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Mobile Robot Two-dimensional Full Coverage Path Planning Algorithm Based on Maklink
Diagram and Boustrophedon Path
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Abstract With the increasingly widespread application of complete coverage path planning of mobile robots in production inspec-
tion and home cleaning fields, the problems existing in the current algorithms are becoming increasingly obvious,such as high re-
petitive coverage rate,non-optimal transition paths between sub-regions,and insufficient adaptability to concave polygonal obsta-
cles. Therefore, this paper proposes a two-dimensional complete coverage path planning algorithm for mobile robots, which in-
tegrates Maklink graph theory.,improved ant colony algorithm and Boustrophedon path. Firstly, the method employs Maklink
graph theory to construct an environmental model by generating link lines. These lines are then used to partition the two-dimen-
sional space into multiple convex polygonal subregions and establish an initial feasible path network. Secondly,the method trans-
forms the connection sequence of the sub-regions into a generalized “Traveling Salesman Problem” and uses one-dimensional ant
colony algorithm to compute the sequence of the sub-regions that the robot visits. Then,the ant colony algorithm for minimizing
results of function and triangular pruning geometric optimization algorithm is applied to obtain the optimal transition paths be-

tween sub-regions. Finally.the method performs a zigzag traversal within each sub-region through the visiting sequence by the
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Boustrophedon path in order to achieve global coverage path planning. Simulation experiments conducted in multiple two-dimen-

sional environments with varying complexities demonstrate that the proposed method can effectively adapt to scenarios containing

a variety of polygonal obstacles, achieving a coverage rate of 100% with zero redundancy. Meanwhile, the comparative experi-

ments with only using the traditional ant colony algorithm and the improved ant colony algorithm, this algorithm performs well in

three aspects,which are the length of the transformation path.the length of the traversal path,and the repetition rate. The com-

parison with the traditional full traversal method of constructing environmental models using the raster method shows that the

proposed algorithm has high modeling accuracy and excellent storage efficiency.
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Initial and final states of the sequence number transformation

for the order of inter-subregion access
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Fig. 6 Schematic diagram of triangular pruning

(geometric optimization)
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Table 1 Parameter settings related to map and obstacle vertices
Type Parameter
A AT T [0,200]
N [0,200]

8 — R A TR
EoANERYTA
BB TS
5 0 I R A TR
BT TR

[40,1407.[60,1607,[100,140].[60,120]
[50,30],[30,40],[80,807.[100,40]
[120,160],[140.1007,[180,170].[165,180]
[120,407.[170,40],[140,80]
[180,207.[220.807,[200,160]
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Table 2 Parameter settings related to mobile robots and ant colony
algorithms
Type Parameter
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Table 3 Parameter settings for map of fully concave polygon

obstacles
Type Parameter
A A7 v B [0,20]
WAL AT T [0,20]
- mEay [3,197,[3,117,[5,14],[6,11],[6,15],
A [5,17],[5,19]
N EA Y TR [0,61.[0.4].[4,4].[4.6].[2,5]
goAEBYHWAE  [15.8].015.5].[17.4],[17.2] ,[19.2].[19.8]

# WA A
T2

RN
A

[7,10].[10,10],[10,13] ,[14,137,[14,5],
[12,57 .[12,0].[10,0] ,[10,3] .[6.,37,
[6,5J,[11,5] ,[11,8],[7,8]

[16.,127,[18,12],[18,13] ,[17,137,
[17.5.14] .[16.5.15].[17.16].[16.17]
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Fig. 9

Global traversal path of robots in an environment with

fully concave polygonal obstacles
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Table 4 Parameter settings for concave-convex polygon hybrid

obstacle map

Type Parameter

A& AR S [0,20]

I\ A AT T8 B [0,20]
& ARG TA [1,197.[1.17],[3.17].[3,19]
R TR [1,15].[1,11].[4,117.[4.15]
EEAEBYTA [0.6].[0.4].[4.47.[4.6]
B0 B A TR [6,20].[6,12].[9,127.[9.20]
EHEANBERY T AL [15.87.[15.5].[19.5].[19.8]

5N B R A TR

AN
A&
O\
A
BB 4
T A

[17,47,[17,27,[19,27,[19,4]

[7,10].[10,10].[10,13].[14,13].[14,5].,
[12,5],[12,0],[10,0].,[10,3].[6.3].
[6,5],[11,5],[11,8].[7,8]
[14.27.[14,1].[15,1].[15.2]

[16,127,[18,12],[18,13],[17,13],
[17.5,14],[16.5,15],[17.16],[16.17]
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Global traversal path for robots in an environment with

mixed obstacles of concave and convex polygons
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Table 5 Parameter settings for the simulated map of the house
corridor
Type Parameter
A A7 S [0,200]
PN R [0,200]

B NERY TR

BB TR

B AR TR
500 R A TR
BRI TR
BN BT R
BB TR
NN 4 TR
BB A TR
E N2 E/ RIS

S+ —ANEBY T A
4+ ANEF AT

[0,200],[0,1707,[10.,1707,[10,190]
[30,190].[30,200]
[0,140],[0,135].[80,135],[80,110] .
[85,110].[85,160],[80,160],[80,140]
[25.110].[25,95],[50,95],[50,110]
[80,200].[80,175],[85.175].[85,200]
[0.65].[0.,60].[80,60].[80.35] ,[85.35].
[85,957,[80,957] ,[80.65]
[0,0].[0.30].[30,0]
[80,20],[80,0].[85,0],[85,20]
[125.200],[125,110].[130,110].[130,200]
[125,95].[125,07,[130.07.[130.95]
[160,200],[160,155],[165,155].[165,200]
[160,1407,[160,55].[165,55],[165,95] ,
[200,95].[200,100],[165,100] ,[165,140]
[150,35].[150,30],[200,30],[200,35]
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Global traversal path of a robot in a simulated house
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Fig. 12 Sensitivity analysis of ant colony algorithm parameters
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Table 6 Comparison of experimental results of three algorithms

Hi% B EEKE ERAEKE  EAEFE/X
Bkl 368. 66 6103.7 6.04
%2 362. 86 6097.9 5.95
5k 3 352. 86 6087.9 5. 80
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