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Overview of lane-keeping assist system based on human—machine cooperative control
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ABSTRACT As the final stage of intelligent vehicle, traffic accidents can be effectively reduced by automatic driving. However,
neither the technology nor the regulations are mature for autonomous driving. The lane-keeping assist system is one of the important
components of the advanced driver-assistance system. When driver fatigue or inattention is detected, the system can effectively prevent
the vehicle departure from the lane. Information such as vehicle status, driver status, and external environment can be used by the lane-
keeping assist system based on human—machine dynamic cooperative control, thereby smoothly changing the driving rights between the
driver and the automatic controller. The system can keep the vehicle in the lane while complying with the driver's intention, thereby
ensuring vehicle safety and driver comfort. The research status and future development suggestions on lane-departure decision models,
dynamic allocation of driving rights, and performance evaluation were analyzed in this paper. Regarding lane-departure decision models,
different decision models considering the driver's state should be developed. The decision model can be established as an adaptive
adjustment model and also should allow the manual adjustment of the preset parameters according to the driver’s preferences and the
external driving environment. Concerning the allocation of driving rights, a more reasonable dynamic allocation of driving rights should
be explored, and intelligent optimization algorithms or control models should be designed. Regarding performance evaluation indicators,
evaluation indicators related to the reduction of human—machine conflict and the amount of control effort should be added. A scientific
and complete subjective evaluation system should be developed. Future studies on lane-keeping assist system based on human—-machine
cooperative control should deeply integrate driver factors, issue real-time warnings and active intervention, and perform complete testing

and evaluation of the system.
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Table 1 Comparison of lane-departure decision models

Model Advantages

Disadvantages

TLe which gives the driver enough reaction time'*,
The current position of the vehicle is used as the prerequisite for
CCP . .
warning, and the false alarm rate is low.
FOD The model can dynamically adjust the threshold based on different

driving habits.

The camera calibration can be omitted, and only the images are used to
KBIRS determine whether to warn, and the effect of the warning is not affected

by the line width, vehicle type, and lens parameters®”’.

VRBS warning, and the false alarm rate is low™”.,

The model warns the driver before the vehicle deviates from the lane,

The current position of the vehicle is used as the prerequisite for

The model will produce missing alarms when the distance between the
vehicle and the lane is small and the angle between the driving direction
and the line is small. The model assumes that the driving state of the
vehicle is fixed during the warning time, which is out of reality and can
cause false alarms™’.

The effect of the warning is very dependent on the selection of the
distance threshold.

The vehicle velocity and direction are fixed during the preview time
assumed by the model. The assumption deviates from reality and can
cause false alarms™®.

The current development of the model is not perfect and is mainly
focused on the perception of the natural scenes®”’. Because of the
diverse driving environments, only using the images will cause
identification errors.

The effect of the warning is dependent on the selection of the distance
threshold. The system may be unable to continuously detect the road
edge, thereby hindering its function and adoption®®”.
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Table 2 Comparison of characteristics of driving rights dynamic-allocation methods

Dynamic allocation of

driving rights Advantages

Disadvantages

Weighted sum Good path-tracking performance

Weighted sum with
weight coefficient

Due to the existence of weight coefficients, driver
characteristics can be flexibly considered.

Human-machine conflict is likely to occur when the driver’s planned
path is inconsistent with the controller’s planned path.
Abrupt changes in weight coefficients or switch between controllers
are not conducive to flexible interaction.

Weight distribution in ~ Since the driver and the controller have the same control Due to the rolling optimization in the MPC algorithm, it is not easy to

optimization problems

target, there is little human—machine conflict.

guarantee real-time performance.
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Table 3 Performance evaluation of lane-keeping assist system

Performance evaluation method

Evaluation index

Evaluation content

Lateral velocity/lateral acceleration/lateral distance from target path

Yaw rate/side slip angle

Objective evaluation

Inversion ratio of steering wheel/standard deviation steering wheel

Path-tracking capability
Vehicle-handling stability

Driver’s control workload

angle/integral of steering angle and driver torque square

Driver torque and assist torque value/the product of driver and assist

Conflict between driver and controller

torque/conflict duration

Subjective evaluation

Questionnaire

Driving comfort
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