
Wireless Sensor Network

Item Type text; Proceedings

Authors Simkhada, Shailendra; Lee, Christopher; Venderwerf, David;
Tyree, Miranda; Lacey, Tyler

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © held by the author; distribution rights International
Foundation for Telemetering

Download date 19/05/2023 15:37:01

Link to Item http://hdl.handle.net/10150/595644

http://hdl.handle.net/10150/595644


1 

 

 WIRELESS SENSOR NETWORK 

 

Undergraduate Student Authors: Shailendra Simkhada (EE), Christopher 

Lee (EE), David Vanderwerf (EE), Miranda Tyree (SE) & Tyler Lacey (EE) 

Advisors: Michael W. Marcellin and Hao Xin 

Department of Electrical and Computer Engineering 

University of Arizona 

Tucson, AZ, 85721 

 

Abstract 

The scope of this document is the description of design and implementation of the wireless 

sensor network realized as a part of our Senior Design Capstone Project. The various 

components and sub-systems that comprise the final product are discussed, followed by the 

implementation procedures and results. 
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Introduction 

Wireless Sensor Networks have found its use ever since the technological breakthrough starting 

from the military. At the moment they are being deployed in wide range of applications such as 

environmental monitoring, health monitoring, and structural monitoring as well as in industrial 

applications. The reason behind its popularity is the rapid advancement in sensor and wireless 

technology as well as the lowering production costs of such devices. Even though the sensor 

networks have been implemented on various fields throughout history, companies or 

organizations are not yet ready to switch to wireless technology, due to the fact that Wireless 

Sensor Networks(WSN) have various constraints such as energy, reliable data transmission and 

performance. Therefore, the main objective of our project is to implement a low power, reliable 

environmental monitoring WSN that can function for an extended period of time autonomously 

requiring very low or no maintenance.  

The project originally was realized by Professor Hao Xin, and Michael Marcellin of University 

of Arizona (Electrical Engineering Department).The end result of the project could well be 

implemented inside the biggest manmade habitat, Biosphere 2, located in Tucson, Arizona. 

Biosphere 2 has been in operation since late 1980s and has given scientists precious information 

regarding self-sustaining space technology. Heavy use of sensor networks and monitoring 

systems are still in use inside this habitat. Therefore, the idea was to create a reliable wireless 
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sensor network that could be implemented in the Biosphere 2 which can replace the existing 

costly wired technology.  

Our design was initially based on the rainforest biome, one of the habitats inside the Biosphere 2. 

There were key parameters that could be monitored inside this biome out of which we selected 

temperature, air humidity and soil moisture to be the main parameters for our project. The design 

process, the subsystems, the final product and the performance results of the final outcome of the 

project will be discussed throughout this paper. 

  

Design Overview and Expectations 

A network of five different sensor nodes is implemented, which record three different types of 

environmental data every 15 minutes. The three types of data collected are soil moisture, air 

temperature, and air humidity. The data collected is then transmitted wirelessly on daily basis to 

the central gateway (base station) where it is recorded and uploaded to a server. The data then 

can be accessed via internet from where it could be downloaded and used for the data analysis 

purposes.  

All five sensor nodes are configured under mesh topology. Sensor nodes configured under mesh 

topology are able to interact with each other and very robust in ensuring the delivery of the data 

to the station even when the nodes themselves are out of sight from the central station. This is 

accomplished by using the Xbee Digimesh wireless modules (transceivers) with built-in mesh 

networking capabilities, available from Digi Key.  

The main motto of the project is to implement a wireless sensor network that is capable of 

operation for a long period of time (preferably months) without the need of recharging or 

maintenance. In order to achieve this we implemented Waspmote Sensor boards, developed by 

Libelium. These boards are designed by Libelium by keeping Zigbee wireless protocol and 

power efficiency in mind and were ideal for our intended project. 

Sensor Nodes/Gateway and Subsystem Overview 

The heart of each sensor node is Libelium Waspmote board, which has an integrated 

ATmega1281 microcontroller and a 16-bit A/D converter. We found the Waspmote board to be 

ideal for our applications because of its impressive specifications as well as its compatibility with 

Zigbee protocol and low power consumption. A built in 32 KHz RTC (Real time clock) in 

Waspmote board allowed us to take accurate timed measurements and also gave us excellent 

control on wireless transmissions. Another Impressive feature of the board was an integrated 

micro SD card slot. This gave us an option of recording the data locally on the SD memory until 

it is transmitted to the gateway.  
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              Fig1: Waspmote Board Top View                        Fig 2: Waspmote Board Bottom View 

An agricultural board which is also developed by Libelium is interfaced with the Waspmote 

board. This allowed us to interface temperature, humidity and soil moisture sensor to the 

agricultural board. The board itself contains numerous other sockets for additional sensors but 

was unused for our implementation. 

 

 Fig 3: Micro SD Card       Fig 4: Agricultural Board 
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Fig 5: From left -Temperature Sensor (MCP9700A), Humidity Sensor (808H5V5) and Soil 

Moisture Sensor (Watermark) 

The entire sensor node is powered using a single 2300mAh Lithium ion battery.  The sensor 

nodes are able to communicate with the central station via gateway. The gateway consists of a 

USB dongle which is interfaced with the Xbee transceiver. The sole purpose of the gateway is to 

receive data from the sensor nodes, which further is recorded and finally uploaded to the server. 

                                              

Fig 6: USB Gateway     Fig 7: Gateway Being Connected to Laptop 

             

 

Algorithm Description and Software Interface 

Each node is programmed using an IDE (Integrated Development Environment), provided by the 

Libelium. C++ coding was used to program each sensor node. Each Sensor node is programmed 

to take readings every 15 minutes and save them on the SD memory. During this time, the 

Waspmote board was configured to work under deep sleep mode. While under deep sleep mode, 

the Waspmote board only consumes 69µA providing us with an optimum power efficiency. RTC 

feature on the board allowed us to timestamp each measurement and also control specific time at 

which we wanted to transmit the data. The power sleep feature on the board allowed us to power 



5 

 

off the Xbee modules for the entire period besides the time when the node was ready to transmit. 

This provided us an extra power savings because of the fact that Xbee modules by default could 

only be put to sleep for maximum of four hours. All the Xbee modules were configured under 

2.4 Ghz frequency, and were given unique network ID to ensure the communication between the 

sensor nodes. 

The data is transmitted to the central station only during 2 hour period out of 24 hours. In order 

to ensure that we have a functioning mesh network the Zigbee modules on all sensor nodes are 

powered on before the first sensor node starts transmitting. Once again the RTC feature allowed 

us to turn on the Xbee modules in timely manner and then helped us to sequentially transmit the 

data to the station one node at a time. To ensure that no sensor nodes are transmitting the data at 

the same time, each sensor node was given specific time period to transmit and the RTC clock on 

all sensor nodes were matched in order of the seconds. Each sensor node was also given unique 

node identifier in order to distinguish between the data being received at the base station. 

A python script is used in order to listen in to the data being received at the base station. The 

script listens for data and once it starts receiving, starts a timer after each piece of data is 

received. Once the gateway hasn't heard data for the past hour it parses the data and FTP's the 

resulting “csv” file to the server. A php script on the server is run once a day which takes the 

“csv” file on the server and places that data into a MySQL database. This database software was 

chosen because of its ease of use and integrates well with php code.  

Once the data is uploaded to the server, it can be accessed via internet. A basic interface that was 

created for the data access is depicted as follows: 

 

Fig 8: Website User Interface- Initial Screen 

The user is able to download the data of interest by selecting the specific year, month, and the 

day of the month via the website. The user is also able to download data in bulk that can later be 

used for further analysis. 
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Fig 9: Website User Interface- Data Display  

Design Performance and Results 

Our team was successfully able to implement the wireless sensor network and demonstrate its 

functionality. Each sensor nodes were placed at various different locations, some being out of 

sight from the central station. Then the test was conducted for a 10 hour period. We were able to 

obtain all the data to the central station without any hitch and were successful in uploading it to 

the server. The data that we collected also included the data regarding battery over the 10 hour 

period. The battery seemed to drop by only 1% from its original value confirming that our 

system could have worked up to 1000 hours without requiring any additional power or 

recharging. This surpassed our expectation .Once uploaded the data could be successfully 

downloaded in a .txt format ensuring the functionality of the whole system. The data collected 

from one of the sensor node in the 10 hour period is shown below: 

Node: 1 

   
Time Battery Level (%) Temperature(°C) Humidity(Cb) 

Sunday, 11/5/1 – 20:51.55; 52; 21,612; 17,866 

Sunday, 11/5/1 – 21:7.8  ; 52;   20,322; 12,032 

Sunday, 11/5/1 – 21:22.21; 52;    20,000;  7,145 

Sunday, 11/5/1 – 21:37.34; 52; 20,000; 5,726 

Sunday, 11/5/1 – 21:52.47; 52; 20,000; 5,884 
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Sunday, 11/5/1 – 22:8.0  ; 51; 19,677; 5,884 

Sunday, 11/5/1 – 22:23.13; 51; 19,677; 7,93 

Sunday, 11/5/1 – 22:38.26; 51; 19,354; 4,622 

Sunday, 11/5/1 – 22:53.39; 51; 19,354; 5,411 

Sunday, 11/5/1 – 23:8.52 ; 51; 19,354; 4,938 

Sunday, 11/5/1 – 23:24.5 ; 51; 19,032; 4,780 

Sunday, 11/5/1 – 23:39.18; 51; 19,032; 4,149 

Sunday, 11/5/1 – 23:54.31; 51; 18,709; 3,834 

Monday, 11/5/2 – 0:9.44  ; 51; 18,387; 3,361 

Monday, 11/5/2 – 0:24.57 ; 51; 18,387; 3,519 

Monday, 11/5/2 – 0:40.10 ; 51; 18,064; 3,33 

Monday, 11/5/2 – 0:55.23 ; 51; 18,064; 3,046 

Monday, 11/5/2 – 1:10.36 ; 51; 18,064; 2,888 

Monday, 11/5/2 – 1:25.49 ; 51; 17,741; 1,154 

Monday, 11/5/2 – 1:41.2  ; 51; 17,741; 0,365 

Monday, 11/5/2 – 1:56.15 ; 51; 17,741; 0,681 

Monday, 11/5/2 – 2:11.28 ; 51; 17,419; 0,365 

Monday, 11/5/2 – 2:26.41 ; 51; 17,419; -0,422 

Monday, 11/5/2 – 2:41.54 ; 51; 17,419; -0,580 

Monday, 11/5/2 – 2:57.7  ; 51; 17,419; -0,107 

Monday, 11/5/2 – 3:12.20 ; 51; 17,096; 0,208 

Monday, 11/5/2 – 3:27.33 ; 51; 17,096; 0,838 

Monday, 11/5/2 – 3:42.46 ; 51; 16,774; 0,523 

Monday, 11/5/2 – 3:57.59 ; 51; 16,774; 0,208 

Monday, 11/5/2 – 4:13.12 ; 51; 16,774; -0,107 

Monday, 11/5/2 – 4:28.25 ; 51; 16,774; 0,681 

Monday, 11/5/2 – 4:43.38 ; 51; 16,774; 0,523 

Monday, 11/5/2 – 4:58.51 ; 51; 16,774; -0,107 

Monday, 11/5/2 – 5:14.4  ; 51; 16,451; 0,523 

Monday, 11/5/2 – 5:29.17 ; 51; 16,451; 0,681 

Monday, 11/5/2 – 5:44.30 ; 50; 16,129; 0,996 

Monday, 11/5/2 – 5:59.43 ; 51; 16,129; 1,469 

Monday, 11/5/2 – 6:14.56 ; 51; 16,129; 1,43 

Monday, 11/5/2 – 6:30.9  ; 50; 16,129; 1,942 

Monday, 11/5/2 – 6:45.22 ; 50; 16,451; 1,627 

Monday, 11/5/2 – 7:0.35  ; 51; 16,451; 1,627 

Monday, 11/5/2 – 7:15.48 ; 51; 16,451; 1,784 

Monday, 11/5/2 – 7:31.1  ; 51; 16,774; 1,942 

 

Table 1: Collected Sensor Node Data  
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Final sensor node design weighed around 0.9lb and was portable and had an appealing form 

factor. Acrylic housing was provided for its protection while numerous holes around the housing 

ensured the proper airflow. The tests to ensure the proper weather proofing could not be realized 

due to the time constraints of the project but can be easily accomplished. 

 

Fig 10: Final Sensor Node Design 

Conclusion and Recommendations 

The objective of this project was to develop a low power, reliable wireless sensor network in 

order to capture air temperature, air humidity and soil moisture in the surrounding environment. 

The captured data is then stored on a secured server, which is accessed using the Internet. We 

were able to satisfy all of our core requirements. 

Originally we planned on implementing the network in the Biosphere 2. But because of certain 

time restrictions and the authorization that would have required, we decided to broaden the 

purpose of the network to monitor factors in any remote environment, instead of specifically the 

Bio Sphere 2. The result of our project was fruitful in proving that the possibilities of wireless 

sensor technology to be far reaching or simply limitless.  
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ACRONYM LIST 

WSN     Wireless Sensor Network 

IDE    Integrated Development Environment 

A/D       Analog to digital 

ID          Identifier 

RTC   Real Time Clock 

SD         Secure Digital 

°C   Celsius 

Cb   Centi Bars 

FTP      File Transfer Protocol 

 




