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Abstract

Boiler temperature, pressure, humidity, and gas monitoring using LabVIEW provides a comprehensive
solution for monitoring the performance and health of a boiler system. LabVIEW offers a user-friendly
interface for real-time display and analysis of data from various sensors, with custom alarms and alerts
to detect any abnormal conditions or malfunctions. By using LabVIEW to acquire, display, and analyze
data, users can optimize the performance of the boiler system, reduce maintenance costs and downtime,
and improve energy efficiency, resulting in increased profitability and sustainability for the

organization.
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1. Introduction

There are several industries, including manufacturing, pharmaceuticals, and healthcare, where
temperature, pressure, humidity, and gas monitoring are crucial elements. These elements may
have an impact on people's health and wellbeing as well as the quality and safety of products.
To assure the consistency, quality, and safety of a product, these elements can be monitored
and controlled.A variety of instruments and sensors, including those used to measure
temperature, pressure, humidity, and gases, can be monitored and controlled using the robust
software platform known as LabVIEW.(1) You can quickly gather and view data from many

sensors in real-time with LabVIEW, and you can utilise this data to decide how to control the
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process.In this project, we will use LabVIEW to create a system for monitoring temperature,
pressure, humidity, and gas. For each of these variables, we will measure and show real-time
data using a combination of sensors and LabVIEW software. Additionally, a control system
will be used to modify these variables in accordance with the information we get.You will have
a full monitoring and control system that can be applied in a variety of fields and scenarios by
the time this project is finished. This system will offer precise and trustworthy data, enabling

you to make wise judgements regarding your procedures.(2)

2. Description

We need sensors and hardware that can detect these characteristics and transform them into
electrical signals in order to implement temperature, pressure, humidity, and gas monitoring
using LabVIEW. LabVIEW software can then be used to process and display the electrical
signals in real time.Thermocouples or resistance temperature detectors (RTDs) can be used to
measure temperature for temperature monitoring. These sensors produce voltage signals that
are inversely proportional to temperature, which LabVIEW can read using a data acquisition
(DAQ) device.Pressure sensors like piezoelectric or strain gauges can be used for pressure
monitoring.(3) These sensors translate pressure variations into electrical signals that the DAQ
device can read and LabVIEW can process.Capacitive or resistive humidity sensors can be
used for humidity monitoring.These sensors capture electrical signals that may be received by
the DAQ device and processed by LabVIEW. They monitor the relative humidity of the air.Gas
sensors like electrochemical, optical, or thermal conductivity sensors can be used for gas
monitoring. These sensors identify particular gases, and they provide electrical signals that the
DAQ device can read and interpret using LabVIEW.Once the data from the sensors has been
collected, we can utilise LabVIEW to analyse and display it in real-time. A variety of data
visualisation tools, such as graphs, charts, and numerical displays, are available in

LabVIEW.(4) These tools allow us to present the facts in a straightforward and comprehensible
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manner.Additionally, we may use LabVIEW to construct control systems that modify the
temperature, pressure, humidity, and gas levels in accordance with the data we gather. To
maintain a given temperature, for instance, we could use LabVIEW to operate a heating or

cooling system. Similarly, we could use LabVIEW to regulate a gas valve.(5) Page | 139

3. Hardware description

Figure.l. Hardware Setup of Boiler

4. PIC16F877A Microcontroller

Due to its low power consumption, adaptability, and simplicity of use, the PIC16F877A is a
versatile 8-bit microcontroller that is frequently utilised in a wide range of applications. It is
produced by Microchip Technology and is a microcontroller from the PIC family.The Harvard
architecture upon which the PIC16F877A is based results in independent memory regions for
programme and data memory. It is suitable for battery-powered applications due to its CPU
clock speed of up to 20 MHz and wide operating voltage range of 2.0V to 5.5V.The
microcontroller includes 256 bytes of EEPROM data memory, which can be written to and
erased one byte at a time, and 8 KB of flash programme memory, which can be reprogrammed

up to 100,000 times. (7) These pins can be used to connect to a range of sensors, actuators, and
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additional auxiliary devices. Additionally, the microcontroller contains two
capture/compare/PWM (pulse-width modulation) modules that can be used to generate signals
with particular duty cycles, three timers/counters that can be used for timing and counting
operations, and more.USART, SPI, and 12C are just a few of the communication interfaces
available on the microcontroller.(8) The SPI (Serial Peripheral Interface) and 12C (Inter-
Integrated Circuit) interfaces can be used to communicate with external sensors and devices,
and the USART (Universal Synchronous/Asynchronous Receiver/Transmitter) interface can
be used for serial connection with other devices.A 10-bit analog-to-digital converter (ADC) is
another feature of the PIC16F877A that allows it to transform analogue signals from external
sensors into digital values that the microcontroller may use.(9) Additionally, it features a
number of reset circuits, such as the power-on reset (POR), brown-out reset (BOR), and
watchdog timer (WDT) reset circuits, which guarantee the microcontroller's dependable and
steady operation.The PIC16F877A is a robust and adaptable microcontroller that is popularly
utilised in a wide range of applications thanks to its low power consumption, extensive feature
set, and simplicity of operation. It has a large selection of development tools and support
resources at its disposal, and it can be written using high-level languages like C or assembly

language.(10)

5. Temperature Sensor

The LM35 is a precision analog temperature sensor that can measure temperature with an
accuracy of £0.5°C at a temperature range of -55°C to 150°C. It is manufactured by Texas
Instruments and is widely used in various temperature measurement applications, including in
industrial, automotive, and consumer electronics. The LM35 has a linear output voltage that is
proportional to the temperature being measured, with a sensitivity of 10mV per degree Celsius.
This means that for every degree Celsius change in temperature, the output voltage of the

sensor changes by 10mV. (11)The output voltage can be directly measured using an analog-
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to-digital converter (ADC) and then converted into temperature values using a simple
formula.The LM35 has a small size, low power consumption, and low output impedance,
which makes it easy to interface with microcontrollers and other digital circuits. It operates
from a single power supply voltage of 4V to 30V and requires no external components to
operate, which simplifies its use in temperature measurement circuits.(12)The LM35 comes in
various packages, including TO-92, SOIC, and SOT-23, making it easy to integrate into
different types of circuit designs. It also has a wide operating temperature range, which makes
it suitable for use in harsh environments.Overall, the LM35 is a simple, accurate, and reliable
temperature sensor that is widely used in various temperature measurement applications. Its
linear output voltage, low power consumption, small size, and ease of use make it a popular

choice among designers and engineers.(13)

e :
Figure.2. Temperature sensor (LM35)

6. Gas Sensor

The MQ137 gas sensor is a type of semiconductor sensor that is designed to detect various
gases, including ammonia, nitrogen oxide, benzene, smoke, and other harmful gases. The
sensor is composed of a sensing element made up of a tin dioxide (SnO2) layer deposited on
an alumina substrate, and a heater element that is used to heat the sensing element to a specific
temperature.When the sensor comes in contact with a gas, the gas molecules are adsorbed onto

the surface of the sensing element, which changes the resistance of the SnO2 layer. The change
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in resistance is then measured by the circuitry within the sensor, which produces a voltage
output that corresponds to the concentration of the gas.The MQ137 gas sensor is commonly
used in air quality monitoring systems, gas leak detectors, and other applications where the
detection of harmful gases is critical. The sensor is small, lightweight, and easy to integrate
into existing systems, making it a popular choice for various industrial and commercial
applications. However, it is important to note that the MQ137 gas sensor may require

calibration to ensure accurate and reliable gas detection results.

Figure.3. Gas Sensor

7. Humidity Sensor

The HS1101 humidity sensor is a capacitive type of sensor designed to measure relative
humidity in the air. The sensor comprises a capacitive polymer film that is hygroscopic, which
means it has the ability to absorb moisture from the air. The film is placed between two metal
electrodes, forming a capacitor that changes its capacitance in response to changes in
humidity.When the humidity level changes, the film absorbs or releases moisture, causing a
change in the distance between the electrodes, and therefore, a change in capacitance. The
change in capacitance is then measured by the circuitry within the sensor, which produces a
voltage output that corresponds to the relative humidity of the air. The HS1101 humidity sensor
is commonly used in environmental monitoring systems, HVAC (heating, ventilation, and air
conditioning) systems, and other applications where humidity control is critical. The sensor is

small, lightweight, and easy to integrate into existing systems, making it a popular choice for
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various industrial and commercial applications. It is important to note that the HS1101 humidity
sensor requires a stable power supply and may require calibration to ensure accurate and
reliable humidity measurements. Additionally, the sensor is sensitive to temperature changes,
Page | 143

so it is recommended to use it in combination with a temperature sensor to compensate for any

temperature variations.

Figure.4. Humidity Sensor

8. Pressure Sensor

A pressure sensor is a device that is designed to measure the pressure of a fluid or gas in a
system. The sensor works by converting the pressure of the fluid or gas into an electrical signal
that can be read by a monitoring or control system.There are several types of pressure sensors,
including piezoresistive, capacitive, and piezoelectric sensors. The most common type of
pressure sensor is the piezoresistive sensor, which works by measuring changes in electrical
resistance in a material when it is subjected to pressure. The sensor is made up of a thin layer
of material that is placed on a flexible substrate, such as a silicon diaphragm. When pressure
is applied to the diaphragm, it flexes, causing a change in resistance, which is measured by the
sensor circuitry.Pressure sensors are used in a wide range of applications, such as in
automotive, aerospace, medical, and industrial systems. They can be used to monitor and
control fluid and gas pressure in hydraulic systems, pneumatic systems, and HVAC (heating,
ventilation, and air conditioning) systems, among others. They are also used in devices such as

blood pressure monitors, tire pressure monitors, and weather stations. It is important to note
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that pressure sensors may require calibration to ensure accurate and reliable pressure
measurements. Additionally, different pressure sensors may be suited for different pressure

ranges and fluid types, so it is important to choose the right sensor for the specific application.
Page | 144

Figure.5. Pressure Sensor
9. Software Description
9.1. LabVIEW
A software programme called LabVIEW may be used to track numerous parameters in real
time, including those of a boiler system. Users of LabVIEW can collect, display, and analyse
data from a variety of sensors as well as design their own alerts and alarms to warn of any
anomalous circumstances or faults. Boiler system safety, effectiveness, and dependability are

all improved by LabVIEW's full monitoring and control solution.
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Figure.6. Front Panel of LabVIEW
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10. Methodology

Specify the boiler's controllable and observable parameters, such as temperature, pressure, and
gas Tomeasure these factors, pick the right sensors and attach them to a data gathering system.
The analogue signals from the sensors will be transformed into digital signals by the data
acquisition equipment so that LabVIEW can process them. Make a LabVIEW program that
shows data on a user interface after reading it from a data acquisition device (6). Visual
indicators, such as graphs and gauges, should be included in the user interface to display each
parameter's current values .Implement control features in the LabVIEW program so that the
user can change the boiler's settings as necessary (7). You could, for instance, provide buttons
or sliders that let the user change pressure thresholds, flow rates, or temperature setpoint.
Making use of the measured values and desired setpoints, create feedback control loops in the
LabVIEW program to automatically modify the boiler parameters. To keep a certain
temperature setpoint constant, for instance, you may utilise a PID (proportional-integral-
derivative) control loop (8).To ensure that the LabVIEW program appropriately controls and
monitors the boiler parameters, test it with simulated or actual data. To enhance the program's
performance, make the necessary changes. Install the LabVIEW program on the actual boiler
system and keep an eye on it. Adjust the control loops continuously as necessary to keep the
boiler performing at its best (10). For future reference, note down the LabVIEW program and
the control algorithm utilised. This process can be used to develop a LabVIEW program that
offers boiler parameter monitoring and control in real-time. This can lower energy costs,

increase safety, and help the boiler system operate more efficiently.

11. Result
Depending on the type of boiler and the parameters being monitored and managed, controlling
boiler parameters using LabVIEW might include a wide range of unique applications.

However, in general, LabVIEW can be used to build a system that keeps track of the boiler's
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many parameters, including temperature, pressure, an d flow rate, and then modifies the control
inputs to maintain desirable set points. For instance, a control system that uses LabVIEW to
monitor the boiler's water temperature and adjust the heating input to maintain a desired
temperature set point. This may entail employing temperature sensors and LabVIEW-
compatible controllers to operate heating elements or burners. Similar to how pressure and
flow rate in a boiler system can be monitored and controlled using LabVIEW, these parameters
can be measured using flow metres and pressure sensors, and the inputs can be changed using
control valves and pumps.It is possible to maintain the boiler's ideal performance, increase
energy efficiency, and lessen the possibility of equipment failure or damage by utilizing
LabVIEW to monitor and manage these parameters. Furthermore, LabVIEW may offer real-
time data visualisation and analysis, enabling users to track and improve boiler performance

and identify any problems.

Overall, LabVIEW offers a robust and adaptable platform for regulating boiler settings, and it

can be tailored to meet a variety of unique applications and specifications.

12. Conclusion

In conclusion, temperature, pressure, humidity, and gas monitoring using LabVIEW provides
a comprehensive solution for monitoring the performance and health of a boiler system. By
using LabVIEW to acquire, display, and analyze data from various sensors, users can detect
any abnormal conditions or malfunctions in real-time and take appropriate actions to prevent

equipment damage, reduce energy consumption, and ensure optimal boiler performance.

LabVIEW offers a user-friendly interface for displaying the acquired data in real-time, with
built-in visualization tools such as charts, graphs, and meters. Users can set custom alarms and

alerts to notify them of any abnormal conditions or malfunctions in the boiler system.
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LabVIEW also allows users to store the acquired data for further analysis and historical record-

keeping, enabling them to identify long-term trends and anomalies.

Overall, the use of LabVIEW for temperature, pressure, humidity, and gas monitoring provides Page | 147
an effective means of improving the safety, efficiency, and reliability of a boiler system. It
allows users to optimize the performance of the boiler system, reduce maintenance costs and
downtime, and improve energy efficiency, thereby resulting in increased profitability and

sustainability for the organization.
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