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Abstract—The advancement of smartphones, wireless 

networking and Near Field Communication (NFC) technology have 
opened up a new approach to indoor navigation. Although NFC 
technology has been used to support electronic commerce, access 
control, and ticketing, there is a lack of research work on building 
NFC-based indoor navigation system for smartphone users. This 
paper presents an indoor interactive navigation system (named 
I2Navi) based on NFC technology for users to navigate within a 
building with ease using their smartphones. The I2Navi system has 
been implemented at the Faculty of Engineering (FOE), Multimedia 
University (MMU) to enable students, parents, visitors who own 
NFC-enabled Android smartphones to navigate themselves within the 
faculty. An evaluation is carried out and the results show positive 
response to the proposed indoor navigation system using NFC and 
smartphone technologies. 
 

Keywords—Near Field Communication, indoor navigation 
system, smartphones.  

I. INTRODUCTION 
N recent years, rapid development in smartphone technology 
has expanded its functionality as a device for 

communication purposes to a small computer for various tasks 
such as checking emails, gaming, e-book reader and so on 
[10]. In addition, smartphones are also used as outdoor 
navigation devices via Location-Based Services (LBS), 
embedded Global Positioning System (GPS) receivers and 
navigation applications such as PAPAGO [11]. However, a 
GPS-based navigation system cannot function in an indoor 
environment because the GPS signal requires line-of-sight 
(LOS) and thus is not reachable in an enclosed environment.  

This limitation has led to massive research in indoor 
navigation system through various technologies such as Wi-Fi 
[2], Bluetooth [3], FM [4], GSM [5], infrared [6], ultrasound 
[7], RFID [8] and ultra wideband (UWB) [9]. Each of these 
technologies has its own advantages and disadvantages. For 
example, UWB and Wi-Fi could provide higher accuracy in 
positioning compared to Bluetooth, but require higher 
implementation costs and more complex designs. This paper 
proposes a simple and cost-effective design for indoor 
navigation system, I2Navi, based on Near Field 
Communication (NFC) wireless communication technology 
running on Android-based smartphones. A customized 
navigation application was developed to help users navigate 
within the Faculty of Engineering, Multimedia University, 
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through NFC-enabled smartphones and NFC tags. NFC tags 
were embedded in advertisement posters positioned at 
different locations within the building and user can determine 
their location by tapping on the designated posters. 

The rest of the paper is organized as follows: A review of 
related work on existing GPS navigation systems, 
smartphones and NFC technologies is covered in Section II. 
The design of the proposed I2Navi system is presented in 
Section III whereas its implementation is covered in Section 
IV. The result of the initial evaluation of the I2Navi system is 
discussed in Section V. Finally, the paper is concluded, along 
with potential future work, in Section VI. 

II.  RELATED WORK 

A. GPS for Navigation 
GPS is used in a wide range of applications especially for 

land-based navigations [1]. Given the availability of relatively 
cheaper GPS receivers, navigation devices have become 
affordable and common. GPS works by calculating the user’s 
location by triangulation using signals transmitted by at least 
three satellites within LOS [12]. This requirement causes two 
issues for users. First is the time taken to obtain the position of 
receiver [2] (time to first fix), where the user needs to wait for 
the GPS signals. In some locations, such as urban cities with 
many tall buildings surrounding, it may require more than one 
minute [12]. A-GPS (Assisted GPS) can reduce some of this 
delay. However, the root problem remains, as GPS availability 
[12] is limited. Furthermore, GPS signal is not accessible in 
indoor environment. The second issue is that as the time to 
first fix is longer, the more power [12] will be consumed. This 
is a disadvantage for battery-powered devices like 
smartphones. In addition, according to S. Gaonkar et al., the 
high battery consumption of GPS receivers can affect the 
battery’s lifetime [13]. The reduction in the size of the GPS 
receivers and the integration of GPS systems with 
smartphones bring a lot of benefits to users, but these two 
main issues need to be resolved for indoor navigation system.  

B. Smartphone and NFC 
A smartphone, in the context of this paper, is defined as the 

hand phone using operating system such as Android1, iOS2, 
RIM BlackBerry3 and Windows Mobile4. Google Nexus S5 is 
the first Android smartphone with Near Field Communication 

 
1 See http://www.android.com 
2 See http://www.apple.com/ios 
3 See http://www.rim.com/products/blackberry_os7.shtml 
4 See http://www.microsoft.com/windowsphone/en-us/default 
5 See http://www.nfcworld.com/nfc-phones-list 
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provided were easy to follow and the application navigated 
them efficiently. By an effortless tap on a poster, the users can 
obtain their current location and simply follow the direction 
shown on the map. They agreed that this system potentially 
minimizes the chances of a person getting lost in unfamiliar 
environments. Most of the evaluators also agreed that the 
system is considered cost-effective because it only requires 
users to own an NFC-enabled smartphone in order to interact 
with the advertisement posters found within the building. 
However, some evaluators noted that the price of current 
NFC-enabled smartphones is relatively high and may be 
prohibitive, especially to those with lower purchasing power 
such as students, although the cost of deployment of the 
system on the whole is rather low. 

VI. CONCLUSION 
This paper presents a simple, low-cost, fast-responding and 

reliable indoor navigation solution by utilizing the NFC 
technology. The cost of this system is kept low with the use of 
relatively cheap passive NFC tags embedded in existing 
advertisement posters. In terms of response delay, the transfer 
of data from NFC tag to smartphone is “instantaneous”, so 
users practically do not need to wait for the response. The tag 
provides accurate position and room information. The I2Navi 
system was successfully implemented in Faculty of 
Engineering, MMU, to help new students and visitors locate 
offices, rooms and labs. An evaluation was conducted by a 
group of randomly chosen students and the results indicated 
that the proposed indoor navigation system is user-friendly 
and well-suited for the faculty. In the near future, more 
extensive evaluations will be carried out, involving larger 
groups of participants, to obtain more feedback for 
improvements on the system. In addition, the I2Navi system 
will be extended to support the entire university. 
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