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Overview

The MULTIVERSE module is a quad-channel GPU-accelerated audio visualizer with
real-time waveform rendering and frequency-based color mapping. It transforms
four independent audio signals into synchronized visual displays with advanced
blending modes, spatial rotation, and external window support for high-resolution
visualization. Designed for live performance and studio visualization with
comprehensive CV control over visual parameters.

Features

. Quad-channel audio input with independent parameter control per channel

+  GPU-accelerated external window rendering (macOS) with 1024x512
resolution

. Frequency-based color mapping using octave cycling through full spectrum
Real-time pitch detection and octave-down pitch shifting (up to 10 octaves)

+  Four advanced color blending modes (Add, Screen, Difference, Color Dodge)
Spatial rotation control with scaling compensation per channel

+  Global phase modulation affecting all channels simultaneously

«  Trigger system with signal-based or external trigger sources
Autocorrelation-based frequency detection for accurate color mapping

. Comprehensive CV control with dedicated inputs for all major parameters

Controls

Channel Controls (CH 1-4)
Each of the four channels contains identical parameter sets:

+  Audio Input: Audio signal input (+5V range, optimized for audio signals)
CURVE Knob: Waveform curve shaping parameter (0.0-1.0, default: 0.0)

+  RAT Knob: Frequency ratio control for pitch shifting (0.0-1.0, default: 1.0)
o  0.0: 10 octaves down (pitch rate: 0.0009765625x)
o 1.0: No pitch shift (pitch rate: 1.0x)

+  ANG Knob: Spatial rotation angle (-180° to +180°, default: 0°)

+  LEVEL Knob: Channel intensity/brightness (0.0-10.0, default: 1.0)

CV Inputs (Per Channel)

+  CURVE CV: Curve parameter modulation (0-10V, scaled x0.1)
RAT CV: Ratio parameter modulation (0-10V, scaled x0.1)
+  ANG CV: Angle parameter modulation (+5V = +90°)



*  LEVEL CV: Level parameter modulation (0-10V, scaled x0.15)
Global Controls

+  TRIGGER Button: Enable/disable trigger capture mode with LED indicator
o  Off (dark): Continuous capture mode
o On (bright): Triggered capture mode (waits for trigger events)

MIX Knob: Global blending mode selection (0.0-3.0)

o 0.0-0.5: Add mode
o  0.5-1.5: Add—Difference transition
o 1.5-2.5: Difference— Screen transition
o  2.5-3.0: Screen—Light (Color Dodge) transition

. BRIGHT Knob: Global brightness multiplier (0.0-4.0, default: 1.0)

Global Inputs

+  TRIGGER Input: External trigger input for synchronized capture
MIX CV: Mix mode modulation (0-10V, scaled x0.4)
«  PHASE CV: Global phase offset for all channels (0-10V = 0-360°)
Visual Processing System

Frequency Detection and Color Mapping
The module employs advanced autocorrelation-based pitch detection:

. Buffer Size: 1024 samples for frequency analysis
Detection Range: 20Hz to 2000Hz with automatic RMS gating
. Update Rate: Frequency analysis updated every 1024 samples
Color Mapping: Octave-based hue cycling relative to middle C (261.63Hz)
Pitch Shifting Algorithm

Each channel features real-time pitch shifting capabilities:

. Buffer Size: 4096 samples with circular buffer management
Shift Range: Up to 10 octaves down (exponential rate scaling)
. Interpolation: Linear interpolation for smooth pitch transition
. Rate Calculation: pitchRate = pow(0.5, octaveDown) where octaveDown =
(1.0 - ratio) x 10.0
Display Processing

. Resolution: 1024x512 pixels for external window, scaled for module display
. Update Rate: Fixed 50ms data window (samplesPerPixel = sampleRate x
0.05/1024)
. Buffer Management: Circular buffer with automatic wraparound
+  Signal Range: +10V input automatically normalized to display range
Spatial Rotation System

Advanced rotation with automatic scaling compensation:

. Rotation Matrix: Standard 2D rotation using cosA/sinA calculations
Scale Compensation: Automatic scaling to prevent clipping during rotation



+  Center Point: Rotation around display center (512, 256)
Interpolation: Nearest-neighbor sampling for performance
Blending Modes

Add Mode (0.0-0.5)

+  Standard additive blending with clipping protection
Formula: min(1.0, color1 + color2) for each RGB channel
. Best for: Layering bright elements, creating light accumulation effects
Screen Mode (1.5-2.5)

Inverted multiply blend, always brightens result
«  Formula: 1 - (1 - color1) x (1 - color2)
Best for: Soft light effects, avoiding pure black areas
Difference Mode (1.5-2.5)

Absolute difference between color values
+  Formula: abs(color1 - color2) for each channel
Best for: High contrast effects, edge detection-like visuals
Color Dodge Mode (2.5-3.0)

+  Dramatic brightening with controlled saturation

. Formula: color1 / max(0.001, 1.0 - color2) with clamping

. Best for: Intense highlight effects, dramatic lighting
Trigger System

Signal-Based Triggering

Threshold: 0V crossing detection using Schmitt trigger
. Per-Channel: Independent trigger detection for each audio input
. Hysteresis: Built-in hysteresis prevents trigger chatter
External Triggering

. Input: Dedicated trigger input overrides signal-based triggering
Threshold: Standard gate/trigger detection (>1V)
+  Global: Single external trigger affects all channels simultaneously
Freeze Functionality

. Buffer State: Maintains last captured waveform when triggered
Per-Channel: Independent freeze state for each channel
+  Reset: New trigger event unfreezes and restarts capture
External Window System (macOS)

GPU Acceleration

Platform: macOS-specific external window implementation

+  Resolution: Full 1024x512 pixel rendering

. Performance: Hardware-accelerated rendering for smooth real-time display
Color Depth: Full 32-bit RGBA color space



Window Management

Control: Right-click context menu for window open/close
Persistence: Window state maintained across module sessions
Updates: 512-sample update intervals for optimal performance

Synchronization: Parameter changes immediately reflected in external
window

Technical Specifications

Input Range: +5V (audio), +10V (CV), >1V (triggers)

Display Resolution: 1024x512 pixels (external), 400x380 pixels (module)
Frequency Detection: 20Hz-2000Hz range with autocorrelation algorithm
Pitch Shift Range: 1.0x to 0.0009765625x (10 octaves down)

Color Space: 360° hue mapping with full saturation and variable brightness
Update Rate: 50ms waveform window, 512-sample parameter updates
Buffer Sizes: 1024 (frequency), 4096 (pitch shift), 1024 (display width)

Processing: 32-bit floating point with hardware acceleration (external
window)
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