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1 Introduction

Electronic Stability Control (ESC) is a powerful safety addition to modern vehicles, helping drivers maintain control under compromising road conditions.  A vast majority of vehicles in Europe have installed ESC as standard equipment, and the U.S. Department of Transportation has proposed rulemaking for a new Federal Motor Vehicle Safety Standard that would make ESC mandatory in all vehicles by 2012.  The DOT anticipates that SUV rollovers could be reduced by 84% and all crashes by 59% through deployment of ESC.  While this validates the value of ESC in preventing accidents, there are conditions under which ESC could be improved.

One of the principles of ESC is to anticipate driver behavior and maintain control of a slipping or skidding vehicle consistent with the driver’s perceived intent.  This functionality can be accomplished by sensing the angle of the steering wheel.  However, the steering wheel angle could represent the driver’s overreaction to a condition or even the driver’s inattention to the situation.  The integration of NAVTEQ maps for advanced driver assistance systems (ADAS) with ESC can mitigate these conditions and enhance performance of ESC to better serve the driver.

Driving simulation research at the National Advanced Driving Simulator (NADS) can be used to help quantify the benefits of augmenting ESC technology with ADAS map data.  Previous NADS ESC studies have benefitted from cooperation with suppliers of ESC technology and have been used to justify the DOT proposed legislation.  High-fidelity validated vehicle dynamics can be run with OEM ESC software, either offline or online, with a human driver in the loop.  Because NADS software for dynamics and scenario development were created in-house, they can be readily modified to include hooks from the ADAS map technology.

Research performed to answer questions about ADAS-enhanced ESC can progress in two logical phases.  In the short term, ways to apply ADAS map data in conjunction with existing ESC algorithms can be investigated.  This step makes research sense because the existing ESC software and validated models can immediately be used to answer some fundamental questions about the approach.  It also makes business sense because it may build a case for the ESC suppliers to provide ADAS hooks into their systems without having to redesign their systems from the ground up.

The second phase would be both longer-term and more basic in its approach.  The ESC algorithm would be broken into its constituent parts and underlying assumptions.  The research question then becomes how one would put it back together, taking into account the wealth of additional data from ADAS maps.  A self-imposed limitation in this phase of research will be that no new sensors would be required on the vehicle.  The only additional data would be transferred from the map database through the in-vehicle network.

2 Research Summary

2.1 Phase I Research

The ESC algorithm takes input signals such as lateral acceleration, yaw rate, steering wheel angle, wheel speed, etc. to determine the correct course of action, if any, and generate wheel brake pressures and requests to the engine controller.  It would require a substantive investment of time and resources for a company to redesign and test a new algorithm.  However, if it can be shown that there are benefits to supplying ADAS map data to the existing algorithms, ESC suppliers may be willing to make some modifications to their hardware and firmware to use the extra information to modify the inputs to the algorithm.  The ESC software supplied to NADS for the ESC studies has the proper level of interface to research questions related to this minimalistic approach.  A diagram of this approach is shown in Figure 1.
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Figure 1  Phase I ADAS-enhanced ESC diagram

2.1.1 Accelerometer Normalization

ESC systems typically do not have tri-axial accelerometers and therefore cannot determine if the vehicle is tilted in the pitch or roll axis.  As a result, driving on hills and banked roads effectively corrupts the acceleration information going into the ESC algorithm.  It is useful to ask whether this corruption could be prevented by using knowledge of the road from an ADAS device to normalize the acceleration signal before it gets passed into the ESC system. 

The difficulty in normalizing the lateral and/or longitudinal acceleration sensor signals is that the system does not have absolute knowledge of the orientation of the car on the road.  Typically, one can assume that the car is driving in its lane perfectly aligned; however, during a loss of control, the car can turn quickly.  Knowing the yaw rate, lateral acceleration, vehicle velocity, and curvature of the road should allow the system to estimate the vehicle orientation with respect to the roadway during loss of control.  Then the normalization routine can determine how to apply the orientation transformation to normalize the signal.

A simulation study can use both the perfect information on the vehicle orientation with respect to the road and a yaw observer model for normalizing the lateral acceleration.

2.1.2 Steering Intent Estimation

ESC systems use the sensed steering wheel angle to determine the intended direction of the driver.  However, there is no way to know if the driver is overcorrecting or is inattentive to curves in the road.  On the other hand, there is also no way of knowing if the driver is swerving to avoid an obstacle in his or her path, so there will always be some uncertainty in estimating the driver’s intent.

An ADAS navigation device can provide information on the shape of the road, allowing a better estimate of the driver’s intent.  How can this information be used without radically redesigning the ESC algorithm?  One way is to calculate the ideal steering wheel angle required to follow the road and use that as input to the ESC algorithm rather than the sensed steering wheel angle. 

A simple replacement scheme may not be sufficient because the ESC algorithm may incorrectly infer wheel slip from the difference between the sensed yaw rate and the ideal steering wheel angle.  Therefore, it may be wise to wait until a loss of control is determined and then either use the ideal steering angle or a fusion of actual and ideal to help the electronic braking actions push the vehicle heading toward the road path at all times.

2.2 Phase II Research

The limitations of merging ADAS data with existing ESC algorithms, as described in Phase I research, are obvious and dramatic.  Conversely, the opportunities for redesigning the ESC algorithms from the ground up to use navigation information are wide open and rather vague.  For this reason, it would be beneficial to partner with a maker of ESC systems to help guide the work in this phase.  It would also be quite beneficial to use an algorithm supplied by an ESC OEM as a starting point, so that performance comparisons of any modifications with the baseline algorithm would be more meaningful.

Modifications to the ESC algorithms could include sensor fusion methods to integrate navigation data with sensor data and time-varying parameters that react to changing road shapes and conditions.  A list of ESC enhancements from NAVTEQ is given here as a starting point.

· Use road shape knowledge to provide a more accurate determination of the driver’s intended action

· Factor curve radius into the overall ESC vehicle recovery strategy

· Provide a more accurate indication of vehicle dynamics that was offset through gravity contamination in accelerometer measurements

· Enable adjustment of wheel speed and braking controls to reflect the road’s shape

· Identify excess speed as a contributor to loss of vehicle control

· Alert the system that the vehicle is approaching or traversing through a black spot with a higher incidence of accidents
· Adjust ESC sensitivity on narrow roads

· Account for asymmetrical dynamics on roads with superelevation

· Compensate the lateral accelerometer and yaw rate sensor

· Adjust ESC algorithms to account for road friction

The research approach in phase II is to create or acquire a model of an ESC system, perhaps in the well known Simulink block format.  This model will then be used by either a NADS staff researcher and/or a University of Iowa graduate student to provide new hooks from the ADAS device and modify the ESC algorithm.  Simulation testing will be done offline, not utilizing one of NADS’s high-fidelity simulators at this time.
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