PRUGEDURAL™

A procedural generation toolkit for sprites and 3D meshes in Unity3D.

By: Flamboyance - A Unity3D Asset Store Developer
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Introduction: What is Procedural Toolkit?

Procedural Toolkitis a procedural generation toolkit/randomizer that will aid you in the construction of
your next procedurally generated game. The product aims to make customizing modular procedural
assets as easy as possible.

This package allows youto turn a set of assets (modelled by yourself, or bought) into small
instances/cells/rooms/parts that will be randomized based upon the settings you provide. In addition
the toolkithas been made to be extremely flexible so that you do not need to design and setthe objects
up in Unity, you may template the objects in your own modelling software (where you have access to
hierarchies and parenting) —Procedural Toolkit makes use of a strict naming conventionto allow the
toolkitto processand setup the necessary data.

Fig1l. Anexample of anassetdesignedin Autodesk Maya —ready for Procedural Toolkit to processintoa
modular cell.



Beginner Tutorial: Get Started with the Procedural Toolkit:
Custom procedurally generated objects

Step 1:

Create a new scene, name it "Random Generator".
Create 3 empty Game Objects

Name them as follows:

e Pool Creator

e Randomizer
e Prefabs




Step 2:
Adda Pool Creatorscriptto the Pool Creator object
Adda Randomizerscripttothe randomizerobject

Under Prefabs add another GameObject—rename thisto “Object”.
In yourobjectyou can add the meshes and details that you wantto randomize. Add ittothe list of
prefabs on the pool creator
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Step 3:
Open the Randomize Editor Window -> Window Randomize
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Colliders and Connectors
Create a box around your mesh that you want to check collisionsonand add _collider3Dto the box.
*Alternatively onyour mesh, adda _collider3Dtagon the topmost parent

For each connectorlocation you want to add, place a GameObject with the Z axis facing outwards (blue
axis). Adda _cntr tag to the GameObject *These gameobjects should have unique names so that they
can be found by the Pool Creator.

For 2D objects, instead of 3D, add 2D instead (_collider3D/_cntr2D)

**Shortcuts are available in the randomize editor windowto add these tags quickly to selections.
**Notein the troubleshooting section, there is some info on how to create vertical or stacked

connectors.
Vertical connector points inthe troubleshooting section explains how to use the system further
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Add as many connectors as you wantto randomize on this object.



Step 4:
Letsadd some metadata! Selectthe top level of the objectand click on the “Parse Selected Object”
button. You will see the connectors have been populated inthe list.

Add Prefab to
S

Possible Objects To Connect

Now to add the connection possibilities:

We wantthisroom to randomize itself so click on “Add Prefab to Process” while selecting the top of the
prefab. You will see the list of connectors appear with a Boolean checkbox nexttoit. Thisis the possible
connection points that can be tested by a connection. (Forexampleif you want to rotate an objecttofit
each connector, or customize the connectors so they can only have specificrotations.) For now selectall
of them.

Click on CreateConPoint—you can create a con pointforeach individual connector, orforall of them
(bigbutton). Click on the big button for now.

You will notice that there are some new locators that have been created with the data you inputted.
Congratulations —you have just created your first randomized object. It seems like alot of work to go
through for procedural generation, howeverthis method allows foralot of customization once you
understand how itworks and why it works this way. (Explained below further)

Base Settings




For now we can testitout — Selectyour Pool Creatorand hit “Create Pool”.
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nrefabParent

You will also notice thata pool object has been created with all the pooled prefabs that you have just
created

Step 5: Randomize!

Selectyourrandomizer.
Change the “StartObj” value from GameObject to Object
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Hit play.

Now click randomize and you should see your randomizer in action!

**Note as this test object | created in the examples only had 2 connectors there are not many
permutations that are possible, the demo scenes have a few examples of what can be possible
using some of the techniques included in this kit. The more connectors you have, the higher the
chance of something random happening.

A nice number of connectors to have to actually see more randomizing happening is 3 (on
different facing axis’).

You may see an example of this scene completed — Basic Start Complete inthe demo scenes
folder.
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How Procedural Toolkit Works — a primer
There are 3 main componentsto procedural toolkit:

The Pool Creator/Manager
The prefabs
The Randomizer script

8 Inspector 2 MNavigation

Once these three objects
are inyour scene you may
start producing prefabs
that are ready to be
randomizedinyourproject.
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The basics of procedural toolkit prefabs are very simple. Create your mesh and create afew locators
where youwantthe objects/cells to align with each other. You can then define as many connectorlinks
as possible thatare related to thisroom.

A typical dungeon roomcell definition

A start room may have 4 connectors (NESW)
A connectorcan have linksto the same dungeon cell, oradifferentdungeon cell. And rooms can
be rotated in specificorders per connecter perconnector possibility.

Afterdefiningyourobject requirements you can use the editor window to quickly and accurately create
therequired metalocatorsthatare used whenthe pooliscreated. Locators with naming were used as
sometimes adesigner may not want to do this step inside of Unity — thus by using the basic
locator/game object one cansimply create themintheir program of choice as long as there is the
required hierarchy and naming conventions.

Base Settings
Parse Selected Object
locatorl
Locator_pPlanel_e_1 cnt W|Locator_pPlanel_e @ - Create Con Paoint
or_pPlanel_e_9_cnt SLocator_pPlanel_e_ ¢ Create Con Paint
ocator_pPlanel_e_ 27 cr Wlocator_pFlanel_e @ © Create Con Point
Create Con Point
Themelndex:

Fercentage / 100:

Add Prefab to Proc
Clear ConnectorList

Possible Objects To Connect

stairway (1)
] or_pPlanel_e_1_cntr

You must have at the bare minimum some connectors onyourobject (_cntr/ _cntr2D) prefix with the z
axis (blue) facing outwards for 3D and the Y axis facing outwards for 2D.
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By creating connection points the editor will know on pool connection which objects can be connected
to which connectors.

What do these strings mean?
A brief explanation of each separator:

ti_ =0~

Theme Index, to be used with theme trigger zones (more advanced concepts)
_pct_=0~100

A percentage value (dice roll) — each connector possibility will be rolled against a value, if that
value is within the percentage this room will be tested against.

_cP_ =connection point name

The connection point of the prefab that you are spawning from

_Cp_

The connection prefab that you are spawning

_cct_

The possibilities on the prefab connection points that you can connect to (index of the possible
connections.)

Collisions

Procedural toolkit handles collisions by using box colliders. (Not AABB) but Physics Overlap. This creates
the intersectinglogic of the random generation process. By using Physics Overlap instead of Intersects it
allows ustwo important things: a non-allocating test againstall objectsinthe scene, and aseparation
fromthe AABBbounds of the object. Which means that we can arbitrarily rotate and create multiple
colliders permesh. This allows for many complex and creative object/prefab designs that are not
otherwise possible with the usual bounds.intersects method.

As perabove screenshot—

To create colliders that will be tested against create some cuboids that will form around the objectin
the bestfittingformas possible.

A 2D objectwill have a collider2D tag

The 3D object will have acollider3D tag

E.g. this stairway model:

15



| have created 3 cubes (pCubel~ 3) that surround the form of the mesh. You may create more to have a
more accurate test, howeverthe generator will take alotlongerthe more colliders you have.

You will needtodecide if you require the extraaccuracy or not.
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These box meshes willthen be appended with the suffix
_collider3Dfor 3D meshes

And _collider2Dfor2D meshes

pCubel collider3Deg

or sprite_collider2Dfor sprites.

As can be seen fromthe example images, there is alocator that represents the connectorwe are going
to connectthe stairway to. Thislocator has its Z axis (blue) facing outwards. Always ensure that each

model you are turninginto a prefab has at least 1 axis facing outwards or some of the features will not
work.

The full structure of the Procedural Toolkit Prefab:

By default, the layers used are Ignore Raycast (for the connectortesters) asmall box colliderthatis

created on each connectorto test for edge/cap creation, and PostProcessing for Trigger Zones. The
defaultlayermaskthatis used totestthe object collisionis the Everything but the two of these layers.

If you would like to use your own layers just follow the same structure. Have 1 layerfor Trigger Zones, 1
Layer forConnectors and theninvert the layermask for the default layermask. Inside the pool creator
you can selectto use default masks, oryour own custom ones —howeveryou will need to manually
assign layerstoyour connectionsif you optto use custom layers before creating the pool.

Belowisa full example of a prefab that is ready for procedural toolkit to process:

The root of the object forsanity checks is just a basic locator, this generally should be best kept at
defaultscale and rotation. | have included extra checks forscale justin case but child scalingand
rotations can be inaccurate — so use wisely.

meshComponents (or whateveryou wanttocall it) is just a locator/gameObject that keeps all the actual
game meshesinthe scene.

Locators with then _cntr or _cntr2D tag —

These are the locators that the randomizer will cycle through and test to see if there are any possible
prefabsthatcan be connected tothese connectors.
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Objects with _collider3D / _collider2D tags

These are the objects where there will be colliderinformation (boxes or whatever) underthem. When
processing the pool manager will attempt to create the best possible collider based upon all the children
underthis object that have eithera rendererorsprite renderer component attached.

Poss + (suffix combinations)
The meta locators that contain data about which prefabs can be spawned at which connectors.

Connector Example while randomizing:

o &« & o
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Thisis an example of how the randomizer works —when it hasfound a possible connector (Connector4)
it will loop through each possibility and try align the links until it reaches afit. If it does notreach a fitit
will continue iterating untileitherthe iteration tries reduce to O or the number of objects required has
beenreached.

Connect link for Connector 4

Advanced Concepts: Layers

Clear and Refresh

Layer Mask Mixed ...

Zone Mask Mothing
Everything
Default
TransparentFx

Ignore Raycast
Water
Ul

PostProcessing

18



B #Rrandomizer (Script)

MNextl0
Reversell
AssignFromChildren
Randomize
Regenerate Last

Clear and Refresh

i
Pos
Ignore R a

Procedural Toolkit uses layer masks to test forvariousintersections —meshes, colliders and edges/caps
duringthe randomizing process. This ensures that you do not get an object colliding with itself orany
othermeshinthe scene.

If you check Manual Layers (off by default) —ensueryou go through all your prefabsand setthe collider
of the connector (only connector not children) from defaultto whatever layeryou are using on your
randomizer.
© Inspector
1
h v Pool Creator (Script)
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Andselectitas a connector mask.
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Additional Features: Spawnpoints
Spawnpoints

A metalocator can also contain a spawnpoint. Thisis denoted by the name “Spawnpoint_”and the tag
“ sp_” followed by the name of the object that you wantto spawn. These objects are also seeded

through the randomizer. The randomizer will pick from the list of spawnpoints arandom object to
spawneverytime.

Eg.
Spawnpoint_sp_Objectl sp object2 sp object3
Means that

The spawnpoint can spawn objectl/2or 3

In the Finalizing step, the randomizer willroll a dice based on the seed/spawncount and attemptto
spawn an object for this spawnpoint.

**Rememberthat spawned objects are also prefabs that need to be added to the pool creator.

9

L

9

In the above figure the object has a chance of spawning Enemyland Enemy2on these 3 prefabs.
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Additional Features: Spawnpoints

h + Pool Creator (Script)
CreateDict
Create Pool
Spawn Object

Test

Mum Prefabs

Element 2
Element 3
Elerment 4
Element 5
Element &
Element 7 Enemyl

Elerment & EnemyZ2

nemy
nemyl

*Note the PoolCreatordoes not need to have the meta data tags — if there are none it will just not add
any connection possibilities forthe randomizerandactas a genericfixed pooling system.
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Advanced Concepts — Trigger Zones

Sometimes you will wantto control the flow of the object you are randomizing, Proceduraltoolkitalso
includesawayto do thisthat isintuitive and easy to understand. Simply add aThemeTriggerZone script
to the objectand define the themeindex of the objects you wantto fall into that zone. In addition you
will needtoadd more metadata to an objectthat includes the information about the objects thatyou
wantto spawnin that themeindex zone.

In the example above we can see that the connector GameObject3 has a possibility of 100 to spawn the
prefab locatorl if thereisa TriggerZone with the theme index of 1.

In additionthere are more things TriggerZones can do — you can seta maximum number of rooms for
triggerzones, oryou can override the triggerzone completely and have it randomize as many rooms as
possible.

Theme triggers can be definedinsidethe Theme Trigger field in the randomize editor window (oryou
can just write one yourself by renamingthe object)
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The following parameters are availablefortriggerzones, the number of rooms shows the max rooms
that the trigger zone (underthisindex) can spawn globally —(egif there is more than 1 triggerzonein
the scene with a triggerzone that hasa theme triggerof 1). The theme triggeris a grouping value that
allows youto specifically settypes of prefabs that can be connected for this value.

Theme roomsis used internally to count how many rooms are available (for capping the number of
rooms)
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Advanced Concepts — Edge and Cap Parents

Sometimes you may wanttointroduce a form of walling off acell, such as doors and debris, thisisalso
included as a feature in PTK, you can create a child object under each of your connectors labled with
suffix_CapParentor_EdgeParentandthe pool managerwill process these items accordingly. An
example of thisisshowninthe demo scene with adungeon cell that has walls as edges and doors as
caps, you can also add as many numbers of objects underthese locators and the randomizer will pick a
random one after the finalizing stage.

Button
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Controlling the randomizer through code: (ScriptEditor.cs/Randomizer)

The script editor has some examples of how to use the randomizerviacode. The mainfunctions are to
find a TransformMaster script to try and call the Randomize(bool) method. RandomizeFromStart will
generate anew startObject (if checked) and clearthe spawned objects.

Undo and Redo

Undo and redo can be used to create the feeling of agrowingobject —the undo and redo methods
(Reverse/Randomize) will create the same object based upon seed no matterwhatvaluesyou input.

Useful Methods:
Method Name (Randomizer.cs)

What it does

RandomizeFromStart(false);

RandomizeFromStart(true);

Randomize(false);
Randomize(true);
InitSeed();

Clear and Refresh();

Reverse

Move Forward

Createsjustthe start object

Createsthe start objectandloops until numObj is
complete. If wait(bool)on randomizeris selected
it will use acoroutine, otherwise anormal
method will be used

Triesto iterate usingthe next seeded object until
we reach numObjs+1

Triesto iterate usingthe next seeded object until
we reach the max numObjs

Initializes the seed againtoagivenvalue
+spawncount (step value for restoring seed)
Moves the objectthat has been createdtoone
side and spawns another—if youwantto
repeatedly spawn the same seeded object.

Goes back one cellinthe randomized process,
stops at the firstiteration (startObj)

Loopable with for loop/while loop

Moves forward one cell inthe randomized
process. Keeps going until no more iterationTries
or no more objectsto spawn.

Loopable with for loop/while loop

**RandomizerUl has a few optionsthat are available for use with the Unity Ul system. Look at

DemoScene forexampleson usage.



Method Name (BaseObjectCompletion.cs) What it does

Thisis an interfaced script that has some hooks for spawning objects. You can add some custom logic

to thisscript so you can do some actions aftereachitemis created. For basics| have added in

spawnpoints as starter examples

SpawnObject (false); This objectis called on object creation (after
RandomizeOnce step by default —does spawning

SpawnObject(true); This objectis called on object creation (after
RandomizeOnce) —noimplementation yet, but if
setto true the defaultinterfaceis toassume that
the objectisan “exit” object.

Method Name (TransformExtensions.cs) What it does

Thisis an staticmethod that hasthe methods foraligning objects. There are some methods you can

use to create your own linked objects manually (without the need for atransform master)

Alignment(aCon, bCon, aObj, bObj, parent, This objectaligns two objects, (A objectto B

is2p) object) (Bobjectisthe parentobject) by their
connector axes. If parentis selected —the a Obj
will be parented tothe b connector.

By default (is2D off) the object usesthe
transforms Z forward and invertsitto create the
connection.

If1S2D isselected the object will use the inverse of
the Y axisinstead as the forward.

Troubleshooting your meshes

These are some of the common things that may happenwhenyou create your prefabs forrandomizing

Try have exits that will not loop over each otheron longrandomized paths (egif you have a 90 degree
turn with 2 connectors, the randomizer will likely end up failing afterafew iterations asit will createaO
shape most of the time.

Some tips—the mesheswillneed collidersif you are to use them with the randomizer. Unless *** you
know that the objects are never goingto overlap regardless of connectors.

***Ensure your prefabs have atleast one connector correctly facing outwards otherwise there may be
some inconsistencies.



Ensure that yourwalls are inside your box colliders that you are going to use for testing. If you have
collidersonyourwalls*if notit is ok —thisis because inthe wall creation step the objects connector
pointswill testand see if there are any otherobjects that are colliding with the mesh. (Essentially the
reverse of the randomize step). If there are none it will create awall. Colliders that are outside of the
default colliders will sometimes trigger the edge/cap intersecting method depending on how you have
your objectsset up.

Vertical connector points — Unless you want your vertical connectors rotated in the z axis, just create
themas if they were facing forward. That way they will emulatean objectthatis stacked on top and
aligned properly.

As can be seen fromthe example these
locators are facingz forward(not rotated)

If you rotate the Z upwards it will
“reverse” the axis of the connector. Which
isok if you need thatfeature. Howeverfor
most cases thisis the expected behavior
for vertical orstacked cells.
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