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Abstract

To explore the adaptability of autonomous vehicles on inclined road sections and the differences
between autonomous and manual driving, this study constructs a unified road scenario based on
the CarSim-PreScan-Simulink joint simulation platform and driving simulation experiments. The
longitudinal control characteristics of two driving modes under 1%, 2%, and 4% slope conditions
are compared and analyzed. Speed and longitudinal acceleration are selected as indicators, and Kal-
man filtering is applied to denoise the acceleration signal. Based on this, statistical analysis and
significance testing are conducted to quantify the differences between the two driving modes. The
results indicate that, under 1% and 2% slope conditions, autonomous driving demonstrates better
speed stability and control smoothness. However, as the slope increases, the speed maintenance abil-
ity of autonomous driving significantly decreases. The study reveals that autonomous driving has a
smoothness advantage under low slope conditions, but in medium and high slope scenarios, the
feedback-based control strategy leads to a lag in adjustment. In contrast, manual driving, with its
anticipatory adjustments, exhibits stronger adaptability in complex longitudinal slope environments.
The research findings provide insights for optimizing autonomous driving longitudinal control
strategies and improving slope adaptability.
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Figure 1. Co-simulation architecture
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Table 1. Dynamics and powertrain parameters of the vehicle
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Figure 2. Driving simulator
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Figure 3. Schematic diagram of driving simulation experimental scene on longitudinal
slope section
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Figure 4. Noise reduction processing of driving simulation experimental data based on Kalman filter algorithm
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Figure 8. Comparison of extreme-value indicators for manual driving and autonomous driving under different grades
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