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Abstract—Wireless sensor networks (WSNs) are effective for locating and tracking people and objects in various 

industrial environments. Since energy consumption is critical to prolonging the lifespan of WSNs, we propose an 

energy-efficient LOcalization and Tracking (eLOT) system, using low-cost and portable hardware to enable highly 

accurate tracking of targets. Various fingerprint-based approaches for localization and tracking are implemented in 

eLOT. In order to achieve high energy efficiency, a network-level scheme coordinating collision and interference is 

proposed. On the other hand, based on the location information, mobile devices in eLOT can quickly associate with 

the specific channel in a given area, while saving energy through avoiding unnecessary transmission. Finally, a 

platform based on TI CC2530 and the Linux operating system is built to demonstrate the effectiveness of our 

proposed scheme in terms of localization accuracy and energy efficiency.  

Index Terms — Energy-efficiency, Localization, ZigBee. 

I. INTRODUCTION  

         Location-based wireless networks are 

considered as one of the main technological 

innovations in current industrial services, which can 

provide high reliability and efficiency through 

accurately locating and tracking people and objects. 

For example, there are numerous applications of 

location based services (LBSs) in hospitals and retail 

outlets, which help staff and administrators better 

deliver care and manage costs. The ability of tracking 

the location of a subject in real time gives human 

operators the ability to effectively manage situations, 

tackle safety problems, increase efficiency, and 

thereby reduce costs while improving outcomes. 

          In this paper, we develop an energy-efficient 

LOcalization and Tracking (eLOT) system, which 

uses low-cost, portable hardware to enable highly 

accurate tracking of targets. In order to provide 

ubiquitous services both indoor and outdoor, the 

fingerprint localization and tracking approach with 

the Adaptive Weighted K-Nearest Neighbour 

(AWKNN) is proposed and implemented in eLOT. 

II. ARCHITECTURE 

 

III. SYSTEM OVERVIEW  

      The eLOT system consists of a wireless network, 

a gateway and a server. With the aid of the gateway, 

the information collected by the wireless network can 

be forwarded to the server, which is responsible for 

positioning and tracking. These subsystems will be 

detailed in the following. 

 



International Journal of Research in Advent Technology (IJRAT) Special Issue 

E-ISSN: 2321-9637 

Available online at www.ijrat.org 

International Conference “INTELINC 18”, 12
th 

& 13
th

 October 2018 

 

34 

 

A. Wireless Network  

         Since low power consumption is one of main 

focuses, the wireless network with ZigBee based on 

the IEEE 802.15.4 standard is chosen for the eLOT 

system. There are three kinds of nodes existing in 

wireless networks,  

 

(i) Mobile node (MN):  

Mobile nodes (MNs), as position and tracking targets, 

are equipped with a single radio. They send beacon 

signals periodically to surrounding anchor nodes 

when moving around their serving area. 

 

(ii) Anchor node (AN):  

Anchor nodes (ANs) are deployed uniformly in the 

serving area. The location information of an anchor 

node is stored at the server. The mobile nodes timely 

access to the network at anytime, anchor nodes do 

not fall sleep. The ANs in the same zone form a 

cluster, in which one of them is chosen as the head 

anchor node (HAN) according to an appropriate 

criterion. The RSS data from the MNs in the zone are 

continuously collected by the ANs and forwarded to 

a sink node with single-hope or multi-hop 

transmission.  

 

(iii) Sink node (SN):  

There exists only a single sink node (SN) in a 

wireless network. The SN collects data from all the 

HANs deployed in the field, and sends data to the 

server.  

 

B. Gateway  

       The gateway in eLOT is a device that can 

support both data transmission for both Internet 

access via a WLAN or LAN interface, and remote 

MNs via the Zigbee network.  

 

C. Server  

       All RSS information is collected and stored at 

the server, which is responsible for the localization 

and tracking process. The RSS database is 

constructed and maintained, which works together 

with the other modules. All localization and tracking 

functions are implemented at the server, while the 

mobile nodes only report the RSS data.  

 

IV. ENERGY-EFFICIENT NETWORKING 

SCHEMES  

        To enable high energy-efficient wireless 

networks, one needs to consider from both sensor 

network and device aspects. On the other hand, based 

on location information, mobile nodes in eLOT can 

quickly associate with or switch to a zone specific 

channel, while saving energy by reducing 

unnecessary transmissions. 

 

A. Channel Allocation Scheme  

         In the eLOT system, there are usually three 

types of links namely, the MN-to-AN, AN-to-HAN, 

and HAN-to-HAN links. Since the wireless backhaul 

link, i.e., the HAN-to-HAN link, carries large 

amounts of RSS data, its fast and reliable 

transmission. HAN is possible for the eLOT system 

to allocate a dedicated channel to this link. 

 

B. Location-based Channel Access Scheme  

        When there are a large number of MNs in the 

system, serious collision between beacon signals. 

Different channels to the MNs are assigned in 

different zones. The details of a location-based 

channel access and switch scheme are discussed as 

follows. 

 

 (i) Initialization: 

        All the HANs can be configured through a 

dedicated channel by the server, e.g., Channel 21. 

Different zones correspond to different channels.  

 

(ii) Channel Access:  

        An MN scans all the channels for AN discovery,  

If the MN finds an active channel in a given zone, the 

beacon signal is transmitted either periodically or 

driven by events.  

  

(iii) Channel Switching:  

      All the RSS data are forwarded to the server 

through the SN. MN is available in the database, a 

candidate destination channel will be selected 

according to the pre-defined channel allocation 

scheme in the neighboring zone the MN may move 

in. Then, the identification of the candidate channel is 

sent through the dedicate channel to the responsible 

HAN.  

V. DRAWBACK 

Energy consumption is critical to prolonging the 

lifespan of WSNs. Traditional localization and 

tracking techniques such as GPS, cellular and Wi-Fi 

do not work well in many scenarios such as high 

rises, underground or disaster zones. 
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VI. SOLUTION  

Energy-efficient Localization and Tracking (eLOT) 

system, using low-cost and portable hardware to 

enable highly accurate tracking of targets.  

VII. ALGORITHMS 

To solve the problems, we have to use two 

algorithms.  

 Location-based Channel Access and Switch 

Scheme 

 Location-aware Tracking Scheme (AWKNN 

algorithm) 

 

VIII. REQUIREMENTS 

The purpose is to demonstrate the effectiveness of the 

proposed schemes in terms of energy efficiency and 

localization accuracy. This section presents the 

details of both hardware and software requirementts 

of eLOT. 

A. Hardware Platform  

        CC2530 is chosen to be the core chipset to 

implement the wireless communications module on a 

self-designed PCB. It is TI’s second generation 

ZigBee/ IEEE 802.15.4 RF Systemon-Chip (SoC) for 

the 2.4 GHz unlicensed ISM band. 

        

 
 

        This chip enables industrial grade applications 

by offering good selectivity/co-existence, excellent 

link budget, and low voltage operation. It enables 

robust network nodes to be built with very low costs.  

          However, the output power of the RF 

transmitter of CC2530 is only 4.5 dBm with a 

receiver sensitivity of -97 dBm. The maximum 

transmit power is increased to 20 dBm. When using 

CC2530 with CC2591, duty cycling or back-off is 

needed for the highest IEEE 802.15.4. 

 

B. Software Platform  

      All the software modules are programmed and 

run in the Linux operation systems. Besides the key 

modules such as the networking, localization and 

track modules, there are also other operation and 

maintenance modules in eLOT. 

            (i) Interface Module:  

      This module consists of two parts, i.e., the South-

Bound Interface and North-Bound Interface. Due to 

the centralized control mechanism in eLOT, the 

server needs to frequently exchange information with 

the underlying infrastructure via the South-Bound 

Interface. The South-Bound Interface to ensure 

effective and reliable communications. The North-

Bound Interface provides communications between 

the database and the browsers. 

            (ii) Database Module:  

      Huge amounts of data are to be stored and 

processed in eLOT. The open source MySQL 

database is chosen due to its excellent reliability and 

scalability. There are mainly two types of data. 

 Offline Data:  

     Two tables are maintained in the database as the 

radio fingerprint map. The first table records all the 

IDs.The corresponding RSS measurements are stored 

in the second table.  

 Online Data:  

     When the localization and tracking modules 

process the collected real-time data, they produce the 

position estimates of the MNs as well. These results 

are saved in another table. 

            (iii) Web Server Module:  

        The Web service module is programmed using 

the JavaScript language. The client browser first 

sends a connection request to the server using 

JavaScript. Then, the server approves it and 

establishes a TCP connection with the browser for 

data communications.  

 

IX. CONCLUSION  

            A Zigbee-based localization and tracking 

system, which is applicable in ubiquitous 

environments including both indoor and outdoor. In 

order to well balance localization accuracy and 

energy efficiency, new designs at both the network 

and mobile nodes, where the mobile nodes can have 

quick access to the network and be located by the 

network with minimum energy consumption. The 

results have demonstrated that eLOT is energy 

efficient and effective in accurately estimating target 

positions in various environments. In our future 

work, we plan to enlarge the network size of eLOT to 

include multiple buildings as well as roads. 
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