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1.0 Overview of the System 




Figure 1.0.1: Data Flow Diagram


The above Data Flow Diagram (DFD) shows an overview of the components of our software 
system and the flow of data between them.


2.0 Web Server Code 

2.1 Overview and File Structure


The Web Server obtains flight data from FlightRadar24, allows the webpage for the message 
designer terminal to be displayed at the Web Clients, generates the message image which is then 
sent to the Graphics generator.


The languages used are: Python for the backend; html, css and javascript for the frontend.


File Structure:


Parent Directory

> static


> generated

- <images that are generated will be stored in this folder>


- style.css

- <images for website, image generation are stored in this folder>


> templates

- designer.html

- index.html

- preview.html

- publish.html

- queue.html


- QuickQueue.py

- SkyScraper.py

- WebServer.py 



2.2 QuickQueue.py


QuickQueue.py defines a queue data structure for use in WebServer.py. A queue is a data 
structure that allows elements to be inserted or removed in a first-in-first-out order.





Figure 2.2.1: Code for QuickQueue.py


2.3 SkyScraper.py


SkyScraper.py contains code that scrapes plane arrival data from the Flightradar24 website.


2.3.1 Module Imports





Figure 2.3.1: Import statements for SkyScraper.py


The following modules are used for SkyScraper.py:


Module Name Purpose

selenium Web scrape flight arrival data

pandas Store data in tables

BeautifulSoup Parse HTML data

time sleep() is used to add delays to the code execution

datetime Work with dates, time in code



2.3.2 Plane class


The Plane class defines all relevant attributes and methods of a Plane object. output() returns 
relevant data of a Plane object.





Figure 2.3.2: Code for Plane class in SkyScraper.py


2.3.3 Controller class


The Controller class defines all relevant attribute and methods for a Controller object, involved in 
the process of scraping data from the Flightradar24 website.


 












Figure 2.3.3: Code for Controller class in SkyScraper.py


1. scrape_arr_page() sends a HTML request to the FlightRadar24 web server and obtains the 
HTML data of the webpage from the server.


2. get_upcoming_planes() processes the HTML data to obtain the flight arrival data.




2.4 WebServer.py


WebServer.py contains code that runs the web server for the project and communicates between 
different devices for sending of crucial information.


2.4.1 Module Imports





Figure 2.4.1: Module imports for WebServer.py


The following modules are used for WebServer.py:


2.4.2 Variables


Variables used in the global scope.





Figure 2.4.2: Variables used in WebServer.py


Note: Due to lack of time, we used global variables in the code. Use of global variables is not a 
good practice and it is better to use classes instead.  

Module Name Purpose

flask Runs the web server

PIL Image processing

os Operating System operations

threading Allows multiple modules of code to be run simultaneously

time sleep() is used to add delays to the code execution

random Generate random values

socket For communication between different devices in the network

queue Contains a basic Python queue data structure 

QuickQueue (self-defined) Contains a queue data structure with more features

SkyScraper (self-defined) Scrapes plane data from Flightradar24 website



2.4.3 modify_queue()


Obtains data from the image queue and triggers the process that sends the image to the Graphics 
Generator.





Figure 2.4.3: Code for modify_queue() in WebServer.py


2.4.4 sky_scrape()


Runs code to scrape data from Flightradar24 website, and detects when a plane has landed 
which triggers modify_queue() and sends the next image.





Figure 2.4.4: Code for sky_scrape() in WebServer.py




2.4.5 sock()


Code that deals with sockets and sends image data to the Graphics Generator.





Figure 2.4.5: Code for sock() in WebServer.py


2.4.6 Threads


Code that starts the threads for sky_scrape() and sock().





Figure 2.4.6: Code to start threads in WebServer.py


2.4.7 Flask


Code that runs the web server. Sends data to web browsers on the Web Clients.


 









Figure 2.4.7: Code to run Flask web server in WebServer.py


1. index() sends the home page of the website.

2. queue() shows the message queue.

3. new_design() sends the webpage for users to customise their message.

4. preview() obtains the user’s options and sends the generated message image for preview by 

the user.

5. publish() puts the generated image in the message queue to be sent to the Graphics 

Generator.

6. data() allows webpages to fetch real-time plane data to be displayed on the webpages.

7. api() allows the Graphics Generator to fetch required plane data and relays them to the ESP32 

at the architectural model. 



3.0 Web Client Code 

3.1 Overview


The web browser in the Web Client laptop sends requests to the Web Server to obtain the 
website. Web Server sends the relevant html, css, data and image files to the web browser which 
are then displayed to the user. The Web Client then sends user inputs to the Web Server for 
processing.


The coding language used in the webpages is Javascript.


3.2 Fetching data from server


Fetches plane arrival info and message display images from the Web Server.





Figure 3.2.1: Code to obtain data from Web Server


3.3 Detecting user inputs


Detects the user’s options in the webpage for creating the message to be displayed in the 
interactive screen.





Figure 3.3.1: Code to obtain user’s choice of message




3.4 Sending user inputs


Sends the user’s inputs to the Web Server.





Figure 3.4.1: Code to send user’s inputs to the Web Server


4.0 ESP32 Code 

4.1 Overview and File Structure


The ESP32s handles the electronic elements of the project. The ESP32s used also converts 
analog data from sensors of the project into digital data to be sent to the Graphics Generator, and 
vice versa.


File Structure:


/ESP32

	 /Pavilion

	 	 Pavilion.ino

	 	 LedStrip.h

	 /Interactive_Display

	 	 Interactive_Display.ino

	 	 LedStrip.h

	 	 PressurePlate.h

	 /Relay_ESP

	 	 Relay_ESP.ino


4.2 Pavilion ESP32 Code


4.2.1 Overview


Pavilion.ino: Receives flight data from the Relay ESP and control the tail pavilion and head 
pavilion lights based on the data

LedStrip.h (Complete Version): Contains LedStrip class that contains the logic to turn on the led 
strip with different patterns




4.2.2 Pavilion.ino




 

Figure 4.2.1: Libraries, declaration of constants and variables





Figure 4.2.2: Creation of array containing LedStrips objects







Figure 4.2.3: Setup to allow ESP32 to receive data from the relay ESP32





Figure 4.2.4: Function to unpack JSON data received and update the respective variables and 
object attributes 






Figure 4.2.5: Setup function; will run once when ESP32 is first powered on





Figure 4.2.6: Loop function; will continuously call the pulseTail() and glowHead() functions after the 
setup function is executed 






Figure 4.2.7: Causes all 7 pavilion led strips to pulse once in different colours, used as a test to 
ensure all is in working condition 






Figure 4.2.8: Causes the infinity mirror led strips to pulse with increasing speed as the plane gets 
closer to the site and also change colours in a white to blue gradient 






Figure 4.2.9: Causes the head led strips to successively glow in the colours of the landing plane’s 
livery when the ultrasonic sensor is triggered


4.2.3 LedStrip.h





Figure 4.2.10: Declaration of LedStrip class attributes and object constructor 






Figure 4.2.11: Functions to i) update the stored RGB values, ii) turn on the entire strip in the stored 
RGB values, iii) turn on the entire strip in a specified hue, iv) turn off the entire strip





Figure 4.2.12: Functions to i) reset the led strip to start a new pulse, ii) cause the strip to pulse 
with a specified duration per pulse, iii) cause the strip to pulse with a specified time delay 

between successive led lights turning on, iv) check whether the pulse has reached the end of the 
led strip 






Figure 4.2.13: Functions to i) reset the led strip to start to glow and specify the duration, ii) cause 
the led strip to gently glow, with the brightness following a negative cosine wave, iii) check 

whether the glow sequence has finished


4.3 Interactive Display ESP32 Code


4.3.1 Overview


Interactive_Display.ino: Detects the button pressed and lights up the corresponding led strip and 
send button number to the Relay ESP

LedStrip.h (Simplified Version): Contains the LedStrip class that contains the logic to turn on the 
led strip with different patterns

PressurePlate.h: Contains the PressurePlate class that contains the logic to detect the button 
press


4.3.2 Interactive_Display.ino





Figure 4.3.1: Libraries, declaration of constants and variables







Figure 4.3.2: Declaration of LedStrip and PressurePlate class constants and creation of arrays 
containing LedStrip objects and PressurePlate objects respectively





Figure 4.3.3: Setup to allow ESP32 to send button press data from the relay ESP32 






Figure 4.3.4: Setup function; will run once when ESP32 is first powered on





Figure 4.3.5: Loop function; will continuously check whether a button is pressed, and if so, will 
send the data to the relay ESP32 and cause the corresponding led strip to pulse once


4.3.3 LedStrip.h (Simplified Version)





Figure 4.3.6: Declaration of LedStrip class attributes and object constructor







Figure 4.3.7: Functions to i) reset the led strip to start a new pulse, ii) cause the strip to pulse with 
the hue specified during the initialisation of the object, iii) check whether the pulse has reached 

the end of the led strip


4.3.4 PressurePlate.h





Figure 4.3.8: Declaration of LedStrip class attributes and object constructor and function to check 
whether the button is pressed with a cooldown system




4.4 Relay ESP32 Code


4.4.1 Overview


Used as a relay to send data between the Pavilion ESP and Interactive Display ESP and the 
Graphics Generator laptop used to project the display and request data from the web server.


4.4.2 Relay_ESP.ino





Figure 4.4.1: Libraries and variable used when sending data to the Pavilion ESP32





Figure 4.4.2: Function to read the flight data from the serial port and send the JSON data to the 
Pavilion ESP32





Figure 4.4.3: Allows the ESP32 to receive data and prints out the pressed button’s number to the 
serial port to be read by the connected computer 






Figure 4.4.4: Setup to allow the ESP32 to send and receive data


5.0 Graphics Generator Code 

5.1 Overview


The Graphics Generator obtains the message image from the Web Server and displays it on the 
projector screen, together with reactions generated from input data from the Interactive Display 
ESP32. The Graphics Generator also acts as a relay to transfer flight data from the Web Server to 
the Pavilion ESP32.


5.2 Code







 






 









 




