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Abstract : Steering control when changing lanes involving autonomous vehicles is the most important task of autonomous
driving for driving strategy and safety. This paper presents a model predictive steering control algorithm for changing lanes
among autonomous vehicles by using a control input that is based on predicted velocity. Two model predictive control
algorithms have been designed for longitudinal and lateral autonomous driving with physical constraints. The model
predictive longitudinal controller computes optimal longitudinal accelerations that use relative information between subject
and preceding vehicles. Based on the optimal accelerations from the longitudinal controller, longitudinal velocities have been
predicted, and the predicted velocities have been used to compute the optimal steering angle for changing lanes through a
model predictive controller. The proposed model predictive control algorithms for lane change behavior have been
constructed in a Matlab/Simulink environment. A performance evaluation has been conducted by using a commercial
software(CarMaker) to ensure reasonable evaluation under variable lane change conditions of the subject vehicle.

Key words : Model predictive control( 2.2 ]| #]|o]), Lane change(X}1 ¥ 7), Predicted longitudinal velocity( S8
Z1-gF £ 1), Multiple constraints(th #l| &F Z271), Steering control(Z= & A ©])

Nomenclature o . . :
a, : longitudinal acceleration(preceding vehicle), n/s’
e : clearance error, m a,,, :optimal longitudinal acceleration, m/s’
€y : relative velocity, m/s N, : prediction step
e, : lateral error, m A : system matrix
e, : yaw angle error, rad B : input matrix
v, : longitudinal velocity, m/s F : disturbance matrix
v,  :predicted longitudinal velocity, m/s C : weighting matrix
L : distance between front and rear axles, m P4 - desired yaw rate, rad/s
Y : output error w : disturbance
: control input At : descretized time, sec
Upmax  © Maximum control input J : objective function
a, : longitudinal acceleration(subject vehicle), n/s’ D : difference matrix
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Table 4 Analysis of steering angles

Steering angle (max)
L — — Change rate
Division Prediction | Prediction %]
(constant) (control)
Scenario [2] 0.44 deg 0.58 deg 31.82% M
Scenario [3] 0.98 deg 1.16 deg 18.37 % M

Table 5 Analysis of lateral tracking control error

Error (max)
L. . — Change rate
Division Prediction | Prediction %]
0
(constant) | (control)

Scenario Lateral 1.62 m 1.30 m -19.75 %
[2] Yawangle | 3.10deg | 3.06deg -129%
Scenario Lateral 1.10 m 1.02m 727 %

[3] Yaw angle | 3.07 deg 3.07 deg [-]

Table 53= AW FF Alo] Lape] A 24 A
5 HolFr AU 219} [3] B 2 Aol A Alet
T &5 S S 483 A7 eAke] A A
o] 55 o5 Ao Az oin] 22 ghs 2t AE 2l
& ATk Alde] 2 219] - 55 oS - gl Al
ol 4= 7Nk el 59 97 A 2F7} 71+ °F31.82%
S7FeE 2w EREHAT. AvE e 319 A5 5%

A= 735 vl Ao 4 Tk 5] Ao A =
G2 715 oF 1837 % 7k Ao R SARIF YT v
ek A 8] for AE A

© 9A 7Ed
A B ol g 5 A 7]

# ASapo| 2 MPS olF 2 ol

28 Ao 22lF

b= W 1R ek= Ad 3 Ape] SEF el o S Ao
darg]Fo] AAEN AL, AAE S 2 oS Ao
PN EEE 27 TP MRS TR A
o FYG £EE ASHT A5 FUG SEE 2
EEFERLE EES R EOE RO L
o2 Ao1719] el % el LSS Siek 2b w7 vy
b ) SR sk A atael ks Fot thaka 5
Hom AN WAL Fashe Avkele w3587t
A on Geld B 98] FE mEEd ol
& CIEoIsi A1 ok Aol AR e
P 7|0 S SRS o] goh 23 Alo] Fuel B
B4 A% SRS 0|83k A4 ol e o %
& e AHgFHE AL HABAT Ak Sy
Zo FUY Ao JU e 0 P4 2P EE
aEFol A AHgE F5be @3} mele] akaygol
WE % S5 Y Ae] LAt EAGT TenE 3
F Alo] A% nEEE A8 489 2 6 Alo] &
Y F AL P S oS dneFe nEskE A
5har Qlek wek @ Fa Aok A W oy A=
W AR S A elshis b WA A 2
o g 2k Alo] garg]Fe] s Algetar Qrk
Aol A AQEek= TR B ek 2 oS Alo] &
HHFE FF AR S5 S A A E BEl A
T 2pge] 2 WA S e 7] 28 Alo] g
gFo g2 g 48 7hsE Z o2 7ggtt
References

1) M. A. Abbas, R. Milman and J. M. Eklund,
“Obstacle Avoidance in Real Time with Nonlinear
Model Predictive Control of Autonomous Vehicles,”
Canadian Journal of Electrical and Computer
Engineering, Vol.40, No.1, pp.12-22, 2017.

2) J. Ji, A. Khajepour, W. W. Melek and Y. Huang,
“Path Planning and Tracking for Vehicle Collision
Avoidance Based on Model Predictive Control with
Multiconstraints,” IEEE Transactions on Vehicular
Technology, Vol 66, No.2, pp.952-964, 2016.

3) Z. Wang, W. Deng, S. Zhang and J. Shi, “Vehicle
Automatic Lane Change Based on Model Predictive
Control,” SAE International Journal of Passenger
Cars-Electonic and Electrical Systems, Vol.9, No.1,
pp.231-236, 2016.

4) Y. Zhang and P. A. loannou, “Combined Variable
Speed Limit and Lane Change Control for Highway
Traffic,” IEEE Transactions on Intelligent Transpor-
tation Systems, Vol.18, No.7, pp.1812-1823, 2016.

Transactions of the Korean Society of Automotive Engineers, Vol. 29, No.7, 2021 665



5)

6)

7)

8)

9)

10)

Kwangseok Oh - Sechan Oh

S. Arefnezhad, A. Ghaffari, A. Khodayari and S.
Nosoudi, “Modelling of Double Lane Change
Maneuver of Vehicles,” Int. J. Automotive Technology,
Vol.19, No.2, pp.271-279, 2018.

C. M. Kang, Y. S. Gu, S. J. Jeon, Y. S. Son, W. Kim,
S. H. Lee and C. C. Chung, “Lateral Control System
for Autonomous System on
Highways,” SAE International Journal of Passenger
Cars-Mechanical Systems, Vol.9, No.2, pp.877-884,
2016.

C. Gatipoglu, U. Ozguner and K. A. Redmill,
“Automated Lane Change Controller Design,” IEEE
Transactions on Intelligent Transportation Systems,
Vol.4, No.1, pp.13-22, 2003.

Y. Liu, X. Wang, L. Li, S. Cheng and Z. Chen, “A
Novel Lane Change Decision-making Model of
Autono Mous Vehicle Based on Support Vector
Machine,” IEEE Access, Vol.7, pp.26543-26550,
20109.

D. Zeng, Z. Yu, L. Xiong, J. Zhao, P. Zhang, Z. Li,
Z. Fu, J. Yao and Y. Zhou, “A Novel Robust Lane
Change Trajectory Planning Method for Autonomous
Vehicle,” IEEE Intelligent Vehicles Symposium,
pp.486-493, 2019.

X. Wu, B. Qiao and C. Su, “Trajectory Planning
with Time-Variant Safety Margin for Autonomous

Lane Change

666 sH=2tE238sE =2 A29A A7E, 2021

1)

12)

13)

14)

15)

Vehicle Lane Change,” Applied Sciences, Vol.10,
No.5, Paper No.1626, 2020.

K. Gao, D. Yan, F. Yang, J. Xie, L. Liu, R. Du and
N. Xiong, “Conditional Artificial
Field-Based Autonomous Vehicle Safety Control
with Interference of Lane Changing in Mixed
Traffic Scenario,” Sensors, Vol.19, No.19, Paper
No.4199, 2019.

Y. Chen, C. Hu and J. Wang, “Motion Planning with
Velocity Prediction and Composite Nonlinear
Feedback Tracking Control for
Strategy of Autonomous Vehicles,” IEEE Transactions
on Intelligent Vehicles, Vol.5, No.1, pp.63-74, 2019.
V. Winstead, “Autonomous Lane Changing Using
Model Predictive Control,” SAE Transactions,
Vol.114, No.6, pp.1846-1852, 2005.

J. E. Naranjo, C. Gonzalez, R. Garcia and T. de
Pedro, “Lane-change Fuzzy Control in Autonomous
Vehicles for the Overtaking Maneuver,” IEEE
Transactions on Intelligent Transportation Systems,
Vol.9, No.3, pp.438-450, 2008.

H. Yu, H. E. Tseng and R. Langari, “A Human-lie
Game Theory-based Controller for Automatic Lane
Changing,” Transportation Research Part C:
Emerging Technologies, Vol.88, pp.140-158, 2018.

Potential

Lane-change



	제어 입력 기반 예측된 종방향 속도를 이용하는 자율주행 자동차의 차선 변경을 위한 모델 예측 조향 제어 알고리즘
	Abstract
	1. 서론
	2. 모델 예측 조향 제어 개념
	3. 차선 변경을 위한 모델 예측 제어 알고리즘
	4. 성능평가
	5. 결론
	References


