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Abstract

With the continuous development of intelligent driving technology, vehicles with
assisted driving systems have gradually begun the commercialization process; Auto lane
change(ALC) assistant driving technology has also gradually developed from requiring the
driver to move the turn signal paddle to transmit lane change signals to canceling the driver's
lane change instructions. In the high-speed active lane change decision planning algorithm,
there are many problems such as multi lane change intention parameters and large
nonlinearity, the need to consider the interactive game with other vehicles when designing
the decision algorithm, and the failure to reasonably consider the vehicle kinematics
characteristics and optimality at the planning module; This article proposes an integrated
framework for high-speed lane change decision planning based on data-driven, stackelberg
game and differential flattening, aiming to improve the driving performance of high-speed
active lane change assistance and reduce the driving burden of drivers. The specific research
content is as follows:

First, a data-driven method for generating active lane-changing intentions is designed.
The wavelet threshold algorithm is used to denoise the NGSIM data set, and then the driving
style is selected as the common intention representation time window. Input the data features
when the lane change intention is generated into the deep belief network (DBN) for training,
and the hyperparameters of the Deep Belief Network, such as the number of fine-tuning,
momentum and learning rate are optimized using the genetic algorithm. The results show that
the classification accuracy of the Deep Belief Network model on the test set reaches 82.3%,
and it can make an accurate judgment on whether the intention to change lanes occurs.

Second, a lane-changing decision-making method based on stackelberg game is
designed. When the master car generates a lane-changing intention, it will turn on the turn
signal. At this time, it is necessary to judge whether there is a game behavior between the
master car and the car behind the target lane according to the game interaction conditions. If
it exists, it is necessary to pre-plan the trajectory of the main vehicle according to the driving
style of the vehicle behind the target lane, then calculate the speed, safety and comfort
benefits of the main vehicle and the vehicle behind the target lane according to the trajectory
of the main vehicle, and sum them to obtain the game profit matrix; finally use the reverse
induction method deduces the game between the main vehicle and the vehicle behind the

target lane, and obtains the optimal decision.



B N e e S A7

Thirdly, a hierarchical trajectory planning algorithm based on convex Quadratic
programming and particle swarm optimization is proposed. Using the convexity of Bézier
curve, the safety corridor constraint is designed, and a bottom planner (convex Quadratic
programming) is constructed with trajectory smoothness as the objective function. Based on
the horizontal and longitudinal Bézier curve obtained from the bottom planner and the
differential flat output of the vehicle kinematics model, a three-dimensional coupling is
carried out to build an objective function that meets the requirements of vehicle riding
comfort, efficiency and safety. The preconditions of the bottom planner are optimized using
the PSO algorithm, and finally a lane change and obstacle avoidance trajectory with optimal
comprehensive performance is found. By comparing with the sampling based quintic
polynomial algorithm, it can be seen that the proposed algorithm achieves better trajectory
synthesis performance.

Finally, a joint simulation platform of Carsim and Simulink was built to verify the
proposed decision planning algorithm, and three simulation scenarios under different
working conditions were designed. The results show that when the main vehicle has the
intention to change lanes and turn on the turn signal, the main vehicle can make the strategy
with the maximum benefit according to the reaction of the game object, which is highly
human like, and the planned trajectory has high safety, comfort and controllability.

Key Words: Active lane change; Deep belief network; Stackelberg game; Differential

flatness; Trajectory planning
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NGSIM ##li 4 AT 7500k, R IR H R A B i Al TN 2= s ik £, 4290 45
TEMHEAATH; Huazhe Xu? g 7 —Fhim 3 (end to end) B I HHESE, HE:T
FNC-LSTM #1220 2% o) K AUAAL AR b 2R 44T 9 Bt kAT 22 21, R AT AT 37
SOFIEIEAT ST, AR B e N e PERe, 1E /2 BDDV #dlaE LiEAT 7 illat,
FORSRAERA ISR [ 72.4%. W AT NS0 BEAFAE WAL F) R, 25 33501 SR AR R
IEABISEHIFERE, JeHiik BIBA Bojarski MUPSISE A SR HIHG Izl i 75 sCIR AL BE 2 FRE A,
e PR T EARIT . (w88 R TE AR B SRR A IO BN ZREE TR, RORSRTT 1AL
SCRME, FRESEE BT TROE: dRASE IR S Bl — AN EE R P, K
DT IR B 5 2 ) Z AR IUAE s A o7 2] 5 B S P AN AS e, DT AS Wy B L 5
W, f AT 3 BRI FEEG . Duan JEOSE NN 2T H0 0] ok SEERIASE A 2% >0 TR 3 1)
PRI E A e g E AR I S R S S T A T Re ) B g s, SERMERE, R
7 — FAS ORI B 1 R oAb S ST BV, SRR SRR SR SN o) i Dy AR
PR A E A A s, IR SE ST RS TR, 3 SR N SRS AE N Y i SR
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W& HSEHATER R RN, RN 5P TR I3 (APRL) HEATIIER, %% 1444
H TR B S e S . Yu LOUSE AR 2 5] SRR AL 2 S AT A
P T HEFIRE Q-leaning MBEMIE IR HIL, FIFREY IMEML (DNN) 2%
FO) N E LR BRI M Q (AR, AT DU BVATEA [F) ¥ P85 R IUE 417 3h
SRR i 4, 1205 ik VARG Q 2 ) A S Ak e f Q (B T H SRR 1 1]
o BRI ). WML IR IEA T RE AR B, (HE TN 2
wa%ﬁwﬁ ¥ A7 B 388 VI 545 21 (R A5 20 3 38 3 S ZE 3R AT BOAIE R, 3R A 1Y
BUBLFRIROR, B HA IS 1 B SERR B AT SR A AR 5K 72 5l B2,
THRREFEREL PS5 EEWMRELH, W2 %EE TR ET
T A H AR AR PR BE AR IE R SR M R . RLAE 1999 3 Kita H R I T 45 A i
(I 2505 6 00 E bR 2208 R ) ZE 5047 A8 FAR S A7 A3, IRk Pl BRI R 47 R
N “HF”, KitaH & 7 WAJEFMAESERZELFE 7T X M “H3)”, K HRG T
ZEA8 A L TG RAS LR T P SR, T T A ) SR Sy AN, RN A
ik R AR R] (TTC), 38 i X A B AT SR MF R BT B2 th IS A o] B F TN
[T 3037 B BRI SE S AT N . 26 [H 2% Talebpour AP BA 22 1Bk 0 1355 th 1) 42 4 e
AT AT TRFSE, T R AR T DOk B B AR SRS R,
AT NN 4. AEHIRH T MO T AR AR A HoE SRR, IR AR T
TR 2R [A] P45 R IR0 e P SR R, RTE SR B T R DU AR A A
AT TR, RS SR LT B A G SR Y L S AR ) B A LA T i RS FE - Peng
StsEE N HE 25 b 53 % A4 S PRDIBR I L A WA R W A R 2 A 2 i 7 8T )
SRR, JETRAL ) SRS AT WL AT T VR T, (BRI RS B AR EIE
2 M ISR BN A SR IR & SRmE 2, @i o 15 2 4 W%%%ﬁﬁ@@
Bz A KL AT R AN 38 FF) B8 B RE B W o Kim CBOMEH T — PR TR & 3hHLIE
FRH IR A B AR F OB, RS A BT ARG E Rl N B R
B ZEHIE B OER M B RIS, BTN S 5 H WA A 1) AR %
WS AR . I T A AR, AT LA BRAE (e ) SRESEURA (MER) g,
WHW%A%&T*% S 3 e KT RO ) A 20y 55 L2 ik 3 52 P S AT 2 4 T A
B, BFERER GNP O S EATE B H, BT EE R G 41 15
AT 45 3R AR A S5 B A5 S, T RN G i S SRl v O R R, SRS SR AR
1R AR 2R 4R 1) e et T LRI IS R, VR EAT 7 2P S 07 R T TR IR
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Pt 200 T T 0000 [ 52 A ) 8% . Elvik RESIEE A OHE 2516 76 55 B 58 38 A% o 1 2
T RE R, WEA R FEX G 8K AR A R R AT T R A9
g5, WA G VT ZR R 2 SRR R e I 4, R P DAARE 19 % S A s A H A7 A )
e, FIARG RIS AN B85S SE . E N S i MRPOME A
G AR R Sl N T IR, R A AR, — R “BIEET, M4
ﬁ%ﬁ@i%@k%ﬂﬁkﬁ I N 25 gk R o i S i RO AT e, Sl i P A )
7 e e wese s, Ao “ERE 7, HHS5 5 WERAEMRE, Ik
N} 25 0 G e R 2 e AR ST, AE 3 I R I T R AR R I IR B N SR B
PETH BRI R L . BRI AT N E SRR SRR AT N, R
TR T RS FOAL ) R 308 2 A, R e R RO G 00 2 Tl KUK AT TN, N
CREPE AN CARBREE” PIFR, SRS EE AL R0 A [RIBCE (Y R R ek R, TR
i R AR BRI 7 [R) OK/NS R R E ﬁﬁﬁﬁﬁ%%@ﬁ%%%%-%ﬁam
P 7 PRI T 3 A SRR ) R B R EAR A, AR A T %A%ﬁ
FLA B I R A kA4S B S R B IR, B K ) 2R Sk IR ERURT B vy 1) 4
AN AR 2 2% RE (RS f R HICBON fT B, AU FE H)hdfﬁ%j:vfﬁiﬁfiﬂﬁﬁbﬂﬂ%EQiiEﬂ
ﬁ$ B 5 20 P (0 2R N R aE iU s, o TR S B I S %R

XN A R HGE AL B )RR 3 AT b, A3 T AR B A 58 G i i 45 T 1) AR
, HEHRZIE LA KRR %*ﬁ@ﬁ% SR IR SERL AN RNV e I X
AL EHRE R R I Z W B 28R, 8 0 o A S5 SR A5 IR A S M 1 2R 1 4l A
B, AR BN A I S SR %%ﬁm£kﬁii%ﬁﬁ$ B J5 4R L
FEAE R NI, i S PO B A e AR A B AT, A9 R RS0 R R R
JG AR B B AT AR E T ST AR, I8 LK T S bR iE L. i R
FHARZEIE /Y 5 RN 5o, i R BRI SehRth Ol . BRI [A] A 4EFS , AN R 8RE B
(1 T P 8 R AT T

g5 LR VIAS, B TR0 A e SR AR R R I R BON R RIEMEE, A
R = B Al B 2 Bk i Thae 7R oK, FE T #8252 o I 4 i e SRR EAR A2 R I VR
WEEEIE, AR R R P an T % i 5 2 5N H, W R S HE 54T
FAAEAR RAMERE, AR Tk FR 7% J7 T AT AR U BOR R, i T 1 2518 (1 46 o 36
MAERSEHATIWARBEZ MW TE, AXNEEMBEBREEGFEEYT
Stackelberg 1HZR 15 A Z2 iR 152 B skt 1% .
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123 HEMRIFRIVIK

HAEDS TR BREM S, MR e A R A g sk, b g 4a 1) 2
MAE AL [B] )k ORI 28 R 2 (8] —AMELE AL B P51, e R RRI 8 N A HiAT
BRI B i i e A S I S MR B A1y B IR AR AR AT Bl R B AR AS
BEG, BB 2 I TA) A B2 1R 7 20190, B ade 1) B 22 (1) 2 SICIN PRy K1) 2 50 A >4 i
RE R T RS AR, BRI S R ERS ERa) 7w AR, 5%
1M AR Bl 4, ARG A A TE LR B T R RIYE R . H AT AR LR
BB NG RART] 73y BT R BT R R E L, BT & idmE
SR A E A B

FET RFEEIE A BAR R AEM T2 H]) (configuration space) A FEA &, I
SR AT S5 T SR IVFEA P AR N IR ES B o BT AL RAE B B A 77 ZE RS
2R NA) XA, B ) AT AT P R A R IR AIE o B LR SR DT TR LR MR i
Fr % 7% (probabilistic roadmap method, PRM) BLL K it 3 48 2 [ A1 4 & 1L48
(rapidly- exploring random tree, RRT). FH T RRT X} PN sl (R 3% A RS A E 2 I 225K,
SEINIE SR N B MR A s S RIX eI 83 )57 a @, # RRT fE AN
BRI HE Iz, 1S 1.5 RRT FEAURIEZE R 50, Pugy RFENLR (RRT)
S LUIRAS 7S 18] p i R E AR R, I LR FERRE, KR R 2 2 X
I, G T SRR B TR R R ORI BT R, R SRR R R, B
RN R AR AN ALY RS, BRI S R RS T H AR R H AR IX
P RN, KR R H bR AU TR — 2% DABEATLAR B8 i i 2H s 2 Bl 2 R
) — 2k B8 4E . BT BEIRAE AT BR A LRI IR 2 BEATLR A, AN TR ZERPIRAS 2 [A] 2EAT Tl
SRR, PEER R R IR, T HILFRE T M3 s 14 R s
LR, # RRT todE T8 6 B 3 Wi s sh AR in) @il . B2 RRT FAARAE—
SEHJERIE, 1. BEAR RRT ik AAMREAM, EARKMA R PR AR
RIGBENLIE; ok, ArdE RRT FEI S BEATLRAE I R rh oK e o 0 7 B 52 1) 3
HBO EXMESR) RRT kRS, V2 E R E TIRZ 7k T dutt. &
LOREI R SRR . mRME . SERT ST IR SGE . 40 Klemm SPUEEH T RRT-
Connect HIETERL IR ML L HbRAL B RN AR PR, PR AEY R i 12
G E AR R B AT AR, RORIIR 7 ORFEE A2 Karaman SPZ4EH anytime
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RRT HEVERIEFE VG & T AT R AR S, el M —A4 RRT, 3R —A1]
TR IAMY, LR FIE SR SR, SRJEH A AT AT A 1 i 7 &85 A N
P, RS SRAA AR AT AT . Replanning Kf 38N HLRIAE 55 20 R 4 145 1 1]
MFATS T8, TEAT 24 H0AT 55 1 R B BRI R — AT 5% . Mashayekhi REPPHEH T
Informed-RRT**} RRT*HIRAELFEIEATIAL, B R —DHEEREE T R E 2R
BIEIRFE, DARHRE S T SR R

i
|
!
!
1

: I
l |
| 'I
I [
1
? i o
1 i
1 ]
1 | 1 1
Q: | P /1
1 II 1 1 /@
1y | ‘l 1|:
1 1 I 1 I 4 I'
L | ’
1 1 I | ’ [}
1 ] V4 I'
\ |‘| (e ’
1 ’
v ! b ,'f
T
f’ 1

— - —
'~

—"
L=

1.5 RRT SiEFRI L

BET PR R B AR I S 0 S AR S AR Il o A 5 RS = 1) B O —
MERE, FHEH SRR A R EIE T R . R L B AR R A
PA MR (Dijkstra) SFEPY, A*GREPY. Dijkstra 509502 B i 52 1 B ES A
BWREL, B TaEr—Auin. BieRE, BRI & T 808K
ZIMIIT AL BERIRMG. T AR — MR KSR L, HERNEARRY S
WA HTRF R AR A — 2, AFE ST SN 7R AT SR H AR R AR
PPl R 8, AESLE MR T R A BT R0 R, R K3 @ 1 SR B 3
o HEMKTHERMRZH, AMCHEEY SHEL L. FRdE S I ASLIEE
PR L R U pth 2 3T a5 22 S BUH AN L LEBD AT p R 8O 2 A 1 P,
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HHT RFEMEIEAME, X PR B BE TR EAESE S M B TR W
Ebendt RPEH T Weighted A*Hy%, 3= B AR 38 K 5 & ok B0 2 38 I8 &R
WAL, HAREERE T RN EEEH T s LS, ETE R —E
FIMN H; Likhachev MP8IZE A TE Weighted A* LRl B3EH T ARA*SE, H 3 EERK
F& — TR Iy 328 B — BRI I K PR 7 PR 45 2 Y — 2% DR % 2 98 Ji5 £ IR 8] 50 Y 1R 155
O W RZIK PR 718 15 B A AR I H — AR BEAR I R A s MR DR BN A R8T o K48 &R 1
i, Stentz APYHREH T D*5HE (Dynamic A*), HEERIM 7 —Fx iR EHE,
LA N AT AT AT 9 AR A T BREG ), B A% R BT AT € R Hr, Y
MG A TREOR B, AR E 7 BRI TR R,  LPAOM 2 DIFh A
RIAEERR I, ZHE AT DU BR A T i sh B o AT R AR G 0L, S ER
AR, B AT DL EEAE R LA RORFURIET S A kA7

T i 2 Al A P R K 3 2 R AR AR R R R AT B RIR A s B B AT AR R
e, B RFEARRE-DRSE, REERL NS ME. A IEE. #nE
fERR &, AR5 AR Z0 ) o) B RS B AR AT 1 E, 158 — Mg s
PR 2R, 2R T H S E MM AIIIRESHARRES, RN EFAA]
MRS B B B RO B AT L. W R 1.6 H WAEE 2R, Dubins i 26
F1 Reeds and Sheep (RS) [IZRISZEHAE B 23 0] FAL B s I R BE AR, PR X
AE TR X BERT HEAS BB 22110 5 28 AT DARI 4=, AT e K o3 [ 9IORT B 4
B, AE R R B 2 IE A AR M B AT S, BT Bl AN E LT s b I 75 25 2R
VARERT R0 TG FA A R AR SEAT 3, X P M il 2R AE SR SE M AL TE B R R iz B 2, e
ZERR . PRI iR 5 LK ERIE SR, RIEE A0 ih 2 5 i 4K R e e
KEFR, Al DERELMEI, MME Dubins HIZH RS M2k, Sl ih 2%
zr, HEarZisH TRy s, 20aUE(E 202 B it Tl s &2 88—
R i 2105, e AT DU I e T AR R R E AT LI 2 I, B 2 i
TR R Q] =B 2 Il g B TR AR e o0, HL R R ek ORI AE 1
SE AR M Z RS JG K15 TR Z WU ZeAE 22 s (A DUZE R il 2o /e FE 2%
2 ) —Ffr, AR R AR T R TS s A o AT AT 3 P U R SR U S AE AT AT A
HA RSN, X TR e E Pl 2 et 20 E 2, LSRRt 7 —
T T 22 B D128 Rl 4 1) 0 T e s e A R D7 0, I UV ERAR RE AT A% BRI T T A%
RN AR I 2 [B] FRP AT 50 27, (H D U T e e E .
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+ - 4+
L7 ro iy
3T 3

(a) Dubins HiZk (b) [a]J5e i 2k (¢) Witz (d) TZEIR Lk
1 1.6 3% AR bt

PRAT-TE SE MR 2 AL B AR AT S, B AR DA T2 2 RS IR ASY), @il 3)
AR — % E SN S HIEE (SLYEED), BEEETARMEES, FREXrd B g T
FR (STHERD . X —idRE AT AAS KIS AR, AT SEBIS S 300 ) S inf B8 . 8 E B2 )T
WHESNEHT 5 Apollo H X EM planner!” ik & 5L TR R B, X—HF %
HARMI R G, ATLOEA T2 5; Shim & &N L TrIER 6 B
Z AR, SRR B bR ek B AR BT E, BRI TTIEEE T AR ET &
YA E) L, ABFE D2 — RO RE, P DURAERCR IR, sEHEZE.

Zi ERR, B REAE T PO R — A =R A R TR R (R ) - T -
INFIE]D, 75 2200 R 30 1 # LRI AT HE T Bt i g — 25 &7 il 22 4 BRI, ERD e

Yy S e R TE B, OISR FH 2 T 48 R URAE I BV ORI, 5 T 24 2 5k
BRIV NG, A& S E M E X P ARSI, BTSN T
W FIE W E S /E T B R AT A, S [ s s et MOR R T %
35 BN 5 B A 138 i LR R R R T DL ZE 2R il Ze i ORI RY, R R T
HEARAL SRR B BEAT — IRARA AT B e 24BN

1.3 FEMFEARRFTAREE

RV EBE R G M A B R R R EE T, HAT Tk A IEEE iR R L2
O AT BB B R SRR RETE, 0 R T2 B HE Th RE AR e 7 IR HL R REVESR TT Y
AN ER I, AR SC T BRI T A A B 2 B AR ) S E R Rk, B AR
B2 B se LR R A STIERE EHOE. ARG T 1.7 B3 H RS
MR, FEBRA AL

(1) B R FMIE FILE AT TR TC, 502 T b ) 25 T XA @ I
[ 60 25 ) 5 75 T8 M AT ZE AT B AS2 5 R AR  A AR i 1) 2 25U B J I x o
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(i ESERINSREE S} mM@ﬁﬁﬁn B R N A ST IR R R ARG )
R EL RO, BHRIEL IR RSB B . BATRY BOFI R B B, TAS Sk
T IR P SRR B0 IR B AL T PR SR BORIAT I B (R 28 B R B Ja o0 i 1 s o 46 i
TN EZRZO ST, A EZER . ERIAE RS

(2) ®it 7T —ME TR EREEMRA (GA) MIREEFEMY (DBN) L= 4E%

g, e N B S VE T NGSIM Sl 823047 25, AR5 MR 8 6 1 2 4 4

TES AR E R RO A A, PR B 0 R B RAER 5 3s fff i el = B AR I

INf 200 FF SR OIS Z R R AR R, el 4R R0, 5 A Rl 00 %) G e B 0 e 2 2 A
NFRFES N BIR BT BAS W2 thgt AT YISk, JFR G R R B B M 2% 1) i 2
BNt s. ZhiE . Batchsize M1%E )34, HALEN AR LIGIE 1 I8 & KRR
(113 KR

(3) #4375 T Stackelberg HZEMHLIE R SRAAL, LB 1 J&y i A 324270
HFrEEEE, QEFEmAERERRE, BaaMiE EEM B ARG 9354 0% £
s PRl 2 I (1] 22 2 3 DK T 22 4 I ] BRELR FI 2 5 % 08 5 B AR 18 J5 R 2%, 25
RN B A B AR R S R A, AR . e e AT &
PEWCRE = Fh 2 Ak, o f al I 308 ) VA 09250 3 TR 2R ABE B E AT HE T A5 B 32 2 1 R o
%o

(4) NFIE ERI ARG AR IZ ) 2R R USRI B M, S 1 —Fb
Gy IERAC BRI FVERESE . R DLZE R A i B, Wit 2 B AR,
AT PR B AR SRS B — /N T DLZE R 2T s T EMRIES . 78 BB RIE
TR R R AR SRS B AR n) DL ZE R il 28 A0 B4 12 B A AL R R T S
AT =4 A, MWW R R EE . R A SR VERE I H bR R 2L,
R F BE LA SRR N DUZE RN 06 2 B0 AT — IR 15 B 25 & Ve Re S DL AT I
BZEs G S 3T ORFE I FIR 2 WA SR AT 6 LR, B ) B4 B
R PERe AR .

(5) NIUEA LTS BRRIPERE, B ok T A TN 428 ] 592008 R 15 21 1
BT RS, 5% Simulink BOEUAN Carsim A7 HEAT 605 20 AN A1 37 5 b A e 5
RN EE I VERe e AT WA, B0 R A ST P4t P 4 B 25 B8 3 ) 46 e SR 10K B0 )
TP FN 2 A s PR SCHEIE B N S AT MESE AR 28, JRE5-B AE R 32 3l el e SR )
SR AR I AR P R I 1] RS AR SR I 75 BF AL ) N AT R B

15



ABSTE TR SR A AR S

MRESR MREX

o
% 23| | S
. % [ FROR mE RE AW ) — ) 2% it
J
! ! !
((FENE AR me %E ) )
";’_ﬁ 3 '”[ oK ERRIE. RHHRIE ] - %‘%‘EE%&EH%
# (7 ((SEus: R%. NG OBE ) FOERIRIS
L BmEK BRR. BH. XS ] )
! ! ! N
. [ NesIMERSE ——{ AvEAEER |
i e - .
= - = ETHIEERNE
[ REBEM% o BEEE y
! ! !
\
z | mEemsAsER |
! v £ T Stackelbergts
m [ mrEmss | BRKEER | ——— > i
= . o
| poEmzmE o gEAwE | y
| | I N
- | mEr#z | BEHSRL
v HF 144y S48 154>
& FREDY o wowEEE | ———~ ) g;%fw_m
=
[ moxmn | RTRResEE | )
' ' '
|
o — Y R e
= ol [ S| 22
' 4
ARG EER /

K 1.7 W S

16



B N e e S A7

F28 HReEET ANEREL

B R 2 A I R B e fe 72 VAN AR AT B S B R R I BRI R — AN
VP ARRR,  H AT B B R G B4 D Re 1R AR Ge i B T AR B R A AL i
T8 5 5 2R T 06 8 0 e A Dy AR AR ) TR PR B A I 3 3 AR el o I S AT e
KPR R H o RIS 0 55 K R TE B N BB . AT O A
i T AR P B B DA S B AT N R s2 e LU TR, D T SRR SRR 1 I A
PEHLER L BLAT

2.1 A EHIERIYIE

H R G AR AT IR P AR S e L N E LR S IR, T 2 b DR e TE AT A )
FRAETT DLRE SO 25 I 58 i AR B S5 2% O AR 2R A R (R T A 2R S AT
Jo, ARYEE 5 E A AR A BTy, MOREAT A S A 5
RSS2 AT 435 ASCE N A SRR BT T, B B 30T = A AL A g an
JUAD4,
(1 Zo AR, S NG AE KSR, EHERILT,
AR TRY (725 B 7 2 Ok PR N R 2, T O S 2R ) 2 B 3 ) o A D s 7 PR gt
B

(2)  HIE IS [ AN (A AR, AP T R AR o S 6 AS (7] AR IR TR IS o5 48 A [ £
AL E, Pt DARE S B 5O0] ] B PR B AT VP A, R OR 2 6 £ 5 e
A R TR B TR FD 25 (RN B4 R0k N B AR 208, HLARS 54T A 2250 2 AR Ak
L

(3) AT RUFMATIORAS, 76 R % B RAT B 25 R01% 2 & R 4T 3)
JIVE, A REORIE AL 4508 i R rb 45 82 1 ko 505 T8 A B H bR 7R3 s[RI
T 7 12 L 26 T R 450 SR B VO, RS T L S T R A AR B H
PRI 1) 25 B A

S PR SR U 15 R ZR S e T 1) = AN WLBR e, % 72 XU L A S I A A [ )
T 2 0 G TR 2 F T e ] A9 B ()R A R) FE A AR UE T 25 5 5% 3 i A
Tz bk, S R B R R AR R R AT BOIR TS R 2 ORUE R T s
T G AE A A TP R AR R AR AN AT S A L
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2.2 FifiiEAR

25 Wk 53 HAE AT O R ARGE 5 R N AEALER 2y D B el TE A s ) e, B ol
WAV FEVESE, 2T AR R I HUE, BRI ENNE, HATETL
TR0 AL B (0 B A T AT AR B8 IR B WU AT B4 . om i3
BHH H#IE memﬁkﬁlﬁ&mmﬁ BAT N, WRAEEEBRGHEHRI T,
BRI 5008 fRAIE 2 AT BUANSAS KU BE B4, U 1450008 47 9 72 H B D0 1R 5E Y AS
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T%E?ﬁ%wimhﬁ?,ﬁﬁéﬁﬁ SR v 2 EONT B e AT B IR (1 B HR A

o WIFE 2.1 H#IE SR, F4E TV AN EEEA R FATH, EREAR
TRIEATHE, KT A R BRI 0L 4 An ERITATHE, BRI 4 TV A PRk
R DA AT B RCR B R T ER 9t AT BT A SRS, R] DAl i i B 4R TE
BRZETE =R e d . AR REEAT, LA TV F 20 48— M 4R0E = R 47 Bk e ik
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T ORI, Lo (O A SR v AT BRI B 08— MR 35 R Bl
8= B2 £ TV G RN, EEHR B B 032 ik % 22 4 o iy o 1 1
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AR FI R, {5 McNaughton %5 YA MR S BUR LIS S IR, FONTERI A
OB BTN A B RS AR G s D9 BT LRI Sk i e e 1 EL eI A2 BE 2 1 3E Bl
ZIR, ASCHR Ry RIS, EIRJE M L LR 2 ROV B AR R,
Ho PR P NI L AR LR IR R, ORAIE SR R e A
AT et ax . MM e sl 2 o IR E, W LIRS E TR SRR EFadtE.
ROVERI 22 A P AEFR AR ) H AR R, KL TREDLAL (PSOD SRVZAI0 AL 2% 1k 22 3 NI4T 3
IFIA], 452 — 2% 2 FAN 2 B AR LR BT BRI .

5.1 ETFIIE /RN EERERZ MK
5.1.1 DNE/RhLk

VLS M 4% (Bézier curve) M FH T — 4k BRI B AR Y OB M s X
G Sk CIRRA D P A B A, R B R R 2
A4, R T ULSE R T ) e T UL S o 2 s R
SReScHUEERE . T DU R 4 TR

B, (1) = CI° (1) + CJb3 (1) + -+ by (1) = S cibi (1) (5.1)

bl (t) =[?j-t‘-(1—t)”“ (5.2)

Kbl Jap j BE AR 4 T AN G AER, 0 N AL

M-SR ST DAAR L LB R B AR TR X TR (IR, TR g
AT AR T, BB B R PR

(1)« BN AN ATTIE, BIRUE —MEdlE g R, REdhaie
£, (B IR AR T T B R Y 2 AT

()« BZREEANT 200 SR M7 SR AR, B 2R 0 5 0 R v
DAL TRAE 2 T A

(3)- L HAZE t X [EN[0,1].
5.1.2 BFEHIEFR
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MR DUFE IR i Z AR AT R, 40 58 12 ) VE B QO AN, w] DUORIE 2 5% il 2R AR Ar
Tt B A, MBI AR SR, 8T 7RMERCR . Wl 5.1
WU, B RO TR L, BREEAOVFE D FIL, UMNBL
By D12 R M 2 AL e i 2, Hedl S sl N 2 s AL T a2k b, BT L
IR RIS (] (U HETE [0, 1D, A% B0 AR EAT A —1k, 0 Sz Bt 18 o 2 R 80

&Zomb(ﬂemﬂ

f,(t)= (5.3)
ey ”zb( )te[Ol]

i, s s, Sk BUULFE IR il 2368 ML) S B 18] o

AT X /,m%ﬁﬁﬁ%ﬁ

Kl 5.1 JERRERLZE R K
P T LS A B 2 0 %2 A A 2 — e Y A0 T, 045 1 ) AL 8
L, X B USRI ) RLAEAT T B PR . 90 2 o L
R 3 A A 42 o L 98 0 2 D R, 57 LA 0 26 = 0 S0
MRS, PRI T/ 24
[aezenty] d'(s. X b'()

J = 1 dT+j 2 dr
0 dt4 0 dt4

(5. 4)

s [d S e b(r))J e s {d e, b(f))J

dz*

A ERE 7 €[0,1], ¥ A% 5 1{0,1,2,3,4,5,6,7}, ue{X, yHCFRH H A1)
AL, je{l, 2T PIB DZE /R4 .
W IS [ S HON:
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i

Y (n=1)!
A al =c, NRREBHIZ R SN, IR GE SN2 b S R 2008

ares™ =d,i, apesi =d] (5.6)

Ll

«(a, " —a;"),1>1 (5.5)

AP 1 e{0,L AURALE . AR ELIR, dyis dyg 70 RAKRS —Both 261
ol ep G S e i L2 o S O
I T2 A p P B e B i, W BB RSV EZ R

Il 11

a,es " =a,,es; ', ay =C,y,a0 =C,, (5.7)

M b F AT i o PR AE 55— BUih R R 9 i 5 58— Be i 2R 461 IR A hn
o JEE RT3 FEE AR SR PRAESE SEPE 205K
NORUEAT 2 2AT, WS REEYIR AR, 5 EAIN A LK.
B <c, <pB.,i=12,...n (5.8)

SRR T B P B B IUETEE, B, B T RN 2 4
Yok

S BR 2R AT B R R R BB S A, WO TR AT b B R L
A

Vv, <ns(c,; —C.) <V, (5.9
a, <ns(n-1)+(c,; —2c,; +c;’)/s; <a, (5.10)

XV, v a, a, G NS5 ) E e .

HI T HARBREOR — A TR, HARFAA R, BBl bk DUZE R ih 10
[ R — AN ORI R, SR AR e o L I T R ) SR S 4 E DD AT
SN () A AR S 2, — R BB SR AT T SR AL R, Oy A SR AR RO B 4 R R AR
N TR PR TR S0 0 SR AT AL, [ I B R R R IO\ TR AL Y 3 1 AT AT
FRa e MR B A

5.2 EEHFETRFIBH T
521 {5 FiEEE
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WP R 2 ik E N Martin!' 4@ RO ARBUIE S, 2 53] 1 IR
R R 12 18 5N B A E. UTEEOR T HH E BAE TR AMLANTE N F iz sh Ak
RN Z B RE . R EA AR B AR R G QRS NI E & A,
A RO T A T I ER . Congl! YA Y 2240 22 4 (-1 4H iy @ STz Bl 2 AN AR E
PELY AR RN A T BRI SE AN ;. Wang!! VAR F 224080 71 22 A58 FR 4ol 73
SPHRFIE R A AR R M B ) A, ORI T TSI Guo Sk
TR E BAR TR BAT R ARG E PEFE R 0 SR T R 2 4

XFF— AR R 4t

x=F(x,u),xeR",ueR"
f(x)= 5. 11
W){ y=9(x),yeR" 511
AR ReER 2 an T 2
z=h(x,u,u,..,u?”),zeR" (5.12)
15 2GRS E L M AN B s 4 & z M z A RMr $85E R
x=x(z,2,...,2")
{u:u(z,z,...,z(”) (6.13)

ARG T ARSE, Hbz N FHRSGR T E . BT 50K
AL B A N (8] R — R R OR AR, BT B T 45 (138 SRS AR AT BA H - 45 4
H e —PE o PR AT — N 4RIRAS S T B B 7P AR R, BRK TR A T 4 B
AR 5. 2 MRS E] 5 - 4H 2 ] (R R R 5K R TR

IRZS 2 g]

x(0),u(0) | g™~ ':'“'
{ .
! i
| F(0) = h(x(0).u(0)) |
| F (L) = h(x(T).u(T))]
1875 18)

B 5.2 R385 HH 45 8] F G ¢ &
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522 FEWEBIEFE

N T AER IR 0 AR 58 B 12 3 7 20 O 45 21 1 DLZE R dh de gk AT 3 — B Ak,
darniEl 5.3 Az ah A, HAErRONE e, Ere v Eke. PSR
NZZ AR AR, WA E N g=[xY.8, 0], FHH (X, y) AL E AR
Frs CORNZEWRATA, O NRTReH M, VOynr)aseiheb. WM AR e B L0y

{)‘(f sin(p+98) -y, cos(p+6)=0

- : (5.14)
Xsingp—ycose =0

v

5.3 FARiZ )R
bR S AR R I S, Fe (o) TR AR, A2 AR LA

I
{xf :x+lc?5¢ 5. 15)
y; =y+lsing
HR 4 i) o, 2 2 A1 1 T L ART 56 R 1] DATS B 25 4%
1 |
R = s (5. 16)

LIRS M BAR ISR, B v AR A3 o VR N\ R I8 B 22
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il
X cosp O v
y|=|sing 0 [ } (5.17)
] 0]
1) 0 1
LRI 170 ) DL 7R i i RIB HON -
P,(t)=P’ +Pt+P/t’+..+ P/’ (5. 18)
1 0 0 0 0 0 O0]fc]
-6 6 0 0 0 0 0f|c:
15 30 15 O 0 0 o0ffc
P=/-20 60 60 20 O O O}c, (5.19)
15 -60 90 -60 15 0 Of|c
-6 30 60 60 -30 6 Of|c
1 6 15 20 15 -6 1]|c,

Kb pe{xy}, c...c, y-LHr WIERIZRA-EA Rl M40 X, y ARARER &R T
IS 1] t -l 22 T

X =0, +ot +ot? +ot® +ant’ +at® +at® + ast’ (5. 20)
y =B+ B+ Bt + Bt + Bit* + Bt® + Bit® + Bt '
KA . SHREHAEY R DZE/RMZ& T Sc. ¢, fiE.
H iz g2 R T 45
X =VeSin
{ v (5.21)
Y = VeCOS @

V=X + Y (5.22)

X = VeSiN @ + VeCOS o
{.. v .¢? (5.23)
Y =VeCOS @ —VSIN @

B A (5. 21) 1 (5. 23) AT 13 BRI -
b= VeSiN @(V+COS @ — VeSiN o)) —V+COS e(VeSiN 0 +VeCOS o)  Xe§ —YyeX Vv

=—tano
V2 & I

(5. 24)
NI SR 2 B S i W
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0= arctan(w) (5. 25)

53 EFRFEMN XML EE
531 NFHMULEZE

KPR B i 58 K T SR E 5 B AL =AM R R B B A ) 08 X — AT
N, B EDO R JamesKennedy NS LFEIT RussellEberhart T 1995 -4 H
N1, RN HAE Bhr B A R, RBIE TR, WA, btz
AL, & g @ S8t TEP%I_JQ% SR ALY REANEE A SR AR

AP 53 0 BB R R T SR N T 3R 5.1 o, B RS0 B (A 1
R — MR T R AERM P AT FHREW SR TS R E R
LR, 5 ) AT B2 AT AAR AL 1 7E — BN 1) A 16 52 de O Aor BRI R B s de e
FEFAE, LR R — AR R B R — i, SH —
REJE—MIEF RN BV E RSN, XAALE 20 0] )2 R g
B LAE CAT SRR R 2 AWk A, S AR, 20 R W SR 1 A R B AR
fiE BN BTk H g

5.1 SRR A R RS

5B L B TR
5 BT
ek Rz
iR FRES GERIE)
R S FHERCE IR M CRET (LD
R SRR

e D e, A N AR A — AR, AR A7 BRI R (1 4
HRDYE, FTHINEH X, X, Xy REIR, KL BEEEZR v, v, vy KEIR, 4R
F L E R H X € [Xoins Xoae 1,1 =12, ....N 5 BLFHIE Z R v, €[V, Vo 1 =1, 2,....N
BEASKL T I UE O B AR PR AR 45 2 1) B R IR Z (AT REHLAE B, SR 7 SR F I AL
BRI NX =Xy Xz, Xp) » SREEILNV, = (Vir, Vi, Vo) s SR G HR I3 B2 B bR it
SR —IRLT MR 10 3 5 R M ) A — AN IR SR B s DA 4 Ry B DL AT 8T

55 AR AR B B S S B AR I A B RO T st s A B Al 9
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Poess = (Presys Presios** Presyn)s J =12+, N (5.26)
AERRLT I B AL B R A R T S AR A B AR
Obest = (Gowstrs Prestzs s Greso) (5.27)
AT DRSS A~ AOR BEHTER j M9 T 5 i A BRI B AR
Vi (t+1) = @V (€) + G (Prei (1) = X (1) + G (G @) — X5 (1) (5.28)

X; (t+1) = x; (t) +v; (t+1) (5.29)

Hof, ¢ RoR BATE RIS AREL o R T E AT, AR M s
K22 H ORGSR R E AR, o MR FRHAR 2 BT, TR T Bk
BRI R 2 KN, o R BPERCE, RN, RBUR T 487K E— %1 H
SIEZRIBET T wAn AP ST I REN LS, #OIRA 0 2 1 B9 20004, =ik
RBOE B — € B B RE Ee UL BRI, A5 1R, T 2L E N AR In) ) 5
(.

x;(1+1)

x5 (1)
SARCT RS R R
an P 5. AR RERE R E AT, R TR SRR A U2 A B SRR &
Pisgedl, CABCREASPhEEEA K H A Oy ), AR BB A
532 RIEWEE

E DUSE R i A e A 1) RS 2 o s B AR (AR, (R 2R AR — A i AR
kARG, BOAZKE RS s A AR N HOIRES 2R B REAE N, PREMRIPE B A
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IR AT AT, A5 0 2 B R B 3G I e PR B e B . HL 3 T DU /R i 42 1 s
FI K] 1) 0 L 3 A 2 e R 358 93 12 ) 2 S A 2 SRR P PR 29, RN B bR ek 20U T
PP IRYE R T4 . WMON TR — %2247 Wk, &7PEME. ATHUTHESESRE
PERE S AL I DL ZE AR 2R, A SCR oy ~F 38 4 e 13 2 B IR &R0 B Fr ek 2, A
FARLF B0 SR SR A R o ) R 58 O A7 BN 8] s s, AR & A2 v, IAE AL, B
KRB RO R R AT B P, BAARRARWE 5.5 IR
B BRI T, , B RTAS R REE R TR
X = (X, Xy Xy (5.30)

PR TS =S5
Xi=(s,8,%),i1=12,..,n, (5.31)

5 SR T A T KL T AE A IS AR I N I 2 R ARAE . BFARE 7 4E BT IR
AN AR AR -

O = (gbla Oba2s gb3)T
Vi = (VilaVizaVis)T i=12..,n
Pib = (Pil; PiZ! Pis)T

(5.32)

p

RSN R PRl AR H SR e, S B S RE P R4 RARAE g, 2 17
RIS B R BB B S A L v, AL LR

Vit = v + e (R = X)) + ¢ (gh — X) (5.33)
X = XE (5.34)
Ai=12..n,j=123, kNLHTERRE, o ABHERERT, c,.c, NE

SRERFHREAER T, 6 62l A R/NE[0, 12 8] H BEALIE 4
MIRERZE . B2 AT k. SFaE k. AT AT PSR & Tt R R T
TN PR AT F o BEAARIE B  — ZRE N, A B RIS 2 o R R R A v,
WO T BT I B 2l PPAN A -
Fo =W, (V; — Ve )’ (5.35)
A, v AR NZE R A AR I 0E, Ve R E W G
FRRAT R AAT, T DUZE R 28 5 B ns 4 [A] 1) 2 0 BT EE 25PN
F. = wdist(obs, Bezier) (5.36)

63



B N e e S A7

2 obs AR A 1 i V1) 4 = AR AR o

xR
|
WFBSBMHEL(5,5,,V,)
]
TR AR R iR
BO=3dH0 ! (k+1)

2T NERMLZEHORAER — RIS E _ KIER
Ft :Ftl +Ft2 +---+Ft6

]
FREMERBFAMERN g,. P,

, ]
G | PRI B SEEEH VX,

Y

ILE| R ARIE
RRE /W

%R (Bik s,,5,,,)
K 5.5 kAL fe

AP ARG IV S ELAR B PN FE b A AR A S AR K

2 0 .
Fo= D [ (@007 + 0,287 et
j=1

= ij: (a)z.(arctan(l (% -ij: Yi -Xj)))z +ye07)dt (5.37)

|

= Fo(@, 00, %, %, %00 Y3, Y50 Y5000), 1 {0 2}

W TR 5 R SEA R KR 20, X SR E B E AR E AR 5
VI, — AR AL L — € ARSI, RS DL AR 7 B
s SR TR AR 2, AT e 2 AT LR R BRI AN ST B B S A R
E, K E o =0.am  BEATRRAEIMO, Sy P 7R SOE 2
sigmoid BRI ZMM 15 11 v PR PR HE b -

1 1

ES — —
“ [pmm 3 ]J (5.38)

1 + a)4 .e*((UA ‘(Pmin *ﬂ))
(X’j2+y'jz)E

=Fa(@i, X5, X5, X500 Y3 ¥ Vi), €41, 23)
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TRAT B E EA S BB B BPIRES A R, b @R BB T B i PR 55 2%
fr, HTET RS Z DO, B H SRR G 3712 AR,
WA BT AT AR E PR B VR R AR, AR SR R, T AR
A3 PN S o 0l A BEAT PR A«

A . 085z,
||¢|| S (Dmax = Tﬂg
V2 (5.39)
1= oo =10 =1 ooy
K g, RECTAIOREFI NG BB X T TARIOBR T, — B g, B 1003,
[FIFEFF sigmoid B AR Co ] s 7 IR 12 £ 39 B SEAR A -
1 1
Fo = -
Y Lo ) {en 200 o000
1+aye{[ ) XJD (5.40)
=Fa(es, X5, %, X000 V3, V3 Vi) J €41 23)
. = L _ 1
t5 = 1+a)6‘e—(%-(ﬁ—ﬂmax)) - (ol i) r
1_+_a)6.e [ [Xi [ 1600} 180‘]} (5.41)

=Fs(@s, X, %, X, Y5, V5, Vin ), J €1 2})
TESLPR I S5 A TE B8 EAT IR, FEORIER RBIRE R a7 G T4 ~, e iE i s
I [A] B BRGT,  IX AR RERSAE 2R T AR M SRR, Wi B R A R 45 A5 -
Fo = @8, + @y, (5.42)
[V VAR RIE PEINATSE SR

F=FRo+F +F,+..+F

Do v o (5.43)
:Ft(a)lasl’SZivdeSaObS)Xj1Xjan ----- yj1yj1yj1---)

XFiefl2,... 8 NINERMAERRFE, XG.3B)EMU2)F, @, w,...aN
FEARBCE 25, R A 5] 1) 25 3 XS HEAT 1R H

5.4 MUK E S

el R H BB R R SIS M AT T N B R ROR T RS 2k i
b 3] DUE AR SRS 2 i BN AN et , AR AE 25 8 ) i S s S E A S T, 4
i RER HH — 2R 2 PR RE SR I FOAT BRI AL B 1 S5 R ALTE B T SR B AR LRI R 1 5%
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Mo R 5.6 HuEBER R, E4 TV Llv,=36km/h (4 A TATHE, S5 R0 7 B
5 FV1MIEE L, =25m BRILAT T 240 0L 18 km/h (7R M T AT 38, LA 20 42 4l
PO B SR, BARGE S 4 RV2 2 v, =54km/h, MHERL,=35m, BFRZERT 4
FV2 Z# A vy, =54km/h, AHER |,=40m. A3 25K FH 00 70 22 b XU AT AR LR,
AR 55 2 71 R 022 A o B S DX ek RV PR AT B ) [ AR Sfe AR AT IE PR (B ik i 1, [
b2 4 JBR ) 5 P A — MR LU R TE G AR TR P K — 28, — R A 1.25D (D A%iE
BROTESE, WA 7E ) B B R -

B =0, 3, =1.25D
B =0.75D, B, = 2D

(5.44)

K B, B, Bz, P 73 ANF IR 22 478 S 1) 77 1) B DY AN 5t

R\/
n

- ) % | L N

K 5.6 il s i ]
BT RIEA R S HohRe, Pl el S R LUR/NGERE, B R IA
ZETRAT BT OB MR SR I e A PR RS S, A T £ 25 e KUk U AN D, R
i R ANEIE R 7y G B 15m. 10m A0 5m, JUJ7E 58— B 22 4 7 R AT B R e K (] 9 -

. —d
Sy = — (5.45)

v val

|
%
5
S |
=
I

APV, NEETVHEERE, v NEFRTE FVI BEE.
S BUMER — Breae 4B AR (AT MEd KA I TR -

|3 _d
Vtv —Vi2

Smax = s1matx + SZmax = maX( 182*) (546)

YEEEFNT BB RN, s IPESBFMENT 0, R s, B4
THAIE Spay o
Hi (5. 45) F1 (5. 46) AT 1) 22 4 7 AR 50 -
{ B =1, B = Vi *Sie
Beo =0 =L + Voo oMiN(Sira, S )y Bz = Vi *Srra
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T Ba, B, B, o 73 NF IR AR AN J5 [ BRI DY T, s) AEHFE IR
R Gt R EER, BT AR s B RS EATAT G N, v, A EFRAETE
EEE S

WK 7#n, =5, RTHHIIBNWSEN:

s, =1.4+rand+0.6

s, =1.4+rand<0.6,rand € (0,1),i {1, 2,...,5} (5.48)
vV, =36+rand.7.2

A sy Sy AMIIERIRES 1 ASKLF0 R 5 — BN 5 B DL /R il 250t . Fr) e 1]
Vo AER i AR . AR B 3

£ matlab2020a HHEATPUEMRI B, FHE @A T BRI NS Simulink 4
TUFIZE40 8 124 B AF Carsim BEATHOZEERER 05 B B ARG RR AT LS/ &, A 6t
TR EVE AT U7 5 LRI A 20 i I02s A0 BRER 15 20 0 05 FL AL M R A7 % L 3G
UE, RIS 30 T 5 SR B R X R 22 TR B A AT . 4RI 1 B A G S
TR 5.2 i HEHSHIUR:

RS2 REMBH

5 ZH KN

m R & 1217 (kg)

I, e 1020 Ckg m)
L J5 0 B i el 2 1. 165 (m)

L J5 L B J il EE 1. 265 (m)
oF I % 1] DI B 40000 (V/rad)
C. e R e W FE 40000 (V/rad)
D TR A R 3.6 (m)

BT P40 5y JE BT R 5 B4 SR 5.7 BEF4o“FE 1) 4 )2 PR 5 B i
FEpTR, B 5.7(a) PSO LT HERA M Al A0 1) i 46 7 260 320 ok 8 o 2 A PR e
th &%, Kl 5.7 (b) ATAN PSO ki sius AR TR, Ml E Ll 7 ERE
FEUS, HIEEEIEA Al DURIEAE 10 ISR LIS, IO E A3 T D1 %
IR AN T B R A, Bl e R S X, BRI T B
DLSE /RS RO AL B SR AR H R BB SE ISP, SO 7 PSO ARSI . Y
LT 22 L P A LSS 15 B 255 VE RE S U S ] 5.7 (o) o, B il fith 42
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N BULZE /R £k, 2L 2 0u s B DLZE R 2, B o (b 2R AR 4 J B A
SRR ST ORI B MRAII, P ER DL ZE R il A4 i A AR FR (27, 57, 3,85 m) , Hk
TEPLE ML AR (52.19 m, 5.4 m), BEBCHIZONS B AT B (8] 73500 t1=2. 45 s
1 t2=1.76 s.

6 T T T T T T 1

55

. . . . . | I 1 . . . . . . L .
0 10 20 30 40 50 60 70 2 4 6 8 10 12 14 16 18 20

x(m) AR
(a) LA Hh £k 7% (b) PSO By S i 2k
8
7 L
—_——f

sl —E
5 /
4

E /

> 3l
| /
1+
0 L
_1 L I ! ! : ! ! !
10 0 10 20 30 40 50 60 70 80

x(m)

(c) R AL #i T 8k s 2
K 5.7 S THE 20 J2 s ) 47 FOS AR
5.8 8 5 IR IIACKEEENE T B R, B SRAER ] S A (a] 45 15 1 kAT
BIERBE, SRJGAETHE WA 2% A I8 SR 7 RS 28— SRk ] LRk 2 Tk
RiE, JCPA TR 2 AL =42 8] rhm ORI () = 4E2 (8] FUZERAT s
AL ERELERL, CHBGE RN A AR R AR (b) —4E% (AR A LR,
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NI TR IR S RE, SRR 5 IRZ T BRI =4. 21 s, b4
N v=54 km/h, Z1bAEFR N (52.19 m, 5.4 m).

AN B 28 25 08 LE iy AR R B0 O R e

40

20

1 20

Y(m) K(m)

(a) = 42 [H) B2 R A

Y(m)

‘ . ‘ . ‘ .
10 20 30 40 50 60 70
X(m)

(b) 473 (B R FE R

K 5.8 TR Z AL AR

FUR B2k
=== 2O | 1
,i
/
/4
/
Y
/
/
P —
4 B
/ >
P
/
Py
/
K7
/
K/
/
P
/
K/
4
10 20 30 40 50 60 70
x(m)

(a) DIZE/RHRZE

4

351

3k

25r

2}

15

1k

0.5

0

kI e
it A
/“'
,
/.
/
4
/
4
Y
4
4
/
4
4
/
4
4
4
/
4
4
//
;
. . ‘ ‘ ‘ .
10 20 30 40 50 60 70

x(m)

(b) FLikZ i

K 5.9 HUEBLER R FK
DAk B A R R R R A5 3 Y S TE B AT B RE AR SR 3 TR A T
R ) I3 R B SRR ) T o T L AT BR R, A X B A a2 R B R ZE A R

nlel 5.9 HaEPIL R ET K KPR,

B (a) NN B 2R i ZR B PRIEE I, AT 5 IRERR ZRDN, e KERER IR IR 1
ZHIE W mAT AR R Z1 0. 061m, MiAR AN NEERN TS IRZE, B (b

DR TR 2 3 h 2 R i P
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b DUSE R R R, ERaaS iR, BRI S, PR SOEPE 0PI AR s, 12l

— &k =g
JZ RS SE BREF o
2 T T g T T
Bezierti 27N —— Beziediz!)
15+ N == TR AL | T ’ = ~ === R REHIIFR ||

EEL
2 |
1k
15+ 0
2 L . . . ) 1 . L L L L
0 10 20 30 40 50 60 0 10 20 30 40 50 G0
x(m) x(m)
(a) HI¥eHe A (b) AR A HE
05 ' ' ‘ ' ‘ 04 . :
0.4+ + Be‘zierﬂ)“aﬂ ] BezierT %l
/N, === R RF IR 03 ——— FRE TR |

B(deg)
a (mz/s)

-01F

02}
02}

03
04} 1 031
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