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Abstract 

The location determination in an obstructed area can be extremely challenging especially 

if the Global Positioning System (GPS) is blocked. In such conditions, users will find it 

difficult to navigate directly on-site, especially within an indoor environment. Occasionally, 

this needs to integrate with other sensors in order to determine the location with greater 

intelligence, reliability and ubiquity. In this paper, we will utilise the function of a mobile 

sensing platform (MSP) by integrating a wireless local area network (WLAN) and FM radio. 

These positioning sensors will be switched based on the user’s environment in order to ensure 

the robustness of the indoor positioning system. Finally, we will present our preliminary 

results to illustrate the performance of the system for an indoor environment set-up. 
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1. Introduction 

The navigation using Global Positioning Systems(GPS) is known to be able to operate in 

any location across the globe [1-4]. Presently, the development of GPS navigation systems 

has been advancing. Most of the current smart phones are equipped with the GPS function, 

which can be used to provide navigation assistance to the end user in an effective manner. 

However, the most severe limitations of GPS performance continue to exist. The accuracy of 

positioning deteriorates very rapidly when the user’s receiver loses direct view of the 

satellites (which typically occurs indoors or in severely obstructed urban environments [5-

11]). Therefore, the concept of an indoor positioning system has been introduced. This 

concept allows other technologies to be used for positioning determination. In order to do 

this, the utilisation of a mobile sensing platform (such as: Bluetooth, WLAN and a camera) 

can be used. The approach associated with a mobile sensing platform can help users to 

determine positioning with greater mobility and robustness [12-15].  

Previously, there have been many types of research prototypes, which have relied on 

mobile indoor positioning. The system based on GSM signal strengths have been used to 

determine which floor of a building the user. However, accurate tracking within a floor of a 

building has not been achieved. Similarly, the short ranges positioning technology (Bluetooth 

and Near Field Communication) have been used to constrain the estimate of the user’s 

location [16-18]. The disadvantage of this technology is it is require markers installation in 

each of environment. In contrast, there is approach that does not require the installation of 

additional infrastructure. This localization technique requires visual data. A major drawback 

to its use in a cell phone is that it requires the huge amount of environment picture to 

determine the location. In [19], the researcher has shown the integration of dead reckoning 

with WLAN which uses a particle filter to merge observations. They used a custom rigidly-

mounted belt module with a WLAN radio and integrated mechanical sensor (such as two (2) 
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axis accelerometer, gyroscope, and pressure sensor). However, there is no deep explanation of 

their step counting algorithm or zero-reference determination for gyroscope. Indeed, their 

sensor mix is not sufficient for establishing global heading in the dead reckoning component 

without requiring the user to be facing the same direction every time the system is started.  

Although robust positioning is not new, most of the techniques shown above focus more on 

single positioning sensing and positioning integration between MSP with external device, 

rather than utilising a multisensory approach on MSP.  

The structure of the paper is as follows. Section 2 will present the basic concept related to 

robust indoor positioning. Section 3 will present our problem formulation. Section 4 will 

present our proposed method. Section 5 will present our experiment setup. The details of our 

preliminary result will be covered in Section 6. Finally, a discussion and the future direction 

of the project will be provided in Section 7. 
 

2. Concept of Robust Indoor Positioning on Mobile Sensing Platform 

The concept of robust indoor positioning (see Figure 1 for fundamental system 

architecture) regards positioning determination across all environments [20-. Usually, it 

requires a multi-sensor approach, augmenting standalone positioning with other signals, 

motion sensors, and environmental features.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Fundamental System Architecture of Robust Indoor Positioning on 
Mobile Sensing Platform 
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determining the position. According to Figure 1, the robust indoor positioning systems 

generally consist of three (3) subsystems, which are named as the field subsystem, the 

interface subsystem, and the database subsystem. In the normal situation, the 

transmitters will always continuously broadcast their signal within coverage. Any 

device which is equipped with special sensors within their coverage will receive a 

signal. The received signals by then will be processed by a central processing unit  

(where the positioning algorithm is installed), before it is compared with the surveying 

data in the database server. Finally, the output of the system will display the mapping 

location on a mobile device screen. 

 

3. Problem Formulation 

The core of the robust positioning is relying on positioning method integration. Although 

most of the positioning method integration seems successful in term of positioning accuracy 

and robustness, but it lacking when it comes to mobility, since most of it involve external 

hardware integration [25-29]. This solution is not tend very much to solve this issue, because 

it may make end users feel harsh on device integration. Thus, the positioning integration 

between MSP may solve this issue.  In this paper, we aim to establish an indoor positioning 

system by utilising the WLAN and FM Radio function inside a mobile phone, since a mobile 

phone is a personal device which is used by the majority. The positioning method will be 

switched based on the type of environment in order to ensure the robustness of the indoor 

positioning system.  

 

4. System Design 

Generally, our system will determine positioning based on the availability of the signal. In 

detail, if the system is not within WLAN coverage, the system will prefer to process FM radio 

as alternative signal positioning. According to Figure 2, it shows the block diagram of 

WLAN/FM Radio based robust indoor positioning systems. Initially, the system will receive 

the WLAN and FM radio signal strength simultaneously. Those signals will be chosen by the 

system based on the how strong the received strength is. However, the signal strength also 

suffers in the obstructed environment since the signal will propagate and experience loss if 

there is a blockage between the AP and the mobile device receiver. Theoretically, the signal 

path loss obeys the distance power law as described below: 

 

          ( )    (  )        (
 

  
)                                                          (3) 

 

Where Pr is the received power;   (  ) is the received power at the   (knownas the 

reference distance),   is refers to the path loss exponent, which indicates the rate of the path 

loss which increases with distance. It depends on the surroundings, building type and other 

obstructions. In addition   is the close-in reference distance (1m) and   is the distance of 

separation between the RF signal transmitter and the receiver (The transmitter could be AP 

and receiver could be mobile device receiver). 
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Figure 2. Block Diagram of WLAN/FM Radio based Robust Indoor 
Positioning.(the Basic Core of the System is based on RADAR [30], which is 

using  KNN Nearest Neighbor [31] to Look-up Table during the off-line Phase) 

The term    is a zero mean Gaussian random variable with standard deviation  . Equation 

(3) is modified to include the Wall Attenuation Factor (   ). The modified distance power 

law is given as (4): 

 

      ( )    (  )        (
 

  
)                                                (4) 

 

Where, T is number of walls between the transmitter and receiver.  
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Equation (5) has been derived from equation (4). This equation is used to measure the 

distance between the access point and the mobile node. When the mobile device or node 

location has been calculated, the distance of every device or node will be calculated by using 

the Euclidean Distance equation (6).  
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(3) measurements, the equation (6) can be inherited to become equation (7) whereby D is the 

distance between the observed signal and the recorded signal: 

  √((       
 )  (       

 )  (       
 ) )                             (7) 

 

5. Experiment Setup 

We conducted the experiments at Level 2, N28, at the Universiti Teknologi, Malaysia, 

Johor whereby the total area was equal to approximately 120 m × 95 m, (for additional detail 

refer to Figure 3) by collecting WLAN and FM radio signal strength data along the corridor in 

four (4) orientations(see Figure 4). 

 

 

 

 

 

 

 

Figure 3. Experiment Location (Location 1, Location 2). The Icon of Wireless 
Transmitter is Refer to the Location of WLAN Access Point which Attached 

with FM Local Transmitter 

The data recording, processing, and most positioning tests were performed by using HTC 

HD mini smart phones (see Figure 5), with platform Windows Mobile 6, equipped with 

Atheros AR5007EG wireless network adapters and stereo FM Radio. The FM tuner was 

controlled through a custom, low-level library written in C++, while the WLAN RSSI values 

were provided by the OpenNetCF SDF library [32]. A standard HTC headset has been used as 

an FM antenna. Due to the hardware design, the mobile device used in the experiment 

reported the Wi-Fi signal strength as one of six (6) levels. The FM RSSI, in turn, is 

represented with sixty three (63) levels; the maximum RSSI values, observed in the proximity 

of the transmitters, were below 45. In order to ensure a fair comparison of FM and WLAN, 

the precision of acquired FM RSSI samples were reduced to 6 levels as shown in Table 1. 

 

 

 

 

 

 

 

 

 

Figure 4. Four (4) Type of Orientations during WLAN Data Collection [34] 
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Figure 5. An HTC HD Mini Device used as a Data Collector 

Note that this conversion has an adverse effect on FM positioning accuracy and has been 

applied only for comparison with WLAN. While FM transmitters were distinguished by their 

radio frequency, the different WLAN access points were recognised by their MAC addresses. 

The RSSI values received from different access points were assumed to be independent since 

the interference did not have an important influence on the system [33].  
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Table. 1. Mapping of FM and WLAN RSSI (HTC HD Mini) 

6. Preliminary Results 

In this section, we will discuss our preliminary results. Basically, these are based on our 

WLAN data collection. The data will be used to test the proposed system. By referring to 

Figures 6, 7, 8 and 9, it shows the RSSI strength compared to the distance between the mobile 

node and the access points in different user orientations. As we can see from this figure, the 

trend of RSSI is normal, where by the value decreases if the distance increases and this trend 

is almost the same in Figures 10, 11, 12 and 13.  
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Figure 6. Distance and RSSI 
during Data Collection in 
Location 1 (User Orientation: 
0o). (Note: Signal Strength in –
dBm and Distance in Metres) 

 

Figure 7. Distance and RSSI 
during Data Collection in 
Location 1 (User Orientation: 
90o). (Note: Signal Strength in –
dBm and Distance in Metres) 

 

Figure 8. Distance and RSSI 
during Data Collection in 
Location 1 (User Orientation: 
180o). (Note: Signal Strength in 
–dBm and Distance in Metres) 

 

Figure 9. Distance and RSSI 
During Data Collection in 
Location 1 (User Orientation: 
270o). (Note: Signal Strength in 
–dBm and Distance in Metres) 
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Figure 10. Distance and RSSI 
During Data Collection in 
Location 2 (User Orientation: 
0o) (Note: Signal Strength in –
dBm and Distance in Metres) 

 

Figure 11. Distance and RSSI 
During Data Collection in 
Location 2 (User Orientation: 
180o). (Note: Signal Strength in 
–dBm and Distance in Metres) 

 

 

Figure 12. Distance and RSSI 
During Data Collection in 
Location 2 (User orientation: 
90o) (Note: Signal Strength in –
dBm and Distance in Metres) 

 

 

Figure 13. Distance and RSSI 
During Data Collection in 
Location 2 (User Orientation: 
270o). (Note: Signal Strength in 
–dBm and Distance in Metres) 
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dependent on the user’s orientation in location 1. For example, the signal strength value of 

AP2 is the highest during user orientation: 270
o
 (see Figure 9) compared with the signal 

strength obtained in 0
o
 (see Figure 6). Meanwhile in location 2, we can see the signal strength 

value obtained by the mobile device in Figures 10, 11, 12 and 13. This also shows that the 

signal strength depends on the user’s orientation although the distance between the mobile 

device receiver and AP is close. In this case, the signal strength value of AP3 is the highest 

during the user’s orientation: 270
o
 (see Figure 13) compared with the signal strength obtained 

in 0
o
 (in Figure 10). The reason behind this is that the orientation of the user may contribute 

towards blockage; and thus the signal strength that is obtained by the mobile device will be 

reduced. This reason can also be applied with other values in the graph. 

 

7. Conclusions and Future Directions 

This paper has discussed problem solving regarding how to develop an indoor positioning 

system in terms of its mobility and robustness. In order to do this, the positioning method 

integration on mobile sensing platform is needed. Thus, the indoor positioning system by 

utilising the WLAN and FM Radio function inside a mobile phone has been proposed, since 

the mobile phone is a personal device which is used by most people. The positioning method 

was switched based on type of environment in order to ensure the robustness of the indoor 

positioning system. The preliminary result showed that the majority of the signal strength 

decreased if the distance increased. It is also showed that, the signal strength depended on the 

user’s orientation since their body contributed as blockage between the mobile device and the 

WLAN access point. As future work, we will continue our experiment by using this result and 

simulate FM radio positioning in order to obtain more valuable findings.  
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