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Steering angle, brake pressure

Perception and decision

Adjusting the reference trajectory

Motion control
Execute the planned motion

according to the dynamic environment
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ARIERLSCHE . BRI 20 A LR 1) AT AR 9 A TIRE o i 21
FilsE 28 i M P E SR U AR R R . AT SR i 7
JERRE BN, B R DU AR b Y
W7 Ca) Fome SRJE (EIE BT m BIrxd L 2008 4 %
W LR AREFAT AR, )RR AR R I 4 TE
Pt AR LA LA R AR I B T R, T (b)) Fowe

c(PYNIHAEP

4.1, TEHE I AT IR
BB R ORND 7y )2 Tl E (A6 R AT H F 3, 0 £
TE B 2 2 b R B AR R T AR AR 0 3 B 258 P A

R,
Nr:(O,N17N2,...,Ni,...,Nk,D) (22)

A, NJYTERS JZ A8 X RS rif.

Destination *

Speed limits
El6. FRiE g M R R A (FALLZRERIR) . TERE BRI AR R P2 b B 2 2% S @ R ) B3 B BR 1 (kmeh ).



Destination

........ Ab___, ekl AR
' Yy Yy
ioYyll YY! :
H

|
% = - :
X <SS b <
o e I - A
Tl P IR 1
Pt A4 ! uAA
v 1

B 7. BT 22K Z AR (a) BRI IR (b) R
P -

FEIEBR I FHUL TR, ASCREAME SR A*SRE[18].

4.2. BGOSR RI
ARG SRAT I TE #4559 s 7 51, R AELIGS (1038 % 2 A 2
WoNTEIER AR, BARA 7 NP ORIEE R

PRI B R

421, EFIEE LR A

FH 2T A A I T e R A A v LLE, A
T B RS S ER AL T 3 N RS JF A% X 38k 1 438 2 1
T8 [t - 25 T8 % 12 J2 v 1 b P B s 4 R T DA SRR AT 2%
T LS B R T . TE SR B AR R I 45
J&s WINy, Ny, .oy Ny SREURACGETE 15 R0 B 67 5 07025
S TR SRR BETE G s AHR, X PR )2 A
KEAMIK M ZEEHTT A, PRI R 3K .

T B ASHE G I ZE T8 2T N B AR R AR I R
W, ASCHEH T — M RGEIR BT AT E, e
FFiR o

B, QUL SERT AR AN IE S IE B T AU 4R IE
T R W T TE B A X1 BN, AEHENSE T S
MIZEIE T A GIENTT 2D MR 3] E— MBS As X
M RN, o B, BE—NEEH A RO D M
RN — MBS X T BN, e BEAFR A

9

XA BEIE RN N IRAN, N, L, FTBLEBLT
A B
Nii1 = Pc(Ni,Ni_1) 23)

Nii1 = Ec(Ni,Ni;1) 24)

A, POYTEBRIL )N /s ESNIE BE GRS ST
R A PR B B G AR R 45 R E

SRIG 5 8 A I BT i 2% 1 (10 PR 2 — 2D i e
(G R AR Y e MR G BEAETE B 01T P S8 /e
BIBIE, HIZER P f O = FIE N A,
UNAEAZ SR R, ARGEASIE RN, H5 2 I (R 22 TE 21
FEME—FAT I B rl. N TR IE RIS AR IR
FAUNE DL, A SO A S AR B RV BR AN ATAT 7 e A7
fifi A0 28 A B P s 42 300 (10> ATA L (D 3k
AALE . X T45 52 ATBAESS, WN, BN, ., BB
P RN B ASEHE AT LU — 2B RN Ny, Niga) o

t(Nii-1,Niit1) = t(Nii1,Nij1) U t(Nii 10, Niji1m);
if fin (N1, Nigyim) = 1 (25)

AP R AL T AT A HE NN Y e a5l
NSCHFERE, ASCH> T EAE RN R . A
BT RN, ATAT B CRTR 38 3 ) B2
Allms A4 ZSEHERE AT AR AT T ) S5 2

T(Ni,i—l'Ni,Hl) =
Nii—1n

t(Nijo1 Niiaa) | (26)

Nii—11
Niivri [t(Nii—11,Nijy1n)

Niivim  [¢(Nij—10 Njgerm) = t(Niicam Nigsam)

IR R 1 IE R A R R R

BURL BRI e 1T R

1 N, is known, set N, = &

2 fori=2,.., k1

3 setN,;, =, N, =9

4 N, N.,>P.—>N,;,, N;, Niy—E N,
5 set (N, 1, Nij) =D

6 forx=1,..,n,,

7 fory=1,..,m;,

8 if

9 t(Ni,i—la Niw) = Z(Ni,i—b Ni,i+]) U t(NiJ—I,xa Ni.fﬂy)

10 else N,,H = Ni,H/N,Jf]w N = M,i—l/Ni,m,y

11 (find the lane-level node which has no link in this road node then
delete it)




>4
=z

------
2z

E8. I R AL R I

N o)
. N
--:;:::::,.-u:::::::.-”
e Ny

12 endif;

13 end for;

14 end for;

15 Np=NpU [Ny 1, Nyjors 1Ny 1, Nyjor)]

16 end for;

17 return N,

N, FIER ERBR AR SR, R R
4.2.2. AEARIERIB T m_EREAT AR R

FEIRAG R IE RN R 2 Ja, b n] BAHEAT 4R TE 2
BEAR AR o P 2N 2 2 A R B TR Y A
FERAAE TR TR AT B AC B 2R 1) g 32 T 92 DA S B
AR T F o AT AR BB () 200 42 55377 A M
FEo T BR AR 2R T 5] 1 22 79l 2 LR 3 B LRI K 2 2
WAL ER, A 73 2 MR T, RIEZ A
FE LA o

ARG T B EE, AR TN EA
T HE R DU SR B i AL R 1 4R, BRI R
WE PR, fF— I, BT 5 MGE 53] 2

REEAS s ARG A7l AT LASEEIIL B /N BRAS R 2R 38 474 A
RINAP (N1 )e BT ARICRARI R R K, bl
AL B N ET AR B RS, X8RI T
IRITHRRCR . Bk R I T AT SR I LRI )
TEAD IR

B2 FIERHAAIRI

1 seti=1,; =k (number of road-level nodes in addition to O and D), N,,, =
(0), Ny = (D), N,= 2

2 whilei<j

3 for N, €N,

4 g Ny =0, PN, 1) =2

5 forN.,;,eN,.;

6 &Ny )=8Miisy) + e Ny 1 Ny 1)
7 ifg" (N <& WNij1)

8 &Ny ) =8 (Niy1)

9 P 7 (Ni,i—u) = (]vifl,i‘y)

10 endif;

11 end for;

12 end for;




13 for N, .€Nz

14 g(Nypi) =0, P(Njj ) =D

15 for N, ;€N

16 ' Ny ) =g Nyr) + e Ny Ny 2)
17 if g (N1 2) <& WNijur2)

18 & (N1 = 8" (N

19 Py (Nign2) = (Vi)

20i=i+1;

21 end if}

22 end for;

23 end for;

24 if i =j return path N, = {D, P, (D), P;[P;(D)], ..., O};
25 endif;

26 end

g NITERBIRT I Rl BT AU g’ AGRBIAT w2 21017 5 AUAT 4
s b BEBIREAT AR

5. SRIRISIE

5.1, £E RO WY B EAT 05 F
ARSCE SR TR, AT TR

11

EI10FT7R, AL T — K& A5 kIS 6,
ISR K7 ) B )\ SkIE G, 7R E U7 M) A
B\ SkTE M. BRI AH AR AE I 2 1) 9 T8 % AR 2 L1
(1), JF B — 8B A U7 I B =4 AT
iH, WEI R, ASCER X =5 N418 Edit
PRSI R e . BAT . BEAT (IR BLI A 4558 31
AN ZEIE ). B SEN KL WE10ME 11 iR,
AREN S E N Gy 2 R A VA=

PRI B 10T P 11 T 1 T8 155 40 86 ) 0 2 308 20 o UL i
PRI, AN SCIRAIE T 43 )2 2518 g0 B AR BRI S92 K T 47
R RE . N T SE A R4 2 Rl R R I ROR, AR
SCRE T BY B R A 400 2 % X AT T ) R T LSO
PRAR TR B &5 S ] DL 12 A 13 R a2 4. o,
W RN TE B SR AR RIS 3, 58 W2 AR T8 g iR A2 0
RIS . 1E B2 AR LB 2 BT RURI A 2% AR 7E S ik
R ERELEE., XERNBELEE LSRN Y, &#
FERR#I 940 km-h's FHE3ATLUE H, ASCATE H R
RAERESF AN AT 5 T, I8 T SR AETE . 5,
TEF I3 s 24, SRR BT RLRI (1) 2 A5 46 T8 21 2 11 4=

Starting
Forward point Backward
4
=
/ - N
7 .
e To travel on the optimal
If the current lane-level route, the destination points
node is the destination, the P.(N.) P.(N.) should include
optimal route must include i : D, P.(D), P.[P.(D)],
which lane-level node? N, N, el P{P, ['PfED)]}

$—
|
| e

- +
— ‘I
N ﬁ

=4

®1 AR PRZEBCE

B9, $& i Z A,

Destination point

AR ) i R AR T A

If the current lane-level node — ;
is the destination, the optimal P.(N,.,) P,(N,.,.) T:) trtz-r11ve:jont_thet.opt|mz-.xlt
route must include which MEILE, S ClEslnE e [l
lane-level node in previous? N, /N, should include
" / ’ D, P, (D), and P, [P, (D)]
@ / ﬁ
/
/
If the current lane-level node / -
is the destination, the optimal To travel on the optimal
route must include which |:> P. (D) :> route, the dest_lnatlon points
lane-level node? should include

D and P, (D)

Parameters Value
Lane numbers in one road 3
Lane width 4m
Intersection width 14m

Average speed limit of road: v,
Speed limit of each lane

Allowed behavior

Randomly chosen from {80 km-h™', 60 km-h™", 40 km-h ™'}
Inner: v, +20 km-h™'; middle: v,; outer: v, — 20 km-h™'

Inner: only left; middle: only forward; outer: forward or right




5km _ ] |=== Road: 80 km-h~"
T ¥ Tl= = Road: 60 km-h-"
I i I | /=== Road: 40 km-h~
— J—— X Road intersection
4km L i || © start, end
! End End point
- $\\4\
3 km - l l, _______________
1 L D I e
| | i |
2km | -t %—
Start point
1km ‘ l ______
L . B N | e T C
r TStart
0 n —— ‘_ —— n —
0 1 km 2 km 3 km 4 km 5 km

10. 5 FNR——IE R g A, Horpr,  SE IR0 Y R 2500 B AN [ AT B FE RO

5 km

T 1]

Lane: 100 km-h~!
== Lane: 80 km-h™'
== = Lane: 60 km-h™'
=== Lane: 40 km-h™'

4 km -

3 km —]

2km H

1 km -

Lane: 20 km-h™'
%< Lane intersection
O Start, end

End point

Start point

E11. 05 ER— 4 a g s, Hop, SO@ROL R RS IR A AT RN .

TEUME 2 J5 A s AEEII3RY A3 4b, LRI B AR 1
2o A2 S R H B N 2R, TR D 1 AT B
) (7 AR R U, 2R R T R
TIE BRI R, I ARSI i &l o7
TR ZE 38 AT 2R AR A5 R e 8 £ i X o R B AR TE
PRiR 2k o

N T BUEAS ST R H 7 AR T B AR R A AL
K, ASCHE T AR AR SIE T EFER, &2 PR
AL 20 J2 B AR R SR ) T B TR AT LAy o =
BBy WILAAAT L TE RS R ER AR R DL A ZETE 2

IRt . AHEEZ T, BEREEERPIL R FIER T
SRR R RL 5 PR AR 70 BTG AT T 1B R 2238 e Rl o
ASCHR N R S EAEAT FIE S R B, A2k
A 1 B FE N KO Ib BN B AR TE R 7%
2% X2 W T ERA B BT MR, %
APRA IR B R TE I B KA . BRI T VR HY, AR
JIT e th R SRR B AZ O R R FE I EE B EAT 22 TE SRR 1
FEMMIR41.5%, 25 ERTIR, 15 HHAA B 0], RSO
(493 J2 FRITTEAE R TE S k) b e B b AT LR
TiIEEA R



R2  AFIRRARRLRN T AL FL R B[R] Bl A

Proposed hierarchical routing Direct routing on lane-level map
Directed graph over . Road-level to lane-level Directed graph over .
Road-level routing . Lane-level routing
road-level map routing lane-level map
Number 224 768 (Edge) 54 (Node) 672 (Node) 3072 (Edge)
Time cost (s) 0.012 0.029 0.002 0.603 0.053
Core routing time cost (s) 0.031 0.053
Routing results Point 1
I I
4 km M 1 | !
L 1 i I
k-
L
3 km ’*-
L |
2 km *— -
| Point 3 .
r 1 - ﬁL' — —%7 Point 3
Tkm /! | | | -
- N — -
r Start
0 -— n n i n —
0 1 km 2 km 3 km 4 km 5km

B 12, SR GARNAE AL T BRI S Y O SR A 2T I 1k PR 1 5 9 2 LI 10D

—— Routing results

5 km oy - _I .....
4 km - 4
L End i
3km - I | Point 2 1
| ? Point 1 |
2km | : ; - |
Point 3 T T
1km - : i i
L Start I ] - i by
0 - . ] : J : - R
0 1 km 2 km 3 km 4 km 5 km

BE13. FIEHARIGTIR . P 073 SRR ASIE RN e B 7 IR R RIS CF Sl BRI A 2 LI 1),

5.2. HOHE e BT IR X ZEE g - [25], B 14 . ZHE S 44
A SCAAE FLSE S I B I EE AT TN, ANEEM 6N XK . BAKEE SR AR R Y

CLIGAIEAT 25 AR AN 155 200 f E A 12 R B AR AR BV I i 3k BRIl R AT 4E0E .

o FEURBZH Z AT i, 7 1 R ORORIK 2238 70 4 T BAEAT EARMN BB v v, AR SORE B Je AR
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iy B E A R AR AR T B R SR AR AT Bl B B B AR, [
A e SR I R S PR ZE A AT B R e 1 s, AR JE R AT X6
bbo fESEERHR, ASCESE THRERE, WE14FTR. 5
— MLk, SRR, K906 m, A8 XK,
INASEIT FIANMEAThRE . 38 ARG HEL R R, K
1132 m, WEHEINZ I 4SS 54T 3R
WO e A Ve i BOd AT 2 0, DMER ERF &AL
WFFCHT3E T I RS 3. B0 45 R WLR3. WTLLE
H, FESREEESTAEMNH, ST R B O T AR
WOCRIERZR 1 138 — RAT BN BR 282 1 38 = IRAT 3D . A
SCIN, X EEFERT I R R R B E ARSI A R,
T R ARE 2E . IR SEE A M FE R S B A A R

Bl 14, FHOER N2 ERAT B AR . FIED SRR, AR
FIE R AN I L B, B R IE BRI 90 km-h ', HAb 7R I8 Y
PRS0 km-h ' RELk MRS (5 S s S R A R I, 1hi
LR BA S SR A 408 . A5 AR SRR AT AR S 43l FH 2L A
T R

®3 AT AN BRI SR

H RIS ZCB R R . Rk, R0 dE 0 B ik
ZWERIF R, RGN 2 AT Bk 0P 35 B TR Sy
SEBRAT QAT R] o 10 R TS B A T 30 A [] 3 i 2 P A
RIVHERAT BN ], IXAEBH T AR SCE L AT AR TH
T3 B 8

ARSCIBAE HE N T30 X1 e 8 4218 4 T b 1] B AT
T BRI, i 1SPR, HARAR B
LARRAAAFEZIRHIM 8. RIgs R E 1691
CILLRFRIN . TS Bm 1 % XA A B B/ A8 R R 42
T A, P DA S PR O AT AT 41 R ) 47 3 A
HAE . MWEI6RT LA, AR SCHTHE H 1) 7 i ik %
TIEMMEE, %5 SEMBNEHH. R4LRT
A8 FHAN [ B 420 R0 R 075 9 (R 0 32 30 X A 32047 J0 R0 60 e 1) ok
Ao HEBHATEERPERRIAEL, 5 Z R R
2 17 54.8%.

6. FiL5RE

AT E LT A — MO 0 B Bl 72 B b A A 4=
BRI, Bk, AXRET MBS TR
Hdhs (0 B 20 % B p P 2R, 3R T A A B HL T
KIRETS AR & M B SE 2, RN R REAS LB R
FOBCHE I DU S8 MG B 0 31 2R 38 i LS
FE 7 7Yl PR TS ) i B, od o o3 A AR 8 B R
Xof TR B A B AT SR 2B AT T A AR AL, A
BEAT 7P 38 A2 0 S S I [A] AT . AEAT AR A S
fith b, ARSCURS T H P AR A i R AR TE AT B AR
FERIER T A AR R R AT A TR 1 i X P K
o N TIRTHERARIRIMI R, AR 722418

Real travel time (s)

Modeled cost (s)
1 2 3 4 5 Average
Route 1 - 141.3 142.1 163.6 166.0 153.2 149.3
Route 2 151.5 154.4 - 150.1 156.3 153.1 150.1

Note: Crossed-out values are anomalies caused by unexpected traffic delays that are not included in this study; thus, these values were excluded from the averages.

R4 FSSE BN AN B B AR 75 VA ARG

Proposed hierarchical routing

Direct routing on lane-level map

Road-level routing

Lane-level refinement

Lane-level routing

Number 67
Time cost (s) 0.012
Total time cost (s) 0.014

190

0.002 0.031

0.031
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