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Editorial:
Special Issue on Control

Applications in Automotive Engineering

Automotive engineering has been a long-standing area for
control applications. Since the inception of the first horse-

less carriage, some form of controls has been applied to motor
vehicles. In fact, engine idle speed control, a feature found in all
modern combustion powered vehicles, can trace its roots back
to the Watt’s governor (1769). This device that marks the origin
of both feedback control and the industrial revolution may be
viewed as a mechanical idle speed feedback controller for a
steam engine.

Over the last century, control has been applied to almost
every aspect of vehicle operation, from engine to driveline to
steering and braking. Electronic powertrain control was intro-
duced in automobiles in the 1970s as an enabling technology
for substantial emissions reduction. As a result, cars on the
street today are 99% cleaner than they were when emission
regulations were first introduced in the 1960s. Advances in ve-
hicular control have enabled anti-lock brakes, traction control,
and active safety systems that have the potential to decrease the
number and severity of accidents. Control is also enabling im-
plementation of automotive technologies such as hybrid electric
and fuel cells-based systems that hold promise for significant
environmental impact.

For all of the impressive advances in automotive systems
enabled by control, the field abounds with exciting new re-
search opportunities that can have broad societal impact in
the areas of energy efficiency/sustainability, environment, and
safety. With advances in sensing and actuation technologies,
and with the introduction of more powerful microprocessors
and the evolution of communication networks, opportunities
are increasing for applications of advanced control, estimation,
prediction, and diagnostic algorithms, as well as emerging
control system paradigms. New automotive technologies are
introduced at a rapidly increasing pace causing the domain of
control applications to expand, and driving the need for further
development of the theory required to rigorously support these
applications. The rapidly increasing complexity of automotive
systems, the interaction of increasingly stringent performance
requirements and the need to maintain reliability and robust-
ness, despite decreasing times to market, all fuel the need for
further research. Continuing innovation in the way that control
systems, associated diagnostics, failure mode management, and
embedded software are developed and deployed for production
is essential to getting new technologies to the market. A vibrant
and dynamic community of researchers, in both academia
and industry, is presently addressing these and other exciting
automotive control challenges.

Digital Object Identifier 10.1109/TCST.2007.895684

This Special Issue on Control Applications in Automotive
Engineering is aimed at addressing selected control problems
for emerging automotive systems as well as recent trends in
methodologies and applications of control to these systems. The
selection of papers included in this special issue emphasizes
contributions which are forward-looking and synergistic with
current trends in the evolution of automotive technologies. They
not only showcase the ways control techniques can be applied
but also how they can make a difference for advancing automo-
tive applications.

The papers in this special issue loosely flow from issues in
controlling engines and alternative powerplants (such as fuel
cells), to issues in transmission, driveline, and integrated pow-
ertrain control (including hybrid electric vehicle control), and
finally, to vehicular chassis control applications.

In the area of combustion engine control, there is, of course,
the ever increasing pressure of more stringent exhaust gas emis-
sion regulations. This has sparked research in several directions.
On the one hand, engines with new combustion technologies
such as homogeneous charge compression ignition are being
developed. These engines have much higher levels of exhaust
gas recirculation (EGR) than conventional engines, leading to
a reduction in NO emissions. This makes control more diffi-
cult, especially during load transients, because combustion sta-
bility is rather fragile and not directly controlled through spark.
The paper entitled “Nonlinear Observer-Based Control of Load
Transitions in Homogeneous Charge Compression Ignition En-
gines,” by Chiang, Stefanopoulou, and Janković, deals with this
aspect. On the other hand, the level of exhaust gas recirculation
is increasing even for conventional turbocharged diesel engines.
This can only be achieved by better coordination of EGR and
turbocharging. Two papers dealing with such coordinated con-
trol over wide operating ranges are “Gain Scheduled Con-
trol for Air Path Systems of Diesel Engines Using LPV Tech-
niques,” by Wei and del Re and “Predictive Control of a Diesel
Engine Air Path” by Ortner and del Re. The first utilizes linear
parameter varying (LPV) models to capture the changes in the
plant behavior over the speed and load range of the engine;
techniques are then used to design a multivariable controller. In
the latter, the operating range of the engine is partitioned, linear
models are identified for each partition, and model predictive
control is applied to account for actuator saturations.

While emission legislation is becoming more stringent, cus-
tomers are more demanding in terms of engine refinement, per-
formance, and fuel economy. One approach to meet these ex-
pectations is to use downsized engines with boosting, e.g., with
a pressure-wave supercharger. The paper “Optimized Control
of a Pressure-Wave Supercharger: A Model-Based Feedforward
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Approach,” by Spring, Onder, and Guzzella, investigates con-
trol taking wave propagation times into account. In another ap-
proach, Zhu, Haskara, and Winkelman, exploit recent advances
in sensing technologies. In their paper titled “Closed-Loop Ig-
nition Timing Control for SI Engines Using Ionization Current
Feedback,” they propose the use of ionization current sensing
to combine minimal spark advance for best torque, borderline
knock, and maximum spark retard with guaranteed combustion
stability during warm-up into one strategy. Traditionally, this is
done with feedforward control; ionization current sensing with
the spark plugs allows for closed-loop control or online adapta-
tion, so that tighter control can be achieved. The paper “Output
Feedback Preview Control of an Electromechanical Valve
Actuator,” by Mianzo and Peng looks into model-based feedfor-
ward and feedback control of electromechanical engine valves.
Accurate and robust valve control is a key enabling technology
for camless engines, which hold significant promise for fuel
economy and emission reduction.

Fuel cells are an actively researched alternative powerplant
technology for automotive vehicles, which holds promise for
positive impacts on the environment and energy efficiency. Un-
like residential and industrial applications which are mostly sta-
tionary, the integration of fuel cells within the dynamic vehicle
environment poses special challenges. Suh and Stefanopoulou,
in their paper titled “Performance Limitations of Air Flow Con-
trol in Power-Autonomous Fuel Cell Systems,” address the fun-
damental limitations of air flow control in a fuel cell system
and propose specific control architectures suitable for practical
implementation.

Several papers address issues in integrated powertrain con-
trol. Kim, Peng, Bai, and Maguire, in their paper “Control of
Integrated Powertrain With Electronic Throttle and Automatic
Transmission,” apply dynamic programming techniques to op-
timize coordination between the throttle regulating air to the
engine and gear shifts in an automatic transmission, leading
to improved fuel economy. The results of offline application
of dynamic programming are then combined into an online
implementable solution (throttle map and gear shift map) gov-
erning the operation of the integrated powertrain. Laderberg
and Egardt, in their paper “Backlash Estimation with Applica-
tion to Automotive Powertrains,” focus on powertrain backlash,
which is a major factor in driver perception of vehicle drive-
ability. Based on piecewise linear system models they develop
nonlinear estimators using the Kalman filter theory that can be
used by the engine control system to mitigate the effects of
the backlash, making them less apparent to the driver. Kessels,
Koot, de Jager, van den Bosch, Aneke, and Kok, in their paper
“Energy Management for the Electric Powernet in Vehicles
with a Conventional Drivetrain,” develop optimization-based
control solutions for energy production and distribution to ac-
cessories to improve the fuel economy of a production ve-
hicle equipped with a conventional battery/alternator system.
Finally, with the goal of minimizing fuel consumption, Pisu
and Rizzoni, in their paper, “A Comparative Study of Supervi-
sory Control Strategies for Hybrid Electric Vehicles,” compare
three control strategies that attempt to optimize the sequence
of power sharing transitions in a parallel hybrid electric ve-

hicle under the difficult but typical constraint of no a priori
knowledge of the driving cycle.

Several papers in this Special Issue directly address an im-
portant product differentiating control technology in many new
vehicles: the performance and safety of the vehicle chassis
control system. This includes assisting the driver, as dis-
cussed in the paper by Piyabongkarn, Lew, Rajamani, Grogg,
and Yuan, where a torque-biasing controller for a four-wheel
drive vehicle is presented that provides yaw stability con-
trol without forcibly slowing down the vehicle, an issue with
current brake-based stability control systems. Another work
addressing vehicle safety is the paper “Robust Model-Based
Fault Detection for a Roll Stability Control System,” by Xu
and Tseng wherein an in-vehicle roll rate sensor-based failure
detection scheme is described. The issue of fault detection
is also examined in the paper by Gadda, Laws, and Gerdes,
“Generating Diagnostic Residuals for Steer-by-Wire Vehicles,”
which examines methods to detect steer-by-wire faults at levels
far below those at which the driver’s control of the vehicle is
affected.

As chassis sensor and actuator technologies continue to
improve in capability, performance, and cost, new feature
deployments are commonplace. A recent example is the pos-
sibility for collision-free automated parking assistance, a topic
discussed by Müller, Deutscher, and Grodde in their paper
“Continuous Curvature Trajectory Design and Feedforward
Control for Parking a Car.” Another example of a promising
future technology is the use of automated roadway guidance,
a topic studied by Malan, Milanese, Borodani, and Gallione
in their paper “Lateral Control of Autonomous Electric Cars
for Relocation of Public Urban Mobility Fleet.” In this paper,
lateral displacement is obtained from an onboard antenna
interacting with uniquely identified transponders embedded
in the road, thereby allowing a feedforward/feedback control
structure actuated through an electric power steering system.
Autonomous obstacle avoidance is discussed in the paper by
Villagra, d’Andréa-Novel, Mounier, and Pengov, “Flatness
Based Vehicle Steering Control Strategy with SDRE Feedback
Gains Tuned Via a Sensitivity Approach.” In the paper by Fal-
cone, Borrelli, Asgari, Tseng, and Hrovat, entitled “Predictive
Active Steering Control for Autonomous Vehicle Systems,”
design and implementation issues are discussed relating to a
model-predictive controller that autonomously guides a vehicle
through a known trajectory at relatively high speeds, even with
snow covered and icy road conditions. The future applications
of model predictive control (MPC) such as those discussed in
this paper and the paper by Ortner and del Re are facilitated by
increasing on-board computing power and evolution in MPC
design methods.

In summary, the contributions to this Special Issue provide a
wide cross-section of the exciting on-going research in the field
of automotive control. The strong emphasis on combining con-
trol theory and methodologies for effective treatment of applica-
tion and technology related issues, and on synergistic presence
of experimental and theoretical results, is a hallmark of this Spe-
cial Issue aligned with the theme of the IEEE TRANSACTIONS ON

CONTROL SYSTEMS TECHNOLOGY.
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