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ABSTRACT The maps used for the path planning of mobile robots are mostly grid maps, which are generated
through independent design or sensor measurement to obtain relevant information and then modeling.
To obtain the robot motion planning path more quickly, this paper proposes a method of robot motion
path planning through the ant colony algorithm under a non-standard environment map. The non-standard
environment map is used for standard grid design, and the grid map is optimized by the method of no safety
distance added obstacle box selected and safety distance added obstacle box selected, then the path planning
is carried out through the ant colony algorithm. In addition, the mutual correspondence between grid maps
and real environment maps was solved by adding calibration objects. The experimental results show that
this method can not only effectively solve the problem of ant colony algorithms under a non-standard real
environment map, show the planning path and pose on the non-standard real environment map, moreover, the
safety degree of the planning path in the real environment is also increased by 29.51%, ensuring the safety
degree of the whole planning path, which improves the intelligent degree of robot motion path planning.

INDEX TERMS Robot path planning, non-standard map, grid map, ant colony algorithm, intelligence, safety

degree.

I. INTRODUCTION

With the continuous progress and development of artifi-
cial intelligence technology, robots are now more and more
applied to industry, agriculture, service industry, national
defense, etc [1]. Now the factory uses industrial robots for
welding and assembly is very common [2]. The use of robots
in agriculture to spray pharmaceuticals and pick fruits is also
very popular. Robots also exist in the service industry and
military activities, either for transporting goods or for charg-
ing on the battlefield. Because robots can replace humans to
engage in a variety of tasks today, the robot is increasingly
becoming an indispensable auxiliary tool today [3], [4].
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As a high-tech product, the scope of research on robots is
very broad. Now the popular research areas include special
robots, robot path planning, and humanoid robots. In terms
of special robots, to reduce personal accidents, mining robots
are used in coal mines to replace human coal mining [5], and
vascular intervention surgery robots can replace doctors to
complete vascular internal intervention surgeries that cannot
be completed by humans [6]. Construction robots can replace
humans to brush walls and build houses, reducing labor inten-
sity [7]. Fire robots can replace humans to rush into the sea
of fire and extinguish fires [8]. Testing robots directly lead to
the unemployment of quality testing workers [9]. In terms of
robot path planning, various new intelligent algorithms have
emerged one after another in recent years. In addition to the
common ant colony algorithm and neural network algorithm,
Ou et al. and others have conducted in-depth research on
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the gray wolf algorithm [10]. The foraging mechanism and
group optimization algorithm studied the beetle group opti-
mization algorithm [11], and Yang et al. studied the marine
predator algorithm [12]. The research on the artificial fish
swarm algorithm [13], the firefly algorithm [14], and the
cuckoo search algorithm [15] are also relatively in-depth.

In recent years, there has also been a hot research topic on
humanoid robots. The humanoid robot Atlas was developed
by Boston Dynamics, the Fedor-850 humanoid robot devel-
oped by Russia, the CyberOne humanoid robot developed
by China Xiaomi, and the ASIMO robot of Japan, all of
which can replace human beings to complete certain work to
a certain extent, and are highly intelligent. Both special robots
and humanoid robots need to plan their motion paths, so robot
motion path planning is very important. The map used in
robot motion path planning is very important. The commonly
used maps nowadays include occupancy grid maps, octo
maps, and point cloud maps. Through research, it has been
found that most of these robot motion maps are obtained
by measuring the external environment through sensors, and
then modeling and generating maps based on the measured
information. In this way, establishing a map for robot motion
path planning requires a lot of time, manpower, and material
resources. The research group hopes to obtain non-standard
maps of the real environment by taking photos of the envi-
ronment that requires path planning. Then, perform relevant
processing on this map so that it can be directly used for
robot motion path planning. This not only saves a lot of time,
but also saves manpower, material resources, and financial
resources, which will bring about great progress.

In this study, the non-standard real environment map is
processed, optimized, and improved to generate a grid map.
The path planning is realized in the grid map through the
ant colony algorithm, and the robot path planning under
the non-standard environment map is realized by integrating
the planning path with the non-standard map. The method
proposed in this study converts the real environment map into
a grid map. In order to make the grid map more standardized,
some areas in the grid map have been improved, and the robot
has been given ant colony algorithm path planning, and then
the planning path is fed back to the real environment map,
achieving the integration of the planning path and the real
environment. To improve the safety of the planning path, the
grid map is optimized by the method of no safety distance
added obstacle box selected and safety distance added obsta-
cle box selected, greatly improving the intelligent degree of
the robot path planning. The expression is intuitive and the
expression effect is good, so the research method in this
article has broad application prospects.

The rest of this article is described as follows: the second
part describes the research background of the topic and intro-
duces the main path map planning methods and path map
forming methods. The third part describes the preliminary
research process. The fourth part discusses the problems
encountered. The fifth part introduces the process of opti-
mizing non-standard maps to generate standard grid maps,
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using a virtual reality environment, and then carries out the
ant colony algorithm. The sixth part conducted experimental
research and analysis through real environmental maps. The
original, no safety distance added obstacle box selected and
safety distance added obstacle box selected GM planning
path is compared and analyzed in this part. The final section
provides a summary of this article.

Il. RESEARCH BACKGROUND

The planning of a robot’s motion path is a complex process.
On one hand, it requires a good expression of the robot
motion environment map, and on the other hand, it requires
the intelligent operation of the robot motion path planning
algorithm, both of which are indispensable. The commonly
used maps now include the Occupancy Grid Map, Octo Map,
and Point Cloud Map. Konolige et al. developed the MURIEL
method for updating occupied grids, which improved the
fidelity of grid production [16]. Yuan et al. combined intelli-
gent control methods to apply the Octo Map to drone control,
achieving good results [17]. Choe et al. proposed a new
method for mobile robot systems to reduce the size of 3D
point cloud maps [18]. There are many common robot motion
path planning methods, such as Ant colony algorithms(ACO),
Dijkstra algorithm, A * algorithm, Random road map (PRM)
algorithm, Rapidly expanding random tree (RRT) algorithm,
Genetic algorithm (GA), etc. These algorithms are generally
highly intelligent. Among these algorithms, the ant colony
algorithms use a positive feedback mechanism, and the search
keeps converging during the operation of the algorithm.
In addition, it uses a heuristic probabilistic search method,
which makes this algorithm not easy to fall into the local
optimum, making it easier to find the global optimal solution,
so it is widely used. By combining algorithms and maps,
we can effectively plan the robot’s motion path.

Ill. EARLY RESEARCH WORK

The mobile map of the robot plays an important role in the
process of robot motion planning. But now, robot motion
maps are mostly based on sensors measuring the environment
to obtain relevant parameters, and then modeling based on
the measured information. It is only implemented on the
standard black and white grid map, and not implemented on
the non-standard real environment map, like Table 1 [16],
(171, [18], [19]1, [201, [21], [22], [23], [24], [25], [26], [27],
[28], [29], [30], [31], [32], [33], [34], [35], [36], [37], [38].
This leads to the process requiring a lot of time, manpower,
and material resources. In addition, how to ensure that the
planning path does not conflict with obstacles and the robot
does not contact with obstacles due to its own structure is
only implemented through algorithms or methods to improve
the accuracy of sensors. If a method can be found to quickly
establish a robot’s movement map in a non-standard real envi-
ronment, and ensure the safety of the planning path, it will
greatly reduce the difficulty of robot motion path planning.
The research group hopes to directly use the non-standard
real environment map for robot motion path planning after
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TABLE 1. Comparison of different path planning methods using maps now.

Algorithm The main map used Measurement. of dimensions using 1nfyared Safety guarantee method Real environment
or ultrasonic sensors, or free modeling map used

ACO Grid map, Yes Algorithm optimization improv No
Oto Map es the precision of sensor

A Grid map Yes Algorithm opt.m.nzatlon improv No
es the precision of sensor

PRM Grid map Yes Algorithm optimization No

PRT Grid map Yes Algorithm optimization No

RRT Grid map, Octo Map Yes Algorithm optimization No

GA Grid map, Yes Algorithm optimization No

PSO Grid map ’maiomt cloud Yes Algorithm optimization No

relevant processing and optimization. This not only saves a
lot of time, but also saves manpower, material resources, and
financial resources.

A. ESTABLISHMENT OF MAPS

The mobile map of a robot can effectively help the robot
search for its motion path, and help the robot perceive and
utilize the surrounding environment. The current common
method for modeling robot mobile maps is to represent the
robot’s workspace as a large number of grids with binary
information. If these grids contain obstacles, they are filled
and represented in black. The absence of obstacles indicates
that the robot can freely pass through, represented by white.
White grids are generally represented by 0, while black grids
are generally represented by 1, as Figure 1. The path planning
of the robot becomes the optimization problem of connecting
any two white grids in the map [39].

% I

0 5 10 15 20

FIGURE 1. Standard grid map.

Based on the in-depth research on robot mobile maps, the
research group obtained grid maps that can be used for robot
path planning by binarizing, meshing, and filling the captured
real environment map, as shown in Figure 1. This grid map
is called a standard grid map because it is composed of black
and white grids. The original captured real environment map
is called a non-standard real environment map due to its color
and irregular internal shape.

B. IMPLEMENTATION OF THE METHOD
After obtaining a standard grid map, we need to implement
path planning for robots through the ant colony algorithm.
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FIGURE 2. Non-standard map optimization robot path planning process.

Because of its strong robustness and good searchability,
the ant colony algorithm has a wide range of applications.
In order to better achieve path planning for mobile robots
in non-standard environments, the research group first estab-
lished a virtual non-standard environment for theoretical
method testing [40].

C. THE OVERALL PROCESS

After getting the planning path of the mobile robot through
ant colony algorithms, we return the planning path to the
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FIGURE 3. Virtual non-standard map.

FIGURE 4. Virtual non-standard map box selected.

FIGURE 5. The cutting of the virtual nonstandard map.

original non-standard real environment map. The planning
path, planning position, and pose of the ant colony algorithm
in the grid map standard environment are displayed on the
non-standard real environment map, and the path planning
of the mobile robot in the non-standard real environment is
finally completed. In addition, by adding a calibration object
to the map, the generated non-standard map can truly reflect
the planning path of the robot, so the research significance of
this method is enormous.

IV. DESCRIPTION OF THE PROBLEM

Through the above introduction, it is understood that when
converting non-standard environmental maps into standard
grid maps for robot path planning, it is necessary to binarize
non-standard maps through the binarization method. In the
process of researching path planning for non-standard maps
of robots, we found that when performing grid processing
after binary conversion on non-standard maps, there may
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FIGURE 7. Virtual non-standard map obstacle recognition.
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FIGURE 8. Virtual non-standard map GM map generation.
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FIGURE 9. The maps of three methods. (a) Original unoptimized. (b)
No safety distance added obstacle box selected. (c) Safety distance added
obstacle box selected.

be some phenomena of missing or increasing black grids in
obstacle areas due to grid size. In addition, due to the struc-
tural problems of the robot itself, the planning path may also
lead to contact between the robot and the obstacles during
the moving process. To address these issues and improve the
standardization level of non-standardized map grid process-
ing, we conducted more in-depth research [41], [42].
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FIGURE 10. Virtual non-standard map grid design and encoding. (a) The GM map in the optimization process of non-standard map. (b) The GM map

after the optimization of the non-standard map. (c) Grid Map Encoding.

V. METHOD
A. OVERALL FRAMEWORK
According to the above introduction, combined with the ant
colony algorithm, we designed the robot path planning pro-
cess under the non-standard environment map. This process
is an improvement in the research method of the early stage.
It incorporates improved processing of non-standard map
gridding. This improves the mobile environment of robots,
makes the entire grid map more standard, and makes it easy
to implement the ant colony algorithm, as shown in Figure 2.
The planning process in Figure 2 mainly includes five
major steps. First, open the Matlab software to enter the
platform interface. We set the root directory for processing
in the folder of the non-standard map to be planned and then

99780

perform grid processing on the non-standard map to convert it
into a standard grid map. In this process, grid region selection,
cropping, binarization processing, obstacle, and calibration
target recognition are needed.

To optimize the map, make the generated grid map more
standardized, and ensure the safety of the final planning path,
it is also necessary to perform rectangular processing on
obstacles and calibration. We rectangular the obstacles and
calibration and add black. We can perform grid processing
on the blackened map. During the processing, there may
be some defects in certain areas, and we can optimize the
grid map again. After obtaining a grid map, to facilitate the
determination of map location, various regions of the map
can be encoded. Each numerical value represents a region.
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TABLE 2. Virtual map ant colony algorithm initialization parameter.

Parameter Parameter value Significance

K 100 Iterations

M 200 Number of ants

S 62 Starting point

E 3533 Endpoint

Alpha 1.4 Importance of pheromone

Beta 25 Importance of heuristic factors

Rho 0.3 Pheromone evaporation
coefficient

(0] 1 Pheromone increasing intensity

coefficient

Then the relevant parameters are initialized and the path
planning of the ant colony algorithm is carried out. After
obtaining the planning path and pose parameters, we regress
the data to the original non-standard environment map to
obtain the planning path and pose of the robot under the non-
standard map.

Compared with traditional path planning methods that rely
on laser or ultrasonic measurements to obtain grid maps, this
improved non-standard map robot path planning method and
can achieve robot path planning faster. In addition, it can more
intuitively display the planned robot motion path and pose,
with more intelligent and humanized characteristics.

B. PRE PROCESSING OF NON-STANDARD MAP

Due to the variability of non-standard environmental con-
ditions, a virtual non-standard map as shown in Figure 3
was designed to better introduce the method. The size and
shape of each element in the figure are different. There are
a total of 7 elements in the figure, and the circular area in
the upper right corner is the calibration object placed for size
calibration. The calibration object is very important. Because
the size of the map may change during map processing. But
because there is a size calibration object, the size of other
elements and the size of the entire diagram are all referenced
by the calibration object, which ensures the availability of the
final obtained data. Here we set the calibration circle part of
A actual diameter size of D. If the size of A measured in the
picture is d; and the size of another object B is d3, then the
actual size of B should be D x d»/d;.

The virtual non-standard map in Figure 3 requires a box
selection, as shown in Figure 4. Assuming the size range of
the box selected is k x k. After the map is box selected,
cut it and take out the k x k part of the map to gener-
ate Figure 5. The box selected and cutting process above
is also a standardized process for the entire process. For
different non-standard maps, we can only grid them into the
box to perform non-standard map processing. After cutting,
we binarized Figure 5 to obtain Figure 6. The boundary
parameters of each obstacle and the set calibration object
in Figure 6 were obtained using the regionprops function
in Matlab while binarizing the standard map. By using the
rectangle function, obstacles and calibration objects are dis-
played, forming Figure 7.
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FIGURE 12. Planning path after virtual map improvement.

C. GENERATION OF GRID MAPS

After obtaining Figure 6, a grid map design can be carried
out. Separate Figure 6 into ¢ x ¢ squares. In this way, when
the size of the entire map is b x b, the edge length of each grid
can be obtained, which is b/t. Then, based on the binarization
results, we fill each grid area with a value of 0 in black, and
leave the grid area with a value of 1 blank, thus generating
the grid map Figure 8. Although we have generated a grid
map, we cannot visually view the specific locations of each
grid. In this case, we need to encode each grid so that our
subsequent path planning will be more convenient.

D. OPTIMIZATION PROCESS

The boundary area of the grid map may become blank due
to the influence of dividing the grid strip, as shown in
Figure 8. This may lead to collisions between robots and
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FIGURE 13. Planning pose after virtual map improvement.

obstacles during subsequent path planning. To avoid contact
between robots and obstacles, we need to optimize the map.
We can expand the black grid area to ensure the safety of
the robot. we have generated black rectangular blocks of
obstacles through the bounding boxes selected in Figure 7.
These rectangular blocks can be set as external to or larger
than the obstacle in the original image, and can fully cover
the obstacle. Here we can add a safety distance P, and then
reconstruct the map, as shown in Figure 9(c). This distance
P can be set according to the structure of the robot itself or
according to the safety needs. In this way, we once again
ensure the safety of the robot’s moving path in the real
environment.
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In the following, we take Figure 9 (c) as an exam-
ple for path planning. Figure 9 (c) is more standardized
than Figure 9 (a). Again, binarize Figure 9 (c) and per-
form grid partitioning to obtain Figure 10 (a). The arrows
in Figure 10 (a) indicate that some areas have not been
blackened out due to the size issue of the grid division area.
We need to continue processing the grid and reset the value
to 0 at these points, thus forming an optimized map as shown
in Figure 10 (b).

In this way, we optimized the map through non-standard
map processing. The optimized grid map 10 (b) is more
standard and more suitable for path planning with the ant
colony algorithm.
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TABLE 3. Real environment map ant colony algorithm initialization parameter.

Parameter K M Alpha Beta

Rho

Value 100 200 1.4 20

0.3 1 62 3533

E. ANT COLONY ALGORITHM IMPLEMENTATION

Ant colony algorithm is an intelligent path-planning method.
When an ant goes to find food, a place as the starting point,
and then goes to all other places one by one. The ant can
volatilize pheromone in the process of looking for food and
finally return to the starting point [43], [44]. Assuming there
are N locations and their directed graph is G(N, A), and

N={1,2,3,4...,n—1,n},
A ={G)Dli,j €N},

Let the distance between two points be (/ ij)nxn'
The length of the ant’s path is:

n
fy =2 bl (1)
in which
w= (i17 i27 i37 l4 ttt in—lv in),

In the algorithm, the ant needs to go from one point to
another based on the probability of reaching the next point.
The probability is:

[75)]" x [ni0)]”

Pl () = )
/ B
> keatiowds, [Ti®]° % [10)]
i, j is the starting point and target point of ants,
nij = 1/l 3)

n;; is visibility, which is the reciprocal of the distance
between i and j, 7;(¢) refers to the pheromone from i to j
at time t, allowed), is a collection of locations that ants have
never visited, a, 8 is the weighted value of pheromone and
visibility.

The pheromone is constantly updated and can be expressed
as follows:

G =0=-py O+ @)

m is the number of ants.
A‘L'i]]‘. is the pheromone left by the k-th ant when it
moves from i to j,

At =1/Cy 5

Among them, i, j is the point passing by the ant, Cy is the
total length of the path obtained by the k-th ant walking the
entire path.

Through the above process, ants walk through the path.
We perform iterative operations continuously based on the
settings.

The main parameters of the ant colony algorithm are
the number of iterations, the number of ants, the starting

VOLUME 11, 2023

FIGURE 14. Virtual non-standard map planning path.
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FIGURE 15. Virtual non-standard map planning pose.

point, the endpoint, the pheromone importance coefficient,
the heuristic factor importance coefficient, the pheromone
evaporation coefficient, etc. Since the ant colony algorithm
plans the path through a grid to grid motion planning,
a grid map is very suitable for the operation of ant colony
algorithm.
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FIGURE 16. Non-standard real environment map.

FIGURE 17. Non-standard map box selected.

FIGURE 18. Non-standard map cropping.

FIGURE 19. Calibration object.

F. ROBOT MOTION TRAJECTORY SIMULATION

After getting a grid map, we can plan the path through the ant
colony algorithm. According to the encoding in Figure 10 (c),
we can set the initial position and end point of the virtual
map. The ant colony algorithm path planning parameters are
as Table 2.

The convergence curves after optimization in Figure 11
prove that the proposed method is theoretically feasible and
can achieve path planning for mobile robots in non-standard
maps.

Figure 12 is the path obtained by the ant colony algorithm.
After 100 iterations, the blue route on the map is the planning
path. Through 71 points, the ants passed 62-123-184—3413-
3473-3533, and eventually bypassed obstacles smoothly to
reach the target location.
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FIGURE 20. Non-standard map obstacle box selected.

FIGURE 21. Non-standard map obstacle rectangle without safety distance
box selected.

FIGURE 22. Non-standard map obstacle rectangle after box selected and
safety distance added.
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FIGURE 23. Grid map after improvement of non-standard map.

If the planning path is R, R = {R{, R, ..., Ri, ..., R,},
i € [1, n], where R; is the initial point and R, is the target
point. The coordinates of each point R; is (x;, y;), then the
planning path point group coordinate formula C is

C = {(xld’l), (-x21 )’2) M} (-xiv )’i), MR} (-xrh )’n)},
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FIGURE 24. Non-standard map Encoding.

The distance of each part is Lg; gi+1,

Lio ki =y Gt = 50% + G =302 i€ [1n— 1]

(6)
The total path length is L,
n—1
L= Zl LR;,Riy1 = LR.R, + LRy.Rs
+ Lpy, Ryt ... +LR, | R, (7)
And each point pose is Bri ri+1,
Yi+1 — Vi .
BriRiy = ——, iel[l,n—1] ®)
Xit1 — Xi

According to the planning path parameters, the planning
pose as Figure 13 can be obtained. The small circle in the
figure represents the position of the ant, and the straight line
in the circle represents the ant’s pose when preparing to move
toward the next point at its current position.

After obtaining the planning path parameters of the mobile
robot, the planning path parameters need to be returned to
the original non-standard maps, as shown in Figure14. Due
to the existence of the size calibration in the figure, we can
get the real location of the ants in the virtual map with a scale.
We can also add coordinates in the vertical and horizontal axis
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of the figure so that the positions of each point can be better
displayed.

Based on the planning path and pose data in Figures 12-13,
we regress these data to the non-standard map, as shown
in Figures 14 and 15. In Figure 14-15, the ant’s movement
path, pose and environment are clear at a glance, which has
significant advantages compared to the traditional grid map
representations in Figure 12.

VI. EXPERIMENTAL VERIFICATION

In this chapter, we will introduce the application of the
proposed method on a non-standard real environment map.
We describe the problems encountered in the standardization
design of non-standard real environment maps. We optimized
the grid map and planned the path of the non-standard map in
the real environment through the ant colony algorithm.

A. NON-STANDARD MAP

As shown in Figure 16, there are 6 obstacles and a calibration
object. The color of the calibration object is lighter. It is light
blue. Put it in the upper right corner of the map. This map is
shown in Matlab as 3120 x 4160 pixels. The actual diameter
of the calibration is 30 mm (Figure 19). Figure 17 shows
the box selected of non-standard maps. Select the size of the
box 960 x 960. After the box is selected, the image is cut
into Figure 18.
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FIGURE 25. The planning path after the improvement of the non-standard
map.

B. STANDARDIZED DESIGN

Figure 20 shows the binarization and box selected result
of Figure 18. According to the method proposed in the pre-
vious text, we box-selected obstacles in non-standard maps
to obtain the size parameters of the non-standard map. After
querying the parameters, the diameter of the calibration in the
system is 157, so the scale is Z = 157 / 30 = 5.2333.

Figure 21 shows obstacle rectangle without safety distance
after the box selected. It can be seen from the figure that all
obstacles have been covered, but the box selected is a rect-
angle formed according to the maximum size of the obstacle
itself. To ensure the absolute safety of the robot’s planning
path, we can add a safety distance. Here, we set the safety
size P as 3mm, and then the corresponding size inside the
system is 3 x Z =3 x 5.2333 = 15.6999. Then, we cover
the obstacles again in a rectangular way, and Figure 22 is
generated

C. ANT COLONY IMPLEMENTATION

According to the non-standard map coding in Figure 24,
we can accurately obtain the corresponding codes for each
position on the map. By inputting the initial and endpoint
positions, we can easily obtain the robot planning route and
pose according to the method proposed in this article. we set
the starting position of the ants as point 62 and the final
target position as point 3533. The number of iterations is 100,
and the number of ants is 200. The parameter settings for
this non-standard map of the actual environment are shown
in Table 3.

D. EXPERIMENTAL RESULTS ANALYSIS COMPARISON

Figure 25 shows the planning path generated in the grid map
Figure 23. It is the planning path obtained through 100 itera-
tions of ant colony algorithms according to the initialization
parameters. In the picture, the ants successfully arrived at
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FIGURE 26. The planning pose after the improvement of the
non-standard map.
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FIGURE 27. The planning pose of the original non-standard map.

the target point from the initial point after passing through
each node in the route. The picture again confirmed that the
method proposed in this paper is feasible and can achieve path
planning after standardizing the non-standard map. Since the
obstacles in Figure 25 are processed by adding the safety
distance, it can be seen from the figure that the distance from
the route to the obstacles becomes a little farther. This avoids
the possibility of robots colliding with obstacles in some areas
due to the grid process during the map standardization, thus,
the safety of the planning path is guaranteed.

We returned the planning path data in Figure 25 to the real
environment non-standard map, carried out pose planning and
design, and obtained Figure 26. Figure 26 shows the various
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FIGURE 30. Comparison of path planning results of ant colony algorithm in real

environment.

positions and poses of the robot movement. The positions and
poses in the figure are visible, intuitive, easy to understand,
and well reflect the ant’s walking state. The small circles
in the figure represent the positions that the robot needs to
walk through, and the straight lines in the circles point to the
posture that the robot needs to reach. Figure 27 is the planning
pose of the original non-standard map, it can be seen from
the figure that there are many points in the planning path that
are very close to the obstacles, which may lead to the robot
and the obstacle touching, which is dangerous for the robot.
Compared with Figure 27, it can be seen that the distance
between the planning path and the obstacles in Figure 26
is very appropriate. This ensures the good operation of the
robot. In the figures, the relationship between the robot’s
motion planning path and obstacles is very clear. Relative
to traditional grid map robot planning paths like Figure 25,
the method described in this article can better reflect the
real motion control scheme of the robot and has a wider
application prospect.
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E. ANALYSIS AND COMPARISON OF THE THREE

METHOD RESULTS

In this section, to further prove the superior performance
of the ant colony algorithm planning path in the real envi-
ronment proposed in this paper, the original unoptimized
GM planning path, no safety distance added obstacle box
selected planning path, and safety distance added obstacle
box selected planning path are given.

As shown in Figure 28(a)~(f), it can be seen from the
six figures that the ant colony algorithm can be used to
realize the path planning in the real environment under the
existing parameters. However, it can be seen from the orig-
inal unoptimized GM planning path in Figure 28(b) and
the no safety distance added obstacle box selected plan-
ning path in Figure 28(d) that some paths are dangerous
areas because they are very close to the obstacles. In the
no safety distance added obstacle box selected planning
path in Figure 28(f), it is obvious that the whole path
is safe.
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Figure 29 shows the original unoptimized, no safety
distance added obstacle box selected and safety distance
added obstacle box selected GM planning path conver-
gence curves. We can get the relevant parameters of the ant
colony algorithm operation in three cases through the three
curves. According to the relevant parameters, combined with
Figure 28, We obtained the relevant data and compared the
path planning of the three methods with the relevant data.

It can be seen from Figure 30 that the path and process-
ing time planned by the original grid map are the shortest,

VOLUME 11, 2023

which are 245.8mm and 1050s respectively. The planning
path length and processing time of no safety distance added
obstacle box selected GM and safety distance added obstacle
box selected GM have been increased. As can be seen from
Figure 31, in the three groups of experiments, the path length
planned by the ant colony algorithm increased by 11% after
no safety distance added obstacle box selected, and the path
length increased by 25.4% after safety distance added obsta-
cle box selected to plan the path. However, the number of
safety points on the whole path of the two methods increased
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by 24.25% and 29.51% respectively, especially after adding a
safety distance, the number of safety points on the whole path
reached 100%, which is completely safe. This safety distance
added obstacle box selected GM path planning ensures the
safety degree of the planning path of the ant colony algorithm
under the real environment map.

F. REPEATED IMPLEMENTATION

Then we used the method described in this paper to carry
out path planning for multiple non-standard real environment
maps, as shown in Figure 32 (a)~(f), which achieved the pur-
pose of ant colony algorithms after the standardized design
of improved non-standard environment maps. From several
figures, it can be seen that this method can not only obtain
specific parameters for robot path planning but also visually
display the robot’s motion path and status. The expression
effect is very well.

VIl. CONCLUSION

Aiming at the problems in the path planning algorithm of
robot ant colony algorithm, such as difficult map making,
weak intuitiveness, and weak reflection to the real environ-
ment in robot path planning, a method is proposed to process
non-standard real environment maps, obtain grid standard
maps, and modify the grid maps to achieve and optimize real
environment path planning. The main contributions of this
method are as follows:

1) The standardized design of a non-standard real environ-
ment map is proposed to form a grid map, which can be
applied to ant colony algorithm for path planning and
pose planning.

2) Add a calibration object in the real environment to
facilitate changes in size during map processing, ensur-
ing that the final displayed size can reflect the true size.

3) The processing of the non-standard map is optimized
by adding safety distance to the obstacle box selected,
and the safety degree of the generated planning path is
increased by 29.51% compared with the path generated
under the original non-standard map, which ensures the
safety of the planning path.

4) The planning path and pose are finally restored to the
original non-standard map, intuitively displaying the
motion path and pose in the real environment, for the
convenience of robot motion path planning in different
environments.

We have repeatedly verified the effectiveness of this
method through multiple experiments. The method proposed
in this paper can solve the path planning problem of mobile
robots in real environment maps, and greatly improve the
intelligent level of robot motion control.
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