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Autonomous mobile robots (AMRs) are becoming integral to applications
ranging from industrial automation to urban mobility. A core challenge in
deploying AMRs effectively is the path planning problem determining an
optimal and collision-free path from a start to a goal location within a given
environment. This paper proposes a novel method, Dhouib-Matrix-SPP
(DM-SPP), that enhances path planning efficiency and adaptability for
AMRs operating in different statistical environment. Basically, DM-SPP is
developed to unravel the shortest path in a graph and based on columns-rows
structure with polynomial computational time. Here, the DM-SPP method is
adapted to plan the shortest feasible path between two positions while
avoiding obstacles. In order to prove the validity of the proposed DM-SPP
method, it is applied to different environments and compared to different
case studies taken from the literature. The simulation results show that the
DM-SPP method was able to find, with a significantly lower number of
iterations, the optimal solutions in comparison with other results obtained by
the genetic algorithm (GA) method. DM-SPP presents an overall average
improvement in computation time of (37882.55%) compared to the GA,
which can reduce search and execution time.
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1. INTRODUCTION

Mobile robots are more and more present in everyday life and at the same time their application
reaches into different spheres of life and today they are successfully implemented in the field of health care
[1], the military, in search and rescue (earthquakes, volcanoes, and hurricanes) in [2], [3] production, storage
[4], logistics [5], and household [6]. Considering the growing popularity of using mobile robots, the goal is to
use them as efficiently as possible. Mobile robots should mostly be used in situations dangerous for people,
such as monitoring a dangerous environment. One of the most important tasks is thus to ensure a sub-optimal
path from the starting point to the target point that we want to reach. Optimization is the most often done
regarding to the path length or reducing time which is necessary to get from the starting position to the final
position, while avoiding obstacles that can lead to a collision. As safety is a very important item in
production, it must not be missing here either, and it is necessary to ensure the shortest path/time by
respecting precautionary measures and safely avoiding obstacles on the path.
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The working environment of the robot can be completely known, partially known, completely
unknown, and static or dynamic. Each path has specific limitations (given that it is a collision-free path)
depending on the area of its application. The optimal path can be observed in terms of distance (shortest path),
time (shortest execution time), energy (minimum energy consumption). Path planning is an extremely important
issue in mobile traffic, because the robot must perform many tasks that ensure its navigation for a given
environment. The robot uses sensors to obtain information about obstacles on the path to the target position.

The best path planned is the path that gives the lowest costs. The method used to find a path for an
object that is moving should cover the shortest path, and at the same time be economical, and ensure
movement without collision with obstacles placed on that path, i.e., without collision. The simplest way to
avoid obstacles is to create a map of the environment, which can be known or unknown, mark obstacles and
choose a path using a graph algorithm. Path planning of a mobile robot is classified as an NP-hard problem
and is similar to the traveling salesman problem.

The path planning problem can be divided into two groups, i.e., local and global path planning.
Global planning only deals with basic path planning and does not include localization and path tracking.
Global mobile robot planning is an important issue in the field of robotics, given the degree of production
automation that is necessary both today and in future (by given the importance of process automation). Local
planning implies finding a path from the initial to the final position in an unknown environment, while global
path planning enables finding sub-optimal and optimal solutions in a known environment using different
optimization algorithms such as ABC [7], ACO [8], GA [9], PSO [10], Dijkstra A* algorithm [11]-[13], and
rapidly random tree* (RRT*) in [14], [15]. These methods require a complicated parameters setting with a
considerable computational time to optimize the mobile robot path problem.

In this paper, the deterministic (using zero parameter) Dhouib-Matrix-SPP (DM-SPP) algorithm
[16] is proposed for solving the shortest path problem of a mobile robot. DM-SPP is a fast method that can
reduce research time and execution time as well as energy consumption. In this paper, the DM-SPP algorithm
was tested and a study is conducted to compare its results with the results available in the literature [17]-[19].

The paper is organized as follows: section 2 provides insight into previously published papers by
various researchers. Section 3 presents the method DM-SPP which explains the proposed algorithm, section 4
presents the study, results and discussion of the proposed method in relation to the various case studies
conducted by the genetic algorithm (GA) method. Section 5 gives a summary of contributions and also the
suggestions for future research work.

2. RELATED WORKS

Tool path planning occupies an important place in the field of artificial intelligence and mobile
robotics and is still being researched today, by developing new methods and improving existing ones. While
we are planning the robot path it is necessary to ensure the shortest possible path without collision or safe
path [20]. In this study, the problem of ensuring a safe path and at the same time the shortest path for one or
more mobile robots in a static global environment was considered. For the case of planning the path of one
robot, a comparison of the results obtained with the improved objective function of the GA for different
coefficients of safety parameters was performed. For the case of planning the path of several mobile robots,
different maps of size 500x500 that simulate the real environment were applied. It was observed that the
level of complexity of the map increases as the number of obstacles increases and the distance between them
decreases. In the paper, the safety parameter was used as a fitness function and the influence of the safety
parameter on the optimality and length of the path was shown.

The path planning problem using a GA in a static environment is proposed by Lamini at al. [21]. An
improved crossover operator is proposed that avoids premature convergence and offers solutions (feasible
path) with better fitness value than its parents and also converges faster. The fitness function takes into account
the distance, safety and power consumption of the mobile robot. The environment is modeled as a 2D matrix,
where 0 represents the free position while 1 represents the occupied position. The proposed approach is tested
in 4 different environments with map sizes of (29x30), (13%30), (5x9), and (60x50) grid fields. The proposed
GA finds the optimal path with fewer iterations compared to other methods and significantly reduces the
number of runs due to a fitness function that favors straight line paths over zigzag lines.

Path planning of mobile robots in a dynamic environment with various obstacles using an improved
GA algorithm is discussed [22]. Through local search, feasible paths are found, then these paths are
optimized in order to find the shortest path. By finding the optimal path, the defined points are smoothed to
avoid obstacles from the environment. GA operators propose to accelerate the evolution of individual
populations on the path. The robot was driven with different number of obstacles (5, 8, and 10) in the
environment and the results were compared with the traditional GA method. It was found that the path
achieved by the proposed method is shorter and smoother compared to the traditional GA method. The
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proposed method shows that the chromosomes generated by the planned path have better characteristics and
faster calculation time in the solution space.

Research by Kwasniewski and Gosiewski [23] use an advanced GA to determine the optimal path of
a mobile robot avoiding obstacles in an unknown environment. Two versions were used, one based on a 2D
map created by the robot, while a B-spline of the second degree was used for the path marking model. The
proposed algorithm converges much faster than traditional graph algorithms. The return path is also
represented in the main algorithm, and enables return to complicated paths when only one way in and out is
possible (dead end). The return path from the starting position is also ensured if it is not possible to reach the
destination in case of blocking by obstacles. The selection of the number of control points is complex due to
the parameters of the improved algorithm. A smaller number of control points enables faster calculation, but is
not suitable for complex roads, while the opposite is true for a larger number, which is not suitable because it
requires a longer calculation time. The algorithm proved successful for most runs. The proposed algorithm can
be improved to find the optimal path in 3D maps, which could be used, for example, to avoid collisions with
3D printers.

A GA for global path planning of a mobile robot in a known environment [24] uses a modified data
structure to generate an optimal path. There are two phases of the algorithm, one starts the individuals to
develop and checks the availability of chromosomes on the way to the destination. The best individuals are
selected and moved to the second stage and then developed. Individuals that survive generate the optimal
path. The method was tested in an area of 26x26 m and proved to be very effective compared to conventional
methods as it quickly finds the optimal solution.

Path planning of a mobile robot in a known environment with the help of a modified GA that uses a
modified genetic operator to find the best population is investigated in [25]. In this study, it is proposed to
move the robot in eight directions instead of the usual four in a known environment consisting of a network
in which each node represents a parameter. A set of nodes actually represents an individual, and only the best
individuals form a new generation of parents. The optimal solution is achieved by eliminating long paths
from the group of acceptable solutions. The proposed method was compared with other GA approaches and
proved to be effective in terms of convergence speed, total time and path length.

The possibilities of planning the path of mobile robots in static and dynamic environments were
investigated in [26]. A dynamic environment presents an additional challenge in the field of trajectory
planning for mobile robots. To manage the dynamic environment, the proposed algorithm uses two selection
operators: Elitist and Tournament and a new intelligent crossover operator and also five types of mutations.
Chromosomes with variable length are used due to less memory usage. Population diversity is achieved by
generating part of the initial population randomly and the rest of the population with one-point crossing to
enable intelligent crossing. The proposed algorithm uses the memory with random immigrants technique to
manage the dynamic environment. The implemented algorithm successfully finds suboptimal and optimal
solutions in a short time compared to the known algorithms A* and MGA.

The trajectory path optimization of a mobile robot based on the principle of the robot's digital twin
is a research paper proposed by Liu et al. [27]. The physical robot provides information about real movement
data in space while the movement path is tested in the virtual environment and the virtual robot dynamically
adapts to that path. Path optimization was performed with the help of a traditional GA, and the emphasis in
the paper was placed on innovative (digital twin) technologies in the field of mobile robotics.

It is also possible to plan the path of a mobile robot based on image processing with the help of a
visibility graph and a GA [28], which achieved valid results compared to other available methods for solving
this problem. The GA starts the search from a binary image that represents the environment in which the
robot will move. The visibility graph is generated based on key points that are calculated for each obstacle
based on image processing and geometric measurements. Collision is avoided by using the image dilation
operation. The optimization of the path of the mobile robot, which was created on the basis of the visibility
graph, was carried out with the help of a GA. The disadvantage of this method was the trajectory with a
greater number of obstacles on the way and lower image resolution, which requires a longer execution time.

Planning the material transportation by a mobile robot with the aim of achieving the shortest path
without collision was solved by [29], according to the principle of the traveling salesman problem. An
improved adaptive genetic simulated annealing algorithm (IAGSAA) is proposed, which enables the
avoidance of local optimal solutions and premature solutions and improved generation of the initial
population. The proposed algorithm IAGSAA through the mutation phase uses a simulated annealing strategy
to accelerate convergence, and adaptive crossover and mutation enable population diversity. The test results
showed that IAGSAA is stable because the frequency of optimal solutions increased and the standard
deviation of the path length decreased. Also, the generation of the initial population has been improved
compared to the standard GA. The proposed IAGSAA includes the advantages of the adaptive GA and the
genetic simulated annealing algorithm and achieves good results even though it is somewhat more complex
than the mentioned algorithms.
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In the paper [30], an improved GA was proposed for solving the robot path planning problem in the
case when the path is not smooth or has too many turns. The improvement is reflected in the increase in
convergence speed by adding an elite retention strategy compared to the basic GA. Evaluation objectives
such as turn angle and turn time are introduced, and crossover and mutation probabilities are optimized.
Through testing, it was determined that the improved algorithm reduces the number of turns on the path and
the turning angle, also reduces the number of starts and accelerates the convergence of the algorithm. The
proposed algorithm is suitable for a static environment with obstacles and significantly reduces the energy
consumption of the robot.

In a dynamic environment, navigating with a mobile robot is a challenge given the obstacles on the
way. The successful implementation of the adapted GA according to [31] enables finding the optimal path
with the help of a controller that ensures movement from the start point to the target point without collision.
The role of the controller is to avoid obstacles in the environment and enable the planning of a new optimal
path in order to avoid a collision. Virtual walls have been created to avoid repeating the path that needs to be
crossed. Through testing, the algorithm proved to be robust and flexible and is intended for implementation
in a real environment and application on the Team AmigoBotTM robot.

Path planning of a mobile robot in a static environment with and without obstacles was considered
using a GA to optimize the path length. In the obstacle-free study [32], the robot was allowed to visit the
same point more than once, and GA was used to select the optimal path. The algorithm was tested with
different numbers of population size 10, 20, and 50, and the proposed algorithm found the optimal path in all
cases. In the obstacle study, three different environments with various obstacle locations were considered
(indoor environment, moderately scattered environment, complex scattered environment). Through testing, it
was determined that with an increase in the number of generations, the algorithm finds the shortest path, but
the calculation is more complex.

In the study proposed in [33], a modified GA was developed for globally planned trajectories during
mobile robot navigation. The specificity of the algorithm is that no mutation operator was used, thus reducing
the execution time. The algorithm efficiently steers the robot from start to finish without collision along an
optimal or suboptimal path by reading the environment map. The proposed algorithm achieves optimal
solutions in complex environments, but also in closed environments (there is no path between the starting
position and the goal).

Research by Li et al. [34] propose an improved multi-objective GA to solve the problem of defining
the trajectory of mobile robots in a static global environment. The generation of the initial population is done
with the help of the heuristic method of median insertion, which improves the quality of the initial population
and accelerates the convergence of the algorithm. Selection, crossover and mutation operators are created in
such a way that they use layered methods (single-point crossover method, and the eight-neighborhood-
domain single-point mutation method). Indicators were used to establish a multi-criteria objective function:
length of path, safety and energy consumption. As the main advantages of the proposed algorithm, it is
possible to single out the avoidance of getting stuck in a local optimum and the shortening of the optimal
path length by 17% in relation to the classical GA method.

In addition to minimizing the trajectory of the mobile robot and reducing the distance from the starting
point to the target point, optimization can also be carried out regarding to the smoothness of the path [35] which
implies a minimum number of rotations. In this way, energy consumption is also reduced, because the rotations
require a lot of power. In the paper, a modified GA is proposed, which aims to achieve the aforementioned. A
traditional algorithm was used to generate the shortest path solution, and then three additional operators were
added to ensure the improvement of path characteristics (path correction operator, vertex identification operator
and gene redistribution operator). The algorithm was tested in the MATLAB environment and the results show
that the minimization of path edges and path length was achieved with the improved approach.

In addition to the approaches mentioned, algorithms based on knowledge are also applied to solve the
path optimization of mobile robots. The GA based on the knowledge [36], which uses heuristic knowledge in
the form of special genetic operators to display the path of a mobile robot in a complex environment,
successfully generates optimal solutions compared to the classic GA method (crossover and mutation
operators are used). Tournament selection and elitism were applied. The proposed GA used the same objective
function to determine the suitability of solutions (feasible and infeasible) with the help of which obstacles on
the path are successfully overcome and collision is avoided. The algorithm is applicable to both static and
dynamic environments. Knowledge-based GA are preferred when applied to specific problems.

3. THE DHOUIB-MATRIX-SPP
Tool path very recently, the first author developed a new optimization concept entitled
Dhouib-Matrix (DM) where several novel heuristics, metaheuristics, and optimal methods (see Figure 1) are
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developed based on matrix navigation. Hence, in this field three metaheuristics are designed and tested: the
DM-4 in [37], the DM-3 in [38], and the Far-to-Near in [39]. Furthermore, several heuristics are invented in
order to solver the travelling salesmen problem in [40], the assignment problem in [41] and the transportation
problem in [42]. Besides, a greedy column-row method entitled DM-SPP to unravel the shortest path
problem is considered in [43]-[46] and an optimal method to solve the minimum spanning tree problem is
studied in [47].

DM-TSP1 DM-TSP2
Heuristics DM-AP1 DM-AP2

DM-TP1

=
=
=
=]
(1]
2
2
5
o
i
(=]

DM-SPP

Optimal DM-ALL-SPP

DM-MSTP

Figure 1. Setting for document template

In this paper the innovative DM-SPP method is compared to GA for the case of mobile robot path
planning problems in static environment. DM-SPP is a greedy method based on column-row navigation through
distance matrix. At first two additional matrices are added with a single list entitles respectively: The path-
memory, the cumulative-cost, and the sum-cost. Indeed, the path-memory is used to archive the shortest
movement between vertices, the cumulative-cost is beneficial for the navigation through the vertices and the
sum-cost is an intermediate list helpful to simplify the transaction via the cumulative-cost. Figure 2 illustrates
the five steps of DM-SPP (a step-by-step application of DM-SPP with more clarification are presented in [16]).

¢ Set to (L) the starting point S and discard column (L) from Distance-Matrix, Cumulative-Cost and Sum-Cost.

s Compute the list Sum-Cost by adding the element in row (L) at the first column of Path-Memory to each
element respectively in row (L) of the Distance-Matrix.

* Modify the elements of Cumulative-Cost matrix (the value from Sum-Cost and the name is L) only if Sum-Cost
presents a smallest value.

* Next, set to (L) the column number of the smallest element in the first row of the matrix Cumulative-Cost and
affect to row number L in Path-Memory the corresponding elements of column L in Cumulative-Cost.
Besides, in Distance-Matrix duplicate the elements in column (L) to their corresponding elements in row (L)
and discard from Distance-Matrix, Path-Memory, Cumulative-Cost and Sum-Cost column (L).

mamm  Step 5

* When all columns are discarded, the shortest path is generated from Path-Memory otherwise, go to Step 2.

Figure 2. The five steps of DM-SPP method
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4. COMPUTATIONAL RESULTS

In this section, the feasibility, performance and superiority of the proposed DM-SPP method is
simulated on Python platform and contrasted to GA and its derivates. Where a laptop is used with Intel®
Core™ 7-1255U 1.70 GHz processor, 16.0 Go running memory and Windows 10 computer system
environment. DM-SPP is deterministic method (it generates the same result in each iteration) however it is
iterated fifty time in order to compute the average computation time (this time cover the time to create the
Grid Map, the Graph and the optimal trajectory). DM-SPP is compared to:
- The standard genetic algorithm (SGA) developed by [17],
- The programmed cell death evolutionary algorithm (PCDA) developed by [17],
- The multi-population migration genetic algorithm (MPMGA) developed by [17],
- The traditional genetic algorithm (TGA) developed by [18],
- The improved genetic algorithm (IGA) developed by [18],
- The A* developed by [18],
- The GA developed by [19],
- The ant colony optimization (ACO) developed by [19],
- The GA combined with the ACO (GA-ACO) developed by [19],
- The hybrid method (AGAACO) developed by [19].

4.1. Case study 1: 25x25 grid map

This example is taken from [17] where a square (25x25) grid map is developed. This grid map
represents the library area of (3030 m) divided in to (625) squares of (1.2x1.2 m) each and the unfeasible
areas (red squares) represent the walls, desks, and bookcases. The proposed DM-SPP method rapidly (in
0.0488 second) generates the shortest trajectory (30.38473) with eight neighbor movements (a clear
representation of the generated solution by DM-SPP is depicted in Figure 3).

Geographical location of 625 Nodes

Mobhile Robot Path Planning via DM-SPP method: 30.38473

25

20

151

Y axis

10 1

0 5 10 15 20 25
X axis

Figure 3. The solution generated by DM-SPP for the 25x25 case study

The generated result by DM-SPP and the other algorithms (SGA, PCDA, and MPMGA) developed
by [17], are summarized in Table 1. Obviously, DM-SPP is the rapid method: DM-SPP represents an
improvement of (4547.13%) to SGA, (3882.38%) to PCDA, and (5504.92%) to MPMGA (see Figure 4).

Table 1. Test results of the 25%25 grid map
Methods  Distance  Runtime (s) % distance % CPU

SGA 32.5383 2.2678 7.09 4547.13
PCDA 31.5877 1.9434 3.96 3882.38
MPMGA  30.8085 2.7352 1.39 5504.92
DM-SPP  30.3847 0.0488 0.00 0.00
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25*25 Grid Map
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Figure 4. Comparing DM-SPP to other methods developed in the literature using two distance and running
time evaluation criteria

4.2. Case study 2: 50x50 grid map

Let us consider a second environment (see Figure 5) represented by (50x50) grid map originally
developed by [17]. DM-SPP quickly (in 0.5408 second) creates the trajectory (73.3968). The Table 2 gathers
all generated result by DM-SPP and the other algorithms (SGA, PCDA, and MPMGA) developed by [17].
Once more, DM-SPP is the faster method: it gives a percentage improvement of (18786.58%) to SGA,
(17746.84%) to PCDA, and (22198.56%) to MPMGA (see Figure 6). An obstacle is added (let assume it is
suddenly find), DM-SPP will modify the trajectory of the mobile robot as its represented in Figure 7.

Geographical location of 2500 Nodes

Mobile Robot Path Planning via DM-SPP method: 73.39682
50 1

40 -

30 A

Y axis

20 A

101

X axis

Figure 5. The solution generated by DM-SPP for the 50x50 case study

Table 2. Test results of the 50x50 grid map
Methods  Distance  Runtime (s) % distance % CPU

SGA 76.9703 102.1386 4.87 18786.58
PCDA 76.2673 96.5157 3.91 17746.84
MPMGA  72.6975 120.5906 -0.95 22198.56
DM-SPP  73.3968 9.3526 0.00 0.00
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50*50 Grid Map
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Figure 6. Comparing DM-SPP to SGA, PCDA, and MPMGA methods

4.3. Case study 3: 30x30 grid map

Another example (30x30 grid map) is considered in this section. This example was studied in [18]
where three methods are developed (TGA, IGA, and A*). The trajectory generated by DM-SPP is clearly
illustrated in Figure 8.

Geographical location of 2500 Nodes Geographical location of 900 Nodes
Mobile Robot Path Planning via DM-SPP method: 74.5684 Mobile Robot Path Planning via DM-SPP method: 42.76946
_ 30 1
50
25 1
40
201
301
2 0
x = 15 A
(1] T
> >
20 A
10 4
10 4
5 -
0 o
0 10 20 30 40 50 o] 5 10 15 20 25 30
X axis X axis

Figure 7. The solution generated by DM-SPP for the  Figure 8. The solution generated by DM-SPP for the
50x50 case study with added obstacle 30x30 case study

DM-SPP quickly generates the optimal solution (42.769) in (0.096) second which is represents a
speed improvement of (907.29%) to the TGA, (531.25%) to the IGA, and (933.33%) to the A*. Table 3
gathers all results generated by DM-SPP and other methods developed in literature. Another time, DM-SPP
generates the best accurate solution (see Figure 9).

Table 3. Test results of the 30x30 grid map
Methods  Distance  Runtime (s) % distance % CPU

TGA 43.941 0.967 2.740 907.29
IGA 42.769 0.606 0.000 531.25
A* 43.355 0.992 1.370 933.33
DM-SPP  42.769 0.096 0.000 0.00
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Figure 9. Comparing DM-SPP to TGA, IGA, and A* methods

4.4. Case study 4: 20x20 simple grid map

In this section, a (20x20) simple grid map is taken from [19]. The trajectory generated by DM-SPP
is clearly illustrated in Figure 10. DM-SPP quickly generates the optimal solution (28.041) in (0.02) second.
While, AGAACO generates the minimal solution (27.616) but it requires (13.59) second and it is not stable
method (the average distance is 39.32). Whereas, DM-SPP is rapid (generate the solution (28.041) after just
(0.02) second) and robust method (DM-SPP is deterministic technique with null standard deviation). Table 4
gathers all results generated by DM-SPP and other methods developed in literature. Another time, DM-SPP
generates rapidly the best accurate solution (see Figure 11). Again, DM-SPP generates a huge improvement
percentage: (86650.00%) to GA and (80950.00%) to ACO.

Geographical location of 400 Nodes

Mobile Robot Path Planning via DM-SPP method: 28.04157

17.51

15.0 1

12.51

Y axis

5.0 1

2.5 1

0.0 1

00 25 50 75 100 125 15.0 175
X axis

Figure 10. The solution generated by DM-SPP for the (20x20) simple case study

Table 4. Test results of the simple grid map
Methods  Distance  Runtime (s) % distance % CPU

GA 45.26 17.35 61.41 86650.00
ACO 50.45 16.21 79.92 80950.00
GA-ACO 44.67 14.68 59.31 73300.00
AGAACO 39.32 13.59 40.23 67850.00
DM-SPP 28.04 0.02 0.00 0.00
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20*20 Simple Grid Map
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Figure 11. Comparing DM-SPP to GA, ACO, GA-ACO, and AGA-ACO methods for simple environment

4.5. Case study 5: 20x20 complex rid map

The example of (20x20 complex grid map) is considered. This example was studied in [19], where
four methods are tested (GA, ACO, GA-ACO, and AGAACO). The trajectory generated by DM-SPP is
clearly illustrated in Figure 12.

Geographical location of 400 Nodes
Mobile Robot Path Planning via DM-SPP method: 28.62736
H HER HEN [ ] ]
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0.0 2.5 5.0 7.5 10.0 125 15.0 175
X axis

Figure 12. The solution generated by DM-SPP for the (20%20) complex case study

DM-SPP quickly generates the optimal solution (28.627) in (0.02) second. Table 5 gathers all results
generated by DM-SPP and other methods developed in literature. Obviously, DM-SPP is the fastest method.
Once more, DM-SPP generates the best accurate solution rapidly (see Figure 13) with a great CPU improvement
of (99200%) to GA, (92600.00%) to ACO, (83800.00%) to GA-ACO, and (73250.00%) to AGAACO.

Table 5. Test results of the complex envirnement
Methods  Distance  Runtime (s) % distance % CPU

GA 49.87 19.86 74.19 99200.00
ACO 49.32 18.54 72.27 92600.00
GA-ACO 45.37 16.78 58.47 83800.00
AGAACO 43.78 14.67 52.92 73250.00
DM-SPP 28.63 0.02 0.00 0.00
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Figure 13. Comparing DM-SPP to GA, ACO, GA-ACO, and AGA-ACO methods for complex environment

To summarize this section: DM-SPP outperforms GA because it is deterministic method using zero
parameter. Whereas, GA is stochastic method using several parameters (population size, number of
generations or iterations, crossover probability and mutation probability). In the first case study (25x25 grid
map), DM-SPP method was compared to the SGA [17], and achieves more favorable results considering the
trajectory length of the mobile robot, i.e., it finds the shortest feasible trajectory with an improvement
compared to SGA in the amount of 7.09%. DM-SPP also achieves a significantly shorter run time (CPU), i.e.
it achieves the optimal solution in 0.0488 s, which represents an improvement of 4547.13% compared to
SGA.

In the second case study (50x50 grid map) that was conducted, DM-SPP also achieves better results
(improvement in the amount of 4.87% regarding to the distance) compared to the results of tested SGA
method according to [17], and the time to reach the optimal solution is significantly faster (18786.58
expressed in percentages).

The third case study (30x30 grid map) includes a comparison of results with the TGA method and
the IGA method according to [18]. The results show that DM-SPP achieves equal results com-pared to the
improved algorithm (IGA) considering of trajectory length, but faster finds the optimal solution with
(531.25%) improvement. DM-SPP achieves the optimal solution with an improvement of (2.74%) compared
to the traditional method (TGA). DM-SPP also finds the optimal solution faster than TGA (907.29 expressed
as a percentage).

The fourth case study (20x20 simple grid map) according to [19] compares the results of DM-SPP
with the results achieved by the GA method. DM-SPP finds the shortest feasible trajectory with an
improvement compared to GA in the amount of (61.41%). Run time (CPU) is also significantly shorter
achieved with DM-SPP and is more favorable by (86650%) compared to the GA method.

The fifth study (20x20 complex grid map) proved to be the most successful in terms of results for
the DM-SPP method, where the result of finding the shortest trajectory was (74.19%) more favorable than the
GA method developed in [19]. Run time (CPU) is also significantly shorter achieved with DM-SPP and is
more favorable by (99200%) compared to the performed GA. From the above experimental results, it can be
concluded that DM-SPP is significantly accurate and faster than GA.

5. CONCLUSION

In the field of mobile robotics, an important task is to find the optimal path (at the same time, it is
possible to optimize in terms of the shortest path, reduced energy consumption or the shortest time spent)
from the starting point to the destination while avoiding collision (ensuring a safe path). VVarious methods are
used to solve this type of problem, and in this paper, an overview of previous research in the field of path
planning in mobile robotics with the help of the GA method (traditional and modified) is given. Also, a new
heuristic method DM-SPP was presented, which characteristics were compared with the aforementioned
characteristics of the GA, and the obtained results were analyzed. DM-SPP is an efficient method, in terms of
efficiency and speed of convergence, which doesn’t require any of parameters in relation to the GA method.
For instance, GA method for the successful operation needs the selection of genetic operators and parameters
which determine the behavior of these operators. For this reason, DM-SPP proved to be a fast method and
simpler to implement (DM-SPP over GA in terms of efficiency, convergence speed, and ease of
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implementation). DM-SPP achieves optimal with a significantly lower number of iterations compared to the
aforementioned GA method, which can be seen from the analysis of different cases from published research.
In this paper, the DM-SPP method is studied based on a single objective function (the shortest distance) and
in statistical environment. Accordingly, the simulation of DM-SPP for the case of multi-objective, dynamic
environments, multi-robot systems and hardware implementation will be conducted in depth next studies.
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