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Abstract: In the sighted world, the five-line
musical notation appears with the horizontal
axis represents time, and the vertical axis
represents vertical information such as
harmony and expression. It intuitively
presents the ebb and flow of melody, the
stacking of harmonies, and the interweaving
of polyphony by its ingenious
two-dimensional spatial design. However,
when this visual symbol system is translated
into Braille for the visually impaired
population, "dimensionality compression"
inevitably occurs, which significantly impacts
the cognitive efficiency, learning costs, and
the depth of musical comprehension. This
paper aims to break the constraints of
traditional Braille music notation by
proposing and systematically elaborating an
innovative new paradigm for Braille music
notation presentation based on "vertical note
correspondence, one measure per line". The
paper will further expand the idea into a
layered, adaptive, "multidimensional" Braille
music notation presentation paradigm. The
core innovation of this approach is that it no
longer views musical notation as a single
stream of symbols, but rather deconstructs it
into a structured model comprising multiple
logical layers - the "note layer," the "symbol
layer," the "expression layer," and the
"structure layer."
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1. Introduction

1.1 Cognitive Barriers of Braille Music
Notation
The "linear" nature of the six-dot Braille music
unit is sufficient for dealing with simple

monophonic music, but its inherent limitations
will be fully exposed when faced with the
increasingly complex "multi-dimensional” or
“three-dimensional" structure of modern music.
The vertical information intuitively presented on
the five-line staff, such as chords, counterpoint,
polyphony, is forced to be "flattened" into a long
horizontal sequence when translated into Braille
(figure 1). When reading, visually impaired
musicians must rely on a large number of
auxiliary symbols and complex rules and
perform high intensity “decoding” and
“reconstruction” in their minds to restore the
vertical structure of the music [1]. This process
not only greatly increases cognitive load
required during performance but also destroys
the consistency of understanding. Consequently,
this can seriously affect learning efficiency and
the depth of music understanding, forming an
invisible barrier between the visually impaired
and the complex world of music.

Figure 1. Braille Music Symbols and Rests

1.2 The path to Break through Cognitive
Barriers
This study is expected to achieve three major
breakthroughs:
First - the leap from "linear reading" to
"structured understanding". Transfer the way of
understanding musical scores through the
vertical alignment of physical typesetting allows
the reader to directly perceive the vertical
dimension of music through touching. This
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promotes an intuitive understanding of the
harmony and polyphonic structure and reduces
the difficulty of cognitive reconstruction
fundamentally [2].
Second - personalized progressive learning.
Learners can selectively "open" or "close"
different information categories according to
their own needs, starting from the most basic
melody skeleton and gradually deepening into
complex performance details and musical
expressions, to achieve a smooth and efficient
learning path.
Third - an automated algorithm. The algorithm
can provide dynamic and interactive digital
music scores for modern devices such as the
Braille display device; it can also generate BRF
files that can be customized at different note
levels and printed in different formats. Beginners
can focus on the note layer only and establish a
sense of melody when using the Braille display
device, while advanced players can gradually
add symbols and expression layers to deepen
their playing skills and musical understanding.
This made the tactile expression of melody no
longer limited to the linear single dimension.
This model truly achieves barrier-free
presentation of musical information by solving
the binary opposition between note counterpoint
and reading fluency.

2. Research Process

2.1 Analysis of the Binary Opposition between
the Accuracy of Counterpoint and the
Fluency of Reading in Traditional Braille
Music Notation
The six-dot Braille music notation system
invented by Louis Braille is essentially a
translation of the two-dimensional five-line staff
into linear tactile symbols of music Braille,
which is a dimensionality reduction process [3].
In order to carry rich musical information in a
limited tactile space, the current Braille music
notation system inevitably falls into the
contradiction between "counterpoint accuracy"
and "reading fluency". Braille music notation
translates all the visual information on the
five-line staff into a one-dimensional Braille
character sequence through a set of preset rules
[4]. Although this model ensures standardization,
it does not fundamentally solve the structural
contradiction generated when two-dimensional
visual information is reduced to one-dimensional
tactile information. The standard defines "what

kind of symbols to use" but fails to fully solve
the challenge of "how to organize these
symbols". It is under this standardized linear
thinking framework that the mainstream
typesetting model exposes its inherent
limitations.
In order to apply the above standards in practice,
the formats used in the industry include but not
limited to bar-over-bar, line-by-line and
paragraph. The specific format used depends
largely on the type of the instrument.
The bar-over-bar format is designed for
keyboard music (such as piano and organ) and
polyphonic instrumental music, sacrificing
fluidity for counterpoint. Alignment simulates
the visual layout of the five-line staff, preserving
the vertical synchronization of the parts. The
performer can sense through touch what the left
and right hands should do at a given moment,
which is crucial for understanding harmony,
polyphony, and accurate performance. However,
the melodic lines of individual parts may jump
or break, and the reader must frequently
"reorganize information" throughout
performance [5].
Another example is the Line-by-Line format,
which prioritizes the integrity of the melody line.
The score of one part (or one instrument) is
completely and continuously transcribed,
followed by the same paragraph of the next part,
and the rest can be done in the same manner.
The reading experience can be extremely smooth.
The performer can perceive the rise,
development, transition, and melody direction of
a phrase in one go, but the vertical counterpoint
information between multiple parts is completely
lost. Using this format of music, visually
impaired performers cannot understand what
other parts are doing. This makes the application
scenarios of the music score greatly limited as it
is difficult to ensemble rehearsals, piano
accompaniment learning, or conductor score
reading [4].
Braille music is purely linear. Parallel
information must be "serialized" and arranged in
a row. The performer needs to parse these
symbols one by one and associate them with the
core notes in the brain. This process is far less
intuitive than visual reading. The staff provides a
"music map", while the Braille score provides a
"route instruction list" [6]. Visually impaired
performers are usually required to reconstruct
the overall image through linear tracing and
memory (figure 2).
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Figure 2. Synchronous Editing Environment
of Braille Code and Five-line Music Notation

2.2. The Core Innovation of the Construction
Principle of "Layered Multi-dimensional
Braille Music Score"
In the face of the profound contradiction
between "counterpoint accuracy" and "reading
fluency" in traditional Braille music scores
revealed in Part 2, as well as the reading burden
brought by information dimensionality reduction,
this study proposes a new solution - layered
multi-dimensional Braille data blocks. This
solution is not a patch on the existing typesetting
format, but a fundamental reconstruction of the
music score information organization model. Its
core goal is to transcend linear constraints and
"restore" the one-dimensional Braille
information after dimensionality reduction to a
three-dimensional structure that can be accessed
in multiple dimensions, thereby completely
resolving the aforementioned binary opposition
[7].
2.2.1 Essential deconstruction
The essence of layered multi-dimensional Braille
music scores is not a fixed typesetting format
that is ultimately presented to the user, but a
highly structured data model that runs in the
background. The traditional conversion method
is to regard the music score as a "long sentence"
to be translated, while this solution regards it as
a "database" to be parsed.
This data block splits a complete piece of music
score information into multiple logically
independent but physically closely linked
information layers according to its musical
function and semantics. Users no longer
passively receive a linear sequence containing
all information in a pre-set order, but can
actively query, combine and render the
information layers based on their demands. This
fundamentally transforms the reading experience
from "passive reception" to "active exploration”
and transforms a static piece of music score into
a dynamic, interactive "learning package" [8].

2.2.2 Detailed explanation of the layered
structure: deconstructing musical score
information
This data block model is mainly composed of a
“base layer” and multiple “attachment layers”. It
allows users to independently control the
accessibility of various types of information.
This study will use technical terms such as
“precise mapping”, “bar level”, and “note level”
to demonstrate the independent reading of
multi-layer information in the module.
2.2.2.1 “Precise mapping”
In the conversion of Braille score, the
corresponding conversion process in which the
attributes of the source music score and the
Braille music score are completely consistent
and the information is intact is realized. To
achieve precise mapping, it requires: 1. All
musical elements at the note level; 2. Establish a
bidirectional isomorphic mapping relationship
between the source score and the Braille score to
ensure that each musical symbol can be
recognized accurately and quickly without
ambiguity; 3. Eliminate the information
attenuation and deviation in the conversion
process, and ensure the integrity of the Braille
score and the loyalty of the original score.
2.2.2.2 “Bar level”
A level of alignment or transcription based on
bars - the macroscopic structural unit of music.
At this level, the transcriber's goal is to ensure
that the source score (such as staff) is consistent
with the target score (such as Braille score) in
terms of division of bars, starting and ending
positions, and meta-information at the bar level.
2.2.2.3 “Note level”
A highly fine alignment or transcription is
required, and the basic element of processing is a
single note event. The core goal of this level is to
find its unique and corresponding expression
form in the target Braille score for each note in
the source staff, and to accurately reproduce its
core attributes.
In this study, “exact mapping” of one-to-one
correspondence of notes is the core of the first
step, that is, to completely abandon the fuzzy
alignment of "bars" and turn to the exact
mapping of "notes".
Every note event on the staff is precisely
mapped to a core symbol or a set of symbols in
the Braille score. This correspondence is not
only logical, but it also establishes a unified
reference system. It establishes an
unprecedented, note-accurate, shared language
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between visually impaired musicians and their
sighted instructors, conductors, and collaborators.
When a sighted person says: "Second eighth
note in the third bar," a visually impaired person
can precisely locate the exact same musical
event on their device, greatly enhancing the
efficiency and depth of teaching, rehearsal, and
academic exchange. By achieving note-level
alignment, complex musical structures, such as
the vertical structure of harmony, counterpoint,
and the interweaving of voices, can be
accurately presented and analyzed into Braille.
Achieve "what you see is what you get".
2.2.3 Basic layer - note melody layer
This layer contains only the four most core and
fundamental elements of the musical melody
hierarchy: pitch, duration, sharps, and
accidentals. All other decorative, structural, or
expressive information is stripped out. When
users access only this layer, they experience a
pure melodic line uninterrupted by any other
symbols (such as ornaments, dynamics,
fingerings). This is especially crucial for
beginners to establish familiarity with the main
melody of a piece.
2.2.4 Attachment layer - optional information
layer
Contains performance symbols that directly
affect notes. Examples include articulation
symbols, ornaments, slurs, tie lines, expression
layer, dynamics, tempo terminology, expression
terminology, pedal markings, structure and
fingering layer, structural symbols, bowing
techniques, and lyrics layer. The optional
information layer should be prioritized from the
fundamental performance requirements to the
musical requirements.
2.2.5 Application scenario switching
When a performer or learner is just beginning to
learn the melody line of a part, they can choose
to read only the note layer. When conducting
harmonic analysis or practicing bimanual
coordination, users can simultaneously load note
layers for multiple parts, each with precise
timing information, achieving perfect vertical
counterpoint. Users can search for the
corresponding note for each part at any point in
time. When preparing for a detailed performance,
users can build on the counterpoint by further
loading symbol layers, expression layers, and
fingering layers. This "layer-by-layer" approach
breaks down the complex learning task into a
series of manageable steps. Users can
dynamically construct the most appropriate

Braille music score "view" based on their
specific requirements. This is one of the most
profound values ​ ​ of this solution, as it
provides a personalized learning paradigm for
music education for the visually impaired
learners. A score based on a layered Braille data
block model can be presented in a completely
different output format based on the learner's
skill level and needs.

2.3. Translation Platform - from MusicXML
to Adaptive Braille Music Notation
Theoretical innovation must be transformed into
real productivity through technical practice.
Implementing the concept of "layered
multi-dimensional Braille data blocks" requires
the construction of a powerful intelligent
translation and service platform. The core
mission of this platform is to automatically and
efficiently convert existing, widely used digital
music score formats into the proposed layered
data model, delivering it to the users in flexible
and diverse formats.
2.3.1 Input source: music XML
Music XML is an open electronic music score
exchange format based on XML (Extensible
Markup Language) [9]. Its goal is to build a
universal format for music notation that supports
notation, analysis, information retrieval and
typesetting layout. It contains almost all music
score information such as author, clef, key
signature, measure, pitch, note length, melody,
rhythm, chord, legato, etc. More importantly,
this information is organized semantically in the
XML structure. This natural structured feature
provides a perfect data foundation for our
automated "layering".
2.3.2 Automated layered conversion algorithm
The core of the platform is its backstage
conversion engine, and the engine's soul is the
automated layered conversion algorithm. The
algorithm's workflow can be organized into the
following three main modules:
2.3.2.1 Parsing module
This module is responsible for reading the Music
XML file uploaded by the user and parsing its
content into an in-memory, easy-to-operate data
structure. The computing server needs to
traverse the entire XML tree and extract all
music-related nodes and attributes.
2.3.2.2 Mapping module
This is the intelligence of the algorithm, which
defines how to classify the parsed Music XML
elements into pre-designed hierarchical data
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block classifications. For example, at the note
layer: traverse all elements. Extract the pitch and
duration of its child elements (Does "traversing
all elements" in a more colloquial sense mean
"browsing all elements"?).
2.3.2.3 Operation interface
2.3.2.3.1 Music score upload
Provide a simple interface that allows users to
upload MusicXML files or select from a
cooperative music score library.
2.3.2.3.2 Layer selection
All available information layers (such as note
layers, symbol layers, expression layers) are
clearly listed in the form of checkboxes,
allowing users to freely select the layers that
users wish to include in the final output.
2.3.2.3.3 Custom settings
Provides advanced options such as selecting
different Braille country codes (to accommodate
Braille conventions in different countries) and
setting the page size (line width and number of
lines) for Braille printing.
2.3.2.3.4 Preview function
Provides two preview modes - Braille ASCII
code and Braille graphics. This not only allows
visually impaired users to check the conversion
results, but also greatly facilitates
communication and teaching between sighted
teachers and visually impaired students.
2.3.2.3.5 Backend conversion engine
Deployed on the server, it is responsible for
receiving user requests from the front end
(uploaded files and selected layers), using the
core automated layered conversion algorithm,
generating layered data blocks in real time and
rendering the final output content based on the
layer combination selected by the user.
2.3.2.3.6 Output and delivery
Generate dynamic content for direct reading and
engraving by modern Braille displays, switch or
superimpose different information layers in real
time, and achieve true interactive reading (figure
3) [10].

Figure 3. An Example of a Conventional
Conversion Path for a Music Blind Symbol

Conversion System

2.4 Issues Related to the Music Blind Symbol
Conversion System
Although the concept of layering is intended to
reduce the cognitive load, an unreasonable
interactive system itself can also bring new
cognitive costs. How to design a navigation with
the operation logic that is simple, intuitive, and
easy to learn for visually impaired users to
manage and switch between different
information layers? For example, whether
should a complex combination key or a menu be
used for navigation? How to clearly pass on the
message to users of which layers are currently
activated? All of these require continuous
barrier-free optimization through extensive user
testing. The “great power” of technology that led
to the “cumbersome” use of the system must be
avoided to achieve true artificial intelligence.

3. Future Research and Development Outlook
This solution is merely a starting point; it holds
vast potential for future development:

3.1 Bidirectional Conversion and Music
Creation
The current solution mainly focuses on the
"reading" path from Music XML to Braille. An
important future direction is to achieve the
reverse conversion from layered Braille data to
Music XML. This will greatly empower visually
impaired musicians to create music and sighted
musicians to read the note. They can use the
layered logic to enter braille on a braille display
to compose music, and the system can then
convert it into a standard five-line notation file.
This is convenient for communication with
sighted collaborators or direct publication. There
are already projects that allow blind musicians to
write in braille and export to Music XML, and
layered logic will make this process more
structured and organized.

3.2 Multimodal Immersive Learning
Experience
Future music reading should not be limited to
tactile perception alone. This solution is
currently researching the integration of this with
voice technology to create "talking music." The
translation system can simultaneously announce
the name and duration of the note during output,
while also directly playing the pitch. When
switching to other layers of notation, the system
can also announce the meaning of the term. This
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multimodal interaction, combining tactile and
auditory perception, will create an
unprecedented immersive music learning
experience.

3.3 Deep Support for Ethnic Music and
Simplified Notation
Ethnic music notation (such as jianpu and
gongche notation) differs significantly from
five-line notation. Future research should focus
on expanding the layered algorithm to include
simplified musical notation and the specialized
notations of Chinese folk instruments (such as
the guzheng's fingering and the erhu's bowing),
addressing the lack of a comprehensive Braille
notation system for traditional folk music and
establishing a truly accessible music resource
library tailored to China's national conditions.

4. Conclusion
This study navigates the fundamental obstacles
faced by visually impaired individuals in music
learning, deeply analyzing the irreconcilable
dichotomy between vertical counterpoint
accuracy and horizontal phrase coherence in
traditional braille musical notation. This core
conflict stems from the structural loss of
information and cognitive load associated with
forcibly reducing the two-dimensional visual
staff information to a one-dimensional linear
tactile medium. To overcome this bottleneck,
this paper proposes and systematically describes
an innovative solution, called layered
two-dimensional braille. The core of this
solution is a radically new design philosophy
and data structure. It abandons traditional linear
typesetting. By deconstructing musical notation
information based on musical semantics into a
pure "base layer" of notes and multiple
"additional layers" (such as symbols, expressions,
and structures) that can be loaded on demand,
this solution successfully reconstructs the
one-dimensional braille sequence into a
conceptual, multi-dimensional, and accessible
three-dimensional information model. By
empowering users with the ability to "switch
perspectives" and "combine information on
demand," this solution elegantly resolves the
fundamental contradictions of traditional
musical notation, enabling the seamless
transition between macroscopic musical phrase
perception and microscopic detailed analysis.
The contribution of this study is to propose a
theoretical model and plan a technical

implementation path. By selecting structured and
semantically rich Music XML as the input
source, designing an automated layered
conversion algorithm, and envisioning an
intelligent service platform that integrates
dynamic interaction, on-demand engraving, and
sighted and blind comparison, this solution
demonstrates its strong feasibility and
application potential. More importantly, the
research thoroughly demonstrates the profound
social value of this solution in responding to the
national "print-on-demand" policy, promoting
equity and personalization in music education,
and enriching the spiritual and cultural life of the
visually impaired. It transforms a static sheet of
music into a dynamic, adaptive, and deeply
interactive "learning package," perfectly aligning
with the cognitive principles of modern
pedagogy and promising to profoundly
transform music education for the visually
impaired worldwide. The ultimate vision of this
solution is to allow music to truly transcend
visual barriers, allowing every music-loving soul,
regardless of location or vision, to truly,
completely, and freely experience the most
beautiful melodies of human civilization at their
fingertips. Attached below is common Braille
music score conversion software (as shown in
Figure 4).

Figure 4. Common Braille Music Notation
Conversion Software
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