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Abstract: To address the limitations of existing path-planning methods applied to unmanned construction site,
particularly their insufficient consideration of equipment geometry and kinematic characteristics, as well as the
absence of effective multi-machine coordination, this study proposes a cooperative path-planning approach
based on an improved RRT* algorithm. First, mobile construction equipment is modeled as the generalized rect-
angle in the top-down plan, and collision-detection strategies for both linear motion and rotational motion are de-
veloped using the separating axis theorem and vector cross-product operations. Second, a time-window mecha-

nism and a spatiotemporal coordination framework are introduced to design two types of dynamic conflict-detec-
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tion procedures, namely “straight-line-straight-line motion” and “straight-line-rotation motion”, enabling real-
time collision avoidance among multiple machines. Finally, the proposed algorithm is validated through simula-
tions in complex scenarios such as tunnels and beam fabrication yards. The results demonstrate that the planned
paths fully account for the actual equipment geometry, dimensions, rotation constraints, and obstacle characteris-
tics (shape, size, and distribution). Compared with conventional algorithms, the proposed method effectively re-
solves the challenge of obstacle avoidance for large length-width ratio equipment operating in narrow spaces, sig-
nificantly improving path-search success rates and robustness in complex environments. Furthermore, the con-
structed spatiotemporal collaborative planning framework ensures that multiple machines can safely, orderly, and
efficiently move or operate in complex construction site environments. This research not only verifies the appli-
cability of the algorithm in real engineering contexts, such as tunnels and beam yards, but also provides essential
theoretical and technical support for future intelligent and efficient multi-machine collaboration in unmanned con-
struction sites.

Key words: unmanned construction site; path planning; rapidly-exploring random tree; collision detection; multi-

machine collaboration
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Fig.1 Research technology roadmap
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Fig. 2 Search process of shortest path for single equipment movement
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Fig. 3 Relationship between equipment's straight-line motion and obstacles in the construction site
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Fig. 4 Relationship between equipment rotation and obstacles in the construction site
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Fig. 5 Determination of point P, for circular obstacles at different positions relative to the
equipment's straight-line motion rectangle
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Fig. 6 Diagram of the separating axis theorem
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Fig. 7 Obstacle avoidance principle for equipment rotation



TArz, 5 SR T RRTFOAMZ LS RHEA I A JC N T Z LB Rl AR L5 7

LT A TE Py ki 1m0 5% 22 o 5 2N AT e , st
UNR nxno<0 5 >0 R IS, W TR AE A7 il 42
JRUBSE , I 7 RAE K P o DU/ S0 I B 2 12 8 5
fi] B SCRURGHIN % o) il 3 AR AN 1 7 (o) 7S

4) JRERETT I AR AR . DA R MOE IR 1)~ 28
TR 3 )38 1 55 B A5 B0 R s ) O RGN , o T i e e
FEAREAS I , DA AT A P PT 2 R BRAE R
3.4 EEIRSERESYMERS

RSEBLANPE 3(d) B 7S BB AR AGL AT, 75 42 4 [
ISR AIARSS I RE 71k o 15 VR AR St 5 141 7 %
AR, ME— A DXCHITE T 2D B8 1) il i e AT g
Wy S 5E A B R AR [ R 7 A A DX, AR
FRFIE B 05 12 P LIRS 3.1 795 v Bk i [ S5
RIS ETT %

4 ZHHERIERER*

TET NI T 375501, 2l B 1 23 1)
AT 55, DR B A LR AN A sl A 5 5 S P
Yy Rl | 5 5 B Z ) R sh A H, Ak
VAR AL 25 ] P RE RS 22 4xis AT A K A
AE o BTl AT 55 AR AF R AT J5 L i i
Fp 285 AR SUIRI B T I & s AT AR E W E L 12
LR 1, 8 S DU SR Y AR AL R e 2 B A
PRI TCREAE BRIV o 22 AL B I it i 74y B A S B
R Frik

1) AR AR I ] 81 O A A i 5 L AR
)2 5, Q] 8 TR , LA s P R 81 12 a3 RO [i) 24 3
FoR RISty o) BOIE S, HoH 6100 1R
B H1 Py BATHE 2 Pusfl YN 2], RSB ANA(3)

******************************************

2k2)

I
(e B
' (1 1ys 1 )

FEfH)

E8 BRizETEEFZI
Fig. 8 Time sequence along the path

JIes  Ferp v R B A AT EL R | 60 IR —AE
P 377 01 % 25 my ) 2], L3RR N =X (4) i
7, Ferbw R BRI o R £ e BRI
HT Py 5 B ST REDRSE , t100 YR/ 119 5 B 1
P o BEABEA T IR ()6 2 S0 A% AR A I ]
Fe3il.

tl(zk—l):t1(zk-2)+‘Pp(k_l)Ppk‘/v (3)
n:-n 1
tltzk):tl(zk-1)+arccos|n 1||n2 |; (4)
117,

2) Ay EE A R RS A AR R B A T E R AL
EHERZRIE T, e BB eI A B B ARt il fE
2B B AR AR R A R AR L, iniE 9 By
o MU, Sl AR T e T A BV R R, T
FAWT i BV A AR 58 S DX N 7 5 i A A
[I4ESE AFfE S BUE B — (AT B ) 2%
SN B E gz S a] X T h [4, 0], Bes — ORI
) BB R] XTR) M (61, 1] 0 A PR 6] BEAFAE S A, U]
N ARG B — KA R A RUR . (AL,
1EZ LB R AR MU A AR v, o S R I s i
B BRAS R S AT B AR R AR S A
P AR AR 23 0] HLON A, U AR A AT 4 Y
JB 5 2 G 3] 2 18] 52 3L, WU itk — 20 S Wy P 5 95 112
DX 35 PAY F18 BSF T 7 11 S 17 B 8 5 o BF [ X ) B AN B
B, IS A 22 4 s A 5 (0] 5 I ) S22 R A7
DN T TR A B AR A3, 17 <% 5 i 7RI AL
AT L

B9 BIER&FTHEEZXIERL
Fig. 9 Intersection of the straight-line motion paths of
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Fig. 10 Intersection between the straight-line motion
path of the front equipment and the rotation
of the rear equipment
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Fig. 11 Multi-machine collaborative path planning code test results
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Fig. 13 Application of path planning algorithm in the stack bridge segment of tunnel
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