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Abstract

In mixed traffic highway scenarios, autonomous vehicles and connected human-driven vehicles ex-
hibit different driving styles, and how to reasonably model their interactions to improve the safety
of decision-making and planning remains one of the key challenges in autonomous driving. To ad-
dress these issues, this paper proposes a Stackelberg game-based decision-making and planning
method that takes vehicle driving styles into account. Firstly, the K-means clustering method is used
to classify vehicle driving styles into three categories: aggressive, normal, and conservative. Then,
the Stackelberg game is introduced to model the interaction conflicts between autonomous vehicles
and human-driven vehicles, and the motion uncertainty of other vehicles is quantified based on
Gaussian distribution to solve for the optimal decision. Finally, the planned trajectory is generated
in the trajectory planning module by utilizing the optimal decision and applying a decoupled ap-
proach to path and speed planning. The simulation experiment results based on the integrated
PreScan, Matlab and CarSim platform demonstrate that the proposed decision-making and planning
method can effectively handle interactions between autonomous vehicles and human-driven vehi-
cles with different driving styles.
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Figure 2. Framework diagram
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Figure 3. Distribution map of driving parameters for three driving styles

3. ZMBRRBITHRS RN HE

B 3(a) 1 3(d)mRA, ot Bl 7 il B I R, s I R T AL B0 17.32 mis; R
ST G P B, R PP E I A B 13.64 my/s, X T IV 7Y 2 B O R v EE AT K
o mIE3(b)s [l 3(e) I %N, WOk AL a5 B B E RO, IEF AV Rk, PR RUE R SN
LR E RN, XU OR ST Y 2 G E e AT . I (o) [ 3D TR, O 2 A 4k
inN 2R 2 AN S L KRS e S o e e AL T i e PNt e o 1 Ul TG S R e QR s PR
L R AT ARG, ATRYSAT BURFE 0 A, BOE AR RO R AL, 201 A (R 25 B XU 25
B A RIEZR RS AR . PRI, A SO R E AT RTF MM Z 2 R 0, N 0.7, FTENERA T o,
N02, WITRRAM 0, N 0.1, IERENZERZH 0, N 05, FEMRY o, N 0.3, BITHRRL
O N 0.2 WKL 2R 0, N02, FELEH o, N 0.1, BITRERH 0, N0.7.

3.2. EEHFHELERR

EEN RS 7 B AR AR BN BE 5, AR SO T i oA nf Hazg sh AN PRt T #er
A, AR R . B4 BV IIALE (s, 0, ) 2FEER, AEBERIALE (s .1, ) RS H
ZE S A AR AR R AL B (As, AT) IR IR i o34, B

P=[As,Al]~ N (U.%) (1)
A, PRABERMTIAE SO E, s RAFALE, AMIAE, NRR&liafi, U AP0 ER
BHBMATINE, = RIKBENAMEERIY 75 7.

DOI: 10.12677/airr.2025.146122 1305 PR ASY IR YN T


https://doi.org/10.12677/airr.2025.146122

MR, IR

WG A (), AT LA HA Az B 5% B R B0 -

f(As,Al)= lem{}—{R—LﬂrZ][R—LQJ @)
R
AN E SN JER A o X IR R X I A, AP b R 3 2 8 R B AT AR 23 7T LAAS HY L A 4
R
P, =3 ][ f(As.Al)dsdl 3)

X, n 2 A A 2
3.3. BEBERARHAE

A E MR R AV B 4 BV A FRERE 4 RV 20, RN 5 TR %0z
ERHTEHE RV B, 43 IR L RN (A B 5, DU/ BV 28R A FRSRAR EV I f ik
Filife BV IR Spy={(Varaars ) (Ve hera )|+ 260V, 9 BV BB, 0 RHUHH 4
A=-1,0,1, SIRFESESIE . ARSI . RV BT Sy ={ Vi Varm )+ Foth vy RV B
FIESE. fE BV 55 RV B TR, BT R BTG

AT R S E RO A B A, A SCERIEE % % A A T, AR G)H S B
Bl G, R A AR R SO BT

Ui =((1=-[a) Ui +1 41U ) (1+ By ) “

X, UZE & EV IR L ERA, UL & EV BRI %2 mA,
EV BRZEAT IR, 1) FH A X3 5 2 AN P 20 2 Sk i d LN 1) 22 R AR o IR BR A ) 22 4 RO A
K

VR ®)
|AdCUR|+g

long __ . max
Uy® =k ‘mln(vFV,vCUR ) — Ve |+

Adeyp = \/{min(sF,, (t),sa)—sE,, (t)}2 —{min(lFV (t),w)—lE,, (t)}2 6)

A,k Ak, 235 AT SRR R AR REL. s, (1)~ siy (0) 15 (2) 1y () 20502 2T 23 v o

TEZERAMNER FV 5 EV R 90T FE N ¢ B ZIWBEICLE . v, Fie g FV rs A Y 5 2218
B PRI . s, R ME N C I EE K.

EV PEAEIEENNLE, HEEZRRN SRS RV, T HLE, MEMNEEZMERZES B EMN %4

AR RE RN
Uy =a|V;V_vEV| ﬁ (7)
8%y = (53 ()=t (0)) = (1 (=1, (1)) ®)
ARSCLL EV T 55 0 25 (R0 P 2 (R A B 1 2R3 AT R AR
Uil = ||}L|_1||VFV _V§V|+|A||VI£V,TAR _V2V| ®

K vy REARTEE L, G2 T BERTT MBI EIE, vy e RAE B B, 0T B 5307740
I L

DOI: 10.12677/airr.2025.146122 1306 NILERESHLE AT


https://doi.org/10.12677/airr.2025.146122

MR, IR

B4, AL T IG N R AR FH A A St R 1 P2 A ik B SR B
U = |2 -1 (ale ) +12) (als ) (10)

WK, @ . alE Ay BRI NI .
gi b, ENEZEA L BV BEA R ECN:

Uy =W Uit +w, Ul +w,, U (11)
3.4. BREERERFTRARBEE

HAR I8 5 % RV HITEFR A B BOE 8 7 AT B2 b L AT RCRMIEF @ M =I5 i o A SR 4 filal
MIPrAS 2 | P 22 KA I 5 7 1 22 A A R 5

Uit =(1=A) U+ 1 21U (12)
Ak, U BRIBZESEHIRT EMAAZERA, Uy RIEES BRI 24 AR
U =g, v, —v —K4 13
3| RV TAROV| |AdRV rARoV|+5 (13)
2
Ad}éV—TAR,OV = \/(SI/;V (t)_S;AR,OV (t)) _(Zz/le (t)_l?AR,OV (t)) (14)

R Vieor + Stor + Bawor SR EIT N LR 7 AR, FIRCE, BRFIRLEL. & &, 252
T A 52 e A P 1 S R
BT R, RO 2 4 h B AR A R e . R

Ugy =Usy (15)
AT RCR A RV 5 0T 77 R 500 B =B AE i S hm v
Uil = |vTAR ov V£V| (16)

1T 5 2 B SRS A S N RN B, TR AT 3 P A DA ZE 04 St o A e 4 1) o i A g ) A

s = (ale ) (17)
s, T2 RO B

Upy = W, Ut +w,, Ui +w,, U (18)

3.5. {HIRARR

MIEZRE KRG, EV AT X RV FRARAI, RV 25T EV (AT Mok L sems . Kk, 78
TR, EV aUEST S, 1 RV WHERIBREE . 75 RV 5 EV Z ML RN HNE B8R, Pk
R —AN K] i o A S FH A 2R (DA 3R(18) 5 12% X2 (.45 1) F31 1) SR At i A A K fif H: Stackelberg
BITf
maxUE,,j

* .
Spy = argmin [s* o
* RV RV
Sgy € Sgy

19)

* A * *
Sgy (SEV ) ={sar €Spy :Upy (SEV’SRV ) Uy (SEV’SRV )’ VSpy € Spy}

DOI: 10.12677/airr.2025.146122 1307 NILERESHLE AT


https://doi.org/10.12677/airr.2025.146122

MR, IR

R sy Spr Spo Sp IABEERGFRIFRNE . SRISEE: sy AEFRRBRIM: s WEF
B AL P S o

4. BEHITHK
AL T AR USRI S, T B T 3 M B R S B R S
4.1. BEEMR

P RARI M T, A SCLE Fronet Ak 3 AU EERAE 2D, 221% 34 HAPY (00 R 1T A9
=ty % T, =12, N o AR IOBRA L B LA

; . L+1\2w .
lt,_=(l— 3 j—11—12 (20)

s} +Ast 1<j<N,A=-1,0
o Ty #2))

T sy*As) j=1A=-10

Refts s, R EEITRIGE 2, ARG, LRSI, W REEMEE . 5 RFRAA IR
B, STREAIRRE R,

PEMCIERM b, S (0 AT A RS RATA B A o RIS SFRE A 2 (1 % 1 R (22)3
Be, AR PO B BOR B P S R B 01 M A

I(s)=a,+as+a,s’ +a,s° +a,s" +ays° (22)
cost (BB ) = w,0, + w0, +w 0, +w,0, (23)
d(pgx,
0 - Zﬁ@xp['%} d(p,.x,)<d, (24)
0 else
0, = Zgjlkll’(sg )2 +,0"(s, )2 ++ " (s, )2 25)
0, =Y (1(s,)-1*) (26)

NIRRTV A, Fom AL RIS YIRS, d 22 EBE. AR5 R EERA.
ARQORSHEFHERA, I RSHEEEMPILLE .

H 5 B A R A RSP B AR AR U LS, T DA — ORI 0208 A Fle P B A AT P T A
MR EIRA KBS HARREnQ iR, WiEFEE siSRIAE RN ERE A 555 5FE R R ER,

min 31 (1) ke (1) ks (1) (10 ks (11 ) @7
St L =LA LA IAS 4 IS Ly = [+ DS+ IS 28)
lmi P < l < lmax,j (29)

ANRQ8)EELLMELIHR, A9 EIZIL LN,
4.2. REMXY
AN TET 2NN A3 E 5 E E AR, R [FR SRS T B3 A H RS

DOI: 10.12677/airr.2025.146122 1308 NILERESHLE AT


https://doi.org/10.12677/airr.2025.146122

ML, SR

H b 4238 PRI AN 25 5 5 R 2 200

5, FIHNEMREERAT SRR 5l AR R 45 A st B —AN Y2 e, @
TSR AE A 2R B TVER B — SRS s S5 T AR B (A R (30) BFE S Ll A (A K (31)) BT
K(AH(32) FESPIRA (A (33)).

Qv = kref Qref +kcochom W, UbSQObS (3 0)
. . 2
Qref = Oy, (S “Vim )2 ta,, (S'Vref) (31)
Qcam aacc (S) +a]er( )2 (32)
obs obs
expl-alls-s™|-d )], |s-s""|<d,,
e = [ ) ’ (33)
0, |S-S0bs >d
:_EQEP’ kref‘ kcom‘ kobs‘ (L7 aref‘ Ao ajer‘ a %%g E(J/%ﬁ" dsaf %ﬁéﬁﬁ—%rﬁﬂ{E"
FLUR, AR R R T T i 2 AT A5 380 A 2% )3l 5 it 4%
. 2 .\2 w2
minJ, = z ﬂ1(s Sgoal) + 5, (S'Vlim) + 5 (S) + B, (S) (34)
T T T
St S, =5; +sjAt+5sjAt +gsjAt
.. A 1., .,
S =sj+sjAt+5sjAt (35)
Vmin < Ls.‘j < Vmax’amin < S/ < amax ’jerkmin < s_[ < jerkmax (36)
Vi< < (37

ARG ZESEMEAR, ARGORIZEFAR, ARG RMIES S5EMEEL R, v Fv-Y oy
A HbRGIE LR A A,
5. SLIERER ST

N T WA S T IR BOAE Se:, {8 FH Matlab/Simulink, CarSim Al PreScan BEE 17 BE-F &% H E
il AR B35 o PreScan B 57 A48 AURE 0037 5 - HR AL B8 203 , Matlab/Simulink 5 %8 225 ok 55 R K
Fodzss) Bk B S5 5, T CarSim NZEHNIE T EIRAEE) 1SR,

5.1. FER 1 NHERSH

wmE 4 fis, BE EVAHBEERTE RV B RS ZIEFE . EV. FV A RV WG R E 55
WSE 514 ms 102.6m 1 1.4m. EV. FVF RV WA AE N 17.3 m/s.

Figure 4. PreScan road scenario of scene 1

4. 375 1 By PreScan E K=

5 R T35 1 A FRE RS EV AT BAE . Rt 5T, NI EV 5 RV Z A

DOI: 10.12677/airr.2025.146122 1309 PR ASY IR YN T


https://doi.org/10.12677/airr.2025.146122

I

= E-A
R, B2

.58

LA R AT A BT, R EV R TR R e OE AR, AR R BE R e Al . IR T
EV fEIEPINHLSEEHOE, A7 2 ath SR MRt BV WA SE 5 A BT A, DR
KA AT AT B 8] o 25380, AR ARSI EV B i R rh SR R Al g, H AT B R FE
TIES:, WE T PRI R R B R A e S e A

35 ) T T T T
of RV FV

E

Bl

=-35f

E EV
% -

=% HEVHE — ol DEVELE — B HEVELE]|

-10h 1 1
-80 -40 0 40 80 120 160 200
YA E (m)

Figure 5. Actual trajectories of vehicles in scene 1

B 5. 5% | BEIRRTREEE

Wk 6 fron, s 1 AR 2B EV 0 RS 2B SRk R 2ok 1Bl L, B
FEHAEYIAEHT B2 i i s CASR IR 98 R FE L3, T/ 58 i il Bl A 58 Al B st s . ik
PR AR T EV R 2T, ot BV RN IR A d R f e, IR IR
2 MRS REAR. X458 RRW], R BV S8 fe b N A shke By B2 52 m, Hrpigodt
T 72 g WA ) T e e P W (SBT3 7 o U R B e 1 ) S P AR AR A

20F e
‘ 7
©15
E |FrvaE
#2410 H—F Vit fz
B || ERREVEE
5l REVIE B
— RSP REVIEE
0 ; | . |
0 1 2 3 4

B [H] (s)

Figure 6. Longitudinal velocity profiles of vehicles in scene 1

6. R 1 BEHEREE

5.2. % 2 MIAER S

wiE 7 iR, fEEEABARX, BE EV RZBH XM EIEFE, G4 RV B2 50 XS & R,
EV. FV RV BIFIEINAAT B 2r B2 113 ms 161 m Fl 47 me. EV. FV I RV (IHIEENFE SN 16.8 m/s-
19.5 m/s 1 17 m/s.

]
Figure 7. PreScan road scenario of scene 2
7. 155 2 B PreScan iE KA =

8 7R T % BRARAE A [FI I I O e EV IR AR . 1] 8(a) 4 Y T S IR E . t= 0.6 s

DOI: 10.12677/airr.2025.146122 1310 PR ASY IR YN T


https://doi.org/10.12677/airr.2025.146122

MR, IR

i, EV A RV A EEIE 1 R, REEERY EV I FIER NS ELIE, W 80b)Js.
B 8(c)IE 8(d)7BIXSRE T EV s #E i AN HGE 58 i 1% AL BURAS, RIS 8 1 BV ()

. HIEW I, EV BN P IGA R S HAR MR 2 MR, RAZARE, [FR AR B A B A
e B .
T = 3 v =
E35) i I E35) i [Immﬂ]]ﬂ{q
> > 7}
Y A EV  EVIJSuE goLA BV Evimume
30 10 50 90 130 170 210 250 290 30 10 50 90 130 170 210 250 290
X (m) X (m)
(a) t=0s (b) t=0.6s
337 RV FV 357 RV PV
L0 I EL ol I
;—3.5- ;—3.5- 5
Ky A PV v Y BV ]
30 10 50 90 130 170 210 250 290 30 10 50 90 130 170 210 250 290
X (m) X (m)
(c) t=2.3s (d) t=3.7s

Figure 8. Vehicle positions at different time steps and the planned trajectory of the ego vehicle

8. TEIIZI&EEMAE R B ENARIBEZEE

9(a) I 9(b)y a1 35 2 WP S 4o SEBRAT B A AR FE . B 9(b) T AR, EV IIH]
UGS & 16.8 m/s, B FEHINES 21.5 m/s, Wl e NG Z B IIE. RV FIVIGEIEE E 17 m/s, 7EEV
Wl A2 RV EshicsibaT, 2 5.

—= 3.5F ! I ! ) T T T T T - 25
2 -_ 20
~ 0r RV FV i
'Eﬂ 3.5] 18]
£ BV 5
@ F
< 1 > 5 —1 & =y

= 10 [=Fvéun —RVEE —EVEUA] | 5| rvini

- m] 1 1 L 1 T T T . I TRV

30 10 50 90 130 170 210 250 290 330 o) : .

{7 & (m) Hﬂ‘l‘fﬂ(zs)

Figure 9 Simulation results of scene 2: (a) Actual trajectories of vehicles; (b) Longitudinal speeds of vehicles
9. HF2WMMELERE: (1) FELFMTRIERE; (b) BENEREE
5.3. 7% 3 MR R4

wiE 10 fis, EEEABERKX, HZE EV BRI EEFER, JF4 RV K250 XS 2 MR,
EV. FV M RV [IHIEEINAALE S HE 119 m. 157 m #1 87.3 m. EV. FV F RV [HIEE A5 A 16.9

m/s. 19.4 m/s #1 17.2 m/s.

iy,

Figure 10. PreScan road scenario of scene 3

& 10. 3#5 3 Y PreScan 18 IZ17 =

DOI: 10.12677/airr.2025.146122 1311 N TR S LA NBEA


https://doi.org/10.12677/airr.2025.146122

MR, IR

11 F 1 11(0) 0 AE T & 2o S2 AT B AN A . IR 11() AT I, 24 RV & B R 1)
B M, AT VESET E R EV AL RV (8 ()38 BRI T A, WRERSS N EV ARFRLE 250 4508 W

HATHE
3.5F ! ! ! X T T T ™ 25
—~ or RV FV 4 20
E 35l = = 1
> '7 EVI—— 5
o A [—FV#iE —RVHUE —EVHLE]
30 10 50 90 130 170 210 250 290

3
0 0.5 1 15 2 25 3 35 4
X (m) ()

Figure 11. Simulation results of scene 3: (a) Actual trajectories of vehicles; (b) Longitudinal speeds of vehicles

E 11 7R3 ERE: (1) FELFMTRIEE; (b) SENEREE

6. B4

ASCHR M T — M R A KUK 1) R R D SRRI %  B%8, f Kemeans RISEIG 02
BRI o R IR R R R. AR)E, SINTE SRR B 45 4 R s Hpp R AT L, [H
I, T AR B s A E T, TSR R SR . Rz s AN LRI e, A
JR R AR AN MR P2 S e 8% ) B2 LR TR A5 U R S5 R . ASCHE T PreScan. Matlab 1 CarSim 1%
GG, 2AXE T B A2 B RS R RN AE R, DLRAE H AR 4208 Ja 42 TR~y At AL 37
MR, P RARRN], i th R R Sk RE S A AN Bk, SR, il%ﬁﬁ%ﬁ&
IFEAE— € JR BRIk o A SCHERI 70 25 B KUK I, AR T SR TT ik S N it e DAl S R 25 g DA 7 IR
S H S B HAT L. 35h, AR EERE TG T & ﬁ%XL%a%%ﬁﬁT
REFBATIANZACRE AL . I, ARREIBF SR E— iﬁ%(nﬁﬁﬁﬁﬁwﬁﬂﬁwm I XA
FERTTI, bt DU A HER BR LA 5T u%ﬁ&iﬁAW£#Mﬁfﬁ (2) SiE T MHELAZIEE
ﬁ WESR R R RSl N Mz ALRE ). 3) Pl AR T 6 B, IR SRR
I A RS TR

SE 0w

FEKAR, Ak, T&M, 2. WA FET EMEIEN L2 E 0 R EMRID]. P E AR, 2024, 37(3): 117-
133.

JAUtR, M, XI—F, SE. RIS E = B3 E BN TR E 2 BRI ] MU LR
#2, 2024, 60(10): 222-234.

[3] Yoon,Y.,Kim,C., Lee, H., Seo, D. and Yi, K. (2024) Spatio-Temporal Corridor-Based Motion Planning of Lane Change
Maneuver for Autonomous Driving in Multi-Vehicle Traffic. I[EEE Transactions on Intelligent Transportation Systems,
25, 13163-13183. https://doi.org/10.1109/tits.2024.3388380

[4] 3KEH, FKE, HER, % TD3 Hykduh 5 BB MR 8 HIE % 3 1], HLk CFE2E4R, 2023, 59(8): 224-

><\

\

—
[,
—

—
[\
—_—

234.
(51 EJa#, Jidie, iy, . ST EA ARG IR R I AT PSRBT AU ). 2] 5 R, 2025, 40(7):
2300-2312.

[6] Gipps, P.G. (1986) A Model for the Structure of Lane-Changing Decisions. Transportation Research Part B: Methodolog-
ical, 20, 403-414. https://doi.org/10.1016/0191-2615(86)90012-3

[7] Zeinali, S., Fleps-Dezasse, M., King, J. and Schildbach, G. (2024) Design of a Utility-Based Lane Change Decision
Making Algorithm and a Motion Planning for Energy-Efficient Highway Driving. Control Engineering Practice, 146,
Article ID: 105881. https://doi.org/10.1016/j.conengprac.2024.105881

DOI: 10.12677/airr.2025.146122 1312 NILERESHLE AT


https://doi.org/10.12677/airr.2025.146122
https://doi.org/10.1109/tits.2024.3388380
https://doi.org/10.1016/0191-2615(86)90012-3
https://doi.org/10.1016/j.conengprac.2024.105881

MR, IR

[10]

(1]

[12]

Lu, H., Lu, C, Yu, Y., Xiong, G. and Gong, J. (2022) Autonomous Overtaking for Intelligent Vehicles Considering
Social Preference Based on Hierarchical Reinforcement Learning. Automotive Innovation, 5, 195-208.
https://doi.org/10.1007/s42154-022-00177-1

Nan, J., Deng, W. and Zheng, B. (2022) Intention Prediction and Mixed Strategy Nash Equilibrium-Based Decision-
Making Framework for Autonomous Driving in Uncontrolled Intersection. /EEE Transactions on Vehicular Technology,
71, 10316-10326. https://doi.org/10.1109/tvt.2022.3186976

Yu, H., Tseng, H.E. and Langari, R. (2018) A Human-Like Game Theory-Based Controller for Automatic Lane Chang-
ing. Transportation Research Part C: Emerging Technologies, 88, 140-158. https://doi.org/10.1016/1.trc.2018.01.016

Wei, C., He, Y., Tian, H. and Lv, Y. (2022) Game Theoretic Merging Behavior Control for Autonomous Vehicle at
Highway On-Ramp. [EEE Transactions on Intelligent Transportation Systems, 23,21127-21136.
https://doi.org/10.1109/tits.2022.3174659

BT, A, R, ZF. LT NGSIM M2 350 XURR BT 7E[T]. IR4SEAEIR, 2025, 50(1): 20-24, 64.

DOI: 10.12677/airr.2025.146122 1313 NILERESHLE AT


https://doi.org/10.12677/airr.2025.146122
https://doi.org/10.1007/s42154-022-00177-1
https://doi.org/10.1109/tvt.2022.3186976
https://doi.org/10.1016/j.trc.2018.01.016
https://doi.org/10.1109/tits.2022.3174659

	考虑驾驶风格的主从博弈决策规划算法研究
	摘  要
	关键词
	Research on Decision-Making and Planning Algorithms for Stackelberg Games Considering Driving Styles
	Abstract
	Keywords
	1. 引言
	2. 问题描述与系统框架
	3. 主从博弈决策模型构建
	3.1. 驾驶风格聚类分析
	3.2. 他车运动不确定性建模
	3.3. 自车博弈成本函数构建
	3.4. 目标车道后车博弈成本函数构建
	3.5. 博弈模型求解

	4. 自车轨迹规划
	4.1. 路径规划
	4.2. 速度规划

	5. 实验及结果分析
	5.1. 场景1的仿真及分析
	5.2. 场景2的仿真及分析
	5.3. 场景3的仿真及分析

	6. 总结
	参考文献

