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1. what

2. why

3. how

Design Principles
Haptic Architectures

Content Pipeline
Runtime Processing
Audio-Based Haptic Effects

Closing Thoughts
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what
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Haptic Feedback



Haptic Feedback
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Visceral Low barrier to entry

Capable of nuance Multidisciplinary effort



              

Rumble

9source: ifixit.com

Haptic Feedback Types



              

Rumble

10source: ifixit.com, Xbox YouTube Channel

Haptic Feedback Types

“Impulse Triggers”



              

Audio-Based Haptics

11source: ifixit.com

Haptic Feedback Types

“Advanced Haptics”



              

Force Feedback

12source: PlayStation YouTube Channel, Screen Rant

Haptic Feedback Types

“Adaptive Triggers”



              

Haptic Event
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Haptic Effect
gameplay cue preset containing data about 

a particular behavior of haptic devices

Haptic Feedback Types

motor-based 
vibration effects

Rumble
new generation of haptic feedback 

available on the DualSense controller

Audio-Based Haptics



              

Haptic Scope
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Haptics Scope

4-Channel Rumble

Supported Types

+ Adaptive Triggers

Audio-Based 2-Channel Rumble
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Haptics Scope

Content
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Haptics Scope

Content

>1000 effects ~250 events
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Haptics Scope

Team Size

Tech
1 Gameplay Programmer

1 Audio Programmer
1 Game Designer

Content
1 Gameplay Programmer

1 Game Designer
(part time)

+ occasional support from the Engine team + occasional support from other Game Designers
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Design Principles
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Design Principles

First, do no harm

Haptics should never be 
a nuisance We are not a tech demo
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Haptic categories illustration
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Design Principles

Haptics = Physical Link

Would my avatar perceive this effect?
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Design Principles

Haptics = Physical Link
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Design Principles

2. Haptics = Physical Link
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Design Principles

Clear Association

Play in SyncFollow the Audio

Dissipate Quickly



              

Haptic System Architecture
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Haptic System Architecture
What is a haptic system architecture

Example architectures

Architecture in AFOP



              

Haptic System Architecture
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Runtime Component
What controls the playback?

Content Structure
How are the effects stored?

Team Composition
Who is needed to implement new effects?
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Haptic System Architecture

Example Architectures

Runtime Component

Content Structure

Team Composition

Rumble

Gameplay

Curve Data

Gameplay Code 
+ Game Design

Audio Haptics 
(PS5-exclusive)

Audio Middleware

Audio Files

Sound Design

Multiplatform 
Audio-Driven

Audio Middleware 
+ Plugins

Audio Files  
+ Curve Data

Sound Design

Multiplatform 
Mixed

Gameplay 
+ Audio Middleware

Curve Data 
+ Audio Files

Gameplay Code 
+ Game Design 
+ Sound Design

Multiplatform 
Data-Driven

Gameplay

Curve Data 
+ Audio Files

Gameplay Code 
+ Game Design



Haptic Audio 
Processing

Haptic Audio 
Mixing

Rumble Processing

Rumble Mixing

Audio-Capable 
Gamepads

Rumble 
Gamepads

Audio Processing

Audio Mixing

Speakers
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Haptic System Architecture

Gameplay 
Cue

VFX, Animation, 
etc.

Screen



Audio 
Middleware

Gameplay

Haptic Audio 
Processing

Haptic Audio 
Mixing

Rumble Processing

Rumble Mixing

Audio-Capable 
Gamepads

Rumble 
Gamepads

Audio Processing

Audio Mixing

Speakers
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Haptic System Architecture

Audio-Driven Haptics

Gameplay 
Cue

VFX, Animation, 
etc.

Screen
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Haptic System Architecture

Mixed Haptics

Haptic Audio 
Processing

Gameplay Audio 
Middleware

Haptic Audio 
Mixing

Rumble Processing

Rumble Mixing

Gameplay 
Cue

VFX, Animation, 
etc.

Audio-Capable 
Gamepads

Rumble 
GamepadsScreen

Audio Processing

Audio Mixing

Speakers
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Haptic System Architecture

Data-Driven Haptics
Gameplay Audio 

Middleware

Haptic Audio 
Mixing

Haptic Event

Rumble Mixing

Gameplay 
Cue

VFX, Animation, 
etc.

Audio-Capable 
Gamepads

Rumble 
GamepadsScreen

Audio Processing

Audio Mixing

Speakers
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Team Composition Tech Stack

Haptic System Architecture

There’s no “One size fits all“

Choosing an Architecture
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Haptic System Architecture

Multiplatform Architectures
Audio-Driven

One team handles both Rumble and 
Audio-Based Haptics

Audio designers need to onboard to 
haptic tech

Longer iteration loop

Audio middleware plugin required

Mixed

Each team sticks to its domain

Audio designers need to onboard to 
audio-based haptic tech

Longer iteration loop

Possible mismatch between Rumble 
and Audio-Based Haptics

Data-Driven

One team handles both Rumble and 
Audio-Based Haptics

Gameplay team needs to learn basics 
of audio

Gameplay systems need to expand to  
support Audio-Based Haptics

Possible mismatch between Haptics 
and game audio
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Team Composition

Shorter Iteration Loop

Haptic System Architecture

Snowdrop Engine

Main Reasons



Part 3: 
how

37



              

Content Pipeline



              

Haptic Effect Data
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Fallback Effect 
(Curve-Based)

Platform Override 
(Curve-Based)

Audio 
Asset

Content Pipeline



              

Editor
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Content Pipeline



              

1. Fallback Effect
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Content Pipeline

Left Actuator 
Frequency

Right Actuator 
Frequency

60 Hz 120 Hz

+ Latency Compensation



              

2. Xbox Override
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Content Pipeline



              

3. DualSense Override
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Content Pipeline



              

4. Bespoke Audio
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Content Pipeline



              

Runtime Processing



              

Runtime Processing
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Process

Positional and Orientational Processing

Playback Control + Pre-Mix 
Node Graphs + Code

Mixing



              

Node Graphs
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Runtime Processing

Optimization Strategies

Prop Art, Tech Art, VFX

Audio

Haptics

Shaders

Middleware

???



              

Orientational Effects
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Runtime Processing

Mixing Audio Channels Could 
Get Really Complex

Rumble Channels Are Not 
Interchangeable

Don’t Shuffle Channels - Ever

Effects Are Already Multi-Channel



              

Orientational Effects
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Runtime Processing

Left Right



              

Orientational Effects
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Runtime Processing

Left Right



              

Orientational Effects
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Runtime Processing

Left Right



              

Orientational Effects
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Runtime Processing

Left Right



              

Mixing

50

Runtime Processing

Highest Intensity 
Vibration for Each 

Motor

Rumble Mixing Haptics Audio Mixing

Haptic Audio 
AssetsRumble Effect 2Rumble Effect 1

Audio Mix

Runtime-
Generated Audio 1

Runtime-
Generated Audio 2

Curve-Based 
Effect 2

Curve-Based 
Effect 1



              

Creating Haptic Audio



              

Creating Haptic Audio
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Based on Game Audio Synthesized



              

Basic Audio Filters
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Haptic Audio Based on Game Audio

Low-Pass De-Noise

EQ Impact

Envelope



              

Haptic Audio Based on Game Audio Example: Banshee Screech



1. Source SFX
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Haptic Audio Based on Game Audio Example: Banshee Screech



              

2. Apply EQ to the Wing Flap
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Haptic Audio Based on Game Audio Example: Banshee Screech



              

3. Apply EQ to the Screech
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Haptic Audio Based on Game Audio Example: Banshee Screech



              

4. Add Envelope
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Haptic Audio Based on Game Audio Example: Banshee Screech



              

5. Add a Sine Pulse
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Haptic Audio Based on Game Audio Example: Banshee Screech

80 Hz, 2 cycles, 1.0 amplitude



Result
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Haptic Audio Based on Game Audio Example: Banshee Screech



              

Basic Synthesized Sounds
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Synthesized Audio Haptics

Tone 
(sine / square / triangle / sawtooth wave) Chirp

Noise

+ filters



              

1. Generate Foundation
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Synthesized Audio Haptics Example: Waterfall

Chirp - 60-80 Hz - 0.2 amplitude



              

2. Add Noise
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Synthesized Audio Haptics Example: Waterfall

0.65 amplitude



              

3. Add Per-Channel Envelope
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Synthesized Audio Haptics Example: Waterfall



              

4. Add two layers of EQ
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Synthesized Audio Haptics Example: Waterfall



Pre-Processing Result
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Synthesized Audio Haptics Example: Waterfall



              

5. Pre-Mix Layers Using Node Graph Logic
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Synthesized Audio Haptics Example: Waterfall

+ Positional and orientational processing in code



              

Tools
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Synthesized Audio Haptics

Sony Vibration Designer Adobe Audition

Audacity Music-Focused DAWs



              

Closing Thoughts



How Did It Go?
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+ Short iteration loop - Not enough pipelines

+ A lot of content - Node graph optimization

+ Good prioritization



              

Reception
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Takeaways
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1. Define Your System
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Takeaways



              

2. Think Holistically
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Takeaways



              

Platform Support

3. Get to Know Your Hardware
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Takeaways

Number of Channels

Warm-Up and Wind-Down Times

Latency

Usable Frequency Ranges



              

4. Don’t Underestimate the Xbox Gamepad
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Takeaways



              

5. Invest in Debug Tools
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Takeaways
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Takeaways

6. Learn Basics of Audio



              

7. Create a Pipeline
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Takeaways

(or book extra time to play catch-up)



              

8. Get the Team On Board
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Takeaways

(including co-dev partners)



              

Thank you!

Data-Driven Haptic Feedback in Avatar: Frontiers of Pandora



              

1. Define Your System
2. Think Holistically
3. Get to Know Your Hardware
4. Don’t Underestimate the Xbox Gamepad
5. Invest in Debug Tools
6. Learn Basics of Audio
7. Create a Pipeline
8. Get the Team On Board
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