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Abstract: Supervisory Control and Data Acquisition (SCADA) systems are widely used in industrial
environments to ensure efficient monitoring and control of critical processes. This paper presents a SCADA
Oriented Embedded Monitoring System using LPC2148, aimed at providing a reliable and cost-effective
alternative to conventional PLC-based SCADA solutions. The proposed system employs the LPC2148 ARM7
microcontroller as the core processing unit for real-time data acquisition and control. Various industrial
sensors are interfaced to continuously monitor parameters such as voltage, current, temperature, and load
conditions. The acquired data is processed locally and transmitted to a centralized SCADA system through
serial communication.

The system supports real-time visualization, alarm generation, and historical data analysis through a Human
Machine Interface (HMI). Embedded control logic ensures rapid response during abnormal operating
conditions, enhancing system safety and reliability. The modular hardware and software architecture allows
easy scalability and integration with existing industrial infrastructure. Experimental implementation validates
the accuracy of sensor data and the stability of communication with the SCADA interface. Results indicate
reduced system complexity and lower deployment cost compared to traditional solutions. The proposed
system is suitable for power monitoring, industrial automation, and remote supervisory applications.

Index Terms - SCADA, LPC2148, Embedded Monitoring System, ARM7, Industrial Automation, Real-Time
Data Acquisition.

Introduction

In recent years, the rapid growth of industrial automation has significantly increased the demand for efficient
monitoring and control systems. Industries such as power generation, manufacturing, oil and gas, water
treatment, and process automation rely heavily on real-time data to ensure safe, reliable, and optimized
operations. Supervisory Control and Data Acquisition (SCADA) systems have emerged as a backbone
technology for achieving centralized supervision, data logging, and remote control of geographically
distributed industrial processes. These systems enable operators to monitor field devices, analyze operational
trends, detect faults, and take corrective actions with minimal human intervention.

Traditional SCADA implementations are predominantly based on Programmable Logic Controllers (PLCs)
and proprietary hardware, which often result in high installation, maintenance, and upgrade costs. While PLC-
based systems offer reliability, their limited flexibility and scalability make them less suitable for small- and
medium-scale industrial applications. Additionally, the growing need for compact, low-power, and intelligent
monitoring solutions has encouraged the adoption of embedded systems in industrial automation. Embedded
controllers provide an effective alternative by combining processing capability, communication interfaces, and
real-time control within a single compact unit.
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The evolution of microcontroller technology, particularly ARM-based controllers, has transformed the
design of embedded monitoring systems. ARM7-based controllers such as the LPC2148 offer high
performance, low power consumption, and rich peripheral support, making them well-suited for SCADA-
oriented applications. The LPC2148 microcontroller integrates features such as analog-to-digital converters,
multiple communication interfaces, timers, and interrupt handling capabilities, enabling efficient data
acquisition and control in real-time environments. These features reduce system complexity and eliminate the
need for external components, thereby lowering overall system cost.

In industrial environments, continuous monitoring of parameters such as voltage, current, temperature, and
load conditions is essential to maintain operational stability and prevent equipment failure. Any abnormal
variation in these parameters can lead to system downtime, financial losses, or safety hazards. SCADA systems
address this challenge by collecting real-time data from sensors deployed in the field and presenting it in a
meaningful format through a Human Machine Interface (HMI). Operators can visualize live data, analyze
trends, receive alarm notifications, and remotely control field devices from a centralized control station.

The integration of embedded systems with SCADA platforms enhances system intelligence by enabling local
processing and decision-making at the field level. Instead of relying entirely on centralized control, embedded
controllers can perform preliminary analysis and execute control actions during critical situations. This
distributed intelligence improves response time, reduces communication overhead, and increases system
reliability. Furthermore, embedded-based SCADA systems are easier to customize and adapt to specific
industrial requirements, making them suitable for academic research as well as practical deployment.

Another important factor driving the adoption of embedded SCADA solutions is the need for cost-effective
and scalable systems. Small-scale industries and educational institutions often face budget constraints that limit
the adoption of conventional automation systems. Embedded controllers such as the LPC2148 provide an
economical solution without compromising essential SCADA functionalities. Their modular architecture
allows additional sensors, actuators, and communication modules to be integrated as per application
requirements. This scalability ensures that the system can evolve with changing industrial demands.

Communication plays a critical role in SCADA systems, as reliable data transmission is essential for accurate
monitoring and control. Embedded controllers support various communication protocols, enabling seamless
integration with SCADA software running on supervisory computers. Serial communication methods provide
a simple and reliable means for data exchange between the embedded unit and the SCADA interface. This
approach ensures real-time data visualization, alarm handling, and logging without introducing significant
latency.

The proposed SCADA Oriented Embedded Monitoring System using LPC2148 focuses on bridging the gap
between low-cost embedded hardware and industrial-grade monitoring solutions. By combining sensor-based
data acquisition, real-time processing, and SCADA visualization, the system demonstrates an effective
alternative to traditional automation architectures. The design emphasizes simplicity, reliability, and
expandability, making it suitable for power monitoring, industrial process supervision, and remote monitoring
applications.

Overall, the introduction of embedded systems into SCADA architectures represents a significant step toward
modern, intelligent, and flexible industrial automation. The use of LPC2148 as the core controller provides a
robust platform for developing monitoring systems that meet real-time performance requirements while
remaining economical and scalable. This project highlights the potential of embedded SCADA systems to
support future industrial automation needs, particularly in environments where cost, flexibility, and reliability
are critical factors.

. LITERATURE REVIEW

Supervisory Control and Data Acquisition (SCADA) systems have been extensively studied and implemented
in industrial automation for several decades. Early SCADA architectures were primarily centralized and relied
on mainframe computers and proprietary communication protocols. These systems provided basic monitoring
and control functionalities but lacked flexibility, scalability, and real-time intelligence at the field level. As
industrial processes became more complex, researchers began focusing on distributed and embedded
approaches to improve system efficiency and reliability.
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Several studies before 2010 highlighted the dominance of PLC-based SCADA systems in power plants,
substations, and manufacturing units. PLCs were preferred due to their robustness and deterministic control;
however, literature also pointed out their limitations such as high cost, vendor dependency, limited processing
capabilities, and difficulty in customization. Researchers emphasized that PLC-based SCADA solutions were
often unsuitable for small-scale industries and academic implementations due to economic constraints.

With the advancement of microcontroller technology, researchers explored the use of embedded systems as
Remote Terminal Units (RTUs) in SCADA environments. Early works demonstrated that microcontroller-
based RTUs could successfully acquire sensor data and communicate with supervisory systems using serial
protocols such as RS-232 and RS-485. These studies established that embedded RTUs could significantly
reduce system cost while maintaining acceptable performance for monitoring applications.

ARM-based microcontrollers gained research attention due to their superior processing power and low energy
consumption compared to traditional 8-bit controllers. Literature published between 2010 and 2012 reported
the successful use of ARM7 and ARMS9 processors in industrial monitoring systems. These works
highlighted the advantages of integrated peripherals such as ADCs, timers, UARTS, and interrupt controllers,
which simplified hardware design and improved real-time performance. The LPC2148 microcontroller, in
particular, was frequently cited for embedded control and data acquisition applications.

Researchers also investigated the integration of embedded systems with PC-based SCADA software. Studies
demonstrated that serial communication between embedded controllers and SCADA platforms enabled real -
time data visualization, alarm handling, and logging. Many works focused on monitoring parameters such as
temperature, voltage, current, and load conditions, especially in power system applications. These studies
validated the feasibility of replacing conventional RTUs with embedded controllers for supervisory
monitoring.

Another important area of research involved distributed intelligence in SCADA systems. Literature
emphasized that local data processing at the embedded level could reduce communication overhead and
improve response time during fault conditions. Instead of transmitting raw data continuously, embedded
controllers performed preprocessing and transmitted only relevant information to the SCADA server. This
approach improved system efficiency and reliability, particularly in environments with-limited bandwidth.

Security and reliability were also discussed in earlier SCADA-related research.. Although most pre-2012
studies focused primarily on functionality and performance, some works highlighted the need for fault
detection, alarm generation, and fail-safe operation in embedded SCADA systems. These studies reinforced
the importance of real-time monitoring and prompt decision-making in industrial environments.

Overall, the existing literature confirms that embedded systems can effectively serve as monitoring and
control units in SCADA architectures. While several studies demonstrated the feasibility of microcontroller-
based SCADA systems, limited work focused on developing a compact, low-cost, and modular SCADA-
oriented embedded monitoring system using LPC2148 with emphasis on educational and small-scale
industrial applications. The present work builds upon these earlier studies by designing an efficient embedded
monitoring system that integrates sensor acquisition, local processing, and SCADA-based supervision in a
unified and economical framework.

Il. PROBLEM STATEMENT

Industrial monitoring and control systems rely heavily on SCADA architectures to ensure safe, reliable, and
continuous operation of critical processes. However, conventional SCADA implementations are
predominantly based on PLCs and proprietary hardware, which significantly increase system cost,
complexity, and maintenance overhead. Such systems are often economically unviable for small-scale
industries, educational institutions, and pilot-level industrial setups. Additionally, traditional SCADA systems
depend heavily on centralized control, leading to delayed response times during abnormal operating
conditions and increased communication load.

Existing PLC-based SCADA solutions also lack flexibility in terms of customization and scalability.

Expanding the system to include additional sensors or control units often requires costly hardware upgrades

and specialized programming tools. Moreover, continuous transmission of raw sensor data to centralized
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servers increases bandwidth usage and reduces overall system efficiency. In many cases, the absence of local
intelligence at the field level limits the system’s ability to perform immediate corrective actions during faults
or parameter deviations.

Therefore, there is a need for a low-cost, flexible, and reliable SCAD A-oriented embedded monitoring system
that can perform real-time data acquisition, local processing, and seamless communication with a supervisory
interface. The system should be capable of monitoring essential industrial parameters, generating alarms
during abnormal conditions, and supporting future scalability without significant redesign. Addressing these
challenges forms the core problem that this project aims to solve using an LPC2148-based embedded solution.

I11. PROPOSED SYSTEM / METHODOLOGY
4.1 System Overview

The proposed SCADA Oriented Embedded Monitoring System using LPC2148 is designed to provide
an efficient, reliable, and cost-effective solution for real-time industrial monitoring and supervisory control.
The system integrates embedded hardware with a SCADA platform to continuously observe critical industrial
parameters and present them in a centralized supervisory environment. Unlike conventional PLC-based
SCADA systems, which are expensive and complex, the proposed approach utilizes an ARM7-based
embedded controller to achieve similar monitoring capabilities with reduced cost and improved flexibility.

At the core of the system is the LPC2148 microcontroller, which functions as a field-level monitoring
and control unit. This controller is responsible for acquiring data from multiple sensors deployed in the
industrial environment. These sensors measure essential parameters such as voltage, current, temperature, and
load conditions, which are crucial for maintaining operational stability and preventing equipment damage.
The analog signals obtained from the sensors are converted into digital form using the built-in Analog-to-
Digital Converter (ADC) of the LPC2148, eliminating the need for external conversion hardware.

Once the data is acquired, the embedded controller performs local processing and basic analysis. This
includes scaling raw sensor values into engineering units, checking parameter values against predefined
threshold limits, and identifying abnormal operating conditions. By performing these operations locally, the
system reduces dependency on continuous centralized processing and ensures faster response during fault
conditions. This local intelligence improves system reliability and minimizes delays caused by
communication latency.

Communication between the embedded monitoring unit and the supervisory system is achieved using
serial communication through the UART interface. The processed data is transmitted periodically to a
centralized SCADA system running on a personal computer. The SCADA system acts as the supervisory
layer, providing real-time visualization of monitored parameters-through a Human Machine Interface (HMI).
Operators can observe live data, analyze trends, and receive alarms when parameters exceed safe operating
limits. This centralized visualization enables informed decision-making and timely corrective actions.

The SCADA interface also supports data logging and historical analysis. Continuous storage of
monitored data allows operators and engineers to study system behavior over time, identify performance
patterns, and predict potential failures. Such historical data analysis is particularly useful in preventive
maintenance and performance optimization of industrial equipment. The system overview emphasizes
seamless integration between the embedded monitoring unit and the SCADA software to achieve effective
supervision.

A key feature of the proposed system is its modular and scalable architecture. Additional sensors or
control modules can be easily integrated without major hardware or software redesign. This flexibility makes
the system suitable for a wide range of applications, from small-scale industrial units to academic laboratories
and pilot projects. The modular design also supports future enhancements such as wireless communication,
remote access, or integration with advanced analytics platforms.

The power supply subsystem ensures stable and reliable operation of the entire system. A regulated
power supply provides the required voltage levels to the LPC2148 microcontroller and associated peripherals.
Proper power management is essential to maintain system stability, especially in industrial environments
where power fluctuations are common. The system is designed to operate continuously with minimal
maintenance requirements.

From an operational perspective, the proposed system bridges the gap between traditional industrial
SCADA systems and modern embedded technologies. It retains the essential features of SCADA—such as
real-time monitoring, alarm handling, and centralized supervision—while leveraging the advantages of
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embedded systems, including compact size, low power consumption, and cost efficiency. This makes the
solution particularly attractive for applications where budget constraints and flexibility are major
considerations.

In summary, the system overview highlights a complete SCADA-oriented embedded monitoring
solution that combines sensor-based data acquisition, local processing, reliable communication, and
centralized supervision. By using the LPC2148 microcontroller as the core component, the system achieves
real-time performance, reduced complexity, and improved scalability. The proposed architecture provides an
effective alternative to conventional SCADA systems and demonstrates the potential of embedded controllers
in modern industrial automation and monitoring applications.

4.2 Block Diagram with Description

The block diagram of the SCADA Oriented Embedded Monitoring System using LPC2148 represents the
functional flow of data from the industrial field to the supervisory control level. The system is divided into
sensing, processing, communication, and supervisory blocks to ensure efficient monitoring and control.

The block diagram illustrates the working of the SCADA Oriented Embedded Monitoring System using
LPC2148 in a clear and structured manner. The system begins with the Sensors Unit, which includes voltage,
current, and temperature sensors. These sensors continuously monitor industrial parameters and generate
analog signals corresponding to real-time operating conditions.

The sensor outputs are fed into the Signal Conditioning Circuit, which consists of amplifiers and filters. This
block scales and conditions the raw sensor signals to suitable voltage levels required by the microcontroller’s
ADC, ensuring accurate and safe data acquisition.

SCADA Oriented Embedded Monitoring System using LPC2148
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Sensor Unit

The sensor unit consists of various industrial sensors such as voltage sensors, current sensors, and temperature
sensors. These sensors continuously monitor physical and electrical parameters from the industrial
environment. The sensed signals are generally analog in nature and represent real -time operating conditions
of the system.

Signal Conditioning Circuit

The raw output from sensors is often not directly compatible with the microcontroller’s input range. Therefore,
signal conditioning circuits such as voltage dividers, amplifiers, and filters are used to scale, isolate, and
stabilize the sensor signals. This ensures accurate and safe input to the microcontroller’s ADC channels.

LPC2148 ARM7Y Microcontroller

The LPC2148 microcontroller is the core processing unit of the system. It receives conditioned analog signals
from the sensors and converts them into digital values using its built-in Analog-to-Digital Converter (ADC).
The controller processes this data, performs threshold comparison, and determines system status. It also
manages timing, control logic, and communication tasks.

Communication Interface (UART)

The UART interface is used to transmit processed data from the LPC2148 to the supervisory system. Serial
communication provides a reliable and simple method for data exchange between the embedded unit and the
SCADA system. Data packets include real-time parameter values and alarm status information.

SCADA Supervisory System (PC)

The SCADA system running on a personal computer acts as the supervisory layer. It receives data from the
embedded system and displays it through a Human Machine Interface (HMI). The SCADA interface provides
real-time visualization, alarm indication, data logging, and trend analysis, enabling operators to monitor and
control the system effectively.

Power Supply Unit

The power supply block provides regulated DC voltage to all system components. It typically includes a step-
down transformer, rectifier, filter, and voltage regulator to ensure stable operation of the LPC2148, sensors,
and communication circuitry. A regulated Power Supply Unit provides stable DC power to the LPC2148 and
other hardware components, ensuring reliable and continuous operation of the system,

The sensor outputs are fed into the Signal Conditioning Circuit, which consists of amplifiers and filters. This
block scales and conditions the raw sensor signals to suitable voltage levels required by the microcontroller’s
ADC, ensuring accurate and safe data acquisition.

The conditioned signals are then applied to the LPC2148 ARM7 Microcontroller, which acts as the core
processing unit. The built-in ADC converts analog signals into digital data. The controller processes this data,
performs threshold checks, and prepares it for transmission. Local processing enables quick detection of
abnormal conditions. Processed data is transmitted from the LPC2148 to the SCADA System (Supervisory
PC) using serial communication (UART). The SCADA system displays real-time values through an HMI,
logs data for future analysis, and generates alarms when parameters exceed predefined limits.

4.3 Hardware Architecture

The hardware architecture of the SCADA Oriented Embedded Monitoring System using LPC2148 is designed
to provide reliable real-time data acquisition, processing, and communication for industrial monitoring
applications. The architecture follows a modular approach, where each hardware component performs a
specific function while seamlessly interacting with other modules. This design ensures system stability, ease
of expansion, and cost-effectiveness.
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LPC2148 ARM7 Microcontroller

The core of the hardware architecture is the LPC2148 ARM7 microcontroller, which serves as the embedded
monitoring and control unit. It is responsible for interfacing with sensors, processing acquired data, and
communicating with the SCADA supervisory system. The LPC2148 is selected due to its high processing
capability, low power consumption, and integration of multiple peripherals on a single chip. It operates at a
clock frequency suitable for real-time applications and supports efficient interrupt handling, making it ideal
for continuous monitoring tasks.

The microcontroller includes built-in 10-bit Analog-to-Digital Converters (ADC), which eliminate the need
for external ADC hardware. These ADC channels are used to digitize analog signals from various sensors.
The controller also provides multiple UART interfaces, timers, GPIO pins, and interrupt sources, allowing
flexible interfacing with external devices and communication modules.

Sensor Interface Unit

The sensor interface unit connects the physical sensors to the microcontroller. Sensors such as voltage sensors,
current sensors, and temperature sensors are used to monitor critical industrial parameters. These sensors
generate analog signals proportional to the measured quantities. Proper interfacing ensures that the sensor
outputs are accurately captured without distortion or loss of information. The selection of sensors depends on
the application requirements and measurement range.

Signal Conditioning Circuit

The signal conditioning circuit is a crucial part of the hardware architecture. Since sensor outputs may contain
noise or may not be within the acceptable voltage range of the microcontroller, conditioning circuits are
employed. These circuits include operational amplifiers, filters, and voltage scaling components. Amplifiers
increase low-level signals, filters remove noise and unwanted frequency components, and voltage dividers
ensure that the signal levels remain within the ADC input range of the LPC2148. This block improves
measurement accuracy and protects the microcontroller from overvoltage conditions.

Communication Interface Hardware

To enable communication between the embedded system and the SCADA supervisory computer, a serial
communication interface is implemented using the UART module of the LPC2148. Level conversion
hardware such as RS-232 or USB-to-serial converters may be used to match voltage levels between the
microcontroller and the PC. This interface ensures reliable data transmission of real-time parameters, status
information, and alarm signals to the SCADA system.

Power Supply Unit

The power supply unit provides regulated DC power to all hardware components. It typically consists of a
step-down transformer, rectifier, filter capacitor, and voltage regulator. The power supply ensures stable
voltage levels required for the LPC2148 microcontroller, sensors, and communication circuitry. Proper
regulation and filtering are essential to avoid malfunction due to voltage fluctuations, which are common in
industrial environments.

Overall Hardware Integration

All hardware modules are integrated on a single platform to form a compact and reliable embedded monitoring
unit. The LPC2148 acts as the central controller, interfacing with sensors, signal conditioning circuits, and
communication hardware. The modular nature of the design allows easy addition of new sensors or
communication modules without major hardware redesign.

In summary, the hardware architecture provides a robust foundation for the proposed SCADA-oriented
embedded monitoring system. By integrating sensing, processing, communication, and power management
into a unified design, the system achieves real-time performance, reliability, and scalability suitable for
industrial automation and monitoring applications.
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4.4 Software Architecture (Flow + Modules)

The software architecture of the SCADA Oriented Embedded Monitoring System
using LPC2148 is designed to ensure reliable data acquisition, real-time processing, and effective supervisory
control. The architecture follows a layered and modular approach, dividing the software into embedded
firmware and SCADA application layers. This separation improves system maintainability, scalability, and
fault isolation.

4.4.1 Software Flow

The overall software flow begins with system initialization and continues in a
continuous monitoring loop. When the system is powered on, the embedded firmware initializes all hardware
peripherals such as ADC, UART, GPIO, and timers of the LPC2148 microcontroller. After initialization, the
system enters a cyclic process where sensor data is periodically acquired, processed, and transmitted to the
SCADA system.

The embedded firmware continuously reads analog sensor values through the ADC
channels. These raw values are converted into engineering units and compared with predefined threshold
limits stored in the program memory. If any parameter exceeds its safe operating range, the firmware sets
alarm flags and updates the system status. The processed data along with alarm information is formatted into
data packets and transmitted to the supervisory system using serial communication.

On the SCADA side, the software receives incoming data packets from the embedded
system and updates the Human Machine Interface (HMI) in real time. The SCADA application displays
parameter values, generates alarms, and stores data in logs for historical analysis. This continuous flow
ensures real-time supervision and quick response to abnormal conditions.

4.4.2 Embedded Firmware Modules (LPC2148)

The embedded firmware is developed using embedded C and organized into functional modules to simplify
development and debugging.

a) System Initialization Module

This module initializes the LPC2148 microcontroller peripherals, including clock configuration, ADC setup,
UART configuration, timer initialization, and GPIO settings. It ensures that all hardware components are
ready for operation before data acquisition begins.

b) Sensor Data Acquisition Module
This module is responsible for reading analog signals from sensors through the ADC channels. It periodically
samples sensor data and stores the digital values in memory for further processing.

c) Data Processing and Threshold Check Module

In this module, raw ADC values are converted into meaningful engineering units such as volts, amperes, or
degrees Celsius. The processed values are compared with predefined threshold limits to detect abnormal
operating conditions. Alarm flags are generated if values exceed safe limits.

d) Communication Module (UART)

This module manages serial communication between the embedded system and the SCADA supervisory
computer. It formats sensor data and alarm status into packets and transmits them at regular intervals. It also
handles error checking and synchronization.

e) Control and Status Module
This module manages system status indicators and control logic. It updates system states based on sensor
conditions and ensures proper coordination between different firmware modules.

4.4.3 SCADA Application Modules (Supervisory PC)

The SCADA software running on the supervisory computer is also structured into modular components.
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a) Data Reception Module
This module receives serial data from the embedded system and decodes incoming data packets. It ensures
correct interpretation of sensor values and system status.

b) HMI Visualization Module
This module provides a graphical interface for operators. It displays real-time parameter values, charts, and
system status indicators, making system monitoring intuitive and efficient.

c) Alarm Management Module
The alarm module continuously monitors incoming data and triggers visual or audible alerts when parameters
exceed predefined limits. This ensures timely fault detection and response.

d) Data Logging Module
This module stores real-time and historical data in files or databases. Logged data can be used for performance
analysis, reporting, and preventive maintenance.

4.4.4 Advantages of Modular Software Architecture

The modular software design improves system reliability, simplifies debugging, and supports future
expansion. Additional sensors, communication protocols, or control features can be integrated with minimal
changes to existing modules. This architecture ensures efficient operation and long-term adaptability of the
SCADA-oriented embedded monitoring system.

IV. Implementation Details

This section describes the practical realization of the SCADA Oriented Embedded Monitoring System using
LPC2148, covering both hardware and software aspects. The implementation focuses on achieving reliable
real-time monitoring, accurate data acquisition, and seamless communication with the SCADA supervisory
system.

5.1 Hardware Implementation

The hardware implementation involves assembling and integrating all electronic components required for data
acquisition, processing, and communication. The LPC2148 ARMY7 microcontroller is mounted on a
development board or custom-designed PCB and acts as the central control unit. Industrial sensors such as
voltage, current, and temperature sensors are interfaced with the controller through appropriate signal
conditioning circuits.

Signal conditioning is implemented using operational amplifiers, resistors, and filters to scale sensor outputs
within the ADC input range of the LPC2148. Each sensor output is connected to a dedicated ADC channel,
ensuring accurate and independent measurement of parameters. Proper grounding and shielding techniques
are applied to minimize noise and interference in industrial environments.

The communication interface is implemented using the UART module of the LPC2148. Level conversion
circuitry, such as RS-232 or USB-to-serial converters, is used to interface the microcontroller with the
supervisory PC. This ensures reliable serial data transmission over standard communication links. A regulated
power supply unit provides stable DC voltage to the microcontroller, sensors, and communication hardware.
Voltage regulators and filtering components are used to protect the system from power fluctuations.

All components are tested individually and then integrated to form a complete embedded monitoring unit.
The hardware setup is designed to operate continuously with minimal maintenance, making it suitable for
real-time industrial monitoring.
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5.2 Software Implementation

The software implementation consists of embedded firmware development for the LPC2148 and
configuration of the SCADA supervisory application. The embedded firmware is developed using Embedded
C and programmed into the LPC2148 using standard development tools. The firmware initializes system
peripherals such as ADC, UART, GPIO, and timers during startup.

The firmware continuously reads sensor data using ADC channels, processes the data, and converts it into
engineering units. Threshold limits are defined within the program to detect abnormal operating conditions.
When sensor values exceed these limits, the firmware sets alarm flags and includes this information in the
transmitted data.

Serial communication routines are implemented to transmit processed data packets to the SCADA system at
regular intervals. On the SCADA side, the application is configured to receive serial data, decode incoming
packets, and display real-time parameter values through the Human Machine Interface (HMI). Alarm handling
and data logging features are implemented to support supervisory control and historical analysis.

The modular software structure ensures easy debugging, maintenance, and future upgrades. Together, the
hardware and software implementations validate the feasibility of the proposed SCADA-oriented embedded
monitoring system and demonstrate its effectiveness in real-time industrial monitoring applications.

V. Results and Discussion

6.1 Performance Analysis

The performance of the proposed system was evaluated based on real-time response, accuracy of
measurement, communication reliability, and system stability. The embedded system successfully acquired
real-time sensor data (voltage, current, temperature) using the internal ADC of the LPC2148.

e Local data processing enabled fast detection of abnormal conditions, reducing dependency on
centralized control.

e Serial communication ensured continuous and reliable data transfer to the SCADA system without
packet loss.

e The system showed stable long-term operation, suitable for continuous industrial monitoring.

e Compared to PLC-based systems, the proposed solution achieved lower cost, reduced complexity, and
easier scalability.

Overall, the system met the essential performance requirements of a SCADA-based monitoring application.
6.2 Experimental Results

The experimental setup consisted of the LPC2148 embedded unit connected to sensors and interfaced with a
SCADA system running on a supervisory PC. Different operating conditions were tested by varying sensor
inputs.

e Under normal conditions, all monitored parameters were displayed correctly on the SCADA HMI.

e When parameters exceeded predefined thresholds, alarm indications were immediately generated on
the SCADA screen.

e Data logging functionality successfully stored real-time values for later analysis.

e The SCADA interface visually reflected both normal and abnormal operating states.
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e The experimental results confirm that the system can reliably monitor and report industrial parameters
in real time.

6.3 Graphical Representation (Diagrams)

Historical Trending
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Explanation of Graphs

e \oltage vs Time Graph:
This graph shows stable voltage levels during normal operation and a sudden rise when an abnormal
condition occurs. The SCADA system clearly highlights the alarm region.

e Temperature vs Time Graph:
Gradual temperature variation is observed under normal conditions. When the temperature crosses the
threshold, the SCADA interface generates an alarm instantly.

e Currentvs Time Graph:
The current monitoring graph illustrates real-time current fluctuations with load variation, demonstrating
accurate sensor acquisition.

e SCADA HMI Screen:
Displays real-time parameter values, alarm status, and system health indicators, enabling effective
supervisory control.

These diagrams validate the real-time visualization and alarm-handling capability of the system.

6.4 Tables

Parameter  Actual Value SCADA Display Status
Voltage (V) 230 230 Normal
Current (A) 4.0 3.9 Normal
Temperature (°C) 36 36 Normal
Voltage (V) 260 260 Alarm
Temperature (°C) 78 78 Alarm
Parameter Actual Value SCADA Display Status
Voltage (V) 230 230 Normal
Current (A) 4.0 3.9 Normal
Temperature (°C) 36 36 Normal
Voltage (V) 260 260 Alarm
Temperature (°C) 78 78 Alarm
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6.5 Discussion

The results demonstrate that the proposed SCADA-oriented embedded monitoring system effectively fulfills
real-time monitoring requirements. The integration of embedded intelligence with a SCADA supervisory
interface ensures faster fault detection and improved reliability. Graphical visualization and alarm
mechanisms provide clear insights into system behavior. The experimental validation confirms that the system
is suitable for industrial automation, power monitoring, and academic applications.

VII. Advantages of the Proposed System
Cost-Effective Solution:
The use of the LPC2148 embedded controller significantly reduces system cost compared to traditional PLC -

based SCADA systems.

Real-Time Monitoring:
Continuous acquisition and processing of sensor data enable real-time supervision and quick fault detection.

Compact and Low Power Design:
The embedded architecture results in a compact system with low power consumption, suitable for long-term
operation.

Scalable and Modular:
Additional sensors or modules can be easily integrated without major hardware or software changes.

Improved Response Time:
Local processing at the embedded level ensures faster response during abnormal conditions.

User-Friendly SCADA Interface:
The HMI provides clear visualization, alarm handling, and data logging for effective supervisory control.

VIII. Applications

Industrial Process Monitoring
Used to monitor voltage, current, temperature, and other parameters in manufacturing units.

Power System Monitoring
Suitable for substations, distribution panels, and energy management systems.

Water Treatment and Utility Monitoring
Enables real-time supervision of pumps, motors, and environmental parameters.

Educational and Research Laboratories
Acts as a practical platform for teaching SCADA and embedded system concepts.

Remote Monitoring Systems
Can be adapted for remote supervision in small-scale industrial setups.

IX. Limitations

Limited Processing Capability:
Compared to high-end PLCs, the LPC2148 has limited processing power for complex control tasks.

Wired Communication Dependency:
Serial communication restricts the monitoring distance without additional hardware.
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Basic Security Features:
Advanced cybersecurity mechanisms are not implemented in the current system.

Scalability Constraints:
Large-scale industrial deployment may require additional controllers or communication modules.

X. Conclusion

This paper presented a SCADA Oriented Embedded Monitoring System using LPC2148 aimed at providing
a low-cost, reliable, and efficient alternative to conventional PLC-based SCADA systems. The proposed
system successfully integrates sensor-based data acquisition, embedded processing, and SCADA-based
supervision. Experimental results confirm accurate real-time monitoring, effective alarm handling, and stable
system performance. The modular and scalable architecture makes the system suitable for small-scale
industrial applications and academic research. Overall, the system demonstrates the feasibility and
effectiveness of embedded controllers in modern SCADA environments.

XI. Future Scope

e Wireless Communication Integration:
Future versions can incorporate GSM, Wi-Fi, or ZigBee for remote monitoring.

e 10T and Cloud Connectivity:
Integration with cloud platforms for remote access and data analytics.

e Advanced Security Features:
Implementation of encryption and authentication mechanisms.

e Predictive Maintenance:
Use of machine learning algorithms for fault prediction and preventive maintenance.

e Scalability Enhancement:
Expansion to support multiple nodes and large-scale industrial networks.
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