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Abstract. This project focuses on estimating reservoir inflows by integrating rainfall data, soil moisture levels in the
catchment area, and releases from upstream reservoirs, coupled with an automated gate control system to prevent flooding
in the basin. Utilizing hydrological models, the methodology predicts runoff from rainfall, adjusted for current soil moisture
to enhance accuracy. Real-time data from upstream releases further refines inflow predictions. The automated system
leverages predictive analytics and real-time monitoring to optimize gate operations, ensuring moderate water releases to
maintain safe reservoir levels and mitigate downstream flooding. This approach aims to enhance flood management and
sustainable water resource use through advanced modelling and automation.
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1.INTRODUCTION

Dams require certain ancillary structures and facilities to enable them to discharge their operational
function safely and effectively. In particular, adequate provision must be made for the safe passage of extreme
floods and for the controlled draw-off and discharge of water in the reservoir. Now a days pathetic condition of
dams and corrupted official’s irresponsibility may lead to severe threats to living beings. So here we introduce an
auto control based dam level monitoring system, to automatically control the dam gate/shutter.

Here we have a system to indicate about the water level in the dam through LED’s and controls the dam
gate/shutter automatically according to the level of the water. For sensing the water level, three copper electrodes
(sensors) are used to indicate the water level as high, medium and low that is connected to the microcontroller
unit. The water level in the dam is detected by the water level sensor fitted on proper places in the dam. LED
indicators will when the water level touches the level sensors i.e., red for high, yellow for medium and green for
low level of the water. And simultaneously the dam shutter gate will be opened automatically to allow the free
flow of water when the water level touches the high level sensor. This information about the level of water will
be sent to the monitoring unit through IoT device WiFi module.

A shutter controller is also included in this system, a servo motor is connected to the shutter and the
controller will control this shutter motor through the driving circuit. If the water level in the dam reaches a high
level, complete shutter will be lifted by the controller to allow water to flow by energizing the motor. If the water
level is low, the shutter will be almost closed. The shutter moving mechanism is designed with servo motor and
is interfaced with the arduino controller. Depending up on the water level of the dam, indicators and notifications
will be given automatically.

2.RESEARCH METHODOLOGY

[1]. From the title of the journal, "Estimating Reservoir Inflow and Outflow From Water Level
Observations Using Expert Knowledge: Dealing With an Ill-Posed Water Balance Equation in Reservoir
Management," I understand that the research deals with the challenge of estimating the inflow and outflow of
water in reservoirs based on observed water levels. The authors aim to address difficulties with the water balance
equation, which is considered "ill-posed." This means the equation might not have a clear or accurate solution due
to issues like insufficient data or complexities in the system.

To tackle this problem, the study likely incorporates expert knowledge to fill in the gaps or make the
estimation process more reliable. This method can be crucial in reservoir management, where understanding how
much water enters and exits a reservoir is essential for maintaining appropriate water levels and ensuring efficient
operation. The research may present strategies to deal with the uncertainty in the data or propose new methods for
better managing water resources based on expert insights combined with observed data.
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Water Level Observations

. The study utilizes data from water level measurements within reservoirs. Water level data is a primary
indicator of reservoir status, influencing decisions related to water release, storage, and flood control.

Reservoir Management

. Improved estimations lead to better decision-making in reservoir operations, enhancing water resource
allocation, flood prevention, and drought mitigation strategies.

[2] From the title "A System for Remote Monitoring and Controlling of Dams" published in the
International Journal of Programming Languages and Applications (IJPLA), I understand that the study focuses
on the development of a system designed to monitor and control dams remotely. This likely involves using
technologies such as sensors and communication protocols that allow operators or authorities to observe dam
conditions and make decisions or adjustments without needing to be physically present at the dam site.

Automation in Dam Management: The paper discusses how automated systems can replace manual
operations, reducing the need for human intervention, especially in critical situations. Web-Based Interface for
Control: The paper highlighted the use of web-based interfaces for remote access and control of dam systems.
Alert and Notification Systems: Another technical aspect discussed is the implementation of automated alert
systems that notify operators when water levels reach critical thresholds, ensuring timely interventions to prevent
potential disasters.

[3] From the article "Dam Gate Level Monitoring and Control over IoT" published in the SSRG
International Journal of Electrical and Electronics Engineering, March 2017 special issue by Shakti Krishnan B,
Sindhu R, Vivekmuthukumaran G, and Sri Raghavi as follows;

All these components, including sensors, communication modules, and control mechanisms, will
therefore coordinate to monitor water levels and automatically or manually vary the gates to achieve adequacy.
This streamlines efficiency, safety, and responsiveness in managing water flow in dams and reduces risks related
to overflow or even structural damage. 10T is also prepared in such a way that the monitoring process might be
carried out in real time, data will be collected, and access can be gained remotely through a web or mobile
interface.

[4] From the article titled "A System for Dam Automation and Safe Flow" by Akhila Suresh, Fini Joby,
Mable Mary Paul, and E. S. Sudheesha,

In this paper, a system for dam automation and safe flow has been introduced. The said monitoring system
updates automatically the status of the opening or closing of dam gates, thereby making an efficient utilization of
water resources to be attained safely. The system aims at increasing safety since it guards against overflows and
ensures there is a controlled supply of water. Human intervention is reduced with automation use, hence the real-
time monitoring and control as applied towards improved management in dams and prevention of disasters. The
system looks to maintain the balance between conserving water and preventing floods.

[5] From the article titled "Gate Control System of Dam using Programmable Logic Controller" by May
Thwe Oo, Naing, and Thin Thin

The paper addresses the design and implementation of a dam gate control system by using PLCs. Indeed,
a PLC is applied in the operation of dam gates: monitoring water levels and controlling gate positions with
predefined conditions. With the system, reliability, accuracy, and effectiveness in control of dam operations are
ensured-minimizing human error and giving overall safety with maximum efficiency in water flow management.
In addition, flexible, programmable real-time PLC-based solutions ensure that it is a solid option for dam gate
automation.

[6] From the article titled "Embedded Dam Gate Control System using 'C' and Visual Basic" by Makesh
Iyer and Shrikant Pai from SIES Graduate School of Technology,

Page No.: 2



INTERNATIONAL JOURNAL OF ENGINEERING INNOVATIONS AND MANAGEMENT STRATEGIES, VOL 1, NO 2, DEC
2024

The paper presents an embedded system that employs C language and Visual Basic as the control of dam
gates that integrates hardware circuitry for real time water levels monitoring and decision making on opening and
closing of the dams. With the C language, the embedded microcontroller is programmed to control gate operations,
while a user-friendly interface for the system is created using Visual Basic in order to monitor and maintain the
system. In this way, efficient control, ease of flexibility, and user interaction improve the overall management of
dam operations with an advantage of a graphical interface that is user-friendly.

[7] From the article titled "Water Level Monitor, Control and Alerting System Using GSM in Dams and
Irrigation System Based on Season" by Yuvarani T. and Archana R., published in *International Journal of
Scientific & Engineering Research* (April 2016)

This is a paper that describes a water level monitoring and controlling system that utilizes GSM
technology to automate and manage water flow in dams and irrigation systems, especially according to the
seasonal demands of the areas. The system continuously monitors the water levels and provides alerts through
GSM to the operators so that the gates of a dam are open through remote control. It also keeps adjusting water
distribution according to seasonal demands so that the water supply can be better utilized in the irrigation canal.
The technology available allows for efficient communication, faster response time, and effective, cost-effective,
real-time monitoring and management of the water resource in dams and irrigation networks.

[8] From the article titled "Automation of Gates of Water Reservoir Using Programmable Logic
Controller (PLC)" by Vandana Sahu and Nagendra Tripathi, published in the International Journal for Research
in Applied Science & Engineering Technology (April 2018)

The paper enunciates the design of an automated gate control system of water reservoirs based on PLC.
Automatic opening and closing of gates of water reservoirs will thus be controlled by the measurements taken of
the water level, which will be optimally managed and ensured for safety. Reliability and efficiency are encouraged
using the PLC technology which allows real-time monitoring and control. This automation minimizes human
intervention, along with all risks associated with their involvement, thereby enhancing the management of water
resources in reservoirs. From the evidence provided in this study, it is observed that using PLCs in water
management systems brings increased operational efficiency and safety.

[9] From the article titled "Automatic Gate Control and Water Level Reservoir Using GSM Technology"
published in the “International Journal of Research in Electronics”

A paper described a system that automatically controlled the gates in a water reservoir using GSM
technology. This system continuously sensed and monitored the water levels and enabled remote gate operation
even from distant locations, all through the response sent as SMS alerts providing response in changing water
conditions in time. It then enables efficient communication using GSM technology and water flow management
helps to increase the chances of non-overflow, hence appropriately assisting in proper management of this very
water resource. The experiment proves automation beneficial for reservoir operations in terms of promoting safety
and reliability for the same.

[10] From the article titled “Dam Data Collection and Monitoring System" by Dhandre N. and Jadhav,
published in the “International Journal of Science and Research (IJSR)” (2015)

The designed system is specifically intended for the collection and monitoring of data about dam
operations. The proposed system encompasses the use of various sensors to collect critical information pertinent
to water levels, flow rates, environmental conditions, etc. The acquired data is further processed and analyzed for
insightful advice toward better management and decision-making in matters of dam safety and water resource
utilization. Such a study, therefore, calls for the utilization of an efficient data collection and monitoring system
as a means of providing real-time information in enhancing dam operations and ensuring safety, hence effective
water management practices.

2.1 System Design

The overall system was designed to monitor the water levels in a dam and automatically  control the
dam gates based on real-time water level data. The design process included the following:
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. Block Diagram: A system architecture was developed showing the interaction between the sensors,
microcontroller, servo motor, and the Wi-Fi module.

. Key Components:

0 Water level sensors (copper electrodes or alternatives)
0 ATMEGA328 microcontroller

0 Servo motor for dam gate operation

0 ESP8266 Wi-Fi module for IoT communication

This phase of the project was guided by design principles for embedded systems and IoT, which have
been outlined in previous works [4].

2.2 Hardware Setup

The hardware used in the project was selected based on functionality and compatibility with the intended
10T solution. The following hardware components were assembled:

. Water Level Sensors: Copper electrodes were used as the primary water level sensors. For real-world
applications, more robust industrial-grade sensors (e.g., pressure or magnetic sensors) may be utilized.
Modifications were made to integrate a PCB-based sensor circuit to enhance current flow for improved
performance.

. Microcontroller (ATMEGA328): The Arduino Uno was selected for its simplicity and wide usage in IoT
projects. This board provided the necessary GPIO pins for sensor inputs and motor control outputs.

Ssr1z/ 15CP

Figure 1. Microcontroller (ATMEGA328)

. Servo Motor: A servo motor with a 180-degree rotation capability was used to control the dam gate based
on sensor data. The control signals were generated by the microcontroller based on input from the water level
sensors.

Specifications:

o Weight: 9 g

o Dimension: 22.2 x 11.8 x 31 mm approx.
o Stall torque: 1.8 kgf-cm

o Operating speed: 0.1 s/60 degree

0 Operating voltage: 4.8 V (~5V)

o Dead band width: 10 ps
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o Temperature range: 0 °C — 55 °C

Position "0" (1.5 ms pulse) is middle, "90" (~2 ms pulse) is all the way to the right, "-90" (~1 ms pulse)
is all the way to the left.

. Wi-Fi Module (ESP8266): The ESP8266 module was used to enable IoT communication, transmitting
water level data and system status to a remote server.

Vee = Red (+) 4 ©F

)
Ground=Brown (=) —

1-2ms
Duty Cycle

48V (~5V) |
Power

and Signal

20 ms (50 Hz)
PWM Period

FIGURE 2. Wi-Fi Module (ESP8266)

The integration of these components followed standard embedded system assembly processes. The
power supply to the system was regulated using a 5V DC supply, ensuring stable operation.

. Transformer: A transformer is an electrical device which is used to convert electrical power from one
Electrical circuit to another without change in frequency. Transformers convert AC electricity from one voltage
to another with little loss of power. Transformers work only with AC and this is one of the reasons why mains
electricity is AC. Step-up transformers increase in output voltage, step-down transformers decrease in output
voltage.

FIGURE 3. An Electrical Transformer

2.3 Software Development

The system's software was developed using the Arduino Integrated Development Environment (IDE).
The methodology for software development included:

. Microcontroller Programming: The ATMEGA328 was programmed using C++ to process data from the
water level sensors. The program logic defined thresholds for water levels—low, medium, and high—and
triggered appropriate actions to control the servo motor.

. Motor Control Algorithm: A control algorithm was implemented to open or close the dam gate based on
real-time water level data. The system used pulse width modulation (PWM) to control the servo motor’s position.
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. IoT Communication Protocol: The Wi-Fi module was configured to transmit water level data to a
monitoring system. Data transmission was managed using AT commands, with a static IP assigned to the device
for reliable communication.

The software was developed iteratively, with regular testing to ensure accurate sensor readings and motor
responses.

2.4 TESTING AND CALIBRATION

Testing was carried out in a controlled environment to ensure that the sensors and mechanical systems
operated correctly. The following tests were performed:

. Sensor Calibration: The water level sensors were calibrated to ensure accurate detection at predefined
levels. The calibration process involved adjusting the sensitivity of the copper electrodes to respond to water at
different heights.

. Servo Motor Testing: The servo motor was tested under various load conditions to ensure reliable
operation. The motor was programmed to move to specific positions based on sensor feedback.

. IoT Connectivity Testing: The Wi-Fi module’s ability to transmit data to a remote server was tested. This
included verifying stable network connections and testing data integrity during transmission.

2.5 PROTOTYPING

A prototype of the system was constructed for demonstration purposes. This prototype replicated the core
functions of the system, including:

. Automatic control of the dam gate
. Real-time water level monitoring
. IoT-enabled remote control and monitoring capabilities

The prototype was tested under simulated flood conditions by adjusting water levels in a model
environment and observing system responses.

2.6 DATA ANALYSIS

The performance of the system was evaluated by analyzing the data collected during the testing phase.
Water level sensor readings were compared with expected values, and the system’s response time for motor
control was measured. The analysis focused on the accuracy of water level detection, the reliability of motor
control, and the consistency of IoT data transmission.

3. THEORY AND CALCULATION

3.1 Theory

The IoT-based Flood Monitoring System leverages key theoretical concepts from embedded systems,
control systems, sensor technologies, and wireless communication to ensure efficient monitoring and control of
dam operations. The underlying principles are outlined below, focusing specifically on how these theories are
applied in this work.

3.1.1 Embedded Systems
An embedded system is a combination of hardware and software that is designed to perform dedicated

functions. In this project, the ATMEGA328 microcontroller acts as the core of the embedded system, integrating
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sensor inputs, controlling the dam shutter through a servo motor, and facilitating communication via the Wi-Fi
module. The efficiency of the system relies on real-time processing of data and executing control commands with
minimal delay, a fundamental requirement for embedded systems.

3.1.2 Control Systems

The control system used here is a closed-loop system that automatically adjusts the dam gate based on
water level inputs. The servo motor, which controls the gate, receives commands from the microcontroller based
on the sensor data, forming a feedback loop. This type of control system ensures that the dam gate reacts
dynamically to changing water levels, a critical feature in preventing floods.

The servo motor control is based on the proportional control theory: the position of the dam gate is proportionally
controlled by the sensor-detected water levels. For instance:

. Low water level: The gate remains mostly closed.
. Medium water level: The gate opens partially.
. High water level: The gate opens fully.

3.1.3 Sensor Technology

Water level sensors are at the core of the monitoring system. In this project, copper electrodes act as
simple, cost-effective sensors. The sensors detect changes in water level and send corresponding electrical signals
to the microcontroller. The theoretical basis for sensor operation relies on the conductivity of water, which allows
the current to flow between the electrodes when submerged. The greater the water level, the stronger the signal,
enabling accurate detection of levels.

Other more advanced sensor types, such as pressure or ultrasonic sensors, can be used for industrial
applications, providing greater precision.

3.1.4 IoT and Communication Protocols

The system is integrated with IoT via the ESP8266 Wi-Fi module, allowing for remote monitoring and
control. The theory of Internet of Things (IoT) revolves around the idea of connecting physical devices (such as
sensors and motors) to the internet, allowing them to send and receive data. The ESP8266 module in this system
follows standard TCP/IP protocols to ensure reliable data transmission between the system and a monitoring
server.

Wireless communication theory, especially in terms of data packets transmission, signal integrity, and
latency, plays a vital role in ensuring that the system provides real-time information. The faster the data
transmission, the better the system's response to potential flood conditions.

3.2 Calculation

The calculations involved in this project are based on two primary elements: sensor thresholds for water
level detection and motor control using Pulse Width Modulation (PWM).

3.2.1 Sensor Threshold Calculation
To detect the water levels (low, medium, and high), specific thresholds are defined based on the sensor’s
ability to conduct electrical current. These thresholds are calibrated through experimental testing and derived from

the basic relationship between water conductivity and current flow. The copper electrodes act as conductors, and
their interaction with the water determines the sensor output, which can be described as:

Vout=IxRV
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Where:

. Vout = output voltage from the sensor
. I= current flowing through the water
. R = resistance offered by the water

By adjusting the distance between the electrodes and the water levels, specific voltage thresholds were defined:

. Low water level threshold: Viow
. Medium water level threshold: Vmedium
. High water level threshold: Vhigh

These values correspond to predefined voltage levels that trigger specific actions in the control system.

3.2.2 Servo Motor Control via PWM

The servo motor operates based on Pulse Width Modulation (PWM), a technique used to control the
angular position of the motor shaft, which opens or closes the dam gate. The PWM signal determines the degree
of rotation of the motor, which is proportional to the pulse duration.

The relationship between the PWM pulse and motor position is as follows:

. 0-degree rotation: 1 ms pulse
. 90-degree rotation: 1.5 ms pulse
. 180-degree rotation: 2 ms pulse

The formula for the PWM signal can be expressed as:
Duty Cycle=Pulse Width X 100
Period

In this project, the pulse width varies depending on the water level, and the corresponding duty cycle
controls the motor’s position to partially or fully open the dam gate.

3.2.3 Power Supply Calculation

The project requires a regulated power supply for the microcontroller and other electronic components.
The following equation is used to ensure the proper power requirements:

Vout=Vin—(IxR)

Where:

. Vin is the input voltage (7-12V for the Arduino Uno)

. I is the current draw by the system (calculated based on the components)
. R is the resistance in the circuit

The 5V regulator ensures that the correct voltage is supplied to the components, and capacitors are used to smooth
out any fluctuations in the DC supply.
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4.RESULTS AND DISCUSSION

4.1 Result

The Automated Dam Operation System was successfully designed, developed, and tested in a simulated
environment. The system achieved the following key results:

. Accurate Water Level Detection: The water level sensors were able to detect three distinct water levels—
low, medium, and high—with high reliability. The copper electrode sensors provided consistent results during the
testing phase, effectively triggering the microcontroller to adjust the dam gate accordingly.

. During testing, the copper electrode sensors demonstrated consistent results across multiple test runs.
The sensors provided a clear and repeatable signal whenever the water levels crossed specific thresholds, ensuring
that the microcontroller could reliably interpret the data and respond accordingly. The consistency of the sensor
readings minimized the chance of false triggers, making the system highly reliable.

. Automatic Dam Gate Control: The servo motor system successfully responded to changes in water level,
fully opening the gate when the water reached the high threshold and closing it when the water receded to a lower
level. The system demonstrated real-time responsiveness, with minimal latency between sensor detection and
motor action.

. IoT Integration and Real-time Monitoring: The Wi-Fi module (ESP8266) enabled real-time transmission
of water level data to a remote monitoring system. Data was consistently transmitted with no major interruptions,
allowing for continuous observation of the dam’s operational status from a remote location.

. Prototyping Success: A prototype model was constructed, demonstrating the core functionality of the
system. The mechanical structure and the electronic components worked in synchrony to manage the water flow
based on sensor data.

4.2 Discussion

The results of this project demonstrate the effectiveness of using IoT in flood monitoring and automated
dam gate control. Several important insights and implications can be drawn from the system's performance, as
discussed below:

4.2.1 Sensor Performance and Calibration

The copper electrode sensors, while cost-effective and relatively easy to implement, demonstrated
limitations in terms of long-term reliability. Factors such as water quality (e.g., presence of sediments or minerals)
may affect the accuracy of these sensors in a real-world scenario. The project could be further enhanced by
integrating more robust industrial-grade sensors, such as ultrasonic or pressure sensors, which are designed to
perform reliably in harsh environmental conditions. This would address the challenge of sensor degradation over
time and improve overall system accuracy.

4.2.2 Control System Efficiency

The closed-loop control system, which automatically adjusts the dam gate based on sensor data,
performed well under simulated conditions. However, for real-world deployment, more advanced control
strategies such as Proportional-Integral-Derivative (PID) control could improve the precision and response time
of the dam gate movement. By fine-tuning the control system to prevent overshoot and reduce response time, the
system could handle sudden water level changes more effectively.
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4.2.3 IoT Connectivity and Data Transmission

The integration of the ESP8266 Wi-Fi module was a crucial aspect of the system’s IoT capabilities,
allowing real-time data transmission. While the transmission was reliable in a controlled environment, challenges
such as network interference or loss of connectivity could hinder data flow in real-world applications. To improve
reliability, future iterations of the system could implement redundancy protocols, such as LoRa or NB-IoT, to
ensure continuous communication even in areas with poor network coverage.

4.2.4 Prototype Validation

The prototype successfully demonstrated the system's functionality. However, the prototype was a
scaled-down version, and certain aspects of the mechanical design (e.g., gate size, motor power) may not directly
scale to a real-world dam. Further work is required to design a system that can handle the mechanical loads and
stresses of full-sized dam operations.

4.2.5 Comparison with Recent Work

Compared to other IoT-based flood management systems recently developed, this project offers a novel
integration of microcontroller-based control systems with cost-effective sensor technology. Similar projects in
recent years have focused on large-scale industrial solutions, often using more expensive and complex equipment.
This system demonstrates the possibility of developing a low-cost, scalable solution that can be applied to smaller
or rural dams. However, the challenge lies in refining the system’s reliability and adapting it to handle real-world
environmental and infrastructural challenges.

Recent developments in the field of lIoT-based flood management also highlight the growing importance
of data analytics and predictive modeling, which can enhance decision-making during critical flood events. While
this project focused on real-time monitoring, future work could incorporate machine learning algorithms to predict
flood risks based on historical data and environmental factors, further enhancing the system’s capability.

4.3 Challenges and Limitations
Despite the success of the project, several challenges were encountered:

. Environmental Factors: The sensor system’s sensitivity to water quality poses a significant challenge.
Real-world conditions, such as debris in water or fluctuating salinity, could lead to inaccurate readings.

. Power Consumption: The IoT module and sensors rely on a stable power source. In remote areas,
providing continuous power could be a challenge, especially in the absence of a reliable grid. Solar power or other
renewable energy sources could be considered to address this limitation.

. Scalability: While the prototype demonstrated the concept effectively, the system’s scalability for large-
scale dam operations needs further exploration. Mechanical forces involved in real dam gates may require higher
torque motors and stronger control algorithms to manage larger volumes of water safely.

CONCLUSION

The Automated Dam Operation System developed in this project successfully demonstrated its capability
to monitor water levels in real-time and autonomously control the dam gate based on sensor feedback. The system
effectively integrated copper electrode sensors with the ATMEGA 328 microcontroller, servo motor, and Wi-Fi
communication module to provide a reliable and cost-effective solution for flood prevention and water
management. The water level sensors accurately detected low, medium, and high water levels, triggering
appropriate dam gate movements with minimal latency. This ensures efficient water flow control, reducing the
risk of overflow and potential flooding during heavy rainfall.

The significance of this system lies in its ability to operate autonomously, minimizing the need for manual
intervention. Its real-time monitoring capability, combined with remote access through IoT, provides users the
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flexibility to monitor and manage dam operations from any location. This system offers a low-cost alternative for
small and medium-sized dams, where traditional high-cost industrial solutions may not be feasible.

However, some limitations were observed. The copper electrode sensors, while effective in a controlled
environment, may degrade over time in real-world conditions due to factors like sediment buildup and corrosion.
This could impact the long-term accuracy of the system. Additionally, the prototype was tested on a smaller scale,
and larger mechanical components would be required to scale the system to handle full-sized dam gates.

5. DECLARATION

5.1 Study Limitations

Several limitations were identified in the development and testing of the Automated Dam Operation
System. First, the use of copper electrode sensors posed potential long-term durability issues, such as corrosion
or sediment buildup, which may impact the accuracy of water level detection in real-world environments.
Secondly, the prototype was developed on a small scale, and scaling it to full-sized dam gates would require
stronger mechanical components and more robust motors. Additionally, the Wi-Fi-based communication may face
challenges in remote areas with poor network coverage, potentially affecting the system’s real-time data
transmission reliability. Lastly, environmental factors such as water quality and temperature variations were not
extensively tested, which could influence the system’s performance.
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