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Multi-robot path k£ robust planning algorithm based on safe interval
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Abstract: To solve the problem of delay interference in the execution of a multi-robot path planning system, a k-robust safe interval path
planning algorithm based on safety interval is proposed in this article. Firstly, the global time interval is introduced, and the time
occupied by robots and the k-robustness factor are added together as the obstacle time interval of nodes. Then, the global time interval is
updated, and the safe interval constraint of the global time interval is used to avoid conflicts between robots. Secondly, the A" method
with £ time expansion is proposed as the core algorithm of multi-robot low-level path planning, where k is the set robust factor. This
method can deal with the robust planning problem in the spatio-temporal relationship of multi-robot. Finally, all robot path planning is
completed under the constraint of a global time interval. Simulation results show that the solution success rate of the proposed algorithm
is 37% higher than that of the existing improved k-robust conflict-based search algorithm, and the solution time is reduced by two orders
of magnitude. It provides a more efficient and robust scheme with a delay margin for multi-robot path planning, which provides a more
efficient and robust scheme with delay margin for multi-robot path planning, and further verifies the effectiveness and feasibility of the
proposed algorithm in real robots.
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Table 1 Robot a,, a, route information schedule

t 0 1 2 3 4
a S1 A 81 81 81
a, s, F E D 82
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Input:k;v, ;v,. ame(v,(1)) ;v,,,. safeinterval (s_t) (v,,. s (s_
1)) vy, safeinterval(e_t) (v,,. s(e_t))

s s_t= v,(1)

cet=v,(t)+k

. for v,,, in v,. neighbor

ifv,,.sCe_t)—v,,.s(s_t)<k

1

2

3

4

5. continue
6: ifv,,.s(s_t) >etorv,.s(et) <s_t
7 continue

8: append v,, to v,. successors

9

: return v,. successors
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robust safe interval path planning , kR-SIPP ) 3832 1 /6 1 B4 i
B X [A] ( start point time interval , SPTI) , 7E it FF BRI B 5
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input: MAPF instance

1. reserve k to SPTI

2; for a; in a,

3. insert s, into openlist with f = h  //g AR F Y a0 & EE

SRS b AR Y BI R B LI f ST g S hZM
while g, not expand

remove v, with f (smallest) from openlist

get successors

4
5
6: insert v, with f (smallest) into closedlist
7
8 for v in successors

9

if v} not in openlist

10. insert v; with f (smallest) into
11 current_ v, = v!

12. append current_ v, into path
13. current_ v, = current_ v;. parent

14. return path
15. update GTI
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Fig.4 Random delay scenario planning results
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Table 2 Experimental results of storage map

?L%E A - s R M E FBATHE ]/ ms

fn k=0 k=1 k=2 k=0 k=1 k=2 k=0 k=1 k=2
IkR-CBS 100 100 98 144 144 145 341 193 246

: kR-SIPP 100 100 98 148 148 148 9.1 8.8 9.1
IkR-CBS 98 9% 92 318 319 319 964 3933 7837

10 kR-SIPP 100 100 100 324 325 328 18.5 20.3 19.2
IkR-CBS 90 82 74 414 414 415 46 072 12513 68 837

. kR-SIPP 9% 9% 92 446 451 458 32 30 32
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(a) 16> 16 R Hh K

(a) 16x16 barrier-free map
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Fig. 6 Small-scale regular map
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Fig.7 Large-scale irregular map
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Fig. 8 Experimental results of small-scale regular map
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Fig. 9 Experimental results of large-scale irregular map
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Fig. 10 Screenshot of the robot executing the scheme
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