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[Abstract]  For the problem that the spatio-temporal separation trajectory planning method used in autono-
mous vehicles is prone to insufficient vehicle flexibility, and even cannot generate feasible trajectories under com-
plex working conditions, while the existing spatio-temporal unified trajectory planning method is difficult to meet
the requirements of structured road application, a spatio-temporal unified planning method based on dynamic pro-
gramming and numerical optimization algorithm is proposed. Firstly, the spatio-temporal unified coarse trajectory is
generated by dynamic programming algorithm in Frenet coordinate system. In the process, deterministic sampling
method is used to expand the child nodes. Then, taking the coarse trajectory as reference, the feasible spatio-tempo-
ral corridor is constructed in Cartesian coordinate system, and the NMPC optimization model is established to gener-
ate the final trajectory. Finally, the algorithm is verified by simulation. The results show that the proposed algorism
has good adaptability to structured road, and can better balance the requirements of traffic efficiency, trajectory
comfort and time consumption than other spatio-temporal unified algorithms.
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1. [Initialize the start node of node_graph

2. For each time_layer € node_graph

3. Foreach node; € node_graph

4. take node, as parent node;

5 execute child node extension from parent node

6 calculate the cost of child node and filter the node with
lowest cost in each grid

7. update the connection status of nodes in node_graph

8.  End For

9. select the node with lowest cost in latest layer as target node

10.  trackback from the target node to the planning start node and
construct the coarse trajectory

11. End For

12. return the coarse trajectory

SRR SRR, T S R A R T 4y SR 1)
PR 5 R ) 4 SR A
2.1 S ghm

IR RN LA B 12 2 A, G\ SR FH B EO e
aVE Rl AR o B O B 4 5 20 A3 LA O Ry Jkvfe
T [ a_min, a_max | DX [B] P [r] 000 R A5 5kt 38, o S
AN RRN,, F AN, SR L A

5, =5, + Jtl(v X cos 0)dt
' (1)

v, = v, + J':‘adt

APes, 5 s, 200 AT S T B AL E 50,
R ARG\ R 5 o S D ) A0 SHE 5 0 S LA ) £ 5
1,45 173 R AN S S ORI AR T

TR AR S R A TE B b AT B N sk A ) A 0
Ik Al 9 T B 7 1) Sk T Ak I S ARG AR L X 6 R
N BEARRE , Wl cos 6 = 1.

FEM LR b, SR R S0 A A1 SR T
TR PR
1.2.2 7 R 1] 4 i

SR T S A A A I TR] P 22 Y ] — 7 1) 22
38, Ay U R ) KR SE L AR T L 2
LS ES L NN ESE AR 3 K ST I &SRy e e
2K A SCR P R S B e ) I 25 R B 4 A
TESS F AL IE B AT 30 25 BAT — 5 B s A fid 1) , 91 40
AT BE PR AR 408 v O AT Bk, 883 IR PR - 1l 1) 4
2 HPRAIE , XA T O BE R BN AR 1) A AN



2025( Vol.47) No.5

WA, S A ICIE I TR BE AR A IS B R D i - 823

) o PRI AR 1] i 3% 6 LA R RS it . 5 083 4
O FR 418 PO AT oK, N E b S e
PIONSRAE , 2 B R 7

Shy kG R R E R AN B LS BN B 58 s A 2
FISRVEAET I i A IRV, 48 HH SRAE 2 BE T R AT Al A5 Y
(sampling density need assessment model, SDNAM) ,
TR R R AR 0] RAERE L . 1 S 2 i
1) 22, BRI AT B Ao ) TIOR8, i T4 1o 0 e ik
P P AR A 1 A ) 7 B T A 2 B 1 DX
SR PR R 1) SRA 2 52, DA i A2 A0 L R0 B A2 14
SER I+ 10 5 00 R 1) DX SR Y 858/ 0N ) 8 1] SR A
W LU TR SR TSR S . RERAR Y
A5 B T 2 B Pk 1] B, EAT KU TE
AR T AL ORI A8 D

D, = kyv, (2)
Aok, NTUE SCRE 0, 15 AL AN ] B

4 B2 B A ) A ) BE R I D
WYL RS A 4 ad e, HORXT B 458 AT 3 X
W 5 24 22 Bl A LR Al S R R DN 6] T 6]
R I U HE BT 3 SR AT 3 XU 38 B A 5
D, DX 1 2 5 5 e 0 P 2 1) B g 4 R T A
SRAFE B TR ISR 0] 7R

N
Asum = ZAJ
j=1
O’ ds € (D,u Oo)
A =
" lkox(D.-d).  d.el0.D]
AL, Awelay
Aium B Al
E % _
g o | Bl TR (8l = AL
A,.elA,A,]
All’ Asum € (Au’ OO)

S s N AT Z A B T30 B 5 1) B sk, oA
JRUBSE 2R 5005 d, o 72 Bl A A A R S A0 A 2 1 L
AL FIVAL 3 530 0 foe R AN e /MR T SR AE A 5 A4, RTA, 7
9] A9 2R B R /IR AR 25K B g 87 PR 47 0 XU
FhAE . AT B RUSITASE WL 3.

1500 ——
E]OO ) /,/ N\ g yd \\
< 507 - N
10 20 30 40 50 60
s/m
-
o) @D

K3 AR XIS E

R A R LT A
z;@+ﬂwms

di, = di, + [ (dd)ds (4)
ddi, = ddh,+—f:(dddl)ds

Ao R A B 5 dl L ddl dddl 5 R L s B 1 B
20 3B Sk

) 90 R 58 U, SR FH DU IR 22 30 X3 2 A 1 A
FFA7 AR RS
1.2.3 s RENE

HRAE T s i D 1) 40 e 45 3, T LAB S 719 A
AR . PR RGBT S T AT AR A, LA
ZINFR) 31 5 st 160 1) s e 5 s 285 R0 K] ek E — 25 2 ik
S N B, AR 22 35 R AT 1 S R A A P o
WEAET, ={ P, Py, - )0 XS St SR
A7 Rl A A 3 B2 2 RORS A LS AT A B DX s A
i e Rl E e (111 BT B O B .Y, 0 | §7 NS e R E D
AT, A S

ZE b WA T S R R AR AN R 2 TR .

x2 HEVRERMNKHE

BW 2 I s R R R R

A A SR R BRI R B SO RN, I 23 A
4% node_graph

T ORISR 25 0 R A

13. For each a € sample_a_list

14.  calculate the longitudinal quadratic polynomial;

15.  update longitudinal position s, ;

16.  calculate A of the sample node through the SDNAM

17.  generate sample_l_list

18.  Foreach ! € sample_l_list

19.  calculate the lateral cubic polynomial ;

20. update lateral position;

21. combine the longitudinal and lateral polynomial to form the

trajectory from /V, to sample node NV, , |;

22.  If N, isin collision or kinematic inaccessible
23. continue;

24.  End

25. calculate the total cost of node N, ,  as C,, 3

26.  calculate the grid_id of N, , | in the node_graph;
27. I C,, <the total cost at node_graph(grid_id);
28.  replace the node at node_graph( grid,,) with N, , |5
29. End

30. End For

31. End For

32. return the updated node_graph
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