BomberMan Game

A. Background

In this project, we aim to make a Bomber man game in 3D using Unreal Engine 4.
It’s object to a game mode that player will control a Bomber man character that can throw
bombs and using punch as an emergency measures in case of run out of bombs.

The goal is to beat the zombies; also, there are some extra content in the game (such
as Parkour in the level 1 second area and pushing lighting boxes in level 2).

B. Design Principle

In the structure, Player’s hero inherits from the class Pawn or Character (if need to act
like human), and our bomber man is just a human-like hero, so we choose to inherit from
Unreal Engine default class: Character.

As a character that can throw bombs and take damage, we need to create another thing:
bomb, which should be the item in the game, so we choose to inherit from Unreal Engine
default class: Actor.

So as the bomb actor, it needs a bomb model, it’s basic. Then besides the simple model,
we need to add the particle system on it to express the fire and the burning of the lead wire.
The actor needs to be used to throw, so we’ll add projectile movement on it. Projectile
movement is a component in Unreal Engine, which makes the actor obey the gravity and
collusion. The bomb actor finally defined including:
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Fig 2.1 The combination of the bomb actor.

Then we define the bomb actor behavior: When the bomb is created, it needs a random
velocity (otherwise the situation will look too inflexible for the bomb drop without any
roll). So in the construction function, we need to give the bomb a random velocity.



Another thing we need to take is to make the burning point from the start point to the

end point. It requires the slow moment of the particle effect. (You can see the key point
below)

Fig 2.2 Exploding lead part of the bomb.
Then the bomb will explode and cause damage to the characters around it. Here we make
a killing radius, the exactly solution is to scan the space in a defined radius, adding all
the damageable characters into a list, and then makes them get hunted.
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Fig 2.3 Bomb killing radius
In the graph describes the damage process, and how the process was realized by logic.
The exploded bomb will be destroyed and release its memory in the computer.

C. Model Discussion

We discuss the player character. WARNING: the player character has VERY MUCH
logic to be used (including control, action, player UI, use/pick items and so on), so I may
not describe them in the same time. Now I will explain it in several parts:
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(D Character movement

As a character controlled by the player, the bomber man need to have the ability to
respond the input from the player, which will be taken over by a default controller class
(already defined in the Unreal).
2 Game attributes

Then it needs some attributes such as health point (HP), bomb numbers, energy,
attack damage and so on. So these attributes should be included in the Bomber man
class.
(3 Spectator

The character player play should be observed at certain position, it should also has
the collusion, so we set the camera actor (presents the rendering position) behind the
character, the use a capsule body (to simulate the collusion of the character) at the
position of the mesh.
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Fig 3.1 Player character structure design
@ State machine of the mesh
Different actions should be played when the character is in different states. The main
state include: stand, run, jump, at air (dropping), punch. Each state represents a kind of
mesh state, to arrange the different animations to be played through different states, we
can define each state to other state with different conditions.
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Fig 3.2 State machine of the character
Attention, here walk run state is a mixed state, which means the action is at both
“walk” state and “run” state with different weight, what decides weight is the speed of
the character movement.

Fig 3.3 Mixture space of the character movement

® Player UI

In game, I designed item pick up system and pause system. It means the UI widget
should be shown each time when player wants to use item or pause the game. So we will
create Widget class defined in Unreal Engine to be included in bomber man character class.
It means the character includes the UI, usually set hidden in game, and when player calls
them, they’ll be shown.
Two widgets are:

Fig 3.4 Pause UI and inventory UI design
When the pause menu is called, the whole screen will be covered by blur component,
which makes pictures fuzzy. The item menu only includes item bar and action button.
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As for items to be picked up, we’ll discuss later. The final result is:

Fig 3.5 Ul in real game
So, let’s conclude the structure we now design:
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Fig 3.6 The main structure of the character class

Now we discuss about the bomb spawn process: When the character choose to throw
bomb, a bomb object should be created at the front position of the character. Then as the bomb
object design, it’ll have an initial random angular velocity, and several seconds to be detonated.

As we mentioned before, another way to cause damage is to punch the zombie. And we



also need the punch to be more ... realistic. So there will be a sphere collusion bonded at the
character’s hand. When the character is not punching, the collusion will not be enabled, when
the character punches, the collusion will be enabled so the punch will really push all the objects
in the 3D world. What makes the damage is that when the collusion is enabled, if the overlap
event happened on the sphere collusion, the damage will be caused to the other actor that
overlaps the collusion. Then the damage system is completed.

As for zombies, also, it’s a subclass of the character class in Unreal Engine, what it has is
similar to the bomber man, except the Ul and the ability of throw bomb. Here to make the
zombies to have the ability to cause damage, I’ll also bind the collusion on it. And since the
attack animation can be played when the zombies get close to the bomber man, I made another
state machine: When the current speed is lower than 90, zombies will play the attack animation.
Since the damage sphere has been bonded to its hand, attack animation will of course cause
damage to the bomber man. This is the main design of the zombie.

Fig 3.6 Zombie model and structure design

The zombie should be able to chase human player when the player get close, so we add a
sphere to “feel” the bomber man coming, by the time an object enters the sphere, check if the
object is the player, and if it is, the zombie will chase and attack the player.

To make the fighting ground more abundant, we’ll also use items that has physical
simulation and destructible in the game. The destructible will be set to bear impact damage,
so punch will destroy them.

Fig 3.7 Destructible design
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The last system is the item system. Its UI has been mentioned through the introduction of
the bomber man character. Now we discuss how to design and realize the whole system. First,
as you can see in the UI design, I only arrange 5 spaces to be used to place the items, so the
widget will have a list of the Inventory Item which is a class I design with four elements: item
name, item picture, item introduction and item effect.

Fig 3.8 Pickup items structure design

All the items appear in the game world is the instances of the Inventory Item class, but
they have different effects and different pictures, also, different introductions. The item will
have a sphere collusion, which means the scope that the character can pick it. When character
chooses to pick, while its item list is not full, the item in the world will be destroyed and the
instance will be added to the list.

nventory

Action Menu

Fig 3.9 Pickup items to be used in game

Clicking the different items in UI widget will cause different text and effects in game. In
addition, we design that the items should be spawned when the zombie is killed by the player.
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But it’s in probabilistic. In game, we set the probability as 18%, and each kind of items has
6% to drop through the death of the zombie.
Now let’s conclude the whole game playing process logic:
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Fig 3.10 Whole game playing process logic

D. Demonstration
Here in the final result, I design two levels, one for day and one for night environment. In
level 1, we aim to make player know the basis controlling, including how to use item, throw
bombs to the zombies and some jumping skills.

F"ﬁx%

II-II
- CBE s

Fig 4.1 Title UI and showing quality setting Ul
In the title, there we design the quality setting for different kinds of computers.



Fig 4.3 Using items with different action text

An inventory list contains different items with different effects. Each item has its own
name and picture and action text. Here is the inventory system for using or dropping items.
When the character picks up an item, it will be added to the inventory list to show.
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Fig 4.4 Pause menu and hint text

Pause list is also an important part in user’s widget. Here we design three button with a
blurring background. And by the time user opens the pause menu, the whole game speed will
slow down to 2% of the original speed. Kind of like decision time in GTAS.

When user uses an energy drug to get more energy than the maximum, the outer energy
won’t recovery after used.

E. Conclusion
In this project, we design a 3D game using Unreal Engine 4, which consists of Ul
widget, objects, particle system effects and level logic flow. We finish this project all by



ourselves except using the images and voices.

At the game playing system level, we also make the hurting system: by bomb
exploding and hit punch, the exploding system is made by scanning and injury settlement
list, and the hit damage is caused by physical component collision.
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Fig 5.1 Character can attack by bomb or by punch
At the game UI widget level, there are mainly two kinds of UI: real-time update widget
like life bar, bomb bar and energy bar, option choosing widget like button widget. The first
kind of UI is bonded with character’s attributes, so their change can be applied to the UI,
the option choosing widget is hidden under the character class normally, and shows up
when needed. In fact, this kind of Ul is often combined with effect UI, like blur screen and
background picture widget.
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Fig 5.2 Many kinds of UI can be shown in the screenshot

At the game playing logic level, we design 2 maps with each map 3 scenes combined.
Each scene has different playing strategy. In some scenes, you need to defeat the zombies
using bombs and punching, while in other scenes you should have a good controlling on
jumping and moving. Map 1 and map 2 are in day and night, it means the basic
environment can differ map to map, at night, game will be more difficult, and more, player
needs to use light sources in the game, only then will the player has the chance to beat the
zombies.
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Fig 5.3 Different playing strategies in different maps and scenes

About the project data structure:

Since all the systems above have more or less relation about data structure, such as the
arrangement of the items list, or the bomb damage about the bomb.

Here we use another level of design using data structure.
As you can imagine, each zombie is the character class, which has many data to store and it’s
hard to be created. If when the zombie dies, delete it, and when new zombie is born, create
another instance of the zombie class, it’1l take much time for the program creating and garbage
collection. So here, we just make there are certain number of zombies to be created, and by
the time the player kill a zombie, the instance will be hidden with its HP reset, and by the time
another zombie should be created, this instance will replace the new instance to be created.

Killed zombie

Spawn new zombie
Direct USEm— QQ@@@ Attribute res

Fig 5.4 Recycle systems in the game process related to data structure
The items can be applied in the same recycle system.

Another data structure is about item searching. Some time to calculate the whole different
items in the game world, we need to know all the items currently in the world, and classify
them quickly, but each item is a huge data, here we define the hash search:

item;; = hash(item) = 1 x HP + 1000 X bomb + 1000000 X energy

So each item can be arranged to different space by hashing. When we count, we only

count if a series of numbers is allocated, that makes the counting faster by data structure.

F. Appendix
Extra data about the data structure analysis I made for Unreal Engine 4 will be list in the
attachment. (Analysis from the source code of Unreal Engine 4)
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class ENGINE_API AControl ler
FEEE:

UPROPERTY (rep| i catedUsing=OnRep_Pawn)

APawn* Pawn;

TWeakOb jectPtr< APawn > OldPawn;

UPROPERTY ()

class ACharacter* Character;

class APlayerState* PlayerState;

class USceneComponent* TransformComponent;

UFUNCTION(BlueprintCallable, Category="Pawn")

UPROPERTY ()

FRotator ControlRotation;

UPROPERTY (Ed i tDefaultsOnly, AdvancedDisplay,
Category="Controller|Transform")

uint32 bAttachToPawn:1;

uint32 blsPlayerController:1;

uint8 lgnoreMovelnput;

uint8 lgnorelLooklnput;

virtual void AttachToPawn(APawn* [nPawn) ;

virtual void DetachFromPawn() ;

virtual void AddPawnT ickDependency (APawn* NewPawn) ;

virtual void RemovePawnT ickDependency (APawn* [n0ldPawn) ;

TWeakOb jectPtr<class AActor> StartSpot;

void ClientSetlocation (FVector NewLocation, FRotator NewRotation);
void ClientSetRotation (FRotator NewRotation, bool bResetCamera =
false);

APawn* K2_GetPawn () const;

virtual void Possess (APawn* [nPawn) ;

virtual void UnPossess() ;

virtual void PawnPendingDestroy (APawn* inPawn) ;

virtual void InstigatedAnyDamage (float Damage, const class UDamageType*
DamageType, class AActor* DamagedActor, class AActor* DamageCauser) ;
virtual void GameHasEnded(class AActor* EndGameFocus = NULL, bool
blsWinner = false);

virtual void GetPlayerViewPoint( FVector& Location, FRotator& Rotation
) const;
virtual
virtual
virtual
virtual
virtual

: public AActor, public INavAgentInterface

void UpdateNavigationComponents() ;
void StopMovement() ;

void BeginInactiveState() ;

void EndInactiveState() ;

void CurrentLevelUnloaded() ;

HE&—1rawniiisst, AT EERAYIRAEHRHERFREETFE—0ldPawn
RRFZATHIPawn (AT ZRIBIPawnRIRETEYIR 2 FR S & 2 A4 S, LR
RSB RIES (VEBEXHZ) ) .
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¥R, BRI
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SceneComponentfB#44FController T transformfs& 2, F E{EHaEER HbeA¢.
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o XEBXRE|Z 7516 0] A — L4 HAE fFAYiE)RE .

blsPlayerController, IgnoreMovelnput, IgnoreLookinput: Controller2 &=}
B, REZBITHRAN. ERZENAMN.

AttachToPawn’RZE 7 = & it Controlleri IR 1 & i FPawn, AR MIBUR X FEPossess( )it
i, HIRMITF N2 A G ARHENS SFEA t DetachFromPawn() R .
DetachFromPawn ()& Hi2 ¥RootComponent N ELA S FREEAKHMT, SATIES
bAttachToPawnfJE R truefIFHE, H{ISKHIFPawn.
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Fig 6.1 Controller class in Unreal Engine 4
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ameraAniminst ameraTy

PlayerCameraManager

CameraComponent

CameraActor CameraModifier

class ENGINE API ACancralctor : publie factor
Type>

Cameranctor st
TEnusAshy o EAutoReceivelnput

Adctor

AR HE T # R WActor, KT bewclusivedTroeld, FF& A IPUBMETERAWENEE

R,

1
wintd2 BDisabled:1

¢ amera. N bDisabled JyTruefd, HT58 14 FiER AT Camera, X
TheakObcct r<eluss [Conerahnin PreviovedCaneratnin: ~ uini2 WPendingDisable: 1 sl
int32 GathutohetivatePlayerinden( const: PreviewedCameraAnim 22 4R S HK AT B HL LS. uint Prionity bPendingDisableXyTruel, 72K VATl T4
class [CaeraCoaponent* b WRHRAER virtual void AddedToCanera( AP layerCane ralanaert 3
class UScencComponent* SceneCompanent ; BE-1 Camera ) priority 35518, 4A0-255.
omponent@ CameraActorBFl AMBRIE AddedToCameradi i 4 RO STARARFRY, 1%
. g CameraModifier {45 Camera L.

CameraAnim CameraShake

class Ulnterpiroopt CaneralnterpGroup;

class lnterfiroup® PrevievlnterpGroup:
float Aninength:

Fliox BoundingBox:

18 bRelativaTolni LialTransfor © 1;

4118 BRelativeTolni ialFOV = |
FPostProcessseinss BasePostProcessSettings;

Cameraanim§ZCamers MY E A
Cameralnter pGroupF§ 7 Camerafnim: FEASHAHL .
PreviewinterpGrou (AEEE R 525

enum Flnit ial Oscillator0f fset

Float Anpli tud

float Frequency:

TEnunAsBytoonum ElnitialOseillator0f fsot>
: * n

S, Initial0rtset

EnitialOscilltorOffset £ X T IS R, BAMBRIO Gl
i)

SBHE R

bRelativeTolnitialTransform A E T SR F R MRt R 2AERS

static float Update0ffset (F0sci1lutor const Osc,
Floatk CurrentOffset, Float DeltaTine) ;

void CaleLocal AABBO) ; TR wintd2 BSinglelnstance:1;

CameraComponen CameraTypes

void SetFieldOfView(float uFiclodsiicn)

Void SotOrtholfidth(float 1n0rhoidth

Void SotOrthoNearClipPlane (Tloat 110+ thoNoarC11p7 )
void SetOrthoFarCLipPlane (flLoat. In0rthofarC ipPlanc)
void SetspectRatio float Infspect Ratio)

Jints2 blockTollnd : 1

CameraComponent & ScenceComponent
st E MR EAMN L B/E URTIEE
bLodToHmAREARHLE BRMELHMD £

Caneralypes £ X THHIMAN, LEAf8FM ininal ViewInfofi ik

struet PlinismlVievlnfo
on: 18l GERAMFRActor) MILE, MENURASSES

FRotator Rotat fon;

Fig 6.2 Pawn class in Unreal Engine 4
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