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Abstract 

The design of artificial systems has undergone an epistemic revolution throughout the past 

fifty years. It entailed transcending the traditional dichotomy between the organic and 

inorganic worlds by attempting to imbue machines with the adaptability and autonomy 

found in living systems. Evolutionary robotics strives to create devices that can learn new 

skills on their own in an ever-changing, uncontrollable environment. This technology 

allowed for the construction of genuine robots with complicated reactive behaviors. Based 

on this observation, our work presents a non-exhaustive view of the research themes 

related to the field of mobile robotics, as well as the scientific hurdles that must be 

overcome before an autonomous robot may be developed. The latter's autonomy 

necessitates the accomplishment of tasks of control and perception of the environment in 

a coordinated manner. 

Navigation is one of these, and it is critical to the robot's interaction with its evolutionary 

environment. It entails determining the robot's trajectories to follow a pre-determined 

path while avoiding mobile or immovable impediments. 

Our solution is based on Bacterial Foraging Optimization Algorithm to find the shortest 

path. After then, the navigation problem is described as a constraint optimization problem, 

with a fitness function that quantifies the difference between the best robot path and the 

other random paths. 

The impediments are implemented as limitations that penalize the robots' movement, to 

allow them to change positions while avoiding obstructions. 

Our strategy has been put into action, and various situations have been put to the test. 

The collected results indicate the method's robustness as well as its performance. 



 

 

Abstract 

Résumé 

La conception des systèmes artificiels a connu une révolution épistémique au cours des 

cinquante dernières années. Il s'agissait de transcender la dichotomie traditionnelle entre 

les mondes organique et inorganique en tentant d'imprégner les machines de 

l'adaptabilité et de l'autonomie que l'on retrouve dans les systèmes vivants. La robotique 

évolutive s'efforce de créer des appareils capables d'apprendre de nouvelles compétences 

par eux-mêmes dans un environnement en constante évolution et incontrôlable. cette 

technologie a permis la construction de véritables robots aux comportements réactifs 

compliqués. Partant de ce constat, notre travail présente une vue non exhaustive des 

thématiques de recherche liées au domaine de la robotique mobile, ainsi que des verrous 

scientifiques qui doivent être surmontés avant qu'un robot autonome puisse être 

développé. L'autonomie de ce dernier nécessite l'accomplissement de tâches de contrôle 

et de perception de l'environnement de manière coordonnée. 

La navigation est l'une d'entre elles, et elle est essentielle à l'interaction du robot avec son 

environnement évolutif. Il s'agit de déterminer les trajectoires du robot pour suivre un 

chemin prédéterminé tout en évitant les obstacles mobiles ou immobiles. 

Notre solution est basée sur l’algorithme d’optimisation de l’alimentation bactérienne du 

plus court chemin. Ensuite, le problème de navigation est décrit comme un problème 

d'optimisation de contraintes, avec une fonction de fitness qui quantifie la différence entre 

la meilleure trajectoire du robot et les autres trajectoires aléatoires. 

Les entraves sont implémentées comme des limitations qui pénalisent le mouvement des 

robots, pour leur permettre de changer de position tout en évitant les obstructions. 

Notre stratégie a été mise en œuvre et diverses situations ont été mises à l'épreuve. Les 

résultats recueillis indiquent la robustesse de la méthode ainsi que ses performances. 

 



 

 

Abstract 

 ملخص
 

عامًا الماضية. لقد استلزم تجاوز  سينناعية ثورة معرفية على مدار الخمشهد تصميم الأنظمة الاصط

الانقسام التقليدي بين العالمين العضوي وغير العضوي من خلال محاولة إضفاء القدرة على التكيف 

 والاستقلالية الموجودة في الأنظمة الحية على الآلات.

ورية جاهدة لإنشاء أجهزة يمكنها تعلم مهارات جديدة بمفردها في بيئة دائمة تسعى الروبوتات التط 

التغير ولا يمكن التحكم فيها. سمحت هذه التكنولوجيا ببناء روبوتات أصلية بسلوكيات تفاعلية معقدة. 

بناءً على هذه الملاحظة، يقدم عملنا وجهة نظر غير شاملة لموضوعات البحث المتعلقة بمجال 

 .روبوت مستقلالات المتنقلة، فضلاً عن العقبات العلمية التي يجب التغلب عليها قبل تطوير الروبوت

 .يستلزم استقلالية الأخير إنجاز مهام التحكم وإدراك البيئة بطريقة منسقة

، وهو أمر بالغ الأهمية لتفاعل الروبوت مع بيئته التطورية. يستلزم تحديد  يعد التنقل أحد هذه العناصر

 .مسار محدد مسبقًا مع تجنب العوائق المتحركة أو الثابتة لإتباعات الروبوت مسار 

لأقصر مسارً. بعد ذلك، يتم وصف مشكلة التنقل  خوارزمية تحسين التغذية البكتيريةيعتمد حلنا على 

على أنها مشكلة تحسين القيد، مع وظيفة اللياقة التي تحدد الفرق بين أفضل مسار للروبوت والمسارات 

 .العشوائية الأخرى

 .يتم تنفيذ العوائق كقيود تعاقب حركة الروبوتات، للسماح لها بتغيير المواضع مع تجنب العوائق

لقد تم وضع استراتيجيتنا موضع التنفيذ ، وتم اختبار المواقف المختلفة. تشير النتائج التي تم جمعها إلى 

 .متانة الطريقة بالإضافة إلى أدائها

 . 
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                                                                General Introduction 
  

         Artificial Intelligence (AI) is a discipline of computer science in which machines are taught 

and constructed to emulate human decision-making and reaction functions without the need for 

human interaction. 

         The application of several approaches aimed at allowing robots to emulate a kind of actual 

intelligence is known as artificial intelligence (AI). Artificial intelligence is becoming 

increasingly important in all fields.  

         Alan Turing, a mathematician, created a test to measure artificial intelligence in 1950. The 

Turing Test checks if the answer can be determined by the machine in this manner through a 

sequence of questions. 

             Artificial intelligence is defined as a computer with reactions that are indistinguishable 

from those of humans. The goal of artificial intelligence is to create systems that can mimic 

human thinking behavior. The modeling of intelligence as a phenomenon is the goal of AI (as 

well as physics, chemistry, or biology which aim to model other phenomena). 

              Artificial intelligence is a scientific subject that focuses on studying, inventing, and 

implementing "smart machines." It's important to note that the term "machine" refers to an 

autonomous system capable of processing data rather than a physical item. 

With the advent of computer science and technology, a larger area of inquiry in the field of 

robotics, which is concerned with devices that move around in space, has opened up. As a result, 

when we use the term "robot" in artificial intelligence, we're referring to a computer program 

that exhibits intelligence. 

             Robotics is a sub-domain of AI that can be thought of as an intelligent linkage of 

perception, action, and robot functionality. It helps robots acquire the ability to converse in 

normal language by allowing them to maintain dynamic representations of their environment. 

Robotics is a great example of a multidisciplinary field that includes mechanics, mechatronics, 

electronics, automation, computer science, and artificial intelligence, to name a few. 

              There are numerous definitions of the term robot depending on the writers' region of 

origin, but they all revolve around this one: A robot is a machine with perception, decision, and 

action capabilities that enable it to behave independently in its surroundings based on his view of 

it. 
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                                                                General Introduction 
  

          The navigation systems that allow a mobile robot to move to achieve a goal, as well as the 

classifications that can be applied to them, are exceedingly diverse. 

          The problem of calculating the motions required for a robot to complete a job is referred to 

as movement planning in this framework. 

In its most basic form, movement planning is defined as follows: given a model of the 

robotic system and its surroundings, planning a movement entails calculating the movement that 

the system must make in order to achieve an a priori determined goal. 

The term "movement planning," often known as "autonomous navigation," refers to 

movement planning for robots or mobile agents. 

"Autonomous navigation in a dynamic environment" is the problem addressed in this 

document. 

Exact solutions for solving this problem ([1], [2], [3]) are inapplicable to complicated 

systems with numerous degrees of freedom. 

The most successful motion planning systems use probabilistic algorithms to explore the 

space of configurations at random in order to characterize their connection[4] , or more current 

references [5], [6] provide a summary of various strategies. 

One of his main achievements was the creation of a unique algorithmic framework that allows us 

to solve difficulties: bacterial methods for solving combinatorial problems. 

These mechanisms are used by c-bacterial algorithms to address issues of combinatorial 

optimization. 

The goal is to create an adaptive group for each group with the objective function to be 

improved. Bacterial algorithms are evolutionary approaches that rely heavily on biological 

factors associated with selection and principles of natural evolution. 

Bacterial algorithms were first created by Passino [7]. It is worth noting that the concepts 

underlying bacterial algorithms are fairly basic. The document is divided into three chapters: 

The presentation of mobile robots takes up the first chapter; the typology of mobile 

robots is examined after a brief survey of the topic of mobile robotics. We present the current 

state of navigation in general, as well as cooperative and autonomous navigation in dynamic 

situations with obstacle avoidance. 
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                                                                General Introduction 
We propose a conceptual study to determine the shortest path of an autonomous robot 

using bacterial algorithms, contributing to the research challenge. The approach is used to 

simulate the environment, while the BFO method is presented separately. Simulated 

environments are briefly explored in the final chapter. To test the performance of our BFO 

algorithm, several experiments are conducted in the MATLAB development environment. The 

results of the presented methods for finding the shortest path for an autonomous robot via 

simulations are presented. 

Finally, we conclude and review the entire thesis project, describing how we arrived at 

our conclusions through simulated experiments. The potential scope for future work of this thesis 

is discussed. 
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Chapter 1: Navigation Systems 

1 – 1 Introduction: 

       An autonomous mobile robot is a mechanical, electronic, and computer system that interacts 

with its surroundings to achieve a certain goal. Even if he finds himself in unexpected situations 

without the need for human involvement. The ability of a mobile robot to adapt or make a 

decision to execute a task in an unfamiliar or unknown environment is known as autonomy. 

The term "navigation" refers to the process of guiding vehicles from one location to another. The 

word is enlarged in mobile robotics to include all mechanisms that enable the mobile robot to 

detect and perform the movements required to achieve a certain goal. 

One of the issues with a mobile robot system is moving in an unknown environment, and the 

independence of movement becomes a harder problem to overcome when compared to when the 

mobile robot grows in a well-known environment. The challenge of localization, which is the 

determination of the mobile robot's position and orientation ("position") in its surroundings, is 

another issue with mobile robotics. In a dynamic environment, the robot's navigation consists of 

moving from the beginning location to the destination position. The creation of an executable 

trajectory is required for robot motion planning. In robotics, planning trajectories to allow a 

mobile robot to move from an initial position to an end location is frequently required. 

Trajectory planning is a topic that is frequently discussed in scientific circles. 

As a result, the most advanced autonomous robots' programming makes use of artificial 

intelligence and algorithms that provide the autonomous robot with some type of learning. 

The goal of this project is to construct a presence-detecting robot that walks around a room and 

avoids obstacles without the assistance of humans. 

Several algorithms solve this problem. In this chapter, we will talk about pre-existing works  

1- 2. Navigation Strategies: 

The navigation strategies allowing a mobile robot to move and arrive at a goal are exorbitant, as 

well as the classifications that can be made. 

1- 2.1  Artificial Potential Fields (APF): 

 Artificial Potential Fields (APFs) have been used in real-time obstacle avoidance for over 

thirty years. They were first published in Khatib's seminal study [8], and have subsequently been 

further developed, beginning with computational methods [9]. There has also been significant. 
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 Work in using APFs to obstacle avoidance [10], including dynamic barriers [11], which is 

particularly important to our study  

Improvements to the behavior of artificial potential fields have also been made, particularly in 

dealing with undesired oscillation behavior [12]. Finally, the search for viable approaches for 

route planning using APFs has continued [13], including application to UAV path planning [14]. 

Control barrier functions (CBFs) were recently introduced [15],   and are a mechanism for giving 

nonlinear system safety guarantees via optimization-based controllers. 

Because of their resilience [16] and real-time performance capabilities, they are widely 

employed in the safety-critical controls sector, even for dynamic robotics [17]. 

The basic concept behind APF is to surround the robot with an artificial potential field in which 

obstacles are repelled by repulsive force and the robot is drawn toward the objective by attractive 

force.  

The attracting and repulsive forces are responsible for the potential field. The goal 

generates an attractive force toward the robot, while barriers generate a repulsive force that is 

inversely proportional to the distance between the robot and the obstacles and is directed toward 

the obstacles. In the APF field, the robot moves from high to low potential. As illustrated in 

equations 1–5, the Potential function can be constructed for both attracting and repulsive forces: 

 

  

The most commonly utilized appealing potential is 

                             (2) 

As it approaches the target, the attractive force is expressed as the negative gradient of attractive 

potential, and the attractive force will be deemed zero. 

  

The repulsive potential function can be used in the following way. 
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 The repulsive potential function's negative gradient: 

 

To achieve the goal, a potential field method creates an appealing field. In most cases, the 

potential field is defined across the entire free space, and the induced force produced by the field 

is calculated at the robot position in each time step. The robot should then move in accordance 

with the forces mentioned above. The main issue with APF is that it might cause a local/global 

minima problem, in which the robot becomes stuck at a position where the effects of both 

fields/forces cancel out and the robot is unable to move forward or even backward. Figure 2 

illustrates this.  

1- 2.1.1.  Dijkstra : 

The simplest technique for identifying a path for a robot is to use the graph  

searching method. It is regarded as a well-defined, effective, and efficient strategy for selecting a 

nonobstructive path that requires less time and computing complexity. The robot's environment 

is created, and the path is connected by a line so that the robot can easily approach the objective. 

The process is repeated until the best and most optimal solution is found from one node to the 

next. The robot is free to move to a new site after it has reached the targeted goal. The Dijkstra 

algorithm is a graph-searching method that finds the shortest path by solving the optimal path 

problem with non-negative edge path costs. It's used to calculate the cost of a path from a single 

point to a single destination [18]. 
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Figure 1.1: Local and global minima in a system.[19] 

This technique is critical in traffic information systems where tracking the source and 

destination is possible. 

It is used to find the shortest and least expensive path between the starting node and additional 

nodes in a graph. The algorithm's main aim is to compute the shortest distance from a starting 

point to an end point while excluding longer distance paths[20]. 

1- 2.1.2. C. A star  

The A* algorithm is a path-finding algorithm in a graph between two given numbers. 

Because of its simplicity, it is frequently used as an example of a typical planning algorithm in 

the artificial intelligence sector[21]. 

The A* algorithm was created to ensure that the first answer found was one of the best, 

which is why it is popular in applications such as video games that prioritize calculation speed 

over accuracy. Peter E. Hart, Nils John Nilsson, and Bertram Raphael proposed this algorithm 

for the first time in 1968. It's a modification of Dijkstra's method from 1959[22]. 

Nils Nilsson, an artificial intelligence researcher, was attempting to improve the planning 

of Shakey the robot, a prototype robot that moves about a room with obstacles. The algorithm for 

finding a path, dubbed A1 by Nilsson, was a faster version of the most well-known method at the 

time, the Dijkstra algorithm for finding the shortest paths in a graph. Bertram Raphael suggested 

certain improvements, resulting in the revised A2 version. After then, Peter E. Hart made minor 

improvements to A2. Under specific situations, Hart, Nilsson, and Raphael have shown that A2 

is the best option for finding the shortest paths[23]. 
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1- 2.2. Artificial Neural network: 

A computer model that models the operation of neurons in the human brain is known as an 

artificial neural network (AN)[24]. 

When fresh inputs are received, Artificial Neural Networks (ANNs) use learning algorithms that 

can autonomously make adjustments - or learn, in a sense. As a result, it's a powerful tool for 

modeling nonlinear statistical data. 

Learning at a deeper level Machine learning (ML) and the broader field of artificial intelligence 

(AI) technology rely heavily on ANNs[25]. 

A Logistic Regression can be thought of as a single perceptron (or neuron). At each layer of an 

Artificial Neural Network, or ANN, there are many perceptrons/neurons. Because inputs are 

exclusively processed in the forward direction[26], an ANN is also known as a Feed-Forward 

Neural Network: 

 

 

 

 

 

 

 

Figure 1.2: Artificial Neural network.[27] 

As you can see, ANN is made up of three layers: input, hidden, and output. The input layer 

receives the data, the hidden layer processes it, and the output layer generates the output. 

Basically, each layer is attempting to learn specific weights[28]. 

1- 2.3  Fuzzy Logic: 

With Lotfi Zadeh's proposal of fuzzy set theory in 1965, the term fuzzy logic was coined. [29] 

[30] However, fuzzy logic had been investigated as infinite-valued logic since the 1920s, 

especially by Ukasiewicz and Tarski. [31]. 
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The phrase "fuzzy" refers to something that is unclear or ambiguous. In the actual world, 

we frequently encounter situations in which we are unable to tell whether a condition is true or 

untrue; their fuzzy logic provides extremely significant reasoning flexibility. In this approach, 

we can account for any situation's inaccuracies and uncertainties. 1and 0 represents the absolute 

truth value in the boolean system, while 0.0 represents the absolute false value. However, there is 

no logic for absolute truth and absolute false value in the fuzzy system. However, in fuzzy logic, 

an intermediate value exists that is both partially true and partially false.   

 

 

 

 

 

 

 

 

Figure 1.3: The difference between fuzzy logic and boolean logic [32] 

The fuzzy logic controller's principle is divided into three stages: 

A fuzzification stage, in which the input variables are transformed into fuzzy variables; A 

stage in which logical rules of the kind "if (condition 1) and/or (condition 2) then (action on the 

outputs)" are applied to a table of behavior rules; Finally, the defuzzification process converts 

the action decided by the rules of behavior into a command for the actuators to execute.  

Fuzzy intervals are used in the fuzzification stage to divide the space of the input 

variables into a number of fuzzy subsets (for example, in proximity, we can have very close 

(contact), quite close, average distance, far enough, and very far); membership functions are then 

used to define the degree of truth (probability of belonging) of the fuzzy variable as a function of 

the input quantity. 

These functions can be triangles, Gaussian functions, and so on. As a result, the 

membership rule will tell us that "there is a 95% likelihood that the obstacle is close enough, and 

a 5% chance of being in contact" for a particular distance measurement.  
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This viewpoint is based on the idea that sensor measurements and information in general 

are always subject to uncertainty. 

 

Figure 1.4: Membership functions.[33] 

1- 2.4  Ant Colony: 

In 1959 Pierre-Paul Grassi [34] invented the stigma theory to explain the nest-building 

behavior of termites, then Deneubourg and colleagues [35] studied the collective behavior of 

ants in 1983. The successful integration of the promethee multi-criteria decision-making method 

into the ACO algorithm (Humant algorithm) was recently in 2017 [36]. 

The ant colony algorithm is a path-finding algorithm based on the behavior of ants in their 

search for food. Initially, the ants roam aimlessly. When an ant discovers a food supply, it 

returns to the colony, leaving "markers" (pheromones) that indicate the trail has food. When 

other ants come across the markings, they are more likely than not to follow the course.  If they 

succeed, they will mark the road with their own markings as they return with the food. The path 

becomes stronger as more ants discover it, until there are several streams of ants heading to 

diverse food sources near the colony. Shorter paths are more likely to be stronger since the ants 

drop pheromones every time they carry food, thereby maximizing the "solution”. 
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Meanwhile, other ants are still looking for nearby food sources at random. When the food 

source is depleted, the pathway becomes devoid of pheromones and begins to disintegrate. The 

ant colony technique works effectively in graphs with shifting topologies because it is based on a 

very dynamic system, computer networks and workforce simulations using artificial intelligence 

are examples of such systems. 

      Ant colony algorithms aim to optimize a path for mobile robots. These algorithms require a 

group to be realized, they are used for a task that requires a collaborative work of several mobile 

robots. The aim of this research approach was to model and develop on a simulator, then a real 

robot, the way ants [3 7] move using complex combinations of information, as a vector of 

integration and visual cues. The goal was concretely to solve the problem of navigation. As a 

first step, developed a simulator to evaluate directly inspired navigation strategies ant behavior,  

the main interest of the simulation is to quickly allow an evaluation of biological hypotheses 

before  moving to a physical implementation. Then, as the simulation does not allow taking into 

account all the An Evolutionary Approach To Searching For The Shortest Route Of A Self-

Contained Mobile Robot aspects of the study, by simplifying for example the environment or the 

physical behavior of the robot,  the researchers have developed a robot able to really test the 

strategies of displacement.  

 

Figure 1.4: Ant Colony [38] 
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In an environment with obstacles, the robot must first detect and then bypass them. If the 

robot has already passed a given point, it will be to anticipate the direction to be taken without 

being disturbed by the large amount of information resulting from the presence of a large number 

of obstacles. If the robot ant encounters a very long obstacle, it should not be considered as 

impassable even if no issue appears on the rangefinder that we use to prevent the robot to hit the 

obstacles present in its environment. It must go along and around it by taking the direction 

provided by its integration vector being updated. 

  They developed first modeling based on the estimation of the vector of integration 

(direction of the nearest, distance) that the ants realize spontaneously from their first outings out 

of the nest: 

- If the robot-ant encounters no obstacle, it will follow its integration vector pointing in a 

straight line on its starting point. 

- If he encounters a close obstacle but occupying a weak angular sector (Figure 2), the 

robot-ant will follow the free direction "closest" to the integration vector allowing it to bypass 

the obstacle. 

 

1- 2.5  Bee Colony: 
 

The artificial bee colony algorithm (ABC) is a computer science and operations research 

optimization algorithm based on the intelligent foraging behavior of honey bee swarms, 

proposed by Derviş Karaboa (Erciyes University) in 2005 [39], by using only parts of nature like 

the behavior of bees we can develop a class of new algorithms, based on the behavior of bees 

while searching for food, we find in the following sections some of the algorithms (the famous). 

 

1- 2.5.1  Bee Colony Optimization 

 

  The Bee Colony Optimization (BCO) metaheuristic has been well proposed recently by 

Lučić and Teodorović [40] as another direction in the field of swarm intelligence. Teodorović 

and his co-authors [41] effectively applied BCO to different design and execution problems. The 

BCO method is a "founding" method for dealing with the location of false experts who present 

unique types by their similarity with bees. Fake bee solvers that collaborate to solve complex 

combinatorial improvement problems.The bees gather in the hive and move back first. When all 

solutions are complete, the best one is selected and used to update the overall best solution, thus 

completing the BCO iteration.  



14 

 

                       Chapter 1: Navigation Systems 
All solutions are removed at this point and new iterations are generated. Let "B" be the 

number of bees in the hive and "NC" the number of positive steps taken. All the bees are in the 

hive when the search begins. The BCO algorithm pseudo code can be summarized as follows: 

- Initialization: assign an empty solution to each bee; 

- For each bee: in. k = 1 

a) Count the constructive moves forward  

b) Evaluate all possible steps;  

c) Choose a step;  

d) k = k + 1; 

 If k ≤ NC, Go to b .  Return of all the bees to the hive; 

 Each bee evaluates the value of the target work. 

 Each bee chooses at random to carry out its own investigation. 

 Recruiter, or become a collector bee. Choose for each supporter. 

 Another arrangement for the selection of representatives. 

  If planning is not complete, proceed to step (b). 

 Evaluate each arrangement and find the best one. 

 If the stop pattern is not selected, go to step (b), however, go to the next step. 

 Display the best arrangement found. 

 

1- 2.5.2  Dance Bee Optimization 

 Laga and Nouioua in 2009 [42] created the BOD calculation (Optimization of Dancing Bee) 

to solve the problem of T-shading graphs. This calculation is determined by the behavior of the 

bees when they forage. The calculation begins by randomly placing n bees in the hunting space. 

After evaluating the health highlights of these bees, the healthiest bees (Level 1 bees) are 

selected for community building. In the next step, the computation controls the query around the 

best destination m found by the first level bees. Of course, it is the bees that are enlisted to look 

around the best destinations, ie. This registration is an important activity for the calculation of 

the BOD. For each registered bee (permutation), we work with a neighborhood meta-heuristic to 

look at this permutation [43]. In the end, there, the best of the m bees (permutations) are then 

retained to build the next population.  
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Note that in nature there is no limit of comparison; such a limit is familiar in computer 

science. The number of survey responses. To complete the colony of bees, spawn the remaining 

bees at will. At the end of each cycle, the colony will include the description of the m bees per 

area from a point of view (to level the hunt) and again, the bees are distributed at will (to enlarge 

the hunt). Dance upwards, dust towards the sun. The dance is vertical and coordinated 

downwards, the dust opposing the sun. The rising of the sun is thus approached by the vertical, 

seen from bottom to top; and the point of the course of the crown jewels with that of the sun is 

recreated comparable to the azimuth.  

1- 2.5.3 Artificial Bee Colony:  

In 2007, Karaboga and Basturk [44] developed the ABC (Artificial Bee Colony) algorithm, 

which looked at how real bees find nectar and exchange that information with other bees in the 

nest. This algorithm divides artificial bees into three groups: The task of discovering new meals 

is carried out by bees (food-seeking bees), observers (watching bees), and scouts (scout bees) 

(the new nectar source). For each food source, only one kind of bee is used. In other words, the 

amount of food sources matches the number of worker bees. If a worker bee at a location cannot 

find the food source, she must operate as a Scout, exploring for new food sources at random.  

Using bees to share information with visitors to the hive so that visitors can choose a food source 

to study. The following are some of the benefits of using a bee colony: 

-Excellent at finding the best solutions. 

-Solves the issue of the local optimum 

-Easy to put into practice. 

-The usage of a number of programmable parameters. 

-Sensitive to challenges that are really challenging. 

However, there are several disadvantages, such as most optimization algorithms having an 

evolution and diversification mechanism, incrementing a counter for solutions that do not 

improve and do not reach a threshold limit, and adjusting this parameter is a challenge in and of 

itself, and small values can eliminate a solution before exploring its neighborhood incomplete, 

while large values can trap the algorithm in minima premises for several cycles. 
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1- 2.5.4  Virtual Bee Algorithm: 

Although only functions with two parameters have been given as examples, this approach 

was invented by XinShe Yang in 2005 [45] for solving numerical optimization issues.  

It can optimize functions and discrete problems. The VBA method starts with a virtual bee 

troop, where each bee wanders randomly into the search space, which in most situations is only a 

1-D or 2-space -D. The virtual functions for optimizing functions are the primary steps of the bee 

algorithm: 

 The creation of a multi-agent or virtual bee population.  

 Each bee has a solution vector with a number of parameters to optimize.  

  Optimization functions (objective functions) coding and virtual food conversion (Virtual 

Food). 

 Definition of a criterion for communicating direction and distance in a way that is 

comparable to the physical abilities of bees (the dance of the bees). 

 Update a population of bee in new positions for virtual food study by performing a virtual 

dance to specify distance and direction; "the virtual dance of waggle." 

 The maximum mode, in terms of the number of virtual bees or the intensity / frequency 

of the bees that make the visit, correlates to the best evaluation after a set period of 

evolution. 

 Decoding the results in order to find the problem's solution. 

 

1- 2.6. Genetic Algorithm: 

Genetic Algorithms are part of the Evolutionary Algorithms family of algorithms [46].  

These calculations are stochastic streamlining strategies enlivened by Darwin's hypothesis of 

development, whose objective is to get a surmised arrangement, at the right time.  

Hereditary Algorithms use strategies got from hereditary qualities and common development: 

crosses, changes, determinations, and so forth ..., they address a stochastic improvement 

techniques for request "0", which implies neither congruity nor differentiability is fundamental 

for the smooth running of the strategy, just the information on the worth where the nearness of 

the capacity to be enhanced is adequate. Thus, the viability of a hereditary calculation relies upon 

the great information on the issue to be dealt with.  

Hereditary calculations are the aftereffect of examination by John Holland and his partners 

and understudies at the University of Michigan on 1960 [47].  
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The novelty introduced by taking into account the crossover operator in addition to the 

mutations in this operator which allows us to  get closer to the optimum of a function by 

combining the genes contained in the different individuals of  the population.  

Hereditary calculations depend on the thought of characteristic choice and apply it to a 

populace of solutions to a given issue. The phases of execution of a hereditary calculation:  

 Initial population: We must choose a random population of n chromosomes, each 

chromosome here presents an upcoming location of the robot, and we can also change it 

so that each gene represents a next direction of the robot. 

 Fitness function: Measure the fitness of each chromosome in the population. 

 Selection: Create a new population with repetition next steps until the population is 

complete. 

 Crossover and mutation: Each pair generates two children, in these operation two 

chromosomes exchanging one or more parts for data of the new chromosomes. If there is 

no mixing, the result is an exact copy of the parents.  

 Mutation means that a gene in a chromosome can substitute for another in a random 

way.  

 Stop test: If this criterion is not checked then go to step (2).  

 

Figure 1.5: Genetic Algorithm [48]   
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1- 2.7.  Bacterial foraging optimization :   

          Bacterial foraging optimization (BFO) [49], a novel algorithm proposed by Passino, 

mainly simulates the behaviors of Escherichia coli in the process of searching for nutrients. In 

chemotaxis, reproduction, elimination dispersal. Besides that, as for function optimization, 

During the foraging context, bacteria generally take four significant actions involved the position 

of one bacterium can be regarded as a feasible solution in the search region. Bacteria adjust their 

own positions by tumbling based on random directions and swimming with certain step sizes to 

constantly find out the optimal location. Because of many advantages like the strong robustness 

and good performance in local search, the BFO algorithm has gradually become popular and 

until now, it has been applied to sorts of practical fields such as facility layout [50], feature 

selection [51], training kernel extreme learning machine [52]. At present, relevant theoretical 

researches about the BFO algorithm are still in the initial stage. In other words, compared with 

the other traditional swarm intelligent algorithms such as particle swarm optimization (PSO) [53] 

and genetic algorithm (GA) [54], the development of the BFO algorithm is not enough mature. 

Professor Passino created the Bacterial Foraging Optimization (BFO) method in 2002 

[41], which is a revolutionary swarm intelligence optimization technique based on E. Coli 

foraging behavior. Even though it is still in the early stages of study, the BFO algorithm 

outperforms other optimization algorithms in terms of fast convergence and global search due to 

its simple bacterial individual structure and behavior, diverse group kinds and characteristics, 

and efficient life cycle [55]. A bacteria can do one of two things when foraging: tumbling or 

swimming [56]. 

The bacterium's orientation is changed by the tumbling movement. The bacterium will 

migrate in its current direction while swimming, which is the chemotaxis step.  

Chemotaxis is continued until a bacterium moves in the positive-nutrient gradient direction. 

After a given number of complete swims, the best half of the population reproduces and the rest 

of the population is eliminated. 

To avoid local optima, an elimination dispersion event is performed, in which certain bacteria 

are liquidated at random with a very small probability, and new replacements are initialized at 

random positions throughout the search space. BFO is made up of three main components: 

 The chemotaxis process is the first; the reproduction step is the second; and the elimination-

dispersal step is the third. 
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a. Chemotaxis : 

This phase is critical in the explanation of bacterial movement, as there are two alternative 

paths. This bacterium can swim in a straight line without tumbling or swimming in a variety of 

directions. However, it's plausible that this bacterium can switch between the two types of 

locomotion. As a result, the bacteria is considered to be swimming if it goes in a specific 

direction and tumbling if it moves in an unexpected direction. 

Chemotaxis is a biological process in which bacteria travel in order to obtain a nutrient. One 

of the characteristics of the E. coli bacterium is that it can move in two different ways: 

swimming and tumbling. When swimming, the bacterium swims in the same direction in quest 

of nutrients, whereas when tumbling, the bacterium changes direction. Assume Pi( j, k , I)  shows 

the present position of ITH bacterium, jTH chemotaxis step, kTH reproduction step, and elimination 

and dispersal step, then tumbling will show the bacterium's position in the next chemotaxis step 

as:   

θi
j+1

= θi
j
+ C(i). ∅(i)          (6) 

∅(i) =
∆(i)

√∆T(i)∆(i)
         (7) 

where C (I)  denotes the number of steps, (i) denotes the bacterial chemotaxis direction denoted 

by the tumbling of the ith bacterium, and Δ  denotes a vector of random population size 

directions with continuous values between  [-1, 1]. 

Jhe
i = ∑ J(i, j, k, l)

Nc+1
j=1                                 (8) 

 

b.  Reproduction : 

Those bacteria that have enough nutrients will reproduce, while others will be destroyed 

during the reproduction phase. To accomplish so, each bacterium's health condition is calculated. 

The sum of a person's step fitness across their lifetime can be defined as: 

 

Jhe
i = ∑ J(i, j, k, l)

Nc+1
j=1                                 (9) 

Where, Nc is total number of chemotaxis steps, and Jhealth is calculated for ith bacterium , 

jth chemotaxis step , the Kth reproduction step, and the lth elimination and dispersal phase are all 

steps in the chemotaxis process.  
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Eventually, all bacteria's health status will be sorted in ascending order, and the first half 

of the bacteria will multiply and surrogate into the second half according on their top health 

status. In other words, lower Jhealth levels corresponded to bacteria that were healthier. As a 

result, bacteria with lower health ratings have a better chance of surviving. This procedure not 

only maintains the population stable, but it also ensures that the healthier bacteria are passed 

down to the next generation. 

         (10) 

b. Elimination and Dispersal :     

Each bacterium is scattered with the chance of Ped after reproduction, but the total number of 

bacteria remains the same. Once a bacterium has been eradicated, it will be distributed at random 

to a new place. 

  

     (11) 

 

Elimination happens when ri < Ped is present, as demonstrated in (11). The ith bacteria Pi's 

original position was substituted by p=(m'1,m'2,....,md'). As a result, the optimal parameter m is 

replaced by a random value m′  in the optimization space. 
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1- 3-Comparison between Methods  

 

Method Advantages Disadvantages 

Fuzzy logic  Create a set of rules based on 

human experience. 

 The most human-like reasoning. 

 It is light in terms of computation, 

time savings, and memory space. 

 Because of the approximation 

reasoning process, the navigation 

path is not optimal. 

 Requires the presence of an expert. 

 These rules restrict robot operation. 

Neural 

networks 

 Create a straight forward solution 

 The knowledge representation 

method  

 The ability to calculate a precise 

travel path 

Ant colony  Extremely adaptable. 

 Ideal for graph-based issues. 

 It's possible to get stuck in a 

blocking state. 

 Execution time can be lengthy at 

times. 

 It isn't applicable to all types of 

issues. 

Bees Colony  Effective in identifying the best 

solutions and simple to execute 

 Eliminate the problem of the local 

optimal 

 Responsive to difficult issues 

 It has an evolution and 

diversification mechanism 

 Large values can cage the algorithm 

for numerous cycles and destroy a 

solution before it can be exploited. 

Genetic 

Algorithm 

 AGs work with parameter 

encoding 

 AGs work with a population of 

points 

 The application of probabilistic 

transition rules to prevent local 

optimums. 

 Aerodynamic form, structure, and 

composite material synthesis 

 The issue of industrial network 

scheduling 

 Form recognition and learning 

through reduction 

 Bioinformatics pattern identification  

 Electronic circuit synthesis 

 Bacterial 

foraging 

optimization  

 powerful parallel search 

capability, and it's simple to 

escape the local minimum 

  The bacteria's poor connection, 

which puts them at risk of reaching 

the local optimum rather than the 

global optimum. 

 

Table1.1: Comparison of the Methods. 
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1- 4. Conclusion 

 In this chapter, we reviewed the state of the art in mobile robot navigation and the many 

algorithms that may be used to manage it, such as finding the shortest paths and distances in a 

given area. We've also seen the various steps; we've also provided the benefits and drawbacks of 

each strategy, and we've discovered that no navigation methodology has been observed that 

provides a solution that solves all difficulties. As a result, we can see that navigation is a very 

dynamic subject of study, with new approaches appearing on a regular basis. The necessity of 

applying heuristic approaches to treat the motion computation problem as an optimization 

problem in order to meet several constraints at the same time is revealed by this overview of the 

literature. 

In the next chapter, we will be viewing how our system is designed, a detailed 

explanation of our chosen methods along with the Conceptual models that describe the system 

flow, making it more effortless to comprehend. 
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2.1. Introduction: 

In the previous chapter, we talked about several pre-existing algorithms that solve this 

problem. Robots are generally machines that include computers; nevertheless, the robot 

controller is unique to each robot and hence cannot be transferred to another. However, there is a 

need for a generic model of a robot controller in both industry and research. 

In terms of research, the development of applications that require the robot to share its 

environment with its environment leads to the search for scalable and reliable architectures that 

are far removed from the fixed architectures of traditional robots whose immediate environment 

is closed to the human operator. 

AI (bacterial algorithm) methodologies for the definition and design of real-time systems 

should aid in the modeling of the complex system that is a robot controller in this context. 

In recent years, a large amount of study has been focused on automatically planning the 

trajectory of collision-free robots in environments. 

Several planning strategies have been proposed over the last two decades, but only a few 

of them help handle the planning problem satisfactorily. 

Our trajectory planning method provides a safe and effective solution to the fundamental 

problem of planning, as well as the optimization challenge. The path in our work is determined 

by the bacterial algorithm's modeling of the robot's environment. 

In this chapter, we will provide several step-by-step diagrams to see how our proposed 

solution worked 

2. Study of Project  

2.1. Our Problem: 

Our challenge is to identify the shortest path for an autonomous mobile robot and to find 

the most cost-effective approaches to reach the desired end state. We examine how bacterial 

algorithms function to find optimal solutions to large-scale planning issues and avoid 

impediments.The goal of our research is to find an answer to the following research question: 

 

How can the robots go from their beginning position to their stopping location in the 

most efficient way possible while avoiding obstacles? 
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2.3. The proposed solution:  

The research focuses on adapting the existing bfo and building a new competency to deal 

with the challenges of large-scale optimization of tasks applied to mobile robots to address the 

topic of searching for the shortest path. 

 

2.3.1. Problem definition 

We will concentrate on the following scenario: In the initial state, the environment is 

represented by a square matrix with obstacles arranged at random. A robot must go from a start 

point to an arrival point; the robot has a start location (Xs, Ys) and an arrival position (Xa, Ya), 

but it is unaware of its surroundings. The following difficulties piqued our interest: determining 

the best trajectory (shortest path) and avoiding obstacles.  

2.3.2. The Activity Diagram: 

An activity diagram is a visual representation of a system or a process. It displays the 

decisions, activities, and supporting processes that go into a more significant activity. Such a 

diagram is frequently used to organize, implement, and optimize processes in the management 

and information technology fields. 

At first glance, an activity diagram and a flow diagram can look very similar. The difference 

is in the application and perspective. A flow diagram shows people (and robots) what they need 

to do at each stage of activity by illustrating the flow of objects. It is about describing the tools 

needed to do a job. 

An activity diagram, however, gives you a high-level view of the processes and their 

supporting processes. It is an instrument from which system designers and managers can get the 

most benefit. He or she is frequently used by project managers, team leaders, business users, etc. 

 Users can benefit from activity diagrams in several ways. Take into account drawing an 

activity diagram to: 

 Display the reasoning behind an algorithm. 

 Explain the actions taken in a UML use case. 

 A business process or workflow between users and the system should be demonstrated. 

 Clarify difficult use cases to streamline and enhance any workflow. 
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 Model software architecture components like usage, function, and methods an activity 

diagram in UML depicts the behavior of a system by describing the process's sequence of 

actions. 

Figure. 2.1 A flowchart showing the dynamic features of the system. The graph starts with 

the user, who is responsible for initiating the process by configuring the starting and target 

points, the obstacles, determining the number of bacteria, death points, and the size of the matrix. 

  Bacteria search for solutions surrounding them, and this process continues until reaching 

the target, if one of them falls into the poisonous points, it dies automatically, when the first 

bacteria reach the end site, it draws a path that is considered the shortest path. From here, the rest 

of the bacteria passing on that path move inside it, so that the rest of the place becomes obstacles 

for them, this process continues until the specific life of the bacteria ends, and upon completion, 

the optimal path is drawn in the end, without forgetting that it multiplies when it reaches the 

feeding points. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Activity Diagram 
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2.3.3. Sequence diagram: 

 

 As they concentrate more intently on lifelines, processes, and objects that exist concurrently, 

as well as the messages they exchange with one another to execute a function before the end of 

the lifeline, sequence diagrams are a common dynamic modeling approach in UML. Use this 

manual to learn everything there is to know about UML sequence diagrams, together with our 

UML diagramming tool. For businesses and other organizations, sequence diagrams can be a 

useful resource. Consider creating a flowchart to: 

 

 Represent a UML use case's specifics. 

 Model a complicated procedure, function, or operation's logical flow 

 Observe how elements and things interact to carry out a process. 

 Map out and comprehend the precise workings of a present or hypothetical situation. 

  

The sequence diagrams in Figure 2.2 model communication between these objects. 

The robot obtains the directions from the direction computation class using the transmit 

arrangements strategy, and then sends them using the choice technique at each position update. 

(At a pre-determined repetition of the new arrangements for testing). 

It is possible to derive a worked-out class outline from the collaboration illustrated in these two 

graphs. 

 

  

 

 

 

 

 

 

 

 

Figure 2.2: Sequence diagram   
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2.3.4. The Class Diagram: 

  Because they specify what must be present in the system being modeled, class diagrams 

are a type of structure diagram. UML was created as a standardized model to depict an object-

oriented programming style. Class diagrams are the foundation of UML since classes are the 

building block of objects. The many components of a class diagram can be used to describe the 

major objects, the classes that will be programmed, or the relationships between them. The 

advantages of UML class diagrams include:  

 Showcase data models for information systems, regardless of how simple or complicated 

they are. 

 Have a better understanding of the application's schematics' overall overview.  

 Visually convey any distinctive system requirements and spread that knowledge. 

 

Figure 2.3: Class Diagram  
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Figure 2.3 in class diagrams, which are used to precisely translate models into computer code 

and to conceptually depict the static view of an application. The arrangement of classes, 

properties, methods or processes, and associations between objects is depicted in this graph 

precisely. The classes of our system are: 

 

 Robot class: possess the qualities of robot ID, departure point, and arrival point. It 

controls the order of trajectory creation and commands to prevent errors and confusion, 

such as malfunctioning and frustrating halts, and regulates all bacterial optimization 

algorithm operations.  

 

 Environment Class: possess as an attribute the environment ID. It is created and altered 

by the user so that the robot may move around.  

 

 Obstacles Class : contains the obstacle and environment ID as attributes and oversees all 

operations of the obstacles including positions and type whether they are fixed or moving 

 

 User class : hold the user ID as an attribute Handles all operations done by the user 

 

  Avoid class: includes attributes for the robot and obstacles ID. Given that the robot can 

avoid one or more obstacles at once, avoided was initially thought to represent a 

relationship between the robot and obstacle classes. And one or more robots can work 

together to escape an impediment at once. 

 

2.3.5. Use Case Diagram: 

A use case diagram in Unified Modeling Language (UML) can be used to condense details 

about the users of your system (also known as actors) and their interactions with it. A particular 

collection of symbols and connectors are needed to create this kind of UML diagram. Use case 

diagrams, when created effectively, can facilitate teamwork and show: 

 Interactions between your system or application and external systems, organizations, or 

individuals. 

 The objectives that your system or program enables actors (or entities) to accomplish. 

 The system's coverage area. 
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                                                   Figure 2.4: Robot use case diagram 

 

The robots have four main functions: search, movement, obstacle avoidance, and detection: 

 Research is the process of determining objectives. 

 The movement consists of activities that change positions in response to controller 

commands. 

 Obstacle avoidance is also a method of achieving objectives 

 Detection is also the process of searching for targets 

We have a single entity in our diagram that represents our robot as the main player. The latter 

has four central points.  operations to carry out are: 

 The search for the best path: our robots are placed at the beginning of an environment 

with an endpoint to achieve; it is then up to them to determine the best and shortest way.. 

It includes if movement and detection 

 Move around in the surroundings, bearing the ending point in mind. The robots begin to 

navigate around the area in the recording. 

 Obstacle avoidance: Because obstacles are randomly put in the environment based on the 

start and end points entered, the robots must avoid them when they cross their path. 

There are 7  main types of operations available to the user: 

 Determine the starting and ending points. 
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 Determine Death points. 

 Determine The Interval of Chemotaxis. 

 Determine Obstacle Percent. 

 Determine Bacterial Number. 

 Determine Max-age, and Max Arrived Bacteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5: User use case diagram 

The user is the only actor who has performed a single operation in this use case diagram. 

When you run the program, a window appears asking you to enter the information it needs. 
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Conclusion:  

  We discuss our bacterial method for guiding a mobile, autonomous robot in this chapter. 

It was decided to create a robustness criterion. Finding a solution to good performance that is 

sensitive to uncertainty is the goal of this criterion. The goal is to identify the quickest way to go 

to the destination. 

Unknown environments with dynamic obstacles in the path of the mobile robot force the 

path planning algorithm to solve extremely difficult computational problems that necessitate 

high-performance computing to calculate new paths online and then calculate the trajectory 

while meeting the requirements for small-time local controllability. We presented our method to 

autonomous navigation for a mobile robot in an obstacle-filled environment in this work. To find 

the shortest path, this method employs a BFO Algorithm. In a dynamically shifting obstacle 

environment, the robot may move from its initial position to its final position without colliding. 

The robot is able to reach the destination by avoiding the obstacles in its path, according to 

simulation data. Aside from navigating mobile robots in complicated situations. 

            In the next chapter, we will present the obtained results compared to other algorithms in 

addition to a more detailed explanation of our solution 
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Chapter 3: Realization and Implementation 
3.1. Introduction: 

In the previous chapter, we saw several diagrams to see how the proposed solution works 

, To demonstrate autonomous control of the mobile robot, we used a Matab   application that is 

an intelligent system with numerous capabilities for simulating the robot's behavior in obstacle 

avoidance to achieve the destination and evaluating the performance of the strategies used.   

The complexity of optimization challenges is increasing, and the rapid advancement of 

technology has made it more difficult to solve them. 

The employment of an evolutionary strategy is becoming more and more important. 

Furthermore, the cost-to-performance ratio in parallel IT systems is decreasing. The 

Meta-heuristics are designed and implemented using an evolutionary strategy to speed up 

research. To increase the quality of the answers obtained, as well as their robustness and the 

ability to solve issues on a broad scale   . 

Our study in this thesis is focused on the topic of determining the shortest path for an 

autonomous mobility robot. Based on a combination of bacterial algorithms, we have proposed a 

new evolutionary technique for solving the problem of determining the shortest path for an 

autonomous mobile robot. 

In this chapter we will see realization and implementation 

3.2. Tools and working environments: 

3.2.1. Software environment: 

MATLAB is the most generally utilized open source programming language for IT 

experts. This language has impelled itself to the highest point of foundation the board, 

information investigation or programming improvement. In reality, among its characteristics, 

Matlab outstandingly permits engineers to zero in on what they do instead of in transit they do it 

[57]. 

Matlab offers a few valuable highlights for amateurs and specialists the same, from the outset, it 

is not difficult to learn and use. Its highlights are not many, which permits you to make programs 

rapidly and with little exertion. What's more, its grammar is intended to be clear and direct. 

Another benefit of Matlab is its prevalence. 

 This language chips away at all major working frameworks and PC stages. Furthermore, 

regardless of whether it is plainly not the quickest language, it makes up for its gradualness with 

its adaptability.  
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 At last, regardless of whether it is mostly utilized for prearranging and robotization, this 

language is likewise used to make proficient quality programming. Regardless of whether it's 

applications or web administrations, Matlab is utilized by countless engineers to make 

programming. [58] 

 

 

 

 

Figure 3.1: Matlab logo  [59] 

3.3. Description of the different modules 

3.3.1. The environment:  

A computer representation of the navigation space is required in some way. 

Occupational grids and graphs are the two most common types of maps. The environment in the 

first scenario is a pixel matrix (color pictures : red, green, blue ). 

The black boxes that represent barriers have the value (0,0,0) and the white boxes that indicate 

free boxes have the value (1,1,1) and (0.75,0.75,0.75) chemical zone , point of death (1,0,1) and 

(0,255,0) Start  point and  (255,0,0)   end point , in the initial state of the matrix representing the 

environment with obstacles placed randomly (Figure 3.2). 

1,1,1 1,1,1 1,1,1 0,0,0 1,1,1 1,1,1 0,0,0 0,0,0 1,1,1 1,1,1 

1,1,1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 1,1,1 

1,1,1 1,1,1 1,1,1 0,255,0(S) 1,1,1 1,1,1 0,0,0 0,0,0 0,0,0 0,0,0 

1,1,1 0,0,0 1,1,1 0,0,0 1,1,1 1,1,1 1,1,1 0,0,0 0,0,0 1,1,1 

1,1,1 0,0,0 0,0,0 0,0,0 1,1,1 0,0,0 1,1,1 0,0,0 0,0,0 0,0,0 

1,1,1 1,0,1 0,0,0 0,0,0 1,1,1 1,1,1 0.75,0.75,0.75 1,1,1 1,1,1 1,1,1 

1,1,1 1,0,1 1,1,1 1,1,1 1,1,1 0.75,0.75,0.75 255,0,0 ( E ) 0.75,0.75,0.75 0,0,0 1,1,1 

1,1,1 1,1,1 1,1,1 1,1,1 1,1,1 1,1,1 0.75,0.75,0.75 0,0,0 1,1,1 1,1,1 

1,1,1 0,0,0 0,0,0 0,0,0 1,1,1 1,1,1 0,0,0 1,1,1 1,1,1 1,1,1 

1,1,1 0,0,0 0,0,0 0,0,0 0,0,0 1,1,1 0,0,0 1,1,1  1,1,1 
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1,1,1 1,1,1 1,1,1 0,0,0 1,1,1 1,1,1 0,0,0 0,0,0 1,1,1 1,1,1 

1,1,1 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0 1,1,1 

1,1,1 1,1,1 1,1,1 0,255,0 1,1,1 1,1,1 0,0,0 0,0,0 0,0,0 0,0,0 

1,1,1 0,0,0 1,1,1 0,0,0 1,1,1 1,1,1 1,1,1 0,0,0 0,0,0 1,1,1 

1,1,1 0,0,0 0,0,0 0,0,0 1,1,1 0,0,0 1,1,1 0,0,0 0,0,0 0,0,0 

1,1,1 1,0,1 0,0,0 0,0,0 1,1,1 1,1,1 0.75,0.75,0.75 1,1,1 1,1,1 1,1,1 

1,1,1 1,0,1 1,1,1 1,1,1 1,1,1 0.75,0.75,0.75 255,0,0 0.75,0.75,0.75 0,0,0 1,1,1 

1,1,1 1,1,1 1,1,1 1,1,1 1,1,1 1,1,1 0.75,0.75,0.75 0,0,0 1,1,1 1,1,1 

1,1,1 0,0,0 0,0,0 0,0,0 1,1,1 1,1,1 0,0,0 1,1,1 1,1,1 1,1,1 

1,1,1 0,0,0 0,0,0 0,0,0 0,0,0 1,1,1 0,0,0 1,1,1  1,1,1 

 

 

 

                    

                    

      S             

                    

                    

                    

            E       

                    

                    

                    

 

Figure 3.2: The passage from a RGB matrix to a navigation environment. 
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3.3.2 Initialization of matrix: 

A square matrix is presented with a starting point and ending position, as well as random 

obstacles. We have a button that allows us to enter the starting location, the destination, the map 

size, the death points, the time interval of chemotaxis, the percentage of obstacles, the number of 

bacteria, specifying the maximum age and the bacteria that reached the maximum. In our paper, 

we suggested a 50 * 50 matrix. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                    Figure 3.3: Interface of Our Application 
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Figure 3.4: final matrix 

 

The green point is the starting point, and the red point is the end point , The gray color 

surrounding the endpoint is the chemotaxis zone, As for the blue points, they are death points. 

We color the pixels using RGB colors using the following mask: 

 The starting point : 

mask(start(1),start(2),[1,3])=0; 

 

 Final point: 

mask(dest(1),dest(2),[2,3])=0; 

 

 Death point:  

for j=1:size(deathPoints,1) 
     mask(deathPoints(j,1),deathPoints(j,2),[2,1])=0.5; 
     mask(deathPoints(j,1),deathPoints(j,2),3)=0.95; 

 end 

 

 The chemotaxis zone  : 

mask(max(1,dest(1)-(interval-i)):min(dest(1)+(interval i), mapSize(1)) , 

max(1,dest(2)-i) :min(dest(2)+i,mapSize(2)),:)=0.9; 
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3.3.3. Robot move: 

         We were driven to choose a modeling of our paths to which we might use these general 

concepts in order to develop a bacterial algorithm for the shortest path. For this, we've created a 

path that looks like this: 

Path = {X1, X2, X3…, Xn}, where is the robot’s number, n is the length of the path and X an 

integer є {1, 2, 3, 4}. 

3.3.4. The paths 

        A path is made up of a succession of squares, each of which has a pair of coordinates 

(position in the environment is matrix-style t) and an integer between 1 and 4 that defines the 

robot's moving directions. The table is a set of moves carried out by the moving robot, beginning 

at the starting point and ending at the access point (Table 3.1). 

 

Figure 3.5: The Four Directions of bacterial  

Travel cost 1 1 2 1 3 4 …. … 1 

The direction → → ↓ → ↑ ← …. ….. → 

 

Table 3.1: Diagram representing a path found between 2 points 

 Matlab  code ( Directions of bacterial ) :  

 

  

 

 

 

 Figure 3.6: MATLAB Code of Direction 
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3.3.5. The paths after entering the chemotaxis region: 

After entering the chemotaxis zone, the path is determined by calculating the distance to become 

only two directions.  The distance is calculated by law the distance from Manhattan : 

the separation between two points determined by right-angle axes. In a plane with p1 at (x1, y1) 

and p2 at (x2, y2), it is |x1 - x2| + |y1 - y2|. 

 

 

 

Figure 3.7: Matlab  Code of distance 

Every time the bacteria move, the distance is calculated , If the distance decreases, then this path 

is taken, and if it increases, it is removed from the path. The paths that bacteria can eventually 

take are : right & top   or  right & left ;  bottom & left ;      bottom & top; 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.8:  Matlab  Code of Paths that bacteria can take when they enter the chemotaxis 

zone 

After the arrival of the first bacteria , it charts the path it took , Then the path adopted as the 

shortest path becomes visible only to the bacteria when they enter that area : 

 

 

 

 

Figure 3.9:  Matlab Code The path of the first bacteria. 
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a. Simulation : 
 

The simulation and experimental findings of a robot's movement as it navigates from a start point 

to a destination point over numerous obstacles in various positions are shown in the following 

images. 

After the bacteria are randomly moved in the space. When the first bacteria enter the trophic 

affinity field, they draw the path, the rest of the bacteria follow, and when any bacteria enter the 

toxic zone, they die automatically. And the bacteria multiply when they reach the end to return to 

their original number. 

 

 

 Figure 3.10: Bacteria move in the ocean and avoid obstacles to find the shortest path. 
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Figure 3.11: The Shortest Path Found by the First Bacteria 

 

 

 Using the Matlab programming language, the following results were obtained. The scripts are 

executed on a machine with an Intel Core i3 processor and 8GB of RAM. 

Bacterial number  150 

 maximum number of steps that a bacterium can 
swim 

3 

elimination-dispersal probability Ped 0.3 

number of reproductions Nre 5 

number of elimination-dispersals Ned 3 

number of chemotactic steps 15 

 

Table 3.2: Data that was used to get the results 
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3.4. Discussion: 
 

3.4.1.  Comparison between different methods: 

 Environment star goal obstacles Euclidean 

distance 

Manhatt

an 

Distance 

Path Length 

(with Obstacles) 

Convergence 

rate 

BFO 

ANN 

A* 

A G 

PSO 

[10X10] 0,0 9,9 10 12,8 18 22 

23 

22 

22 

19,08 

81,81% 

78,26% 

81,81% 

81,81% 

94,33% 

BFO 

ANN 

A* 

A G 

PSO 

[100X100] 0,0 99,99 100 140,00 198 212 

235 

212 

221 

207 

93,33% 

84,25% 

93,33% 

90% 

95,65% 

BFO 

ANN 

A* 

A G 

PSO 

[1000X100
0] 

0,0 999,999 1000 1412,8 1998 2154 

2705 

00 

2268 

92,71% 

73,86% 

Stack overflow 

88,05% 

96,15% 

 

 

Table. 3.3  :   A comparison between the four algorithms about time and path length. 

 

  We have watched algorithms operate; Using a variety of ideas to guide the robots and make sure 

they reach their destination. 

In mobile robotic navigation in unknown environments, we have compared the route planning 

run times in a common environment under the same conditions for the BFO method along with   

PSO algorithm[60],  ANN [61] ,A* [62] and AG  [63],   and to demonstrate some real comparison 

- planning time performance path.  
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 This shows that the algorithm in this thesis can produce a near-perfect global path. We've 

watched the algorithms in action, using a variety of ideas to guide the bots and make sure they 

reach their destination without crashing. The initial comparisons between these algorithms are as 

follows: 

 Before using bacterial algorithms, we addressed the problem of motion control. The 

algorithm takes some time to generate the raw data, as we have seen. So far it produces effective 

answers. On each iteration, these results were better. As a result, the algorithm is effective in 

guiding the robot through avoiding obstacles. 

  The goal of this proposal is to create a learning system that helps the robot to move in an 

unfamiliar area.  This method produced good solutions in a constrained environment for 

predefined tasks effectively, even in very turbulent times even when the complexity increases if 

the starting and entry points are far apart (on a very wide map). Observing several runs of 

different algorithms makes performing comparative analysis simple.  Although we understand 

that the performance of different algorithms may vary depending on the size of the map, the 

following points - Steady, Straight and Backtrack - are another indication of how well the three 

methods are working.  The artificial neural network algorithm failed compared to it. When you 

use genetic algorithms with few inputs, the A* algorithm performs better in terms of time and 

efficiency (speed). The problem arises when the size of the map exceeds the constraints and is too 

large. 

 As for the results, they were very close each time. When there were few or no obstacles, 

all of these algorithms performed very well. However, the strength of the bacterial algorithm 

becomes apparent with increasing complexity. Automated navigation and route planning in 

dynamic situations have already made significant progress in being able to approach challenges 

from a variety of perspectives. Some of them are trying to tackle the issue of tracking dynamic 

targets 

 

3.5. Conclusion: 

  We tried to present many of the processes we went through in this chapter in a 

straightforward way. The shortest path of an autonomous moving robot has been discovered using 

a new evolutionary approach. This method can help the robot to move on its own. The proposed 

method is more effective, although it is new.  In general, solutions based on this methodology 

enable us to solve our problem. 
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General Conclusion 
 

   In recent years, roboticists have become increasingly interested in the subject of 

autonomous navigation of mobile robots in natural environments. They hope to steadily raise the 

degree of autonomy of their robots until they approach complete autonomy and are capable of 

long missions. Fully autonomous mobile robot mobility in dynamic situations is still a tough 

subject to tackle.  It necessitates the integration of functionalities that allow the perception, 

decision, and action cycle to be completed. To be able to deal with the vast range of scenarios that 

the robot may encounter while navigating. 

 We reviewed in the first chapter the most recent developments in navigation for mobile 

robots and the various algorithms that can be employed to control them. We've also discussed the 

numerous processes, as well as the advantages and disadvantages of each technique, and we've 

concluded that there isn't a single navigation methodology that can be used to address every 

problem. 

 In the second chapter, we demonstrated our approach to autonomous navigation for a 

mobile robot in a hostile environment. This approach uses a BFO Algorithm to determine the 

shortest path. The robot can move from its starting location to its ending position without clashing 

in an area with dynamically moving obstacles. According to simulation data, the robot can get 

there by avoiding the things in its way. In addition to controlling mobile robots in challenging, 

dynamic environments. 

 And in the last chapter, Many of the procedures we went through in this chapter were 

presented as simply as possible. A novel evolutionary method has been used to identify the 

autonomous moving robot's shortest path. 

  In general, we used Matlab in this work to illustrate the importance of intelligent systems 

not just for autonomous control of mobile robots. The Matlab tools enable the modeling of events 

that are similar to human reasoning in some ways. 

  The bacterial algorithm's implementation demonstrates that the goal was met by avoiding 

impediments. We discovered that bacterial algorithms are not always the best; they can be 

tweaked to solve similar issues. 

  Following our work, a variety of perspectives are possible. As a result, it would be 

intriguing to incorporate "dynamics" into our research into autonomous navigation, taking into 

consideration movable barriers, which would present particularly challenging issues. 
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General Conclusion 
  This will enable us to detect a greater number and variety of barriers, allowing us to avoid 

any problems. Navigation is disrupted due to an unanticipated change in the surroundings. 

  The bacterial algorithm gave good results compared to other algorithms, and it can be 

developed in the future by integrating it with other algorithms that give better results, especially 

with the algorithm of birds swarm, ant colony, or bee colony to  minimize the path . 
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