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Introduction

The purpose of this document is to outline a design for the Interactive Map of SETU (South
East Technological University) Carlow application. It includes the technologies and tools
required to create this application and also includes diagrams to show the structure.

A high level overview of the whole system is given, followed by the technologies and
libraries used to create the application. A description of the storage structure of data and
algorithms used throughout the application are laid out as well.

A class diagram and system sequence diagrams are given according to the specification of
the application.

Finally a section of the Ul (User Interface) designs are shown as a series of screens that
are open on the device during the usage of the application.

System Architecture

Smartphone Cornpuier

User Admin

Figure 1: System Architecture Diagram



Technology Stack

Godot

The application is written using the Godot game engine. All logic is written so that it can be
contained in the application for both the Android operating system and for desktops on the
web.

The Android version of the application has only read only access to the database map
data, whereas the desktop version will have a login page for the admin user so it would
also be able to modify the data.

Godot Geolocation Library

The Android version of the Godot application will get the location of the phone of the user
through the Android application programming interface. To do this a plugin called
GodotGPSPIugin will be used to connect the map application to the proper geolocation
services. The plugin allows for querying for the phone’s latitude, longitude, accuracy,
altitude, vertical accuracy, speed, time, and bearing. (PraxisMapper, 2024)

Godot Firebase Library

The Godot application needs a connection to the Firebase database which is facilitated by
the GodotFirebase software development kit plugin. It allows for storage of the map data
required and for authenticating admin users. (GodotNuts, 2024)

Google Firebase

Google Firebase is used to store all of the map data for the application, including the
buildings, rooms and various waypoints around the college campus.

Structure of stored data

The Firebase Firestore is a NoSQL database and as such it is not a traditional relational
database with tables, it instead has Collections, which store Documents, which store Data,
which can be primitive data types such as numbers or words, or links to other Collections
of Documents. (Google, 2024)

The structure of the Documents stored in the Firestore is as follows:

1. The Base Map Document stores the longitude and latitude, a link to the Collection
of Waypoints that are directly on the Base Map, a link to the Collection of Buildings
on the Base Map, and two values for when the Waypoints and Buildings in the
Collections last got updated, stored as a Unix timestamp.

2. The Building Document stores the longitude and latitude of the Building’s main
entrance, the name, description and letter of the Building, a link to the Collection of
Waypoints directly in the Building, a link to the Collection of Rooms in the Building,



and two values for when the Waypoints and Rooms in the Collections last got
updated, stored as a Unix timestamp.

The Room Document stores the longitude and latitude of the Room in the Building,
the floor number the Room is on, the name, description and lecturer using the
Room if there are any, a link to the Collection of Waypoints directly in that Room,
and a value for when the Waypoints in the Collection last got updated, stored as a
Unix timestamp.

The Waypoint Document stores the longitude and latitude, the floor number the
Waypoint is on, and an associative array which contains the identification numbers
of any of the Waypoints it has a connection with as the keys, and what feature that
connection is, for example a stair, or an elevator as the values.

Base Map

PK | id

longitude

latitude
waypoints_collection
buildings_collection
waypoints_updated_time
buildings_updated time

Building
Waypoint
PK | id
PK | id
longitude
longitude latitude
Iatlﬁ.lde =0 H name
floor number de_s-c_rlpilon
waypoint_connections building_letter _
waypoints_collection
X rooms_collection
waypoints_updated _time
rooms updated time

Room

PK | id

longitude

latitude

floor_number

name

description

lecturers
waypoints_collection
waypoints_updated_time

Figure 2: Entity Relation Diagram



Algorithms

A* Pathfinding

The main algorithm that is going to be used extensively throughout the whole application is
the A* Pathfinding algorithm. The costs required for the algorithm are explained as follows:

* F cost is the total estimated cost of the path through this node. Thisis f=g + h.
* G costis the cost needed to reach this node.

* H costis the estimated cost from the node to the end node. This cost is calculated
using the Euclidean Distance.

Short pseudocode of the algorithm is given: (Brilliant.org, 2024), (Sebastian Lague, 2014)

« Create a list of unchecked nodes and add the starting node.
* Create an empty list for checked nodes.
* While the unchecked node list is not empty run the following:

o Set current node to node with lowest f cost from the
unchecked 1list.

o If current node is destination node then:

= Signal that the destination has been reached.
o Else:

= Remove current node from unchecked list.

= Add current node to checked list.

= For each neighbour node of current node run the
following:

« If (neighbour is not in the checked 1list) and
((neighbour not in unchecked list) or (current node g

cost plus cost to neighbour is smaller than neighbour
g cost)) then:

o Set the neighbour’s g cost with newer lower value.

o Set the neighbour’s from node to the current node.

(e}

If neighbour not in unchecked list then:
= Set neighbour h cost.
= Add neighbour to unchecked 1list.

* Signal that destination has not been reached.




Search Algorithm

The search algorithm is a secondary algorithm in the map application however it is still an
important one as it allows the user to use the application with more ease and it allows
them to find Rooms and Buildings that they may not even know the location of.

The search algorithm is split into two different branches, the first branch runs when the
search text is greater than 2 characters, and the second is when only a single character is
entered. The splitting of the search is so that if only a single character is used only search
through the Building letters and not anything else.

For the longer text search exacts matches of Structure names are prioritised, and for both
branches of the search algorithm Buildings are prioritised and ranked higher than Rooms.

* Get array of all Buildings.

* Get array of all Rooms.

« If searching text longer than 2 characters then:
o Create name match array.
o Create lecturers match array.

o Create description match associative array, with the
number of occurrences of the searching text as the keys,
and the Structures array as the values.

o For each Room in Room array do:

If Room name equals searching text then:
* Put Room to the front of name match array.
= Else if Room name contains searching text then:
« Append Room to name match array.
= Else if Room description contains searching text then:

« Append Room to description match associative array,
with the searching text count as the key.

= Else if Room lecturers contains searching text then:
* Append Room to lecturers match array.

= Else if Room parent name equals searching text then:
* Push Room to the front of name match array.

= Else if Room parent name contains searching text then:
« Append Room to name match array.

o For each Building in Building array do:




= If Building name equals searching text then:
« Put Building to the front of name match array.

= Else if Building name contains searching text then:
« Append Building to name match array.

= Else if Building description contains searching text
then:

« Append Building to description match associative
array, with the searching text count as the key.

o Create a result array.
o Append name match array to result array.
o Append lecturers match array to result array.

o Append each array stored in the description match array in
order of keys starting from the biggest to the result
array.

o Return result array.

Else if searching text is 1 character:

O

Create location match array.

O

For each Building in Building array:
= If Building letter equals searching text then:
* Append Building to location match array.

e Break

e}

For each Room in Room array:
= If Room parent letter equals searching text then:

* Append Room to location match array.

o

Return location match array.

Return empty array
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Design Plan

The design and development plan for the project is shown below as Gantt charts
(Gantt.com, 2024). Iteration 0 and 1 are together in the first chart followed by the Iteration
2 chart and finally the Iteration 3 chart.

Iteration 0 & 1

2024-09 2024-10 2024-11 2024-12

ID T Task Name
16 23 30 o7 14 21 28 04 1 18 25 02 09

2 Funcitonal Specification First Draft ]
3 Research Poster First Draft _
5 Break [:]
7 Functional Specification Final _
8 Research Poster Final _
9 Design Document First Draft e
10 ~ Project Code Release One _
1 A* Pathfinding Algorithm [ ]
12 Firebase Connection _
13 Rendering Map -

Figure 4: Gantt Chart for Iteration 0 & 1

Iteration 2

2024-12 2025-01 2025-02

ID T Task Name
02 09 16 23 30 06 13 20 27 03 10 17

14 Exams _
15 Break [ |
18 Proectcods Release Two R
19 BugFies ]
20 Authenticated Admin Saving _
2 Upc U O
22 Building Floor Plans Cleanup -
23 Implement Floors [ ]
24 Implement Waypoint Features -
25 Create Search Box -

Figure 5: Gantt Chart for Iteration 2
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Iteration 3

2025-02 2025-03 2025-04
ID T Task Name
10 17 24 03 10 17 24 31 07 14 21

26 Break :]
27 Away [ ]

31 Implement Save Favourite Locations -

32 Ul Palish [ ]

33 Android GPS Location Tracking _

34 Isometric Walking Mode -

35 3D Rendering of Buildings _

Figure 6: Gantt Chart for Iteration 3
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System Sequence Diagrams

Navigate To Room

- —

Search and select to waypoint i

Search and select from waypoint

Press navigation bution

_on_navigation_button_button_down()

on_user_ui_root_start_navigation (from_structure, to_structure, allow_stairs)

L,nn,m,mm;,{m, avigation(from_stucture, to_structure, llow stairs)

do_| | _waypaint, end_waypaint, allow_stairs)

Map updated to show path of Waypoints

Use Case Figure 7: Navigate To Room Sequence Diagram

The main use case for this map is the navigation aspect and the above sequence
diagrams shows this in action.

1. The student uses the search bar to search and select a place to go to.
2. The student then selects a place to go from.

3. The student presses the navigation button to initiate the process.

4. The message propagates to the Pathfinder.
5

. The Pathfinder then uses the A* algorithm to create a valid path between the two
locations.

12



6. The map is updated for the student to see the path.

View Campus Map

Student

CameradD

ScreenElementsControl

Drag map of campus

Camera is maved

Change zoom level

Camera changes zoom level

Change floor number

T
'
'
'
'
'

.

UlRaot

T
'
'
'
'
'

.

_on_screen_elements_control_update_floor_number(floor_number)

_on_vi_root_update_floor_number(floor_number)

Pathfinder

T
'
'
'
'
'

.

Map is updated

Figure 8: View Campus Map Sequence Diagram
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searchHanel

J---m--

BaseMap

update_visibility by floor_numben(floor_number)

T
'
'
'
'
'

.

G = = o o o o o e e n e R E o n o R R R E = e mnm e R EE e M  mEEn o n e S nen e meen MM menm e mennm e mn |

HOOmnM danager

}-----

N

[selected_room = null]

Search for room

¥

£

set_up_search_items{search_text)

general_search(search_text)

get_all_roomsi)

Show potential rooms.

room_array

Figure 9: Search Room Sequence Diagram




Student

O

A

Camera3D

T
]
i
i
Selectroom

View Room Information

UlRoot

UserUIRoot

Modify

Figure 10: View Room Information Sequence Diagram

Room Information

_on_camera_3d_select_structure(selected_structure) JJ-‘

Show room information.

salect_siructure(selected_structure) ) ] o
-|-J show_room_information({room_name, lecturers, description)

InformationPapupContral

Admin
AdminUIRoot Room Globals FirebaseConnector Building

! i i i i i

' | i | | |

| Save Room details I ' i i i

» i L . . .

| update_details(details) o )

1 save_details(id_in, details, call_others)

' _

| ]

i

' <

| save_data(id, fields, parent_path, details)

1 save_offline_dataf)

' 4

i

: -

i save_map_data(id, fields, parent_path, details)

i

]

| T T

i building. update_rooms_fime(new_time)

I retum

' FEtum [ mm oo -

I T '

! T

Figure 11: Modify Room Information Sequence Diagram
Admin
AdminUIRoot Waypoint Globals FirebaseCannector Structure
i ! ! ! ! !
' A | | | | |
| Save Waypoint details , ! N N H N
| update_details(details, call_others) : .
H save_details(id_in, details, call_others)
i
i
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| -
| save_data(id, fields, parent_path, details)
| save_offine_data)
i -
| ]
i
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i save_map_data(id, fields, parent_path, details)
i
]
| T T
i parent_structure.update_waypoints_time(new_time)
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|’ T i
i
i

Figure 12: Modify Map Waypoint Sequence Diagram
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Ul Design

Map Overview Screen

: “C Ground Level

l

Figure 13: Map Overview Screen

Search Screen

Q  Students |

gggdents Union @ @

Barrow Centre

Students Car Park
@ ©

Outside

Students Canteen
@ ©

Catering Services Building

Cancel

Figure 14: Search Screen

Information Viewing Screen

Building Letter: F

The Barrow Centre contains the
Students Union, the Sports Hall,
the Gym, the Medical Services,
Careers Services and lecture

€ Ground Level

Figure 15: Information View Screen

Navigation Screen

; "¢ Ground Level

%

Figure 16: Navigation Screen
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Admin Room Editing Screen

Editing Room

Name:
A102 - Lecture Hall
Lecturers:
None
Floor Number:
1
Longitude:
-6.9357201628823
Latitude:
52.8268276272825

Figure 17: Admin Room Editing Screen

Description:

This is a large lecture hall with a
presentation deck.

This room is located just outside
the entrance of the library.

Cancel

Admin Map Editing Screen

Editing Waypoint

Floor Number:
1
Feature:
None
Longitude:
-6.935668834824693
Latitude:
52.826913024733756
Parent:
A102 - Lecture Hall

Figure 18: Admin Map Editing Screen

Connections:
Connection 1

4

J

Cancel
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