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1. Introduction 
In this paper an analysis of my tech demo for a 2.5D wave surviving shooter will be made. In my case 
this game has a top down view of the character and you try to survive as long as possible while 
racking up the score by killing enemies. Each wave deploys these opponents which gradually 
increases difficulty until the player dies. 
This essay starts by going over the main character that will be controlled by the player. Next it gives a 
look into the gun class. Thereafter it will explain the general information of how the enemies work. 
Once that step is completed, a more in depth view of each A.I.(artificial intelligence) is given, so the 
difference can be more clear.  
The basic framework that was used is the free version of the unity engine, it can be downloaded from 
this site: https://unity3d.com/get-unity/download. For the scripts, you have access to different 
programming languages, but in this tech demo I have written them in C#. If you want more info 
about the engine rules or how it works, you’ll have to read the unity documentation. Though It is 
advised you have basic knowledge about unity and C# before continuing reading.  
2. Main Character 
Like mentioned in the introduction this character gets his inputs from the player. These key-bindings 
are based upon the generally most used in top down shooters. So up/down/left/right are 
consecutively Z/S/Q/D for azerty-, and W/S/A/D for qwerty-keyboards. Aiming is done with the 
mouse cursor and shooting with left clicking. The last bindings for the player are the alphanumeric 
1/2/3 to switch the character’s gun to shotgun/handgun/sniper.  
The movement is done by 
adding a force to a rigid body, 
this allows the player to build up 
speed in a certain direction, or 
brake a little in his steps without 
stopping completely, as a 
consequence it makes the game 
more skill based and the user 
can make himself less 
predictable. To the right a code 
snippet of this implementation 
is shown. 
The player has a certain amount of health so he doesn’t die in 1 hit. Nonetheless he can get hit for a 
amount of his lifeforce by bullets and by running into enemies, but like in most dungeon crawlers 
sometimes pick-ups will be dropped, who can provide extra health.  
Shooting is almost entirely done in the gun class, but there are three things the gun wielder needs to 
calculate or give as data. The first is how long the gun is reloading at the moment(so it can see if it 
can shoot or not), the second one is in what direction the barrel is pointing, and lastly it needs to set 
were the gun is located. When this is calculated/acquired, the shoot method from the gun class can 
be called. 
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3. Guns and Bullets 
Now what this method shoot does is making a new bullet and giving this projectile his values 
depending on the type of gun that is currently equipped. Basically every gun has a reload time, a 
range, a nuzzle force,  a drag and a damage applier. Whereof those last three are used for the bullet 
info. In this game bullets collide with everything. That means they get destroyed as soon as they hit 
something, but to prevent shotguns from destroying their own nuzzle friends(a shotgun has three 
projectiles), a serial number is given to them, so they won’t die by their own colleagues. Another way 
bullets can be destroyed, is depending on their velocity, once they go to slow they will stop existing 
(storywise the bullets just reach/drop on the floor).  
Because a lot of emphasis was lain down on the shoot method, here I show how I implemented it:

 
4. Artificial Intelligence 
4.1 The Hive 
All the enemies are controlled by a manager. This overseeing class is basically the hive mind of them 
all, it determines when to spawn and delete the A.I., it contains and computes almost all the data, so 
the overlord can give all the info to his agents when they ask. 
The spawning works on a wave like structure. That means each time the player destroys all the 
enemies, the hive will make a new stream of different A.I.. This is done by first giving the wave a 
point value, the higher the wave, and thus the value, the higher the change more advanced agents 
are spawned. Once the enemies type is set, the manager determines a random place based on the 
positions the hive was given. Though the points too close to the player are omitted, to give him some 
breathing room.  
Code of how I checked the usable positions and then obtained the remaining spawn point(s): 
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4.2 The Basics of each Enemy 
4.2.1 Behaviour Trees 
As a lot of A.I. in games, I used behaviour trees as the basic thinking power of my enemies. The 
framework for these trees was made in class together with the professors. Because many differences 
can be made and even more tutorials can be found1 I will explain the framework briefly. Every 
behaviour can be executed, and will return one of the following results: fail, success or running. 
Depending on what kind of tree composition you used, in my case either a selector or a sequence, it 
will keep running or stop. The idea behind a selector is that it keeps running as long as the 
behaviours are successful, while a selector keeps running till it finds a successful behaviour, and goes 
on as long as it fails. Lastly a tree isn’t bound to itself only, you can put multiple in one another. 
As example my most basic tree looks like this: 

 
4.2.2 Enemy Base Class 
Next up is the Enemy class itself. This is a simple base class that inherits from the BehaviourTree 
class, and every A.I. inherits again from the Enemy class. It is meant to hold the basic information like 
how much health it has, what its suicide range is, how much damage it does, what type of enemy it is 
and how much points it is worth. All these things are set by calling the function SetValues. There is 
also a variable to contain the basic unity functionality of a NavMeshAgent, namely to move around 
the map that It is given2. Now that the basics of the enemy framework is known, we can have a more 
in depth look how each A.I. reacts in its environment. 
An example of how the SetValues method looks for each enemy:

 
                                                           
1 http://answers.unity3d.com/questions/228628/behavior-tree-barebones-tutorial.html is a good link to start your search for different tutorials if you are interested. 
2 https://docs.unity3d.com/Manual/Navigation.html for more information about unity navigation meshes and pathfinding. 
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4.3 Closing in A.I. 
4.3.1 Basic 
The basic closing in enemy, is a simple zombie. It just goes straight towards the player in the 
cheapest path possible according to the navigation mesh. If these enemies come closer to other 
enemies they will use a flocking behaviour. This flocking behaviour makes the movement of the A.I. a 
little bit more random, tries to make them stay into the group and a aligns them, while still avoiding 
collision with each other. When this agent gets close enough to the player, it will blow itself up and 
damage the opposition.  
Movement Example: 

 
4.3.2 Smart 
This is an upgrade towards the basic A.I., still it implements the same behaviours, except for different 
values in the flocking, cause you don’t want to make them group and align on their own power but 
by the hive mind. This overlord thinking prepares an attack towards the player instead of letting 
themselves decide. The mind calculates positions around the player depending on how many smart 
closing in A.I. are present, so the character will get surrounded and will have nowhere to go. When 
the hive thinks everything or enough minions are in its place, it will give orders to attack and then the 
A.I. will collapse onto the one playing.  
Movement Example with 3 swarm AI’s: 
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4.4 Shooting A.I. 
4.4.1 Basic 
A basic shooter gets a random gun on the moment it is 
spawned. The weapon has a maximum range, that is used 
to calculate the minimum range, these two are used for 
the calculation of its positioning. The destination 
determination is one of the three parts in the A.I. tree of 
the basic shooter, it calculates a sometimes random spot 
around the player within the min and max range. If the 
player is to far a new path will be calculated, else if the 
player gets to close it just sets the point in a straight line 
away from the player. To prevent the A.I. from being 
completely static, a small adjustment in the end position is 
constantly made. It has a simple movement to its target, 
but when other enemies get to close, avoidance will tried 
to be made. The last part in the tree is the behaviour of 
gun usage. It just shoots towards the player whenever the gun is reloaded, simply said it doesn’t 
think about its surroundings.  
4.4.2 Smart 
The smart version of this A.I. has an extra part in its tree, namely deciding which gun it should use, 
depending on the players gun. Next, the shooter has an upgraded position determination, first the 
minimum range isn’t depending on the maximum limit of the gun, but on the max range of the 
players weapon. Also if the player gets too close, he will determine a position away from the player, 
but from the wall as well, so it is harder for him to get closed in by the human. Furthermore if a 
position doesn’t lie within the arena, or isn’t part of a walkable surface, it will determine another 
position close to the first one. As last when it needs a complete new path, it gets the quadrant from 
the hive mind to obtain the least populated area around the player. In the movement itself there is a 
small change it just looks if it will collapse with a wall. If so, change your velocity perpendicular to the 
wall, so it won’t hit it.  
Smart Movement Example (player has normal gun, AI has sniper => move out of range) : 
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The last part in the tree had a big overhaul in comparison with its basic counterpart. It won’t just 
shoot. First of all a check will be made if there is a bullet incoming or not. In the case of an incoming 
projectile that will hit, a counter shot will happen to protect his own life, I call this the defensive shot. 
It doesn’t matter who’s bullet it is, it will happen when the gun isn’t reloading. Given the defensive 
stance isn’t needed, the A.I. will move on and check if the player is within range of the gun. If this is 
the case it will try to predict where the player will be. Supposing that it has a free shot, meaning no 
other enemies are in the main shots path, it will shoot towards that predestined position.  
Prediction Aggressive Shot Example:  

 
Defensive Shot Example: 

  
5. Final Word 
A lot of the mechanics and interaction in games are based upon an idea. The first part of the designer 
is planning ahead and writing down what exactly you want from that idea and how you want things 
to react. In this paper I wrote down an idea of how a basic top down shooter can work, that’s why 
not a lot of code was shown. I laid down an example of a framework where this kind of game can be 
played, it’s now up to you to change it the way you want it. When that change is done you can start 
implementing it in your game.  


