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Who Am I?
Jakob Schmid

INSIDE, Playdead, audio programmer

140, Carlsen Games, music and sound design

Co-founded new game studio in 2017

?



IGF award 2013
Excellence in Audio
Honorable mention: Technical Excellence

Spilprisen 2014
Sound of the Year

Nordic Game Award 2014
Artistic Achievement



Game Developers Choice Awards 2016 

Best Audio, Best Visual Art

Game Critics Awards 2016

Best Independent Game

The Game Awards 2016

Best Art Direction, Best Independent Game

DICE Awards 2016

Spirit Award, Art Direction, Game Direction

13th British Academy Games Awards

Artistic Achievement, Game Design, Narrative, Original Property

The Edge Awards 2016

Best Audio Design



Adaptive Audio in INSIDE



Martin Stig Andersen

audio director, sound designer, composer

Andreas Frostholm sound designer

Søs Gunver Ryberg composer, sound designer

Jakob Schmid audio programmer

INSIDE Audio Team



Audio Engine: Audiokinetic Wwise



INSIDE Video



Animation Events



Animation Events
● Associated with a specific animation

● Occur at a specific animation frame

● Can trigger sounds or visual effects

footstep



Context-Sensitive Events

previous action: idle current action: jog idle jog

play sound 'takeoff_mf'

...



Context-Sensitive Events

previous action: sneak current action: jog sneak jog

play sound 'walk'

● If previous action was 'sneak', a 
different sound is played



Wet Animation Events
● Shoes can get wet

● Adds wet sound on top of footstep

● Wetness value is used to set volume
○ Is set high when in water or on a wet surface

○ Dries out over time



Elbow Brush Sounds

brush brush



Voice Sequencer



Continuous Voice Sequencing
● Recorded breath sounds have varying durations

● 'Stitching' recorded sounds together results in 

natural, uneven breathing pattern

play sound

br. cycle

wait

switches



● Voice direction is done using voice configuration system
● The director (Martin) instructs the actor (the voice sequencer) how to emote:

○ based on location or
○ based on reacting to events

Voice Direction



Voice Configuration

...



Action

...

Hierarchy of sounds in Wwise project



Intensity

...



Emotion

...



Random Selection

Randomly select and play one sound in a group



Voice Sequencer Modes

play sound

br. cycle

wait

switches

breath breath 

step step step

Continuous Mode Run: Rhythmic Breathing



Adaptive Audio in INSIDE
● Context-sensitive animation events for footsteps

● Voice Direction selects sounds based on action, intensity, and emotion

● Voice sequencer continuous mode sounds natural

● Rhythmic breathing when running



Adaptive Music in 140



140

140

Jeppe Carlsen (design, programming)
Niels Fyrst, Andreas Peitersen (visual design)

Jakob Schmid (audio)

Developed as hobby project over 3 years



Developed in Unity 3



Ableton Live



Audacity



Level 4



Position-Adaptive Music 

● Music loop audio sources are placed directly in level geometry

● Adaptive mix occurs as player moves around

● Areas gain unique atmosphere based on music



Music Loop Positions - Level 4



Synchronized Loops

● All loops must be exactly same length, or integer multiples

● All loops must be started in the same frame, possibly muted

● New loops cannot be started

● Never change pitch



AudioSync Component

AudioSync component handles all 
music loops
● Handles fading in or out

● Controls filters

                                                Death filter

                           Low-pass filter and echo
                      masks transitions and loops



140 Music Production



The Puzzle of Music

Making music for a music game can be like solving a puzzle



KillBlocks and Togglers

 KillBlock Toggler

Two example game mechanics



KillBlocks

 KillBlock



KillBlock Rhythm Pattern

● Communicates to player exactly when certain 

game areas are either safe or lethal

● Must correspond exactly to game logic timing

  time 

     >  >       > >   x   

                      

          >  MOVE blocks right

          x  TOGGLE all blocks



KillBlock Rhythm Pattern

● Music runs at 140 beats/minute

● A 'bar' is 4 beats ~ 1.7 seconds

● Our KillBlock rhythm is exactly 2 bars

  time (bars)

  1 . . . : . . . 2 . . . : . . . 

     >  >       > >   x   

   



KillBlock Sounds

● > MOVE sound is a 'Landlord stab'

● x TOGGLE sound is a 808 cowbell



> MOVE Sound

● 'Landlord' stab

● Classic house sample

● Sampled minor chord played on piano-like FM synth

● Origin of sample seems to be 1984 Linndrum demo tape 

● Made famous by Landlord's 'I Like It (blow out dub)' (1989)

●

●
sounds 

like



Sampled Chords
● Sampled chord is played back at different sample rates

● Resulting output is the same chord with new base notes

       (foundational for all sampler-based music)

sounds 
like



KillBlock Harmony

● The result can be heard in the KillBlock loop

● 2-bar rhythmic loop

● 8-bar harmonic loop

bars

1 . : . 2 . : . 3 . : . 4 . : . 5 . : . 6 . : . 7 . : . 8 . : .

  Cm   D#m        F#m  C#m        Em    Gm        Dm    Fm



KillBlocks and Togglers

   Toggler



Toggler Sound

State A Sound

State B Sound

A

B

The toggler loop alternates between two different Operator patches



Toggler Rhythm Pattern

The toggler loop:

● 3-bar rhythmic loop

● Game logic toggle floors between lethal 

and non-lethal

● Two states: A and B

A

B
time (bars)

1...:...2...:...3...:...

    A       B       AB



Toggler and KillBlock

Both play at once in this jump puzzle!

KillBlock

Toggler



Toggler and KillBlock Rhythms

KillBlock

 1 . . . : . . . 2 . . . : . . . 

    >  >       > >   x             

Toggler

 1 . . . : . . . 2 . . . : . . . 3 . . . : . . . 

         A               B               A B     

KillBlock

Toggler

● KillBlock loop is 2 bars

● Toggler loop is 3 bars



Toggler and KillBlock Looped

   KillBlock x 3

   1 . . . : . . . 2 . . . : . . . 3 . . . : . . . 4 . . . : . . . 5 . . . : . . . 6 . . . : . . . 

      >  >       > >   x           |  >  >       > >   x           |  >  >       > >   x          

                                 loop                            loop

   Toggler x 2

   1 . . . : . . . 2 . . . : . . . 3 . . . : . . . 4 . . . : . . . 5 . . . : . . . 6 . . . : . . . 

           A               B               A B     |       A               B               A B

                                                 loop

Loop simultaneously after 2 x 3 = 6 bars



Toggler and KillBlock Combined

The combined 6-bar loop of Toggler and KillBlock:

 Combined 6-bar loop

 1 . . . : . . . 2 . . . : . . . 3 . . . : . . . 4 . . . : . . . 5 . . . : . . . 6 . . . : . . . 

    >  >       > >   x              >  >       > >   x              >  >       > >   x          

         A               B               A B             A               B               A B

  This pattern is what the player must grasp
                          to pass the jump puzzle



Toggler Harmony

● Toggler loop must be in harmony with KillBlock loop

● 8-bar harmonic loop

KillBlock:  Cm   D#m   F#m  C#m  Em  Gm   Dm  Fm

Toggler:    Cm7  D#m7  Bm11 C#m7 Em7 Cm11 Dm7 Fm7



Toggler Full Loop

● 3-bar rhythmic loop

● 8-bar harmonic loop

● Full loop:  3 x 8  =  24 bars

  1...:...2...:...3...:...4...:...5...:...6...:...7...:...8...:...9...:...10..:...11..:...12..:...

      A       B       AB  |   A       B       AB  |   A       B       AB  |   A       B       AB

      Cm7     D#m7    Bm11    C#m7    Em7     Cm11    Dm7     Fm7 |   Cm11    D#m7    F#m7    C#m11

  13..:...14..:...15..:...16..:...17..:...18..:...19..:...20..:...21..:...22..:...23..:...24..:...

      A       B       AB  |   A       B       AB  |   A       B       AB  |   A       B       AB

      Em7     Gm7     Dm11    Fm7 |   Cm7     D#m11   F#m7    C#m7    Em11    Gm7     Dm7     Fm11



Level 4 Video



Toggler Full Loop
  1...:...2...:...3...:...4...:...5...:...6...:...7...:...8...:...9...:...10..:...11..:...12..:...

      A       B       AB      A       B       AB      A       B       AB      A       B       AB

      Cm7     D#m7    Bm11    C#m7    Em7     Cm11    Dm7     Fm7     Cm11    D#m7    F#m7    C#m11

  13..:...14..:...15..:...16..:...17..:...18..:...19..:...20..:...21..:...22..:...23..:...24..:...

      A       B       AB      A       B       AB      A       B       AB      A       B       AB

      Em7     Gm7     Dm11    Fm7     Cm7     D#m11   F#m7    C#m7    Em11    Gm7     Dm7     Fm11



Level 4 is composed to emulate frequency continuously rising:

● Uses chord inversions to create 4-chord rising sequences

● Chord notes generally ascend over full 24-bar loop

Rising Pattern



Rising Pattern

Spectral analysis of soundtrack version shows rising frequency pattern



140 Soundtrack Available Now!

Vinyl
● iam8bit

Digital
● Steam
● GOG.com
● Spotify
● iTunes



Adaptive Audio in 140

● Position-Adaptive Music: audio sources are placed in level geometry

● Music is a set of synchronized loops

● Music is created to fit game logic timing

● Fitting different harmonic and rhythmic patterns together is a puzzle in itself



Realtime Synthesis



MIDI-like Sequencing
● Sequencing of samples or real-time synthesis
● Key changes
● Removing notes
● Procedural / generative music

Cubase (1989)



Real-time Synthesis
● Parameter changes controlled from game
● Subtle changes in timbre accompany game events
● Variations in timbre retain player interest even though sequence repeats

Ableton Live 10: Operator



Realtime Synthesis was the Norm
● 1970s to mid 1980s: hardware-based realtime synthesis
● Hardware synthesizer-based hardware platforms

○ Arcade machines (1970s and forward)
○ Atari 2600 (1979)
○ ZX Spectrum (1982)
○ Commodore 64 (1982)

Commodore 64ZX Spectrum

Marble Madness

Atari 2600



Modern Realtime Synthesis
● Implemented as audio plugins in sound engines
● Normally rendered on CPU, not in dedicated hardware

FMOD Studio plugin



Questions?

Twitter: @jakobschmid

E-mail: jakob@schmid.dk

playdead.com

carlsengames.com

Slides are here: schmid.dk/talks/





Attenuation and Panning

audio source

audio receiver

Simple attenuation and panning for music loops using built-in audio system

audio source

audio receiver


