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Overview

Management of environmental pollution and energy use from light duty transportation vehicles is currently controlled and regulated through fuel economy and emissions standards. U.S Environmental Protection Agency tests consist of a vehicle being placed on a treadmill, while a trained driver follows a fixed velocity schedule, or drive cycle. Advances in autonomous and partially autonomous vehicle technology are shifting portions of driver attributes into a direct function of the vehicle’s autonomous technology and control strategy, which will affect a vehicle’s fuel economy. While these systems may allow vehicle manufacturers to optimize their autonomous system behavior for fuel efficiency, the existing fuel economy test has no mechanism for evaluating and incorporating autonomous features. Hence, the fuel economy stickers seen by consumers, vehicle emission standards, and Corporate Average Fuel Economy regulations are omitting what will become an increasingly important component of environmental and resource impact. A standardized method for testing the fuel economy effects of autonomous vehicle technology was developed, and comparative fuel economy results for a passenger vehicle with and without autonomous technology are presented.
Methods

This research proposes a simulated methodology to ascertain how an autonomous vehicle may behave in general conditions. New drive cycles for partially autonomous vehicles using adaptive cruise control under various planning horizons were developed. The Autonomous Drive Cycle was derived from the EPA City (FTP), the EPA Highway (HWFET) fuel economy testing cycles and a set of rules describing how an autonomous vehicle would react to a leading car. The fuel consumption of these drive cycles were then simulated using the Virginia Tech Comprehensive Fuel Consumption Model. The VTCFCM is an environment that enables MATLAB-based modeling of engine performance and fuel use, using publicly available information, from any commercially released vehicle and using any control strategy (1, 2). Three adaptive cruise control vehicle control schemes were developed: a control scheme that safely maintains a constant headway, a control scheme that safely maintains a constant velocity, and a control scheme that uses a planning and replanning horizon with predictive ability about roadway conditions.
Results

Results showed significant variation in fuel economy, with the simplest ruleset showing significant decreases in performance and a slightly more complicated, and less-aggressive ruleset, showing both minor improvements and decreases in fuel economy. The results showed both possible fuel economy gains of up to 10% and possible fuel economy losses of up to 3%. Another control scheme relying upon an assumption of predictive ability provided by connected autonomous vehicles was shown to consistently provide improvements in fuel economy. 
Conclusions

This research quantitatively demonstrates the impact of partially autonomous vehicle technology on vehicle fuel economy. The results of this study have shown that control algorithms designed without considering fuel economy performance can perform significantly worse, while more intelligently designed control schemes may equal or slightly exceed the base driver performance assumed by the EPA fuel economy tests. The result suggests the need for a new approach in fuel economy testing to account for connected and autonomous vehicles. A fuel economy testing regime that included the effects of vehicle automation would encourage manufacturers to design for fuel efficiency while including novel autonomous vehicle technologies on new vehicles, as well as enable Corporate Average Fuel Economy credits to reflect the impacts from autonomous vehicles.
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