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Abstract- The objective of this paper is to design and
implement the low cost digital meter using PIC microcontroller,
which could be used for monitoring the temperature and
humidity of our environment. In this paper, it is focused mainly
for our homes. The temperature is measured using LM35
temperature sensor and the humidity is measured using DHTll
humidity sensor. The measured parameters are displayed
through LCD screens, normally like a digital meter. Apart from
acting as a meter, it performs the function of automated control
system which controls the motor driver connected to the fan,
based on the temperature sensed using the microcontroller.
When the fire catches the home and the sensor values exceeds the
limit, an alert SMS will be sent to the person living in the home
through the SIM900 GSM module. Also, an SMS carrying the
home address will be sent to the fire department which alerts the
fire fighters to urge to the location so that they can protect the
home from fire. This paper also proposes the idea of automatic
humidity controller using dehumidifier controlled by the
microcontroller through the relay module. Thus, the proposed
microcontroller based automated digital meter model has been
discussed in the paper.
Keywords - PIC (Microcontroller), LM35 (temperature sensor),
DHTll (Humidity sensor), GSM (Global System for Mobile
Communication), SMS (Short Message Service), SIM 900
Module, MCU (Micro Controller Unit)

I.

INTRODUCTION

Home Automation is the residential extension of building
extension which includes the control and automation of
heating, lighting, ventilation and security. Normally,
Automation can be done with PLC or microcontrollers. PLC is
mainly used for industrial automation so it cannot be
applicable for residential areas. Home Automation primarily
includes sensors interfaced with microcontrollers, which is
programmed using software function to perform a particular
functionality. Nowadays Home Automation becomes an
emerging field where most of the projects are done. They are
hooked up to a remotely controlled network. From a home
security perspective, this also includes your alarm system, and
all of the doors, windows, locks, smoke detectors, surveillance
cameras and any other sensors that are linked to it. In this
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paper such type of home automation technique is used in the
Digital Meter to control the temperature and humidity of the
home including the fire alert system.
Fires are the accidents which occur most frequently, whose
causes are the most diverse and which require intervention
methods and techniques adapted to the conditions and needs of
each incident. Fires can start suddenly and spread quickly,
damaging your home and furniture and putting lives in danger.
They are caused in a variety of ways such as Electrical Faults,
Flammable liquids, clothes dryers, kitchen stoves etc. If the
fire catches the home when someone is not in the home, it is
not possible to inform the fire brigades. Due to the late arrival
of fire fighters, most part of the home get burnt down. So the
fire department should be given information about fire
immediately after fire starts to spread.
Temperature and Humidity are the parameters to be controlled
inside our home. In the summer, the temperature gets
increased whereas in the winter, the humidity and moisture
level gets increased . Both causes discomfort for us and may
cause some health problems. This makes the need to control
both the parameters when their respective levels get increased.
This can be done by measuring those parameters using the
sensors such as LM35 for temperature and DHTll for
humidity. These sensors are interfaced with microcontrollers.
The electric fan used for the purpose of minimizing the room
temperature by generating the air flow should be controlled
according to the increase in temperature measured using
microcontroller.
In this paper, the proposed idea includes measuring
temperature and humidity level using sensors interfaced with
PIC microcontroller and they are displayed through LCD
screens. This meter also controls the mechanical fan which
cools the room whenever the temperature limit exceeds above
the normal value. Also, an alert SMS will be sent using GSM
module, to the persons in the home and the fire department,
which alerts them to fight against fire before everything gets
burnt down. These techniques are clearly dealt in this papers
provided with explanation and results. The automatic control
of humidity using dehumidifier with relay is provided as a
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proposed idea. The quick response for fire accidents and an
automated control of fans can achieved with this digital meter.
II.

COMPONENTS STRUCTURE

A.
Temperature Sensor
Temperature is the measure of degree of hotness or coldness
of a body or environment. Room temperature refers to the
range of temperatures that people tend to prefer for indoor
settings. It represents the small range of temperatures at which
the air feels neither hot nor cold when wearing the typical
indoor clothing. The comfortable room temperature for the
humans considered to be from 23°C to 27°e. More than this
range of temperature would cause discomfort for human
beings.
The LM35 is an integrated circuit sensor that can be used to
measure temperature with an electrical output proportional to
the Celsius temperature. It is shown in the Figure 1. This
sensor has linear output and low output impedance make it
easy for connecting it to the readout circuitry . Three pins,
+Vs, GND, and Vout are defmed for the sensor [7]. The LM35
device is rated to operate over a -55°C to 150°C temperature
range. The scale factor is 0.01 V;oe. The sensor self-heating
causes less than 0.1 °C temperature rise in still air.
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Figure 1: LM35 Temperature Sensor
B.
Humidity Sensor
Humidity is an important aspect of the atmosphere because it
affects both weather and climate. The ideal relative humidity
for health and comfort is about 40-50%. At this humidity
level, it is neither too dry nor too moist, which allows the
residents to live comfortably and it ensures our home's air
quality. It also provides the best condition to keep the rooms
and furniture from damage. In the winter months, it may have
to be lower than 40% RH to avoid condensation on the
windows. Too much house humidity can cause an increase in
biological pollutants, like mold, bacteria, viruses, fungi , and
dust mites that can trigger respiratory health ailments such as
sneezing and coughing. Not enough house humidity can lead
to nosebleeds, painful skin irritation, difficulty breathing and
damaging static electricity. Abnormal humidity can cause
healthy imbalance and hence It is important to have the ideal
humidity range in our home.

Figure 2: DHTlI Humidity Sensor
The DHTlI is a basic, ultra low-cost digital humidity sensor
shown in Figure 2. Unlike LM35 temperature sensor, it
produces digital output. It uses a capacitive humidity sensor
and a thermistor to measure the surrounding air, and spits out a
digital signal on the data pin (no analog input pins needed) [6].
Its fairly simple to use, but requires careful timing to grab
data. They are good for 20 to 80% humidity readings with 5%
accuracy. They use 2.5mA maximum current during
conversion.
C.

PIC Microcontroller

PIC
microcontrollers
are
a
family
of
specialized microcontroller chips produced by Microchip
is
a
compact
Technology.
A
microcontroller
microcomputer designed to govern the operation of embedded
systems and it includes a processor, memory and the
peripherals. The microcontroller used is PIC 16F877 A shown
in Figure 3. The PIC microcontroller PIC 16f877a is one of the
most renowned microcontrollers in the industry. It is a CMOS
FLASH based 8 bit controller. This controller is very
convenient to use, the coding or programming of this
controller is also easier. One of the main advantages is that it
can be write-erase as many times as possible because it use
FLASH memory technology. It has a total number of 40 pins
and there are 33 pins for input and output. The program on
the microcontroller, reads the value of the temperature. The
micro controller programming is done using Embedded C, a
middle level language for control units. The cost of this
controller is low and its handling is so easy and flexible. An
EEPROM featured in it make it possible to store some of the
information permanently. The PICI6F877 A features 256 bytes
of EEPROM data memory, self programming, 2Comparators,
8 channels of lO-bit Analog-to-Digital (AID) converter, 2
capture/compare/PWM functions, and
communication
modules like USART, SPI and I2C modules.

Figure 3: PIC Microcontroller
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D.

GSM Module

III.

Global System for Mobile Communications or GSM is the
world's most popular standard for mobile telephone systems
[3]. A GSM modem is a wireless modem that works with a
GSM wireless network .Global Positioning System is one of
the widely used mobile standards. It enables the mobile users
to interact all over the world at any time . It is a hardware
component that allows the capability to send and receive SMS
to and from the system. The communication with the system
takes place via RS232 serial port. The GSM module we used
is SIM900A module which is shown in Figure 4. The
SIM900A is a ultra compact, complete Dual-band GSM/GPRS
module in a SMT type the SIM900A delivers GSM/GPRS
90011800MHz performance for voice, SMS, and Fax in a
small form factor and with low power consumption.

WORKING
POWER
SUPPLY

1
LCD
DISPLAY

OSCILLATOR

LM35
T EMP ERATURE
SENSOR

PI C
MlCROCONTROLLER

MOTOR
DRIVER

!

DHTII
HUMIDITY
SENSOR

Short Message Service (SMS) is a text messaging service
component of telephone, World Wide Web, and mobile
telephony systems. It uses standardized communications
protocols to enable fixed line or mobile phone devices to
exchange short text messages. Some advanced GSM modems
like SIM900A support the SMS text mode. This mode allows
you to send SMS messages using AT commands, without the
need to encode the binary PDU field of the SMS first. This is
done by the GSM modem.
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Figure 5: Block Diagram representation
The working of the microcontroller based digital meter is
shown as the block diagram in figure 5. The PIC
microcontroller is interfaced with temperature and humidity
sensors . The corresponding values of the sensors are
measured and they are displayed through LCD screens. The
detailed working of the individual units are explained as
follows.

A.
Figure 4: SIM900A GSM Module
AT commands are used to control MODEMs. AT is the
abbreviation for Attention. These commands come from
Hayes commands that were used by the Hayes smart modems.
The Hayes commands started with AT to indicate the attention
from the MODEM. The dial up and wireless MODEMs
(devices that involve machine to machine communication)
need AT commands to interact with a computer. These include
the Hayes command set as a subset, along with other extended
AT commands. Besides this common AT command set,
GSM/GPRS modems and mobile phones support an AT
command set that is specific to the GSM technology, which
includes SMS-related commands like AT+CMGS (Send SMS
message), AT+CMSS (Send SMS message from storage),
AT+CMGL (List SMS messages) and AT+CMGR (Read SMS
messages).

Temperature Measurement

LM35 is interfaced with PIC 16F877A microcontroller and the
sensor is connected to the analog pin of the 40 pin
microcontroller since the sensor produces analog output
voltage depending on the temperature. In LM35 temperature
sensor, the output voltage is 10mV per degree centigrade. That
means if output is 300mV then the temperature is 30 degrees .
The ADC channel converts the analog input to the
microcontroller into the digital form. In PIC 16F877 A,
Successive Approximation type ADC converter is used. It
samples and quantizes the input analog signals to the digital
output and the digital output is based on the resolution and n
bit ADC register of the microcontroller. It has 10 bit ADC
register and hence the resolution is given by the
microcontroller which divides the 0 to 5V analog values to 2 10
levels, which are 1024 levels. This 10 bit digital number gives
the value corresponding to analog input, which yield the
temperature value as the result.
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B.

Humidity Measurement

IV.

Unlike LM35 sensor, this is not connected to the analog pin of
the microcontroller but it is connected to the digital pin. No
ADC conversion is required in this measurement because the
sensor itself produces the digital output. First we must send a
start signal to the sensor, we do that by configuring the PIC
pin connected to the sensor as output, the MCU sends 0 for
18ms then sends 1 for 30us. After sending start signal to the
sensor, the sensor will send a response signal to the MCU. To
detect this signal , the micro controller pin must be configured
as input. When the sensor finishes the response signal, it starts
sending humidity and temperature data serially. Then we have
to measure the serial value to get output as a digital number.
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C.

LCD Display

As the primary purpose is to develop a digital meter, the
measured temperature and humidity values need to be
displayed to the outside world using any of the display
devices. Here, we use Liquid Crystal Display screens as the
output screen. LCD 16X2 display module is connected to the
ports of the microcontroller and data is sent to it based on the
measured values.
D. Motor driver control
The motor driver is used to control the mechanical fan , which
reduces the temperature of our home by circulating the
airflow. This happens when the temperature exceeds a
comfort limit. The microcontroller continuously senses the
temperature from the sensor and the motor driver connected
to any of the port is given signal whenever the temperature
increases above the limit. Then the mechanical fan starts to
run and acts as the cooler. The speed of the fan can also be
controlled according to the level of temperature based on the
Pulse Width Modulation (PWM) technique. In PWM, the
pulse width is proportional to the amplitude of the signal. By
varying the duty cycle of the pulse, the speed of the fan can be
controlled. The PWM channel in the PIC microcontroller
controls the output voltage from the port which results in
controlled speed . Higher the room temperature, higher the
speed of the fan .
E.

Figure 6: Circuit Diagram ofDHTlI and LCD Display with
PICI6F877A
The circuit diagram connections of humidity sensor and LCD
display with the PIC microcontroller are shown in the figure 6.
The temperature sensor is connected to any of the input analog
RA pins and the motor driver connected to the output port.
GSM module is connected with PIC through UART ports with
TX of the microcontroller connected to the RX of module.
The program is written in Embedded C in MPLAB IDE.
MPLAB Integrated Development Environment (IDE) is an
integrated toolset for the development of embedded
application employing Microchip' s PIC and
PIC
microcontroller . The compile tool is CCS used to convert C
Language to HEX File. The HEX file is dumped into the PIC
microcontroller.

FIRE ALERT. 9A, GANDHI NAGAR 5TH
STREET, GANAPATHY, COIMBATORE.

AlertSMS

As GSM is the main objective, the temperature and humidity
which are continuously monitored by using temperature sensor
exceeds a certain level the SMS is sent to particular mobile
number as an indication as alert. Also in case of any fire
accident, the home address which is loaded in the program is
sent as SMS alert to the fire department. The fire department
number and the person mobile number are given with suitable
AT commands in the microcontroller. The microcontroller
passes these AT commands to the GSM module through
UART communication port so that GSM modem initiates the
SMS network.
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Figure 7: Screenshot of the fire Alert SMS sent through GSM
Module
Once the program is dumped using PIC toolkit and the
microcontroller is given supply, the temperature values are
displayed through LCD module and thus acting as a digital
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meter. Once the temperature increases above the room
temperature in the range of few degree centigrade, the motor
driver controls the fan and the coolant fan starts to rotate. In
case of fire, the temperature increases in larger amount and
then GSM module receives AT commands through
communication ports, which sends a fire alert SMS to the fire
station. The screenshot of a fire alert SMS along with the
address is shown in figure 7.
The model of the project is shown in the figure 8. It yields
successive result in sending an Alert SMS using GSM. On the
other hand, it looks similar to that of normal meter which can
be used for both domestic and industrial purposes. This meter
also fmds its role in industries and factories, where
temperature plays a necessary role. It enables efficient
automation and home security purposes.

the temperature and humidity within the limit. These meters
are compact in size and they do not need much space. They
can be stuck on the wall or can be placed on the table. They
are simpler, cost effective, consumes less power and can be
simply manufactured.
The main goal of this research is to develop and implement a
simple and low cost wireless home automated and fire security
meter that get the temperature and humidity details
continuously and process based on those calculations. GSM is
the wide spread communication all over the world and can
communicate from any remote area so GSM is the better
choice to communicate about fire alert. The idea of sending
the home address to the fire department reduces the delay time
in their arrival and can ensure the efficient operation of
controlling fire accidents.
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CONCLUSION

From the above results, it is clearly shown that the
microcontroller based digital meter along with alert system
can be implemented as a low cost product and it is possible to
use them in every home. They can be helpful in maintaining
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