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https://doi.org/10.18280/jesa.560618 ABSTRACT

The integration of a PID controller into the A* algorithm presents a novel approach to
enhance water boat path planning efficiency. This fusion leverages the precision of the
PID controller to fine-tune the navigation decisions made by the A* algorithm, optimizing
trajectory adjustments and overcoming challenges posed by dynamic water environments.
The PID controller dynamically adjusts the boat's heading based on real-time feedback,
ensuring smoother path execution and faster convergence towards the optimal route. This
innovative synergy between a classical pathfinding algorithm and a feedback control
system addresses the complexities of water-based scenarios, where unpredictable currents,
obstacles, and varying conditions necessitate adaptive strategies. The proposed PID-
enhanced A* algorithm not only enhances path planning accuracy but also exhibits
improved resilience in the face of environmental uncertainties, making it a promising
solution for efficient and reliable autonomous watercraft navigation in diverse and
challenging aquatic settings. the results show that the A* algorithm with PID controller is
superior to the original A* without PID controller with respect to mean path length and
standard deviation with a reduction of up to 23% which leads to improved path planning
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for proposed environment.

1. INTRODUCTION

Navigating water bodies poses unique challenges for
autonomous boats, demanding sophisticated algorithms that
can adapt to dynamic and unpredictable environments. This
introduction delves into the integration of a PID (Proportional-
Integral-Derivative) controller with the A* algorithm, a
renowned pathfinding technique, to enhance the efficiency of
water boat path planning. This fusion of classical and control
methodologies aims to overcome the intricacies associated
with water-based scenarios, including fluctuating currents,
obstacles, and varying conditions [1].

The A* algorithm, widely acclaimed for its effectiveness in
pathfinding, serves as the foundational framework for this
innovative approach. Known for its ability to find the shortest
path between two points on a grid, A* employs a heuristic
function to guide the search, efficiently exploring potential
routes. However, water environments introduce a layer of
complexity, where the dynamic nature of currents and the
presence of obstacles demand real-time adaptability [2].

Enter the PID controller—an integral component of many
control systems, renowned for its capacity to fine-tune
performance based on continuous feedback. By integrating a
PID controller into the A* algorithm, we aim to imbue the path
planning process with a dynamic responsiveness that mirrors
the challenges inherent in aquatic settings.

UWB was very necessary, especially in war operations,
delivery the goods, merchandise and rescue operations for
illegal immigrants, especially those stranded in the seas and
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oceans. A variety of boat models utilized for numerous
applications are depicted in Figure 1.

The essence of the PID controller lies in its ability to
continuously adjust a system's behavior to maintain or reach a
desired state. In the context of water boat path planning, this
translates to real-time modifications of the boat's heading. The
Proportional component responds to the current error, the
Integral component addresses accumulated past errors, and the
Derivative component anticipates future trends. This triad of
control elements works in harmony to optimize trajectory
adjustments, ensuring that the boat navigates through water
with precision and adaptability [3]. The synergy between the
A* algorithm and the PID controller becomes particularly
potent when addressing the unpredictable nature of water
environments. The A* algorithm excels at exploring possible
paths, but the PID controller introduces a layer of intelligence
by refining the decisions made during this exploration. It acts
as the conductor orchestrating the boat's movements,
considering real-time feedback to make informed adjustments
in response to changing conditions. Efficiency in water boat
path planning hinges on the system's ability to adapt swiftly to
unforeseen challenges. The dynamic integration of the PID
controller introduces a level of responsiveness that goes
beyond the static nature of traditional pathfinding algorithms.
This dynamic adjustment not only enhances the precision of
navigation but also accelerates the convergence towards the
optimal route [4].

The challenges posed by water environments extend beyond
the navigational aspects, encompassing factors such as
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fluctuating currents and unexpected obstacles. The PID-
enhanced A* algorithm addresses these challenges by enabling
the boat to dynamically respond to environmental cues. It
transforms the boat's path planning from a predetermined
course to an adaptive journey, were real-time feedback guides
decisions, making it resilient to the uncertainties of aquatic
settings. In summary, the integration of a PID controller with
the A* algorithm for water boat path planning represents a
significant leap forward in autonomous aquatic navigation. By
combining the exploratory prowess of the A* algorithm with
the dynamic adaptability of the PID controller, this approach
promises efficient, precise, and resilient path planning in the
face of the unpredictable nature of water environments. This
innovative fusion holds the potential to revolutionize
autonomous watercraft navigation, opening new frontiers in
applications ranging from environmental monitoring to search
and rescue operations.

The remainder of this paper is organized as follows:
previous path planning work is presented in section 2. Section
3 described the idea of planning, obstacle avoidance and A*
algorithm. section 4 describes the proposed algorithm; section
5 described the hardware item; section 6 described evaluation
of numerical parameters required. section 7 described the
proposed environment. section 8 described the results obtained
for standard A* and improved A* with PID controller. Finally,
the conclusion is presented in section 9.

Figure 1. Serval types of UWB

2. RELATED WORK

Many techniques were proposed in order to develop an
optimal USV path for various missions. For path planning with
obstacles in an enclosed environment, the robotics group at
MIT uses the belief roadmap method (BRM), which contains
a prediction model [5].

In order to avoid collisions, Huang et al. [6] developed a
revolutionary ant colony optimization (ACO) method that
takes both static and moving obstacles into account.

Ozkan et al. [7] focused on using unmanned aerial vehicles
(UAVs) to generate a ground map of a flooded urban
environment for rescue operations. The ground map is
generated by processing an aerial image taken from the UAV.
The generated ground map is then used to plan the path of a
rescue boat to reach the target location. The study analyses
three different path planning algorithms to find the most
suitable one for flooded urban. The study used an aerial image
taken from Houston during Hurricane Harvey in 2017 to
generate a ground map. The proposed image processing
techniques were used to segment the image and model the
ground map. The study then analyzed three different path
planning algorithms: A*, GA, and PRM. Simulations were
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performed to evaluate the performance of these algorithms.
The results showed that the PRM algorithm was the most
suitable for flooded urban environments.

Li and Zhang [8] proposed improve traditional ant colony
algorithm for unmanned boat include optimizing the state
transiting rules and dynamically adjusting the pheromone
volatilization coefficient using a Gaussian function. To verify
the effectiveness of the optimization algorithm, it used
MTLAB2018a to simulate and compare between two
algorithms. The comparison showed that the shortest path of
the basic ant colony algorithm was 15445.1154, and the
shortest path of the optimized ant colony algorithm was
15264.0604. This indicates that the optimized path of the
improved ant colony algorithm is better than that of the basic
ant colony algorithm.

The research [9] proposed an improved collision avoidance
algorithm for unmanned surface vehicles (USVs) that
combines an improved artificial potential field and ant colony
optimization. The algorithm uses a power function based on
the change of the distance to the obstacle to solve the problem
of frequent steering and overshoot of USV's control system
during collision avoidance. Results show the proposed method
is more efficient and capable of avoiding obstacles through
route planning, particularly in the presence of large
disturbances. The research also presents an evaluation method
for USV's collision avoidance based on the minimum safety
distance and stability parameters. The results of simulation and
experiment demonstrate the effectiveness and robustness of
the propose.

Xiao et al. [10] proposed using a combination of an
Unmanned Surface Vehicle (USV) and an Unmanned Aerial
Vehicle (UAV) to automate marine mass casualty incident
search and rescue. The system uses the UAV to provide
responders with an overhead view of the field and automate
the rescue process. The paper mentions the use of PID control
when the error angle is within the 30° threshold to achieve a
desired heading for the USV. The throttle is set to 60% of the
maximum value. The PID control is used to ensure that the
USV moves in the correct direction and maintains a stable
heading.

Zhang and Li [11] applied optimization techniques to
remove unnecessary nodes, minimize the length of the path,
and lessen the number of inversion sites in both directions.
Finally, a cubic spline function is added to smooth the route
simulation. The results show that the smoothness, inflection
points, and path length of the A* algorithm are effectively
optimized. But compared to other algorithms, the journey is
still rather long.

3. THE BASIC PRINCIPLES

In this part, path planning and obstacles avoidance system
described such as:

3.1 Path planning and obstacles avoidance

The environment includes number of obstacles such as, O1,
02, ..., On. It is spreading in the environment and their have a
site coordinate are presented as (X1, Y1), (X2, Y2). Obstacles
can be classified into static and dynamic. When it is fixed, that
means speed may be zero, and if it is moving, it has speed
along the x and y axes. Each obstacle has differenced speed
from another obstacle and is different to the speed of the boat.



Speed and location of the obstacle are unknown for the boat.
The boat needs to understand all obstacles information such as
type, size, speed and any direction it found. If the boat does
not know where the obstacle and how its speed and position,
it must be needed some device to help boat to collect
environmental data. The boat is supported with an ultrasonic
sensor in order to detect an obstacle in an environment. Also,
it equipped 180-degree proximity information. When the boat
moves to a new position, first it reads the data obtaining from
sensor in order to calculate the distance between obstacles and
boat. it must be needed some device to help boat to collect
environmental data. The boat is supported with an ultrasonic
sensor that equipped 180-degree proximity information. When
the boat moves to a new position, first it reads the data
obtaining from sensor in order to calculate the distance
between obstacles and boat.

The boat, which obtaining information about obstacle
within region, to determine the distance between an obstacle
and a boat, and to estimate the direction of the moving obstacle
[12]. If the position of the obstacle fixed, means that it is static.
Or, it is dynamic. Direction of the obstacle is estimated by
helping sensor and the boat will choose the next way
depending on environment information. When the obstacle
moves toward boat path, a boat will move to avoid hit with
obstacle. moreover, if the distance between boat and an
obstacle increased continuously that means the dynamic
moves far from the boat. Otherwise, obstacle may be moved
towards the boat. The path planning model for the proposed
system is shown in Figure 2.
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Figure 2. Path planning and obstacle avoidance model

Where, dRO: distance from boat to obstacle and dRG:
Distance from boat to goal.

Parameter dRO and dRG are used to describe the distance
between a boat and an obstacle, and the distance between the
boat and the goal position, respectively, using the distance
formula, which is expressed as shows:

dRo=/(Xs — Xobs)% + (Ys — Yobs)? (1)

dRg=y/(Xs — Xg)* + (Ys — Yg)? ()
where, Xg and Yg are the goals coordinates in the environment,
Xs and Ys, described the current boat coordinate, and Xobs
and Yobs, described the obstacles coordinates in the
environment.

The route planning method involves determining the best
route to take from one place to another. Route planning
problems are widely observed in transportation logistics,
automobile navigation systems, computer communication
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networks, and decision-making systems for people fleeing
disasters [13]. Applications of network design and graph
theory depend on finding optimal or near-optimal paths [14].
The two main parts of optimal routing algorithms are heuristic
and optimization [15]. The ideal approach is ineffective for
real-time positioning systems [16] because it increases the
time complexity when using complex PRM, despite the fact
that heuristic and metaheuristic algorithms more efficient in
navigating the search space and finding the optimal path like a
monster algorithm. The many heuristic algorithms accessible
in the study [17] include techniques for local multiresolution
search and the best-first search algorithm, to name just a few.
On the other hand, one of the most crucial applications that
prevent collisions and keep the vehicle moving in the direction
of the aim is obstacle avoidance. Obstacle avoidance is
frequently performed in a social setting. Path planning, on the
other hand, entails determining an obstacle-free path before
guiding the boat along it.

3.2 A* algorithm

A heuristic approach algorithm is the A* algorithm. Peter
Hart, Nils Nilsson, and Bertram Raphael, researchers of the
Stanford Research Institute, first presented it in 1968 [18].
While the A* algorithm determines the shortest path, the total
cost is calculated using the formula below.

F(x)= G(x) + H(x) 3)

The distance function G(x) represents the cost of the
distance traveled from a starting point to a desired location on
a map. It can be calculated using the identified path. The
estimated cost of going from any square to the target square is
given by the expression H(x). This is merely an educated guess
and is referred to as a heuristic. Because many barriers (walls,
water, etc.) may arise on the path, the true distance cannot be
determined until the route is located. Where F(x) represents
the entire cost.

The heuristic function is the most important contributor to
the A* algorithm's success. There are several methods for
calculating heuristic distance.

Some of these are the Euclidean distance and the Manhattan
distance. Table 1 shows formulas for computing the
Manhattan and Euclidean distances.

Table 1. Distance function based on Heuristic

Heuristic Function
Euclidean
Manhattan

Equation
h(X)=[(Bx-Ax)* + (By-Ay)’]"?
h(X)=[Bx - A +[By - Ay

The A* algorithm is well-suited for water boat path
planning due to its efficient and effective nature in finding
optimal paths in a grid-based environment. Here are several
reasons why the A* algorithm is a suitable choice such as:
optimality, heuristic guidance and adaptability to dynamic
environment.

3.3 Basic work for A* algorithm

A common pathfinding technique used in artificial
intelligence and robotics to locate the shortest route between
two locations in a graph or grid is called the A* algorithm.
Although it is based on the Dijkstra's algorithm, it also has a



heuristic function to direct the search in the direction of the
objective. The A* algorithm's fundamental phases are listed
below:

Stepl: Set up the closed list and the open list from scratch.
The initial node is present in the open list, whereas the closed
list is empty.

Step2: Set the beginning node's G- and F-score to 0. The
anticipated total cost of the path through the current node to
the destination node is represented by the F-score, while the
G-score represents the cost to get to the current node from the
starting node.

Step3: While the open list is not empty, do the following:

a) Find the node in the open list with the lowest F-score
and move it to the closed list.

b) Generate the successors of the current node (i.e., the
neighboring nodes that can be reached from the
current node).

c) For each successor, do the following:

i. If the successor is the goal node, stop the search
and return the path.
ii. If the successor is already in the closed list, skip it.
iii. Compute the tentative G-score of the successor (i.e.,
the cost to reach the successor from the starting
node through the current node).
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iv. If the successor is not in the open list, add it to the
open list and set its G-score and F-score.

If the successor is already in the open list and its
tentative G-score is lower than its current G-score,
update its G-score and F-score.

Step4: Stop the search and return failure if the goal node
cannot be reached from the beginning node.

The Manhattan distance or the Euclidean distance between
the current node and the desired node is often the heuristic
function utilized in the A* method. It directs the search in the
direction of the goal by giving priority to nodes that are closer
to the goal and is used to estimate the remaining cost of the
path from the current node to the goal node. When calculating
the heuristic distance, it's important to keep in mind that the
A* method will be more accurate and quicker more closely the
heuristic distance is actual. The A* algorithm's flowchart is
shown in Figure 3.

In general, the A* algorithm examines the nodes nearby
before starting its computation from the predetermined
beginning nodes. Open and closed lists are created after the
review. The nodes to be explored are selected from the open
list, which contains the nodes that are close to the nodes being
researched. The list containing the investigated nodes is
known as the closed list.

V.

Coma

Figure 3. Flowchart of the A* algorithm
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The nodes under inquiry are not assessed again to prevent
the algorithm from looping. The open list's lowest cost points
are explored after researching the starting point, and the
process is then continued until the end point is reached. The
heuristic function makes sure that the algorithm moves
accurately and diverges-free towards the objective point.
When the end point is added to the closed list, the objective
has been found and the process is finished. The route is formed
by returning to the starting point by following the parent points
from the target point.

4. PROPOSED ALGORITHM: A*
CONTROLLER

WITH PID

The PID (Proportional-Integral-Derivative) controller is a
feedback system used in control engineering. It comprises
three  components: Proportional (P), Integral (I), and
Derivative (D), working together to regulate a system by
adjusting its output based on the error signal.

e Proportional (P): Responds to the current error.
[ ]
o Derivative (D): Anticipates future trends in the error.
As shown in previous studies, the aim of PID controller
made a system to be stable. Because of the waves water
generated from boat when it moves will make a boat to avoid
the original path. In order to solve this problem a PID
controller used to make a boat to be stable on the path in order
to arrive from start point to a target point with less time, Figure
4 show a part of the basic work PID controller for an

Integral (1): Addresses accumulated past errors over time.

(b)
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automated boat.
The time constant formula of the PID controller is given as
in Eq. (4) [19].

Go=Kp (14— + Tys)

@)
where, Kp proportional gain which used to increase the system
response speed and reduce steady-state error [20], and Ki
integral gain which used to eliminate the steady-stat error at
all [Ki = Kp / (Ti integral time constant)] but it produces
unwanted increase on the response overshoot, while Kd
derivative gain used to reduce the system response overshoot
[Kd = Kp * (Td derivative time constant)] [21].

¥(1)
—
output

r(t) e(t) uft)

Reference Error signal

PID

set point output

Feedback

Figure 4. PID controller system

By using MATLAB R2022a the parameters calibration for
PID controller in many cases in order to choose the optimal
case and are set (Kp = 4.5, Ki = 2.3 and Kd = 1) as shown in
Figure 5.
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Figure 5. The calibration and effect for response: (a) Kp = 3, Ki =2 and Kd = 3, (b) Kp =4, Ki =1 and Kd =5 and (c) Kp = 4.5,
Ki=23andKd=1

I

-—’-
e

Figure 6. Flowchart part for PID controller with proposed algorithm

After that, an automated boat moved from start point to end
point with smooth path so without obstacle collision. Figure 6
show the flowchart of a part automated boat using PID
controller.

5. HARDWARE ITEMS REQUIRED AND SOFTWARE
FOR AN AUTOMATED BOAT

In this section we will be described in details the main
compound required to implement an automated boat such as:
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5.1 3D printer

Progressive material addition is used in digital fabrication
technology, also referred to as 3D printing or additive
manufacturing, to create actual objects from a geometric
representation. A fast-evolving technology is 3D printing.
Today, 3D printing is widely used all around the world. The
use of 3D printing technology for mass production and
customization of any kind is growing quickly. In the fields of
agriculture, health care, the automobile industry, locomotive
manufacturing, and aviation, there are various types of open-



source designs. By depositing material layer by layer, 3D
printing technology may produce an object straight from a
computer-aided design [22].

The boat was printed using a 3D printer using a solid works
program that shows the Figure 7 3D printer and it makes the
boat.

Figure 7. Printing a boat using 3d printer

The boat was printed with pure engineering specifications
and measurements shown, as shown in Figure 8.

201 mm

o) .Y

64 mm

301 mm

(b)

Figure 8. (a) The measurement for the boat, and (b) show the
boat after printing using 3d printer

5.2 Raspberry pi 4

Raspberry pi 4 is an integrated computer made of one
electronic chip that contains the components of a traditional
computer, which is a single-core CPU data processor at 700
MHZ, and a dual-core GPU graphics processor at 250 MHZ
capable of operating HD movies and 3D games with a random
memory of up to RAM 512 Mb. In addition, the raspberry pi
consists of 40 digital pins that are used to control electronic
and electrical parts. And various sensors. All these capabilities
are on a small chip only, which is what is known as "SOC:
System on Chip". This computer is operated with open-source
Linux systems, Figure 9 shows the raspberry pi 4 used to
proposed system. The Raspberry pi 4 specifications is shown
in Table 2.
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Figure 9. Raspberry pi 4 model A

Table 2. Specifications of a raspberry pi 4 board

Parameters

Description

Microcomputer
Power supply

Display ports
USP ports

RAM
Processor

Input/Output (GPIO)
Wired Networking
Wireless Networking

Raspberry pi 4
5v DC through GPIO and
USP-C port
2 * micro-HDMI
2*USB 2.0
2*USB 3.0
4GB
Quad-core 1.5GHZ
Broadcom BCM2711(64 bit)
40 pins
Gigabit Ethernet
802.11 ac Wi-Fi; Bluetooth

5.0
Dimension 85 x 56 x 17 mm
weight 669

5.3 DC motors

A type of rotary electric motor known as a direct current
(DC) motor converts direct current (DC) electrical energy into
mechanical energy. The most common types rely on the
magnetic fields that are induced when electricity flows
through a coil. Almost all types of DC motors have an inbuilt
electromechanical or electronic mechanism that periodically
reverses the direction of current in a specific section of the
motor, Figure 10 shows type the D.C motor used in this
research.

Figure 10. DC motor used in automated boat
5.4 Motor driver LN298

The L298N is a dual H-Bridge motor driver that has the
capacity to simultaneously control the speed and direction of
two DC motors. The module can run DC motors with peak
currents of up to 2A and voltage ranges of 5 to 35, Figure 11
shows type of driver used in this research.

Figure 11. Motor driver In298 used in automated boat



5.5 Ultrasonic sensor

An ultrasonic sensor is a device that measures the separation
between two objects using ultrasonic sound waves. A
transducer is used by an ultrasonic sensor to transmit and
receive ultrasonic pulses that convey data about an object's
vicinity. Different echo patterns are produced when high-
frequency sound waves bounce off walls and other
obstructions.it was employed in a boat to escape a hazard,
Figure 12 shows type of ultrasonic sensor used in this research.

Figure 12. Ultrasonic sensor used in automated boat

5.6 Battery

The boat is equipped with a LiPo battery (11.1 v, 2200 mAh)

to power the Raspberry pi and the motors as shown in Figure
13.

Figure 13. A Lipo battary used in automated boat

6. PERFORMANCE METRICS

In this research, the proposed algorithm is run twelve times.
Then the evaluation is based on the following terms:

» Minimum Path Length (Min. length): This value describes
the minimum path length obtained over the twelve runs; it is
measured by centimeter (cm).

PL = d*n *t %)
where:

d: it is representing the diameter of DC motor (cm) and
equal to 0.15 cm.

n: it is representing the number of rotation DC motor in one
sec(rpm/s) and equal to 31 rpm/s.

t: it is representing the time taken of boat from start point to
target (sec).

«Average Path Length (Ava. PL): This value describes the
average path length over the twelve runs, which is calculated
as follows:

i
Ava. PL = Zm L

(6)

1090

where, Li is the best path length found at an ith run. m is the
number of runs; it is measured by centimeter (cm).

«Standard deviation (SD): This metric describes the
variance among the twelve runs based on the best path length
of each run; it is measured by centimeter (cm).

SD = |Ava. PL - PL| (7)

7. EVOLUTION SCENARIO

The evaluation scenario and analysis experiments of the
proposed A* algorithm with PID controller is test by using the
proposed system as show in Figure 14 (a) proposed system and
(b) system interfacing.

Microcomputer:

_ 1. Raspberry pi4

2. Processing and
Decision making

l"l

=
00

Iy
(b)

Figure 14. (a) Proposed system and (b) interfacing system
using fritzing

Figure 15.

Proposed environment



After that, the program was uploaded to the raspberry pi 4,
the program was write using python 3.10. the evaluation
scenario is modelled with the following specifications:

+Static environment with 3 obstacles each obstacle has
different size and shapes

Five cases have been implemented. Each case represents
one starting point and one target point as shown in Figure 14.
Ten runs are made for each case.

e A* algorithm and modified A* algorithm with PID
controller is applied to the proposed environment shown in
Figure 15.

8. RESULTS AND DISCUSSION

The planning environment is a (240 cmx110 cm). The
starting point is (X1,Y1) and the target point is (X2,Y2).
Figure 16 shows the dimensions of the environment used in
this paper.

100

%0

S0

70 L=
60

50

40

30

20 [

10

0 | 10 20 30 | a0 50 60 70 30 | o0 | 100 | 110

Figure 16. Dimensions of proposed environment

If we take the first case (start point (105,28), goal point
(25,175)), we can note that the path length using the traditional
A* algorithm is 261 cm, while the path length using improved
algorithm A* with PID controller is 220.5 cm, which indicates
an improving in the performance of A* with PID controller.

On the other hand, the results show that for the same case 1,
the average path length using A* algorithm is 21.75 cm, while
the average path length using A* with PID controller is 18.37
cm, representing a significant. Improvement. A* with PID
controller is very close to the shortest path, unlike the normal
A* algorithm which was far from the shortest path. Table 3
compares the standard A* algorithm and the improved
algorithm A* with PID controller, and also Figure 17 shows a
lower standard deviation (SD) in the improved algorithm A*
with PID controller. Also, Figure 18 shows comparison for

proposed environment between the path length and time for
A* without PID controller and A* algorithm with PID
controller.

300

250

g

g

Standard deviation (SD)

«
o

o

number of cases

e A* algorithm without PID contrller e A * 3l gorithm with PID contrler

Figure 17. Comparison the standard deviation (SD) for each
case of standard and improved A* algorithms

proposed A* algorithm without PID controller

CASE1 CASE2 CASE3

u Path length (cm)

(@)

proposed A* algorithm with PID controller

CASE4
Time taken (sec)

[ 127.35
1l 783
e 122 ] B

CASE 1 CASE 2 CASE3 CASE 4
® Path length (cm) = Time taken (sec)

(b)

Figure 18. (a) Comparison for proposed environment
between the path length and time using A* without PID
controller and (b) shows path length and time is small for A*
algorithm with PID controller

Table 3. Comparison A* without PID controller and A* with PID controller for proposed environment

A* Algorithm Without PID Controller

A* Algorithm with PID Controller

Cases Start Goal Path Time Average Standard Start Goal Path Time Average Standard
Point Point Length  Taken Length Deviation Point Point Length  Taken Length Deviation
(cm) (sec) (cm) (cm) (cm) (sec) (cm) (cm)

1 (105,28)  (25,175) 261 58 21.75 239.25 (105,28)  (25,175)  220.5 49 18.37 202.12

2 (15,45) (85,203) 144 32 12 1323 (15,45) (85,203) 127.35 28.3 10.61 116.73

3 (72,232) (61,33) 97.2 21.6 8.1 89.1 (72,232) (61,33) 85.5 19 7.12 78.375

4 (112,147)  (89,42) 86.85 19.3 7.23 79.613 (112,147)  (89,42) 783 17.4 6.52 71775

5 (12,97)  (25,175) 82.8 18.4 6.9 75.9 (12,97)  (25,175)  70.65 15.7 5.88 64.763
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9. CONCLUSIONS

According to a comparison of 12 runs and 250 iterations,
the improved A* algorithm with PID controller search results
are much improved regarding average path length. However,
the A star algorithm has some limitations, especially when it
comes to dynamic environments where obstacles may move or
change position. Additionally, the A star algorithm assumes a
perfect knowledge of the environment and its obstacles, which
may not always be available. In summary, Real Time Path
Planning and static obstacles avoidance in known
environments using the A star algorithm is a powerful tool for
many applications, but its limitations should be taken into
consideration when designing and implementing solutions.
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train the next generation of robotics and Al professionals.
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