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Abstract:  
This paper is concerned with the application of wireless sensor network (WSN) technology to long-duration and large-scale 

environmental monitoring.  The intent of this paper is to propose a way of monitoring the environment using low-cost, low-power 

sensors that function is a tiny yet robust environment. A Wireless Sensor Network using Arduino and Raspberry Pi for remote 

Environment Monitoring is built to monitor Atmospheric factors like Temperature, Humidity and Pressure are measured using 

XBee sensor nodes, which transmit the sensor data to a central data aggregator node which is the Arduino. Traditionally, 

environmental monitoring is achieved by a small number of expensive and high precision sensing unities. This MySQL server can 

also be viewed and controlled using an Android App. Collected data are retrieved directly from the equipment at the end of the 

experiment and after the unit is recovered. The implementation of a wireless sensor network provides an alternative solution by 

deploying a larger number of disposable sensor nodes. This paper surveys a comprehensive review of the available solutions to 
support wireless sensor network environmental monitoring applications.  

 

Index - Wireless Sensor Networks, Low-Power, Mesh Networks, IEEE 802.15.4, Environment Monitoring. Arduino, wireless 

sensor network, environment, My SQL. 

 

I. INTRODUCTION 

Environmental monitoring has a long history. In early times 

analog mechanisms were used to measure physical 

environmental parameters. Some of them with the ability to 

record the values on paper dish. The old mechanisms 

recorded data at specific intervals and required human 
intervention to download them. The world is moving 

towards micro and Nano-scale devices, and Wireless 

communication technologies are replacing its wired 

counterparts [1].  

Wireless sensor network (WSN) is a field that can 

encompass both these technologies and bring out the best in 

them. WSN’s are decentralized   and its nodes specialize in 

gathering information, processing it and delivering results 

without a backbone network for support. Wireless sensor 

nodes are low-power devices equipped with processor, 

storage, a power supply, a transceiver, one or more sensors 

and, in some cases, with an actuator. Several types of 
sensors can be attached to wireless sensor nodes, such as 

chemical, optical, thermal and biological. These wireless 

sensor devices are small and they are cheaper than the 

regular sensor devices. The wireless sensor devices can 

automatically organize themselves to form an ad-hoc multi 

hop network [2].  

Wireless sensor networks (WSNs), may be comprised by 

hundreds or may be thousands of ad-hoc sensor node 

devices, working together to accomplish a common task. 

Self-organizing, self-optimizing and fault-tolerant are the 

main characteristics of this type of network. Also, more 
importantly it is capable of self organization. such as GSM, 

to retrieve data from remote sites. However, digital data 

loggers have some drawbacks. The digital data loggers 

solution, usually provide monitoring at one point only and 

in many cases multiple points need to be monitored. There 

is not a standard to store data and to communicate with the 

data logger, so several different solutions are used. The 
remainder of this paper describes a possible way to use 

Arduino and Raspberry Pi for remote weather monitoring, 

describing advantages of doing so and how to implement it 

efficiently. This paper provides a review on wireless sensor 

networks solutions to environmental monitoring 

applications. 

 

II. DESIGN  

The standard IEEE 802.15.4 represented a millstone because 

it was the first low-power layer two standard for low power 

wireless personal area network (LoWPAN). Several 

technologies have been specified using IEEE 802.15.4 as 
link layer technology, some of them proprietary, such as 

ZigBee  and WirelessHART[3]. The ZigBee was created by 

ZigBee alliance and defines the network, security and 

application layers. The ZigBee alliance also publishes 

application profiles that allow multiple vendors to create 

interoperate products. The WirelessHART is an open-

standard wireless networking technology proposed by 

HART Communication Foundation and it is also based in 

IEEE 802.15.4. It is mainly used in industrial environments. 

Sensor Networks designed using wired medium are often 

expensive, hard to maintain and restricts mobility. These are 
few of the disadvantages of using wired networks.  
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III. SYSTEM OVERVIEW 

IEEE 802.15.4 physical layer provides an interface between 

the medium access control (MAC) sub-layer and the 

physical radio channel. Two services are provided, the 

physical data service and the physical management service. 

The physical layer is responsible for the following tasks: i) 

activation and deactivation of the radio transceiver, ii) 

energy detection (ED) sensed on the current channel, iii) 

clear channel assessment (CCA) for CSMA/CA, iv) channel 
frequency selection, v) link quality indication (LQI) for 

received packets and vi) data transmission and reception[4]. 

Fig. 1 is the overview of a Wireless Sensor network for 

Environment Monitoring which is made  up of a coordinator 

node, various sensor nodes, data aggregator nodes for local 

(Arduino) and remote storage (Raspberry Pi). Data 

collection and processing is done through the Arduino and 

XBee devices. Storage and post processing of data is done 

on the MySQL server hosted on the Raspberry Pi. 

 

Fig 1: wireless sensor network setup with central monitoring 

 

3.1 THE SYSTEM COMPONENTS 

The Arduino acts as a data aggregator for the Wireless 

Sensor Nodes. The sensor nodes are made wireless using 

XBee modules. An XBee module is used for each sensor, so 

there will be three wireless sensor nodes which are called 

end devices/routers, which transmit sensor information to a 

central XBee node called the coordinator[5]. The IEEE 

802.15.4 define the following two types of devices; full-
function devices (FFD) and reduced function devices 

(RFD). In FFD all network functionalities are implemented 

and therefore can be used in peer-to-peer topologies and 

multi-hop communications are supported. Reduced-function 

devices only support a limited set of functionalities and they 

are used to measure physical parameters and to execute 

uncomplicated tasks. An RDF device does not support 

multi-hop communications. FFD and RFD devices organize 

themselves in personal area network (PAN). A PAN is 

controlled by a PAN coordinator, which has the function of 

setting up and maintaining the network. Only FFD devices 

can assume the role of PAN coordinator[6]. The XBee 
coordinator is physically connected to the Arduino, which in 

turn is connected to a computer. Thus, the coordinator 

collects information from all sensor nodes and relays this 

information to the Arduino which temporarily stores this 

data on the On-Board EEPROM and sends this data to a 

MySQL database hosted on a raspberry Pi. Raspberry Pi: 

The Pi is a small, inexpensive personal computer. It has a 

SD card slot which can be used to boot up the computer 

from one of the free open sources. Linux operating systems 

that is available. A HDMI or DVI with HDMI adapter 
monitor is required with USB keyboard; mouse and 5V 

supply to power this device. On this platform, a MySQL 

database server is hosted to store sensor data in a remote 

location. 

 

3.2  ZIGBEE AS WIRELESS MEDIUM 

ZigBee is a wireless standing based on IEEE802.15.4 that 

has been gaining popularity in the field of Wireless sensing 

and control. Its biggest advantages are its power, cost, low 

data rate, reliability and overall security[7]. Compared to 

other commonly used wireless technologies like Wi-Fi, 

Bluetooth etc., ZigBee offers high transmission capability. 
 

IV.  WSN ENVIRONMENTAL MONITORING 

Environment monitoring is a natural candidate for applying 

wireless sensor networks, since the physical variables that 

must to be monitored, e.g., temperature. They are usually 

distributed over large regions. This is essential in detecting a 

faulty sensor node and ensuring it can be quickly 

replaced[8]. This system is especially helpful when 

detecting environmental activity like forest fire. In order to 

achieve desired results, Data preprocessing and sensor data 

clustering is used. In data preprocessing, the sensor data is 
cleaned by putting in missing values and removing any 

unwanted data. When monitoring the environment, it is not 

sufficient to have only technological knowledge about WSN 

and their protocols. It is also necessary the knowledge about 

the ecosystem. Sensor data is sent on an “event” basis, 

which means that whenever there is a sudden change in the 

environment, the sensor data is sent. However, the sensors 

are always “listening”, i.e. they wait for changes in 

environment and report only once a drastic change is 

detected. These sensors are user-defined and act based on 

requirement[9]. The sensors used are barometric pressure, 
ambient temperature, humidity, wind direction, wind speed, 

and rainfall sensors. Once data from all the nodes are 

collected, this information is transmitted to a local base 

station (ATmega 128) through multi-hop transmission 

WSN, constituted by 120 Mica2dot nodes that were 

installed on Sonoma County, California to monitor the 

redwood trees habitat conditions. Nodes with TinyOS were 

programmed to measure the environmental conditions 

(temperature, humidity and photo-synthetically active 

radiation) every 5 minutes and forwarded them through a 

multi-hop mesh network to a local base station[10]. The 

data is sent from the base station to a computer located 70 
Km away, through radio links. The nodes were programmed 

to run at a very low duty cycle to save energy.C. WSN 

Using Arduino and Raspberry Pi . This can be checked via 
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the phone app or by logging into the server to check the 

latest values updated in the database and compare them with 

past values. The weather monitoring station by Ye et al. The 

use of an app makes the whole process more accessible and 

easier to view and modify sensor data from anywhere in the 

world without having to login to a computer. Along with 

these features, the fact that it’s a relatively low cost system, 

with greater mobility, easy installation, and greater security 

makes it an attractive option for implementing a remote 
environment monitoring station. A Shockfish TinyNode 

platform was chosen and it is composed by a Texas 

Instruments MSP430 MCU and a Semtech XE1205 radio 

transceiver, operating in the 868 MHz band. The sensing 

nodes and the sink node uses TinyOS operating system. A 

multi-hop network is used to support communications 

between the sink node and the sensing nodes. Sensing 

stations regularly transmit collected data (e.g., wind speed 

and direction) to a sink, which, in turn, uses a gateway to 

relay the data to a server. GPRS, Wi-Fi or Ethernet 

technologies can be used to connect the sink node to the 

data base server, which can be installed remotely. Data is 
published on a real-time Google Maps-based web interface 

and on Microsoft’s Sensor Map website. 

 

V. IMPLEMENTATION STRATEGY 

 

1. Power management. This is essential for long-term 

operation, especially when it is needed to monitoring remote 

and hostile environments[11].  

Harvesting schemes, cross-layer protocols and new power 

storage devices are presented as possible solutions to 

increase the sensors lifetime. 

 

2. Scalability. A wireless sensor network can accommodate 

thousands nodes. Current real WSN for environment 

proposes the use of tens to hundreds nodes. So it is 

necessary to prove that the available theoretical solutions 

are suited to large real WSN. Remote management. Systems 
installed on isolated locations cannot be visited regularly, so 

a remote access standard protocol is necessary to operate, to 

manage, to reprogramming and to configure the WSN, 

regardless of manufacturer. Event Based – The nodes can be 

configured to be event driven, i.e. when an event occurs like 

sudden dip or increase in temperature, a sleeping sensor can 

be woken up to collect data and send the same.  

 

3. Time Driven – Fig.2 shows Nodes can be configured to 

send data packets at set time intervals. User Need driven – 

Nodes can be polled for data at times only when user 

requires data from it. The Arduino which is the central unit 
collects data from wireless XBee nodes through the 

coordinator XBee node connected to it[12]. The sensor 

nodes have a data collection mechanism in which sensory 

data is processed and transmitted to coordinator radios. 

 

 

 

Fig 2: Network Structure in WSN

The project involves mainly three sensors for getting 

temperature, barometric pressure and  humidity values. The 

temperature sensor interacts with the Arduino through 

wireless XBee nodes while the other two sensors interact 

with Arduino directly through its digital pins. The TMP36 is 

a low voltage, precision centigrade temperature sensor that 

produces a voltage output proportional to centigrade 

temperature. This analog temperature is used to calculate the 
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temperature value is Celsius and Fahrenheit using the 

following formula[13]. 

Temp in Celsius = ((raw.temp×1200.0/1024.0)-500.0)/10 

Temp in Fahrenheit = ((Temp in Celsius×9.0)/5.0)+32 

 

4. Humidity and Temperature Sensor: The DHT22 

outputs a calibrated digital signal using exclusive digital 

signal collecting technique and humidity sensing 

technology. It takes about 5mS for single time 
communication and requires a single resistor to pull up from 

data pin to voltage. The sensor has its own protocol and 

requires a bit of logic to read correctly. 

 

VI . IP END-TO-END CONNECTIVITY 

Originally it was not thought appropriate the use of IP 

protocol in WSN networks, because of the perception that is 

was to heavy weight to the WSN nodes resources. Recently, 

the industry and the scientific community start to rethink 

many misconceptions about the use of IP in all WSN nodes. 

Supporting IPv6 on sensor nodes simplifies the task of 

connecting WSN devices to the Internet and creates the 
conditions to realize the paradigm of Internet of Things 

community. Additionally, by using IPv6 based protocols, 

users can deploy tools already developed for 

commissioning, configuring, managing and debugging these 

networks[14]. The application developing process is also 

simplified and open. This project is aimed at providing a 

means to monitor a remote/isolated environment while 

providing easy accessible means of viewing and analyzing 

this sensor data. Some of the features implemented and final 

outcome of the project is listed below. The project has a few 

features that are used to secure the WSN and also to 
improve performance and longevity.  

 

6.1 Low-Power: The WSN consists of low-power sensors 

that typically require less than 5V operating voltage to 

function. And the whole network has a power rating of less 

than 1W. Therefore, the project satisfies one of the biggest 

criteria when designing a WSN, i.e. it is low power. Also, 

this project employs “Sleep Mode” for the XBee wireless 

sensor nodes. Sleep modes can be used to effectively reduce 

power consumption and significantly extend battery 

lifetime. XBee are by default configured to operate on the 
same PAN ID. This ID can be changed to suit the project & 

a unique ID can be assigned to all nodes on the network so 

that the coordinator accepts join requests only from genuine 

nodes. XBee operate over various baud rates. A node with a 

different baud rate from another node on the network cannot 

communicate with each other [15]. All sensor nodes need to 

transmit information at the same baud rate in order to 

communicate successfully.  

 

VII. CONCLUSION AND FUTURE WORK 

In this research work, a survey on environmental monitoring 

using wireless sensor networks and their technologies and 
standards was carried out. Some of the most relevant 

environmental  monitoring projects with real deployments 

were analyzed and the conclusions used to identify the 

challenges that need to be addressed. This project proposes 

a WSN for environment monitoring using a simple, cost-

effective and low-  power method. An Arduino platform 

paired with a Raspberry Pi is used for data acquisition and 

data storage respectively. Data acquisition is aided by 

sensors which measure environment parameters such as 

temperature and humidity, barometric pressure and altitude. 

Wireless sensor networks continue to emerge as a 

technology that will transform the way we measure, 
understand and manage the natural environment. For the 

first time, data of different types and places can be merged 

together and accessed from anywhere. Some significant 

progress has been made over the last few years in order to 

bridge the gap between theoretical developments and real 

deployments, although available design methodologies and 

solutions are still relatively immature[16]. As a 

consequence, widespread use of WSNs for environmental 

proposes is not yet a reality. The ATmega 256 IC as well as 

the XBee radios are low voltage devices, and thus often 

suffer from meltdown when there is a sharp variation in 

operating voltage. Hence, additional circuitry is required to 
provide a constant voltage source. Also, this prototype is 

limited to just the temperature, humidity and barometric 

pressure sensing. the IP suite protocol support in 

environmental monitoring is inconsistent. It is necessary 

design new protocols and evaluates the existing ones. 

Assess the major benefits associated with the support of the 

IP protocol on all nodes, using simulation and testbeds is 

fundamental. wind and soil sensors are added. These issues 

will be taken into account for future work on the project. 
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