The Quantized Audio-Reactive Environmental System (QARES)
Overview
The core mechanic is a deterministic, rhythm-driven environment where gameplay objects (platforms, decorations, and lights) are synchronized to a musical track with sample-accurate precision. Unlike standard reactive systems that "listen" to audio and react with latency, this system uses a predictive scheduler (Quartz) to ensure that every visual pulse and physical movement occurs exactly on the musical beat, regardless of the game’s framerate.
Function
The mechanic serves two purposes:
1. Gameplay: It creates rhythmic platforming challenges where players must time jumps according to the physical displacement of actors.
2. Aesthetics: It provides a cohesive audio-visual experience where the environment "breathes" with the music, using MetaSound-synthesized audio to drive dynamic material changes and mesh transforms.
Crucial Parts Of The Underlying System
This section is about all of the blueprints I created to get the system to function as a whole.
· The Conductor (BP_MusicManager):
This is the heart of the system. It houses the Quartz Clock and the MetaSound Component. Its role is to dictate the BPM (120) and broadcast "beat events" to the rest of the game. It uses Event Dispatchers to "shout" into the world whenever a quarter note or 1/8th note occurs.
· The Bulletin Board - to store the data - (BP_PuzzleGameMode):
To solve race conditions (where objects spawn before the Manager is ready), the Game Mode acts as a central registry. It stores a Reference to the Music Manager, allowing any object in the level to find the "Conductor" instantly without expensive searches. This is set when the player enters one of the start level checkpoints, for the first time. This ensures that there are no race conditions and avoids issues when calling and binding to events on begin play in multiple places.
· The Listener Hierarchy (BP_BaseDecoration & Children):
· Parent Class: Handles the "Registration" and "Listening." It binds to the Manager’s events automatically.
· Exposed Variables: Each child has variables for MovementDirection (Vector), Magnitude (Float), and BeatSubdivision (Enum).
· Functionality: This allows you to drag a block into a level and simply type "Left" or "Up" in the Details panel to change how it reacts to the music, without writing new code.
This is where the Exposed Variables and Hierarchy shine. They’re great because the make every actor completely customisable in relation to the frequency of the sound. You can change everything about everything, from the transform location it starts at and goes, to, the speed at which it moves, what makes it move and which events it is subscribed to. This is all made even better when you factor in the nice parent child hierarchy I used. This is essentially where everything inherits form the bass manager which sends out the events like on beat etc and has some of the base variables to inherit. Stuff like platforms and lights then has its own parent with it’s own set of variables it inherits. They then have custom logic like random flashing toggles and pulse gradient bools etc. This makes everything nice and clean and encapsulated and is probably one of the cleanest uses of polymorphism I’ve done yet.
The Audio Engine (MetaSounds):
The system uses custom-designed MetaSound patches (utilizing the Brazzite synth samples and soundtracks I made in Cakewalk). It employs various filter types like notch and ADSR Envelopes to ensure that the audio itself is dynamic, changing its timbre alongside the movement of the platforms. To ensure high performance, I am specifically using Control Signals (Floats) (sometimes cross fades) to drive these parameters as opposed to audio-rate modulation. This significantly reduces the Digital Signal Processing (DSP) overhead per object, allowing for dozens of simultaneous audio-reactive actors without bottlenecking the CPU. Originally I had reached the limit of sound sources in the level so these optimisations, with the manager, input and event listeners feels much cleaner.
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