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Abstract

Traditional linear audio scheduling has historically relied on stochastic constraint satisfaction, systems
designed primarily to manage music inventory rather than to optimize listener experience. These
approaches emphasize static rule enforcement (such as artist separation, rotation caps, and tempo balance)
to avoid repetition and operational failure, but they tend to treat the listener as a fixed and unchanging
variable.

This paper introduces Neuron™, a next-generation music scheduling engine built on a hierarchical,
multi-stage decision framework informed by established research in neuroscience, music cognition,
psycholinguistics, and chronobiology. Neuron™ is informed not only by peer-reviewed research, but by
years of large-scale, real-world usage. With thousands of active stations powered by the platform, many
operating continuously in online and hybrid listening environments, Super Hi-Fi has accumulated a quite
extensive repository of data points related to sequencing decisions, listener behavior, Time Spent
Listening (TSL), and inferred satisfaction. While much of this data originates from digital listening, its
scale and longitudinal consistency provide a strong empirical foundation for understanding how listeners
respond to automated sequencing over time.

Unlike legacy schedulers, Neuron™ does not rely on randomization or playlist-style sampling. Instead, it
uses deterministic, suitability-driven optimization, evaluating every eligible track against a broad set of
musical, lyrical, contextual, and temporal factors.

The goal of the Neuron™ framework is to improve the listener’s emotional experience over time. By
optimizing for variety, meaning, context, continuity, and overall flow, Neuron™ aligns linear audio
sequencing with how listeners naturally experience music, maintaining attention, regulating energy, and
increasing long-term engagement as measured by Time Spent Listening (TSL).

Introduction: The Evolution of Audio Sequence
Optimization
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For nearly forty years, the industry standard for music scheduling has been the static rule-set. Heuristics
such as separation rules, artist caps, and tempo shifts act as a safety net, designed to prevent obvious
sequencing problems rather than to actively improve how the music feels to the listener.

While effective at scale, these systems are fundamentally rigid. They enforce constraints, but they do not
adapt to context, learn from outcomes, or respond to changes in listener perception. Most importantly,
they assume that a “safe” schedule is also a satisfying one.

Modern neuroscience suggests otherwise. The human brain is increasingly understood as a predictive

system, constantly forming expectations about incoming sound”!

. Research in music cognition shows that
enjoyment is closely tied to the interplay between expectation and outcome: listeners derive pleasure both

when surprising events occur in otherwise predictable contexts and when expected events resolve

(1]

moments of high uncertainty" . When sequences become overly predictable, the brain reduces its

(6]

response through habituation and repetition suppression- -, causing music to feel less engaging even if the

songs themselves remain strong.

Neuron™ was developed to move beyond “safe” scheduling and into optimized curation. By combining
established scientific research with years of observed listener behavior across real-world deployments,
Neuron™ reframes music scheduling as a problem of sustaining engagement over time, ensuring the
listening experience remains rewarding without becoming tiring.

I. Stage 1: Adaptive Assist (The Dynamic
Scaffold)

The foundational layer of Neuron™ is Adaptive Assist, a continuously variable intelligence system that
acts as a dynamic scaffold for later stage music evaluation and decisioning.

1.1 Variable Intelligence Mapping

Adaptive Assist monitors the intent density of the programmer in real time and adapts based on how
specific, deliberate, and directive the human input is.

*  When programmer intent is high, Adaptive Assist remains largely passive, validating
feasibility and consistency without overriding decisions.

*  When programmer intent is lower or more ambiguous, Adaptive Assist becomes more active,
shaping category balance, energy flow, and rotation health to establish a strong structural
foundation.

This approach reflects research in human—machine collaboration showing that adaptive systems perform
(8]

best when automation scales with the clarity of human direction"™.
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1.2 Guaranteeing Structural Soundness

By operating before any track-level decisions are made, Adaptive Assist ensures that all downstream
choices occur within a framework that already satisfies high-level structural goals.

This prevents tradeoffs between rule compliance and listener experience. Structure is established first;
perceptual refinement follows.

I1. Stage 2: The Neuro-Bending Layer
(Suitability-Driven Optimization)

Once the scaffold is in place, Neuron™ enters the Selection Phase. Rather than sampling or randomizing,
Neuron™ performs a deterministic, multi-objective evaluation of every eligible track.

Each candidate is assessed against a dense set of vectors including sonic attributes, lyrical meaning,
contextual alignment, and temporal position, and ranked by overall suitability. Selection is intentional, not
probabilistic. Only when multiple candidates are functionally equivalent - meaning any would produce
the same experiential outcome - does Neuron™ introduce controlled stochasticity to prevent long-term
pattern formation.

2.1 Auditory Contrast, Prediction, and Listener Adaptation

Listeners are especially sensitive to change from one musical event to the next. Research examining the
interplay of uncertainty, surprise, and musical pleasure shows that the relationship between expectation
and reward is not linear: listeners derive pleasure both when surprising events occur within predictable

contexts and when expected events resolve moments of uncertainty[l]. This nuanced interplay means that

effective sequencing must manage not just novelty, but the context in which novelty occurs.

Neuron™ evaluates hundreds of musical characteristics such as energy, rthythm, harmony, timbre, and
mood, and focuses on how each choice shifts the perceptual state created by what came before it. The
objective is not novelty for its own sake, but strategic contrast that sustains interest without increasing
cognitive load.

By managing this balance, Neuron™ reduces perceptual fatigue and helps maintain engagement across
[6,7]

longer listening sessions" .

2.2 Lyrical Variety and Semantic Processing

Music also carries meaning. When listeners process lyrics, the brain engages semantic networks
responsible for interpreting language and intent.
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Psycholinguistic research identifies the N400 component, a well-established neural signal associated with

semantic processing, as an indicator of how expected or unexpected a concept is in context'*]. The N400
response is largest when incoming content is semantically incongruent with its context, and smallest when
content is highly predictable. When lyrical themes repeat too closely over time, the brain’s semantic
processing of those themes becomes increasingly automatic, reducing the sense of meaningfulness and
novelty that contributes to an engaging listening experience.

Neuron™ applies language analysis to categorize lyrical themes and manages thematic spacing across the
schedule, preserving narrative diversity and allowing individual songs to retain their semantic
distinctiveness.

2.3 Temporal Optimization and Look-Ahead Logic

Neuron™ does not make decisions in isolation or strictly one step at a time. The system continuously
scans both backward and forward within the schedule, evaluating how each potential selection will shape
the overall trajectory of the listening experience.

This enables optimization not just of individual selections or transitions, but of the arc of attention,
energy, and emotional engagement over time, producing sequences that feel intentional, coherent, and
well-shaped rather than flat or mechanical.

II1. Stage 3: Contextual Integration
(WeatherAware™ & Circadian Logic)

Neuron™ treats the listener as a person embedded in a real world, at a specific time and place. This stage
accounts for how internal state and external conditions influence perception.

3.1 Time of Day, Arousal, and Cognitive Load

Listener responsiveness varies across the day due to natural fluctuations in alertness, stress, and fatigue.
Music that feels energizing in the morning may feel intrusive late at night.

(5]

Circadian rhythms, endogenous cycles governed by core clock gene networks' ™, produce

(9]

well-documented daily variation in cognitive performance, attention, and emotional reactivity .
Neuron™ adjusts its selection logic throughout the day informed by this research, supporting higher
energy and focus earlier, and smoother, more settling experiences later. The intent is not mood control, but
alignment with likely listener state.

3.2 Weather and Environmental Context
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Weather and light levels measurably influence emotional baseline, cognitive load, and attentional
bandwidth. Large-scale analyses of global music streaming data have demonstrated that listening behavior
systematically shifts with temporal and environmental conditions. Research using data from over a billion
streams across more than 50 countries found consistent diurnal and seasonal patterns in the emotional

valence and energy of music people choose to listen to, with preferences for higher-energy, more positive

music during daylight hours and lower-energy, more subdued music at night and during winter months!?.

Additional research has shown that prevailing weather conditions, including sunshine, temperature, and
precipitation, are reflected in the acoustic features of regionally popular music 31

WeatherAware™ integrates real-time meteorological and light-level data to account for these effects at the
moment of selection. Rather than reacting to specific weather events alone, the system evaluates broader
environmental characteristics such as brightness, intensity, and variability, and subtly adjusts musical
energy, valence, familiarity, and contrast. The goal is programming that feels more naturally aligned with
conditions outside, reducing cognitive friction and allowing the listening experience to feel cohesive with
the listener’s lived environment.

IV. Stage 4: Segue Suitability (The Harmonic
Handshake)

The final decision point occurs at the transition between tracks, a moment that carries disproportionate
risk for listener disengagement. Even when individual song selection is strong, poorly executed transitions
can disrupt flow, break attention, and prompt tune-out.

Neuron™’s understanding of this moment is uniquely informed by MagicStitch, Super Hi-Fi’s patented,
Al-driven automated segue production system. MagicStitch is designed to understand music with the
depth and nuance of an experienced human DJ, analyzing harmonic structure, tempo, phrasing, rhythmic
feel, energy contour, and musical intent to automatically produce professional-grade segues in real time.

Since its introduction, MagicStitch has generated expert-level transitions across thousands of live stations
and millions of hours of listening, producing an exceptionally large and diverse corpus of real-world
segue decisions. Each of these transitions represents a concrete, production-tested example of how
specific musical relationships either preserve flow or introduce friction. This gives Super Hi-Fi a rare,
longitudinal dataset capturing what actually works at the moment of each segue across formats, genres,
tempos, and listening contexts.

Neuron™ has direct access to this deep pool of transition intelligence. Rather than treating segues as a
secondary or cosmetic concern, Neuron can evaluate the entire pool of available candidate tracks at a
given moment and reason explicitly about how each option would perform relative to the others at the
segue point. This allows Neuron to select tracks not only for their standalone suitability, but for how
effectively they form the strongest possible “handshake” with what came before.
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4.1 Rhythm, Harmony, and Continuity

Research on rhythm perception and neural entrainment shows that listeners naturally synchronize, both
cognitively and physically, to musical timing. The brain generates oscillations at the frequency of

perceived beats, and this neural synchronization persists even when the acoustic beat is absent from the

[10,11]

stimulus . When transitions are abrupt, misaligned, or energetically incoherent, this synchronization

can be disrupted, producing discomfort and increasing the likelihood of disengagement.

Neuron™ accounts for thythmic alignment, harmonic compatibility, phrasing, and energy movement at
the transition point. This analysis is augmented by MagicStitch’s production intelligence, which reflects
millions of real-world examples of optimal segue decisions. Together, these inputs ensure that transitions
preserve continuity and momentum rather than interrupting the listener’s sense of flow.

4.2 Multi-Factor Transition Evaluation

At each potential transition, Neuron™ performs a comparative evaluation across all viable candidates,
assessing:

* Harmonic compatibility and tonal resolution

Direction and pace of energy change relative to the preceding track
*  Rhythmic continuity and pulse alignment

Rather than optimizing transitions in isolation, Neuron™ selects the track that offers the best relative
transition outcome from the available pool, choosing the option most likely to sustain engagement at the
precise moment listeners are most sensitive to disruption.

By optimizing this “harmonic handshake” using both neuroscience-informed criteria and large-scale,
production-proven transition data, Neuron™ significantly reduces tune-out risk and delivers a smoother,
more professional listening experience that legacy scheduling systems are not equipped to replicate.

V. Conclusion: From Scheduling to
Neuro-Informed Curation

Neuron™ represents a fundamental rethinking of linear audio scheduling, not as a problem of inventory
management or rule enforcement, but as a problem of sustained human engagement over time. Traditional
schedulers were designed to prevent failure: repetition, clustering, and obvious sequencing errors.
Neuron™ is designed to actively optimize success by aligning automated decision-making with how
listeners actually perceive, process, and respond to music.

Across this paper, we have described a multi-stage architecture that replaces static heuristics with a
layered, intelligence-driven framework. At the structural level, Adaptive Assist ensures that all
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sequencing decisions occur within a sound and coherent foundation. At the selection level, Neuron™
evaluates candidate tracks through deterministic, suitability-driven optimization, balancing musical
contrast, lyrical meaning, contextual alignment, and temporal placement. At the contextual level,
circadian and environmental signals are incorporated to maintain congruence with listener state. At the
transition level, Neuron™ leverages production-scale segue intelligence derived from MagicStitch to
optimize the most fragile moments in the listening experience.

Crucially, Neuron™ does not operate in isolation from real-world behavior. Its design is informed by

peer-reviewed research in neuroscience, music cognition, psycholinguistics, and chronobiology, including

work on predictive processingm, uncertainty and reward[l], semantic integration[4], neural

[10,11] [5.9]

entrainment , and circadian modulation"". These principles are reinforced and validated through

years of large-scale operational data drawn from thousands of live stations and billions of listening
interactions. This combination of scientific grounding and longitudinal, production-scale observation
allows Neuron™ to move beyond theoretical optimization into empirically informed curation.

A key contribution of the Neuron™ framework is its treatment of sequencing as a temporal problem, not
a series of isolated decisions. By continuously scanning backward and forward, Neuron™ optimizes the
trajectory of attention, arousal, and emotional engagement across time, ensuring that individual selections
and transitions contribute to a coherent experiential curve rather than a collection of locally optimal
moments. This trajectory-aware approach distinguishes Neuron™ from playlist-based systems and legacy
schedulers that lack both contextual memory and forward-looking intent.

The integration of MagicStitch further extends this advantage. Because every Super Hi-Fi—powered
station relies on MagicStitch for transition production, Neuron™ has access to a uniquely deep and
diverse dataset capturing what constitutes an effective segue in real listening environments. This enables
Neuron™ to evaluate not only whether a track is suitable in isolation, but whether it represents the best
possible choice relative to other available options at the precise moment of transition, an ability that
traditional scheduling systems are not designed to support.

Taken together, Neuron™ establishes a new paradigm for automated audio programming: one that treats
listeners as dynamic, context-sensitive humans rather than static endpoints; one that balances determinism
with controlled variability; and one that prioritizes long-term engagement over short-term rule
compliance. The result is not simply better scheduling, but a more natural, coherent, and satisfying
listening experience, one that scales without sacrificing intent or quality.

As linear audio continues to evolve across broadcast, digital, and hybrid environments, systems that align
technical decision-making with human cognition will increasingly define listener outcomes. Neuron™
represents a step toward that future, demonstrating how neuroscience-informed design, large-scale
empirical data, and modern Al systems can converge to produce media experiences that feel both
intelligent and human.
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