F 44 K F 12 T RRFFR Vol. 44 No. 12
2021 4 12 A Journal of Chongqing University Dec. 2021

doi:10.11835/j.issn.1000-582X.2020.030

bl o5 R W AT PG 0 Y ) 5 A LB U i

waF L ER L IAA R L, F &

(L.EFERKF AEIRFR, TR 400044;2. 5 KF AFE A5 RBEZELEZH T, T 100084)

WE: AANRDEAEBRET/ARLERVBAFTRIARNB ML TEEARFRS,
FRARE A BAFFEF AR E RE G0, KT # n@iff@k%ikxjﬁ/]}i*&%*ﬂhﬂ$
EMTENYR, AETEmEA ABHRETIARLEER, FNLLHELTHE, ST FiE
THROBHRM . TERARLT —HALOX EAB(LIEMAEE AN E£E) £ TEE T B
FHERFREVRERBETHAREEER FREMBEIE PRI ERABREMHAARE, &5
AT AM M IE B (MPC) 7 i £ I i Sk Sk 3z 35 4, & 45 A 2P X 3, i@ i PreScan #=
Simulink BR&4F AT AR R B R fo 5 kAT, AL R A AR B R E R Bl T RAE R
BEAD Pl x; AR AL F e 2 A 3 2, MPC 3846 77 Sk e A S AL SRR IR £ £ 1 cm A A, LA AR 3 09 3R 9%

¥,
KR AABIAE; 8 T ;%8 TR RADZ4AIE S ;Y IR Iz AR T 3% )
FESHES . TP242 XEAPRERD A XEHES:1000-582X(2021)12-015-16

Lane-changing trajectory tracking method by integrated

modified feasibility test model

XIANG Yunfeng'., HE Yansong'. KONG Weiwei*, CHEN Jian*, LUO Yugong®
(1. School of Automotive Engineering, Chongqing University, Chongqging 400044, P. R. China;
2. State Key Laboratory of Automotive Safety and Energy, Tsinghua University, Beijing 100084, P. R. China)

Abstract: The existing minimum safe distance lane changing feasibility test models usually consider the
surrounding vehicles in the lane-keeping and only discuss the influence of the vehicles in present lane and
the target lane. The influences of the surrounding vehicles in the lane-changing or in the interphase lane are
not considered. To ensure that the vehicle would not collide with the surrounding vehicles during the lane-
changing, a modified lane changing feasibility test model which considered the surrounding vehicles (in the
adjacent lanes and in the interphase lanes) in the lane-changing or lane-keeping state was proposed. Firstly,
the logic framework of lane-changing was analyzed. The trajectory tracking control was then completed
based on the model predictive control (MPC) method. Finally, a simulation comparison test was designed

and the proposed model and method were verified by the PreScan and Simulink co-simulation. The
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simulation results show that the proposed improved lane-changing feasibility test model is safer and more
efficient than the existing model. The tracking error of the MPC controller is within 1 cm, suggesting that
the proposed model has high tracking accuracy.

Keywords: unmanned vehicles; lane-changing; lane-changing feasibility; minimum safe distance; trajectory

tracking; model predictive control
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Fig. 1 Logic framework of lane-changing
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Fig. 2 Lane-changing scene of the vehicle in the middle lane
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Fig. 10 Control method of MPC

4 HERIEFMZERSH

A WS A B S L B AR 4 E TS AL T T R RIRAS S B 2 (10) (13) (16) (19) i,
ARAEHFATHE AW TE BT b BT 50 % B A AR AR g i R A G AT AT P R O AR AR T AT ) LR 5 A
GIAT o XF AR ZE A B e A, B0 R 2 (27 ) R R0 40 I L o A e T P 0 O B T R G A T A R AR 1Y
BF ] R (E, B3R I 260k 05 2 =, +oy, T T =4 s, B8 A bf a5 R0 18 26 1k o500 A8 i 3 5 S A8 o Jonn it
FES 0 LAPRIIE 3 18 A G o 400 T 26 1k 0 0% 3R B8 0 RV 3 ok U L AR I 8 TR B RN Ik s A RS T
ARAGAS L R ] L 0 ) A0 A, PR R A A R ] LA ) A T 0, AT DR AR I SRR A C.C1~C3 Al
BNBEARFEES Le, () lx, () Le, (O Ly, () (L, () Ly, (OB L (2) o XFF MPC 42 2%, L N, =60,
Q,=10,Q,=2,Y,, =0.6,Y, =10, 7 H il Pl BRES . ARG IR 1 A% 4238 A8 0 2 B 404 & 57 Simulink Al
PreScan B &1 HAR RIS A 705 K .

41 HEIR

Pi B THL VCANTEL 2) AR 4 4b T i ] 4238 R A 42 A0 A 430 b T 4308 PR 150 R3S T A 2 9 1) ) 3 35

WG A E A ZR 1 s, HARR BT A 9 10 5 3, AR 4 R 2 300 =X Rl ) #0030 1) H A 42 T 40



%12 4 BEFF A E R AT A I AL A 09 e R IR 7 ok 25

£1 HEIRI1

Table 1 Simulation condition 1

WA IR A B/ (km-h™") H5AREEE/m
% 80 100
ARAE PN B 100 0
& % 90 50
AT 4 110 40
H b7 % 18
J& % 110 80
IES 70 80
Hoh %8
J& % 70 80
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Fig. 11 Simulation condition 2
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Table 2 Simulation condition 2

EIR RIS M/ (km-h ') HAEHEE/m
FOGIES 70 100
% 80 70
ARETE
PN 100 0
J& % 90 70
HiZE 100 100
H b 18
J& % 100 80
GIES 70 80
Hofth %238
Ja % 70 80

PrE T 3CATA 12) A ZEA F A7 I 4238, 2.00 s B 200 4 1) 2538 I ZE 4T A7 6 10 kT, BVAE v ) 42 8 A8 3
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Fig. 12 Simulation condition 3
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Table 3 Simulation condition 3

wRR A M/ (km-h™1) H5AREE /m

GIES 70 65
AR ZETE AL 90 0
J5 4 70 80
IE 90 100

H#r 48
P J& 4 90 80
i % 90 60

HAh %8
faE JG % 100 20
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BT GEAT A R kT B A A 0 238 AR T8 , HAb 0 T 8 R R A . Br A 280 00 9 1) 3 132 RN 40 4 o7 B G0 5% 4
i

x4 FEIRA4

Table 4 Simulation condition 4

LN GRINES B/ (km-h™") SR /m
CIER 60 40
ENC ST NS 70 0
& % 110 50
i % 110 50
bR 2518
H b5 453 e 00 100
i 2 70 100
HoAts 2238
fib 4= & . 60 60
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Fig. 13 Longitudinal displacement of the reference Fig. 14 Lateral displacement of the reference model
model in simulation condition 2 in simulation condition 2
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Table 5 The feasibility test thresholds and the distances between the surrounding vehicles and S
Dy, (0 lg, (1) Dy, (O lr, (1) Dy, (0) le, (1) Dy, (0) lr, &) Dri, (0)  Ix, (D)
63.0 0 86.0 22.2 31.4 2.8 27.9 24.3 27.9 44.4
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Fig. 17 Longitudinal displacement of the reference

model in simulation condition 4
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Fig. 18 Lateral displacement of the reference

model in simulation condition 4
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Fig. 21 The lateral tracking error of the MPC control method
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