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ABSTRACT 

In this paper, we describe Wi-Fi based indoor positioning system 

solution that works without GPS. The solution allows to locate 

user in office-spaces and warehouses, and requires only an 

Android device.   
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1. INTRODUCTION 
This project implements a Wi-Fi-based indoor positioning system 

for navigating the MIT Tunnels without GPS. Localization is 

done based on the Wi-Fi adapters that are visible to an Android 

device. Notably this solution doesn't require any additional 

hardware from the user besides an Android phone and can be 

deployed without any changes to the APs in a region or 

knowledge of their specific location. 

2. TECHNICAL PROBLEM 
Many of the buildings at MIT are connected through an extensive 

network of underground tunnels. A significant proportion of the 

student body uses them every day, especially during winter time, 

since they provide an easy transportation alternative to facing the 

cold weather outside. One major drawback from using the tunnels 

is that since they are located underground, there are very few 

reference points to orient oneself and moreover, most of the 

tunnels look alike. From a practical perspective, our project 

addresses this problem by providing a user friendly navigation 

tool. From a technical point of view we are faced with the 

problem of indoor localization. GPS is the default means used to 

perform accurate outdoor localization. However, GPS signals are 

carried through waves at a frequency that does not move easily 

through solid objects. Applications that use GPS to get the users 

location don't work properly in many indoor environments. For 

the particular scenario we are considering, since the MIT Tunnels 

are located underground, there is little to no GPS signal. In 

addition, GPS is currently not designed to give accurate height 

locations, which makes it unsuitable for detecting which floor in a 

building a user is on. Given all these considerations, GPS is not a 

suitable means of achieving indoor localization, hence we have to 

look for a different approach. 

3. SOLUTION 
Our proposed solution is to do indoor localization based on the 

MAC addresses of the different Wi-Fi access points within range 

of a mobile device at a given location. To this end we created an 

application for Android platform that enabled us to acquire a 

database of physical points and the associated MAC addresses and 

their signal strengths. We used the data we collected to train a 

localization algorithm which when queried with a list of MAC 

addresses, outputs an estimation for the physical location where 

those might have been seen. We finally created a user friendly 

version of the app that displays the computed estimation on a map 

of the MIT tunnels, as can be seen below. The application is 

available in Google Play using the following link: 

https://play.google.com/store/apps/details?id=com.mit.mitlocator  

for Android 2.2 and higher. We expand on each of the 

components of our solution in the following subsections.  

 

4. ALGORITHM 
In this section we present the algorithm we currently have in the 

most recent version of the application. For the purpose of 

experiments we used the data in Python and tried different 

algorithms. We noticed a different one works better, even though 

it takes more time to run, and we plan to update it. More details 

about the algorithms used with the Python code can be found in 

the Experiments section. The Python script source code can be 

found in the GitHub repository as well. Let Macs(x) be a list of all 

MAC addresses visible at a particular point x. Let D be our 

database of points, the training set. Each element of D contains a 

physical location x; y together with a MAC address within range 

of (x; y). Subsequently, the dataset is transformed such that each 

element contains a physical location (x; y) together with a list of 

MAC addresses within range of (x; y). To output a guess for a 

position (x; y) on input Macs(x; y) the localization algorithm goes 

through D and computes the minimum signal distance in the space 

of Mac addresses between the input and any point in the database. 

The output is the average of the (x; y) coordinates of all points in 

the database D found at this minimum distance. 

5. EXPERIMENTS 
We performed two types of experiments: using data from tunnels 

and data from the 5th floor of the G tower of Stata. Note that these 

two instances test the accuracy of the method of using APs to 

determine indoor localization in two scenarios: at the room level 

and building level. For each set of experiments we tested four 

variants of the closest neighbor classifier: based on signal distance 

or bit distance. For each type of distance we either output the 

https://play.google.com/store/apps/details?id=com.mit.mitlocator


exact closest point or an average of the points in the database that 

are at distance close to the minimum distance. Note that different 

from the current version of the algorithm in the app, when 

computing distance we only look at the points that have at least 

one MAC address in common with the current query. This makes 

sense because in the scenario when the query would not have 

anything in common with the points in our database, wed want to 

not output anything rather than just outputting the point with 

minimum norm. 

For the first round of experiments, we mapped the tunnels with a 

dense database. After that we went in the tunnels at a different 

time of the day and collected test data. We used four different 

versions of closest neighbor algorithm to localize the data. For 

any point in the test data we essentially assumed we didn't know 

its (x,y) coordinates and used the train data to predict them. The 

results can be seen in the picture below. We also ran all data 

against all data, which can be found in the Appendix. As you can 

see the results are very accurate at this level of precision. We 

investigated the extra long lines and didn't find any anomaly, we 

believe they may have arisen as a collecting data error. 

Note that for the above figure, most red points are connected to 

very close by green points, that's why the lines are rather small. 

This can be observed better in the picture using zoom. For the 

second set of experiments we wanted to test if doing indoor 

localization based on Wi-Fi access points is actually more 

accurate, and could be used to localize at room level. This was 

another interesting question to explore since this is another 

instance when GPS signal would not be accurate enough.  

Figure 1: Results through closest points in the tunnels using 

train-test data. 

We collected data using two devices from one floor of Stata. Once 

again we used a train data and a test data. The plots can be found 

in the Appendix. We cross run the analysis by trying to predict the 

test data taken with one device by using the train data on the other 

device. These data did not perform too well. A key point is that 

one of our devices was relatively old and didn't perform well even 

when we were using as both train and test data, the points 

acquired with that device. Overall, the main observation is that 

while our system is good enough to determine what side of the 

floor you're in it doesn't always correctly identify the room. 

6. CONCLUSION 
Localization using Wi-Fi fingerprinting is a viable solution for 

some uses. In this report we applied the method to two scenarios. 

The first scenario was localization for the MIT tunnels, where the 

lack of signal makes GPS localization infeasible. For the second 

scenario we looked at the G5 floor of Stata and the aim was to 

determine in what office the user is currently located. While the 

method proved to be suited for the purpose of the first scenario it 

was not as efficient for the second one. Overall, the precision of 

Wi-Fi fingerprinting alone seems severely limited, likely to a few 

meters; however, it is feasible to correctly identify the section of 

the building in which the user is located. It also has the advantage 

that no hardware beyond a Wi-Fi enabled device is needed. Given 

the current prevalence of smartphones, this is accessible to a large 

number of people. In addition, these solutions can be 

implemented purely in software and on the user side, making them 

easy to deploy. There are a number of algorithm avenues to 

explore which may improve the performance of a Wi-Fi 

fingerprinting based system and integrating other sensor data may 

allow one to further increase precision. In this paper we also 

described a number of challenges that will need to be addressed 

for this method of localization to be used in broader contexts; 

however, none of these problems seem insurmountable. 
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