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Abstract—Today there is demand to monitor environmental factors almost
in all research institutes, industries and even for domestic purpose. The analog
data measurement requires manual effort to note readings and there may be a
possibility of human error. Such type of systems fails to provide and store
precise values of parameters with high accuracy. Analog systems are also
having a drawback of storage/memory. Therefore, there is an increasing
demand of a smart system which is fully automated, accurate and capable
enough to monitor all the environmental parameters with utmost possible
accuracy. In this paper a Wireless Temperature and Humidity Monitoring and
Control system is presented which continuously scans the temperature and hu-
midity conditions of surroundings and controls the same by triggering a cooling
system. This system is interfaced with the GSM module which captures the un-
desired change in temperature through sensor and sends a warning message to
the user acknowledging about the accurate and real-time remote temperature
change and at the same time it triggers the cooling system to make the tempera-
ture condition to desirable one. This system is convenient to use with a good in-
terface and operates intuitively for shorter ranges.
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1 Introduction

Field of monitoring and remote sensing has been revolutionized by wireless sensor
network [1]. Wireless sensor networks can collect data from different sensors such as
temperature, humidity, voltage, current etc. from remote locations and co-operatively
pass the data through the network to the control station (or where data analysis is
needed). Hence, wireless sensor networks can be used for monitoring of power data
even from remote locations [2-3]. Continuous monitoring of these physical quantities
online from remote control station helps to co-ordinate the uninterrupted operation in
the process plants, industries and even in domestic utilities [4-5]. Keeping these situa-
tions in view, an attempt has been made in this project to monitor data through wire-
less sensor network for measurement of temperature and humidity [6-7]. All the
measured data is transmitted from the site to the mobile device (control station)
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through SMS. The experimental setup includes temperature and humidity sensor
(DHT11), LCD, SIM900A GSM Module. The codes developed are simulated and
tested using Arduino IDE software and Arduino Uno board [8-9]. This way a wireless
system is designed which is autonomous and can monitor as well as control the physi-
cal or environmental conditions, such as temperature and humidity and could stream
the respective data to the control station [10-14]. The wireless sensor network pro-
posed here is bidirectional which enables the control over the sensor activity. This
system consists of various units which are assembled as a whole and works in rhythm
for accurate analysis functioning.

The proposed system gathers the temperature and humidity parameters in various
premises through wireless sensor networks which ranges from 0°C to 50°C and 20%-
90% RH respectively. As this system is equipped with sensors having high sensitivity
along with low delay and accuracy governed components; this system is highly relia-
ble for various applications like temperature monitoring and computer peripheral
thermal protection, weather station applications as well as greenhouse monitoring
system. [14-19].

2 Methodology

The successful implementation of proposed wireless sensor network includes tem-
perature and humidity sensor (DHT11) in the premises where the online monitoring is
done. The sensor is interfaced with the Arduino UNO development board. The pro-
gramming in the Arduino board converts the analog output of sensor into digital form.
The digital values of temperature and humidity are displayed on LCD. After that, the
digital information is given to the GSM Module which is interfaced as a serial com-
munication peripheral with Arduino. The GSM Module interfaced with Arduino will
transmit the data to the mobile device through SMS. Additionally, a threshold tem-
perature is set in the Arduino through programming which analyze the rise in temper-
ature beyond threshold. As soon as the threshold value is reached; the cooling periph-
erals (5V DC Motor acting as a Fan) are automatically triggered to maintain the tem-
perature and a warning SMS is send to the Mobile device along with displaying the
value of same on the LCD. The Arduino and GSM shield are powered by DC Adapt-
ers/USB chords. Rest all the components in setup are powered by the Arduino (+5V).

Temperature
& Humidity n SIM 900A
Sensor Arduino UNO R3 GSM Shield

(DHT11)

((_(__

Cool Down Systems

16x2 LCD (Fan, AC, etc...)

Fig. 1. Block Diagram of System [2]
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3 Experimental Setup

Block diagram of the system is as shown in figure 1. The experimental setup con-
sisting of:

* Sensing unit — Temperature & Humidity Sensor (DHT11)

* Processing unit — A Microcontroller (ATMEGA 328P)

¢ Communication unit — GSM shield (Transmitter) and Mobile device (Receiver)
* Power unit — Battery

is developed to measure and monitor temperature and humidity parameters in vari-
ous environments. The brief about the hardware modules interfaced in the setup is as
below:

3.1 Temperature & Humidity Sensor (DHT11)

Fig. 2 shows DHT11 (Digital Humidity and Temperature) sensor which senses the
temperature and humidity of the surrounding and gives a calibrated digital signal
output. The sensor includes a resistive type humidity measurement component along
with an NTC temperature measurement component. It is connected to an 8-bit micro-
controller for high performance which offers excellent quality, fast response and anti-
interference ability. It has a low power operating range (3V-5V). The component is 3-
pin single row package and the major feature of this sensor is that the data for both
temperature and humidity is available on a single data pin of the sensor.

Mounting Hole Data

DHT11 GND

Fig. 2. DHT11 Sensor [1]

Table 1. Technical Specs Overview of DHT11

Measurement Humidity Temp. Resolution Package
Range Accuracy Accuracy
20-90% RH 0-50 °C +5% RH +2°C 1 4 Pin Single Row
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3.2  Arduino UNO Development Board

Fig. 3 shows an Arduino which is an open-source prototyping platform. Arduino
boards are able to receive inputs and can convert into relevant output. It contains an
on-board power supply, USB port to communicate with PC, and an ATMEL micro-
controller chip. It simplifies the process of creating any control system by providing
the standard board that can be programmed and connected to the system without the
need of any sophisticated PCB design and implementation. It is inexpensive, open-
source and extensible, cross-platform and has a clear IDE.

Fig. 3. Arduino UNO R3 [2]

Fig. 4 shows ATMEGA328P which is an Atmel 8-bit AVR RISC-based microcon-
troller.

Fig. 4. ATMEGA 328P AVR Microcontroller [3]

Reasons to choose Arduino UNO R3:

* Simple to use and has on board debugger.

* Much cheaper than other development boards available in market.

* Consumes very less power and delivers greater accurate results.

* It supports variety of sensor modules readily available to be interfaced with it.
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3.3 SIM900A GSM Shield

Fig. 5 shows SIM900 which is designed with a very powerful single-chip processor
integrating AMR926EJ-S core. It is a Quad — band (850/ 900/ 1800/ 1900 MHz)
GSM/GPRS module with a size of 24mmx24mmx3mm with SMT type suit for cus-
tomer application. It has an embedded Powerful TCP/IP protocol stack. It can com-
municate with microcontrollers via AT commands. This module supports software
power on and reset.

Fig. 5. SIM900A GSM Module [2]

Table 2. General Specs of SIM900A GSM Module

PCB size 71.4mm X 66.0mm X 1.6mm
Indicators PWR, status LED, net LED
Power Supply 12V

Communication UART

Protocol

RoHS Yes

Reasons to choose SIM900A GSM Shield

¢ Supports GPRS.

* Better specifications than ZigBee, which is also a Wireless Communication Mod-
ule.

* Easy to operate using AT commands and can be interfaced easily with any devel-
opment board.

3.4 16x2 Liquid Crystal Display (LCD)

Fig. 6 shows an LCD (Liquid Crystal Display) which is used in all the electronics
projects to display the status of the process. A 16x2 alphanumeric LCD is most wide-
ly used module of LCD nowadays. There are several other types of LCD available in
the market also. The LCD are low cost, easily programmable, displays considerable
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number of characters and compatible with almost all microprocessor and microcon-
troller. 16x2 LCD has two horizontal line comprising a space of 16 displaying charac-
ter. It has two inbuilt registers:

a) Command Register
b) Data Register

aa

Fig. 6. 16x2 LCD [5]

4 System Design

The hardware setup of the proposed system is as shown in Fig. 7.

sév

cuLwoos
‘gccgﬂﬁ‘

Fig. 7. Hardware Setup of System
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The DHT11 sensor scans the temperature and humidity of the surroundings and
displays it on the LCD in real time with the help of Arduino. An SMS is sent every 30
minutes which contains the temperature and humidity information during that time. If
the temperature rises beyond the threshold level, a warning message is displayed on
LCD and an alert SMS is sent to the mobile number as well as the Arduino triggers
the cooling systems to bring back the temperature to normal.

5 Results and Discussions

The temperature and humidity of various premises have been measured and the
analysis of the data acquired from the project is carried out over here. Various scenar-
ios are presented over here for the setup in an environment and data has been moni-
tored for the same. The threshold temperature is set to 35 °C which means that if the
DHTI11 sensor detects a temperature greater than 35 °C, then the microcontroller
sends the response signal to the cooling devices connected to it and initializes the
process to maintain the temperature below the threshold.

5.1 Case 1: When temperature is below the threshold temperature (35 °C)

When the temperature of the nearby premises temperature is below the threshold, it
sends a text message to the mobile device indicating the present temperature and
humidity statistics (SMS is sent every 30 minutes acknowledging about the tempera-
ture and humidity during that time). This way the system is under fully steady condi-
tion as there is no need to activate the cooling systems.

Fig. 8. System in Steady State
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The Fig. 8 shows that the system is in steady state condition which means the
DHTI11 sensor is sensing the temperature below the threshold limit and therefore the
cooling system is in OFF state and an acknowledgment message about the tempera-
ture and humidity stats are sent to the mobile device during the boot-up of the system
as shown in Fig. 9.

The message received on the mobile device is as shown in Fig. 10 which gives the
reading of temperature and humidity of the surrounding environment.

Fig. 9. SMS delivering process of system

254PM ... © 4 Emergency callsonly M Vodafone IN4G 71%

Temperature & Humidity
Stats.

Temperature

33.00C

Humidity

8.00 %

***Temperature
Stable***

Fig. 10.Screenshot of SMS received on Mobile
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5.2 Case 2: When temperature is beyond the threshold temperature (35 °C)

As the temperature of the surrounding increases (by means of putting a candle
flame away at a distance of about 5 cm from the sensor), an increase in the tempera-
ture is marked with respect to time. The moment temperature crosses the threshold
temperature of 35 °C, the Arduino sends a response signal to the cooling systems as
shown in Fig. 11 which is initialized to cool the surroundings and at the same time
SMS is sent to mobile giving warning message of temperature rise as shown in Fig.
12.

Fig. 12.Screenshot of SMS received during critical rise in temperature
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The chain of messages is stopped when the temperature is brought back to normal
by cooling devices and the system is put back again to steady state condition. Once
the steady state condition is reached; the cooling systems are deactivated as shown in
Fig. 13.

Fig. 13.System returned in Steady state

The above work proposes that the sensor works with a sensitivity of +2°C for tem-
perature and £ 5%RH for humidity and is capable of measuring the temperature and
humidity values between 0°C to 50°C and 20% to 90% RH respectively which makes
the system applicable for HVAC (Heating, Ventilation and Air Conditioning) Systems
as well as Home Automation Systems. The system proposed is competent and reliable
for real time monitoring of temperature and humidity. As this system is totally digital,
there is full arrangement of storage of the data, so it can be further used for analysis
purpose. Also as the system is continuously monitoring the environment parameters,
the user is updated at every fixed interval of time about the change in the parameters.
Thus, user is aware about the changes in the parameters all the time. The disadvantage
of this system is that it is developed only for small area. Network problem can lead to
failure of message sending and receiving. Though the sensor is calibrated, there are
chances of error in the readings as the sensor may get damaged when exposed to
higher temperature beyond its limit.
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6 Future Scope

In future, this system would be upgraded to web-based monitoring system by using
the GPRS technique which would ease the user to have access over the system re-
motely over the internet. Also, an upgrade for the monitoring of larger area would be
done. Additionally, sensors like barometric pressure sensor, gas detector for air quali-
ty check with web interface can be integrated into a single system.

7 Conclusion

The proposed wireless sensor network provides a convenient method for effective
monitoring of temperature and humidity in real time. This system is compact to an
extent and cost effective as compared to other systems used for measuring the envi-
ronmental factors. The system proposed here ensures that the nested wired systems
can be replaced by the wireless sensor networks to get an accurate data as well as to
avoid many hazardous issues.
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