ASET JOURNAL OF MANAGEMENT SCIENCE

Peer Reviewed & Open Access Journal

ISSN : 2584 - 220X (Online) | RNI : Applied | Frequency : Bi-Monthly

INDUSTRIAL POWER
MONITORING AND ALERT SYSTEM
USING LABVIEW WITH CLOUD
INTEGRATION

Dhanush T?, Sivabharathi K S?,

Dr. Manojkumar P3

1&2Gtydents, SAssistant Professor

Electrical and Electronics Engineering Bannari

Amman Institute of Technology Tamil Nadu, India

Abstract

Effective energy management is crucial in
industrial plants for reducing downtime and costs.
Many power monitoring systems lack real-time
data acquisition and cloud integration. This
project develops an Industrial Power Monitoring
and Alert System Using LabVIEW with Cloud
Integration for real-time

tracking, anomaly

detection, and alerts. The utilizes
CompactRIO (CRIO-9068) with NI-9225 and NI-
9227 modules for
LabVIEW

visualization, with potential for cloud integration

system
precise  measurements.

handles data processing and

to enhance scalability.

Keywords— Power Monitoring, CompactRIO,
LabVIEW, Anomaly Detection, Cloud Integration

I.  INTRODUCTION

Efficient energy management is critical for
modern industrial facilities to reduce operational

costs, optimize energy consumption, and

maintain uninterrupted production. Traditional
power monitoring systems often fall short in
providing real-time insights, predictive analysis,
and remote monitoring capabilities. In particular,
many existing systems are limited in their ability
to detect power anomalies promptly, which can
lead to equipment damage, unscheduled downtime,
and increased maintenance costs.

This paper presents the development of an
Industrial Power Monitoring and Alert System,
designed using LabVIEW and integrated with
cloud services for real-time monitoring and
anomaly detection across multiple manufacturing
plants. The system addresses several limitations of
existing solutions by offering real-time data
acquisition, visualization, and alert mechanisms,
while also enabling the scalability needed for large
industrial applications. By utilizing Compact RIO
hardware, specifically the CRIO-9068 with NI-
9225 and NI-9227 modules, the system ensures
high-precision voltage and current measurements,
enabling a more accurate monitoring of energy
usage in industrial settings.

To further enhance the system’s capabilities,
cloud integration is considered for long-term data
storage and remote access to energy consumption
data, with Thing Speak used in the prototype phase
to simulate cloud functionality. This enables the
system to scale efficiently and provides the
foundation for advanced energy management

through cloud-based Analytics.
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The rest of the paper is organized as follows:
Section Il explains about LabVIEW. Section lll
outlines the system architecture and hardware
setup. Section IV describes the methodology,
including data acquisition, processing, and cloud
simulation. Section V presents the preliminary
results of the system’s performance. Finally,
Section VI concludes with key findings and

potential future improvements.

11. ABOUT LABVIEW

LabVIEW, short for

Instrument Engineering Workbench, is a graphical

Laboratory Virtual

programming  language and  development
environment created by NI (formerly National
Unlike traditional text-based
languages, LabVIEW utilizes a

graphical (G) language to construct program logic

Instruments).

programming

and workflows through block diagrams and
graphical representations of functions. This makes
it particularly well-suited for developing
applications involving data acquisition, signal
processing, and real-time monitoring, as used in
this industrial power monitoring system. A Virtual
Instrument (VI) in LabVIEW is composed of two
key components: the front panel and the block
diagram. The front panel provides a user interface
that includes controls (inputs) and indicators
(outputs), allowing users to interact with the

system in real-time. The block diagram, on the

cumbersome text-based code writing, making it
accessible even to users with limited programming
experience.

For this project, LabVIEW's data acquisition
and data processing capabilities are leveraged to
collect real-time data from power
connected to the CompactRIO (CRIO-9068)
hardware. The NI-9225 and NI-9227 modules
interface with LabVIEW to capture voltage and

LabVIEW’s

Sensors

current measurements. extensive
library of functions for data handling, storage, and
visualization is used to develop custom VI
interfaces that allow operators to monitor power
usage trends and detect anomalies in real-time.
LabVIEW also supports integrations with
external code and communication standards like
DLLs, ActiveX, and common network protocols
such as TCP/IP, which is useful for potential cloud
integration. The prototype of this system simulates
cloud storage using ThingSpeak to store and
visualize the energy consumption data remotely,
with future possibilities to scale up using platforms
like AWS or Azure.
in LabVIEW,

combined with its powerful data acquisition, real-

The ease of programming

time monitoring, and seamless hardware
integration capabilities, makes it an ideal platform
for developing industrial monitoring systems. By

utilizing LabVIEW, the system ensures rapid

development, ease of maintenance, and the
other hand, contains the graphical code, which is - i i
flexibility needed to adapt to industrial
the core of the application’s logic. The graphical )
environments.
nature of the programming eliminates the need for
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I1l. SYSTEM ARCHITECTURE AND HARDWARE

SETUP

The Industrial Power Monitoring and Alert
System designed in this project incorporates both
hardware and software components, ensuring
seamless data acquisition, real-time processing,
and anomaly detection. The system architecture
revolves around the use of CompactRIO (CRIO-
9068) for data acquisition and LabVIEW for
software integration, data processing, and user

interface development.

A. System Architecture

The overall architecture is designed to monitor
electrical parameters such as voltage and current
from multiple points within an industrial facility.
The data is acquired from sensors interfaced with
NI-9225 (for voltage measurement) and NI-9227
(for current measurement) modules, processed in
LabVIEW, and stored for analysis.

Sensor setup

DAQ Module Integration
LabVIEW Configuration
Data Processing and Threshold

Monitoring

Is Data
Anomaly
Detected?

YES

Alert System Activation

Data Sent to Cloud (ThingSpeak)

Remote Monitoring and Access

Figure 1. Flowchart of system architecture

The CRIO-

9068 serves as the primary data acquisition

e« CompactRIO Controller:

device. It communicates with voltage and
current sensors through the NI-9225 and
NI-9227 modules.

CompactRIO’s real-time processing capabilities
allow the system to detect anomalies in power
consumption patterns quickly.

™~

DATA AGGREGATION
AND ANALYTICS

CJThingSpeak

Figure 2. System data flow

e LabVIEW Interface: The collected data is
processed and visualized in real-time using
custom Virtual Instruments (VIs) created
in LabVIEW. The system not only
monitors energy consumption but also
triggers alert notifications when power
anomalies, such as surges or outages, are
detected. Operators can interact with the
system through a user-friendly interface,
enabling them to take corrective actions

swiftly.
B. Hardware Setup

The hardware setup primarily includes the
CompactRIO (CRI0O-9068), NI-9225, and NI-9227
modules. The voltage and current sensors are
connected to industrial power lines, and the
CompactRIO collects the data in real-time.

o CompactRIO (CRI0O-9068): This

embedded controller is selected due to its
real-time processing, high accuracy, and

rugged design, which makes it suitable for
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industrial environments. The controller is

programmed using LabVIEW Real-Time.

Table 1. CompactRIO CRIO-9068 specifications

Specification NI-9225 NI-9227

) ) 3 4
NI'9225 MOdU'E ThIS m0dU|e IS Channets simultaneous | simultaneous
Sampling 50 kS/s per 50 kS/s per

used for voltage measurement up to Rate | chamel | chamel
Measurement 5 Arms

300V RMS. It provides isolated rage | 7™ | nomina
Resolution 24 bits 24 bits

channel measurements to ensure Input IMQ(each | 1MQ (each
i i Impedance channel) channel)

accuracy and safety in high-voltage ot ||
applications. Accuracy :o.z:fa: ul 10.3::;2 ul
NI1-9227 Module: The current power | OASWASV | 035Wat5V
Requirements | 0O T4 Wt | DC-12Wat

sensor module supports _ 2vbe | vbe
OPeRMNG | jecte | 40°cto

measurements of up to 5 Arms, o™ e 707

allowing accurate current

monitoring in industrial loads.

Parameters

Specification e

Processor

Dual-Core ARM
Cortex-A9 (667 MHz)

Operating System

NI Linux Real-Time

FPGA Xilinx Zyng-7020

RAM 512 MB DDR3 modules
1 GB non-volatile

Storage

memory
Ethernet Ports 2 Gigabit Ethernet °
1USB 2.0 Host, 1
USB Ports

USB Device
. 4/8 slots for C Series
Expansion Slots
1/0 Modules
TCP/IP, DHCP, DNS,
Supported Protocols IEEE 1588 (Time
Sync)
Operatini
P 9 -20°Cto55°C
Temperature

Canuiey

Table 2. NI-9225 and NI-9227 specifications

L =
i

Figure 3 CRIO-9068 with NI-9225, NI-9227

Cloud Simulation with ThingSpeak: In
the prototype phase, data collected by the
system is sent to the cloud via ThingSpeak
to simulate real-time cloud storage. This

offers a glimpse of future scalability when

the system is fully integrated with larger

cloud services like AWS or Azure.

3
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Figure 4. ThingSpeak API
LabVIEW

interface  with

IV. METHODOLOGY

The development of the Industrial Power
Monitoring and Alert System follows a structured
approach to ensure reliable data acquisition, real-
time processing, and anomaly detection. The
methodology is divided into four major phases:
system design, data acquisition, data processing

and analysis, and cloud integration

A. System Design

The first phase focused on designing the
overall system architecture. The system was
designed to continuously monitor industrial power
usage by interfacing sensors with a CompactRIO
(CRI0O-9068) controller. The NI-9225 module was
selected for high-voltage measurements (up to
300V RMS), and the NI-9227 module was used
for current measurements (up to 5 Arms).

System Layout: The voltage and current sensors

were strategically placed in critical locations of
the industrial power lines, enabling

comprehensive monitoring of energy consumption.

The CompactRIO was programmed using
LabVIEW Real-Time for data acquisition and
processing

MAINS IN

NI-9225

INDUSTRIAL
MACHINERY

Figure 5. Components layout

B. Data Acquisition

The next phase involved real-time data

acquisition ~ from  the  sensors  through
CompactRIO. The sensors output voltage and
current signals, which were acquired and digitized
by the respective NI modules and then processed
by LabVIEW.

CompactRIO Configuration: The CRIO-9068
was configured to continuously acquire signals
NI-9225 and NI-9227 modules.

LabVIEW’s data acquisition VIs were employed

from the

to convert the raw sensor signals into meaningful

data for analysis. Each sensor channel was
calibrated for industrial-grade precision, ensuring
accurate measurements.

Sampling Rates and Accuracy: The data
acquisition was set at high sampling rates to
capture transient spikes or surges in power

consumption, critical for detecting anomalies.

C. Data Processing and Analysis

Once the data was acquired, it was processed in
real-time within the LabVIEW environment. The
data processing algorithm was designed to extract
critical information from the voltage and current
measurements, such as total power consumption,

load behaviour, and potential anomalies.

Algorithm Development: A custom algorithm
was developed to compute power parameters such
as active power, reactive power, and power factor.

The algorithm also included threshold detection
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for anomalies like overvoltage, undercurrent, or

power surges, triggering the alert system.

Data Visualization: LabVIEW’s built-in tools
were used to display data in real-time through
digital graphs and indicators. A dashboard was
designed to show voltage and current trends,
allowing operators to monitor system behaviour

continuously.

D. Alert system

The alert system was implemented using
LabVIEW’s

capabilities.

event-driven programming

Whenever the system detects

abnormal conditions, such as exceeding
predefined thresholds for voltage or current, it

triggers an alert.

Alert Mechanism: The alert system is connected
to both email and SMS services. In the event of
power anomalies, a notification is automatically

sent to the relevant operators for corrective action.

Threshold Setup: Adjustable thresholds for
voltage and current were integrated into the user
interface, allowing for flexibility in different

industrial scenarios.

E. Cloud Integration (Prototype Simulation)
Though full-scale cloud integration is marked

as a future enhancement, the prototype uses

ThingSpeak to simulate cloud-based storage and

monitoring.

e Cloud

The system is programmed to send real-

Integration with ThingSpeak:

time power data to ThingSpeak for cloud
storage and remote access. This allows
operators to view power usage trends
remotely and prepare for future upgrades
to more robust platforms such as AWS or

Azure.

F. Testing and Validation

The final phase of the methodology involved
testing the system in a simulated industrial
environment to validate its performance. The
system was tested for:

e Accuracy: Ensuring the voltage and

current  readings  match  industrial
standards.
e Reliability: Continuous operation under
varying loads and conditions.
e Response Time: The speed at which the
system detects anomalies and triggers

alerts.

V. PRELIMINARY RESULTS

The preliminary results of the Industrial Power
Monitoring and Alert System demonstrate the
system’s  effectiveness in  real-time data
acquisition and processing. Several tests were
conducted using the prototype, which integrated
CompactRIO hardware and LabVIEW software
for monitoring voltage and current in a simulated
industrial setup. The system's performance in key
areas such as data accuracy, alert generation, and

data transfer to the cloud prototype was evaluated.
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A. Real-Time Data Acquisition

The system successfully acquired data from the
NI-9225 and  NI-9227 with
measurements reflecting expected voltage and

modules,

current levels. During testing, the CompactRIO
unit demonstrated stable communication with the
sensors, providing real-time data acquisition with

minimal latency.

Key Observation:

The data acquisition module captured accurate
voltage readings up to 300V RMS and current
measurements up to 5 Arms without significant

drift or noise interference.

B. Data Processing and Visualization

The LabVIEW interface processed the acquired
data to calculate power consumption, active
power, and other relevant parameters.
Visualization tools allowed operators to monitor
the power data in real time, with digital graphs

displaying trends over time.

Key Observation:

The power consumption trends were accurately

reflected in the wvisual displays, providing
operators with immediate feedback on system
performance. Transient spikes in voltage and

current were detected and highlighted

Figure 6. Front panel of power monitor

C. Alert System Functionality

The anomaly detection system was tested using
pre-set thresholds for voltage and current. When
LabVIEW

successfully triggered alerts via SMS and email

these thresholds were exceeded,

notifications.

Key Observation:

The alert system demonstrated a fast response
time, with notifications being sent within seconds
of detecting anomalies. Early results suggest that
the system could effectively warn operators of

potential electrical faults in real time.

D. Cloud Integration Simulation

Preliminary cloud integration was tested using
ThingSpeak to simulate data storage and remote
monitoring. Data from the power monitoring
system was successfully transmitted to the cloud,
where it was stored and accessible for remote

access.

Key Observation:
While the system showed promising results in
terms of real-time cloud data transfer, the current

ThingSpeak integration has limitations in terms of
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to platforms like AWS or Azure will further
enhance the system’s capability for remote

monitoring and large-scale data management.

E. System Stability and Reliability

The overall stability of the system was
observed during continuous operation over a 24-
hour testing period. No major issues were
encountered in terms of sensor accuracy or system

stability.

Key Observation:

The system demonstrated high reliability,
maintaining consistent performance under varying
load conditions. The CompactRIO controller

showed resilience in managing multiple sensor

inputs  simultaneously  without  significant
processing delays.
VI. CONCLUSION AND FUTURE

IMPROVEMENTS

The Industrial Power Monitoring and Alert
LabVIEW and

CompactRIO has demonstrated promising results

System  developed using
in terms of real-time power monitoring, data
acquisition, and The
integration of NI-9225 and NI-9227 modules

allowed for

anomaly detection.

accurate voltage and current

measurements, making the system suitable for

preliminary testing, with real-time visualizations

and fast alert responses.

A. Key Findings

Real-Time Monitoring: The system effectively
captured voltage and current data with high
accuracy, and LabVIEW provided comprehensive

data processing and visualization tools for
operators.
Anomaly  Detection: The alert system

successfully detected abnormal power fluctuations
and notified operators via SMS and email,

ensuring timely intervention.

Cloud Integration (Prototype): The system’s
ability to transfer data to the cloud, simulated
using ThingSpeak, demonstrates potential for
future remote monitoring and scalable data

management.

B. Potential Future Improvements

1. Enhanced Cloud

current use of ThingSpeak is a prototype

Integration: The

setup. Future improvements could involve
integrating robust cloud platforms like
AWS, Microsoft Azure, or Google Cloud,
offering better scalability, security, and

real-time data access.

industrial-scale applications. The prototype 2. System Scalability: While the system
showcased  efficient  performance  during performs well for a single plant setup,
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extending its functionality to manage
multiple industrial plants simultaneously
will additional

require optimizations.

Incorporating more advanced data
handling and networking features will

support large-scale deployments.

3. Advanced

enhancements could involve implementing

Data Analytics:  Future
advanced analytics such as predictive

maintenance algorithms to anticipate

electrical failures before they occur,
thereby reducing downtime and increasing

operational efficiency.

4. Improved User Interface: Developing a
more user-friendly and intuitive interface
for operators, incorporating customizable
dashboards data

visualization options, could improve the

and enhanced

system'’s overall usability.

5. Integration with Additional Sensors:
Expanding the system to include more
sensor types, such as temperature or
vibration sensors, would provide more
comprehensive monitoring and make the
system more adaptable to a variety of

industrial environments.
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