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Abstract- With the development in microcontroller technology, internet accessibility, cloud computing and miniaturization 
of electronic components, it has now become possible to connect physical objects to the Internet making the World Wide 
Web an ‘Internet of Things (IoT)’. Smart environments created using Internet of Things can provide energy efficient 
solutions to day-to-day challenges. The paper has discussed the proof of concept for an IoT device that collects data 
regarding physical parameters, using a sophisticated microcontroller platform, from various types of sensors, through 
different modes of communication and then uploads the data to the Internet. The presented device has been designed for 
remote monitoring of weather parameters. The paper focusses on the technique of uploading acquired data online, so that the 
device can be used to remotely monitor weather parameters and eventually analyze climate change patterns. The paper also 
discusses the basic concept of Internet of Things and its potential applications, especially for environment monitoring. 
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I. INTRODUCTION 
 
Internet of Things (IoT) has the potential to make the 
world more hospitable for present and future 
generations of humanity. IoT devices can be deployed 
in numerous ways for sustainable development. An 
IoT [1] device can be used to measure physical 
parameters pertaining to a physical object and upload 
them real-time to an online repository i.e. to a cloud 
storage where they can even be analysed in real-time. 
Thus, the measured data can be observed from 
anywhere around the world using Internet-enabled 
devices. IoT, integrated with cloud computing, allows 
for decentralization of data storage, processing and 
analysis. The collected data can also be used to 
automatically control other remote devices, using 
machine-to-machine (M2M) communication through 
the Internet.  
 
As a result of these features, an IoT device enables 
remote monitoring of the environment without the 
need to visit the site frequently. This can make 
monitoring possible even in difficult geographical 
terrains. It can also reduce the manpower requirement 
and thus the risk involved in visiting inhospitable 
sites. Further, it can reduce the consumption of fuel 
and energy required to visit the site, thereby reducing 
pollution and carbon footprint. IoT can also provide 
automated energy efficient solutions to everyday 
applications. 
 
The fundamental components [1] of an IoT device 
are: Control Unit, Power Supply, Input Devices, 
Output Devices, Internet Mechanism etc. An IoT 
device can efficiently connect physical objects placed 
at a great distance from each other without the need 
of direct physical connection. Thus, IoT devices have  
 

 
significant applications in almost all fields. Some of 
them are as follows: 

1. Healthcare 
Implantable as well as wearable wireless 
devices can be used to monitor critical 
parameters of a patient’s body in real-time, 
thus improving the efficiency and 
effectiveness of healthcare solutions, 
especially during emergencies. 

2. Automotive Applications  
Parameters such as engine temperature, tyre 
pressure, hydraulics, speed, fuel level etc. 
can be monitored in real-time to determine 
necessary safety measures. 

3. Manufacturing Sector  
Monitoring every step in a product life cycle 
can help to take essential steps for attaining 
higher accuracy and precision in the 
manufacturing process. 

4. Energy Efficient Solutions 
Various devices such as air conditioners, 
heaters, garden sprinklers in homes, offices 
etc. can be switched on remotely only if the 
sensors indicate a need for the same, thus 
helping to conserve energy. 

5. Smart Metering for Smart Cities 
Smart metering involves establishing 
communication between various meters of 
regular use (for example, gas or electricity 
meters) and a central station. This makes the 
data storage and billing centralized and thus 
increases the reliability and accuracy of the 
billing process. Enhanced services made 
available through smart metering can also 
help the consumer to monitor and manage 
the usage of the resources. Smart metering 
systems coupled with energy efficient 
solutions, for usage of civic resources, can 
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contribute significantly to the development 
of smart cities. 

6. Environmental Monitoring and Management  
Integrated Information Systems [2] can be 
developed that combine technologies like 
Internet of Things, Cloud Computing, 
Remote Sensing, Geographical Information 
System, Global Positioning System etc. for 
monitoring the environment and analysing 
climate patterns and changes in them. 

   
II. OVERVIEW 
 
The presented design is a proof of concept for a 
standalone IoT device covering different types of 
sensors viz. binary switch sensor, analog sensor and 
digital bit-stream sensor along with both wired and 
wireless modes of communication to the control unit. 
All these types of sensors and modes of 
communication are demonstrated for IoT, through a 
remote weather monitoring system which measures 
the following weather parameters: 

1. Daylight: Using a photodiode as a wired 
binary switch sensor 

2. Humidity: Using a wired analog humidity 
sensor 

3. Temperature: Using a digital bit-stream 
temperature sensor via wireless medium 
employing wireless RF modules. 

 
The daylight parameter is used as an input to control 
lamp(s) which switches on when it is dark and 
switches off when there is light. Using an Ethernet 
connection, the weather parameters are uploaded to a 
Twitter [3] account which automatically time-stamps 
the data. The block diagram of the device is shown in 
Fig. 1. The types of sensors and modes of 
communication can be changed according to 
requirements of specific applications. 
 

 
Fig. 1. IoT Device for Weather Monitoring System 

 
The presented design is based on the Arduino Uno R3 
(Arduino) [4] platform which is appropriate for the 
simple application under consideration, unlike more 
advanced platforms like Raspberry Pi [5]. Unlike the 
processor-based Raspberry Pi [6], the Arduino is a 
micro-controller based platform. As a result, it can be 

more application specific, making optimal usage of 
memory and I/O resources and thus reducing its cost. 
The utility of the presented design lies in the 
simplicity of implementation brought by the micro-
controller based platform. IoT devices based on 
Arduino have been designed in which data has to be 
accessed by entering the IP address assigned to the 
device in the web browser [7]. Also, these devices 
tend to upload only current data [7][8], which does 
not allow data logging and analysis. In some systems 
[9], the measured parameters can be read by the user 
in “on demand” mode. Depending on the type of data, 
some systems [10] upload data to a Google 
Spreadsheet and make it privately accessible to the 
authorized user. Since, the presented device uploads 
the data to a Twitter account, the data is accessible 
from anywhere around the world. It can also be made 
accessible to the general population if required. 
Followers of the account can be notified of updates. 
Further, it is possible to maintain record of the past 
data which can then be analysed to extract knowledge 
about climate patterns. 
 
III. CONTROL UNIT 
 
The central control unit used in the presented IoT 
device is the sophisticated microcontroller based 
platform Arduino Uno R3 (Arduino). The Arduino 
Integrated Development Environment (IDE) [11][12] 
is an open-source software package used to program 
the Arduino using a high level programming 
language similar to C and C++ through serial 
communication using a PC. The Arduino used with 
the Arduino Ethernet shield [13] can be used to 
connect the Arduino to the Internet. 
 
IV. INPUT DEVICES 
 
4.1. Wired Binary Switch Sensor- Photodiode 
The day and night cycle plays an important role in 
determining trends in weather. Changes in the 
duration of day and night indicate transitions in 
seasons. Monitoring of the day and night cycle can 
also be used to control street lighting automatically. 
This is an energy efficient system that can be used in 
smart city projects. 
 
In this case, a photodiode is used to indicate whether 
it is day or night. The photodiode output is connected 
to a digital I/O pin of the controller. It acts as a binary 
switch which senses whether it is day or night. The 
circuit for the photodiode is shown in Fig.2. The 
potentiometer R2 is used to set a threshold voltage 
such that the two distinct states of the photodiode 
output indicate whether it is day or night. The 
operational amplifier based comparator gives a binary 
output depending on the daylight conditions and 
sends it to the control unit. Due to frequent variation 
in sunlight and cloud cover, it may be difficult to set a 
fixed threshold. The seasonal variations can be 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-3, Issue-2, Feb.-2016 

Internet Of Things Based System For Remote Monitoring Of Weather Parameters And Applications 
 

76 

incorporated using the potentiometer. For the daily 
variations, the temperature and humidity can be used 
along with the photodiode output to determine 
whether it is day or night. This simple circuit can be 
used effectively in practical applications. 
 
Instead of the photodiode, light dependent resistors 
(LDR) can be used to analyze more aspects of the day 
and night cycle with greater accuracy. The amount of 
insolation received can be monitored through the use 
of various sensors like LDR. It can help to identify 
whether the weather is sunny, cloudy, clear, etc. 
Further, analysis of insolation readings can have 
significant importance for solar energy applications. 
 

 
Fig. 2. Photodiode based Day-Night Sensing Circuit 

 
4.2. Wired Analog Sensor- Humidity Sensor 
Humidity indicates the moisture content in air. As the 
air gets saturated with moisture, precipitation may 
occur. Observation and analysis of the humidity 
readings in a region over a long time can help to 
understand and thus predict rainfall patterns. 
Absolute humidity is the content of water in air in 
gm/m3. Relative humidity is expressed in percentage 
as the ratio of absolute humidity to the maximum 
absolute humidity possible at that temperature. When 
the relative humidity increases, either due to increase 
in water content or a drop in temperature, the water 
content in the air condenses to give precipitation. 
Thus, monitoring relative humidity can help to 
analyze and eventually predict precipitation patterns. 
 
In this case, the analog humidity sensor SY-HS-220 
[14] measures the relative humidity (RH) in 
percentage. The standard characteristics of the sensor 
as per the datasheet [14] are nearly linear. Therefore, 
linear regression analysis is performed as shown in 
Eq. (1) to approximate the characteristics to a straight 
line and enable interpolation. 
 

        (1) 
 
The in-built ADC of the controller converts the 
analog voltage input Vo to the digital voltage reading 
V which is converted to relative humidity (RH) by the 
control unit as shown in Eqs. (2)-(5). 
 

         (2) 

                     (3) 

 

        (4) 

 
                 (5) 

 
4.3. Wireless Digital Temperature Sensor 
Monitoring and analysis of temperature readings in a 
region over a long time can help to understand 
seasonal changes and their patterns. Analysis of 
trends in temperature variation over many seasons 
can help to understand the impact of global warming 
and thus, climate change. The temperature and 
humidity readings together can help to eventually 
predict precipitation patterns more accurately than by 
using the humidity reading alone. Temperatures may 
vary over short distances and short time intervals in a 
region. Thus, multiple temperature sensors can be 
connected wirelessly, with a central control unit, over 
a region to obtain a temperature map.  
 
In this case, the digital temperature sensor DS18B20 
[15] is used with a microcontroller based wireless 
unit. The microcontroller sends the temperature 
reading serially to the Xbee [16] module for 
transmission. The reading is received by the Xbee 
receiver connected to the Arduino. The circuit for the 
wireless temperature sensing unit is shown in Fig. 3 
and the connection of the Xbee receiver to the 
Arduino is shown in Fig. 4. 

 

 
Fig. 3. Wireless Temperature Sensing Unit Circuit 

 

 
Fig. 4. Connection of Xbee RF module to Arduino 

 
V. OUTPUT DEVICES 
 
Depending on the input received from the 
photodiode, in this case, a lamp driven by the AC 
mains is switched on or off using a relay. If it is day, 
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the lamp is switched off and if it is night, it is 
switched on. The relay circuit for the output lamp is 
shown in Fig. 5. To prevent any back flow of heavy 
current from the AC mains into the highly sensitive 
low power control unit, optical coupling is used for 
electrical isolation between the control unit and the 
relay circuit. A diode is used with the relay to block 
the negative signal from comparator. Similar systems 
can be used for energy-efficient, automated street 
lighting in smart city projects. 
 
Similarly, a variety of different sensors can be used to 
control different output devices for different 
applications. For example, temperature can be used to 
control fans, air conditioners and heaters. This can 
save a significant amount of energy as these are all 
high power-consuming devices. Motion sensors can 
be used to detect activity in a room. The lights in the 
room can be switched on only if the presence of a 
person is detected. Sensors that measure the moisture 
content in soil can be used to control the automated 
irrigation systems. Thus, water can be supplied to the 
plants only when required and in appropriate 
quantity. This will conserve water and help to combat 
the effects of drought. IoT can thus, help to build 
decision support systems for precision agriculture 
which is a revolutionary concept in itself. 

 

 
Fig. 5. Relay Circuit for Output Lamp 

 
VI. INTERNET MECHANISM 
 
The Twitter API is a RSS feed. Rich Site Summary 
(RSS) provides a class of web feed formats that can 
be used to publish frequent updates in information. 
The data can also be made available to the general 
public if required. Thus, Twitter is a convenient 
Application Program Interface (API) to upload the 
weather parameters. The collected sensor data is 
uploaded on an authorized Twitter account. 
 
Twitter uses the HTTP Secure Protocol which uses 
the SSL encryption layer along with HTTP. The 
Arduino executes the application layer functions of 
the IoT device whereas the transport layer, network 
layer, link layer and physical layer of the device are 
implemented in the Ethernet shield. Thus, there is no 
provision for accommodating encryption layer 
functionality in this IoT device. Therefore, the 
Arduino cannot tweet directly. It sends the message 
to a proxy server http://arduino-tweet.appspot.com/ 
[17] which runs on the simple HTTP application layer 

protocol without SSL encryption. The proxy server 
then tweets to the Twitter account. However, the 
communication of the Arduino over the Internet in 
this case is unsecured due to the lack of encryption 
layer. 
Access is authorized by the OAuth [18] token 
generated for the Twitter account. OAuth generates a 
token for the given user credentials which in this case 
are the login details for the Twitter account. This 
token is used to give Arduino access to the Twitter 
account, with the permission of the account holder, 
without sharing user credentials. Thus, the Arduino 
does not need to specify the user-name and password 
every time it needs to tweet. 
In this case, the Arduino is connected to the internet 
using the Arduino Ethernet shield [13]. The Ethernet 
connection can be initialized either by dynamically 
obtaining the IP address from a DHCP server or 
manually configuring the IP address, subnet, default 
gateway and DNS. 
The Arduino Tweet Library [17] is used to send 
tweets using the Arduino. The data gets time-stamped 
as every tweet is time-stamped by Twitter. Twitter 
rejects a new tweet if it is the same as the last one and 
gives a 403 Forbidden status code error. Even though 
the tweet request is valid, the Twitter server refuses to 
respond to it. To overcome this, a counter is 
incremented for every tweet and sent along with the 
sensor data in case sensor data does not change. A 
successful tweet gives a 200 OK status code. The 
function in the Arduino Tweet Library used for 
sending the message involves making a HTTP POST 
request using the URL: http://arduino-
tweet.appspot.com/update?token=OAuthToken&statu
s=data. The OAuth token and the data to be uploaded 
are embedded in the URL. 
 
By archiving the tweets as a CSV file, it can be 
possible to represent the data graphically for better 
understanding of trends from the data. By using more 
sophisticated cloud platforms for uploading the 
sensor data, it can be possible to do this analysis in 
real time. A sample graph for temperature variation is 
shown in Fig. 6. The graphs of day and night cycle 
can indicate seasonal variations in the duration of day 
and night. An increasing trend in humidity can 
indicate a possibility of precipitation. Trends in 
temperature change can indicate seasonal variations. 
When observed over a long time, temperature 
variations can help to identify the rate of global 
warming. 

 

 
Fig. 6. Graph for Variation of Temperature over 24 hrs. 
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VII. DESCRIPTION OF ALGORITHM 
 
After initialization of libraries and I/O pins, the 
photodiode input, temperature input and humidity 
input are read by the control unit. If the photodiode 
input is ‘high’, the relay output driving the output 
lamp is ‘low’ and vice versa. The photodiode input is 
sampled every second to control the output lamp 
whereas the temperature and humidity readings are 
taken every minute. Every sixtieth photodiode 
reading and every temperature and humidity reading 
are inserted into the format of the HTTP POST 
request URL for sending a tweet and thus the data is 
uploaded on Twitter. 
 
VIII. RESULT 
 
The weather parameters, uploaded by the device, are 
received as updates to followers of the Twitter 
account. The data can be accessed from anywhere 
with the aid of an Internet enabled device such as PC, 
smartphone, tablet, laptop etc. If the data is made 
public, it can be accessed by searching for the Twitter 
handle. The uploaded time-stamped weather data is 
seen in the screenshots shown in Fig.7. A new 
Twitter notification arrives as per a preset time 
interval giving details of daylight, temperature and 
humidity along with a counter. Fig. 8 shows 
temperature variation due to the presence of heating 
elements near the temperature sensor. 

 

 
Fig. 7. Output Screenshot of Twitter 

 

 
Fig. 8. Occurrence of temperature variations in tweets due to 

heating over 4 minutes 

IX. PERFORMANCE EVALUATION 
 
9.1. Impact of Internet Mechanism on Sampling 
Rate 
The slowest hardware component is the digital 
temperature sensor DS18B20 with a response time of 
750 ms [15]. Thus, the maximum delay generated by 
the hardware is 750ms. However, sending tweets 
within an interval of one minute overloads the proxy 
server [17]. Thus, the uploading mechanism is the 
slowest component of the entire system and limits the 
sampling rate to one minute. However, the 
photodiode is sampled every second to ensure that the 
relay switch control is not delayed. Every sixtieth 
reading of the photodiode is uploaded on the Internet. 
 
9.2. Range of Wireless Components in the IoT 
Device 
The range of wireless components determines the 
range of connectivity of the IoT system. This is an 
important factor that must be taken into consideration 
while installing IoT devices in difficult geographical 
terrains. In the current example, Xbee Series-1 
module is used for wireless communication. The 
range for this module is 30m (approximately 100 
feet) as per the datasheet [16]. 
 
CONCLUSION 
 
The IoT device based on the presented design can be 
used to remotely monitor weather parameters like 
daylight, temperature and humidity. The data can be 
stored online, which can be used to forecast weather 
and eventually analyze climate patterns, as well as for 
other meteorological purposes. The system uses a 
good combination of analog and digital sensors in 
wired and wireless modes of operation. Thus, a proof 
of concept for an Internet of Things device for a 
remote weather monitoring system has been 
established. This basic design can be extended and 
modified suitably to realize other IoT applications as 
well. 
 
FUTURE SCOPE AND APPLICATIONS 
 
The current product design involved only logging of 
data. Thus, the device was interacting only with the 
server side. The functionality of the device can be 
extended to M2M communication through the 
Internet. More sophisticated cloud services such as 
Xively, Nimbits, Google Drive etc. can be used 
which can provide facilities for real-time graphical 
representation, analysis and processing of data. A 
separate cloud instance may also be developed to 
cater to the needs of the specific application. The 
communication of the Arduino with the Internet can 
be made more secure by incorporating encryption and 
source coding techniques. Provisions can be made in 
the device to debug its operation. Increased 
processing power can be obtained, if required, using 
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computationally advanced control units such as 
Raspberry Pi, BeagleBone Black etc.  
 
Integration of environmental sensors with such IoT 
devices can help to develop numerous applications 
[19] for energy conservation and thus sustainable 
development. For example: 

1. Early detection of earthquakes and tsunamis 
can be done by monitoring seismic activity 
using sensors without the need to visit the 
unreachable or unsafe site. This can help in 
early and effective disaster management 
operations. 

2. Combustion gases and pre-emptive fire 
conditions can be detected to define alert 
zones. Similarly, forest fires can be detected at 
an early stage even though human presence is 
very less in dense forests. 

3. Pollution of air and water can be controlled by 
monitoring toxic waste in industrial emissions 
and within industries. This helps to maintain 
the quality of air and water. 

4. Monitoring of items such as medicines, 
perishable food products in transit can help to 
ensure the quality of the product delivered to 
the consumer and reduce wastage of food. This 
reduced wastage of food can help to ensure 
food security. 

5. Motion sensors can be used to remotely detect 
wildlife habitat, movement, migration in 
forests.  

 
IoT devices have significant applications in many 
fields and thus have a huge potential market. In 
future, most of the things in the world will be 
connected to each other through IoT. Thus, it is very 
important to ensure that the world wide IoT has a 
robust structure. The issues regarding IoT [20] that 
need to be addressed are: interoperability of multiple 
systems, security of data, necessity of standards in 
IoT, government policies for IoT, increasing 
computing power to handle the huge amount of data 
generated by sensors, increasing availability of 
sensors and actuators to connect things in IoT. 
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