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The problem of trajectory for mobile robots included motion mobile robot from beginning 

point to end-point without collision with the obstacles. This article proposed two 

optimization methods, represented by Pelican Optimization Algorithm (POA) and Particle 

Optimization Algorithm (PSO) to have optimal trajectory for the mobile wheeled robot 

without collision in presence of obstacles. A minimization of the Mean Square Error 

(MSE) of positions (x,y) and orientation (θ) as fitness function for the proposed techniques. 

The mathematical representation of a mobile wheeled robot has been developed and 

experimental results have been conducted to verify the numerical results, which have been 

simulated using MATLAB software environment. The results showed that both POA and 

PSO could successfully avoid static obstacles. In addition, the results showed that less 

trajectory error can be obtained with POA as compared to PSO. The experimental 

validation is done using a BOE-Bot wheeled mobile robot. This robot attached with WiFi 

camera used to detect the obstacle coordinates using suggested POA algorithm. 
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1. INTRODUCTION

The mobile robot movement defined as a motion of a mobile 

wheeled robot beginning from the beginning point to the 

endpoint. The trajectory becomes more important as mobile 

robot application scenarios become more complicated and 

unpredictable [1]. One of the most common problems in 

mobile robots that have been addressed by several researchers 

over the past 20 years is obstacle avoidance. Trajectory with 

obstacle avoidance aimed to determine the best path for a 

mobile robot between two points [2]. For mobile robots, 

autonomous motion planning is a useful feature. It has been 

needed human intervention on their part. But it also involved 

a lot of work and issues to be resolved, such as Artificial 

Intelligence (AI) methods. The task at hand involved 

determining the optimal path to take a wheedled robot from its 

existing location to final one. For instance, both states could 

be the starting point and the objective, respectively [3]. 

Ibrahim et al. [4] employed a fuzzy logic intelligent technique 

to regulate and control mobile robot mobility in stationary 

obstacles. The software utilized for the robot's creation and 

simulation was Webot Pro and MATLAB. The mobile robot's 

objective was to move while avoiding immovable objects. Lyu 

et al. [5] enhanced the beetle swarm optimization (IBSO) 

technique which effectively resolved various trajectory issues 

in static environments. The IBSO method has demonstrated 

the mobile robot's ability to move in a stationary obstacle. 

Shao [6] investigated the Genetic Algorithm called (GA) 

which depended on the method of tracking a moving robot in 

a stationary setting. The researcher simulated the environment, 

and the robot trajectory using MATLAB.  

Raheem et al. [7] presented the path of the robot using the 

Adaptive Neuro-Fuzzy Inference System which was 

summarized as (ANFIS) algorithm. It depended on training the 

positions of the robot to get better locations. Particle’s swarm 

method (PSO) was dependent on the swarm’s behavior such 

as bird flocks. For highly complicated and nonlinear models, 

the PSO helped resolve difficult issues [8-17]. Alam et al. [18] 

suggested a trajectory approach based on the PSO method to 

determine a good path which was avoided collision in static 

obstacles for a mobile robot. The suggested method simulated 

and randomly selected grid lines that were created between the 

beginning and end places of a robot. The Pelican Optimization 

Algorithm (POA) is among the most advanced optimization 

algorithms available today. In 2022, the POA was proposed. 

Based on how pelicans approach their chases and the tactics 

they were used. It was cunning adaption that allowed the birds 

to become expert searchers [19-21]. A clearer link between the 

above background information and the specific problem of this 

paper is being addressed in all researchers worked on mobile 

robot with AI algorithms but in this work, the mobile robot 

linked to WiFi camera based AI modern algorithm (POA) to 

detect the obstacles. It can be summarized the main 

contributions as:  

 The BOE–Bot wheeled mobile robot with a WiFi

camera can avoid two static obstacles.
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 The accurate trajectory from beginning point to end-

point is implemented by the proposed POA, and it 

avoids two static obstacles. 

 A comparison between two proposed algorithms of 

PSO and POA implemented.  

Comparative study between two proposed methods PSO 

and POA in terms of MSE measured. This article is structured 

into eight parts. The Section 2 offered the wheeled mobile 

robot mathematical model. The Mean Square Error (MSE) 

equation is illustrated in Section 3. The Section 4 explained 

the optimization trajectory of a mobile robot using PSO and 

POA. The proposed Flowchart existed in Section 5. 

Experimental work hardware connection is illustrated in 

Section six. The results are illustrated in Section seven. Lastly, 

conclusion of this work is represented in Section 8. 

 

 

2. WHEELED MOBILE ROBOT MATHEMATICAL 

MODEL 

 

The two independently powered wheels installed on side for 

a mobile body’s robot help it to move. The center of rotation 

could be located anywhere along the line formed by the two 

tire contact points. A differential drive is called a mobile robot. 

It has 2 driving wheels that move in the forward direction or 

backward direction individualistically. They were positioned 

on the same axis. Even though the velocity was adjusted for 

every wheel, the mobile robot rotates around a location that 

deceit along its left and right robot wheels which is a common 

axis for moving in a rolling status motion. Figure 1 shows an 

Instantaneous Center of Curvature (ICC), which is the point 

around which it spins [22, 23]. 

 

 
 

Figure 1. The structure of the differential mobile robot 

 

Kinematics was a mathematical study of location and 

velocity motion without taking into consideration forces. In 

Figure 1, the global (world) coordinates {𝑋, 𝑌} and the local 

coordinates {𝑥𝑚 , 𝑦𝑚 }were utilized to illustrate the differential 

motion of the mobile robot. A centroid of the moving robot 

was located at (𝑥, 𝑦). The path that the robot follows causes a 

shift in the two-wheel velocities. A mobile robot has two 

speeds for each wheel. Two speeds are combined to form one 

known as linear velocity: the wheel's left linear velocity (𝜈𝑙) 

and the wheel's right linear velocity (𝜈𝑟) . The second 

velocity(𝜔) is an angular velocity, which must rotate along the 

( 𝐼𝐶𝐶 ). ICC was a point which represented the center for 

circular trajectory which a mobile robot was following at any 

given moment. In differential mobile robot, this point helpful 

for describing the rotation and translation of mobile robot [22, 

23]. Linear velocities of right and left sides 𝜈𝑟, 𝜈𝑙  Eq. (1) and 

Eq. (2) for wheeled mobile robot are [22, 23]:  

 

𝜔 (𝑅 +
𝑙

2
) = 𝜈𝑟 (1) 

 

𝜔 (𝑅 −
𝑙

2
) = 𝜈𝑙  (2) 

 

where, the distance between the robot and wheel centers is 

marked as (𝑙 ). Furthermore, The 𝑅 presented as the distance 

from the robot’s center (𝑥, 𝑦) to 𝐼𝐶𝐶. The Eq. (3) and Eq. (4) 

illustrated as below [22, 23]: 

 

𝑅 =
𝑙

2
(
𝜈𝑙 + 𝜈𝑟

𝜈𝑙 − 𝜈𝑟

) (3) 

 

𝜔 =
𝜈𝑙 + 𝜈𝑟

𝑙
 (4) 

 

𝐼𝐶𝐶 = (𝐼𝐶𝐶𝑥 , 𝐼𝐶𝐶𝑦) = (𝑥 − 𝑅𝑠𝑖𝑛(𝜃), 𝑦 + 𝑅𝑐𝑜𝑠(𝜃)) (5) 

 

𝐼𝐶𝐶𝑥  and 𝐼𝐶𝐶𝑦  are Instantaneous Center of Curvature 

around two axes: x and y respectively. The mobile robot 

rotated along 𝐼𝐶𝐶 with angular velocity 𝜔 at the 𝛿𝑡 time. 𝜃′ is 

the new orientation for mobile robots presented in Eq. (6) [22, 

23]: 

 

𝜃′ = 𝜔𝛿𝑡 + 𝜃 (6) 

 

where, 𝜃′  is the mobile robot's new orientation, 𝜔𝛿𝑡  is the 

change of 𝜃 called 𝑑𝜃 or 𝜔𝛿𝑡 is angular velocity at time𝛿𝑡. A 

wheeled mobile robot's former orientation is denoted by θ. The 

general mobile robot's location relative to the time (𝑡) derived 

as in Eq. (7), Eq. (8) and Eq. (9) [22, 23]: 

 

𝑥(𝑡) = ∫ 𝑉(𝑡) ∗ 𝑐𝑜𝑠 (𝜃(𝑡))𝑑𝑡
𝑡

0

 (7) 

 

𝑦(𝑡) = ∫ 𝑉(𝑡) ∗ sin(𝜃(𝑡)) 𝑑𝑡 
𝑡

0

 (8) 

 

𝜃(𝑡) = ∫ 𝜔(𝑡) 𝑑𝑡
𝑡

0

 (9) 

 

A final formula of computer simulation derived as in Eq. 

(10), Eq. (11), and Eq. (12) of the differential mobile robot 

[22-24]: 

 

𝑥(𝑘𝑡) = 𝑥((𝑘 − 1)𝑡)) +
((𝜈𝑟(𝑘𝑡)+𝜈𝑙(𝑘𝑡)𝑐𝑜𝑠𝑐𝑜𝑠 (𝜃(𝑘𝑡)) )

2
 𝑡  

(10) 

 

𝑦(𝑘𝑡) = 𝑦((𝑘 − 1)𝑡)) +
((𝜈𝑟(𝑘𝑡)+𝜈𝑙(𝑘𝑡)𝑠𝑖𝑛𝑠𝑖𝑛 (𝜃(𝑘𝑡)))

2
 𝑡  (11) 

 

𝜃(𝑘𝑡) = 𝜃((𝑘 − 1)𝑡)
((𝜈𝑟(𝑘𝑡) − 𝜈𝑙(𝑘𝑡))

𝑙
 𝑡 (12) 

 

where, 𝑥((𝑘 − 1)𝑡)), 𝑦((𝑘 − 1)𝑡)), and 𝜃((𝑘 − 1)𝑡) are the 

position in x-axis, y-axis, and orientation respectively of the 

reference point. 𝑥(𝑘𝑡) , 𝑦(𝑘𝑡) , and 𝜃(𝑘𝑡) are centroid for a 

position mobile robot in x-axis, y-axis, and orientation 

respectively. The left linear velocity of the wheel is marked as 
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( 𝜈𝑙(𝑘𝑡)  ) and the right wheel's linear velocity is presented 

as(𝜈𝑟(𝑘𝑡) ). The dimension of the mobile robot is illustrated 

in Table 1 [25]. 

 

Table 1. The dimension for wheeled mobile robot 

 
Parameter Dimension (m) 

Length 0.125 

Width 0.085 

Height 0.2 

Width of wheel 0.005 

Length of wheel 0.00625 

 

The mean square error is named (𝑀𝑆𝐸). It was defined as 

the variance between centroid mobile robot point 

( 𝑥(𝑘𝑡), 𝑦(𝑘𝑡), 𝜃(𝑘𝑡) ) and reference mobile robot point 

(𝑥((𝑘 − 1)𝑡), 𝑦((𝑘 − 1)𝑡), 𝜃((𝑘 − 1)𝑡)) and predicted values 

as presented in Eq. (13) [26, 27]: 

 

𝑀𝑆𝐸 =
1

𝑛
( ∑(𝑥(𝑘𝑡) −  𝑥((𝑘 − 1)𝑡) )2

𝑛

𝑘=1

+ (𝑦(𝑘𝑡) −  𝑦((𝑘 − 1)𝑡))2

+ (𝜃(𝑘𝑡) −  𝜃((𝑘 − 1)𝑡))2 

(13) 

 

where, 𝑛 is the maximum sample number, the 𝑘 is a current 

sample, 𝑡 is the simulation time. 

 

 

3. OPTIMIZATION TRAJECTORY OF MOBILE 

ROBOT USING PSO AND POA 

 

In this work, the two optimization algorithms are used for 

optimizing the mobile robot trajectory. 

 

3.1 Particle swarm approach  

 

PSO represented by way of a kind of intelligence swarm 

method that has benefits for simple program, less parameters. 

Every iteration found the optimal particle position, which is 

noted and given the name 𝑝𝑏𝑒𝑠𝑡. The optimal place identified 

by all particles is known as 𝑔𝑏𝑒𝑠𝑡 refers to the best place that 

all particles have discovered. The new position and velocity of 

each particle have been calculated using Eq. (14) and Eq. (15) 

taking into account𝑝𝑏𝑒𝑠𝑡, 𝑔𝑏𝑒𝑠𝑡 [28]. The position of mobile 

robot trajectory (𝑥, 𝑦) is described in Eq. (10) and orientation 

𝜃  in Eq. (11). Within the optimization process, there are 2 

measuring positions (𝑥𝑖,𝑗
𝑘 ) and velocity (𝑣𝑖,𝑗

𝑘 ). They were 

developed for the new variables 𝑥𝑖,𝑗
𝑘+1 and 𝑣𝑖,𝑗

𝑘+1 depending on 

the two formulas [28]: 

 

𝑣𝑖,𝑗
𝑘+1 = 𝑣𝑖,𝑗

𝑘 + 𝑐1𝑟1(𝑝𝑏𝑒𝑠𝑡𝑖,𝑗
𝑘+1 − 𝑥𝑖,𝑗

𝑘 )

+ 𝑐2𝑟2(𝑔𝑏𝑒𝑠𝑡𝑗
𝑘+1 − 𝑥𝑖,𝑗

𝑘  
(14) 

 

𝑥𝑖,𝑗
𝑘+1 = 𝑥𝑖,𝑗

𝑘 + 𝑣𝑖,𝑗
𝑘+1 (15) 

 

There are two components of joints (i and j) which are 

represented as ith and jth. The 𝑟1, 𝑟2  were two random 

parameters varied from 0 to 1. The two symbols 𝑐1, 𝑐2 were 

illustrated as the cognition and social coefficients which they 

were varied from 0 to 2, correspondingly. 𝑘 was an iteration 

number. The next stage in this algorithm depends on the 

particle individual which was the best (𝑝𝑏𝑒𝑠𝑡𝑖,𝑗 ) and also 

global particle which was the best (𝑔𝑏𝑒𝑠𝑡𝑗). This technique 

enhanced the performance by minimizing the problem of the 

MSE objective function as in Eq. (14). In this work, the PSO 

algorithm enhanced the performance of mobile robot 

trajectory by suggesting the following cost function:  

 

𝐶𝑜𝑠𝑡 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 = 𝑚𝑖𝑛 (𝑀𝑆𝐸) (16) 

 

In this work, the data of (𝑥, 𝑦, 𝜃) are generated from Eq. (10), 

Eq. (11), Eq. (12) and from a case study of linear velocities 

where 𝜈𝑟  > 𝜈𝑙 . A block diagram for an enhanced PSO 

algorithm was shown as in Figure 2. It contains 3 blocks. The 

1st block is the inputs (𝑥, 𝑦, 𝜃) which are generated from a 

mobile robot model represented mathematically as mentioned 

in section 2. In addition, the right and left linear velocities (𝜈𝑟 , 

𝜈𝑙) are initialized. PSO algorithm has received these 3 inputs 

for optimization as in the 2nd block. The optimal mobile 

robot’s trajectory output is based on optimal values of (𝑥, 𝑦, 𝜃) 

calculated as in 3rd one. Due to an Eq. (16), PSO worked in 

order to diminish a cost formula depending on 𝑀𝑆𝐸  of a 

mobile robot. The PSO parameters are illustrated in Table 2. 

 

 
 

Figure 2. The block diagram for enhanced PSO algorithm 

 

Table 2. PSO parameters  

 
Parameter Description  Value 

Number of iteration 25 

Number of PSO population), n 100 

The cognitive parameter 𝑐1 and social 

parameter 𝑐2 
1.9 

Constant factors (𝑟1, 𝑟2) 0.95 

Number of variables 3 (𝑥, 𝑦, 𝜃)  

Lower & upper variables  

0 < 𝑥 < −1.1653 

(m) 

0 < 𝑦 < 0.5482 

(m) 

0 < 𝜃 < 90 

(degree) 

The linear right velocity’s mobile robot 

(𝜈𝑟 ) 
7 m/s 

The linear left velocity’s mobile robot 

(𝜈𝑙 )  
5 m/s 

Angular velocity of mobile robot (𝜔)  40 rad./s 

 

3.2 Pelican optimization algorithm (POA)  

 

Pelican Pelicans introduced the population, which serves as 

the basis for the POA. Any community of pelicans can be a 

probable solution in populace depends on algorithms. Due to 

their positions in searching operation of a planetary, every 

member’s population supplied the values for the variables in 

the optimization problem. Eq. (17) is used to obtain the lower 

and upper boundaries for a task, and the population members 

are started at random. Before discussing the POA procedures, 

the population is set up. Since pelicans typically seek within a 

specific radius for prey, the starting locations of each member 

of the population may be indicative of the group as a whole 

[19-21]. 
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𝑥𝑖,𝑗 = 𝑙𝑏𝑖,𝑗 + 𝑟𝑎𝑛𝑑𝑜𝑚(𝑢𝑏𝑗 − 𝑙𝑏𝑗) (17) 

 

where, 𝑖  was ranged (1…n), 𝑗  was ranged (1… 𝑚 ), 

𝑥𝑖,𝑗  represented as the first site’s pelican. A symbol 𝑛 

presented as number of populace, the symbol 𝑚 is denoted 

variables number, 𝑟𝑎𝑛𝑑𝑜𝑚 has been varied from 0 & 1. The 

𝑢𝑏  and 𝑙𝑏  are the minor and higher boundary of 𝑚 

respectively [19-21]. The pelican population matrix 𝑋 can be 

expressed as Eq. (2) and 𝑋𝑖= ith pelican [19-21]. 

 

𝑋 =

[
 
 
 
 
𝑋1

⋮
𝑋𝑖

⋮
𝑋𝑛,1]

 
 
 
 

=

[
 
 
 
 
𝑥1,1 ⋯ 𝑥1,𝑗

⋮ ⋱ ⋮
𝑥𝑖,1

⋮
𝑥𝑛,1

⋯
⋯
⋯

𝑥𝑖,𝑗

⋯
𝑥𝑛,𝑗

  

⋯ 𝑥1,𝑚

⋯ ⋮
⋯
⋱
⋯

𝑥𝑖,𝑚

⋮
𝑥𝑛,𝑚]

 
 
 
 

 (18) 

 

The fitness function matrix is as below [20]:  

 

𝑓 =  

[
 
 
 
 
𝑓1
⋮
𝑓𝑖

⋮
𝑓𝑛]

 
 
 
 

=  

[
 
 
 
 
𝑓1(𝑥1)

⋮
𝑓1(𝑥𝑖)

⋮
𝑓1(𝑥𝑛)]

 
 
 
 

 (19) 

 

The inspiration behind the POA algorithm and how it 

related to the pelican's hunting behavior can be explained 

briefly. The POA has been inspired by the collaborative, 

effective, and adjustable hunting behaviors for pelicans. These 

natural strategies were mimicked and the POA accomplished 

the robust performance for solving compound optimization 

problems. Agents cooperated and adjusted the two phases: 

exploration and exploitation. 

 

I. Movement to rapacious phase  

Pelicans find their quarry and fly to its direction in the chief 

step. It has enhanced the POA's ability to precisely assess a 

problem-solving domain. The pelican's method of achieving 

its goal and the ideas that were previously covered are 

mathematically reproduced in Eq. (20). 

 

𝑥𝑖,𝑗
𝑝1 = {

𝑥𝑖,𝑗 + 𝑟𝑎𝑛𝑑𝑜𝑚(𝑝𝑗 − 𝐼. 𝑥𝑖,𝑗), if 𝑓1 < 𝑓i

𝑥𝑖,𝑗 + 𝑟𝑎𝑛𝑑𝑜𝑚(𝑥𝑖,𝑗 − 𝑝𝑗),      𝑒𝑙𝑠𝑒
 (20) 

 

where, 𝑥𝑖,𝑗
𝑝1= modernized pelican’s position of this phase. 𝑝𝑗 = 

quarry spot, 𝐼 is randomly adjusted between one or two. It was 

changed in every repetition. When, it was reached to 2; the 

supporter has more transposition; it should be yield them into 

next regions for the interplanetary. Thus, a constraint 𝐼 

determines the extent to which a POA can investigate the 

space search. A pelican may relocate as long as it enhances its 

fitness function. It is referred to as operative apprising. This 

process is simulated using Eq. (22). 

 

𝑋𝑖 = {
𝑋𝑖

𝑝1  ,   if 𝑓1 < 𝑓i

𝑋𝑖   ,        𝑒𝑙𝑠𝑒
 (21) 

 

where, 𝑋𝑖
𝑝1  is the updated position of ith pelican in the 

exploration phase and 𝑓𝑖
𝑝1  is the fitness function value of an 

exploration phase. 

 

Ⅱ. Exploitation phase 

In their second phase, pelicans forced fish upward by 

expanding their wings and ensnaring them in their neck 

pouches, which allowed them to rise to the water's surface. 

Using this strategy, pelicans can capture many fish in the 

attacked area. The pelicans converged to gain better sites 

within the hunting zone. This procedure improved the POA's 

local search and exploitation capabilities. To get the algorithm 

to converge to an optimal solution, the areas surrounding the 

pelican site must be mathematically explored. The pelican's 

hunting habit is mathematically modeled by Eq. (22). 

 

𝑥𝑖,𝑗
𝑝2 = 𝑥𝑖,𝑗 + 𝑅. (1 −

𝑡

𝑇
) (2. 𝑟𝑎𝑛𝑑𝑜𝑚 − 1) 𝑥𝑖,𝑗 (22) 

 

where, 𝑥𝑖
𝑝2 is an updated position pelican of the exploitation 

phase and 𝑓𝑖
𝑝1  presented as the cost function of the 

exploitation phase. A factor R = 0.2. The coefficient 

𝑅. (1 −
𝑡

𝑇
)  is a pelican of populace for neighborhood’s 

radius  𝑥𝑖,𝑗 ; 𝑡 which is represented as a counter of iteration, 

The symbol 𝑇 expressed by maximum iteration. To find the 

optimal overall solution, the POA's exploitation power 

technique is aided by the R.(1-t/T) coefficient. In the 

beginning iterations, it has been given the high value of this 

coefficient, a greater area around each member is considered. 

The approach diminishes with more replications, bringing 

each neighborhood member's radii down. toward this reason, 

POA may adapt toward almost globally optimum—that is, 

nearly absolutely global optimal—solutions, contingent upon 

the utilization strategy. As a result, it is feasible to scan the 

region around every person in the population in fewer, more 

precise steps. The pelican position is now updated and takes 

on the following form: 
 

𝑋𝑖 = {
𝑋𝑖

𝑝2  , if 𝑓𝑖
𝑝2 < 𝑓i

𝑋𝑖  ,         𝑒𝑙𝑠𝑒
 (23) 

 

where, 𝑋𝑖
𝑝2  denoted as an updated position pelican of the 

exploitation phase and 𝑓𝑖
𝑝2  represented as an objective 

function of the exploitation phase [19-21]. The POA algorithm 

improved a robot’s trajectory performance in our research, by 

putting forth the following cost function minimization issue, 

which is described as: 
 

𝐶𝑜𝑠𝑡 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 = 𝑚𝑖𝑛 (𝑀𝑆𝐸) (24) 
 

Figure 3 shows the enhanced POA algorithm block diagram. 

It contains of three blocks. The 1st block is the inputs (𝑥, 𝑦, 𝜃) 

which are generated from a mathematical expression of a 

wheeled robot as mentioned in section 2. In addition, the right 

and left linear velocities (𝜈𝑟 , 𝜈𝑙 ) are initialized. POA has 

received these 3 inputs for optimization as in 2nd block. The 

optimal mobile robot’s trajectory output is based on optimal 

values of (𝑥, 𝑦, 𝜃) calculated as in 3rd block. Due to Eq. (16), 

the POA method worked to minimize cost function depending 

on 𝑀𝑆𝐸  of the mobile robot. The POA parameters seen in 

Table 3. 

For the case study of linear velocities if 𝜈𝑟  > 𝜈𝑙  then the 

wheeled robot moved from beginning to endpoint within static 

obstacles. In this paper, the 𝑘 equals 2 while the final time of 

trajectory equals 4 seconds. In real time response of mobile 

robot Obstacle Avoidance using WiFi camera, the two 

algorithms POA and PSO are getting a best solution for a given 
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problem. A modern algorithm called POA is capable to detect 

obstacle and avoid it faster than PSO. POA is also faster 

convergence as compared to PSO. 

 

 
 

Figure 3. The block diagram for enhanced POA algorithm 

 

Table 3. POA parameters 

 
Parameter Description Value 

Number of iteration 25 

n (number of POA population) 100 

Values of constant (𝑟1, 𝑟2) 0.95 

Number of Variables 3 (𝑥, 𝑦, 𝜃) 

limits of variable (𝑚) 

0 < 𝑥 < −1.1653 

(m) 

0 < 𝑦 < 0.5482 (m) 

0 < 𝜃 < 90 (degree) 

The linear right velocity’s mobile robot 

(𝜈𝑟 ) 
7 m/s 

The linear left velocity’s mobile robot 

(𝜈𝑙 ) 
5 m/s 

Angular  robot’s velocity (𝜔) 40 rad./s 

 

 

4. THE PROPOSED FLOWCHART 

 

 
 

Figure 4. The flowchart for proposed work 

 

The suggested flowchart of this work is seen in Figure 4. It 

starts with the trajectory the creation positions and directions 

(𝑥, 𝑦, 𝜃) for the wheeled mobile robot arm depending on a 

mathematical mobile robot’s model. The points and 

orientations selected to be in the robot's trajectory range. In 

addition, A linear velocities have been initialized where 𝜈𝑟>𝜈𝑙 . 

These two values of velocities have been chosen to suitable the 

robot’s trajectory to avoid static obstacles. Then the suggested 

algorithms: PSO and POA are implemented. Additionally, the 

values of output from every two algorithms are the best 

positions and orientations (𝑥, 𝑦, 𝜃) individually. The PSO and 

POA depending on generated inputs (𝑥, 𝑦, 𝜃) from Eqs. (10)-

(12). The position point and orientation (𝑥, 𝑦, 𝜃) ranged as seen 

in the Table 2 and the Table 3. The optimization of suggested 

algorithms is based on two cost functions (minimization of 

MSE) as in Eq. (16) for PSO and as in Eq. (24) for POA. The 

suggested trajectory has been simulated based on these best 

outputs (positions and orientations) using enhanced PSO and 

POA.  

 

 

5. EXPERIMENTAL WORK HARDWARE 

CONNECTIN  

 

The experimental BOE–Bot wheeled mobile robot platform 

has been manufactured by (Parallax) as shown in Fig. 5. BOE–

Bot wheeled mobile consists of the following hardware 

components:  

 Black rotation crystal  

 Wireless WiFi camera monitoring webcam type MD81 

mini Wi-Fi P2P sends the Wi-Fi signal to the iPhone and 

all specifications of this camera are explained in the study 

[29]. Figure 5 shows the connection between the WiFi 

camera and iPhone as follows: 

⮚ (A) After fully charging the WiFi camera, Open it on. 

⮚ (B) Install the p2pCamVewier application on an 

iPhone and then open it. 

⮚ (C) From Wifi iPhone, search for the name of the 

Wifi camera then choose it. 

⮚ (D) The image has been shown in the figure below: 

 

 
 

Figure 5. Connection steps between WiFi camera and WiFi 

iPhone 

 

Figure 6 shows the wheeled mobile robot parts are 

explained as below: 

1) The mobile robot chassis is made from aluminum 

material. 

2) Wifi-camera. 

3) Aluminum structure of BOE–Bot wheeled mobile 

robot. 

4) Two motor wires, each wire connected between servo 

motor and mobile robot. 

5) Switch on/off button. 

6) BASIC Stamp microcontroller used for programming 

the code. 

7) Left robot wheel. 

8) Right robot wheel. 

9) Left motor type parallax continuous servo rotating with 

360 degrees. 

10)  Right motor type parallax continuous servo rotating 

with 360 degrees. 

11)  Battery holder attached with 6 volts.  
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(a) Forward view          (b) Backward view 

 

Figure 6. Two views of an experimental BOE-Bot wheeled 

mobile robot 

 

 

6. SIMULATION RESULTS 

 

The simulation was programmed by the MATLAB R2018b 

software. Table 4 shows the comparison between the POA and 

PSO approaches in terms of performance for the mobile robot's 

trajectory. This is because of the minimization of the cost 

function (𝑀𝑆𝐸) as in Eq. (16) and Eq. (24). The performance 

of the objective function values during the optimization 

method based on proposed optimization algorithms is 

presented in Table 4. 

 

Table 4. POA parameters 

 
Proposed Algorithm Cost Function (MSE) Minimization  

PSO 0.0145 

POA  1×10-11 

 

Figure 7 shows the results of two objective functions as 

described in Table 4 above for proposed PSO VS proposed 

POA algorithms. The POA trajectory is simulated in red color 

while the PSO algorithm is simulated in blue color with the 25 

iterations.  

 

 
 

Figure 7. The evaluation of the objective functions VS the 

iteration 

 

Figure 8 shows the points (𝑥, 𝑦) trajectories of PSO and 

POA of proposed algorithms VS time. These points for the 

trajectory response of the proposed POA algorithm are better 

than the points for the trajectory response of the POA 

algorithm. 

Figure 9 shows the orientation(θ) named theta of mobile 

robot trajectories of PSO and POA of proposed algorithms VS 

time. The point (x,y) and direction (θ) of a mobile robot 

trajectory of Figures 8 and 9 started from (0,0,0) and ended 

with (-1.1653, 0.5482,90) degrees. 

 
 

Figure 8. The (𝑥, 𝑦) points for mobile robot trajectories of 

two proposed algorithms POA and PSO VS time 

 

 
 

Figure 9. The (θ) orientation for mobile robot trajectories of 

two proposed algorithms POA and PSO VS time 

 

Figure 10 shows an optimal trajectory of the proposed POA 

when the center wheeled mobile robot moving from the start 

point started from (0,0,0) and ended with (-1.1653, 0.5482,90) 

degrees. The first obstacle is the pink square, while the second 

obstacle is the red square. This optimal trajectory of the 

proposed POA trajectory is presented in red color. The 

wheeled mobile robot dimension is taken from a real mobile 

robot as mentioned in Table 1. The linear velocities have been 

chosen(ν_r> ν_l) as mentioned in Table 2 and Table 3. 

 

 
 

Figure 10. The optimal mobile robot trajectory of the 

proposed POA algorithm avoiding 2 static obstacles 

 

 

7. EXPERIMENTAL RESULTS 

 

Figure 11 shows an experiment mobile wheeled robot 

trajectory moving from start to goal point based on the 

proposed POA algorithm. At time zero, the mobile robot 

stands and the WiFi camera detects the object. A center mobile 

robot (x,y,θ) point computed from the camera and proposed 

1010



 

POA algorithm. Then, at the time of one second the mobile 

robot faced the first obstacle. At two seconds, A wheeled 

BOE–Bot robot is moved to the left side and avoids the first 

obstacle. At three seconds, A wheeled BOE–Bot robot 

detected the second obstacle. At four seconds, the mobile robot 

rotated the left side avoiding obstacle 2 then moved to the end 

point. A wheeled mobile robot can bypass the obstacles 

without contact collision and move according to the goal point 

successfully as compared with the simulated results in Figure 

9. 

 

 
 

Figure 11. The experiment mobile robot of the optimal 

trajectory of the proposed POA algorithm avoiding 2 static 

obstacles 

 

To cover this work’s study to future works. One suggestion 

is to use modern artificial intelligence techniques to improve 

the path planning [30-44]. In order to make real path planning, 

the dynamic of mobile robot may be considered and hence a 

recent control schemes are required [45-54]. Finally, one may 

use other optimization techniques to replace and compare the 

proposed method [55-58]. 

 

 

8. CONCLUSION 

 

In this work, two optimization techniques, PSO and POA, 

have been proposed and to conduct a mobile robot through an 

optimal path to avoid static obstacles. The algorithms of both 

methods have been developed and implemented in MATLAB 

environment. The mathematical model of the wheeled robot 

has been derived in terms of Cartesian coordinates (𝑥, 𝑦) and 

orientation 𝜃 . The robot has been guided from (0,0, 0o ) to 

( −1.1653 ,  0.5482 , 90o ) without collision of any static 

obstacles based on both techniques. The results showed that 

the POA gives less MSE than that based on PSO, where the 

POA yields  10−11 , while the PSO results in  0.0145 . This 

indicates that the POA gives is more optimal path than PSO 

method. In order to validate the numerical simulation, 

experimental results have been conducted using BOE–Bot 

wheeled mobile robot. It has been shown that the whole 

scenario is completed in 4 s.  
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