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Abstract- This work combines theoretical understanding with real-world applications to optimize mobility in sensor-actor 

networks. An extensive study of the literature examines the field for wireless sensor networks, including everything from 

sophisticated threat detection of mobile devices to methods for reducing congestion. With TinkerCAD for simulation & Arduino 

in hardware control, the suggested methodology emphasizes practicality and highlights servo motors as vital parts for actuation. 

This innovative method incorporates hardware control, providing a concrete connection between theoretical concepts and practical 

implementations. This methodology offers a comprehensive view of the operational elements of sensor-actor networks by 

addressing mobility optimization concerns in dynamic situations. The suggested model is demonstrated by Figures 1 through 5 and 

includes TinkerCAD visualizations, servo control of the motor, and an Arduino setup. The hardware specs and code samples that 

are provided show how mobility optimization is actually achieved in practice. The findings highlight the importance of real-world 

applications, improving the comprehension and suitability of sensor-actor systems in dynamic environments. This paper highlights 

the value of practical experimentation by providing a novel way for sensor-actor network mobility optimization. For those in the 

field looking to improve the efficiency and efficacy of dynamic networked systems, the suggested model is a useful tool. 
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I. INTRODUCTION 

The smooth integration of actors and sensors in 

dynamic networks has become a key component in the 

creation of intelligent systems in the age of ubiquitous 

computing. Sensor-actor networks, which are the 

foundation of many applications, from intelligent 

cities to industrial automation, are defined in the 

symbiotic relationship among sensors that sense the 

surroundings and actors that react to these perceptions 

[2]. But the constantly changing character of real-

world situations presents inherent issues that demand 

a deeper analysis of the mobility component in these 

networks. This work aims to address the core of this 

issue by providing a thorough framework for sensor-

actor network mobility optimization. Recent years 

have seen amazing developments in sensor-actor 

networks, which have greatly aided in the theoretical 

shift toward intelligent and autonomous systems [4]. 

With a multitude of functions at their disposal, sensors 

gather information from their environment, and actors 

use this information to determine what to do next. This 

mutually beneficial interaction allows for real-time 

decision-making. Notwithstanding the apparent  

 

 

potential of these networks, obstacles resulting from 

the ever-changing settings in which they function 

impede their ability to reach their maximum potential. 

Mobility is a critical component of these networks' 

effectiveness and is what determines their 

responsiveness, flexibility, and general efficiency [1]. 

A level of complexity that necessitates careful thought 

is introduced by the movement of players and sensors 

throughout the network. By developing and putting 

into practice optimization algorithms specifically 

designed to improve mobility, our research aims to 

overcome this complexity and raise the bar for sensor-

actor network performance [5]. The research will 

make use of TINKERCAD, a potent simulation 

platform for creating and evaluating electronic circuits 

and systems, in order to meet the stated goals. Without 

the requirement for actual hardware, TINKERCAD 

offers a virtual environment for the simulation of 

sensor-actor networks, facilitating the construction 

and assessment of several mobility optimization 

methods [3]. This methodology guarantees an 

economical and effective way to conduct experiments, 

which makes it easier to investigate various 

optimization tactics. 

http://www.ijritcc.org/
mailto:venkatpraba08@gmail.com
mailto:prof.r.ponnusamy@gmail.com


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 11 

Article Received:10 September 2023 Revised:20 October 2023 Accepted:30 October 2023 

________________________________________________________________________________________________________ 

 
   

 300 

IJRITCC | November 2023, Available @ http://www.ijritcc.org 
 

II. RELATED WORKS 

Research on wireless sensor networks (WSNs) has 

been booming in the last few years, with the goal of 

solving different problems and maximizing important 

features like mobility, resource allocation, and 

congestion mitigation. This section on related work 

attempts to give a thorough overview of current 

research, highlighting developments, approaches, and 

results in various areas of network the improvement 

and mobility. A thorough analysis of specific 

congestion mitigation strategies in a very extremely 

dense the wireless sensor network is carried out by 

Umar et al. [15]. The study focuses over cutting-edge 

and soon-to-be developed various solutions that use AI 

to deal with all the problems caused by network 

congestion in densely populated areas. The knowledge 

gained from this particular  review helps to 

comprehend and resolve congestion problems, which 

are very essential for sensor networks to function 

effectively. Research on wireless sensor networks 

(WSNs) has been booming in the last few years, with 

the goal of solving different problems as well as 

maximizing important features like mobility, resource 

allocation, and congestion mitigation. This section on 

related work attempts to give a thorough overview of 

current research, highlighting developments, 

approaches, and results in various areas of network the 

improvement and mobility. A thorough analysis of 

congestion mitigation strategies in extremely dense 

the wireless sensor network is carried out by Umar et 

al. [15]. The study focuses on cutting-edge and soon-

to-be developed solutions that use AI to deal with the 

problems caused by network congestion in densely 

populated areas. The knowledge gained from this 

review helps to comprehend and resolve congestion 

problems, which are essential for sensor networks to 

function effectively. An Enhanced Pelican The 

optimization Algorithm is put forth by Wang et al. [18] 

for picking cluster heads in different wireless sensor 

networks. The present study tackles the difficulties 

posed by heterogeneity in sensor networks by 

presenting an enhanced algorithm for group head 

selection. In heterogeneous sensor-actor 

environments, the study improves communication 

effectiveness and energy efficiency. Wu et al.'s [19] 

thorough analysis of the technology of digital twins 

covers data, models, relationships, and applications 

from the standpoint of the entire process. Although not 

specifically aimed at sensor-actor networks, the 

research offers valuable perspectives on the 

comprehensive incorporation of digital twin notions, 

potentially yielding benefits for improving the design 

and simulation of elements of sensor-actor systems.A 

deep reinforcement learning-based computational 

dumping optimization scheme for perceptual networks 

is presented by Xing et al. [20]. By addressing the 

difficulties in maximizing computations in perceptual 

networks, this work advances our knowledge of how 

machine learning methods can improve sensor-actor 

systems' efficiency.A thorough overview of the 

development of wireless networks, from 5G to 

beyond, is provided by Ali et al. [22]. The study offers 

a roadmap for upcoming developments by outlining 

the difficulties and exciting new technologies in the 

rapidly changing field of wireless networks. 

Understanding the larger context whereby sensor-

actor networks function and develop is made possible 

by this research. In their study, Al-Saadi, Al-Greer, 

and Short [23] investigate intelligent control strategies 

based on reinforcement learning for the best possible 

power management in sophisticated power 

distribution systems. The study presents intelligent 

control tactics which may be modified to optimize 

energy use in sensor-actor environments, despite not 

being specifically focused on sensor-actor networks. 

After conducting a thorough literature review, Amjed 

Ahmed Al-Kadhimi, Singh, and Mohd Nor [24] offer 

a conceptual framework for mobile device Advanced 

Persistent Threats (APT) identification using artificial 

intelligence techniques. The study tackles a crucial 

security issue with mobile devices, which is connected 

to the safe functioning of sensor-actor systems even 

though it is not specifically related to sensor-actor 

networks. A survey on task dividing and transferring 

in IoT cloud-edge computing frameworks is presented 

by Chen, Qin, and Wang [25]. In the context of the 

Internet of Things (IoT), the study tackles the 

difficulties associated with collaborative computing 

and provides strategies for maximizing task allocation 

and processing in dispersed environments. These 

observations hold significance for augmenting the 

cooperative features of sensor-actor networks. A 

thorough investigation into the function of algorithmic 

learning in 5G security is carried out by Fakhouri et al. 

[26]. In order to provide a basis for comprehending the 

consequences of security within sensor-actor networks 

functioning in the larger 5G landscape, the study 

examines the difficulties, technologies, and 

approaches involved in securing 5G networks. A 

thorough analysis of virtual coupling in railroads is 

provided by Felez and Vaquero-Serrano [27]. The 

study sheds light on the idea of virtual coupling, which 

may be useful for improving coordination and 

communication in sensors and actors in changing 

settings even though it is not directly related to sensor-

actor networks. Multi-agent multi-target the pursuit 
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with fluid target allocations and actor optimization of 

networks is examined by Han et al. [28]. The study 

introduces the improvement strategies for dynamic go 

after allocation, with potential implications for sensor-

actor systems' responsiveness and adaptability, even 

though it does not specifically focus on sensor-actor 

networks. A survey on handling resources for 6G 

heterogeneous networks is carried out by Hayder et al. 

[29]. The research provides insights that are essential 

for comprehending the changing landscape of diverse 

networks, including those integrating sensor-actor 

systems. The study examines future trends, challenges, 

and current research in optimizing resource 

management. Ijemaru, Li-Minn, and Kah [30] look 

into swarm intelligence methods for traffic 

engineering and opportunistic data collection in a 

smart city waste management through the Internet of 

Vehicles. While not specifically relevant to sensor-

actor networks, the research offers valuable 

perspectives on how to optimize data collection and 

handling traffic through the use of swarm intelligence. 

These insights may have applications in improving 

coordination among sensor-actor systems. In order to 

prepare for the transition to 6G, Iliadis et al. [31] 

provide an extensive overview of deep learning uses 

in cell-free enormous MIMO communications 

networks. Although not specifically directed towards 

sensor-actor networks, the research offers valuable 

perspectives on the use of deep learning in 

communication infrastructure, which may have 

consequences for improving communication 

effectiveness in sensor-actor settings. 

 

III. PROPOSED METHODOLOGY 

Our methodology, which addresses the optimization of 

mobility inside sensor-actor networks, incorporates a 

comprehensive framework that utilizes TinkerCAD as 

the software structure for simulation and prototyping. 

In order to guarantee the smooth operation of sensor-

actor networks, this methodology seeks to optimize 

important factors including the use of energy, 

communication efficacy, and task allocation in 

changing conditions. Creating a solid mobility model 

that captures the motion patterns of the network's 

actors and sensors is the first step [6]. With the 

inclusion of parameters like acceleration, direction, 

and velocity, this model enables the realistic modeling 

of fluid scenarios. We use a Modified Random Walk 

(MRW) model to simulate deliberate movements 

toward certain areas of interest by adding a bias factor. 

The following is the mathematical representation of 

the MRW model: 

 

 
Where  

The position (x,y) at time t has a probability density 

function denoted P(x,y,t), where (x,y) stands for the 

spatial coordinates, D is the diffusion coefficient, and 

P0 is the initial probability. 

A key consideration in sensor-actor networks is energy 

efficiency. We use a hybrid algorithm for optimization 

that combines Particle Swarm Optimization (PSO) and 

Genetic Algorithms (GA) to optimize the use of 

energy during mobility [7]. The formulation of the 

objective operate is to minimize energy consumption 

while preserving connectivity. In order to achieve the 

best possible balance between network coverage and 

energy conservation, the algorithm iteratively 

modifies the mobility parameters. 

 

 
Where  

F(x) is the objective function,  

N is the number of nodes,  

Ei  is the energy consumption of node  

i, and Ci is the remaining capacity of node  i. 

Using a dynamic clustering algorithm that considers 

signal strength and proximity, communication 

efficiency is addressed [9]. Clusters are formed 

dynamically by nodes that are close to one another, 

maximizing communication throughout the cluster 

and reducing interference between them. The 

following equations represent the clustering 

algorithm: 

 
A new heuristic algorithm based on the Modified Ant 

Colony Optimization (MACO) technique optimizes 

task allocation. This algorithm takes into account each 

actor's past performance as well as their proximity to 

tasks in order to balance the workload amongst them. 

The definition of the task allocation the optimization 

function is: 
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TinkerCAD is used to implement and simulate the 

entire suggested methodology, taking advantage of its 

flexible platform for electrical circuit simulation. With 

TinkerCAD's intuitive interface, node mobility, use of 

energy, communication efficiency, and assigned tasks 

are visualized and analyzed [8]. Feedback in real-time 

enables parameter adjustments, guaranteeing the 

optimization framework's iterative improvement. 

 

Component Equation/Algorithm 

Mobility Model  MRW Model: P(x, y, t) = P0 * exp(-((x^2 + y^2) / 

(4Dt))) 

Energy Consumption Optimization Objective Function: F(x) = Σ(Ei / Ci), where N is the 

number of nodes 

Communication Efficiency d_ij = sqrt((xi - xj)^2 + (yi - yj)^2) 

Task Allocation Strategy  T_ij = (1 / d_ij) * (1 - (Wi / max(W))) * (1 - (Pi / 

max(P))), where d_ij is distance, Wi is workload of actor 

i, and Pi is historical performance of actor i 

 

IV. EXPERIMENT SETUP AND 

IMPLEMENTATION 

4.1 Experimental setup 

In the Tinkercad setup for experiments for sensor-

actor network mobility optimization, sensor-actor 

interactions are simulated using a simulation model. 

The model includes sensors, performers, and a 

network structure within the Tinkercad platform. It 

imitates the movement trends of mobile sensors and 

the response behaviors of actors based on data that has 

been observed [10]. This configuration allows one to 

experiment with various mobility optimization 

strategies and tactics while simulating real-world 

situations. The interactions between the various 

components of the network framework are intended to 

validate and enhance mobility protocols, thereby 

augmenting the efficiency and adaptability of sensor-

actor communication and coordination within the 

virtual environment. 
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Name Quantity Component 

U1 1 Arduino Uno R3 

SERVO1 1 Micro Servo 

U2 1 100 us Oscilloscope 

R1 1 220 Ω Resistor 

D1 1 Blue LED 

U3 1 Temperature Sensor [TMP36] 

Rpot1 1 250 kΩ Potentiometer 

S1 1 Slideswitch 

 

The table enumerates the elements that are necessary 

for sensor-actor network validation and optimisation 

in the context of mobility [11]. The main processing 

unit is an Arduino Uno R3 (U1), the actuation is 

handled by a Micro Servo (SERVO1), and the ambient 

data is collected by a Temperature Sensor (U3) similar 

to the TMP36. A 220Ω resistor (R1), a blue LED (D1) 

for visual indication, a 250kΩ potentiometer (Rpot1) 

for variable adjustment, and a 100us oscilloscope (U2) 

for signal analysis are additional components. 

Changes in configuration or control may be enabled 

using a Slideswitch (S1). By enabling the 

improvement and validation of mobility protocols, 

these elements provide effective coordination and 

communication between sensors and actors within the 

network architecture. 
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4.2 Result analysis 

 
Figure 1: Code for this model 

It seems like the code is an Arduino sketch that uses 

sensor information to operate servo motors. The 

process starts with two servos, takes analog input from 

sensors that are linked to analog pins A0 and A1, 

translates sensor values to servo positions and duty 

cycles, and then, after a 100-millisecond delay, adjusts 

the servo angles [12]. 

 
Figure 2: Arduino setup 

A basic program to operate a servo motor may be 

found in the Arduino code snippet that you gave. The 

servo motor's PWM duty cycle is controlled by the 

program by reading the value from analog pin A0. 

Additionally, depending on the value of analog pin 

A0, the program determines the angle of the servo 

motor and sets it to that determined value [13]. 

 
Figure 2: SM-S2309S 

 

 
Figure 3: Graph of voltage vs. time 

They are perfect for activities requiring torque 

production and accuracy because of their capacity to 

understand PWM signals and achieve precise 

placement.  

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 11 

Article Received:10 September 2023 Revised:20 October 2023 Accepted:30 October 2023 

________________________________________________________________________________________________________ 

 
   

 305 

IJRITCC | November 2023, Available @ http://www.ijritcc.org 
 

 

Figure 4: Motherboard setting 

In summary, the Tinkercad illustration shows a 

microcontroller controlling a servo motor via a simple 

circuit design on a breadboard [12]. This setup 

illustrates a basic method of controlling servo motors 

for accurate motion in a variety of applications by 

allowing the microcontroller to transmit signals to the 

servo motor and determine its shaft position based on 

the pulse width of the received signals. 

 
Figure 5: Sensors and attractors 

This Tinkercad graphic shows a setup where a 

microcontroller is linked to a servo motor using a 

breadboard. This configuration shows a basic circuit 

for using a microcontroller to regulate the movement 

of a servo motor, with a number of supporting 

components. An actuator that converts electrical 

energy into mechanical motion is a servo motor [14]. 

It takes signals from the microcontroller, usually pulse 

width modulation (PWM) signals, and uses the width 

of these pulses to control the position of the shaft. The 

motion and actions of the servo motor are controlled 

by the microcontroller, a tiny programmable 

computer. Jumper wires are used to make connections 

between components on the breadboard easier, and a 

resistor limits the amount of current that may flow to 

the servo motor inside the circuit. The servo motor 

receives PWM signals from the microcontroller, 

which causes it to modify its shaft position. This is 

how the circuit works [15]. This configuration 

demonstrates a simple technique for utilizing a 

microcontroller to drive a servo motor, allowing for 

precise and controlled motions. Nonetheless, there are 

a variety of other approaches to servo motor control, 

including the use of computers or specialized servo 

controllers. Servo motors are very versatile and are 

used in robotics, animatronics, and other disciplines 

where precise motion control is necessary.  

4.3: Comparison with previous model 

The studies [15]–[30] that are cited mainly address 

resource allocation, security, congestion mitigation, 

and different optimization strategies in wireless sensor 

networks. Though they make a substantial 

contribution to the discipline, the proposed model 

focuses on optimizing mobility inside sensor-actor 

networks, offering a thorough framework that takes 

into account energy usage, communication 

effectiveness, and task distribution in dynamic 

environments. Although some studies use simulations, 

the proposed model stands out because it specifically 

uses TinkerCAD to optimize accessibility in sensor-

actor networks, especially when it comes to servo 

motor control. In particular, the model emphasizes 

how sensor-actor networks can be used to control 

servo motors for precise motion. This demonstrates 

the applicability of the suggested methodology and fits 

in with the larger context of robotics and IoT [29]. The 

TinkerCAD circuit design, servo motor specifications, 

voltage vs. time graph, and Arduino setup are all 

shown in Figures 2 through 5. This combination offers 

a comprehensive perspective of the hardware 
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configuration and its simulation, providing 

information on how servo motor regulation is actually 

accomplished in practice. Most of the studies that are 

cited focus on theoretical models and algorithms; very 

few focus on the actual hardware control and 

implementation that are part of the suggested model. 

 

V. CONCLUSION 

The path of investigation taken to maximize 

movement in sensor-actor networks has revealed a rich 

tapestry of discoveries, approaches, and useful 

applications that together further this dynamic field. 

This work aims to address the difficulties and 

complexities involved in improving mobility within 

coalitions of connected sensors and participants by 

reviewing pertinent literature and developing a 

thorough framework [28]. The methodology that was 

suggested was based on mobility optimization and 

presented a new strategy that prioritizes real-world 

application through the use of TinkerCAD, a widely 

available simulation platform. By employing servo 

motors as actuating elements, the study was 

additionally grounded in practical applications, 

demonstrating the tangible incorporation of hardware 

authority into sensor-actor networks. One important 

factor that helps close the gap between theoretical 

frameworks and actual applications is the integration 

of hardware control, which increases the proposed 

model's applicability to real-world scenarios. The 

suggested model was tangible illustrated by the code 

portions and hardware specs shown in Figures 1 

through 5. The integration of servo motor control, 

TinkerCAD visualizations, and Arduino setup 

provided a comprehensive understanding of the 

practical implementation of mobility optimization in 

sensor-actor networks. The emphasis on servo motors, 

which translate electrical energy into accurate 

mechanical motion, is in line with sensor-actor 

networks' adaptability and use in robotics, 

animatronics, and various other domains where 

precise motion control is necessary [28]. In summary, 

this study has demonstrated the value of hardware 

control and realistic implementations in the context of 

sensor-actor networks, in addition to offering a fresh 

approach for mobility optimization. The suggested 

model is a useful tool for study participants, engineers, 

and practitioners looking to improve the efficacy and 

efficiency of sensor-actor networks because it 

emphasizes practical experimentation and simulation 

above theoretical frameworks [30] . The future of 

flexible and receptive networked systems will be 

greatly influenced by the knowledge gathered from 

this research, as technology develops and sensor-actor 

network applications grow. 
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