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Research on the obstacle avoidance path planning of unmanned truck in
open-pit mine with improved time-elastic-bands

RUAN Shunling', ZHAO Wei', XIN Zhi?, GU Qinghua', LIU Zihao'

(1. School of Resource Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China; 2. Hami Hexiang In-
dustry and Trade Co., Ltd, Hami 839200, China)

Abstract: To address the sudden and diverse obstacles on unstructured roads in open-pit mines, which greatly affect the
path planning and safe operation of unmanned trucks, a path-planning algorithm based on improved timed elastic bands
(TEB) is proposed. This algorithm streamlines the number of truck pose calculations and minimizes path-turning amp-
litude by adjusting and fusing pose trajectory points. It also introduces a buffer layer between the obstacle expansion lay-
er and the safe driving area to achieve optimal safe path planning in the static cost map, preventing local optimization in
complex environments. Experimental results show that, when dealing with static obstacles, the proposed algorithm signi-
ficantly improves the ability to safely navigate around obstacles compared with the traditional TEB algorithm. Further-
more, it increases the average navigation speed, effectively ensuring the safe and efficient transportation of unmanned
trucks in open-pit mines.

Keywords: open-pit mine; unmanned trucks; path planning; improved TEB algorithm; obstacle avoidance planning;

pose trajectory points; static cost map; autonomous navigation
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3) localpath =[]

4)if start >=0and _goal < length(globalpath)

5)and _start <= goal:

6) for i from _start to _goal:

7) localpath.append(globalpathl[i] )

8) end for

9) end if

10) end function

11) function insertPoselnPath( Pose, localpath,
index ):
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13) if index >= 0 and index < length(localpath ):

14) Pose.insert( index,pose )

15) end if

16) endfunction

17) IR AL 25 53 B ST HB O o B AR 5

18) for Pose.insert in localpath:

19) Pose0 = _start

20) if Pose0 == goal

21) newPoses[] = Pose0

22) else

23) newPoses[ |]=alculatebyref(Pose.insert ):

24) new_goal = start

25) return newPoses[]

26) end if

27) end for
23 BERELE

o1 T 88 KA oz i R A e AT 3l B b AR 7R
AN, BT DS AR A 1) Jey vl i A
J& A O Y, WARAT T RE T AT D 22, AT
D 81 g 9 A7 S5 AN RN U B ) 5 T ) DX B, B
BT RO | SR AR B, R ARG . 2R
#t TEB L e AL e 55k K 2 0 SE Ak B b AT —
URBCE, $ ) — X 2 i J2 Ak 2 K% sk B H A e 4
HEAT ALY T o

[ QNS LEE i N ES IR T N AR Y DA W
— AR HLI Y BEA, LA B RS TR 0 K 58
P R — A Ee KRB 8, (8 A AR R i i )2 5 7 il 4 )=
AL G 3 I K 1 A2 X A 1 B ik Ak 2 X



%6 1 GO0, 45 . et st a) 5P 1) 8% KB T0 N R 4 i i 5 450 0 R A 5 + 1453 -
2 AN B 2 6] B I SR A B 2 5 2 B 4 T LA £1 XY
SO /0 B R 0 7 G S R B B Table1 Key parameters
B, 5 3 5N Ra 2 A SR R I 5 R, % pE ] ZH Hfi
1" 1 32 1 2 1 PR ke FLJRS #6405 #2025 b ] LIS 5 03
B2 A KR FECR A AL, HOE IR 29N ) LS
N BT 128 b 12 K 7 I 30 WK 2 i i Hi‘fﬁjj@;j“f) 05
B, S0 S 5 R o 20
e KA N3/ (rad/s?) 2.0
/N AR (0) 45
N Wi NG 5 BRI 5 2 S W B 0.05
[ZEL) IINGE G I ) B I K B 5 /m 0.04
il A8 /% T— %) N RS ) R S /m 0.02
3.1 it TEB &R EXT Lk
B RATIK I W 1005 ST O ELABE I 2R 2 A AR,

Bs5 BKELERE

Fig. 5 Schematic diagram of the expansion layer treatment

CRES il AR A A ORI f R g RO R4 A Y Ll
B 00 ) B /NS O 75 JE BT X BRI A AN
E P, TR Vi A SN KLU B AT ), K B RS )
() foc B RY K % H A e R o B A T R AR
Sovstactea» E PREAETT] PRBCR R

n 1 . ‘
Jobsacte2 = ZO] m,l =0,1,---,m5d <dpw (7)
3P 2 9] B A 0 ) B T BB N o
3 RS 5 T

Bk e i TEB 5509 B9 A A7 PE A L, AR
i R X TN R 48 IR 1k, 2 g R H—
AP 5 /NG (K FE LG 0.4:0.15=8:3 ) BLALLTE A
REATH A XIS E, # 1Tk mn & 5k 5
E, SEEF 6 24 Ubuntu & 45 A1 ROS A Melod-
ic LAy NERVE R Ge o IR I AE /N2 b 45 400 o AH
BL. BRBEAHPIL . OB BT Ik BRI 5 50T (inertial
measurement unit, IMU ) 4% 5% &5 F 880 Wl

S5 i ] Gazebo 5 #38 [ 01 SRV A B
R, BRI [ S R . AR PR L R IX Y
TN R FIEFEBAR, # ] Gazebo [ BuildingEdit-
or # 4 2D FEIE A BE R I RLIE], 42 I L ik B AR
P AR I e AT AR R 38, 2=, 97X B A
R EABERE A

AL 5 UGH TEB SE Rl 6 45 A5 75 A4
SEPRIBATRCRTE ROS DRt e ioAH I it &, 1
H/INE T 0 S 500E I 78 2 B9 BT DX 2 & rh
Z WA, FHXESHN R 1 iR,

14k A /N 4o 5E 5, FE RVIZ Al WAL 5 pE A7 45 B
AR, BB/ PG A pR (—18.496, 1.171, 0.070),
H¥5 A5 (—13.631, 1.063, 0.147), 76 M 6] 4 5 B 4%
FLRI Sk B SERE L, ] TEB 53k S5k TEB &
0 A N ZE DA T A R R 3, L AR 2 B
PR 938 SRR | X B RS- 1 R D

i L A1 6 TR o S5 BoR: £ 48 TEB
SR R R 1 B A 2 o R K 2 G R AR A, e
TEB 835 i T ekl 7 07 B Hk 5 5 1 ik 92 o )2,
Az B sk R L0 B A 50 R A B AR R B B
YL, ELR R B £ B Ak T RS K 2 b, B
A RGETT B R ), (HAE B8 AR T 1 it —
HIFA

BETEBEE [ [ [ [ | BﬁLﬁTEBﬁ%
LR A aouE
EEERNNNLL
(a) 5% TEB &k

B, @FRMIHEE (LR P BE 3 m), #i h@FR Bbr s
R, L0 B R R Bttty , JH B2 0 i COLR Dy I IK)Z
LGz
Be6 SMmEtfE{iE

Fig. 6 Navigation obstacle avoidance simulation
32 TXHHRBEBEANGESERESH

A DR IR B B i A MR 7 B0R L AL AN
etk TEB F0AAE N A LRI E., D g5t £ %
gy 0 A4 B 1) BRI Bl EUR B 5 2) 20 58 S
H5 B ; 3) B0 i BT IR E 5 4) B Py B
fek s B0y ECIA S o MUK A o, TR B A B AR
A JRIERARL, L1 OB BR AR N R R B A

1) 87 i By HAR B



. 1454 » /O A

SO S ¢

F19 8

i TEB B3k 76 B2 T8 R A 7 0 245 08 5 A
B B AR R R 2 R LR 7. R A A e
1:1.5 % 1:2.5 BG40 M & Y JE s B, #E408T 1X
iR A X (F 7)@) 528X (K 7(a)
@) Z [8] () I s

W2 4F AR S, RGARE /N4 R 4
Ja 2R, AR LR R 1 R R B AR, AL 7(a) TR DAL
R DL Y, 740 06 G B A ) 1 T8 b e AR
SR Bt 4 Jed S A AT B, A MR A I AR X AT 3k

S

— =
(a) MLI T AR

1%‘%%%1@% X
\

ARl IX
el

(b) Hes e B e

PR FEATIE B 1 7(0) QAL i B X B T8 g v
R, Bk TEB FA S5 A A 10 A i B R U
G JRy AR AT A, AU AL IS R B S 5 10 2%
P F % 4 X8k, W R TN R AT IR, AT R
G 42— 5 (1432 Bl B[], {E AT A /N 25 3 A s I 3
B0 Sk, AT I I b g s I B, LRI L
IR, FAL S, WA 7(c). LI FH TN
R4 et TEB 535 BB AE J6 0 12 i vh %2 420l
i‘gsi%‘é%l&f’ﬁikﬁ

AN
N

NS,

OFRRE A, QFBPACHBE, 7 KO E HAR AL
7 RERRAEFRESMIRE

Fig. 7 Navigation process of the narrow sections simulate environment

2) 2 P AS S 5 BIR B

Bk BCE TEB 5505 7 22 % 28 SR H Y I
TR VEREPERE, A U S 06 $5 0 4 G M /] AT
B, Rk A 8 s .

N e LA
I H
N
(a) AAGH 2] b 54 (b) LRI Lk
t
O 3) 3)
eyl e TN s Q
i R ST JRER
1 MR T
(c) ‘WA REREIE AT (d) &4 REE S )

OFRiE 57, @F7R AL L b i vE 4, @F7R A H b i
F B T T3 18], RN ML B L A

B8 ZHIXNBAOMERESMIRE
Fig. 8 Multi-intersection simulates the environment navig-
ation process

HI 1] 8(a) W] LA i, 75 5 R0 22 1 MRS i 5]
b, g5 AR, R GE F 2l ik B 4 B0 1Y i
Ao, /NIt A I O 1) g AT Bk B i
I, 2245 o A A R A SRR AG T 3 @ AR A R

VA BRI B AT 30 B, UL IR 8(b), LU B A
AR b ] v 4 5 At S £ 3ok R — 4% TC e i i A
HEAT R 5 1B 8(c). (d) Y, NEAT IR DY
OAbRF, Ptk TEB 9238 i o7 28 s fil & 5 1 ik 5%
AR AR R — Bz B3 B 2 HAF A R BT
KEHE, LRk HbR S, ZLBmERHTAER
e fd it TEB B4k fE 0% 76 JFUO0 R % 12 v A i
T ) TG 1 A Ak ) 3 o o B Ll T A A T R R i 4
F3k Hbr o

3) U B Bl BB

W X 208 B O A AR B EE o 12
B, K 9 BraR, K 9(a) T LR O &,
4 ey PR AT S T 6 2k ELI A A 22, T 2 ad JR)
ST TR0 B o) T S 3 Gk 0 A T B K % Ak B
Ji, 2T R R S B T A, A A B R LA
1B B2E R 5 ] 9(b) R W, 2t TEB Bk 7E 14 25 A
QAL FLA H B 3k 2 s Ak T T s e 2R AR X
T s P 9(c) o N 4 BRI Jo 350 5 3 o 25
I 9(d) 58 AL B R RN 18 HAR S @, %25 % W
TCN R 4 ff ek i TEB Bk e 20 403l i 2725 B

)Ll LS|
2] b\ )
% .

-!-—__
L[S

1l
4
il
i
|
[ |
i

(a) L4 Hi



B4R, 26« A I i) 560 P AT 119 8 KA T N 4 e e A LR 0T 52

* 1455 -

1
(d) %412

(¢) 1T

B9 REBRRHENESMTE
Fig.9 Sharp curves of simulate environment navigation
process
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