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ABSTRACT 

 

Navigation has become an integral part of today’s society. Many people use devices such 

as smartphones to get direction in and out of unfamiliar environments. People have come to rely 

on these devices as it helps them get to their destination with ease. However, there are limitations 

when it comes to navigating indoors when compared to outdoors. The technology used for outdoor 

navigation becomes inaccurate when it comes to indoor navigation. The problem escalates when 

people with navigation impairments such as blindness or mobility impairment are unable to follow 

a route to get to their destination that’s indoors. Such unreliability causes inconvenience and losses 

to clients.  

This thesis showcases a navigation application using called CityGuide which is an iOS 

based indoor way finding solution that can help people navigate indoor environments with ease. 

The application targets accessibility groups such as people with visual impairments and people 

with mobility impairment, by providing them with a rich user experience while it tries to direct 

them to their destination. The project uses a localized server in order to have complete control over 

the data being transferred to and from the application making the app more independent and the 

hardware installation cheaper for the long term. The app uses algorithms and approaches to find 

the shortest path to the destination and also applies additional features such as haptic feedback, re-

routing function, instructional dictation of the path and by being voice over friendly. The 

navigation model introduced is reliable, cheap, and easy to install and allows organizations to 

implement better accessibility features in their indoor space.  
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CHAPTER 1 

INTRODUCTION 

To understand the difficulties of navigation we must first investigate the challenges people 

face when they navigate their surroundings. One of the main problems of navigation is deviation 

when traversing a path, adding extra time and distance to reach a desired destination. In their 

deviations, an individual may encounter a situation where their paths are affected by accessibility. 

The absence of accessible paths may sometimes create a barrier for the individual that they can’t 

cross. Disabilities such as visual impairments significantly increase the challenges of navigation 

for the individual as they would have to rely on others for assistance and depend on their 

knowledge of the area - which may differ based on individuals - to reach their destination. The two 

major categories of individuals that suffer from disorientation in navigation are those with visual 

impairments and movement impairments. The Center for Disease Control and Prevention (CDC) 

currently estimates that there are around 12 million people who are visually impaired [22]. BioMed 

Research International estimate that there are around 2.7 million people in the US who are 

movement impaired and use wheelchairs [23]. Their age ranges can vary from children to older 

adults. Blind or Visually Impaired individuals when navigating new environments are mostly seen 

with someone who can see and guide them, or with a guide dog, or with a cane to help them feel 

the area around them. Movement impaired users when navigating utilize a wheelchair and are 

constricted to use only accessible pathways such as slops and elevators. Individuals from the 

general population without disabilities don’t usually face many difficulties navigating new 

environments, but if there is a time constraint involved, a large new area can cause difficulties as 

they would have to rely on signs and apply the trial-and-error method to reach their destination.  
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With advances such as GPS, a user is able to accurately determine their location on the map. 

Utilizing GPS, many apps like Google Maps, Apple Maps, etc. have implemented a path finding 

solution to any outdoor destinations. The apps accurately display and narrate the paths to the user 

for them to reach their destination in the quickest way possible.  

In the past, there has been a lot of work done to assist people in navigating independently. 

Technologies such as GPS, Computer Vision, and Artificial Intelligence (AI) are some examples 

of such work [5, 16]. But it is important to note that even though technologies like GPS allowed 

solving navigation challenges outdoors, it remains ineffective indoors. Most of the people who 

have challenges navigating, have their struggles reduced for the outdoor side of things, but they 

still face challenges navigating indoors. There is a general lack of concrete applications that can 

handle indoor wayfinding. Due to the lack of accessible indoor wayfinding applications, many 

people with navigation disabilities are left with nothing to rely on.    

Prior work has been done to solve this challenge, but there are still limitations.  NavCog [7] 

is an example of an application that utilizes Bluetooth beacons, and computer vision to implement 

an indoor way finding application. This application however requires extensive preliminary 

training. GuideCall [10] is an application that utilizes human assistance and connects disability 

users with a pool of trusted individuals to help guide them. The issue here is the application relies 

on the availability of the people in the group, and how skilled that individual in the group is at 

instructing people with disabilities. GuideBeacon [6] is another application that utilizes Bluetooth 

beacon technology to implement indoor wayfinding, but it was not tested in multi-floor indoor 

environments and did not have an iOS implementation as contributed by this work. Deploying a 

system that handles indoor wayfinding is not an easy task as there are a lot of challenges that need 

to be overcome to accomplish this.  
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This thesis reflects the design, deployment and assessment of CityGuide – an iOS indoor way 

finding application designed to help people with or without navigational disabilities. The design 

of the application incorporates a localized server implementation to reduce delays in looking up 

information.  The application helps users explore their surrounding and also guides them to their 

destination if they choose that option. It allows people to learn more about their new environment 

and is especially helpful to people with navigation-based disabilities like blindness and movement 

impairment. The app utilizes simple cardinal directions to direct users and provides haptic 

feedback to confirm if the user is on the path or has reached their destination.  The significant 

contributions of this thesis include: 

1. A broad overview of how an indoor wayfinding application can be constructed for effective 

navigation in indoor environments by persons with disabilities. 

2. The overall system architecture detailing the strategy and design used to develop the 

application. The technology stack required to successfully implement the design of the 

system. Explanation detailing the data used in the app to perform its tasks efficiently.  

3. An assessment conducted on CityGuide that confirms the application to be capable of 

persons with disabilities to independently accomplish indoor wayfinding.  
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CHAPTER 2 

LITERATURE REVIEW 

Prior to this project, lot of work has been done to help guide people in unknow indoor 

environments. The approaches to this model is diverse and some designs use concepts such as 

human assistance, or Artificial Intelligence using Computer Vision, or additional infrastructure to 

create a working path finding solution.  

2.1. Navigation Via Human Assistance  

Before modern day technology, other people were the go-to option for those that faced 

difficulties going from one place to another.  Human beings are social creatures which indicates 

that they are or can be very good in assisting others. Many people with navigational disabilities 

would prefer taking the aid of another individual. But if these people were distant from each other, 

it would take more efforts for them to have an interactive session. So, in order to bridge the gap 

between people, applications such as virtual assistants were developed. GuideCall [10] is a great 

example of a remote based assistant application available in multiple platforms. The application is 

designed to specifically help blind users in navigation and also performing certain tasks like 

finding a document in a file. It connects a pool of trusted individuals to the user using a video call 

and displays a map along to broadcast the user’s live location. Be-My-Eyes [3] is another example 

of an application that utilizes remote assistants from random individuals who may be untrained to 

assist blind users. Aira [2] is another app that uses trained individuals to assist blind users but 

requires a fee for its service which becomes expensive to use. Most common issue between these 

apps is a requirement for availability of assistants to be ready to assist blind users. Due to this 

constraint, an inconvenience may occur when either of the two parties are unavailable for the other.  
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2.2. Navigation Via Computer Vision 

Applications that function as a virtual eye is a generalization of a Computer Vision 

software. Such applications possess the capability to basically help a blind individual see using 

live footage from their hand-held camera devices using artificial intelligence. TapTapSee [5] is an 

example of such application. The app utilizes a phone’s camera and helps the blind in identifying 

object that they face towards [16]. The application here is mostly used to identify objects but the 

app doesn’t necessarily help in navigation. The motive behind the app is to help blind people 

become independent when it comes to identification of objects. Other apps such as VizWiz [4], 

SeingAI [1], etc. also utilize the same functionality. 

 

2.3. Navigation Via Additional Infrastructure 

In an indoor location, there are two ways to approach the question of setting up a working 

navigation system. One that utilizes existing infrastructure and one that utilizes additional 

infrastructure. The quickest and easiest way to setup a navigation system is by using existing 

infrastructure. Many technologies such as RFID [18], Ultrasound [19], and Infrared [20] can be 

used for indoor localization by adding additional device or infrastructure to accomplish its task. 

Wi-Fi routers [8] are a good example of such setup. They utilize a technique known as dead-

reckoning which uses the phone’s inertial motion unit (IMU) to determine the position of the user 

and to implement a path finding solution [9]. But these routers require a higher power to operate 

optimally. Out of all the paradigms of building a system designed for navigation, Bluetooth 

beacons are one of the most cost-effective ones.  

The general idea behind this is to deploy beacon in locations of an indoor/outdoor space, 

form a matrix and connect to dots. Use a path finding algorithm to compute the optimal path and 
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have a speech function to speak the route to the user. NavCog [7] is a great example of such 

application. It utilizes Bluetooth beacons to help navigate users from point A to point B. It uses a 

map server where the developer uploads the floor plan, and a web application software is used to 

place beacons and chart paths to destinations. The NavCog [7] app then speaks and requests the 

finished version of the map and utilizes its computations to navigate. GuideBeacon [6] is another 

application that utilizes Bluetooth beacons for navigation. It also uses a web server to store beacon 

data and assist people in navigation. The common theme in these applications is that they utilize a 

web server which they don’t have full access to. The restriction may cause a disturbance in the 

flow of information passed to and from the application, which may lead to unwanted problems 

which would otherwise have been fixed if the server was in total control of the developers.  

 

2.4. Differences in CityGuide  

CityGuide is a infrastructure or tag-based approach relying purely on proximity-detection. 

It uses strength of received signals to estimate proximity to points of interest. This makes the 

approach simple to implement (for example without need for more error-prone triangulation 

techniques). This thesis makes the novel contribution of designing and evaluating an indoor 

implementation of CityGuide in iOS with novel features implemented on the smartphone 

application as described in the next few sections. 

 

 

 

 

 



7 
 

CHAPTER 3 

APPLICATION WALKTHROUGH 

  

 The implementation of the CityGuide system depends on three main factors. The beacon, 

the application, and the server. To understand the process of the app we will go through it step by 

step.  

 

 3.1  The Processes 

             
 

Figure 3.1 CityGuide Workflow 

 

 Step 1, Startup: 

 Once the user decides it’s time to use the app, they will use their smart phone device and 

start the app. The app is first in an idle state with a blank black screen. It tries to locate and read 

the RSSI signals pulsing from the beacons. 
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Step 2, Connection: 

The Received Signal Strength Indicator (RSSI) values are emitted from all beacons 

simultaneously, which means we may receive differing values depending on how close or far they 

are from the user. After receiving some RSSI values a weighted average is calculated using the 

averaging equation and the closest beacon, as judged by the calculations from the equation, is 

selected. The closest beacon’s ID is then stored inside the memory of the app and a request is sent 

to the server for information regarding that beacon.  

 

Step 3, Request: 

The server receives a request along with the beacon ID and the authentication code. There 

are three forms of requests. One is to ask for the details of the beacon, two is to request a floor 

plan the beacon is located on, and three is to ask about a file containing all beacons inside a 

building. The file which contains a set of beacon IDs expresses a connection between the listed 

beacons and their association to a building. Once the sever finishes reading these requests it sends 

the relevant reply. The reply is sent as a jQuery and is extracted in the app’s computation process  

 

Step 4, Computation: 
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Figure 3.2. The app after completing computations 

Once the app receives the details of the beacon and its associated beacons that all belong 

to a building, a beacon map is computed within the app. The map is nothing but a cluster of nodes 

that are interconnected to one another using the beacon details the app receives. The computation 

also takes into account the floor plan where the closest beacon is located in and displays it. The 

screen of the app changes from a blank black to the floor plan and a red dot is seen on the map 

indicating the closest beacon to the user. We assume the user is standing somewhere near the 

beacon indicated by the red dot on the map. Once this is done the app enters exploration mode. 

 

Step 5, Exploration Mode: 

It’s a mode where the user is free to explore their surroundings and the app dictates any 

Points of Interests (POIs) the user crosses by. It is the default mode of the application. Depending 
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on the direction the user points the phone, the app tells them which direction the relevant POIs are. 

Figure 3.2 indicates the app in exploration mode in a visual interface format to the users. 

 

Step 6, Navigation Mode: 

      

Figure 3.3 Process to Enter Navigation Mode 

The Navigation Mode is triggered when the user decides to go to a destination. The user 

can speak or search for the destination using the microphone or the magnifying glass icon 

respectively. Blind users can utilize Apple voice over functionality to get to those icons and search 

for a destination. Once the destination is selected, the app enters Navigation Mode, and an ‘X’ icon 

is displayed above the search icon indicating a way for users to cancel the routing feature of the 

app. The app uses voice commands to guide the user to follow the proper route in order to reach 
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their selected destination. The map automatically moves the red dot depending on which beacon 

the users gets close to. When the user reaches the destination beacon, the app automatically 

switches from navigation to exploration giving a chance to the user to explore a bit more of the 

surrounding area of their destination.  

 

 3.2  Additional Features: 

 The application utilizes haptic feedback vibrations to notify users of certain events. The 

vibrations occur in navigation mode to better assist individuals in navigating. A single vibration 

indicates that a user is under a new closest beacon. The closest beacons act as hub nodes that 

connect to virtual nodes. The virtual nodes do not require a physical beacon to indicate its 

placement on the beacon map. They branch out of the hub node and are used to indicate destination. 

When a user approaches a destination that is connected to a hub node, two haptic vibrations are 

played to indicate a user is very near their destination. The following command will guide the user 

to turn or move a little to reach their final destination and then the app will switch back to 

exploration mode automatically. The application has a replay command feature that replays the 

previous command the app issued. If the command was somehow missed by the user, they can 

simply double tap the screen or shake their device for the app to speak the command again. The 

command can be anything from telling the user where the points of interests are to which direction 

a user must take to reach their destination. It is implemented in both navigation and exploration 

modes. The app is also voice over friendly which allows blind users to easily navigate the app and 

ask for directions or get to know any points of interests nearby. In navigation mode a situation 

where a user accidentally deviates from a path to their destination, a re-routing function is 

implemented which can ask the user to turn around or follow a different path to their destination.  
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CHAPTER 4 

CITYGUIDE ARCHITECTURE 

 
Figure 4.1 CityGuide System Architecture 

 

 

 To understand the system architecture of CityGuide, we need to look at some aspects and 

inner workings that make the model work.  

 

4.1 The Design 

The CityGuide architecture involves the use of a localized server that holds the details of 

beacons in its database. The application is the one that triggers request to the server once it is 

connected to a beacon. The beacons are placed in strategic locations in an indoor environment 

where they are required to meet two basic requirements. One is to have less beacons inside the 
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building to reduce Radio Frequency collisions and hinder accuracy, and the other is to have at most 

three points of interests near a beacon. The points of interests (POI) here can be anything from 

classroom doors to paintings on the wall. Once the data is received by the application it computes 

a beacon map. Once it finishes the computation, it displays the floor plan to the user. The narration 

function in the application dictates the points of interest near the user using eight cardinal direction 

that are Straight Ahead, Slight Left, Left, At 4 o’clock, Straight Behind, At 7 o’clock, Right, and 

Slight Right. The choice of using clock notations is only bound to two diagonal directions behind 

the user. The chosen set of directions should be able to guide the user enough to orient them in the 

right direction.   

The applications have two modes, the exploration mode where the app speaks the POIs to 

the user, and the navigation mode where the app directs the user to follow a path in order to reach 

their destination. The exploration mode is the application’s default mode. When the app is 

connected to a beacon a request is sent to the server. The beacon map is computed after receiving 

data from the server. After the computation, the exploration mode is triggered, and the application 

starts to narrate nearby POIs. The user can walk freely with the phone in hand to explore more 

about their surroundings. If the user wishes, they can select a destination in the application which 

switches the current mode from exploration to navigation. The app then directs the user to follow 

a path in order to reach their destination. Once a user reaches a destination beacon, the application 

automatically switches back to exploration mode, giving the users a chance to know more of any 

interesting points near their destination.  
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 4.2  The Tech Stack 

 The technologies we used in our implementation involves hardware such as BLE Bluetooth 

beacons and a localized server. In accordance to many indoor wayfinding solutions we decided to 

use the beacon based approach to help guide our users. A localized server was decided as we 

wanted full control of the data we will be using in our project. Having a local server allows us to 

monitor and tweak data with ease. We setup an Apple Mac Mini with an M1 chip to be our server 

in the lab. 

 Apple’s Swift programming language in the XCode IDE framework was used to develop 

the iOS application. A lot of the design was built from scratch and due to Apple’s powerful mobile 

development tools the app was developed with added features such as haptic feedback, voice 

transcription, and gyroscopic sensor detection. JavaScript along with Node.JS was the ideal server-

based programming language and framework for our server. It consisted of multiple server based 

POST and GET queries that handled many requests. The server code was written in Sublime IDE 

for better readability. The database was developed using mssql in Azure Data Studios and was 

hosted on a Docker container.  

 The requirement for developing a software that could handle route finding, and effectively 

instructing the user to follow a path is a difficult task. It required the use of a shortest way finding 

algorithm which can construct a graph using the data the app gets and determine the shortest path 

to a selected destination. It also required the use of a weighted averaging equation for better 

accuracies of beacon readings due to the inaccurate and volatile nature of the radio frequency 

waves the beacons emit.  
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 4.3  BLE Bluetooth Beacons 

 
Figure 4.2 Gimbal Beacon Specifications 

 

 

 To implement our indoor navigation system, we needed beacons that were efficient. 

Bluetooth Low Energy (BLE) Beacons was the go to choice that meets such requirements. BLE is 

an efficient model of the original Bluetooth technology. The BLE beacon has a broad application 

that helps in navigation and guidance after being installed in public indoor environments like 

universities, museums, and airports, they can help assist all people with navigational disabilities 

such as vision and mobility impairment [11,12,13,7]. Due to the power efficiency, the BLE beacon 

device can run for up to a year without needing battery replacement. They are small, cost effective 

and easy to install [14,15]. The Gimbal Series 21 costed only $25 and had the proper specifications 

to our requirement, and it became our beacon of choice. After ordering multiple beacons from 

Gimbal, we calculated the best places to keep these beacons. We spent around $1325, and it took 

us a total of 53 beacons to cover all three floors of the building where we test our model. The 

Beacon was supposed to incorporate at most three POIs and must be placed at every 
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corner/intersection point of a floor plan. The POIs can be anything from a classroom entrance to a 

simple painting on the wall. The Beacons pulse a radio frequency wave that is read as Received 

Signal Strength Indicator (RSSI). The RSSI is negative in nature where the greater the value the 

closer you are to the beacon. For example, if we receive an RSSI value of -40 we are closer to the 

beacon in comparison to another RSSI reading of -80 which is further away from the beacon. The 

RSSI is volatile in nature and has a lot of factors affecting its strength like the material of the wall 

its placed on, objects on the wall that are close to it, mirror/window-based reflection, RSSI 

collisions, etc.  

  
 

Figure 4.3 Beacon Placement and Direction 

 

  

 Due to concerns regarding accuracy, a relation had to be implemented between the beacon 

and the POI to reduce the number of beacons adjacent to each other. The hub node – virtual node 

relation was an idea that helped us achieve this requirement. The beacon now becomes a hub 

node/main node that emits actual radio frequency waves in pulses, and the POIs now becomes a 

virtual node linked to the hub node via an edge. Due to the omnidirectional nature of the beacon, 

we could assign up to eight entities to it. These entities can be another beacon indicating a pathway 
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between said beacons, or it can be a POI. The left image in figure 4.3 indicates a hub node – virtual 

node relation and the right image indicates the eight directions a hub beacon can connect to an 

entity due to the omnidirectional nature of the BLE device. An image of how a beacon map could 

look on an actual floor plan is show in figure 4.4, where the circles indicate a hub node that is the 

actual beacon placement, the squares indicate POIs, and the line along with its numerical unit 

indicates an edge and their distance from each other.  

 

Figure 4.4 Beacon Map 
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CHAPTER 5 

SERVER IMPLEMENTATION AND ALGORITHMS 

 

The previous iterations of this software utilized a cloud-based server to maintain the data 

traffics between the client and the server. It introduced some inconveniences such as costs per 

month, and server shutdowns where the server becomes unavailable due to maintenance. To 

mitigate these factors a localized, sever design was introduced to make the application independent 

of third-party servers. Due to local nature of the server, the data could be manipulated with ease to 

maintain proper communication between the app and the server. Making the system on the Wichita 

State University campus was a major task is this project. While developing the server we had to 

take into account what building will we use to deploy our system and what floor the server will be 

placed on. Wallace Hall is the building where we deployed our system. Our lab is located on the 

third floor. The building has a total of three floors with one accessible route entrance for wheelchair 

users. To integrate the components in our database we took into account the beacon’s and the 

building’s information such as floor plan, building number, beacon ID, etc. The whole database is 

divided into two mini databases, one for beacon details and one for building information. The 

entire database was hosted on a Docker container. 

 

5.1  Beacon Database: 

The contents of the beacon database are as follows: 

1. Beacon_id: The ID for the beacon. Here the hub node – virtual node relation can be 

made. The hub node and virtual nodes have the same beacon ID to indicate a relation. 
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2. Group_id: The ID indicating a specific building. The relation here matches the group 

ID of the building database and helps extract info from both databases.  

3. Node: Describes the node value of every entity. It must be unique and not repeated.  

4. Numsens: Describes the total number of nodes that are interconnected in the beacon 

map of the current building. It varies based on the group ID which indicates a building.  

5. Threshold: Indicates the RSSI reading that is acceptable to be within a beacon’s 

proximity. For example, an RSSI reading greater than -75 is considered withing 

proximity of that beacon and any reading below it is ignored.  

6. Direction: Indicates a direction specific pathway. Some pathways are unidirectional 

instead of bidirectional and are indicated as 1 and 2 in the database respectively. 

7. Locname: Indicates the name of the location. For example, Room 212 Computer 

Science lab 

8. Other: A column to insert extra information of the entity. Can be used to write a small 

paragraph on the importance of the POI a user walks by such as a painting on the wall. 

Can also be used to indicate the xy coordinates of the hub beacon on the floor plan.  

9. _level: Indicates the floor number the beacon is on. 

10. Bnorth: Indicates a connection to a hub node or a virtual node to the north  

11. Ndist: Indicates the distance in meters between the current node and the node to the 

north 

12. Bsouth: Indicates a connection to a hub node or a virtual node to the south 

13. Sdist: Indicates the distance in meters between the current node and the node to the 

south 

14. Beast: Indicates a connection to a hub node or a virtual node to the east 
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15. Edist: Indicates the distance in meters between the current node and the node to the east 

16. Bwest: Indicates a connection to a hub node or a virtual node to the west 

17. Wdist: Indicates the distance in meters between the current node and the node to the 

west 

18. Bneast: Indicates a connection to a hub node or a virtual node to the northeast 

19. Neastdist: Indicates the distance in meters between the current node and the node to the 

northeast 

20. Bnwest: Indicates a connection to a hub node or a virtual node to the northwest 

21. Nwestdist: Indicates the distance in meters between the current node and the node to 

the northwest 

22. Bseast: Indicates a connection to a hub node or a virtual node to the southeast 

23. Seastdist: Indicates the distance in meters between the current node and the node to the 

southeast 

24. Bswest: Indicates a connection to a hub node or a virtual node to the southwest 

25. Swestdist: Indicates the distance in meters between the current node and the node to 

the southwest 

 

5.2 Building Database: 

 The contents of the building database are as follows:  

1. Group_id: Indicates the ID of a specific building. Matches the Group ID of the beacon 

database indicating that a beacon is within a particular building.  

2. GroupName: Indicates the name of the building 
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3. FloorNum: Indicates the floor number of a building. It is used to get the appropriate 

floor plan of that building. 

4. BeaconFile: A file that contains all the beacon IDs associated to the given group ID. 

When called the file is read in the app and a request is sent to extract information of the 

beacons linked to the specific group ID forming a virtual matrix of the beacons.  

5. FloorPlan: An image file of the floor plan of the current building. A combination of 

group ID and FloorNum is used to send the correct file.  

 

After understanding the server details, we move on to what makes the app work and 

accomplish its tasks. With the use of algorithms, the application is able to compute data received 

from the server and implement the tasks of the app. Mainly two algorithmic concepts are needed 

for the app to function properly. One to handle path finding and the other to handle accuracy 

reading. Dijkstra’s algorithm and the weighted average equation was used to accomplish this.  

 

5.3 Dijkstra’s Algorithm 

 For our current requirements we needed a fast path finding solution to chart a route for our 

users to follow. Dijkstra’s algorithm [21]is a greedy Breadth First Search algorithm that provides 

a solution to our problem.  
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Figure 5.1 Pseudocode for Dijkstra’s algorithm 

 

 The algorithm is non recursive and can be made using a matrix or an adjacency list with a 

queue to hold the visited nodes. The adjacency list is preferred here as it allows for quicker 

lookups, whereas in matrices, we would need to go through every cell to lookup our destination. 

In this project, the vertices are defined as hub and virtual nodes, and the edges are defined as the 

distance between these nodes. The basic time complexity and space complexity of this algorithm 

is O((|V|+|E|) logV) and O(|V|+|E|) respectively where V is vertices and E is edges. The algorithm 

allows us to compute the beacon map by forming an adjacency list of the data in order to find the 

shortest path to our destination. The path is then transferred to an instruction generator which 

computes the directions a user should follow to reach their destination. 
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 5.4 Weighted Average Equation 

 The beacon device emits a pulse of radio frequency wave for every few milliseconds. These 

waves are calculated as RSSI values. The RSSI reading is highly volatile and can change 

drastically depending on the location the beacon device is placed in. Factors such as reflective 

surfaces of metal and glass, material of the wall the beacon is hooked on, and obstacles where the 

rays bounce from are all reasons for its volatility. To counter this volatile nature, we needed to 

utilize an averaging equation that can help up balance out the readings and get us as close to 

accurate results as possible.  

 

 
 

Figure 5.2 Weighted averaging equation [6] 

 

 The weighted averaging equation [6] is a solution to the volatile nature of beacons. The 

equation utilizes RSSI values depending on the time they occur and divide them by the sum of 

their order of occurrence. The equation allows us to get as close to accurate results as possible. 

Figure 7.3 displays an example utilizing the equation for five values.  

 

Figure 7.3 Example using five values 

 

 The weighted averaging equation gives us an accurate RSSI value that we can use to 

determine which beacon is the closest to our user. 
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CHAPTER 6 

EXPERIMENTATION 

  

 To demonstrate a working model, we conducted an experiment on the Wichita State 

University campus. Our lab is located in the engineering building also known as Wallace Hall. It 

is located on the third floor. The experiment involved utilizing the accessible routes of the building 

and getting to the third floor where our lab is located. Our target audience were people with 

navigational disabilities like mobility impairment and blindness in addition to those without any 

disabilities.  

 
 

Figure 6.1 Experiment Route 

 

 The individuals entered the building using the accessibility entrance and are directed to 

navigate the shortest path towards our lab. The people were required to use the elevator as that is 

the safest route for any people with navigational disability. Beacons must be setup at these main 

entrance points for the application to quickly identify the beacon IDs and change the screen of the 

application accordingly.  
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 The people were first asked to try out the navigation function of the app. Since the app 

starts up with exploration mode as its default mode, we asked the people to type in or speak their 

destination to the app. Once the app received the search details it quickly computes a path to the 

selected destination using the beacon information provided by the server. Navigation mode starts 

up and guides the user to follow a path. The application guided the user near the lab entrance and 

there the users were also given a chance to try out the exploration mode of the app where they 

would explore the third floor. Once they finished the experiment, they were asked a few questions 

which helped us compute our results. 

 

 6.1  Quantitative Analysis: 

 
 

Figure 6.2 Users Using the App 
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 After receiving the results from our experiment, we ran some numbers to find out the 

efficiency our application. For comparison, our experiment also involved testing individuals 

without aid of our application. We first had to make sure that our test subjects had no idea of the 

testing environment where the experiment is going to be conducted. We first tested a few people 

without app and asked them to locate the lab in the Engineering building of the WSU campus. One 

such individual was blind and took over seven minutes to get to our destination with multiple 

deviations along the way making the total distance they took to reach destination 185 meters. We 

can see a visual representation of this in Figure 6.2 indicated by the tallest vertical pattern bar. We 

then moved to experiment everyone using the app. Because some people already reached the 

destination without the app, they had a clue as to where our desired destination was, so we decided 

to take into account only those that had not been asked previously to find the destination and had 

no clue of where it is. After conducting the experiment, we see a lot of improvement in navigation. 

Our test subjects took lesser time and cover lesser distance to reach their destination in an 

unfamiliar environment. For the limited data set we had, our app was 86.63% more efficient in 

time taken and was 109.63% more efficient in total distance taken to reach destination.  

 

 6.2  Qualitative Analysis: 

 We asked a survey of question to our test subjects to analyze the quality of the current 

version of the app. Many people seemed to like it and they praised its functionality but had a few 

issues to say along the way. Firstly, the application is great in assisting people in navigating 

unfamiliar environments, but that feature is not constantly needed. Our users explained when they 

got familiar to the environment, they could easily find their destination on their own and not need 

any help to locate it. Secondly, due to the volatile nature of RSSI values emitting from the beacon 
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devices the app sometimes finds difficulty in accurately identifying user’s location. Due to 

inaccuracy some users were deviated from the path but were then brought back using the re-routing 

feature of the app which they found very useful is such scenarios. And finally, they mention they 

faced some difficulty in the voice search part of the app. Sometimes the app would misinterpret 

words used to identify some destination due to varying accents. For example, the app sometimes 

would hear the word “Access” and transcribe it as “Axis” instead. The overall score we received 

on the app was a 7.5/10 due to these factors.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 
 

CHAPTER 7 

CONCLUSION 

 

 The project showcased in this paper is an indoor navigation model developed in the Wichita 

State University campus that improves accessibility to the general public. Utilizing the features of 

CityGuide, users are able to go from a source to their destination with ease. The application uses 

a model that is inexpensive and easy to set up and provides a method for path finding for all users 

that may or may not have navigational disabilities. CityGuide is capable of delivering a user to 

their destination in the quickest and the most efficient way possible using the algorithms embedded 

in its source code. The app also uses features like re-routing, replay last command, and haptic 

feedback vibrations to provide a better experience when using the app. The system design is 

successful in providing a quality app, that users can utilize in their daily lives.  

 Every project has a working model which can always be improved further. CityGuide is 

no different from such projects. Even with all the work put into its development there is still room 

for improvements. One such improvement that comes to mind is obstacle detection. The current 

application is only capable of guiding a user to follow a path that is assumed to be open. The app 

is incapable of detecting obstacles or barriers along the way. Such lack of detection can disorient 

or hurt the user when they just follow the commands of the app. Another improvement can be 

based on RSSI accuracy. Even with a working model and equation, the RSSI still seems to fluctuate 

a little, leading to inaccuracies in data that is being computed in the app. The inaccuracies cause a 

sort of lag which is an inconvenience to the user as they wish to be informed of anything the app 

wants to say before they cross that particular event sight. An improved voice recognition system 

can be very handy to the users. They may speak varying languages and have their own unique 
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accents readable without any trouble from the app. An improvement that we can do on the 

algorithmic side is replace the Dijkstra’s algorithm with A* algorithm to handle larger sets of data 

and to compute the data in faster speeds. And finally, we can integrate another mode besides 

exploration and navigation focused on evacuation. The evacuation mode will aid the user to the 

nearest exit in an event of an evacuation. Furthermore, the application if very flexible in 

incorporating these improvements and providing the general public an improved working model. 

In terms of evaluations, data from many more users with diverse abilities will be useful to make 

more concrete conclusions and guide further development. 
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