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Stratified Sampling Based Multi-dynamic Window Trajectory Planner for

Autonomous Driving on Highway

ZHANG Lin' XUE Jian-Ru' MA Chao' LI Geng-Xin' LI Yong-Qiang'

Abstract Autonomous driving trajectory planning on highways faces challenges of strong real-time performance
and safety. This paper proposes a stratified sampling based multi-dynamic window trajectory planner (SMWTP) for
unmanned vehicles on highway. Firstly, the search space of feasible trajectories is constructed with multi-dynamic
windows. Then, the Bayesian network is used to derive the probability distribution model of trajectories. Secondly,
the stratified sampling strategy where speed is sampled before path makes generated candidate trajectories meet the
constraints in dynamic scenes. Finally, the uncertainty of traffic participant vehicles’ speed estimation is embedded
into responsibility sensitive safety (RSS) model to select the optimal trajectory. A large number of simulation exper-
iments and real traffic scenario tests have verified the effectiveness of the algorithm. The comparative experimental
results show that the performance of the proposed algorithm is significantly better than the optimal trajectory plan-
ning algorithm based on artificial potential fields and multi-dynamic window simulated annealing-optimized traject-
ory planning algorithm.
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0 < 8" <omax
Amin S SH S Amax (16)

X, S AT 2L, amin M amec HER KR
LR K INESE . Crora (-) AT R EL, 540
X (A7) frow. SN, Seer ARALHT T 2R, w,
wa, ws T LE S INIEE L LA R IR T ) A 1
FH AU e B AL i 2 IS A AR R i 2 ) [R]
I 50 T ot R P M AT AT A, BT AR 2
P A ST G

T
Chotal (S) = w1 / (S - Srcf)2dt +
0

T 2 T 2
wg/ (5" dt+w3/ (8"t (17)
0 0

2) BRAT LA K

FE I SR, RS 80 h 2 i ik 3t 4T %
A R RT3 A2 R AR T I RS 5 R A SCIE =
DUZE K i 2R BEAT BR AT R, £ B BRAA DR P
a) =B DUZE /R M RO A A] it 4k, HABE I
HITE NZEAT BRI AR (0 i 2R LIR30 A2 R A T R L
#; b) =B W& R 212 ARG, 5 5 i A2 5L IS
PEZER. DLZE IR 28 ¥ A2 )l T 225 S0k [33)].

52 4 5 MR B A AT I S SR IR T 45 21
RPN 95 1k A BOLARAT TR AT, Bk AR
fth 24 b i 2 AR KB Ao VB 2 201 T 52

2
muy,

—_— 18
Rmin ( )

= mv?n X Kmax < kg X mg

keg
Rmax > T
m

Hor, v, AT LRI EEATBUE R, ke NEREE R
B, Ruin NEEN vy, I BN AR RIE L
S PTG BN 1A LR K PR g

gi b, T T oy R PR O VR R
B 1 FR.

BHiE 1. y BRI S B

BN, TATELUTHLE (sego, dego), BIE vego; T HLFF
MR A P(W;), AR I8 RN R 5 B 3 A p(vg | W3), IR
MER A P(alvg), BFR SRR DA P(dg | W;); INIE
JEE B A Y ] [@min, Gmax], B EEIE R AL ks.

ik FiETES.

LB LW FUEFMEER AR P(W;) TS 2 B brdE O,

IR 2. W AR AT p(vg | W) TEETFH] vy

BB 3. KM EMER AT P(a|vg) SFETFE] a;

IR 4. 0 H bR RUBAAFREER A P(dy | W) HIREAR 2 dy;

HB 5. R (14) A= (15) THEF B AR S PAER sg;

HIE 6. SR VIR (16), 15 307 &7 & % A
Hh 25

BB 1. ZH IR [32] 8 =W DLZE R il 28 AE AL
H 25

S 8. ARAE I (19) HIlbr ik 42 i 282 T3 2 M R L4000,
Fri A LT DK R AR S i 2R B OGBS B B
MNEEIBE S

HI 9. PUTHE 1 ~ 8, HE LB ES T,

BIIE oy AT 2 BN e At R R A AT AT
PEZ T IR (P AE 2 8 B A AT . IR I 43 A R T
(PIE SRR e . 3E NHERE /N 22 A MR 1 AR 1 B
(1) 1 K ) B AR H bR X8, 7E P 7 AT S A v
XRE NP IR RMEER R, %W 0N EEEZ.
BRI — @ T, SR TSR
BUBAMFEAR LE, JE T80 o A AL (R S RE o] DR
FIAE BT B M, Re % 58 4 b ARE R 1 221 ) g A
OB BRI, ShAAE D RPIRSEAE T BRI PUEE N
[T U ER 75 i 2 3 s AR, R tkiE it 2 8h &
T RAE RN 48 2% 2 0] — 2 B B AR AR LR ()
A R ZE 2 T e NZEAE B 15 A N AT
gy An. 5 HANHE SR EEAH ], i Pk HoE 2
i 22 W B ] 453 BT T S A R R K 45 2R

3 RNHITIEE

ASHG SRR 22 R 5 ) [ AL 3 4 A 22
RIS 52 PEAE G XU ) 2 A PEdEAT A T, [R5
JET-TE P ET I MY g A S A AT AR DA
R e/ B A D9 R PR B AL LIZE
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3.1 R

X LIS HEAT 22 A PR PPAR IR, N2 S ) W R
IR 2 N R AL T 22 4 IRAs . E IR ZI TN
TEAEME ] EFANH & RSS #5822 4 264
T NZEAL T AN 22 20RAS, & BRI B2 A T8
NZEAE BRI TR) A 18 8 AN 22 A b 85, FFAE 2 J5 B
RIVBF 1) A DR R 22 A IRAS . TN TR 46 I 2008 N 44k
TR AR HIE L, R BUTE EAE RN R I B P 4K 5
TRFFZAIRAS.

WA RSS BRI e pk A 1) 22 4 o4 D) 0of AH 40 4 1

BT FRIML B LR REAT I ) 22 A FU W 24 Ad > diin
W, PRZAEARAERT IR o). o, Ad NP
A IR ) BE S, i AP ZE AR 1) L P B R 22
PR AR, AR O 1m) 22 4 vk 0 [R) — ZE3E
FHAB P 2 BEAT PN 10 22 A FIWT: 2 As > sy B, PR
WAEAE ) B A, Horh, As NPIAEITED
FHIERE, s SIS ERRAEGN ) b B R 2 A R
rnin M Smin FITHEEZ DL SCHR [29).

P 100 22 4 P ) W 52 ) 30 2 S ) o P S, {H
YRR RS A MRS RGN DUT B0 B
PSULINIE=C IS AT

0, Vlat < Vthr
Vlat = { (20)

Vlat Vlat > Uthr

21 Vtat < Vene, WA Do JYMEFE FTEL, BT AR
At Vtat > Venes, WA i J9 BTG B 25595 52 o 185 1)
T v T AEHERME RS | vy, BB B RE R E .

FH T 2305 AN % 22 DA T i P iR 22 N
AT SH AR 0 A 1) 3 P % 22 4 AT 3 ST v A 2 DA A T
SR 8] ¢ 5 M B . 2 B 225 c; I
1) 33 (P T 0100 IR RT3 vion ~ N (Djon, 02,),
oA, Do AIBEEN F8 500 B AT 22 1) B2 1) Ak v
1B, 72 w0 o A I3AE; o2 i b o A 1 7 22
T P(vion € [Dlon — 30m, Vlon + 30w]) &~ 1, TN [A]H
BEAk TR ZE ATl IS +30, KR,

EH 75 30 A0 IR MR AT i, 24 DL SEUE B R Ok
T B S AL B A A Iz B ZEER A I B TR ¢ S
WPAR IR ST 73 AT 55(t) ~ N(8; 4 Vion X ¢, 12 X 02).
X T [ — 218 A AR A 42, R TC N ZE ¢ B 2B
T8 15 I YNAL R DA S O [ 2 4 B B8 mT Al Tz i Z e\
ZE 510G E A R AR HEZE, 109 Pgose, (1),
W 7 B, THEIE NS FE D AN R A Al T
MER , BH B/ IME 1E N Z I 20 T8 N AT B A 1m)
ZAMEE, B Poy s (t) = ming—q, ... N Pegose; (t). W%
ZBUEN Py, £ RI [A] N AEAERE— I Pon, s (1) <
P, MBI 7] 22 A PEA .

gi b, A R R A RE A B 1) X

B 7 BN T 250 o M 2R

Fig.7 The longitudinal safety probability of
ego vehicle with respect to vehicle c;

TAHABZETE 2240, T N AR IR AT Bl i A7
TR ) 22 42 2 A AN A2 LRI IR 1) 22 S R AR T 22
ABHERE O 2) XFF 4w ay 7 B N G il
(249, o N ZEAE AT AT B A7 AR ) 22 A R
KT L EREME .

LI N R AR, P s (t) AT LU A A
TN ZE W BUTAT B 22 A MER P (1) 072240, BP
Page (t) & Pon,s (t). RZ, M5 A 2R
Page (t) = 0. I, Py, B8 R/ R BT BRI S
WE PR ORSFRERE, Poy 80K, PRI SEBS B OR T, FLRIEN
0 1) 2 A P R . 2 A TR I BT 1 R =
Kl 8 Fro.

R EEt 7B (F3vin A4
Fig.8  Sketch for desired trajectory candidate set

3.2 EIMEEEIEEL

FH T U328 50 A A5 R R R A A O FE T 2R R ] 47

P, RIS 45 I S AR & v, I TR DL R AR

BRI O S T 7 ((t), y(t)) € x PR B HEAT VR4,
FEIR AN B /N BV 9 R0 RI ) B AR e

Ciotal (1) = Csmo () + Cage(T) +

Cace(T) + Cyal() (21)

K, Crotar () NFUELSARAY, Cumo () NIMZRIIF

WHEES I, T E POl r I HE e, tH5E 78 N

T
Csmo (7T') = /() wyaw'1'¢2 (t) dt
y(t)

¥ (t) = arctan o)
K, wyawr NIETITUREL, o (8) WA, & )N
AT AT, Cmo () 75517 JLIS 8] P O S 5 22 A0 5
K BB BN, B s T N F s sh i)
SR R e LR 24 3 CREAT A5 I (] 1] BE SR AE
BT E BB S N ML SRS At R

(22)
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RERAERT E] [a) G, T AR .
T (23)
h=%

= (11) ATy

x(t) _ T4+1 2—h$t71

g(t) = I (24)

b(t) = Pyt 2—h¢t—1

Cte () N2 TETTIN, F T 52 & JRI 2 1
wARRE, IHE A
Csafe (ﬂ') = ;S;fc
ﬁl:':l’ Wsafe %ﬁé?u“ﬁIﬁ/%ﬁa -Psafe,ﬂ yg{b’}tiﬁﬁhﬁ
e, tHHEh

]Dsafe7 T =

HH, P (t:) NPULBSHAL G t; I 2112 2R,
HES W 3.1 1. ZaMRBIK, AR, ULasiR
TNEAT R 2 4k

Clace () I JE RT3, FH 338 o LI L 328
AN b EL IR, TR Ay

(25)

1’1;111’17 N Psafe (tz) (26)

N
Cacc (7T) = Zwacc . ai_ -h (27)
i=0
A, Waee WIEEFETI IR, o, A ENFELEL
20 AT E. M FEASA A A8 K A /W T
K, UK, AR TH A RS,
Con () WA FERE T, FI THERTTE A 73
Rk, AN

Chel (T) = we1 (UMAX — Vlim) + ws2 (Unax — vg)  (28)

o, wer Mlwgo N E T AR, v NARE
AR VR AT B B RO . o K, AR RN ; B3
F 3T B8 3ok P, AR RS BT T e N R R
S8R BT 55

g b R R BB e, mL ATER
AT B A1 A B LS. TR, R A A
LB E T RS, 5 bR S TE A, R
RNETEIRFE, B HAR SRS E, R ATEITER .

EAL

LR 24 2 1 4% IEAE SRAT BRI BIZE, ARl A
BT BB AT TS AT P R SRR i B A
2K, LRSS 3.1 . A AT
A B ECE RS K AERORAR AL, N7 B BEAT 5
R, JvE RIS 2 RIS 3.2 5. BRI 75 (R EFAT

3.3

Ja PRI S, J7 RS 5 SCHR [34). B, AT
AR EAAT IZ UL 2 HOE B ORI 28 B0, 24Tk
TP N BIENIE, 22T, FENELEH
5 AR TE 2R RE N H bR I8 JE BEAT AR, B
179 2R TE AR ) 40 B TR

4 KBS

AT SRt B P R SR A HA
T EAT IR IR, I8 S bR AT 8 3 s I kA T 1 e
W, BEETERE T 5 N THA G RARPUE R 5
% (Trajectory planning using adaptive potential
field, TP-ATP)" bl J% % 245 i I SR K 4L 1)
X% 7% (Simulated annealing-optimized traject-
ory planner, SA-TP)" gHATVERERT LE. S50, SMW-
TP 5 TP-ATP S4B E W 1 ME 2 fiox, SA-
TP 24 B 530k [5) 1 AHR].

#1 SMWTP ¥4 E
Table 1  Parameters of SMWTP
SR TR ZHE
k 1.5
oy (m/s) 2
Avyy (m/s) 5
Wyawr 20
Wsafe 5
Wace 3
Ws1 1
Ws2 0.5
*2 TP-ATP ¥ E
Table 2 Parameters of TP-ATP
SRR ZHE
Wy 5
wd 5
We 0.5
wp 0.005
G, s 1
s 0.2
ers 0.1
¢ 15
er,d 0.1
Do 10
T 4
4.1 HRBUMEEELGE
1) £
AR S R (AN S W 4.37) AT LUK
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W, 5 NTHEM, (FH 238 % DT 5
AL AT AR SN R, 56 R TR B R R U
M.

2) BT AE SRR 5 AR ) BRI

PR IR oy AT AL A% Lo a2 U BRI AT M, T
SR B PR AL B R TR B B o, PR R AR AE L
KR, LLE 9 B sl AT 3.

— W, 45‘

S, = 48 m, }‘.;: 21 m/s
G

Ko mplins

Fig.9 Example scenario

FEE 9 PR s, BUE B W, Bk 7 Hr
R SR S AR Z TR 50 & X 55 M 438 A
Al — % O, MR H AR ST R T b
B PR R A 0 B P AN P A % T R
MR S AR B K. H%W LG HW e
ATHE DY 18 m/s I, JE NZEAEYN IR b 55 Pl 42500
oy Mep WIBREIZ K T2 2. K10 s 7 A%
JiE B 2 93k i T ) AN R MR OIS 100 T B A A
5 A 2 A S 2R H T 0 P AR 20 A1 A
EgE, K AN R B 2R s AN R i i k. ]
PLE Y, PO EOR, B2 A OB AR/ T
R SR s FL S A s B B A —
BT

B L5 5 540 oo AT BRI 21 m/s I, A
X 5 RG220 oo MO IR) BE B AE 2 AT N Z04G 1 Ak T
RSS Y1) %2 4z P B R R A, DR i 35 I (8] FO HE R
Xt RS 240 ¢y T EAG T AN E 1 R AU B
ANHAE I, R xR Y 22 PRI R, 1 11 AN

0.20 -
. °oa=0.,5m/s
. N a=0m/s
M 0.15 x g =-0.7 m/s? 1
=
010 e
% E @ [
0.05 e
0 > L
20 40 60 80 100
LA
B 10 A5 8 RRAG 44 FE Al TH AN 8 PRI P R 5
A R TR 2R 2R

Fig. 10
the generation probability when the uncertainty of the

The relationship between the trajectory cost and

speed estimation of the obstacle is not considered
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FEFR R BIE (1) 22 W2 BB E B LT, B
05 2 A T8 52 A AN 5 M PR R /I B s ) 5
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TN [5i(0) + vit — 3tow, 5i(0) + vit + 3toy), B oy, 1
FEOR TR OR. B, 72 AR B 1 22 4 2 A A
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AT AT O, HeTE I AR R RS T
HHTONE AT B, AT RS & 15 4R
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The relationship between the trajectory cost and

Fig.11
the generation probability when the uncertainty of the
speed estimation of the obstacle is considered
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00— 0 0 10 80 120 160 200 240 Table 3  Planning results with different errors in speed
s /m estimation of obstacle vehicles
(a) o, = 0.5 m/s WFAMRIZE R T4
B (a) The planning result in o, = 0.5 m/s om (m/s) vy (m/s) s (m) dy(m) T (s) ovgm (m/s) V5 12&‘7;)
5 | _ I T Tl b
<~ l:",-",""""",'"," 0.5 2.5 1673 560 75 25 LC 911
-40 0 40 80 120 160 200 ' ' ’ ' '
s /m 1.0 20.5 105.0 1.85 5.1 21 LK 95.9
(b) o, = 1.0 m/s B ARLRIZE T
(b) The planning result in o, = 1.0 m/s
\ 42 ESERHFEREMR
P12 BRI B i T AN e e R Rl F S PRAR f
(2Tt HE e 30 Ay FR) L AR LR 2017 ~ 2019 fEiELE = JE
Fig.12 Impact of uncertainty in speed estimation of

obstacle vehicles on trajectory planning (The trajectory
shown in the red box is the planned trajectory)

B, T B A P R B S 2 A A T AN E
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FRAEAT B 22 4, SMWTP 3% 5% BR B A 4247 3%, A i
FH T B A 2 A i o IO AN e VEBUR, SMW TP
AN 4D 300 Tk 52 AL T I ok DA R 22 4 R AR
2. R g R angk 3 Pk,
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HE A ZEIE P PRIE 60 km/h.
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(c) ~
Fig. 13

(i) ML #HIE, (1) ~
A continuous aerial view of unmanned vehicles driven in IVFC in 2017 (The motor vehicle in the center of the red
circle is the unmanned vehicle, (a), (b), (j), (k) show car-following, (c) ~

2017 4F IVFC TNZEATBrh — B AL (L1 Gl B O I HLED A BN, (a), (b), (3), (k) NERZEATHE,

(r) 9l e i)

(i) show lane-right, (1) ~ (r) show lane-left)
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TR, BIUR T %0 JE N AT e B 4208, 1% 4208
A7 BE B TC N BB LB AT 2R A5 208
R 77 WLED 44T B 5 v, SMW TP #ERI 6 A 447 e
TEAT I TE 22 R0 HR N ERBE R AT O Y
TNFEA Bl 25 R JRAL T N GAT 30 E /T 710
ML2h 22 MR 8] ZE 08 4 N B TE N 547 3 1E 1 7 FORFF
ZIBAT R, LI, SMWTP $URITE N 26 72 #eild 47 3d
(o] 1) o [B) 20 . TP R 238 R 7 B HABHLEh %, A
ZELE AP AT A LY R T =l AT I

FARERT 2018 ~ 2019 FEHFEF SMWTP
TR ) R A A 5. 03K A 2R ) e et e R 2R R
30 2L, FEMN IR AL, BRAT T R
B RN 3L MR TR LGk
BB BN, FE 2 AR 92.7%, HAK
GEMERN 80%. FILWFIFER N 34 ms /247,
SE 4 AT DAY 2 TN 2 T 2 ) ) S B K

4 2018 ~ 2019 4 IVFC L3+ SMWTP #UIE 50A% 55
Table 4 An overview of SMWTP's performance in
IVFC in year 2018 ~ 2019

IR PR CPERE RRRE

T EIFERS

T i) (m/s) MR (%) MR (%) (ms)
2018 20 13.8 91.3 80 35.1
2019 30 13.2 93.6 80 33.5

K 14 F11& 15 B T 2018 4F SMWTP 7 b 3§
HH PR o B R ) & R R L AR AR Ak B 14
o R HENTE N, TG 7 HE RS 20, Rith
155 BLEUE AR AR R FRAS P Hh O S TE Zo AR A b &R
TR EALAR LR AT B, SR t0 S B4R K
EgA G, At LRREEL, gl hsH
2, W2y SMWTP & R4s 5. 55 137 i
HHJC N ZE TR B8 BT 7 R AAT B A 1T A ) Y
TCEAT I, SMWTP HLRIA #4738, Wil 14(a)
Fiw, SRR 2 RN 80%. *4Tc N T Fi(E B iE /i
05 5 55 2508 1 5 4045 b R AT B, A
AT T IR B ER AT I S A AT, Al 14(b)
Fis. 25 4R IERT 5 400 2 T N ERGaR, TAE
BRZEAT I, ATBOE EEAS T SO VAT B S, a0 14(c)
JiR.

K 16 Al 17 B T SMWTP 7£ 2019 4E LL 3%
IR 2 U BRI 2 SR R 2 AR AR A B R
BRI N AT IS I, Fph 7525 5 14
FHIF). TE5E 96 W1, Jo N4 a0 18 Al 7 424047 Bh 22 1g
T2 2508 N JC 5047 38, SMWTP LK BL 24 i AT
Qh A 408, U ) 2 RN 80%. 5| T4k
P 2218 VAT B B e I 5 B N E ST e 4

FrameNum: 137 LANE_RIGHT 21 :48: 14 :529
DrivingStop: O StoplLevel: O Property: 2  IsSplit: 0 StopCount: 0 ObsNum:: 2
"""""""""" “am(48:31.3:65,3.68)
I~ ; e {83.83,=0.48 4.

VehSpeed: 9.2 m/s TarSpeed: 15.0 m/sRePlanDis: 9.2 m/s MotionDis: 5.1 m/s
(a) AHRAEATHE
(a) Change to lane on the right

FrameNum: 151 LANE_LEFT 21 : 48 : 30 :348
* * * “DrivingStop: OStoplevel: O+ Property:-2 . IsSplit: 0. . . StopCount: 0. ObsNumi:5e « « « « «

mm(3172,8441089) " " Tt
. . 5 |

VehSpeed: 8.7 m/s TarSpeed: 7.9 m/s RePlanDis: 8.7 m/s MotionDis: 4.8 m/s
(b) EHIEATHE
(b) Change to lane on the left

FrameNum: 229 CAR_FOLLOWING

DrivingStop: O StopLevel: O Property: 2 IsSpiit: 0

21 : 49 : 43 :553
StopCount: 0 ObsNum:: 4

— — ﬂ.sﬂ—l.%&s

VehSpeed: 11.6 m/sTarSpeed: 17.0 m/sRePlanDis: 11.6 m/sMotionDis: 10.4 m/s
.
(c) BRZEATYH

(c) Car following

Bl 14 2018 4E IVFC 1 SMWTP #kilgh Hontil (Fsta
IV RTNE, a2 A Rpr)

Fig.14  Performance of SMWTP planning results in

IVFC in 2018 (The orange rectangle represents ego
vehicle, and the blue curve is the

trajectory planned by SMWTP)
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K15 BERIPLEI 2 iR AR

Fig.15  Safety probability’s variation of

planning trajectories

AR FRS, e N AR A% T 251 S 45 50
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SR BERS B e NI, T8 N 2 ek DA 4T B %2
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9 20.49 m/s BT 250, o N 4538 I el 1 T 3
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FrameNum : 96
Behavior : LANE_LEFT
Sensor Error : 0

Start_Pose: (-224.37,8.40,-1.15)  current_speed: 16.83 m/s
GPS_pose : (-221.84,2.73,-1.15) target_speed: 16.78 m/s
Distance : 12.5 m/block Stoplevel: 0

(a) AEHIEATHE
(a) Change to lane on the left

FrameNum : 115 Start_Pose: (-42.19,-347.84,-1.08) current_speed: 16.91 m/s
Behavior : LANE_RIGHT GPS_pose : (-20.66,-387.24,-1.10) target_speed: 16.87 m/s

Sensor Error : 0 Distance : 12.5 m/block Stoplevel 0

PRI () S W TR )
= - — — — —

(b) A HEATHE
(b) Change to lane on the right

FrameNum : Start_Pose: (583.43,-1455.07,~1.08)current_speed: 13.11 m/s
Behavior : CAR.FOLID'ING GPS_pose : (588.76,—1464.47,-1.08) target_speed: 17.00 m/s
Sensor Error : 0 Distance : 12.5 m/block Stoplevel: 0

(c ) uﬁﬁﬂs%ﬁ‘a)\ BREEATYE

(c) There is a car merging in ahead, then follow it

K16 2019 4F IVFC H SMWTP RIS HoRfl (1B
FE AT NZE, B i Ao AR )

Fig.16  Performance of SMWTP planning results in
IVFC in 2019 (The orange rectangle represents ego
vehicle, and the blue curve is the
trajectory planned by SMWTP)
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\y(
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Mool |
= 60
fg 401 1
20+ —— 115 i: A P IE T4 | 4
| 200 i: FRZEAT I
1 2 3 4 5 6
t/s
B 17 BRI & MR AR

Fig.17  Safety probability’s variation of

planning trajectories

KREFAMZ2MEE 0 R 2 100%. 1EAFEA
i ZE 9460 18 B4 N 1 IX K37 5, SMWTP B 155
FE RIS 25 AT B = R 1 7 A S T B, Sk R e
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Fig.18 Lane-change trajectories for heavy tractor
planned by SMWTP (The orange rectangle represents ego
vehicle, and the blue curve is the planned trajectory)
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Table 5  Comparison of planning results for longitudinal
safety avoidance with dashed lane

iﬁ% 1 Vg (m/s) Sg (m) dg (nl) T (S) Vlim (m/s) y%%
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s 2 vg (m/s) sy (m) dg (m) T (s) vy (m/s) WiHE
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Table 8 Performance of TP-ATP multi-frame planning
results in dynamic traffic flow

t(s) vy (mfs) sg(m) dg(m) T () wpm (m/s) PR3
0 21 90 1.85 4.0 21 LK
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Table 9  Performance of SMWTP multi-frame planning Table 11  Comparison of SMWTP and SA-TP
results in dynamic traffic flow real-time performance
t(s) wvg(m/fs) sy (m) dg(m) T (s) opm (m/s) i MR T FRIFERT (ms) FRAEZE (ms) HBRFERS (ms) H/NFERT (ms)
0 228 1560 560 6.7 250  LC SA-TP 7 10 9 61
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