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“Developing a third-person 
shooter framework utilizing 
physics and active ragdolling”

Problem Overview:



Project Overview
Introduction

Physics in games is largely taken for granted due to its prevalence in modern titles. It will usually be agiven that a new 
title will implement a form of physics simulation, be it the simple ability to knock a mug off a table or full scale complex
systems of planets and stars

The Problem...

Beyond acting as a tool for enhancing immersion, physics simulation does not get much usage as a core mechanics - 
for third person shooters specifically. Physics as a gameplay feature doesn’t get stretched beyond ragdolling upon 
death or props getting thrown during an explosion. It results in most modern TPS games feeling very generic and 
homogenized. This is likely due to all the focus laying on how to make gunplay – an already overdone mechanic – 
interesting for players. More and more resources are put into making the physics realistic and look good and not so 
much into how it can enhance gameplay and make it more fun for players.



The Aim

The goal of this project was to produce a framework for a physics based third person shooter. Players will take control of 
crash test dummies, who must deal as much damage to each other during a match as possible. This is achieved
through throwing physics objects at each other or pushing each other into traps.

In order to solve the proposed problem, I would be implementing active ragdolling and physics simulation into the 
artefact. The player character would be physically simulated and will replace the basic, pre-animated player character 
that is most commonly used in TPS games. By doing so, I will create a character that has more organic responses to 
their physical environment and more quirky and unpredictable movements.

On top of this, I aim to design gameplay and combat mechanics that utilize physics simulation, such as impulses and 
gravity simulation. This will introduce more interesting scenarios during gameplay beyond regular gunplay.

To do these things to the best of my ability, I will do research into previous examples of titles that have utilized physics
and active ragdolling within their gameplay. I will also look to secondary sources on methods of implementing these
things within gameplay, such as GDC talks and articles on relevant techniques.



Objectives

• A playable character that utilizes active ragdolling
• Fun third person shooter combat that utilizes physics simulation (specifically gravity and physical impact)
• Means of demonstrating wacky physics of players (over-the-top gun recoil, physics traps etc.)
• Ideally basic local multiplayer system that allows at least two players to duel
• Iterate and improve on product through constant debugging and finding optimal methods of implementation

‘MoSCoW’ Deliverables

Must haves:
• Playable character
• Demo test map
• Active ragdolling system
• Third person shooting style 

mechanics

Should haves:
• Physics traps to demonstrate physics
• More interesting take on TPS 

mechanics that utilize physics
• Detailed active ragdolling system that 

responds to physical impacts while 
involving animation

Could haves:
• UI system to communicate 

gameplay elements
• Simple local multiplayer to 

demonstrate gameplay in a 
real scenario

Won’t haves:
• Online multiplayer
• Menu screen
• Settings menu
• Character selection screen
• Stats/Levelling



Research Methodology



Primary Sources
These are all pre-existing titles that provide insights into entertaining usages of physics 
simulation to enhance gameplay



Active Ragdolling Games Research

Gang Beasts
• Brawl against other players
• Wide variety of maps that utilize 

bombastic scenarios (rooftops, 
factories, planes etc.)

• Grab and lift objects and other 
players using the left and right mouse 
for the left and right arms

• Players kept upright through upward 
physics impulse applied to the pelvis

• Many chaotic and fun scenarios 
created through the wacky physics 
and crazy arena designs

Human Fall Flat
• Mixture of platforming and the 

solving of physics puzzles through 
grabbing and manipulating objects

• Grab and lift objects using the left 
and right mouse for the left and 
right arms

• Active ragdoll kept upright through 
upward physics impulse applied 
to the pelvis

• Fun created through the 
interesting physics puzzles and 
the different ways the player can 
control their character

Overgrowth
• Players take control of an anthropomorphic 

rabbit
• Open-world populated by various 

anthropomorphic animals
• Utilize combat and parkour skills to fight 

and explore the world
• Characters have powerful procedural 

animation system which reacts 
dynamically to the world (ik foot 
readjustments, physical animation etc.)

• Characters move in organic and lifelike way 
• Impactful combat with a great amount of 

physical feedback



Active Ragdolling Systems Analyses
Analyzing and breaking down how existing active ragdolling systems helped a great deal in the implementation of my own system as it 
gave me pointers on methods to look into, both ones that I was familiar with and ones that were new to me



Secondary Sources
Videos

Articles
Analysis of Active Ragdolls

Introduction to Ragdoll Physics | HowStuffWorks Part I Part II Part III
What is Physics-Based Character Animation in games? — Using Unreal 

Engine approach as an example | by Ray Liao | Medium

https://electronics.howstuffworks.com/ragdoll-physics.htm
https://medium.com/@jacasch/analysis-of-active-ragdolls-in-games-82c95f8ed7a5
https://medium.com/@jacasch/balancing-of-active-ragdolls-in-games-367f146b25fb
https://medium.com/@jacasch/animation-of-active-ragdolls-in-games-32ca9d98afc9
https://boruiliao.medium.com/what-is-physics-based-character-animation-in-games-using-unreal-engine-approach-as-an-example-571560376e4c
https://boruiliao.medium.com/what-is-physics-based-character-animation-in-games-using-unreal-engine-approach-as-an-example-571560376e4c


Design Process



Mechanics Design
How to incorporate physics into combat?

Damage = Points!

Players damage others using everyday objects as ammo

A lot of factors had to be considered when designing this system though
- What objects would be available?
- How would they cause damage?
- How would the player be able to throw them?

o Magic?
o Sci-fi technology? (a la gravity gun from Half-Life 2?)

Mindmapping helped a lot with brainstorming ideas as I could connect ideas 





1. Winning requires point scoring
2. Points are scored through killing other players
3. Players can be knocked out from heavy impact
4. In knocked out state, players can still receive damage from opponents

THEREFORE

Stunning is frustrating as stunned players can too easily be killed

I removed player death entirely as a mechanic and instead had all points come from damaging other players. This led me to the 
conclusion that points should be gained from causing each other as much damage as possible within a match’s time limit. I likened 
it to crash test dummies, which active ragdolls are quite reminiscent of. I would later be able to play into this idea when adjusting the 
animation styles and looks of the player characters.



Below is a mind map intended as a simple overview of the system architecture of the framework. It details the key relationships between blueprints 
and the way they would interact during gameplay, as well as some of the key variables, components, and sub-classes of any blueprints shown. While 
pickups are detailed here, I did not get around to implementing them, as I felt they weren’t necessary. Health wasn’t needed as there was no threat of 
player death, since I had replaced the fight/die loop with just focusing on causing damage and mayhem instead.



Gameplay Loop
This is the loop that this artefact would follow when applied in an actual gameplay setting. It showcases the start of 
matches and how players would interact with the game and what goals were there for them to reach



Player Controls

Mechanic Diagrams

Ragdoll
Behaviour


Object
Types

->



User Interface Mockups



Artefact Development



Implementing Active Ragdolling

A large chunk of the beginning of this project 
was spent figuring out how to implement the 
active ragdolling system, since this would be 
one of the key drawing points of the framework

On the right is a comprehensive list of potential 
methods of implementation based on research 
and my own theories. I would try each one and 
weigh up their pros and cons to decide which 
worked best



Success Criteria for Active Ragdoll System

1. Character remains upright when no player input is given. The ragdoll needs to stay standing and not sway 
around on its own, creating problems for the player

2. Character needs to be able to move around based on input given by player. Moreover, there should be feet 
movement ideally to help replicate the active ragdolling movement seen in other titles and provide a more 
humanistic look

3. Character should switch between upright active ragdolling and full ragdolling at certain scenarios. These may 
include
• Falling off a ledge
• Hit by hard enough physics impulse
• Health reaches 0 (for example)

4. Character’s aiming arm should be held up and follow the direction the player is aiming

In general, the active ragdolling character needs to feel very good to play around with, with a dynamic level of 
response to physical impact and the environment around it



Method #1: ‘Puppeteering’

I called this implementation method ‘puppeteering’ because it involved lifting the 
character’s limbs via invisible holding points, like strings. This was the first method 
that I attempted to use to implement active ragdolling.

I added invisible cubes to the player character with physics constraints attached 
between them and the main limbs of the ragdoll.

The result was the ragdoll would remain upright due to the constraints holding them 
up at each point.

⮽ Difficult to get feet to animate during movement

⮽ Re-attaching ragdoll to constraints when fully ragdolled was an 
unnecessary hassle

⮽ Too much done on tick

☑ Replicated floppiness of popular active ragdolls

☑ Easy to set up



Method #2: ‘Balloon’ Method

This second method involved keeping the ragdoll upright through 
constantly applying physics impulses on the ragdoll. There is a 
constant impulse applied upwards on the head to keep the ragdoll 
oriented straight up, then two separate impulses applied 
downwards on the feet to keep the mesh anchored and stop it 
floating away. This is a common method of implementing active 
ragdolling in games, seen in titles like Human Fall Flat and Gang 
Beasts.

I managed to get as far as keeping the ragdoll standing upright with 
feet held to the floor, but their heads would constantly float around 
and turn to face other directions, and I couldn’t find a solution to 
this that didn’t involve constantly putting things on tick to keep it 
facing a certain direction.

This wasn’t a particularly efficient method to be done with 
blueprinting, so I went on to try other options

Constant physics 
impulse directed up 
applied to head

Equal force applied 
down on feet to prevent 
actor floating off

VIDEO DEMO



Method #3: Procedural Animation 
The third method I tried involved using inverse kinematics to create a procedurally animated character, the likes of which are seen in Overgrowth.

This was a very advanced method and particularly tricky to implement. It involved a lot of unfamiliar technicalities, and I could see myself having to 
devote an entire project to solely this method of implementation. Ultimately it was too dense a technique for me to see to the end



Method #4: Physical Animation 
In Unreal Engine, physical animation involves allowing skeletal rigs to simulate physics and animation simultaneously. It should be differentiated from procedural animation 
though, as it primarily involves the usage of physics rather than utilizing vectors and the location of limbs in world space.

Playing around with the settings of a mesh’s physical anim profile created a range of different responses to physical impacts.

Lower values created a more vulnerable, looser character. Higher values produced a stronger character with greater self-preservation. I could switch between profiles whenever I 
needed to create different effects during runtime.
This produced the strongest effect out of all the methods I had tried so far and would be the main method that I would use to implement active ragdolling within the project.

To add physical animation to a character, I created a 
blueprint component containing all the active ragdolling 
behaviour.

The key functions of this component are:

• Setting up physical animation

• Determining the state of the character (upright, falling, 
fully ragdolled)

• Determining responses to physical impact

It was a better decision to keep behaviour stored in a 
component as it meant it could be more easily transferred 
between blueprints, keeping things more modular as a 
whole.

Low Values High Values

VIDEO DEMOS



Determining the State of the Active Ragdoll

There are a number of different factors that 
determine whether the character should remain 
upright or in a partial or full ragdoll position

Upright
• No physical impulses being applied
• No great amount of damage applied
• Both feet firmly on ground
• Allows for player movement input

Partial
• Meant to be a falling state to add falling 

animations
• No movement input allowed

Full
• Meant for when the player is knocked out or 

after landing from a long fall

The active ragdoll component would contain the 
key functionality for determining the switch 
between these states



Ragdoll Component Checks

During the game’s runtime, the active ragdoll component is constantly performing various checks whilst the player remains upright in order to 
determine which states to switch between

One of the checks is placed on the feet of the character. There are line traces running from each foot that detect if they are standing on a surface. When 
either of the line traces loses connection, the character will fall off the ledge. A key issue that would arise from this is the character constantly 
ragdolling after dropping down from any ledge, even short ones. To counter this, the line trace off each foot goes down a certain distance. If it hits a floor 
below the ledge, then the character is safe. This function also does not run while the player is jumping. 

Foot Ledge Check

Grab location of 
foot bones

Perform sphere trace below 
feet 500 units below



Velocity Check

To get the character to transition to a falling state, the ragdolling component constantly checks the velocity of the player character. When it reaches a 
certain threshold, say around double the character’s max walk speed, the character will begin falling. The times this occur are when the character has 
fallen off of a particularly tall ledge or when they are launched by something.



Surface Angle Check

As the character moves, there is a constant line trace beneath them checking for the angle of surfaces they are walking across. If the surface is found to 
be too steep, the character ragdolls. This provided a comedic and unstable feel to the ragdoll that is more reminiscent of games from my research.



Player Damage System

Getting the damage to point scoring system to work was a bit tricky at first.

Again, each character had a damage tracking component attached to them.

To begin with, this would watch whenever the character got hit with something and send out a message detailing who got hit, with 
what type of object, by whom. A simple print string would track the number of hits received by each character.

The main problem with the first iteration was that hits were occurring at an exceptionally high rate. This was likely due to how hits 
work in Unreal Engine. Every time a physics object shifts position and touches a surface counts as a hit. At higher frame rates, this 
could lead to hundreds of hits per second. This could lead to player’s racking up absurdly high amounts of points just from one hit 
and turning the game into their favour at an extreme level.

To mitigate this issue, I added a delay to the damage tracker component that would block all damage for about half a second before 
resetting again. This reduced the number of hits received from an object and gave more reasonable points as a result.



When it came to implementing the different object types that could be grabbed and thrown, I knew from start that the best practice 
would be to use one master class for all throwable objects to inherit from. That way, functionality can be inherited without copying 
code and variations can be made between descendants.

Throwable Objects



Throwable Object Data

All important data about the throwable objects is stored within a data table. This contains structures detailing the material type, 
damage multiplier, and particle effect relevant for the object.

The object blueprints will then pull the relevant data from the table whenever required.

For instance, when it comes to dealing damage, the object will pull the damage multiplier from its respective table row then 
multiply that with the object’s weight to get the full damage output.



Explosive Barrels
The inclusion of the explosive barrel as a mechanic is intended to provide players with a greater source of damage at the cost of the object’s rarity. Due 
to the high damage output of the explosive barrel, its placement within a level would be far less common. Thus, a great sense of reward is provided to 
players who take the initiative to search and find one.

The blueprint itself inherits from the metal throwable blueprint, with additional explosive behaviour for after it is thrown and collides with a surface.



Traps

The traps found in the framework are intended to provide an additional level of pressure on the player to keep track of their 
environment and avoid getting knocked over. There are two key trap types – rotating traps that sweep the player, and pushing traps 
that push them over. As found in the existing titles research, a lot of active ragdolling games include these in order to emphasise the 
vulnerability of the ragdoll characters and provide a bit of slapstick comedy to the gameplay.



User Interface

It was necessary to include some simple UI within the framework in order to communicate hit events to the player and provide a 
means of keeping track of scores during gameplay.

The initial implementation consisted of a simple scoreboard in the top right corner of the screen.

Score Board v.1



Score Board v.2

The final iteration of the score board consisted of individual icons for each player character placed at the bottom of the screen, with 
numbers for the damage dealt and received by each character.

At the start of gameplay, trackers for each character present in the world would be created and added to the screen.



Demo Levels
The project itself has two main levels. One is a tech demo level designed to showcase all features in a formal manner. The other is a 
sort of mock arena set up designed to simulate what a potential game would like like were this project taken further than a simple 
framework.
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Tutorials

https://youtu.be/jJfVToTNK_M?si=-
UJ1KD4VnVTfTBJu

Asset Packs (all free and sourced with appropriate licenses)

https://www.fab.com/listings/a51e61ac-
98fa-4c54-ab23-fc533687afb7 - 

Environment - Rock Collection 04 Industry Props Pack 6

https://www.fab.com/listings/b
5603e44-e1b0-4346-9c3d-

04887aa9f87d - 

https://www.fab.com/listings/a
48b3fa2-2ebf-42c2-8892-

fa20a1eff289 - 

Niagara Explosion Pack_1
Dummy and Y Bot models sourced 

from Mixamo.com

All animations used provided free of charge by Mixamo.com

https://youtu.be/jJfVToTNK_M?si=-UJ1KD4VnVTfTBJu
https://youtu.be/jJfVToTNK_M?si=-UJ1KD4VnVTfTBJu
https://www.fab.com/listings/a51e61ac-98fa-4c54-ab23-fc533687afb7
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https://www.fab.com/listings/a48b3fa2-2ebf-42c2-8892-fa20a1eff289
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