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Indie Game Development
Lecture 6 Lab Tutorial Exercise
Game World 2: Controlling the Agent AI Enemy Character
Objectives
In today’s exercise, you will write the code to control the movement of the Agent AI enemy character(s).
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. Import another character from the All Star Character collection that you will use as your AI character.
3. Add the character to your scene and give it/he/she a name of your choice.
4. Attach a character controller component to it, setting the following:
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5. Attach an Animator to it and remember to set the following properties.
a. Controller
b. Avatar
6. Save your scene.
Exercise 2: Agent Path Script
This script provides the logic for the waypoints along a defined path that the character will follow.
1. Create a new script in your Character folder called AgentPath and attach it to your enemy character.
2. Open the script in your preferred editor.
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.
    [SerializeField]
    private bool _ShowPath = false; // should display path when gizmos is on
    public bool ShowPath {
        get { return _ShowPath; }
        set { _ShowPath = value; }
    }

    [SerializeField]
    private bool _IsRandom = false; // should agent follow a random route around the points instead of linear path
    public bool IsRandom {
        get { return _IsRandom; }
        set { _IsRandom = value; }
    }

    [SerializeField]
    private bool _IsLooping = true; // Agent should loop round path
    public bool IsLooping
    {
        get { return _IsLooping; }
        set { _IsLooping = value; }
    }

    [SerializeField]
    private float _Radius = 2.0f; // distance at which to switch to next way point
    public float Radius
    {
        get { return _Radius; }
        set { _Radius = value; }
    }

    /// <summary>
    /// Used when IsLooping is set to false (not continuously looping around path) to indicate agent has reached the end of the path
    /// </summary>
    public bool IsFinished { get; private set; }

    [SerializeField]
    private List<Vector3> Waypoints = new List<Vector3>(); // the way points of the path route

    int currentIndex = 0; // index of current way point travelling towards
    int numWaypoints = 0; // the number of way points on the path

    /// <summary>
    /// Adds a new way point to the path's route
    /// </summary>
    /// <param name="wayPoint"></param>
    public void AddWayPoint(Vector3 wayPoint)
    {
        if (wayPoint != null)
        {
            Waypoints.Add(wayPoint);
            numWaypoints = Waypoints.Count;
        }
    }

    /// <summary>
    /// Removes the specified way point from the route
    /// </summary>
    /// <param name="wayPoint"></param>
    public void RemoveWayPoint(Vector3 wayPoint)
    {
        if (wayPoint != null && Waypoints != null)
        {
            Waypoints.Remove(wayPoint);
            numWaypoints = Waypoints.Count;
        }
    }

    /// <summary>
    /// Clears all way points
    /// </summary>
    public void ClearWaypoints()
    {
        Waypoints = new List<Vector3>();
    }

The Start Method
4. Locate the Start method
5. Initialise the numWaypoints variable to the number of items in the Waypoints collection (Hint: count property).
6. BEGIN IF: Check if the number of waypoints is greater than zero
a. If it is, increase the current index by 1
7. END IF
Is Away from Waypoint Method
This method checks to see how far away the agent is from the current waypoint.
8. Create a new public method with a return type of Boolean called IsAwayFromWaypoint. The method should accept two input parameters:
a. A Vector3 called position
b. A float called nearDistance
9. Calculate the distance from the position to the current waypoint
// Get distance from position to current waypoint
[image: ]
10. Work out its square magnitude. Note: The distance between two points is the (position12 – position22), but calculating the square root is slow. When comparing distances (i.e. you do not need to know the exact distance, only checking how far away) it is faster to compare against the squares of the distances – use Unity’s square magnitude.
// Calculate its square magnitude (square length of this vector)
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11. Next compare the distance to the near distance using the squared distances and return true or false depending on if far away or nearby.
// Compare the distance to the near distance using the square of the distances
// If far away, distance will be larger and vice versa
[image: ]
Get Random Index Method
Used when IsRandom is set to true to return the index number of a random waypoint to target next.
12. Create a new private method with a return type of integer called GetRandomIndex
13. Generate a random number and store in an integer variable. Note the Random class generates floats, so you need to convert to integer as indices can only be integer numbers.
// Generate a random number. Random returns a float, you need to convert to integer as indices can only be integers.
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14. If there is more than one waypoint, you need to check that the random number generated is not the same as the last one or else agent will be stuck at same spot walking round in circles.
// If number of waypoints is greater than one, make sure random number generated is not the same as the last one or agent will be stuck at same spot
15. BEGIN IF: Check if number of waypoints is more than one
a. If same index number generated, keep trying till you get a different one.
// check that it has not just generated the same index as the last one
// if yes, continue trying for a different random index
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16. END IF
17. Return the value of the random index from the method.
Set Next Index Method
This method sets the index number of the next waypoint along the path to target.
18. Create a new private method with a return type of void called SetNextIndex.
19. BEGIN IF: Check if the agent path is using a random path
a. If true, set the currentIndex variable using the GetRandomIndex method created in the last step. 
20. ELSE
a. BEGIN IF: Check if the currentIndex variable is less than the last index (numWaypoints - 1)
i. Increase the currentIndex variable by one
b. ELSE IF: Check if the agent is looping round the path (use the IsLooping variable)
i. Start back at the beginning – set currentIndex variable to zero
c. ELSE
i. Agent has reached end of path and is not looping, set IsFinished variable to true.
d. END IF
21. END IF
Get Direction Method
This method gets the direction from the current waypoint to the current position.
22. Create a new public method called GetDirection with a return type of Vector3.
a. This method should accept one Vector3 parameter called position.
23. Create a Vector3 variable called direction and initialise it to a zero vector.
24. Get the current waypoint the agent is targeting
// Get the current waypoint the agent should/is targeting
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25. Calculate the distance to the current waypoint (i.e. distance between the position and the target) and store the value in a Vector3 variable called distanceToWaypoint. (Hint: see what was done in IsAwayFromWaypoint)
26. Calculate the square magnitude of the vector calculated in the last step and store in float variable called sqrDistance.
27. BEGIN IF: Next, check if the distance is within the radius range to change direction and start targeting the next waypoint and if it is, get index of next waypoint to target
// Check if distance is within the radius range to move to the next waypoint in the path
// If it is, get the index of next waypoint to target
[image: ]
a. Call the SetIndex method
[image: ]
28. END IF
29. BEGIN IF: Check if agent path is finished
a. Finished, no need to calculate a new direction, return the direction variable.
30. END IF
31. Get current position at the same height as the current waypoint, that is, fix y-axis to waypoint’s y position.
// Get current position at same height of the current waypoint
[image: ]
32. [bookmark: _Ref475714582]Calculate the change in direction between the current waypoint to target and the current position using a normalised vector (you do not need the size of the vector, just its direction).
// Calculate the change in direction between the current waypoint and the current position
[image: ]
33. Return the change in direction (the direction variable).
Get Direction to Target Method
This method gets the direction from current position to the target.
34. Create a new public method called GetDirectionToTarget with a return type of Vector3. This method should accept the following two input parameters:
a. A Vector3 called position
b. A Vector3 called target
35. Get the current position at the same height as the current waypoint, that is, fix y-axis to waypoint’s y position.
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36. Get the current target position at the same height as the current waypoint, that is, fix y-axis to waypoint’s y position and store in a Vector3 variable called targetPosition (see last step).
37. Calculate the change in direction between the targetPosition and the currentPosition using a normalised vector (you do not need the size of the vector, just its direction).
Hint: See what you did in the last method (step 32)
38. Return the change in direction (the direction variable).
Restart Method
This method is used when IsLooping is false to restart the agent going round the path, if you want.
39. Create a new method with a return type of void called Restart.
40. Set current index to zero
41. Set is finished to false
On Draw Gizmos Method
This method is a Unity method and is used to draw visual lines showing the agent path if Gizmos are turned on when playing the game.
42. Create a new private method with a return type of void called OnDrawGizmos.
43. BEGIN IF: Check if the ShowPath variable is false
a. Return and exit early
44. END IF
45. Add the following to loop through the waypoints and draw visual lines. You can change the colour if you wish.
[image: ]
46. Save your changes.
[bookmark: _GoBack]Exercise 3: The AI Enemy Class
This class represents the AI Enemy and it inherits from the Character class.
1. Create a new C# script in the character folder to represent the AI Enemy. I called mine EnemyAI – you can use whatever name you like.
2. Open the script
a. Make the class inherit from the Character class
b. It does not need to inherit from MonoBehaviour as it does this through the Character super class.
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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).
    [SerializeField]
    private Transform _Target;
    public Transform Target {
        get { return _Target; }
        set { _Target = value; }
    }

    [SerializeField]
    private float _ThinkingTime = 3.0f;
    public float ThinkingTime {
        get { return _ThinkingTime; }
        set { _ThinkingTime = value; }
    }

    [SerializeField]
    private float _WalkingTime = 6.0f;
    public float WalkingTime {
        get { return _WalkingTime; }
        set { _WalkingTime = value; }
    }

    [SerializeField]
    private float _ShootRange = 2.0f;
    public float ShootRange
    {
        get { return _ShootRange; }
        set { _ShootRange = value; }
    }

    [SerializeField]
    private float _PlayerRange = 2.0f;
    public float PlayerRange
    {
        get { return _PlayerRange; }
        set { _PlayerRange = value; }
    }

    [SerializeField]
    private float _MaxJumpHeight = 2.5f;
    public float MaxJumpHeight
    {
        get { return _MaxJumpHeight; }
        set { _MaxJumpHeight = value; }
    }

    [SerializeField]
    private float _PathNearDistance = 10.0f;
    public float PathNearDistance
    {
        get { return _PathNearDistance; }
        set { _PathNearDistance = value; }
    }

    private float Speed = 0.15f;
    private float lastTime = 0f;    
    private AgentPath agentPath;

The Start Method
4. 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.
5. Initialise the agentPath variable to the Agent Path component attached to the game object.
6. Initialise current speed variable to zero.
Should Jump Method
This method checks for any obstacles in front of the character by casting a ray and if the obstacle is low enough to jump over. The obstacles in the scene will have the tag “Box”.
7. Create a new private method with a return type of Boolean called ShouldJump.
a. The method should accept a Vector3 parameter called direction.
8. Declare a Vector3 variable to store a reference to the half-height position of the character controller (along y-axis only)
// Get the position of the character's height * half in along y-axis (upwards) direction only (approx. waist position)
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9. Get the leg (foot) position, adjusting for character’s height and character controller’s height (in our case it doesn’t matter as they match).
// Get the character's leg (foot) position
// Adding adjustment for cases when character controller's centre does not match the half height position
[image: ]
10. Get the max distance to check for obstacle. We are simply setting this to the body width.
// Max distance to check for obstacle to jump over - body width
[image: ]
11. To check for obstacle, you will cast a ray in the direction character is moving towards. Declare a ray cast hit variable in readiness to receive what the character’s foot will hit.
// Declare a raycast hit variable in readiness to receive what the hit (obstacle in front of character)
[image: ]
12. BEGIN IF: Cast a ray in front of the character’s leg position in the direction it/he/she is moving towards at the max distance to check.
// Cast a ray in the move direction to see if character's leg hits anything
[image: ]
a. [bookmark: _Ref475813239]BEGIN IF: Check if the game object hit is tagged as a Box
// Check if what was hit is a box
[image: ]
i. Get the height of the obstacle to jump over. This will be the height of the object minus the current hit point.
// Check the height to jump
// Height of object hit minus hit point
[image: ]
ii. BEGIN IF: Check the height of the obstacle to jump over is not more than (less than or equal) the max height the character can jump over
// Not too high (not more than max jump height), character can jump
Return true – not too high, character can jump
iii. END IF
[image: ]
b. END IF
[image: ]
13. END IF
14. Return false – nothing in front of character to jump over
Is Away from Player
This method determines if the agent is currently away from the player using the run and shoot distance ranges i.e. further than (player range distance + shoot range distance)
15. Create a new private method with a return type of Boolean called IsAwayFromPlayer
16. Create a Vector3 variable called distanceToPlayer and store the current distance to the player.
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17. Work out the distance’s square magnitude and store it in a variable called sqrDistance (you can look at what you did in Agent Path).
18. Calculate the character’s run distance range (sum of range to target player and shooting range).
// Run distance is sum of range to target player and shooting distance range
[image: ]
19. BEGIN IF: Check if distance is within range of run distance using the squared distances and return true or false depending on if far away or nearby (Hint: check what you did in Agent Path, IsAwayFromWayPoint)
a. Nearby, return false (within range, less than or equal run distance)
20. ELSE
a. Far away, return true (outside range, greater than run distance)
21. END IF
Should Run Method
This method determines if the character should start chasing (running towards) the target.
22. BEGIN IF: Check if target is null (nothing to chase)
a. Return and exit early
23. END IF
24. Create a Boolean variable called run and initialise it to false.
25. BEGIN: Check if the enemy character has reached the end of the path (applies when not continuously looping around path). Use the IsFinished property of the agentPath variable.
// Check if enemy is no longer following the path (reached the end of the path when looping is set to false)
a. Only run if the enemy character IS NOT away from the player.
// Only run when player is nearby
[image: ]
26. ELSE
a. BEGIN IF: Check if agent enemy character is NOT outside range of waypoint near distance.
// Check not within range of path near distance to waypoints
[image: ]
i. Only run if the enemy character IS NOT away from the player.
b. END IF
27. END IF
28. Return the value of run.
Can Attack Method
29. Create a new private method with a return type of Boolean called CanAttack
30. For now, make it return false. This will be completed later.
Check Is Moving Method
This method checks if the character is moving. The character is moving when not thinking. If the character is no longer following the path (reached the end when not continuously looping around path), the AI character only gives chase (runs) when the player comes within its range.
31. Create a new private method with a return type of Boolean called CheckIsMoving
32. BEGIN: Check if the enemy character has NOT reached the end of the path it is following. Use the IsFinished property of the agentPath variable.
a. Agent is still following path and is moving when NOT thinking (Value of IsThinking property is false). 
// Agent is still following path and is moving when NOT thinking
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33. ELSE
a. Agent is no longer following path (at the end of the path). The character will only move when chasing (running towards) the player. Value of IsRunning property is true, return this value.
// Agent no longer following path but player is nearby and giving chase (running towards) again
34. END IF
Check Is Thinking Method
This method checks if the character is currently thinking. When thinking, character goes into idle state.
35. Create a new private method with a return type of Boolean called CheckIsThinking
36. BEGIN IF: Check if currently aiming (Is Aiming property)
a. Set lastTime variable to current time
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b. Set Is Thinking property to false
c. Return the value of IsThinking (i.e. false)
37. END IF
38. Create a new float variable called time.
39. BEGIN IF: Check if currently thinking (use IsThinking property). 
Note: This will be used to determine if it is time to switch from thinking to walking and vice versa in the next step.
a. Set time variable to Thinking Time
40. ELSE
a. Set time variable to Walking Time
41. END IF
42. BEGIN IF: Check if the current time is greater than thinking/walking time, whichever applies. If it is, it is time to switch modes.
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// Maximum time for thinking/walking has passed, time to switch
a. Set is thinking to the reverse of whatever the character is currently doing.
// Switch modes, set is thinking to reverse of whatever is currently doing
[image: ]
b. Update lastTime to current time.
[image: ]
43. END IF
44. Return the value of IsThinking.
Get Target Direction Method
All classes inheriting from the Character class must implement their own version of this method.
45. Create a new protected method with a return type of Vector3 called GetTargetDirection
a. Indicate that it is overriding the parent implementation.
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46. BEGIN IF: Check if target is null (nothing to chase)
a. Return and exit early
47. END IF
48. Create a Vector3 variable called targetDirection
49. BEGIN IF: Check if the character is running (character is chasing player)
a. Make the character move towards the player. Set the target direction using the agent Path’s get direction to target method.
// moving towards player, get direction towards player. 
[image: ]
50. ELSE
a. BEGIN IF: Check if the enemy character has reached the end of the path it is following. Use the IsFinished property of the agentPath variable
i. No longer moving, set targetDirection to a zero vector
b. ELSE IF: Check if Thinking
ThinkingTime is currently greater than zero AND CheckIsThinking returns true
i. Thinking, not moving. Set targetDirection to a zero vector
c. ELSE
i. Moving towards next way point. Set the target direction using the agent path’s get direction method.
// moving towards next way point, get direction towards way point
[image: ]
d. END IF
51. END IF
52. Set IsMoving by calling Check is moving.
[image: ]
53. Return the target direction.
Update Method
54. Locate your update method or add one if you do not have one.
55. BEGIN IF: First check if the game is over using the Managers class
a. Game is over, return and exit early.
56. END IF
57. Call the Apply Gravity method.
58. BEGIN IF: Check if not is jumping 
a. Set IsAttacking based on the value returned from the CanAttack() method.
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b. BEGIN IF: Check if Is Attacking is true
i. // TO DO: Later
c. ELSE
i. Set IsRunning  based on the value returned from ShouldRun() method.
ii. Call Apply Move Direction
iii. Call Apply Move Speed
iv. Call Apply Jumping passing in the value based on the value of ShouldJump method.
[image: ]
d. END IF
59. ELSE
a. // TO DO: Later
60. END IF
61. BEGIN IF: If NOT IsAttacking (Update movement, if character is not currently attacking)
a. Call Update Movement
62. END IF
63. Save your changes.
Exercise 4: Setting up the Agent Enemy’s Path
1. Return to Unity
2. Attach the Agent Path script to your enemy character.
3. Attach the Agent AI Enemy script to your enemy character.
4. Make an enemy prefab.
Setting up Waypoints
5. Set up a path for the agent to follow by defining a couple of waypoints.
a. The first one should start from (0, 0, 0)
b. Note: It may be easier to add a temporary cube to the scene (not as a child object) and use it to help you work out positions. Delete the cube when done.
Tagging Obstacles
6. Create a new tag called Box or whatever you specified in the ShouldJump method (Exercise 3, step 12.a). Tags are case-sensitive.
7. Locate the boxes scattered around the scene and tag them as “Boxes” or whatever your tag is.
8. Save and test.
Multiple Enemies
9. If you want multiple enemies around different parts of the scene:
10. Use the prefab created earlier to add other enemies to the scene
a. Position them in different locations
b. Remember to configure different waypoints for the path to follow.
11. That’s all for today.
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Vector3 currentPosition = new Vector3(position.x, Waypoints[currentIndex].y, position.z);
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public class EnemyAI [: Character {
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Vector3 legPosition =
transform.position + characterController.center - halfHeightPosition;
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float distance = characterController.radius * 2;
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{




image20.png
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float height = hit.collider.bounds.max.y - hit.point.y;
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Vector3 distanceToPlayer = (Target.position - transform.position);
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float runDistance = (PlayerRange + ShootRange);
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if (lagentPath.IsAwayFromiaypoint(transform.position, PathNearDistance))
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protected override Vector3 GetTargetDirection()
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targetDirection = agentPath.GetDirectionToTarget(transform.position, Target.position);
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targetDirection = agentPath.GetDirection(transform.position);
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Vector3 distanceToWayPoint = (position - Waypoints[currentIndex]);





