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Objectives
In today’s exercise, you will use a character’s Animation State Machine to control its behaviour and provide control for both the player character and Agent AI characters.
Exercise 1: Getting Started
In this exercise, you will create a character class to define all the shared properties, fields and methods of the game characters.
1. Open up your project from last week.
2. Open up the Managers script and add a static Boolean auto-implemented property called IsGameOver.
a. If you do not have the managers’ scripts, download the zip file from Moodle.
b. Create a folder called Managers in your scripts folder and add them to it.
3. Save and close Managers file.
Exercise 2: Creating a Character Class
1. Add a new folder to your scripts folder called Character.
2. Create a script in the new folder called Character.
3. Copy and paste the following field and property declarations to your script.
a. Click in the textbox and press Ctrl-A to select all (only a few are shown).
b. The names of the fields and properties should be self-explanatory. If you are unsure of any, you can ask me.
    const float GRAVITY = 20.0f;
    const float MIN_AIR_TIME = 0.15f; // 0.15 sec
    const float SLOPE = 0.7f;

    private float moveSpeed = 0.15f;
    public float walkSpeed = 2.0f;
    public float runSpeed = 6.0f;
    public float jumpSpeed = 8.0f;
    public float rotationSpeed = 15.0f;
    public bool slideOnSlope = false;
    
    protected float lookAheadDistance = 20.0f;

    protected bool isPlayer = false;

    protected bool IsMoving { get; set; }
    protected bool IsAttacking { get; set; }
    protected bool IsThinking { get; set; }
    protected bool IsAiming { get; set; }
    protected bool IsJumping { get; set; }
    protected bool IsRunning { get; set; }
    protected bool IsHurting { get; set; }
    protected bool IsWaitForAiming { get; set; }

    protected virtual WeaponStates WeaponState { get; set; }

    public Vector3 CurrentEulerAngle { get; set; }

    private bool IsNonCombat {
        get
        {
            if (IsAttacking)
            {
                return false;
            } else
            {
                if (IsMoving && IsRunning)
                {
                    return false;
                }
                return true;
            }
        }
    }

    private bool IsGrounded
    {
        get { return characterController.isGrounded; }
    }

    private bool IsFalling
    {
        get { return inAirTime > MIN_AIR_TIME; }
    }

    protected Vector3 AttackPosition { get; set; }

    protected Vector3 MoveDirection
    {
        get { return moveDirection; }
    }
    
    protected Animator animator;
    protected CharacterController characterController;


    protected float currentSpeed = 0.0f;
    float verticalSpeed = 0.0f;
    float inAirTime = 0.0f;
    float inAirStartTime;
    Vector3 slideDown;
    Vector3 currentPosition;
    Vector3 movement;
    Vector3 moveDirection;
    bool wasAttacking;

Awake Method
4. Add Unity’s Awake() method to the class
a. Mark the method as protected and virtual, so that any child (derived) classes can override this method.
i. Protected means child (derived) classes can access it
ii. Virtual means child (derived) classes can override it to specify their own implementation version.
[image: ]
b. Initialise the animator variable to the Animator component attached to the game object.
c. Initial the characterController variable to the Character Controller component attached to the game object.
Start Method
5. Locate the Start method and mark it as protected and virtual, so that any child (derived) classes can override this method.
6. In the start method, set the currentPosition variable to the current transform position.
Update Animator Parameters Method
7. Create a new private method with a return type of void called UpdateAnimatorParameters with the following parameters.
a. A Boolean called isNonCombat
b. A Boolean called isIdling
c. A String called triggerName
8. Use the paramaters to update the animator parameters as shown. Note: for the string parameter, you only want to update if the string value is not blank.
[image: ]
// Check if the trigger name has been specified before setting the trigger
[image: ]
Apply Gravity Method
This method applies gravity (pulls player down) gradually if the character is in the air.
9. Create a new protected method with a return type of void called ApplyGravity. 
10. BEGIN IF: Check if character is currently grounded (check if the IsGrounded property is true)
a. Character is on ground, set jumping variables to default values.
// Character is on ground, no need for gravity, set jumping variables to default
[image: ]
11. ELSE
a. Player is in air, reduced vertical speed gradually
// Character is in air, reduce vertical speed gradually and update how long has been in air
[image: ]
12. END IF
Get Target Direction
This method works out the direction the character should be targeting. Each child (derived) class will implement its own version of this, but you need to create a virtual (abstract) method for the child class to override.
13. Create a new protected virtual method with a return type of Vector3 called GetTargetDirection
14. Return a zero vector from the method.
Apply Move Direction Method
This method applies the direction change so the character is moving towards its target direction.
15. Create a new protected method with a return type of void called ApplyMoveDirection
16. Create a new variable of type Vector3 called targetDirection
a. Initialise its value using the GetTargetDirection method (the last method you created).
17. BEGIN IF: Check if the targetDirection vector variable from the last step IS NOT EQUAL to a zero vector
a. Interpolate (gradually change) the direction towards the new target direction, using Unity’s Slerp function) and save the movement change in the moveDirection variable.
b. Get a normalised vector (you do not need the size of the vector, just its direction).
// there is a change in direction, gradually change the direction and record the change
[image: ]
18. ELSE
a. There is no change in direction. Set the moveDirection variable to a zero vector.
19. END IF
Apply Move Speed Method
This method will apply different speed changes depending on whether the character is moving or not, and whether it is walking or running.
20. Create a new protected method with a return type of void called ApplyMoveSpeed
21. BEGIN IF: Use the IsRunning property to check if the character is running
a. Character is running, check if moveDirection is not a zero vector
// Running and moving (not running on the spot), increment speed to smaller of currentSpeed (which you are increasing) and running speed.
i. Increase the currentSpeed variable by moveSpeed (not shown)
ii. Limit the increase to a maximum of the defined running speed
[image: ]
b. End If
22. ELSE
a. Character is not running, check if moveDirection is not a zero vector
// Not running and moving (not walking on the spot), decrease speed to a larger of currentSpeed (which you are decreasing) and walking speed
i. Decrease the currentSpeed variable by moveSpeed (not shown)
ii. Limit the decrease to a minimum of the defined walking speed.
[image: ]
b. Else
i. Set current speed to zero
c. End if
23. END IF
Apply Jumping Method
This method will initialise the jumping variables if the character is jumping.
24. Create a new protected method with a return type of void called ApplyJumping
a. The method should accept a Boolean parameter called charIsJumping
25. BEGIN IF: use the charIsJumping variable to check if the character is jumping
a. Set verticalSpeed to the value of the jumpSpeed variable
b. Set IsJumping to true
c. Initialise in air time to zero
d. Initialise in air start time to the current time (use Time.time)
26. END IF
Update Movement Method
This method will apply the movement, that is, move the character via its character controller component. You also need to rotate the character in line with the movement.
27. Create a new protected method with a return type of void called UpdateMovement
28. Calculate the new movement and store in the movement variable.
[image: ]
29. Make the movement frame rate independent (Hint: i.e. multiply by Time.deltaTime)
30. BEGIN IF: Check if there was any movement (NOT equal to zero vector)
a. Move the character using its character controller component.
[image: ]
31. END IF
32. You also need to rotate the character towards the movement direction. First, set the Euler angle to the last saved angle.
[image: ]
33. Check if moving (move direction is not a zero vector)
a. Update the rotation to look towards the direction the character is moving
[image: ]
34. End If
35. Update the CurrentEulerAngle variable, which is being used to keep track of the last angle.
[image: ]
Update Animator Method
This method is used to update the animations currently playing based on the character’s current state.
36. Create a new protected method with a return type of void called UpdateAnimator
37. BEGIN IF: Check if an animator has been added to character (check animator if variable is null)
a. No animator, i.e. animator variable is null: Return from method (exit early).
38. END IF
39. BEGIN IF: Using the Managers class, check that the game is not yet over
[image: ]
{
a. Not yet game over, check if character is Attacking (use IsAttacking)
// Is character attacking
// IsNonCombat will return true or false, depending on the characters current state
// It is used to put the character in a noncombat or combat stance
// NOTE, idling parameter has to be true for character to be in combat stance
[image: ]
b. ELSE (not attacking)
[image: ]
c. END IF 
40. ELSE
a. // TO DO Set appropriate animation parameters (Idling, NonCombat)
41. END IF
On Animator Move Method
42. Create a new private method with a return type of void called OnAnimatorMove. This is a Unity method and Visual Studio may auto generate it for you as you type the name.
43. Call the Update Animator method that you created in the last step.
Exercise 3: Player Character Class
In this exercise, you will create the Player Character Class
1. Create a new script in your Character folder called Player or whatever you want.
2. Change the class definition as shown below, so that it inherits from the Character class. Note: there is no need to inherit from MonoBehaviour as the Character class already inherits from it and will pass down the inherited genes.
[image: ]
3. Copy and paste the following additional properties to it.
a. Click in the textbox and press Ctrl-A to select all (only a few are shown).
b. The names of the fields and properties should be self-explanatory. If you are unsure of any, you can ask me.
    private bool IsMovingBackwards { get; set; }
    public bool IsAutoAiming { get; private set; }

    // Overrides the WeaponState defined in the Character class to use the one defined in the player manager instead.
    override protected WeaponStates WeaponState
    {
        get { return Managers.Player.WeaponState; }
        set { Managers.Player.WeaponState = value; }
    }

Awake Method
4. Add Unity’s Awake() method to the class – you will probably notice that you have a green squiggly line. This is because you are attempting to override the parent Awake method
a. Make the method protected and indicate that it is overriding the parent method.
[image: ]
b. You still want all the initialisation done in the parent Character class’s Awake method, so you need to call the parent method first – you do that using the base keyword.
[image: ]
c. Set IsPlayer variable to true.
Start Method
5. Locate the Start() method – same issue as last step.
a. Make the method protected and indicate that it is overriding the parent method.
b. Make it call the parent Character class’s Start method.
Get Target Direction Method
All classes inheriting from the Character class must implement their own version of this method.
6. Create a new protected method with a return type of Vector3 called GetTargetDirection
a. Indicate that it is overriding the parent implementation.
[image: ]
7. Create the following variables to read the input on the horizontal and vertical axis.
// Read input on horizontal and vertical axis
[image: ]
8. BEGIN IF: Check If the value of the horizontal input is not zero OR the value of the vertical input is not zero
a. Set the IsMoving variable to true. (Movement has been detected on either or both axes)
9. END IF
10. Get the main camera’s current transform. You will use this as a focal point as you know it is always facing the same direction as the player.
a. Important: Make sure you have tagged your camera as the Main Camera.
// Get the main camera's current transform - use as focal point
[image: ]
11. Translate the camera’s transform to local world space in the forward direction.
// transform it from local space to world space in the forward direction
[image: ]
12. Limit movement on the x (sideways – horizontal input) and z (forwards and backwards – vertical input) axes. Keep y fixed.
// Limit movement to backwards and forwards and sideways
// Keep y fixed at zero as we do not want to move up and down
[image: ]
13. Next get the relative direction if moving sideways (left to right). Note the right of a vector is the vector’s (z, y, -x) – see more here.
// Get the direction if moving sideways (left -> right movement)
[image: ]
14. BEGIN IF: Check if the character is moving backwards (check if vertical input is negative)
a. Set Is moving backwards variable to true
15. ELSE
a. Set Is moving backwards variable to false
16. END IF
17. Apply the keyboard input in the direction of the keys pressed.
// Apply the keyboard input in the direction of the keys pressed
// Move forward in direction of forward direction
// Move sideways in direction of sideways direction
[image: ]
18. Return the calculated target direction from the method.
Update Method
Apply the necessary state and movement changes based on the keyboard input.
19. Go to the Update method. If you do not have one, add it.
20. BEGIN IF: First check if the game is over using the Managers class
a. Game is over, return and exit early.
21. END IF
22. Create a string variable to read the key pressed.
[image: ]
23. Add the following comment after the last line as a marker, as you will need to return to this point shortly.
// TO DO: Apply Weapon Change
24. Call the Apply Gravity method.
25. BEGIN IF: Check if not is jumping 
a. [bookmark: _GoBack]Set IsAttacking based on key being pressed. E.g. to use “E” key for attacking:
[image: ]
b. BEGIN IF: Check if Is Attacking is true
i. // TO DO: Later
c. ELSE
i. Set IsRunning  based on input keys: Left Shift OR Right Shift
ii. Call Apply Move Direction
iii. Call Apply Move Speed
iv. Call Apply Jumping passing in the value based on if Jump key is being pressed.
[image: ]
d. END IF
26. ELSE
a. // TO DO: Later
27. END IF
28. BEGIN IF: If NOT IsAttacking (Update movement, if character is not currently attacking)
a. Call Update Movement
29. END IF
30. Save your changes.
Return to Unity Editor
31. Return to Unity
32. Remove the current Relative Movement script from the player. 
33. Attach the new Player script to it.
34. You should be able to control the Player, but you would have lost the change weapon behaviour.
35. You will fix that shortly.
Exercise 4: Weapon Change Methods
You need to move the current weapon change behaviour from relative script and you also need to make an additional change because you now have two types of characters that will be listening to this event.
Outfitter Script
1. Open your current Outfitter script.
On Weapon State Changed Method
2. Locate the OnWeaponStateChanged method.
3. At the moment, it should be accepting as single parameter called newWeaponState.
a. Add another parameter to it of type string called character
4. The problem: Both the player character and agent AI enemy character respond weapon state event changes.
a. You want to be sure that it is applying the change to the character that triggered the event. 
b. You will use the character’s game object name to identify it.
5. Add the following, just above the line that checks if the weapon state has changed, that is, if (old weapon = new weapon) { … }
// Check that this is the game object that triggered the event that is responding
[image: ]
6. Now go to the very end of this method and delete the line that updates the Player Manager’s weapon state as shown (you will update this elsewhere). It may not be the player character who asked to change his/her weapons.
[image: C:\Users\sc-ka\AppData\Local\Temp\SNAGHTML1ebcc6c.PNG]
Awake Method
7. Locate the Awake method and update the Add Listener request as shown (so you can now pass the game object name as well as the new weapon state). 
Note: If you do not have an Awake method, create one.
// Register to listen for WEAPON_STATE_CHANGED event.
[image: ]
On Destroy Method
8. Locate the OnDestroy method – add if you do not have one and remove the listener when game object is destroyed as shown.
// Stop listening for WEAPON_STATE_CHANGED event as game object has been destroyed.
[image: ]
9. Save your changes.
Character Class
10. Now go to your character class.
Apply Weapon Change Method
This method applies a weapon change and will kit the character with the appropriate weapons based on the new weapon state.
Note: You will create two methods of the same name, so that either format can be used.
Method 1
11. Create a new protected method with a return type of void called ApplyWeaponChange
a. This method should accept a parameter of type WeaponsStates called newWeaponState
b. Broadcas
12. Make the method Broadcast a WEAPON_STATE_CHANGED event as shown passing the new weapon state and the game object’s name with the event being broadcast.
// Register to listen for WEAPON_STATE_CHANGED event.
[image: ]
Method 2
13. Create a new protected method with a return type of void called ApplyWeaponChange
a. This method should accept a parameter of type integer called weaponNumber
14. Add the following to it. It is simply checking if the integer parameter can be converted to a valid weapon state, and if yes, converts it and calls the other ApplyWeaponChange method.

// Check that the integer can be converted to a valid weapon state 
// if yes, cast (convert) it to the corresponding weapon state
// Call the other ApplyWeaponChange method to change the character's weapon
[image: ]
Player Class
A weapon change happens when the player presses a valid numeric key.
15. Open the Player class and locate the Update method.
16. Locate the TO DO comment you added earlier (just after setting keyPressed). The code required will go here – you can delete the code.
// Check that a key was pressed AND check that it was a numeric key
// If yes, call ApplyWeaponChange passing the number pressed
[image: ]
17. Save your changes.
Challenge Exercise
You will create an event to notify any listeners (the Character class) when the Outfitter script has finished updating the weapons.
Game Event Class
18. Open up your GameEvent class and add a new event for WEAPON_STATE_CHANGE_COMPLETED
Character Class
19. In the Character class create a new method to respond to the WEAPON_STATE_CHANGE_COMPLETED event.
a. It should accept a single parameter of type WeaponStates called updatedWeaponState
b. Use the updatedWeaponState parameter to update (set) the value of its WeaponState property.
20. Register to listen to this event
21. Stop listening to the event when game object is destroyed
Outfitter Script
22. Broadcast a WEAPON_STATE_CHANGE_COMPLETED event at the end of the OnWeaponStateChanged method.
23. Save your changes and test.
24. You can actually delete RelativeMovement script, if you want.
25. Phew! That’s all for this part of the exercise. You will continue with the AI Enemy in the next lesson.
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if (string.IsNullOrEmpty(triggeriame) == false)
{

1

animator. SetTrigger(triggeriiane) ;
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IsJumping = false;
verticalspeed = 0.0F;
inAirTime = 0.0f;
inAirStartTime = Time.time:
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verticalSpeed -= GRAVITY * Time.deltaTime;
inAirTime = Time.time - inAirStartTime;
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currentSpeed

athf.Min(currentSpeed, runSpeed);
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currentSpeed = Mathf.Max(walkSpeed, currentSpeed);
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movement

(moveDirection * currentSpeed) + new Vector3(@, verticalSpeed, @));
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characterController.Move (movement) ;
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transform.eulerAngles = Currentulerangle;
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transform.rotation

Quaternion.LookRotation(moveDirection);
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CurrentEulerAngle = transform.eulerAngles;
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if (IManagers.IsGameOver)
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if (IsAttacking)
{
/1 Check was not attacking at last check to avoid triggering animator unnecessarily
if (IwasAttacking)

{
/1 Update the animator parameters - combat-true, idling has to be true to attack, USE weapon state
UpdateAninatorParaneters(IslionConbat, true, "Use");
/1 set was attacking to true, so next frame will not bother animator if still attacking
wasAttacking = true;

i

} else
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if (IsMoving)

{

UpdateAninatorParaneters(IslionConbat, false, string.Empty);
} else
{

UpdateAninatorParameters(IslionConbat, true, string.Empty);

¥
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public class Player : Character {
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protected override void Awake()
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base.Awake();
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protected override Vector3 GetTargetDirection()
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Float horInput = Input.GetAxis("Horizontal);
Float vertInput = Input.GetAxis("Vertical”);
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Transform cameraTransform = Camera.main.transform;
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Vector3 forward

cameraTransform.TransformDirection(Vector3.forward);
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forward.y = of;
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Vector3 right = new Vector3(forward.z, ef, -forward.x);
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Vector3 targetDirection = (horInput * right) + (vertInput * forward);
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IsAttacking = Input.GetKey(KeyCode.E);
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ApplyJumping(Input.GetButtonDown("Jump”));
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if (gameObject.name != character)

{
1

return; // not, exit and return early
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/171 Update the weapon state in the Player Manager to reflect the current weapon state
/ 3nagens=Player-Heaporstate—= TEMEAPONSTaTE] Delete this line
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Messenger<WeaponStates, string>.AddListener(GameEvent.WEAPON_STATE_CHANGED, OnWeaponStateChanged);
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Messenger<ileaponstates, string>.Removelistener(GameEvent. WEAPON_STATE_CHANGED, OnheaponStateChanged);
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Messenger<eaponStates, string>.Broadcast(GameEvent.WEAPON_STATE_CHANGED,
newileaponState, gameObject.name);
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if (System.Enum.IsDefined(typeof(WeaponStates), weaponhumber))
{
lieaponStates newbleaponState = (leaponStates)weaponiumber;
‘ApplyieaponChange(newiieaponstate) ;
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if (!string.IsNullOrEmpty(keyPressed) && char.IsDigit(keyPressed, @))
{
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ApplyieaponChange(int.Parse(keyPressed));
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protected virtual void Awake()
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animator.SetBool("Idling”, isIdling);
animator. SetBool (“NonCombat”, ishonCombat);




