligent driver
assistant systems, while in (Deng et al., 2008) a laboratory
environment has been developed to test and verify autonomous
vehicle functions. In (Aradi et al., 2014) and (T6r6 et al., 2016)
camera related autonomous vehicle functions have been tested
in HIL environment with the intention of applying the devel-
oped algorithm on go-cart vehicle.

Present paper deals with the HIL environment of a real-time
driving simulator with the aim of testing and tuning of a pre-
viously introduced look-ahead cruise controller. The parameter
dependency of the operation of the look-ahead control algo-
rithm has been already presented in earlier papers, see Németh
and Géspar (2015). The speed selection of the look-ahead
cruise control has been compared to that of a human driver, as
discussed in Mihaly et al. (2012; 2013). The HIL environment
presented in the paper enables the driver/developer to test the
operation of the proposed look-ahead cruise control along with
a conventional cruise control or manual driving in a real-time
simulation environment.

The procedure to convert from HIL environment into a real
system working on a vehicle has the following steps: First,
the function of the software components are developed (here
implanted into dSPACE MicroAutoBox II which is connected
to TruckSim during the HIL tests). Next, communication lines
valid on the real vehicle must be formed, tested. After the val-
idation of the communication lines MicroAutoBox II can be
separated from the HIL environment and inserted into the real
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vehicle. This phase paves the way to prototype production.
The development follows the so-called V-model because each
phase fits flexibly to each other and one can return to earlier
phase without any loss.

The paper is organized as follows. Section 2 shows the
interface between TruckSim and dSPACE MicroAutoBox II.
Section 3 introduces the simulation models running under both
the desktop computer and MicroAutoBox II. Section 4 shows
the operation of the real-time HIL environment. Finally, some
concluding remarks are presented in Section 5.

2 Architecture of the TruckSim/dSPACE interface

The HIL simulation environment is shown in Fig. 1. The
left side represents the vehicle simulator with the driver seat,
vehicle control devices (steering wheel, brake/accelerator
pedal, gearbox) and the desktop computer with the TruckSim/
Simulink vehicle simulation environment, while the right side
shows dSPACE MicroAutoBox II on which the proposed look-
ahead cruise control algorithm is running.

TruckSim is a simulation environment with high complex-
ity models of trucks, buses, and other heavy duty vehicles.
The software package includes the Driving Simulator, which
enables real-time measurements. The purpose of the proposed
HIL environment is to perform real-time tests of the look-ahead
controller designed for a specific heavy duty vehicle. Another
aim of the presented platform, is to enable the driver/developer
of the simulator to tune the parameters of the controller and
observe the effect on the operation of the vehicle. TruckSim/
dSPACE interface is important to ensure that the developed
controller can easily be implemented on a real vehicle.

dSPACE MicroAutoBox II serves as a testing and fast func-
tion prototyping ECU. It operates real-time without user inter-
vention and virtually may carry out any task on the vehicle. A
desktop or laptop can be connected to MicroAutoBox II for
software downloading, data analysis or controller calibration.
Here, dSPACE MicroAutoBox II 1401/ 1511/ 1512 is used,
while the main interface with the desktop computer is based on
TCP/IP protocol. The CAN communication between the desk-
top computer and dSPACE MicroAutoBox II is provided by
Vector CANboardXL.
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Fig. 1 Architecture of the HIL communication interface

dSPACE ControlDesk is the ECU developing software for
MicroAutoBox II. It is a universal, modular test tool kit for
ECU software development. This software is used for Micro-
AutoBox calibration, measurement and diagnostics, and it
supports synchronized data processing. During real-time HIL
tests of the look-ahead control algorithm the transmitted and
received CAN signals can be monitored with dSPACE Contr-
olDesk, as detailed later with a test example in Section 4.

3 Simulation models
3.1 TruckSim/Simulink model

The MATLAB/Simulink model implemented in TruckSim
real-time driving simulator environment is depicted in Fig. 2.
The red blocks represent the PI speed controller, the yellow
block contains the vehicle model used to generate the throttle/
brake inputs for TruckSim, the green blocks define the GPS
position of the vehicle, while the orange blocks stands for the
connection between TruckSim and dSPACE MicroAutoBox I1
via CAN communication channel. The latter consists of mul-
tiple dialog blocks from MATLAB Vehicle Network Toolbox.
First, the CAN Pack block transforms the measured real-time
vehicle and steering wheel button signals into CAN messages
with a given identifier (ID). The measured vehicle signals gen-
erated by TruckSim are the position, velocity and acceleration
of the vehicle, while there are six buttons altering the three con-
troller parameters (look-ahead distance: L, number of section
points: n, performance weight: R|) with a predefined scaling.
Next, the CAN Transmit blocks transmit the CAN messages to
MicroAutoBox II via Vector CANboardXL.

The look-ahead cruise control algorithm implemented in
MicroAutoBox II then calculates the optimal velocity for the
vehicle based on the received CAN signals from TruckSim/
Simulink, and sends back the result to the CAN Receive block
with a sampling time of 7, = 0.01s. Finally, the CAN Unpack
block transforms the CAN message for MATLAB/Simulink and
serves as the reference signal for the PI cruise controller. Note,
that a CAN Configuration block is also needed in order to define
the interface device (Vector CANboardXL) and bus speed.

3.2 dSPACE control model

The MATLAB/Simulink model of the look-ahead cruise
control implemented in dSPACE MicroAutoBox II is shown
in Fig. 3. There are three main parts of the model: Receiving,
processing, transmitting. The receiving block obtains the data
from CAN and transforms it to operable signals. The process-
ing block gathers these signals and the algorithm calculates
the optimal velocityfor the vehicle based on the look-ahead
method. Finally, the last transmitting block sends information
through serial and CAN interface.
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Fig. 2 MATLAB/Simulink model
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Fig. 3 The dSPACE model

The model includes the necessary CAN and serial communi-
cation boxes, which handles Vector CANCase card. The vehicle
position, velocity and acceleration data along with the algorithm
parameters (L, R,, n) are obtained via CAN communication.
Note, that the calculated optimal velocity is also sent back to
TruckSim on the same CAN communication channel. The block
in the middle of Fig. 3 contains the velocity optimization, and
gives an energy optimal velocity as a result. The optimal veloc-
ity calculation for given road characteristics has already been
introduced in Németh and Gaspar (2011; 2013). Here, instead
of the computationally cumbersome optimization methods an
analytical solution is given since MicroAutobox II has limited
capacity. Hence in case the algorithm cycle calculation takes too
much time, the embedded operating system gives task overflow
exception, which is handled with restarting the algorithm with
reduced cycle size. Note, that the computational time of Micro-
Autobox II heavily depends on the number of section points n
set by the driver during the controller tuning process.

After the MATLAB/Simulink model of the look-ahead con-
troller is set up in dSPACE ControlDesk the compiling, linking

and downloading of the program code can be evaluated. Here,
a sampling time of 7, =0.01s. has been set. Finally, the C code
of the look-ahead controller is created and can be called during
the HIL simulation.

4 Real-time simulations

The real-time bus simulator has three driving modes, which
can be activated by the use of the steering wheel buttons, as
depicted in Fig. 4.
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Fig. 4 Function buttons on the Logitech steering wheel

In manual driving the driver has full control over the bus,
thus steering, throttle and brake pedal usage is a driver task. In
this mode, the vehicle speed is also set by the driver. Pushing
the SET/RESET button activates the conventional cruise con-
trol and sets the bus velocity to the actual speed. This speed
can then be adjusted by pulling the left/right steering wheel
paddles. This driving mode only requires steering intervention
of the driver.

In case the driver pushes the OPTIMAL button on the
steering wheel, the reference velocity is set by the look-ahead
control algorithm running under dSPACE MicroAutoBox II.
Note, that the parameters of the look-ahead controller can be
adjusted real-time by the driver using gearbox console buttons
shown in Fig. 4. The look-ahead distance L € [0,5000] can be
adjusted with 500 m intervals, the number of division points
n € [10,100] can be incremented/decremented by 10, while
the optimization weight R, € [0,1] can also be adjusted by
0.1 steps.

The real-time CAN signals of MicroAutoBox II can be visu-
alized in dSPACE ControlDesk. Fig. 5 shows an example of
a real-time simulation section. In Fig. 5(a) the reference opti-
mal velocity and the actual vehicle velocity is depicted, with
the following tuning parameter settings: L = 2000m, n = 20m,
R, =0.5.Tt is well demonstrated, that the simulated bus follows
the reference velocity with minimal error. In Fig. 5(b) the mea-
sured acceleration is depicted.
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Fig. 5 Controldesk

Above real-time simulation has been performed based on
the road characteristics of the Hungarian highway road sec-
tion between Gyongyds and Kapolna, see Fig. 6(a). The terrain
characteristics of the road is shown in Fig. 6(b).
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Fig. 6 Terrain characteristics of simulation road

The effect of altering the weighting parameter R, is shown
in Fig. 7. Here, the simulated bus has been driven along the
selected road shown in Fig. 6 with fixed look-ahead distance

(L = 1000m) and number of section points (n = 20) while the
performance weighting parameter R, € [0,1] has been altered.
It is well demonstrated in Fig. 7(a), that increasing R, the
velocity profile of the bus differs more and more from that
given by a conventional cruise controlwithout energy consid-
eration (simulated with selecting R, = 0 meaning no forward
road consideration). Also, increasing R, results in better fuel
consumption (see Fig. 7(b)) while the total travel time of the
journey slightly increases, as depicted in Fig. 7(c).
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Fig. 7 Effect of weighting parameter R,

An other example of controller tuning is depicted in Figure
8. Here, the motion of the bus has been simulated with different
look-ahead distance settings, but with similar segment lengths
(L /n=50m) and optimization weighting parameters (R, = 0.5).
It is well demonstrated in Fig. 8(a), that the velocity selection
of the bus greatly depends on the look-ahead distance, and gen-
erally bigger distance induces bigger deviation from the speed
limit. Fig. 8(b) suggests that the overall fuel consumption is the
least in case of a look-ahead distance L between 1500-2000m.
Although the travel time increases with the increasing look-
ahead distance (see Fig. 8(c)), the difference between the two
extremes is less than 2 minutes.
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Fig. 8 Effect of altering the look-ahead distance L

5 Conclusion

The paper presented a HIL driving simulator based on real-
time TruckSim vehicle simulator and dSPACE MicroAutoBox
IT prototyping system for in-vehicle applications. The purpose
of the HIL driving simulator is to develop, test and tune a look-
ahead cruise controller. The real-time HIL simulation environ-
ment enables the driver/developer to adjust the parameters of
look-ahead controller real-time. The simulation results sug-
gests that calibration of the look-ahead control parameters are
necessary to guaranteeoptimal performances. The presented
HIL environment contributes in a fast and cheap ECU software
development, which can then simply be adopted to a real vehi-
cle for prototype testing.
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