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Abstract: In the real-world situation， the lunar missions’ scale and terrain are different according to various 
operational regions or worksheets， which requests a more flexible and efficient algorithm to generate task paths. A 
multi-scale ant colony planning method for the lunar robot is designed to meet the requirements of large scale and 
complex terrain in lunar space. In the algorithm， the actual lunar surface image is meshed into a gird map， the path 
planning algorithm is modeled on it， and then the actual path is projected to the original lunar surface and mission. The 
classical ant colony planning algorithm is rewritten utilizing a multi-scale method to address the diverse task problem. 
Moreover， the path smoothness is also considered to reduce the magnitude of the steering angle. Finally， several 
typical conditions to verify the efficiency and feasibility of the proposed algorithm are presented.
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0 Introduction 

Lunar base construction and resource develop⁃
ment is an important aspect of expanding the human 
playground in the future. The lunar surface robot 
will be a critical assistance and vital tool for astro⁃
nauts to develop and utilize lunar resources. Lunar 
robot task allocation and path planning will be large-

scale planning problems， with the increasing num ⁃
ber of robots. The uncertainty of path planning appli⁃
cation scenarios and terrain conditions has further in⁃
creased based on the improved robot performance 
and expanded planning scale. Diverse planning situa⁃
tion requires searching algorithms having the flexibil⁃
ity to adapt to various scales and high computing ef⁃
ficiency to fit complex terrain. Therefore， it is par⁃
ticularly critical to plan a short， safe and smooth 
path for robots to reach the target position on the lu⁃
nar surface.

In-depth research on path planning has been 
carried out for decades， which can be divided into 

two types， one is based on the theoretical model， 
and the other is based on the random search algo⁃
rithm. In terms of random search-based planning 
methods， Li［1］ proposed an improved method for 
the A* algorithm. This method combines the AGV 
state with the fuzzy logic rules as the heuristic infor⁃
mation and dynamically adjusts the heuristic func⁃
tion weight. Alireza et al.［2］ enhanced the mutated 
cuckoo optimization algorithm （MCOA） which has 
the ability to deal with several unmapped objects 
and takes less time than the GA and A* algorithm. 
A new genetic algorithm with higher efficiency than 
A* algorithm on larger scale， based on the path net⁃
work， was proposed by Li et al［3］. To enhance the 
calculating efficiency and reduce the number of 
nodes， a combination algorithm of probabilistic 
roadmap algorithm （PRM） and probability-based bi⁃
directional rapidly-exploring random trees （P-Bi-
RRT） was discussed by Xu et al［4］.

The ant colony algorithm is widely used in 
searching for the optimal path due to its stability and 
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reliability. By imitating ants’ foraging behavior， the 
ant colony algorithm promotes optimization ability 
on intelligence， efficiency， accuracy， and applica⁃
tion scope. Compared with the A* algorithm， GA 
algorithm， and other random search algorithms， the 
ant colony algorithm has positive feedback， and the 
algorithm can adopt distributed computing frame⁃
work and heuristic probabilistic search method， 
making it easier and more efficient to find the global 
optimal solution. So， the ant colony algorithm is 
widely used to solve path planning problems. A fu⁃
sion method of the segment and global path plan⁃
ning was proposed by Shi et al［5］， which searched 
globally utilizing the potential ant colony algorithm 
and locally with the improved artificial potential 
field （APF） method. The article by Chen et al.［6］ 
suggested that the ant colony optimization algorithm 
can solve the unmanned aerial vehicle （UAV） path 
planning problem with outstanding robustness and 
scalability. Based on the ant colony algorithm， Zhao 
et al.［7］ improved the calculating efficiency through 
increasing the adaptive adjustment into heuristic 
function. Shao et al.［8］ suggested that setting a dy⁃
namical limit of pheromone’s attenuation coefficient 
can enhance the searching efficiency and reduce the 
probability of local optimal solution. Whereas， for 
the large-scale path planning problem of complex 
terrain， the current ant colony algorithm remains 
problems of searching blindly in the initial stage and 
having limits in searching scale.

A multi-scale improved ant colony algorithm is 
proposed in this paper， combined with the smooth⁃
ness method for lunar robot intelligent path planning 
to adapt to the large-scale and complex lunar sur⁃
face， hence the path searching efficiency， algorithm 
adaptation flexibility， and path safety are enhanced. 
The proposed algorithm can adapt various search-

scale， reduce the probability of local optimum and 
enhance the convergence efficiency. Compared with 
the present method， there are three main contribu⁃
tions in this paper：

（1） Map the global space matrix into a new ma⁃
trix with corresponding terrain complexity to en⁃
hance the searching scale of the ant colony algo⁃
rithm；

（2） Propose a multi-scale method to escape 
from the local optimization quickly；

（3） Suggest that the ant colony algorithm can 
meet the requirements of large-scale and complex 
terrain on the lunar surface.

The paper is organized as follows. The basic 
idea of the multi-scale ant colony model is intro⁃
duced in Section 1. Section 2 describes the algo⁃
rithm design of the multi-scale ant colony model in 
detail. In Section 3， the proposed algorithm is used 
for lunar surface path planning， and the results are 
compared with the results obtained by the A* algo⁃
rithm to illustrate the effectiveness of the multi-scale 
ant colony algorithm. Finally， some conclusions are 
drawn in Section 4.

1 Problem Description 

（1） Symbol design
To explain the path planning problem， a sim⁃

ple mathematical model is designed，as shown in 
Fig.1.

In coordinate XOY， path nodes are denoted as 
a set Node = { node i }， node i is the ith node and 
node i ={nodexi

，nodeyi}， where nodexi
 and nodeyi

 
are node i’s position. The first node node0 is also de⁃
noted as S， and the last one noden is also denoted as 
T， where n denotes the last number of nodes.

Path segments between adjacent nodes are de⁃
noted as a set Rt ={Rtij}， where Rtij is the path seg⁃
ment between the ith node and the jth one. Here j =
i + 1， 0 ≤ i < n.

Path segment angle is denoted as a set Ang =
{ θi }，θ ∈ [ 0，π )， where θi is the steeling angle be⁃

Fig.1　Mathematical model
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tween Rtij and prolonged line of Rt ( i - 1 ) i.
Obstacle is denoted as a set Obs = { O i }， 

where O i is the ith obstacle. O i is denoted as a third-

tuple set O i = { O xi
，O yi

，ROi
}， where O xi

 and O yi
 are 

O i’s position，and ROi is the length of O i’s side.
The searching space is R search.
The R search’s mean altitude is A R and lunar ro⁃

bot’s motion has an altitude limit of A lim.
（2） Path planning model
The lunar robot path planning problem can be 

defined as searching for an optimal or best path from 
S to T， as shown in Fig.2. Path planning model can 
be described by S，T，Rt，Ang，Obs， and so on.

Obstacle avoidance model is
Node ∩ Obs = ∅                                              

( nodexi
- O xn

)2 +( nodeyi
- O yn

)2 ≥ Ron
(1)

where O xn
 and O yn

 is the nearest obstacle to node i.
The issue of path planning is to search for a 

shorter smoothing path with less calculating time 

tcalcu and smaller average steeling angle -θ =
∑
i = 1

n - 1

θi

n
.

The lunar space environment model is assumed 
as follows：

（i） If the altitude of position A < A R - A lim or 
A > A R + A lim， the position is defined as an obstacle.

（ii） The lunar image is meshed into a grid map 
with different scales. The grid map is denoted as a 
matrix L， and it’s element Lij is 0 or 1， where 0 
means passable and 1 impassable， according to the 
results of assumption （i）. In this way， R search is 
turned into a matrix L.

The mapping process is shown in Fig.3.
The classical ant colony algorithm has the dis⁃

advantage of low searching efficiency in the initial 

stage， especially in large spaces. Since the region 
scale of the lunar task could be large， L might con⁃
tain a great number of elements. The ant pheromone 
parameter τ is difficult to spread into the whole 
space in several periods with huge calculating 
amounts. Hence， the calculation efficiency is signifi⁃
cantly reduced in large scale problems. Changing 
the number of elements in the initial matrix and nar⁃
rowing down the searching range are utilized in the 
algorithm to reduce the influence of the scale.

Before the path planning， map every bunch of 
elements h × h into one element. In other words， 
split the initial matrix L into a set of matrices L small 
and integrate each matrix as an element in new ma⁃
trix LNew. L small_m is the mth matrix in L small，which cor⁃
responds with LNew_m， the mth element in LNew. The 
matrix LNew consists of new elements with terrain 
complexity TC， which is indicated with different 
grey levels， as shown in Fig.4. The start point S 
and target point T are also mapped in LNew.

Plan the path with a new matrix LNew and let 
passing elements map into the initial matrix to find 
the passing matrices L pass in L small. Plan path Rt_small 
with the passing matrices L pass， combine them with 
each other in turn， and grow into the initial path 
Rt ， as shown in Fig.5.

Fig.3　Lunar surface information processing

Fig.2　Lunar surface path planning
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The initial path Rt is remained to be optimized 
using ant colony algorithm. Firstly， collect path seg⁃
ment Rt_seg by means of stochastic method and get 
the corresponding matrix MNew. Next， optimize the 
path Rt_seg in MNew without changing the start point 
and end point， then get the result of optimization 
Rt_New. Finally， replace Rt_seg with Rt_New and update 
the path Rt with local optimization mentioned 
above， as shown in Fig.6.

The actual lunar robot cannot drive on a poly⁃
line path； hence the path generated in the grid map 
is remained to be smoothed. The algorithm com ⁃
pletes the smoothness control utilizing curve 
smoothing method， and the feasibility and efficiency 
of the final path are improved with the smoothing 
process， as shown in Fig.7.

2 Algorithm Design 

2. 1 Image process　

First， convert the colored moon image into a 
grayscale picture， then obtain the picture’s pixels to 
gain a gray value matrix for each pixel MG. Calcu⁃
late the mean pixels’ value meanrgb which reflects as 
mean altitude. Regard meanrgb as a pixel reference 
value and set value proportion range p rgb. Finally， 
generate the global matrix L= { lrc }， where lrc is an 
element in the rth row and the cth column. Accord⁃
ing to the assumption of the lunar surface environ⁃
ment， the global matrix can be defined as
highrgb = floor ( ( maxrgb - meanrgb )× p rgb + meanrgb )

(2)
lowrgb = floor ( meanrgb -( meanrgb - minrgb )× p rgb ) (3)

lrc =ì
í
î

0 lowrgb ≤ MG rc ≤ highrgb

1 else
(4)

where 0 means accessible and 1 inaccessible； maxrgb 
and minrgb indicate the maximum and minimum val⁃
ue in MG，respectively； highrgb and lowrgb respective⁃
ly mean the upper and lower boundary in MG， cor⁃
responding to p rgb. floor ( A ) rounds the elements of 
A to the nearest integer less than or equal to A.

Fig.5　Illustration of mapping new matrix into initial matrix

Fig.6　Path optimization

Fig.7　Path smoothing

Fig.4　Matrix integration
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2. 2 Improved ant colony algorithm　

Express the heuristic function ηij ( t ) is in in⁃
verse proportion to the distance from next node j to 
the target［9］.

ηij ( t )= 1
d ( j,T )

(5)

Set the lower limit of τij to simulate the error 
probability in ant colony and increase the searching 
diversity.

τij ={ τij    τij > τmin

τmin    τij ≤ τmin
(6)

Mortify the recording of pheromone［10-11］. Only 
record pheromone of ants which have reached T， 
and the collection of these ants in the tth generation 
is arrive t，T. k denotes the kth ant in arrive t，T. Here Lk 
denotes the length of the path taken by the kth ant in 
arrive t，T.

Δk τij ( t )=
ì
í
î

ïï

ïï
Q/Lk { }i,j ∈ arrive

k

t,T

0 else
(7)

Δτij ( t )= ∑
k = 1

a

Δk τij ( t ) a = size ( arrive ) (8)

In traditional ant colony algorithm， the value of 
pheromone is assumed to degrade in each iteration. 
However， the main idea of the improved ant colony 
algorithm is to select path segment randomly for op⁃
timization， so as to obtain the global optimization re⁃
sult. Due to this randomness， this assumption is not 
applicable to the improved ant colony algorithm.

2. 3 Path mapping method　

The path mapping method is adopted to gener⁃
ate the initial solution， which enhances the calcula⁃
tion efficiency. The general idea is splitting global 
grid into several small bunch of matrices L small， and 
mapping each matrix of L small into each element in 
matrix LNew with terrain complexity TC. After gener⁃
ating the optimal path Rt_New in LNew， map the corre⁃
sponding matrices L pass and combine the optimal 
path Rt_small with each other in turn， then generate 
the initial path Rt.

The regional splitting process is as follows：
（1） Confirm the number of elements M 1 × M 2 

in L.
（2） Set the number of elements h × h in L small_m.

（3） Split L into ceil ( M 1

h )× ceil ( M 2

h ) matri⁃

ces in L small. ceil ( A ) rounds the elements of A to the 
nearest integer greater than or equal to A.

（4） The matrix LNew consist of new elements， 
and each element takes value in [ 0，1 ]. The map⁃
ping relationship between the elements in LNew and 
the matrix in L small is reflected by TC， start point S 
and target point T.

TC = num obs

num total
(9)

LNew_m ={ 1 TC ≥ TCmax

TC else

m ∈ é

ë
ê
êê
ê ù

û
úúúú1，ceil ( )M 1

h
× ceil ( )M 2

h
(10)

where num obs is the obstacle number in L small’s ma⁃
trix and num total the total number of grids in L small’s 
matrix.

Cancel the ant motion degree of freedom
（DOF） of the upper left， lower left， upper right 
and lower right during the process of generating 
Rt_New in LNew， to ensure the existence of accessible 
path between neighbor matrices in L small. Then， map 
the Rt_New nodes into matrices L pass.

The mapping method of generating Rt from S 
to T in L is indicated as below.

（1） Iterate every pair of neighbor matrices in 
L pass and select accessible path between neighbor ma⁃
trices. L pass_n and L pass_m mean the upper and later ma⁃
trix in L pass. Jn and Jm are the connected edge collec⁃
tions in L pass_n and L pass_m.

Jn + Jm = Jnm (11)
（2） Select Jnm’s elements， whose values are 

0， into Jnm0 as accessible collection. Select the posth 
elements Jpos in Jnm0 by means of stochastic method. 
The target position in L pass_n is T pass_n，

T pass_n = Jn ∩ Jpos， and the start position in L pass_m is 
Spass_m，Spass_m = Jm ∩ Jpos.

（3） Calculate the start position and the target 
in every L pass’s matrix， according to the processes 
（1） and （2）.

（4） Generate path in L pass’s matrix， and splice 
the path one by one. Then， obtain Rt in global ma⁃
trix L， as shown in Fig.8.
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2. 4 Space splitting optimal method　

The space splitting optimal method can opti⁃
mize Rt with stochastic method， reduce the probabil⁃
ity of local optimal solution， and enhance the calcu⁃
lation efficiency. The overall process of space split⁃
ting optimal method is indicated as below.

（1） Set parameters of path segment optimiza⁃
tion： O num is the number of optimization， Pmax ( 0 <
Pmax < 1 ) the upper boundary of segment-to-Rt ra⁃
tio；Pmin ( 0 < Pmin < Pmax ) lower boundary of seg⁃
ment-to-Rt ratio；N Opt0 the initial number of genera⁃
tions；M Opt0 the initial number of ants in the algo⁃
rithm.

（2） Search the start position SOpt in regional op⁃
timization， and determine the number of intercept 
nodes num. Then gain the certain path segment Rt_Seg.
num = max [ floor ( ( ( O num - O i )× Pmax ×

LR ) /O num ),LR × Pmin ] (12)
s = rand [ 1,LR - num ] s ∉ Tabu (13)

SOpt = Rt ( s ) (14)
TOpt = Rt ( s + num ) (15)

N Opt = floor ( num × N Opt0 / ( Pmax × LR ) ) (16)
M Opt = floor ( num × M Opt0 / ( Pmax × LR ) ) (17)

where rand [ a，b ] can generate random number 
from a to b； max [ a，b ] means selecting maximum 
one from a and b； LR is the number of Rt’s nodes； 
TOpt the end nodes in Rt_Seg； N Opt the current regional 
optimization ant colony iterate times；M Opt the num⁃
ber of ants.

Tabu list is set in this step within the process of 
regional path optimization. And the used SOpt posi⁃
tion is recorded in the tabu list， Tabu =
{ S small ( 1 )，S small ( 2 )，⋯，S small ( N small ) }. If the new 

start position is already in Tabu， then reselect.
（3） Get the corresponding matrix M Seg to Rt_Seg. 

Iterate every node in Rt_Seg and find the maximum 
and minimum value in x⁃axis and y⁃axis. Obtain 
M Seg according to the maximum and minimum value 
mentioned above. Path planning is implemented in 
M Seg to obtain the solution Rt_Opt.

（4） Replace Rt_Opt with Rt_Seg and update the 
path Rt with local optimization mentioned above.

（5） Repeat Steps （2—4） until reach O num.

2. 5 Path smoothing process　

After path mapping and space splitting meth⁃
od， obtain Node = { node i } which needs to be 
smoothed. This work adopts the smoothing method 
proposed by Refs.［12-14］ to reduce the magnitude 
of the steering angle and improve path safety.

The definition of weight function w ( x ) is de⁃
scribed as

w ( x )= e-
- || x - x0

δ (18)
where δ is the smoothing factor.

While calculating the node k’s new position， se⁃
lect 2m points around node k as the smoothing collec⁃
tion and establish a local coordinate system centered 
on node k.

Control the smoothness of the curve through 
parameters， set the node i’s parameter as ti. Then 
the parameterization of node i ={nodexi

，nodeyi} gen⁃
erates two components in the X and Y directions： 
( ti，nodexi) and ( ti，nodeyi).

ti =ì
í
î

0
ti - 1 + || node i node i - 1

i = 0
  1 ≤ i ≤ n

(19)

Set the parameter of farthest node as tj and the 
weight as α. Then obtain the initial smoothness fac⁃
tor δ0.

δ0 = -
|| tj - ti

ln α
(20)

Calculate node i’s weight matrix W  according 
to the function （18） and δ0.

W=

é

ë

ê

ê

ê

ê
êê
ê
ê

ê

ê ù

û

ú

ú

ú
úú
ú

ú

úw 1 0 ⋯ 0
0 w 2 0 ⋮

⋮ 0 ⋱ 0
0 ⋯ 0 w m

(21)

The node i’s new component in the X direction 

Fig.8　Searching start point and target in local matrix
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is x′i = ax and the new component in the Y direction 
is y ′i = ay. So the new position node i = ( x′i，y ′i ).

B=

é

ë

ê

ê

ê

ê
ê
êê
ê

ê

ê

ê

ê ù

û

ú

ú

ú

ú
úú
ú

ú

ú

ú1 ( t1 - ti ) ( t1 - ti )2

1 ( t2 - ti ) ( t2 - ti )2

⋮ ⋮ ⋮
1 ( tm - ti ) ( tm - ti )2

(22)

X=[ nodex1,nodex2,⋯,nodexm
]T (23)

Y=[ nodey1,nodey2,⋯,nodeym
]T (24)

A x = ( BTWB )-1BTWX=[ ax,bx,cx ]T (25)
A y = ( BTWB )-1BTWY=[ ay,by,cy ]T (26)

Smooth residual di is used to denote the dis⁃
tance between the original position node i =
{nodexi

，nodeyi} and the new position 
node i = ( x′i，y ′i ). To ensure nodes are still in the orig⁃
inal grid， select the node node k with the maximum 
smooth residual dk and suppress dk within 0.5 by de⁃
creasing the value of δ.

3 Simulation and Result Analysis 

The lunar surface image is shown in Fig.9.
Transfer Fig.9 into grid map L， which contains 
658 × 800 elements. Then， split L into L small’s ma⁃
trices. （a） denotes matrices’ scale in L small is 
50 × 50 and （b） matrices’ scale in L small is 20 × 20， 
in Figs.10—15.

Set TCmax = 0.4 and the grid level is propor⁃
tional to LNew_m’s value. The path planning parame⁃
ters in LNew are： N = 30， M = 60， τmin = 0.1. The 
start position in L is at the 150th row and the 1st col⁃
umn and the target at the 350th row and the 375th 
column， as shown in Fig.11.

The path planning parameters in L pass are： N =
10， M = 50， and τmin = 0.1. The initial path Rt is 
shown in Fig.12.

The regional optimization parametes are set 
as： O num = 200， Pmax = 0.085， Pmin = 0.05， 
N small0 = 60，M small0 = 50， and the other constant pa⁃
rameters are the same as those in L pass.The relation⁃

Fig.9　Lunar surface

Fig.10　Split grid map

Fig.11　New matrix
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ship between the path length and the regional optimi⁃
zation number is shown in Fig.13.

The optimal path before smoothing method is 
shown in Fig.14， where mean steering angle -θ =
14.408 867 and the number of large angles is 122. 
This work regards steering angle bigger than 20° as 
large angle， as shown in Fig.14.

After path smoothing process， -θ = 1.981 138 
and the number of large angles is 0， as shown in 
Fig.15.

Fig.15　Final optimal path
Fig.13　Relationship between the path length and optimiza⁃

tion times

Fig.14　Optimal path before smoothing method

Fig.12　Initial path
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The size of L small in the path mapping method is 
an adjustable parameter that should be determined 
according to the task. In this scenario， the other pa⁃
rameters are the same as those mentioned above.

The size of L small is given from 15 × 15 to 50 ×
50. The average results after removing the highest 
and lowest values in 8 groups of simulation are 
shown in Figs.16—21.

From the experimental data， the computing 
time of generating the path in LNew is in inverse pro⁃
portion to the size of L small， and the computing time 
of generating the initial path in L pass is in proportion 
to the size of L small. The total computing time has 
minimum value when the size of L small is 19 × 19.

The relationship between the size of L small and 
the computing time by space splitting optimal meth⁃
od is as follows.

The computing time by the space splitting opti⁃
mal method fluctuates constantly， but there is no 
pronounced changing trend.

Fig.20　Relationship between the size of L small and the mean 
steering angle

Fig.16　Relationship between the size of L small and comput⁃
ing time by path mapping method

Fig.17　Relationship between the size of L small and the com⁃
puting time by space splitting optimal method

Fig.18　Relationship between the size of L small and the total 
computing time

Fig.19　Relationship between the size of L small and the path 
length
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By comprehensively considering the size of 
L small and time-consuming， when the size of L small is 
in the range of 15—27， the algorithm has less time-

consuming.
The relationship between the size of L small and 

the path length is shown in Fig.19.
The length of the initial path generated by the 

path mapping method has a growth trend as the size 
of L small increases. However， the length of the opti⁃
mized path always fluctuates within a small range， 
proving that the space splitting method can optimize 
the path effectively.

The relationship curve between the size of 
L small， the mean steering angle and the number of 
large angles are as below.

From the simulation results， it can be conclud⁃
ed that the smoothness method proposed by Refs.
［12-14］ can be used for path planning smoothing ef⁃
fectively.

There remain many methods of path planning. 
In this scenario， the comparison curves and analysis 
among the multi-scale method and A* algorithm has 
been done to verify the efficiency of the presented 
method，as shown in Figs.22，23，respectively.

The size of L is 300 × 300， the start position 
in L is at the 300th row and the 1st column， and the 
target is at the 2nd row and the 300th column.

In the multi-scale method， TCmax = 0.4 and the 
path planning parameters in LNew are： N = 40， M =
50， τmin = 0.1. The path planning parameters in L pass 
are： N = 30， M = 40， τmin = 0.1， and the size of 

L small is 15 × 15. Regional optimization parameter 
are： O num= 150， Pmax = 0.085， Pmin = 0.05， N small0 =
40， and M small0 = 50.

The optimal path generated by the multi-scale 
method is 463.92 long， which costs 79.643 s； the 
optimal path generated by the A* algorithm is 
458.17 long， which consumes 295.987 s. Hence， 
the multi-scale method has significantly improved 
the searching speed.

The proposed method can search optimal path 
in global space with different start position S and tar⁃
get position T. Fig. 24 presents S at the 150th row 
and the 1st column， and T at the 630th row and the 
660th column.

Fig.21　Relationship between the size of L small and the num⁃
ber of large angle

Fig.23　Final optimal path by A* algorithm

Fig.24　Different paths in global space

Fig.22　Final optimal path by multi-scale method
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4 Conclusions 

This paper proposes a multi-scale method 
based on ant colony algorithm. The certain idea are 
path mapping and space splitting method. Several 
simulations are presented to demonstrate the effec⁃
tiveness of the theoretical result. The multi-scale im ⁃
proved ant colony algorithm can improve the search 
speed and find the global optimal solution effective⁃
ly. Multi-scale ant colony algorithm is beneficial to 
plan the path of the lunar robots efficiently and sta⁃
bly. It can be extended to large-scale path planning 
problems with complex terrain requirements in vari⁃
ous fields in the future.
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基于改进蚁群算法的月面机器人路径规划

宋 婷 1， 孙瑜奇 2， 袁建平 1， 杨海岳 2， 吴限德 2

（1.西北工业大学航天学院，西安 710072，中国； 2.哈尔滨工程大学航天与建筑工程学院，哈尔滨 150001，中国）

摘要：在实际情况下，月面任务的规模和地形随着所选区域或工况而有所不同，因此需要一种更灵活和高效的算

法做路径规划任务。为满足月球空间大规模、复杂地形的需求，本文针对月面机器人设计了一种混合尺度蚁群

规划方法。该算法将实际的月面图像网格化处理成栅格图，并对其进行路径规划算法建模，由此模拟真实月面

任务的路径规划。利用混合尺度的方法优化经典的蚁群规划算法用以适应不同的任务。此外，还采用路径平滑

方法减小了路径中转向角度。最后通过几种典型场景验证了优化算法的效率和可行性。

关键词：蚁群算法；栅格图；混合尺度；路径平滑
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