Coding, Putney High School		Mr Hopkinson
Programming with Pygame Zero: Getting Started
Step 1: Installation
1. Open Visual Studio Code: Launch Visual Studio Code, your programming environment.
2. Open Terminal: In VS Code, open the terminal by going to View > Terminal, or Terminal > New Terminal.
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3. Install Pygame Zero: In the terminal, enter the following command and press Enter:
pip3 install pgzero   This will install Pygame Zero, which we'll use to create our games.
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You must evidence your progress by copy and pasting your changes into this document, or by taking screenshots. 


Step 2: Your First Pygame Zero Program
1. Create a New Python File:
In VS Code, create a new Python file. Go to File > New File (or press CTRL + N and save it (CTRL + S)) with a .py extension, e.g., my_game.py.

2. Write Your First Pygame Zero Code:
Copy and paste the following code into your Python file:
import pgzrun

WIDTH = 800
HEIGHT = 600

def draw():
    screen.fill((0, 128, 255))

pgzrun.go()

Save and run your program!


3. Understanding the Code:
This code sets up a basic Pygame Zero program with a blue background.
The draw() function is used by Pygame to interpret what you want to be displayed on the screen. In the background, Pygame is repeatedly running your draw() function many times per second to update what is on the screen, and as your games become more complex that will allow you to show movement and other actions on screen. 
screen.fill((0, 128, 255)) will change the background colour of your Pygame screen. The numbers inside the brackets represent the amounts of Red, Green and Blue (RGB colour) mixed to create a colour. The numbers must be between 0 and 255.
4. Modifying your code:
How can you change the colour of the screen? See the screen.fill() function. Pygame uses RGB values for colours, which can range from 0 to 255 parts for each colour.
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Step 3: Adding objects and movement
1. Modify Your Code:
Below your WIDTH and HEIGHT variables, add the following variables:
x = 400
y = 300
speed = 2

Next, add a new function named ‘update’ to your code:
def update():
    global x
    x += speed
    if x > WIDTH:
        x = 0

Finally, add the following line of code to your draw () function:
    screen.draw.filled_circle((x, y), 50, "red")

Ensure that pgzrun.go() remains your final line of code.

2. Understanding the code:
In this code, we introduce a red circle that moves from left to right. Let's break down the key components:
· Variables: We create three new variables:
· x represents the current x-axis position of the circle.
· y represents the y-axis position of the circle (in this case, it remains constant).
· speed determines how quickly the circle moves from left to right.
· update() function: This function is an essential part of Pygame Zero. It's automatically called repeatedly, approximately 50 times per second. Inside the update() function, we modify the x position of the circle by adding the speed to it. This continuous change in x moves the circle horizontally from left to right.
· Boundary Check: We use the if statement to check if the circle's x position exceeds the WIDTH of the screen. If it does, we reset the x position to 0, effectively moving the circle back to the left side of the screen.
· screen.draw.filled_circle function: This function is used to draw a filled circle on the screen. In this case, it's positioned at (x, y), with a radius of 50, and is coloured "red." The (x, y) position is updated in the update() function, resulting in the circle's movement across the screen.

By combining these elements, you achieve the effect of a red circle moving horizontally across the screen. You can modify the speed variable to control the circle's movement and experiment further with the code to create different behaviours.

3. Modify your code:
Now that you've got a red circle moving horizontally, it's time to experiment and enhance your game. Try out these modifications to see how they affect the circle's behaviour:
· Increase Speed: To make your circle move faster, you can simply increase the value of the speed variable. This will determine how quickly the circle travels across the screen. Be cautious not to make it too fast, or it might be challenging to follow.
· Move Vertically: Modify the code to make your circle move vertically down the screen instead of horizontally. To achieve this, change the y variable instead of the x variable inside the update() function. This will change the circle's position on the y-axis.
· Diagonal Movement: Create a more complex motion by modifying both the x and y variables within the update() function. Adjusting both x and y simultaneously will make your circle move diagonally across the screen. Try different combinations of values to control the angle of movement.
· Add Another Circle: To make your game more interesting, add a second circle. In the draw() function, draw another filled circle alongside the existing one. You'll need to create and manage a new set of variables to control the movement of this second circle. Think about the starting position and speed of the new circle. Experiment with different colours for visual variety.
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Step 4: Adding Keyboard Input
1. Modify Your Code:
To enable the use of keyboard arrow keys to move the circle, replace the contents of your update() function with the following code:

def update():
    global x
    if keyboard.left:
        x -= speed
    if keyboard.right:
        x += speed
    if x < 0:
        x = 0
    if x > WIDTH:
        x = WIDTH

2. Understanding the code:
In this modified code, we've added keyboard input handling to make your circle respond to the left and right arrow keys. Here's a breakdown of what's happening:
· update() Function: This function is still called repeatedly to update the game state. However, we've replaced its content to include keyboard input handling.
· if keyboard.left: and if keyboard.right:: These conditions check whether the left or right arrow keys are pressed. If the left arrow key is pressed, it reduces the x position of the circle, moving it to the left. If the right arrow key is pressed, it increases the x position, moving the circle to the right.
· Boundary Checks: We've also included boundary checks to ensure that the circle doesn't go off-screen. If the circle's x position becomes less than 0 (left edge), it's set back to 0. Similarly, if it goes beyond the WIDTH (right edge), we reset it to WIDTH. This keeps the circle within the visible area of the screen.
By implementing these changes, you allow players to control the circle's movement using the arrow keys. Players can now interact with your game, making it more engaging and interactive. Feel free to experiment further by modifying the code or adding other keyboard inputs to expand the gameplay.

3. Modify Your Code:
You've already enabled left and right arrow key input to move the circle. Now, let's further experiment with keyboard input to enhance your game:
· Move Up and Down: Modify the code to make the circle move up and down in response to the up and down arrow keys. To do this, you'll need to extend the existing code. Use the keyboard.up and keyboard.down conditions to control the circle's vertical movement. Don't forget to include boundary checks to prevent the circle from going off-screen, just as you did with left and right movement. Instead of checking the WIDTH variable to make sure the circle doesn’t go too far right, check the HEIGHT variable to make sure it doesn’t go too far down.
· Guidance for Up and Down Movement: When you press the up arrow key, decrease the y position of the circle to move it upwards. When you press the down arrow key, increase the y position to move it downwards. Ensure that you check and limit the y position within the screen's height to avoid going out of bounds.
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Step 5: Adding Stationary Obstacles
1. Modify Your Code:
In this step, we'll introduce stationary obstacles to your game. The goal is for your moving circle to avoid colliding with them. Follow these steps to integrate the new code:
· Import the Random Module: At the beginning of your code, add this line to import the random module:
import random # allow use of random number generation

· Define New Variables: Below your existing variables such as WIDTH and HEIGHT, add the following new one:
obstacles = [] # This empty list will store locations of obstacles

· Generate Stationary Obstacles: We'll generate obstacles and append their positions to the obstacles list. Here's the code to do that:
# Generate locations of stationary obstacles
for _ in range(2):  # You can adjust the number of obstacles; currently 2
    obstacle_x = random.randint(50, WIDTH - 50)
    obstacle_y = random.randint(50, HEIGHT - 50)
    obstacles.append([obstacle_x, obstacle_y])


· Draw the Obstacles: Add code to your draw() function to draw the obstacles as filled circles. This should be placed after the screen.fill() function:
for obstacle in obstacles:
    screen.draw.filled_circle((obstacle[0], obstacle[1]), 10, "yellow")


2. Understanding the Code:
Let's break down the key components of the code:
Importing the Random Module: We begin by importing the random module. This module provides functions for generating random numbers, which we'll use to position the obstacles randomly on the screen.
New Variables: obstacles is an empty list that will store information about the stationary obstacles.
Generating Obstacle Locations: Using a for loop, we generate a specified number of obstacles (you can adjust the number). Each obstacle's x and y positions are set to random values within a certain range, ensuring they are positioned randomly on the screen. These positions are then appended to the obstacles list.
Drawing the Obstacles: We iterate through the obstacles list within the draw() function and draw each obstacle as a filled yellow circle. The filled_circle function takes the x and y positions of each obstacle which are stored as items in lists, a radius of 10 pixels, and the colour "yellow."

3. Test and Modify Your Stationary Obstacles:
Now that you've added stationary obstacles to your game, it's time to experiment and make further modifications:
· Change the size of obstacles: To make the obstacles bigger or smaller, change the radius value (currently set to 10) when drawing them in the draw() function. This will affect their size. Challenge task: give each obstacle its own unique radius. Generate a third random number when randomising obstacle x and y positions; utilised this random radius by accessing it correctly in the list when drawing your circle.
· Randomise Obstacle Colours: Instead of making all obstacles yellow, you can modify their colours randomly by changing the colour parameter when drawing them. You can use different colour names or RGB values for variety.
You can create a list of colours and utilise the random.choice() function to select an item from the list to use for your new obstacle. Store it along with the x/y positions and size in the obstacles list, e.g.:
your_list_of_colours = ['brown', 'red', 'purple']
random_colour = random.choice(your_list_of_colours)

· Create More Obstacles: Adjust the number in the for loop to create more obstacles. This can make the game more challenging as your moving circle has to navigate through a denser field of obstacles.  
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Step 6: Introducing Collisions and Lives 
1. Modify Your Code:
You're going to add collision detection between the circle and the stationary obstacles using a custom collision detection approach. We'll calculate collisions manually to understand the physics involved. You will also introduce a new variable for lives.
· First, import the sqrt function (square root) from the math module, which will help us calculate distances. This should go at the top of your code:
from math import sqrt

· Now, set up your lives variable and create an empty list to keep track of collided obstacles; keep these with your other variables such as WIDTH and HEIGHT. Also, let’s store the player radius in a variable as we can then modify the player’s size when we gain or lose points!
lives = 3  # You can adjust the number of lives
collided_obstacles = []
player_radius = 20


· Update your update() function to handle collisions and remove obstacles upon collision:
def update():
    global x, y, lives

    # Your existing code for movement and keyboard input can remain here!

    # Loop through all the obstacles
    for obstacle in obstacles:
        # Calculate the distance between the player and the obstacle
        # Can you figure out how this code uses some mathematical magic to find the distance?
        x_dif = x - obstacle[0]
        x_dif = abs(x_dif)
        y_dif = y - obstacle[1]
        y_dif = abs(y_dif)
        distance = sqrt((x_dif * x_dif) + (y_dif * y_dif))

        # Define the sum of radii (player's radius + obstacle's radius)
        radii_sum = player_radius + 10  # Adjust 10 according to your obstacle size

        # Check for collision
        if distance < radii_sum:
            # Collision occurred, reduce lives
            lives -= 1

            if lives == 0:
                # Game over, you can add game over logic here
                exit()
            else:
                # Add the obstacle to the list of collided obstacles
                collided_obstacles.append(obstacle)

    # Remove collided obstacles from the main obstacles list
    for obstacle in collided_obstacles:
        if obstacle in obstacles:
            obstacles.remove(obstacle)


2. Understanding the Code:
In this modification, we've used a bit of mathematical magic to detect collisions between the player and the stationary obstacles. Let's break down the key components:
· Distance Calculation: We start by calculating the distance between the player and each obstacle. To do this, we need to find the differences in their x and y coordinates.
· x_dif represents the difference in the x-coordinates between the player and the obstacle.
· y_dif represents the difference in the y-coordinates.
· Absolute Value (abs()): You'll notice that we use the abs() function to ensure that these differences are positive. Why do we do this? Well, in the world of collision detection, we don't care whether the player is to the left or right, or above or below the obstacle. What matters is the distance between them. Taking the absolute value ensures that we get the positive difference, which is what we need for our distance calculation.
· Distance Formula: Once we have the positive differences, we apply the Pythagorean theorem to find the distance between the player and the obstacle. It's like measuring the straight-line distance between two points in a 2D plane.
· Sum of Radii: To determine if a collision has occurred, we check if the calculated distance is less than the sum of the radii of the player's circle and the obstacle. This sum represents the minimum distance required for a collision to happen.
· from math import sqrt: We import the square root function from the math module to calculate distances.
· lives variable: We introduce a variable to track the number of lives the player has.
· collided_obstacles list: This list keeps track of obstacles that have been collided with and should be removed.
· In the update() function, we loop through all the obstacles and calculate the distance between the player and each obstacle.
· If the distance is less than the sum of radii (the player's radius + the obstacle's radius), we consider it a collision and decrement the player's lives.
· If the player runs out of lives, you can add game over logic, e.g. show a message on the screen or just exit the game.
· Collided obstacles are added to the collided_obstacles list for later removal.
· After the loop, we remove the collided obstacles from the main obstacles list.

3. Improvements:
At this stage, you may be getting an idea of what you could accomplish with this code, and possibilities for games you will create as a project. Consider the following modifications you can work on:
· Show your lives or score variable on the screen: You can show lives on the screen by including the following in the draw()function:
screen.draw.text("Lives: " + str(lives), (10, 10), color="white")

· Multiple Obstacle Types: Create a second type of obstacle that, when collided with, rewards the player with extra lives instead of taking them away. Ensure that this new obstacle is visually distinct from the original obstacle.
· Integrate Random Obstacles: Modify your game to include randomly generated obstacles in addition to the existing stationary obstacles. Here's how you can integrate this feature into your code:
# In the update() function, after handling player movement, add code to generate new obstacles at random intervals:
if random.randint(0, 100) <= 2:  # Adjust the probability (e.g., 2%) to control how frequently new obstacles appear
    new_obstacle_x = random.randint(0, WIDTH)
    new_obstacle_y = random.randint(0, HEIGHT)
    obstacles.append(new_obstacle_x, new_obstacle_y)
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What next?
By completing all tasks in this worksheet, you should be able to start making more complex games. Think about classic arcade games and ‘platformers’, and do some research on Google! You should be comfortable enough with the basic code structure to venture onto Google for help making more advanced games in Pygame too.
Some immediate challenges to work on include:
· Adding Movement to Obstacles:
· Concept: Introduce dynamic movement to the obstacles in your game to make it more challenging and engaging.
· Approach: In the update() function, modify the positions of obstacles over time. You can change their x and y coordinates to make them move in different directions or follow specific patterns. For basic movement, you can use simple equations to update the positions. To make it more interesting, consider varying the speed and direction of obstacles. Don't forget to update collision detection to handle moving obstacles effectively.
You could make a game where objects seem to fall down the screen, where you can only move the player on the x-axis to dodge. 
· Projectiles (weapons, shooting):
· Concept: Expand the range of games you are able to make by introducing projectiles. Assign a new keyboard key, e.g. the space bar, which causes a new small circle to be drawn on the screen. This circle should move quickly in the direction you were facing and disappear when it hits another object or the edge of the screen.
· Approach: Create a new empty list of projectiles. In the update function, detect a key press for the space bar (keyboard.space). When the space bar is pressed, add a new projectile at the user’s location to the list of projectiles. You will also need to store the user’s direction, or the x/y axis modifiers needed for the projectile, e.g. if the user is facing left then store y_movement = 0 and x_movement = -1. Use a for loop to update x/y axis positions for all projectiles each time the game updates, and add collision detection for projectiles. 
· Implementing Obstacle Interaction (Merging):
· Concept: Make the game more strategic by allowing obstacles to interact with each other. When obstacles collide, they can merge into larger obstacles or spawn new ones.
· Approach: In your collision detection logic, extend it to handle obstacle-obstacle collisions. When two obstacles collide (e.g., by checking the distance between them), you can decide how they interact. For example, you might replace two smaller obstacles with a larger one, or you can create new obstacles at the collision point. This adds complexity to the game and requires adjustments to your obstacle management.
· Introducing Power-Ups:
· Concept: Enhance your game by introducing power-ups that provide the player with special abilities or advantages. Power-ups can be collected during gameplay.
· Approach: Create power-up objects that appear at specific intervals or randomly. When the player's character collides with a power-up, apply its effect, such as temporary invincibility or increased speed. Manage the duration of power-up effects and ensure that multiple power-ups can coexist without conflicts. To enhance the player experience, add visual and audio cues to indicate the presence of power-ups.
· Implementing Acceleration and Deceleration:
· Concept: Add realism to your game by allowing the player character to accelerate and decelerate gradually, creating more natural movement.
· Approach: Instead of directly changing the player's position, update their velocity. Implement acceleration and deceleration by changing the velocity over time. You can control the acceleration rate using variables like player_speed and player_acceleration. This approach results in smoother, more dynamic movement and introduces new gameplay challenges.
· Using Images as Sprites:
· Concept: Improve the visual appeal of your game by replacing basic shapes with custom images for game objects. This adds a visual touch to your game.
· Approach: Prepare image assets (e.g., PNG files) for your game objects, such as the player, obstacles, and power-ups. Use Pygame Zero's Actor class to load and display these images. For instance, you can create an actor for the player character and set its position and image using actor.image = "image.png". This approach enhances the aesthetics of your game.
· Logging High Scores:
· Concept: Encourage competition and replayability by allowing players to save and view high scores. High scores can be displayed on a leaderboard or at the end of the game.
· Approach: Use a data structure (e.g., a list) to store high scores in your game. Update these scores as players achieve new records. Display high scores within the game's user interface, and consider adding player initials or names alongside their scores for a personal touch. Storing high scores can involve working with files or databases for more advanced projects. High scores provide players with a goal to strive for and enhance the replay value of your game.
By exploring these concepts and implementing them in your game, you'll take your game development skills to the next level and create more engaging and interactive games. 




Complete code for tutorial:

The following code is a working copy of what has been provided at each stage. It does not include the necessary modifications for your tasks, but you can use this as reference if you fear you may have made an error somewhere or to check correct indentation.

# Import necessary libraries
import pgzrun  # Pygame Zero library for game development
from math import sqrt  # Import square root function from the math module
import random  # Import the random module for generating random numbers

# Set the dimensions of the game window
WIDTH = 800
HEIGHT = 600

# Initial player position and movement speed
x = 400
y = 300
speed = 5

# Initialize lists and variables for obstacles and lives
obstacles = []  # List to store obstacle positions
lives = 3  # Number of lives the player has
collided_obstacles = []  # List to keep track of collided obstacles
player_radius = 20  # Radius of the player's circle

# Generate locations of stationary obstacles
for _ in range(2):  # You can adjust the number of obstacles; currently 2
    obstacle_x = random.randint(50, WIDTH - 50)
    obstacle_y = random.randint(50, HEIGHT - 50)
    obstacles.append([obstacle_x, obstacle_y])

def update():
    # Allow the player to move using arrow keys
    global x, y, lives

    # Horizontal movement with left and right arrow keys
    if keyboard.left:
        x -= speed
    if keyboard.right:
        x += speed
    # Ensure the player stays within the screen boundaries
    if x < 0:
        x = 0
    if x > WIDTH:
        x = WIDTH

    # Vertical movement with up and down arrow keys
    if keyboard.up:
        y -= speed
    if keyboard.down:
        y += speed
    # Ensure the player stays within the screen boundaries
    if y < 0:
        y = 0
    if y > HEIGHT:
        y = HEIGHT

    # Loop through all the obstacles
    for obstacle in obstacles:
        # Calculate the distance between the player and the obstacle
        x_dif = x - obstacle[0]
        x_dif = abs(x_dif)
        y_dif = y - obstacle[1]
        y_dif = abs(y_dif)
        distance = sqrt((x_dif * x_dif) + (y_dif * y_dif))

        # Define the sum of radii (player's radius + obstacle's radius)
        radii_sum = player_radius + 10  # Adjust 10 according to your obstacle size

        # Check for collision
        if distance < radii_sum:
            # Collision occurred, reduce lives
            lives -= 1

            if lives == 0:
                # Game over, you can add game over logic here
                exit()
            else:
                # Add the obstacle to the list of collided obstacles
                collided_obstacles.append(obstacle)

    # Remove collided obstacles from the main obstacles list
    for obstacle in collided_obstacles:
        if obstacle in obstacles:
            obstacles.remove(obstacle)

def draw():
    # Set the background color
    screen.fill((200, 100, 250))  # RGB color

    # Draw the player's circle
    screen.draw.filled_circle((x, y), player_radius, "BLUE")  # Player's circle with position, radius, and color

    # Draw the stationary obstacles
    for obstacle in obstacles:
        screen.draw.filled_circle((obstacle[0], obstacle[1]), 10, "yellow")  # Obstacles as filled circles

    # Display the remaining lives on the screen
    screen.draw.text("Lives: " + str(lives), (10, 10), color="white")  # Lives displayed in white

# Start the game using Pygame Zero
pgzrun.go()
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