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Abstract— With over a decade of intensive research and 
development, wireless sensor network (WSN) technology has 
been emerging as a feasible solution to many innovative 

applications. In this paper, we describe a wireless sensor 

network system that we have developed using open-source 

hardware platforms, Raspberry Pi and zigbee. The system is 

low-cost, low power consuming and highly scalable both in 

terms of the type of sensors and the number of sensor nodes, 

which makes it well suited for a wide variety of applications 

related to environmental monitoring. Raspberry Pi is cheap, 

flexible, fully customizable and programmable small computer 

embedded linux board and abilities of its usage as WSN node 

and sensor node. Raspberry Pi works as a base station which 

connects the sensor nodes via zigbee protocol in the wireless 

sensor network and collects sensors data from different 

sensors, and supply multi-clients services including data 

display. The client can visit the base station remotely via 

(website) Ethernet or command console. 
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I. INTRODUCTION 

 
With over a decade of intensive research and development, 

wireless sensor network technology has been emerging as a 
feasible solution to many innovative applications. Wireless 

sensor network (WSN) is a low cost wireless network made 

up of thousands of smart sensor nodes which cooperatively 

monitor physical or environmental conditions, such as 
temperature, vibration, pressure, motion, moisture, light, or 

pollution at different location. These smart sensors 

constitute a network topology through self-organization [1]. 
The sensors nodes can transmit the data detected by their 

own sensor and can also pass the data to the adjacent nodes. 

The data that detected by sensor nodes can be transmitted to 

base station using the way of multi-hop. 
 

According to the statistics information or survey, most of 

the early testbed systems have been built using early stage 
sensor network research platforms such as CrossBow motes 

  
and TinyOS software framework [2][3]. The sensor network 

hardware platforms are basically low-power embedded 

microcontroller systems with some onboard sensors andanalog 

I/O ports to connect sensors. Like hardware, software should 

also be developed, including OS, sensor/hardware drivers, 

networking protocols and application-specific sensing and 

processing algorithms. So, there are a large number of prior 

efforts in building wireless sensor network systems in the 

literature. MoteLab [3] was an experimental wireless sensor 

network deployed at Harvard University. We have witnessed a 

new wave of developments in open-source hardware/software, 

standardization, and commercialization of wireless sensor 

network technologies. In this paper, we used open source 

raspberry pi embedded linux board which works on open 

source linux operating platforms [4] [5]. Raspberry pi is used as 

a base station in this paper which connects the WSN and other 

networks. The data that can be detected or sensed by sensor 

nodes is transmitted to the base station using the way of 

multihop and then transmit/view that data to/by the end user or 

clients by external network (internet etc.). It can also send 

command of end user to sensor or network node. The IEEE 

802.15.4 standard specifies the physical and medium access 

control layers for low data-rate wireless networks [6] [7]. 

ZigBee is the communication protocol which is specifically 

designed for wireless sensor network which is built upon IEEE 

802.15; it is a simple, efficient, reliable, and low cost, low-

power standard of wireless technology [8]. For example, the 

DigiXBee series modules implement the IEEE 802.15.4 radio 

and ZigBee networking protocol [9]. So, wireless sensor 

network with zigbee protocol have broad application prospect. 

In this paper, we present a wireless sensor network system 

developed using open-source hardware/software platforms, 

Raspberry Pi and the ZigBee module, XBee S2B. Such a 

design has the advantages of low cost, easy to build, and easy 

to maintain, as compared to some earlier designs such as the 

Texas Environmental Observatory (TEO) system as described 

by Yang et al [2]. 
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The rest of the paper is organized as follows. In Section II, 
the overall system architecture is described. Then, in 

Section III, the design of base station is presented in details. 
In section IV, the design of the sensor node is presented in 

details. Some experimental setup and results are presented 
in Section V. Finally, the paper is concluded in Section VI. 
 
 

II. THE OVERALL SYSTEM ARCHITECTURE 
 
Wireless senor network system requires development and 

integration of many hardware and software components. Figure 

1 shows the overall system architecture of environmental 

monitoring WSN system [10]. This system consists of 

raspberry pi as a base station, number of distributed wireless 

sensor nodes, zigbee protocol. Raspberry pi manages multiple 

sensor nodes. Each sensor node is combination of sensors, 

microcontroller and zigbee radio transceiver (Xbee module). 

Sensor node is primarily responsible for information or sensor 

data collection and distribution. In addition, there is user 

application program on each sensor node which handles data 

from sensors in a certain well defined manner and 

communication with base station.  

 
 

A. Raspberry Pi 
 
The raspberry pi is a low cost, low power credit size single 
board computer which has recently become very popular [4]  
[5]. The raspberry pi is the cheapest ARM11 powered Linux 

operating system capable single board computer board. This 

board runs an ARM11 microcontroller @700MHz and comes 

with a 512 Mega Bytes of RAM memory [12] [13]. In this 

paper, raspberry pi B+ model [5] is used as shown in figure 2, 

as this model has better specifications as compared to other 

raspberry pi models. Itsupports a number of operating systems 

including a Debian-based Linux distro, Raspbian which is 

recommended by raspberry pi foundation, which is used in our 

design [4] [5]. Raspberry Pi can be connected to a local area 

network through Ethernet cable or USB Wi-Fi adapter, and 

then it can be accessed by more than one client from anywhere 

in the world through SSH remote login or by putty software by 

just putting raspberry pi ip address in it. The raspberry pi is 

booted by external SD or micro SD card.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 1. The Overall System Architecture 
 
In this system architecture, we have combined the gateway 

node of wireless sensor network, database server, and web 

server in one single-board computer (raspberry pi) hardware 

platform, which helps to reduce the cost and complexity of 
deployment. A web application is developed to provide 

users a convenient web interface to the system [10] [11]. 

End Users or clients can interact with the web application 
within the local area network or from any terminal on the 

Internet to access the sensor data or perform remote 

configuration and management of deployed sensor nodes. 

As compared to the large scale TEO environmental system  
[2] that has developed earlier, the presented system design 
in this paper is well suited for small-scale environmental 

monitoring and data collection applications. 

 
 
 
 
 
 
 

 
Fig. 2. Raspberry Pi 

 
B. Zigbee Standard 
 
ZigBee is a specification for a suite of high-level 

communication protocols used to create wireless networks 

built from small, low-power digital radios. ZigBee is based 

on an IEEE 802.15.4 standard. It is a simple, efficient, 
reliable, and low cost, low-power standard of wireless 

technology. Though its low power consumption limits 

transmission distances to 10–100 meters line-of-sight, 
depending on power output and environmental 

characteristics, ZigBee devices can transmit data over long 

distances by passing data through a mesh network of 

intermediate devices to reach more distant ones. ZigBee is 
typically used in low data rate applications that require long 

battery life and secure networking (ZigBee networks are 

secured by 128 bit symmetric encryption keys.) ZigBee has 
a defined rate of 250 Kbit/s, best suited for intermittent data 

transmissions from a sensor or input device [8]. The 

technology defined by the ZigBee specification is intended 

to be simpler and less expensive than other wireless 
personal area networks (WPANs), such as Bluetooth or Wi- 
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Fi [14]. For example DigiXbee series modules S1 and S2 

implement the IEEE 802.15.4 radio and ZigBee networking 
protocol [9]. Here we used XBee series module S2 from Digi 

international which fully implement Zigbee protocol. XBee series 
S2 module also covers more area than XBee S1 module. 
 

XBee functions can be divided by network topology in 

different ways including the coordinator, router and end 

device. For wireless network of ZigBee, it will consist of at 

least two nodes including coordinator node and sensor node 

types (Router/End device) to be able to communicate and work 

in PAN (Personal Area network). Wireless sensor network 

topology is divided into 3 topologies: star topology, cluster tree 

topology, and mesh Topology [14]. We workedon mesh 

network topology which is a type of network topology in 

which a device (node) transmits its own data aswell as serves 

as a relay for other nodes. In the event of a hardware failure, 

many routes are available to continue the network 

communication process. Mesh networks are regularly 

distributed networks that generally allow transmission only to a 

node’s nearest neighbors. The XBee module supports both 

transparent (AT) and application programming interface (API) 

serial interfaces. With the AT mode, the XBee module behaves 

as a serial line replacement. With the API mode, all data 

entering and leaving the module is contained in frames that 

define operations or events within the module. The API mode 

is required when the network needs to be formed into a multi- 

node mesh or tree topology [15]. 

 
 
within local area network or from anywhere on the internet. 
The functional block diagram of raspberry pi is shown in 
figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. Interfacing between Raspberry Pi and XBee  

 

 
III. DESIGN OF BASE STATION 

 
Raspberry pi acts as a base station which connects to sensor 

nodes by zigbee communication protocol and clients by 

external network (internet etc.). For wireless 
communication and multihop networking protocol, we used 

XBee series module S2 from Digi international. Xbee 

module is configured as coordinator on the raspberry pi. 
Raspberry pi can be connected to XBee module directly 

through USB cable and also by UART serial 

communication interface shown in figure 3. 
 

As XBee module can be configured into three types of 

devices: coordinator, router, and end device. Coordinator 

has the capability to control the entire network. The base 
station also acts as a gateway in this application. The data 

collected or detected by sensor node sends to the base 

station and inserts the data received from sensor nodes into 

MySql database of raspberry pi. Multiple users can access 
the raspberry pi through Ethernet or Wi-Fi connection 

 
 
 
 
 
 
 
 
 
 

Fig. 4. Functional Block Diagram of Base Station 
 
 

IV. DESIGN OF SENSOR NODE 
 
In this work, we choose AVR core microcontroller 

ATMEGA324PA as main control chip of the sensor node. 

This chip is a high performance, low power AVR 8 bit 
microcontroller. This chip has a 32 KB in system self-

programmable flash program memory, 1KB EEPROM, 

2KB internal SRAM, two 16 bit timer, programmable 

watchdog timer,8 channel 10-bit ADC, master/slave 
interface and 32 programmable I/O lines, so it is possible to 

connect a number of sensors sensor node board. The block 

diagram of sensor node is shown in figure 5. 
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Fig. 5. Block Diagram of Sensor Node 

 
ZigBee devices are particularly suitable for fast prototyping 

for wireless sensor network applications. It is possible to 

build complex mesh network using these devices. We have 
to develop application both at base station and sensor nodes 

to use some advanced features of ZigBee. We can connect 

number of sensors to the sensor node. The XBee module S2 
is connected to sensor node board as shown in figure. The 

XBee module encapsulates 802.15.4 RF transceivers and 

ZigBee protocol stacks, and it can be easilyintegrated into 
any microcontroller or microprocessor systems such as 

Raspberry Pi through UART serial communication 

interface. The connection between controller of sensor node 

and XBee is shown in figure 6. The XBee module is 
configured as a router on the sensor nodes. Router can relay 

messages in a tree or mesh network and Coordinator has the 

capability to control the entire network. The XBee module 
can be configured into three types of devices: coordinator, 

router, and end device. Coordinator has the capability to 

control and initiates the entire network. Router can relay 

messages in a tree or mesh network topologies. End device 
can only communicate with the coordinator or the router. 

There can be only one coordinator in a network; the number 

of router or end device is not limited.  
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 6. Connection between Controller of Sensor Node and 
XBee 

 
 
network, which actually communicates with the base station 

shown in figure 7 and there can be more than one router and 
end devices. So, here one Xbee is configured as a 

coordinator, which is connected with the raspberry pi using 

UART protocol. For simple experimental purpose, just two 
sensor nodes are configured as R1 and R2. One sensor node 

is configured as an end tag E52 in which light sensor is 

connected (can be connected any sensor) shown in figure 9 
which will send its real time data to the nearest router. The 

router has the capability of routing means router sends its 

data to its nearest router. So, raspberry pi received the 

sensors data from its nearest router and also coordinator 
sensor node will show that from which end device the data 

comes. The data comes in the base station is stored into the 

table created in database of raspberry pi. This table shown 
can be fetched from web browser/PhpMyAdmin by clients 

by using raspberry pi ip address. This table can be also seen 

in mysql terminal of raspberry pi. The program flowchart of 

end tag, router and coordinator is as shown in figure 12.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. The Base Station  
 
 
 
 
 
 
 
 

 
Fig. 8. End Tag Device  

 
 
 
 
 

 
Fig. 9. Router R1 Received Data Send by End Tag E52  

 

 
V. EXPERIMENTAL SETUP AND RESULTS  

 

In WSN, there are three types of devices: coordinator, router 
Fig. 10. End Tag E52 Sending Nearest Router  

and end tags. There is only one coordinator in the  
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gateway node of wireless sensor network, database server, 
and web server into one single compact, low-power, credit-

card-sized computer Raspberry Pi, which can be easily 
configured to run without monitor, keyboard, and mouse. In 

addition, this system allows us to use it with implemented  

Fig. 11. Router R1 Received Data Send by End Tag E52       sensor networks using different hardware platforms. 
Such a system is very useful in many environmental monitoring and 

data collection.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 12. Program Flowchart of End Tag, Router and 
Coordinator 

 

VI. CONCLUSIONS 
 
This paper designs a wireless sensor network system using 

sensor node, Raspberry Pi as a base station, XBee as a 
networking protocol, and a number of open-source software 

packages. Comparing with collection and forwarding 

information or data of traditional base station (gateway), 
this system has low-cost, low power consumption, compact, 

scalable, easy to deploy, and easy to maintain. One major 

advantage of the system lies in the integration of the 
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