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Abstract 

This paper aims to create a complete android application for Indoor Navigation 
within BITS Pilani, Dubai Campus (BPDC). The received signal strength indicator 
(RSSI) of the Wi-Fi access point is used to estimate the distance to the access 
points around campus. Any location within the campus is found by applying the 

trilateration algorithm on the estimated distance. Then navigation is done from 
the user’s current location to their desired destination.  The proposed approach is 
achieved a very good result, with accurate navigation between the rooms. 

Keywords: Application development, Indoor navigation, RSSI, Trilateration algorithm, 
Wi-Fi access point. 
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1.  Introduction 

Navigation is something humans have been doing since as long as we can 

remember, through the age of conquest, in order to sail overseas to new lands. It 
has been continued to be done for the outdoors even in modern days with the help 

of technologies like GPS (Global Positioning System), which is able to provide 

very accurate positioning. However, in an indoor environment, we still need to 

define a positioning system standard that can be applied worldwide and in different 

contexts GPS is not reliable for indoor positioning as it depends on the line of sight 

of satellites, easily blocked and attenuated or reflected. With indoor localization 

and navigation being a hot topic, we look to explore how it can be achieved to a 

usable degree using just the existing infrastructure Wi-Fi routers and hopefully 

improved from there. 

Various indoor positioning systems (IPS) are developed by various researchers 

in this field [1, 2]. The IPS are classified based on the underlaying physical 
operating principles: sonic wave, radio frequency (RF) based systems and photonic 

[3]. Few RF based systems are included Wi-Fi based positioning systems, Ultra-

wide band (UWB), Bluetooth beacons RFID, Examples for radio-frequency-based 

systems include RFID, WiFi- based positioning systems, Ultra-wide band (UWB) 

or Bluetooth beacons, that all have specific advantages and limitations [4, 5]. It is 

important to developing IPSs that can be applied in all construction units (e.g., 

shopping mall, tracking patients inside a hospital, advising firefighters inside a 

building, advising people inside an airport, regardless of their physical structure. In 

general, an IPS has three requirements to be met for large-scale use: (i) the system 

must provide accurate position estimates, (ii) the system must be easily scalable, 

and (iii) the cost of implementation must be reduced. 

There have been many approaches to obtaining user location such as Radio 

Frequency (RF), Infra-red (IR), Ultra-wide Band (UWB), Wi-Fi and so on. The 

way it is done is by using the Received Signal Strength Indicator (RSSI), which is 

how well your device can receive the signal from the closest access point (AP).  

Liu et al. [6] and Chen et al. [7] mentioned that determining the location with the 

help of WLAN RSSI measurements by trilateration involves first rendering RSSI as 

the distance between the mobile device and AP. The user location is then calculated 

using these distances and coordinates of the APs. They stated, however, that accuracy 

and reliability of single-point positioning are poor due to the non-stationary nature of 

RSSI, because of multipath and non-line of sight (NLOS) propagation.  

An improved RSS based lateration methods are introduced [8-10]. The 

researchers presented a regression-based as well as a correlation-based method. The 
regression-based approach uses linear regression to determine the best fit for the 

propagation model using the distance between the wireless device and access point, 

as well as the corresponding signal strength reading. The correlation-based 

approach ¬looked at using correlated RSS readings from a local area to fit the log-

distance model. They found that the regression-based approach helped reduced 

error from 21 feet to 15 feet for the Wi-Fi network, while the correlation-based 

approach further reduced the error from 21 feet to 12 feet. 

The structure of this paper is as follows: Section 2 talks about the related work 

of the paper. Section 3 outlines the formation of the problem, design methodology 
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and optimized proposed solutions of the paper. A conclusion and future of work 

are given in Section 4. 

2. Related Works 

Bahl and Padmanabhan [11] and Kotaru et al. [12] used an RF system in order to 

triangulate a user’s location with the help of signal strength from multiple receivers. 

They implemented a couple of methods to maximize accuracy but found that using 

the NNSS (Nearest Neighbor in Signal Space) worked best when applied to the search 

space obtained offline giving a resolution of 2-3 meters, The offline data consisted of 

signal strength information in 4 directions at 70 distinct physical locations. 

He et al. [13] talked about Wi-Fi fingerprinting, which is done in two phases. 

First, the site survey is conducted to collect vectors of RSSI of available access points 

in the area, which form the fingerprints of the site and are stored in a database for the 

later phase. In this later phase, a user measures RSSI vectors at that position and 

queries it to the server, which is then passed through some similarity metric to find 
the closest match of fingerprints. The fingerprint then helps determine location with 

the help of the “nearest neighbours”. Spandan [14] and Gavrilut et al. [15] discussed 

using RSSI and fingerprinting similar to [6, 12], as well as using smartphone sensors 

which when fused can also help determine the location of the user. 

So far Yang et al. [16] obtained the best results, where the researchers obtained 

an error of only 40 cm in their measurements (whereas median accuracy of other 

systems were around 2-4 m), while implementing systems without additional 

hardware just as [13, 14] had also mentioned. Jamali et al. [17] and Chruszczyk et 

al. [18] worked on a detailed system for pathfinding indoors. They proposed an 

algorithm which that can be applied to a 2D floorplan of a building and consists of 

two parts. First, a ‘rough’ route to get between rooms, followed by a ‘fine’ path to 

applied within a room. Even though they did not apply this algorithm to inter-floor 

navigation, it was found to work very well for complex floorplans for a single floor. 

Many companies are working on this topic to come up with a solution, with 

even companies like Microsoft coming up with their own take recently, making it 

a field of active development. The objective of this project is to build a small-scale 

version of an indoor navigation app for Android, which is constrained to the BPDC. 

This will help serve as a proof of concept and help in understanding the working of 

technologies used. The work can be further broken down into smaller objectives. 

First, floor-wise plans of BITS will need to be collected and processed into the 

appropriate format, GeoJSON, in this case. Since we are using Wi-Fi as a means of 

triangulating user position, the positions and addresses of all Wi-Fi routers will 

need to be collected. Then, we focused on attaining user location based on the Wi-
Fi router data collected. Next, pathfinding for the application is developed in order 

to show the actual navigation. Multiple algorithms are tested to identify the best 

one which gives the best result. Finally, the test is done, and the optimized 

algorithm integrates into the application. 

The main novel contribution of this work is as follows. 

• Develop a new android application that can use a RSSI of the Wi-Fi access point 

are used to estimate the distance to the access points around campus. 

• Use trilateration algorithm to estimate the distance from the current location to 

the nearby Wi-Fi Access points.  
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3. Problem Formulation  

3.1. Introduction to the problem 

Indoor Navigation with the help of Wi-Fi signals is not a new concept, with some 

research as early as the early 2000s. In regard to application development, i.e., the 

actual implementation of the concept, there have been numerous attempts to make 

it successful, such as the Path Guide Android application developed by Microsoft, 

which amassed only about 10,000+ downloads (which is in the 10,001 - 50,000 

range). Google Maps also provides indoor floor layouts for some buildings but does 

not offer navigation indoors. Another example is Situm Mapping Tool which 

allows for indoor navigation but only using mobile data and not Wi-Fi. This 

application also gathered only about 1,000+ downloads (1,001 - 5,000 range). 

3.2. Design methodology  

3.2.1. Implementation of map 

The initial plan was to implement a map from scratch using an API which 

provides the barebones to make an indoor map. The sequence of steps planned 

was as follows: 

i. Obtain a cleaned version of the BITS floorplan from the CAD file. 

ii. Use  GIS software (QGIS) to mark the coordinates of the floorplan. 

iii. Use the values obtained to place the layout of the BITS floorplan onto a real 

map using an API. 

iv. Apply pathfinding and finding user location using Wi-Fi. 

3.2.1.1.  Preprocessing 

The first two steps of the above sequence were preprocessing of the map. We 

started by cleaning the CAD drawing for each floor by removing markings which 

were not necessary for our purpose such as room names. This was followed by 

converting the drawings to an appropriate file type such as a GeoTIFF. 

The next step was to obtain the coordinates of BITS, according to the floorplan, 

on an actual map. The coordinates were obtained in the GeoJSON format as in Fig. 

1, which is used to encode a variety of geographic data structures. 

 

Fig. 1. GeoJSON Format for coordinates. 

This was done by: 
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• Loading a real map according to a Mercator (a projection to accurately depict 

the Earth’s surface) of Dubai.  

• Marking the coordinates of the corners of the floorplan from the PNG onto 

BITS displayed on the real map. 

• Marking different rooms by manually drawing polygons  

• Downloading the marked coordinates and using them in MapBox. 

3.2.1.2. The MapBox API 

This API enabled us to overlay the image of the floorplan with the geo tags 
(GeoTIFF) onto BITS on a real-world map, using the data we had already pre-

processed. The next step would be to add pathfinding and user localization. 

However, we quickly found out that we could not directly do indoor pathfinding in 

the MapBox API (or it would take far too long), so instead, we had to move onto 

finding another solution. 

3.2.1.3. The MapWize API 

The MapWize API is itself based on top of MapBox. It provided us a method to 

overlay the pre-processed BITS floorplan on top of a real-world map, add our own 

polygons for rooms, enter additional data for rooms (like relevant search terms for 
users, e.g., ‘Room’, ‘Class’, ‘267’) and most importantly pathfinding as well as 

positioning of beacons for Wi-Fi routers. The pathfinding still had to be done by 

laying out different nodes over all floors between different rooms so as to make a 

graph of possible routes. Moreover, the positions of the Wi-Fi routers we had added 

in manually (by going to every router in BITS and noting down information and 

position), through MapWize could be downloaded in a JSON format, which proved 

to be convenient in the next step, which was to get the actual user location. 

3.2.2. Getting user location  

In order to obtain user location, we were using Wi-Fi signals captured from various 
routers on the user’s phone. Earlier a list of all Wi-Fi routers, their mac addresses, 

and their locations was created and stored in a JSON file as in Fig. 2. But to use 

this data in the application, it needed to be parsed. Each individual element in the 

JSON file would have to be stored as a separate variable. To achieve this a class 

called RouterStored was created that stored latitude, longitude, mac address and 

floor number. A function was created that parsed the data from the JSON, stored 

all necessary variables in an object of the RouterStored class, and returned an array 

of objects created. 

3.2.2.1. Getting distance to routers 

From Yang and Chen’s work [8], it can be seen that it is possible to use the signal 

propagation model to estimate the distance between a receiving device (such as a 

mobile phone) and a wireless transmitter (such as an Access Point). The signal to 

distance relationship is given by:  

𝑃(𝑑)[𝑑𝐵𝑚] =  𝑃(𝑑0)[𝑑𝐵𝑚] −  10𝛾  𝑙𝑜𝑔10 (
𝑑

𝑑0
) + 𝛸𝜎                                         (1) 
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where P(d0) represents the transmitting power of a wireless device at the reference 

distance d0, d is the distance between the wireless device and the access point, γ is 

the path loss exponent and Xσ is the shadow fading which follows zero mean 

Gaussian distribution with σ standard deviation. 

After rearranging the equation, substituting variables and constants, and 

simplifying the equation we get: 

𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  10
(

27.55 − 20 ∗ 𝑙𝑜𝑔10(𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦) + |𝑠𝑖𝑔𝑛𝑎𝑙𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ|

20
)
                                       (2) 

where signal strength is in dBm, frequency is in MHz and the returned distance is 

in meters. 

 

Fig. 2. Getting stored routers from JSON. 

3.2.2.2. Standardizing units of measurement 

Before multilateration could be performed, the data had to be standardized. The 

problem arises due to the fact that the locations of the routers are stored as latitude 

and longitude coordinates which are represented in degrees (from 0-360) but the 

distance to the routers is calculated in meters. If the data is not normalized to use 

the same units, multilateration cannot be performed. So, the meter was chosen as 

the standard unit for measurement.  

Universal Time Mercator (UTM) is a geographic cartesian coordinate system 

that divides the earth into 60 zones (longitudinally). Any position on earth is 

represented as an ‘easting’ and ‘northing’ value within a given zone. The advantage 

of using UTM over latitude and longitude is that the easting and northing values it 

provides are in meters. Since a simple conversion is possible between the two it 

becomes easy to have a standard unit of measurement in meters, which can be used 
for multilateration. Now that we had measurements in units that we could 

understand directly, we could easily determine a user’s position. 

3.2.2.3. Continual scanning of routers 

The next step was to regularly scan Wi-Fi routers as in Fig. 3. Every time a new 

scan was successful, this list of routers could be passed forward to estimate the 
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user’s location. Due to limitations imposed by the Android OS, a new scan was 

only allowed every 4 seconds. This meant that the user’s location could only be 

updated every 4 seconds as in Fig. 4. Upon a successful scan the results were 

parsed, necessary information such as Signal Strength, Frequency, SSID and 

BSSID were stored in a class RouterStored and an array of the results were created. 
It then called the function to calculate and update the new location with this array 

passed as an argument.  

 

Fig. 3. Scan for Wi-Fi. 

 

Fig. 4. Keep updating access points. 

3.2.2.4. Getting closest routers 

The list of scan results must be compared with a list of known routers, to obtain 

each router coordinate. Since the BSSID is present in both the scan results and the 

already existing list of routers, it can be used to match the two of them. But when 

estimating distance using RSSI, the accuracy of signal strength degrades as distance 

increases. Hence, it is not advisable to use all the matched routers for 

multilateration. Instead if only the closest few routers are used it will ensure that 

the measurements stay accurate. The coordinates and distances to each of the 

closest ‘n’ routers are stored as shown in Fig. 5. 
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Fig. 5. Getting ‘n’ routers. 

3.2.2.5. Lateration 

Now that we had all the necessary data, we could obtain the user’s position by 
lateration. Multilateration is a method of finding the location of an object on an 

aircraft or in space, using distance measurements to multiple know locations. In 

this scenario the object is a user’s mobile phone, and the known locations in space 

are the Wi-Fi routers. 

In an ideal scenario, all the distance measurements will be 100% accurate, and 

all circles drawn from each router will intersect at a single point. This would mean 

a simple deterministic mathematical equation could be formed that will give an 

exact answer. 

In reality, the measurements will always include a small amount of 

measurement error. This would mean that instead of all intersecting at a single 

point, they would intersect in an area (either an ellipse in a plane, or an ellipsoid in 
space) as in Fig. 6. Hence it is an optimization problem that involves finding 

coordinates that minimizing the error between measured and calculated distances. 

  

Fig. 6. Ideal vs. actual lateration. 

This problem can be solved using a non-linear least square optimizer as stated in 

[2]. “Given the estimated distances di and known positions (xi, yi) of the ith access points, 

the position (x, y) of the wireless node can be estimated by finding (x̂, ŷ) satisfying:”  

(𝑥, 𝑦̂) = arg min
𝑥,𝑦

∑ [√(𝑥𝑖 − 𝑥)2 + (𝑦𝑖 − 𝑦)2 − 𝑑𝑖]
2

𝑁
𝑖=1                                             (3) 
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where N is the number of access points that will be used for multilateration. The 

problem is now to find the values of (x, y) that will minimize the sum of the error square.  

3.2.3. Optimization 

3.2.3.1. Deciding frequency 

While collecting data on the Wi-Fi routers it was noticed that each router was 

broadcasting a signal in both the 2.4 GHz range, and the 5 GHz range. So, both 

BSSID’s for each router was noted down. During testing it was found that the 5 

GHz signals were much more accurate than the 2.4 GHz signals. Tests conducted 

by Chruszczyk et al. [18] have shown that neither is frequency band is objectively 

better than the other, but accuracy is completely dependent on the environment. 

Since in our test environment of the campus, 5 GHz provided better accuracy, all 

router scans were limited to only the 5 GHz frequency band.  

3.2.3.2. Deciding frequency 

Another issue faced was if number of the routers required for multilateration was 

set too high, there were some areas on campus that had poor signal and would not 

be able to find the user’s location. This would lead to large inaccuracy as we would 

consider weaker routers, hence diverging from the actual location. On the other 

hand, if the number was set too low, there were areas where the location was 

inaccurate, even if more routers were available to potentially increase accuracy. 

Hence a function was created to allow a dynamic number of routers to be used. 

Anything within the range 3 to ‘n’ - where n was the max number of matches to 
consider, and 3 was the bare minimum required - which allowed flexibility where 

needed as shown in Fig. 7.  

 

Fig. 7. Using optimal ‘n’ routers. 

3.2.3.3. Floor based filtering 

Since the initial system was set up to use the 4 closest routers, this caused issues 

since routers from either the floor above or the floor below would sometimes also 
be included in the top 4. This was especially problematic since the thick concrete 

between floors results in large attenuation to the Wi-Fi signal. This, coupled with 
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the fact that the system was not taking vertical distance into consideration for 

multilateration, led to vast inaccuracy in position. To prevent this, a function was 

implemented to find the current floor and filter out all routers on other floors before 

passing it to the multilateration algorithm.  

4.  Conclusion and Future works 

The paper overall managed to get a decent result, with fairly accurate navigation 

between rooms. The only time it fell short slightly was not being able to update 

closest routers frequently enough, during which the location on the map would shift 

slightly off from the actual location. However, nothing could be done about this 

since it was a constraint of the Android OS itself. The idea could be made into a 

modular platform wherein institutes or groups wanting to use the platform could 

use their own data such as the floorplan and Wi-Fi router locations to provide 

indoor navigation at their own venues. It could perhaps and be applied across 

different BITS Campuses, especially given their larger size. The localization 
accuracy itself could be made better by studying and using better methodologies to 

achieve decimetre level accuracy. Further, if there was any way to reduce the rate 

of update of the access point scans, this would also result in a better accuracy 

overall, even by using the same implementation as this project. 
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