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ABSTRACT 

This study aimed to create a proto type system which employs an Embedded System using Raspberry Pi for 
observing the weather changes. This proto type discusses a monitoring system which gives information about 
environmental conditions on a more local level, the implementation area are categorize by industrial, home and office 
applications and briefly touches the technological advancements in monitoring the environment and bringing out the new 
scope in monitoring the current environment problems. The system could monitor surrounding weather conditions 
including humidity, temperature, soil moisture, rainfall and the light intensity. This prototype and comparative analysis of 
the environment system was applied in a sample agricultural farm. This prototype system was found to be comfortable for 
farmers for effectively monitoring the farm anywhere at any time, which results cost reduction, asset saving, and 
productive management in farming. The prototype system is developed using open source hardware Raspberry PI and WI-
FI which proves cost effective and having low power consumption. The sensors gather the data of various environmental 
parameters and provide it to Raspberry PI which act as a base station. The Raspberry PI then transmits the data using WI-
FI and the processed data will be displayed on laptop through accessing the server that is on the receiver side. 
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1. INTRODUCTION 

Changes of climate and weather conditions have 
been observed for centuries. Observing the weather 
parameters variations is essential to determine the 
environment changes. There had been always a huge 
importance of climate influencing on human life which 
had motivated to the development of whole scientific areas 
on the climate and weather observation. Beginning there 
was simple and inaccurate instruments used, which were 
inadequate for easy reading and storing of measured 
parameters. Nowadays, there are many automated 
observatories and weather forecasting systems all over the 
world collecting the environmental parameters 
continuously for some or the other applications which 
shows the importance of the weather on the day to day 
life. Apart from government and non-government 
organizations the weather forecasted data can also be used 
for the fields like agriculture, transportation, construction 
etc. Apart for the scientific and commercial applications, 
weather forecasting systems can be used for educational 
purposes. 

The data of the measured parameters are not 
useful if they are not transmitted fast and accurate manner 
to the users. Therefore, transmitted and processing the 
measured data is a very important aspect of the modern 
weather forecast. Transmission of the measured data could 
be done by a number of means: WI-FI link, GSM/GPRS 
link, satellite link direct, wired link, etc.  

Weather forecasting has to be reliable and 
accurate, regardless of its application. Also, it has to 
provide simple access to all the measured parameters. The 
quality of sensors and precision of measurements may 
vary, and the location of weather forecasting station can 
determine the accuracy and reliability of the weather data 
collection.  

In general user is limited to the options provided 
by the manufacturer. Even if a slight change in parameter 
monitoring or data processing is observed, the commercial 
devices became inapplicable. For some particular 
applications it is required to have flexible and configurable 
solutions. Not to mention that the commercial devices 
could be too expensive for some applications purposes.  

This paper deals with the weather forecasting 
prototype system developed for particular purposes. Using 
relatively inexpensive components, the development of a 
prototype system for measuring air temperature, air 
humidity, light-intensity, rainfall and soil moisture is 
achieved, which could be an inexpensive module used in 
the agricultural land for the weather monitoring and 
forecasting the data to the server which could be viewed 
and used for the periodical statistical analysis of the 
weather data. 

The rest of the paper is organized as follows. In 
section II Architecture of proposed solution is described. 
Section III has the hardware components description. 
Software development is described in section IV followed 
by the section V about the prototype setup and section VI 
on the experimental results. Concluding remarks are given 
in section VII. 
 
2. ARCHITECTURE FOR PROPOSED PROJECT 

Using the available open source platforms in 
terms of specification, price and development tools it was 
observed the best available device is the Raspberry PI 
platform. In this project Raspberry PI 2 is used as the main 
base platform for the project. In order of achieving the low 
budget prototype for the environment parameters 
monitoring device, the inexpensive sensor components are 
used for measuring the parameters. The measured 
parameters have to be transmitted to the device and then to 
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the server for storing the values which can be periodically 
used as the statistical data purposes. 

In order of transmitting the measured data WI-FI 
is used as the medium through which the data is sent from 
the Raspberrypi to the server. Where the user can see the 
data in the server and download the data and perform 
some processing.  

The weather forecasting system consists the 
following components: 
 
 Raspberry PI 2 model B 
 LM35 analog temperature sensor 
 Soil Moisture analog sensor 
 Water level detection analog sensor 
 DH11 air temperature and humidity sensor 

 MCP 3008 analog to digital converter 
 LCD 16x2 display 
 IEEE 802.11n WI-FI adapter 
 Wireless access adapter (WIFI ROUTER) 
 

For the wireless transmission of the data through 
WIFI usage of wireless access adapter and 802.11n WIFI 
adapter is used. The server which is provided by 
data.sparkfun.com is used for the storage of the measured 
sensor data from which the user can access the data 
globally for the statistical purposes. 

The following is the block diagram of the 
proposed weather forecasting system in Figure-1: 

 

 
 

Figure-1. Block diagram weather forecasting system. 
 
3. HARDWARE COMPONENTS 
 
A. Development board 

Raspberry PI is a card-sized ARM powered 
Linux computer development board. There are in total of 5 
types of various board with different specification, for the 
proposed 

Weather forecasting system Raspberry PI 2 
model B is used as the main development board which is 
shown in Figure-2. 
 

 
 

Figure-2. Raspberry PI model 2 board. 

The raspberry pi consists of four USB Ports and 
one 10/100 Base T Ethernet Socket. Forty pins GPIO 
Header are present in the raspberry pi board which is used 
for connecting to Analog to Digital converter chip 
(MCP3008) to which the sensors are connected. A 5V 
Micro USB power port is present to which the power 
supply is given for the device. A HDMI port is present 
through which interfacing of the monitor and the 
Raspberry pi can be done and the USB ports for the 
keyboard and mouse interfacing. At the bottom a Micro 
SD Card Slot is provided where the Micro SD card is to be 
inserted with the Raspbian Jessie botting software which 
based on the Linux platform. The GPIO pins have 
different uses individually such as power supply, ground, 
clock, UART interfaces, SPI (serial peripheral interface 
bus), etc. 
 
B. MCP3008 

The MCP3008 is the Analog to Digital converter 
which is a 16 pinned and 8 channeled chip which converts 
the analog voltages to 10 bit binary code shown in Figure-
3. The chip is connect to the external clock which is 
provided by the Raspberry pi. The ADC chip is given a 
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working voltage (VDD) of 3.3V and voltage reference 
(VREF) the same as (VDD). The chip has two pins for the 
input/output for digital data transmission. The chip 
provides 8 channels (CH0-CH7) to which 8 analog sensors 
can be connected simultaneously.  
 

 
 

Figure-3. MCP3008 8 channel ADC chip. 
 

The connection between MCP3008 and 
Raspberry PI as Table-1: 
 

Table-1. Pin specifications of MCP3008. 
 

VDD 3.3V 

VREF 3.3V 

AGND PIN-6 

CLK PIN-23 

DOUT PIN-21 

DIN PIN-19 

CS PIN-24 

DGND PIN-6 

 
C. LCD Display (16X2) 

LCD display is a 16 pin module which can be 
used in two mode of operation 8 bit and 4 bit operation. 
The device can also be set to a 4 bit mode which allows 
sending data in two chunks (or nibbles) of 4 bits which 
bring us the great advantage of reduce number of GPIO 
connections involving. 

The connection between LCD and Raspberry PI 
as Table-2: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table-2. Pin description of LCD interfacing. 
 

LCD Pin Function Pi Function Pi Pin 

01 GND GND P1-06 

02 +5V +5V P1-02 

03 Contrast GND P1-06 

04 RS  P1-37 

05 RW GND P1-06 

06 E  P1-37 

07 DATA 0   

08 DATA 1   

09 DATA 2   

10 DATA 3   

11 DATA 4  P1-33 

12 DATA 5  P1-32 

13 DATA 6  P1-31 

14 DATA 7  P1-29 

15 
+5V via 
560 ohm 

  

16 GND  P1-06 

 
D. Sensors  

Sensors are used for the detection of the various 
parameters in the atmosphere and in soil for the 
forecasting of the weather conditions repeatedly shown in 
Figure-4. The following are the description of the sensors 
in detail. 
 DH11- It consists of a humidity sensing component, a 

NTC temperature sensor (or thermistor) and an IC on 
the back side of the sensor. The humidity sensing 
component has two electrodes with moisture holding 
substrate between them. So as the humidity changes, 
the conductivity of the substrate changes or the 
resistance between these electrodes changes which are 
measured and processed by the IC and humidity value 
is calculated. As the temperature increases the NTC 
thermistor resistance decreases resulting the increase 
in the output voltage which then processed by the IC 
and the temperature value is calculated. 

 LM35- LM35 is a precision IC temperature 
sensor with its output proportional to the temperature 
(in oC). The sensor circuitry is sealed and therefore it 
is not subjected to oxidation and other processes. 
Using the LM35, temperature can be measured more 
accurately than a thermistor. It also possess low self-
heating and does not cause more than 0.1 oC 
temperature rise in still air.  The operating 
temperature range is from -55°C to 150°C. The output 
voltage varies by 10mV in response to every oC 
rise/fall in ambient temperature, i.e., its scale factor is 
0.01V/ oC, and the out voltage of the sensor is 
converted to the digital through the ADC chip.  
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 Rain Sensor- The rain sensor module is an easy tool 
for rain detection. It can be used as a switch when 
raindrop falls through the raining board and also for 
measuring rainfall intensity. The module features, a 
rain board and the control board attached for more 
convenience, power indicator LED The analog output 
is used in detection of drops in the amount of rainfall. 
Connected to 3.3V/5V power supply and the sensor 
works based on the level of the water interfacing the 
rain board, the output voltage of the device various on 
the length of the rain board being wet which is 
converted to digital through ADC chip. 

 Soil Moisture-Soil Moisture Sensor is used to 
measure the volumetric water content of soil. The Soil 
Moisture Sensor uses capacitance to measure 
dielectric permittivity of the surrounding medium. In 
soil, dielectric permittivity is a function of the water 
content. The sensor creates a voltage proportional to 
the dielectric permittivity, and therefore the water 
content of the soil which is converted to digital 
through ADC chip. 

 LDR- Light Dependent Resistor (LDR) or a 
photo resistor is a device whose resistivity is a 
function of the incident electromagnetic radiation. 
These are made up of semiconductor materials having 
high resistance. Its resistance under normal lighting is 
approximately 10Kohm while in the dark this 
increases to over2Mohm.When there is lots of light 
focusing on the LDR it results a low resistance, 
resulting in the output voltage dropping towards 
0V.When it is dark the LDR resistance increases 
resulting in the output voltage increasing towards 
3.3Vand the various output voltages are converted to 
digital through ADC chip. 
 

 
 

Figure-4. Sensors integration to MCP3008. 
 
E. WI-FI 802.11n with raspberry PI 

Wi-Fi is a popular wireless networking 
technology which uses radio waves to provide wireless 
high speed internet. The modem is connected to raspberry 
pi 2 board which connects to the wireless local area 
network (WLAN) which is provided by the Wi-Fi router 
which provides the internet to the Raspberry PI. An 
external Wi-Fi adapter shown in Figure-5 is required for 

the Raspberry PI board 2 as it lacks inbuilt Wi-Fi adapter 
in it.  
 

 
 

Figure-5. 802.11n Wi-Fi adapter. 
 
4. SOFTWARE DEVELOPMENT 
 
A. Wi-Fi configuration 

For setting the Wi-Fi Configuration to the device 
is done with the following command sudonano 
/etc/network/interfaces where the command lineauto 
wlan0 is added before command line iface wlan0 inet 
manual and changelineiface wlan0 inet manual to iface 
wlan0 inetdhcpand wpa_roam 
/etc/wpa_supplicant/wpa_supplicant.conf  replaced by 
wpa-ssid “wifi-ssid” followed by wpa-psk “wifi 
password” command lines. Reboot the system for 
connecting the Wi-Fi. 
 
B. Coding in raspberry PI 

The connection of the MCP 3008 and the 
Raspberry Pi is done using the python code. The MCP 
3008 and Raspberry pi are connected through a SPI 
interfaces which is activated through the code. The 
conversion of the binary data from the ADC chip to 
decimal form of respective value readings, interfacing the 
LCD screen and pushing the data to the server are 
processed with in the code. 
 
C. Interfacing with the server 

For the system a data base is created in an 
external third party server named “data.sparkfun.com” 
where the data pushed by the Raspberry pi is stored 
periodically in the server’s data base. The following is the 
code shown in Figure-6 which is required to create a data 
base and push the data to the server by the raspberry pi.  
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Figure-6. Code for accessing the server for 
pushing the data. 

 
5. EXPERIMENTAL SETUP 

The prototype setup of the system is shown in 
Figure-7 connected all components on the Bread Board.  
 

 
 

Figure-7. Prototype of the weather forecasting system. 
 
6. EXPERIMENTAL RESULTS 

The expected outcome of the prototype is all 
sensors properly functioning and detecting the parameters 
accurately and transferring the data to raspberry pi which 
is exported to the server through the Wi-Fi. The Figure-8 
shows the detection of the sensors and the values 
displaying on raspberry pi which is exported to the server 
through the Wi-Fi. The Figure-8 shows the detection of 
the sensors and the values displaying on raspberry pi 
screen. If the data is send successfully then it display 200 
ok for one successful push of the data in sever which is 
been tabulated which is viewed in the website  as shown in 
Figure-10 and the tabulated data can also be viewed 

through graphical means shown in Figure-11 by pushing 
the data to analog.in from data.sparkfun.com server.  
 

 
 

Figure-8. Display of the sensors reading on raspberry PI. 
 

 
 

Figure-9. The steam server website in which the 
data is displayed. 
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Figure-10. Graphical representation of the tabulated data. 
 
7. CONCLUSIONS 

In this paper one possible solution for the weather 
forecasting system through Wi-Fi network is developed. 
The main motto was to use the inexpensive components 
and attain to maximum best accurate system which could 
monitor the weather in real time application in agricultural 
lands. Using the sensors for air temperature, air humidity, 
light, soil moisture, and rain detection in combination with 
Raspberry PI a prototype had been developed. Data from 
the sensors is transmitted to sever where it can be viewed 
globally which will be easily accessible to everyone. 
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