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Intro to Zirkonium 3.7

Dan Wilcox
Artistic R&D: Hertzlab
ZKM | Center for Art & Media Karlsruhe

PdMaxCon~ 2025
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What is spatialization?

Introduce Zirkonium, a free spatialized sound environment (version 3.7)

Play example piece (excerpts) realized using Zirkonium3

Download Zirkonium (requires macOS) and example project for the workshop

Connect Pure Data and/or Max project to Zirkonium
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Gimme Gimme

Workshop info, links, and download materials at:

class.danomatika.com/workshops/zirkonium

Download Zirkonium 3.7:

zkm.de/zirkonium

Zirkonium3 & accompanying apps: macOS 10.13+

Pure Data spatialization server: cross platform (for the brave)


http://class.danomatika.com/workshops/zirkonium
http://zkm.de/zirkonium
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Spatialization 2o
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Example: Expo 7@ Pepsico Pavilion, E.A.T., 37 channel system - David Tudor

https://spectrum.ieee.org/when-artists-engineers-and-pepsico-collaborated-then-clashed-at-the-1970-worlds-fair
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Example: Prometeo - Luigi Nono
Realized with HaLaPhon from SWR Experimental Studio
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Half-dome speaker system
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Zirkonium? ZKM Gl

Karlsruhe

Spatialization engine
Sound playback

Movement event sequencer



7vM AU
Karlsruhe

Zirkonium MK1

@ UZ0lasharfe. zrkpxm!

Play << Vv { ) . | Rec 14:04:701

Sources 1D Initial Events Craph

Target Start Duration Gain Summary

01 s 1:00:000 0,01 1,00 AZ {~2.00 0.00} {0.00 0.00}
02 + 1:00:000 0,01 1,00 AZ {-2.00 0.00} {0.00 0.00}
03 + 1.00:000 0,01 1,00 AZ {-2.00 0.00}{0.00 0.00}
04 + 1:00:000 0,01 1,00 AZ {~2.00 0.00} {0.00 0.00}
0s + 1:00:000 0,01 1,00 AZ {2.00 0.00} {0.00 0.00}
06 s+ 1:00.000 0,01 1,00 AZ {2.00 0,00} {0.00 0.00}

+| = AAZZnSpAD): -2,0( 000 000 000 Star: 1: 0:000 End: 1. 0. 010
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Inputs~
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Patched Outputs~
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Zirkonium MK3

@O0
4 K » DB 000c 5:56 |/ 23:7
Internal &
Sources IDs/Groups
Target Label Stat ~ End Type Len. Speed
ID: 1 ¢ I 0 .00
ID: 2 < I 0 .00
ID: 3 ¢ I 0 .00
ID: 1 & 0:00:01:11 0:00:04:76 T 3.13 .86
ID: 2 { my cool move... 0:00:02:47 0:00:05:66 T 3.56 1.12
shift ¢ start time ¢ forward & by [ ] | apply
e ) ’0:00:00:00
M|S
e A
CAM]S
- *____
308

Untitled

o 5 o

Centroid

+.10, +.06 ‘
-.20, +.05 4

. 0:00:02:47 0:00:03:18 0:00:05:66

b ,,..{"m"r,.'g...,.. Vg, *1 At

0:00:10:00
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00 « ZKM Project.zirk
M« K 4 » e N O 0:00:00.00 |/0:00:59.44 | c:00:00.00 (%) E| 010010000 |[ &) ( P
Sources  |IDs/Groups m 'K‘
6
Target Label Start ~ End Type Len Spd Centroid ”
ID:1 4 | +0.00, +0.50 5 = .
ID:2 + I +0.54, +0.55 =2
ID:1 < 0:00:01.10 0:00:0489 T 332 .88 -0.12, +0.10 E ool mhEER ‘ A
cool mov... 0:00:02.13 0:00:06.43 T -0.27, +0.06 ¥ :
X+
g 8 PN
L{/" @
3 a9 A I
. T = 10 o
3D i
0:00:02.13 0:00:04.30 0:00:06.43
- .

Shift B starttime ¢ | forward | by Apply + .

ONBS 020.0

|2mB“’n”‘h"’“" C é" + “4"" ’ ""'M '.' “+' ’ I
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Target

ID:1

shift &

Label

cool mov...

start time

0:00:00

Zirkonium 3.7

® D C
Sources IDs/Groups
Start ~ End

0:00:01.10 0:00:04.63
0:00:02.13 0:00:06.43

~

¢ forward ¢ by

Evrentsr
Ty.. Len
|
|
T 3.32
T

94  -0.12, +01

« Project.zirk

0:00:00.00 /

S 0:00:00.00 | ¥

E 0:00:00.00

Spd  Centroid

+0.00, +0. 5
+0.54, +0.

4 21
o 13
20 23 22
12
3 19
11 18
3D a5
0:00:02.13 0:00:04.30
100
75 —
50 ! 1 | i 7“__#ri--j ..... T
Apply 4 | -______,_--'//
25 —-_-_/»—
o
0:00:05 0:00:10

3 |

7
cool o ernent
g
16
17
9 =
10
0:00:06.43
_—‘_———_.b.
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Giulia Lorusso »Poetica Liquida« 2022 Fixed Media

»Poetica Liquida« is a multichannel piece especially conceived for the Kubus at ZKM | Karlsruhe.
Leveraging different tools for music generation and hybridation of timbre, this piece explores the
notions of metamorphosis and hybridation, fluid identity, and essence. Machine Learning
techniques like »Variational Auto-Encodeing« (VAE) have been used to transform generate sounds
via variational neural audio synthesis. Tools based on recurrent neural networks (RNN) have been
also employed to freely explore the algorithm proposals as well as possible developments of the

same pattern, searching for unexpected outcomes in the perspective of a round trip with the
machine via supervised process.

https://zkm.de/en/event/2022/05/artificial-creativity-sounding-ai

Giulia Lorusso's production »Poetica Liquida« took place within the framework of the Joint ZKM/
IRCAM Residency.


https://zkm.de/en/event/2022/05/artificial-creativity-sounding-ai
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O @ « Project.zirk

| K < > ® > @] 0:00:00.00 / S 0:00:00.00 [ & | E 0:00:00.00 [ & n
O u rC e/l D/ Eve nt Sources  IDs/Groups  Events

fn
6.
[ ] Target Label Start End Ty.. Len Spd  Centroid A
] my k
el . - ! +0.00, +0. 5 7 O
a e S e B ny I +0.54, +0. Lt
ID:A1 (] 0:00:01.10 0:00:04.63 T 3.32 94 -0.12, +01 o~ \‘--\‘1 cool oy ernent X4
¢ cool mov.. 0:00:02.13 0:00:06.43 T /"/ »
14 15 A
/,
4 ' 2 a Q
13 16
50 3 22 |
[ | \
--------------------- '\‘\12 17
O e IeW 3 I““,‘ 19 9 51
\ " 18 ]
S Db
2 10
1

3D

n n 0:00:02.13 0:00:04.30 0:00:06.43
100 = =
B = e ‘e
- m m - =
L B B R T —

75 .
— =
shift @ start time ¢ forward ¢ by Apply + —— <
25
0.*"':7‘ [E
0:00:00 0:00:05 0:00:10
| I | | I I |
1 8
R
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Not a DAWV... zvv 0
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Looks like DAWV tracks...
but this is for event handling
not audio editing
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Fundamentals

Source: input audio channel (file or live input)
ID: source moving over time (map source - events)

Group: ID movements relative to master ID

Event: position or movement trajectory over time (ID or Group path)



Gnome Analogy

ID: Gnome with a mono speaker

Source: channel playing on the speaker

Events: timed movement instructions

We think of where, when, & how long

Gnome handles interpolation

7k AU
Karlsruhe
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Live input: 64 Channels Sources IDs/Groups Events

Sources: live input and soundfile sources De.. Gain Assign.. Location
Hip hop d... WAVE 2 0:00:59.44 44100 16 Int 0 2 ..reenshot

AUdiO file: 64 files Live Input /A 64 0:00:00.00 48,000 0 None  NJA
- 8 channel each

- uncompressed AlFF, WAV, CAF
- 441k, 48k, 96k

No playback sample rate conversion
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Sound source channels mapped T
to Virtual Speakers ID Source Label Group  Algorithm Optim Ch  Gain D-

1 Juno solo... ¢ Group-1C VBAP ¢ 1 ¢ 0
2 B Hip hop... ¢ Group-1C VBAP ¢ 1 ¢ 0

Algorithms:

- VBAP

. HOA

. OSC

« None (Direct Out) n

Label Member IDs Master ID Mode
Group-1 12 1 ¢ Mirror
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Groups

Cluster ID movement e

ID Source Label Group Algorithm Optim Ch Gain D-
1 Juno solo... ¢ Group-1C VBAP ¢ 1 ¢ 0

Group member IDs together to > Mlvehop- o Owptl v Cosmic 21 ¢ 0
follow a single master ID

Modes:

- Translate

- Rotate .
e Mirror Labe ember IDs Master 1D Mode

Group-1 12 1 ¢ Mirror
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Events

Timed movements or markers Sources IDs/Groups  Events

Target Label Start ~ End Ty... Len Spd Centroid

I +0.00, +0.

I +0.54, +0.

" ID: > 0:00:01.10 0:00:0463 T 332 94 -0.12, +0.1
Target: ID or Group T Soms e '

ID:2 ¢ coolmov.. 0:00:0213 0:00:06.43 T 324 75 -0.27, +0.C

Defined start and end times

Motion curves:

- Span (virtual ID width)
. Motion

- Gain

Shift EJ start time ¢ forward $ by Apply R
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Undefined ?
Undefined (marker) "Movement 1"
Instantaneous
Trajectory (straight) /\-=-ccccmmmmmmmma i e o > X
'¢"--~“~s '¢'—-.“~A

Trajectory (bezier)  /\ n o ) 4

_____
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End

Current Position
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Event Motion

Start Time
0:00:21.85

Mini Sound Path

Waveform

Duration
0:01:18.42

Motion Path Span Path

Gain Path

End Time
0:01:40.27

v (A0

® U

El

Karlsruhe

Span Mode Button
Motion Mode Button

Gain Mode Button

Trash



Event Motion

Easy to map source file audio events
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Virtual Speakers

Speaker setup: decouple input source
channel-mapping from physical outputs

Built-in presets - //,,_\

. 21 B
Example: 25-channel MiniDom < j |

alb
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SpeakerSetup

Use included SpeakerSetup app for creating your own speaker setup files

Speaker Setup
3D < Delay Compensation Import Export
Speakers
# Ring X Y Z Azimu... Elevati... Distance Output
1 1 ¢ -0.00 -3.00 0.00 -180.00 0.00 3.00 1
2 1 ¢ -212 -212  0.00 -135.00 0.00 3.00 2
f 3 1 £ -3.00 0.00 0.00 -90.00 0.00 3.00 3
5 P 7 4 1 4 -212 212 000 -4500 0.00 3.00 4
2 3 5 1 £ 0.00 3.00 0.00 0.00 0.00 3.00 5
6 1 £ 212 212 0.00 45.00 0.00 3.00 6
7 1 ¢ 3.00 0.00 0.00 90.00 0.00 3.00 7
4 8
4 8 T 8

Filter:  All Speakers (] Clear All <+
Properties
2 q
3 1 Index: 8 X — 2.12 meters
Ring: 1 o Y C— -2.12 meters
2 Output: § z S— 0.00 meters
P Azimuth e——— 135.00 °
Elevation e—— 0.00 °
Distance == 3.00 meters
Camera: Top Front Side Persp Speaker Index Time to Sweetspot 8.82 ms
Audio Output )
Delay Compensation 0 ms

3D Coordinate
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OSC Receiver:

. transport (playback, rewind, seek, etc)
 |ID control

- ID recording

« Group control

- Group recording

OSC Senders: time, transport, ID/Group positions & gains, speaker levels
Mappable OSC Sender message address patterns

Sync: MIDI Time Code (MTC), MIDI Clock



ZirkVideoPlayer i
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Use included ZirkVideoplayer app to sync
video file playback with a Zirkonium piece

.

W 0:00:47:35

OSC Recelver control

0 2 4 ’ '
2 " 2 %

Sync: MIDI Time Code (MTC), MIDI Clock

Lower or mute video audio, show timecode

Solid color video blanking

General purpose: can be controlled by other software
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Export

Archive Project: gather project files together into a single folder
Bounce: record to virtual speaker output channels or stereo HRTF

Bounce can be performed offline and/or without updating the GUI
for faster processing

Bounce can wait for sync playback start for live recordings
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O Project.zirk Settings O Zirkonium3 Preferences
B & @ & @
Audio Sync Network General Audio  Network
Project Sample Rate: 48000 (%] Speakers: 23 General
Speaker Output Patching Test Sound Gain Controls gain level of the pink or white test sound.
—_— 0dB Reset
Speaker ~ Channel Gain (dB) Delay (ms) Invert Pha. ; ;
Test Sound Noise Type © Pink White
1 ¢ 0 0
2 2 ¢ 0 0
3 $ Performance
4 $
5 v Server Refresh Rate The spatialization server refresh rate controls the
movement interpolation resolution. Lower rates will save
6 ¢ CPU usage, while higher rates will yield smoother
7 ~ 30 fps perceptual movement. Default is 30.
8 $

Render audio waveforms? Disabling audio file waveform background rendering will

15 ¢ lower CPU usage when audio files are first loaded.
16 $
17 $
Qutput patching is (re)loaded with speaker setup Reset
Max 64 output channels Audio Preferences...

Project Settings App Preferences



Auto Versioning zim B0
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No undo/redo (for now)

Simple automatic timestamp saving ala Touch Designer

o file
o fl1le.2025-05-15 133231
o fiIle.2025-05-15 133731



Pure Data Server

Spatialization engine built using libpd, patches, & externals:

- vbap~ (Ville Pukki)

- HOA (CICM HOA Library)
. earplug~ (Pel Xang)
Open source on Github

Easy Makefile

All objects documented

O O & zirkonium_server.pd
|r #zirk—inl Zirkonium ZKM | Hertz-Labor 2015-2018

|pd commandsl pd declare

|pd speaker layout| |pd transport|

|pd inputs||pd sourcefiles| input & source layer

id (sound object) layer

pd speakers virtual speaker layer

|pd outputs||pd hrtf| hardware output layer
PoTt

Time transport

Virtual speakers
Audio signals are received by catch~ name: "zirk_speakerID"
The connection of speaker and hardware output channels can

be configurable, thus the speaker IDs are NOT hardware out
channels.

|£ $0-speaker
[

Elone -s 1 zirk_speaker 64|

[
list prepend level speakeF]

list trim

Calculates elapsed time using audio block size & samplerate

r $0-transport| lr $0-samplerate|
|

Eample rate $1 (

I

zirk_transporﬂ

s #zirk-out

Hardware input channels

Audio signal sent to receive~ name "zirk_inputID"

|r $0—input|

clone -s 1 zirk_input 64

7KM y//4141
Karlsruhe

Hardware output channels

Audio signal received by catch~ name "zirk_outputID"

Sound object, maps & spatializes inputs to outputs

Receives audio signal from a receive~ name and sends to
zirk_speakers. zirk_id @ is a test white noise source.

r $0-id
route 0
route all
pd test id @ clone -s 1 zirk_id 64 6&]
list prepend vbap curren%] list prepend level i&]

list trim

s #zirk-out




Futu re 7vM AU

Karlsruhe

Zirkonium 3.8: Classic MK1 project support

Project to be fully open source by summer 2026

Transition from CoreData project format to documented "universal® XML
Cross-platform command line server wrapper for playback (possible)

Separate core functionality from GUI into "libzirkonium” (possible)
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Glasharfe - Ludger Brummer

@00 » Glasharfe_MK3.zirk
M K 4 1 e BN O 0:13:15.67 /0:19:00.04 8 0:00:00.0¢ (®) | 0:00:00.00 |(®) ( P
Sources IDs/Groups m
Target Label Start -~ End Type Len Spd Centroid -
ID:3 T 0:14:19.01 0:15:18.99 T 9.2 A5 +0.21, -0.05 U
ID:4 < 0:14:19.01 0:15:18.99 T 7.64 A3 -0.14, -0.08
ID:5 2 0:14:19.01 0:15:18.99 T 246 04 +0.13, +0.04 =
ID:6 < 0:14:19.01 0:15:18.99 T 3.08 .05 +0.05, -0.10
ID:7 < 0:14:19.01 0:15:18.99 T 1.24 .02 -0.23, -0.22 X
ID:8 < 0:14:19.01 0:15:18.99 T 1.85 .03 -0.08, +0.20
ID:8 o~ 0:14:19.01 0:15:18.99 T 2.16 .04 -0.10, +0.04 i
ID:10 < 0:14:19.01 0:15:18.89 T 1.92 .03 +0.10, +0.05
ID:11 < 0:14:19.01 0:15:18.99 T 266 .04 +0.00, -0.01 q)
1D:12 < 0:14:19.01 0:15:18.89 T 2.4 .04 +0.02, -0.05
ID:13 < 0:14:19.01 0:15:18.99 T 6.27 A0 +0.05, +0.04 1
ID:14 < 0:14:19.01 0:15:18.89 T 6.66 n -0.04, -0.04
ID:15 < 0:14:19.01 0:15:18.99 T 55 .09 +0.05, +0.03 I
ID:16 < 0:14:19.01 0:15:18.89 T 5.89 A0 -0.05, -0.03
ID:1 < 0:15:19.00 0:15:19.00 T 6.08 .00 -0.01, -0.03
ID:2 < 0:15:19.00 0:15:19.00 T 4.51 .00 -0.16, +0.30 )
ID:3 < 0:15:19.00 0:15:19.00 T 9.2 .00 +0.20, -0.07 I
ID:4 < 0:15:19.00 0:15:19.00 T 7.64 .00 -0.15, -0.07
ID:5 < 0:15:19.00 0:15:19.00 T 2.46 .00 +0.12, +0.05 @]
ID:6 > 0:15:18.00 0:15:19.00 T 3.08 .00 +0.05, -0.10
ID:7 < 0:15:19.00 0:15:19.00 T 1.24 .00 -0.22, -0.24
ID:8 > 0:15:18.00 0:15:19.00 T 1.85 .00 -0.09, +0.19
ID:9 < 0:15:19.00 0:15:19.00 T 2.16 .00 -0.10, +0.04
ID:10 < 0:15:18.00 0:15:19.00 T 192 .00 +0.10, +0.04
ID:11 < 0:15:19.00 0:15:19.00 T 2.66 .00 -0.00, -0.01
ID:12 < 0:15:18.00 0:15:19.00 T 2.4 .00 +0.02, -0.05
ID:13 < 0:15:19.00 0:15:19.00 T 6.27 .00 +0.05, +0.04
ID:14 < 0:15:18.00 0:15:19.00 T 6.66 .00 -0.04, -0.04
ID:15 < 0:15:19.00 0:15:19.00 T 55 .00 +0.05, +0.04
ID:16 < 0:15:18.00 0:15:18.00 T 5.89 .00 -0.05, -0.03
ID:1 < 0:15:19.01 0:19:00.00 T 6.04 .03 -0.01, -0.04
0:15:19.01 0:19:00.00 T -0.16, +0.31
ID:3 < 0:15:19.01 0:19:00.00 T 9.17 .04 +0.20, -0.08
ID:4 < 0:15:18.01 0:19:00.00 T 76 .03 -0.15, -0.07
ID:5 < 0:15:19.01 0:19:00.00 T 245 .01 +0.13, +0.05
ID:6 < 0:15:18.01 0:19:00.00 T 3.07 01 +0.05, -0.10
ID:7 < 0:15:19.01 0:19:00.00 T 1.23 .01 -0.22, -0.23
ID:8 < 0:15:18.01 0:19:00.00 T 1.84 01 -0.10, +0.19
ID:2 < 0:15:19.01 0:19:00.00 T 2.16 .01 -0.10, +0.05
ID:10 < 0:15:18.01 0:19:00.00 T 1.91 01 +0.10, +0.04
ID:11 < 0:15:19.01 0:19:00.00 T 265 .01 +0.00, -0.01
ID:12 > 0:15:19.01 0:19:00.00 T 2.4 .01 +0.02, -0.06
ID:13 < 0:15:19.01 0:19:00.00 T 6.27 .03 +0.05, +0.04 0118529201 0103140.99 0119100.00
ID:14 < 0:15:19.01 0:19:00.00 T 6.65 .03 -0.03, -0.04
ID:15 < 0:15:19.01 0:19:00.00 T 5.49 .02 +0.05, +0.04 ‘
ID:16 - 0:15:19.01 0:19:00.00 T 5.88 .03 -0.05, -0.04 »
/V\
Shift B starttime ¢ | forward ¢ by Apply + .
- - @
Ie:m:se.oe Ia:m:w.oe Io:mzso.ae 9:11:09.00 la:u::e.oe Io:u:ze.ae lo:u:se.oa Ia:uz-w.oo Is:u:sa.oe |e:12:oo.oe IB:IZ:lO.OG le:lz:ze.oe |B:12:30.00 Io:lz:w.ae 9:12:50.00 |a:13:ee.oe Io:nzle.ae
J: o -_ .. e O - = —— e e
2 o8 e - .- JI: - p — - — -{—

i: 0B S — ¥

i o8 S ——— | —
j: oa | —%

o h Y
b AR AR

\

S N — o

AN
7N N N N

Lot _fal\_ _Jf®1 )
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Downloads

Workshop info, links, and download materials at:

class.danomatika.com/workshops/zirkonium

Download Zirkonium 3.7:

zkm.de/zirkonium

Join the mailing list:?

maliler.zkm.de/mailman/listinfo/zirkonium-list



http://class.danomatika.com/workshops/zirkonium
http://zkm.de/zirkonium
https://mailer.zkm.de/mailman/listinfo/zirkonium-list
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O O + Summertime.zirk

Example with audio from: 20006066 s s (8) ¢ s (8] e )

S t ] ( t) Sources IDs/Groups Events
urmmertime (excer
p Target Label Start ~ End Ty.. Len Spd Centroid 1 2 Z.
! -0.50, -0. ')
ID:1 ¢ 0:00:00.00 0:00:05.52 T 396 .72 -0.00, +0.( o
ID:2 > 0:00:05.53 0:00:06.01 I -0.00, -0.C
1D ¢ 0:00:06.07 0:00:10.51 T 44 89 -0.00, -0.C =4
ID:2 s 0:00:10.63 0:00:11.42 I +0.50, +0. O
1D ¢ 0:00:11.64 0:00:17.77 T 757 123 -0.04, -0.C
1D ¢ 0:00:18.24 0:00:23.30 T 13 .26 -0.06, +0.( ®
ID:2 ¢ 0:00:18.24 0:00:23.30 T 121 .24 -0.09, -0.C
ID:1 > 0:00:24.22 0:00:29.05 I +0.60, +0. |
1
I
2D MNo Events Selected f
0:00:06.07 0:00:04.44 0:00:10.51
Shift B start time ¢ forward $ by Apply +
— 0:00:00 0:00:05 0:00:10 0:00:15% 0:00:20 0:00:25
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