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ABSTRACT

We introduce ChoraleWind, a dataset along with a frame-
work for a reproducible end-to-end rendering from the
Neues Thüringer Choralbuch (NTCB). The dataset com-
prises 311 four-part chorales and covers the full pipeline
from symbolic score encoding to performance-level ren-
dition and synthesized audio. ChoraleWind includes a
rule-based performance model that generates expressive
timing, dynamics, and articulation, including metric and
structural accents as well as phrase-end gestures from
high-quality MEI encoding of the NTCB chorales, com-
bined with a wind-instrument synthesis based on physi-
cal modeling that produces isolated stems and ensemble
mixes. The dataset provides aligned symbolic represen-
tations, performance annotations, and multitrack audio,
enabling systematic training and evaluation of score-to-
audio wind-quartet rendering methods under fully con-
trolled conditions. Rather than aiming at state-of-the-art
purely data-driven synthesis, ChoraleWind is designed as
a transparent and reproducible testbed for studying expres-
sive performance generation, timbre modeling, and evalu-
ation of wind-quartet rendering systems.

1. INTRODUCTION

Recent years have seen growing interest in computational
methods for modeling expressive performance and real-
istic timbre for wind instruments. In contrast to piano
music, however, research on wind music is hindered by
the scarcity of openly available, systematically annotated
datasets. Existing corpora are often limited in size, hetero-
geneous in instrumentation, or recorded with substantial
cross-talk, which makes them difficult to use as training
material for data-driven models and challenging to evalu-
ate in a controlled and reproducible manner.

Previous work such as ChoraleBricks [1] has demon-
strated the value of curated wind-ensemble recordings
aligned with symbolic representations. Producing such
datasets, however, is labor-intensive, costly, and difficult
to scale, as it requires professional performers, studio
environments, and detailed alignment procedures. Syn-
thetic audio, while not matching the acoustic richness of
real performances, offers an attractive complementary ap-
proach: it enables controlled experiments, supports self-
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Figure 1. Illustration of the ChoraleWind dataset. Based on high-quality
MEI encodings of the Neues Thüringer Choralbuch, we generate expres-
sive renditions using a rule-based performance model. These renditions
are then synthesized as multitrack audio for a variety of wind instruments
using a synthesizer based on physical modeling.

supervised and contrastive learning setups, and allows
large-scale training without recording constraints. At the
same time, synthetic datasets can serve as transparent
and reproducible baselines for studying expressive perfor-
mance modeling and score-to-audio rendering.

In this paper, we introduce ChoraleWind, an expressive
wind-quartet dataset and reproducible end-to-end render-
ing pipeline based on the “Neues Thüringer Choralbuch”
(NTCB). ChoraleWind comprises 311 four-part chorales
(Soprano, Alto, Tenor, Bass) derived from high-quality
MEI encodings of the NTCB chorales compiled by Rudolf
and Erhard Mauersberger [2, 3]. As illustrated in Figure 1,
the dataset covers the full processing chain from symbolic
score encoding to expressive performance modeling and
synthesized audio.

Expressive timing, dynamics, and articulation are gen-
erated using a rule-based performance model that incor-
porates domain knowledge about chorale performance, in-
cluding metric and structural accentuation, phrase-end ges-
tures, and controlled humanization. The resulting per-
formance descriptions are rendered into expressive MIDI
and synthesized part-wise into multitrack audio using a
commercial physical-modeling wind-instrument synthe-
sizer, producing isolated stems for every part as well as
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Figure 2. Overview of the rendering pipeline. Starting from the MEI encodings of the SATB chorales, MIDI data is extracted and passed to the
performance model. The resulting performance MIDI is then synthesized into multitrack audio recordings.

a large variety of ensemble mixes for 16 different wind
instruments. Alongside the audio, ChoraleWind provides
aligned symbolic representations and performance-level
annotations, enabling systematic training and evaluation of
score-to-audio wind-quartet rendering methods under fully
controlled and reproducible conditions.

Furthermore, ChoraleWind serves as a superset of
ChoraleBricks [1], which contains real recordings of ten
selected chorales from the same source with thirteen dif-
ferent instruments and human performers. This connection
enables direct and systematic comparisons between syn-
thetic and real performances. Rather than aiming at state-
of-the-art purely data-driven synthesis, ChoraleWind is de-
signed as a transparent baseline and controlled testbed for
studying expressive performance generation, timbre mod-
eling, and reproducible evaluation of wind-quartet render-
ing systems.

2. RELATED WORK

Only a limited number of datasets including wind music
have been released to date. The most prominent examples
are Bach10 and URMP. The Bach10 dataset [4] comprises
recordings of ten Bach chorales performed on violin, clar-
inet, saxophone, and bassoon. The URMP dataset [5] con-
tains 44 pieces spanning a variety of instruments and pro-
vides approximately 1.2 hours of isolated multitrack audio.
A more recent resource is ChoraleBricks [1], which in-
cludes ten chorales with isolated recordings of thirteen in-
struments, enabling different instrument combinations and
ensemble permutations. For datasets involving full orches-
tra recordings, notable examples include the Beethoven
Anechoic dataset [6], the Aalto Anechoic recordings [7],
Operation Beethoven 1 , and the Spheres dataset [8]. Fur-
ther symbolic encodings for chorales can be found in the
“Chorale Corpus” [9].

An emerging trend, also observed in recent datasets
such as EnsembleSet [10], SynthSOD [11], and
CocoChorales [12], is the use of synthesizers to gen-
erate large amounts of data. While this approach enables
the creation of substantial datasets at relatively low
cost, the resulting variability in timbre, articulation, and
modulation still falls short of what can be captured in real
recordings. Nevertheless, Wu et al. [12] demonstrated

1 https://openmusic.academy/revs/
JwXCJwcEyAXsJDNsU7DtN3, last access: Dec. 2025.

that synthetically generated four-part ensemble data can
improve performance in downstream tasks such as music
transcription and music source separation, particularly for
instruments with limited data availability.

With respect to performance modeling, two main ap-
proaches can be distinguished: rule-based systems and
data-driven systems. Rule-based systems represent the
more “classical” approach. In these systems, core perfor-
mance parameters such as tempo and dynamics are mod-
eled using explicit rules derived from the underlying score,
for example by identifying phrase boundaries and shap-
ing tempo and velocity curves accordingly. An overview
of such systems up to 2013 is provided in [13]. In ad-
dition to the rule-based systems, data-driven approaches
have emerged as an alternative to rule-based systems. For
an overview, we refer the reader to [14, 15]. While these
approaches give up much of the explicit control offered
by rule-based models, they open up new opportunities for
analyzing existing performances and generating novel ren-
ditions from symbolic scores. However, given the focus
on the chorale scenario and the limited availability of suit-
able training data from real performances, we adopt a rule-
based approach similar to the system proposed in [16],
aiming at explicit and reproducible performance render-
ings.

3. SYMBOLIC REPRESENTATION

Figure 2 provides an overview of the ChoraleWind render-
ing pipeline, which converts symbolically-encoded four-
part chorales into expressive wind-quartet performances
using a structured rule set tailored to wind-instrument id-
ioms. The pipeline comprises symbolic preprocessing,
rule-based expressive modeling, and audio synthesis. In
the following, we start by introducing the Music Encod-
ing Initiative (MEI) format and the applied preprocessing
steps.

3.1 MEI Encoding

The musical scores for our dataset have been sourced from
the critical digital music edition “Neues Thüringer Choral-
buch digital”. 2 The “Neues Thüringer Choralbuch” (En-
glish: “New Thuringian Chorale Book”) [3] is a collection

2 https://github.com/axelberndt/
Neues-Thueringer-Choralbuch-digital , last access:
Dec. 2025.
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<mei meiversion="5.0" xmlns="http:!"www.music-encoding.org/ns/mei">
    <meiHead>!!#!$meiHead>
    <music><body><mdiv>
    <score>
        <scoreDef keysig="1s" key.pname="g" key.mode="major">
            <meterSig count="3" unit="4"!"
            !!#
            <staffGrp bar.thru="true" symbol="brace">
                <staffDef n="1" lines="5"><clef shape="G" line="2"!"!$staffDef>
                <staffDef n="2" lines="5"><clef shape="F" line="4"!"!$staffDef>
            !$staffGrp>
        !$scoreDef>
        <section xml:id="s1">
            <measure xml:id="m6t8v3n" n="1">
                <staff xml:id="m1s1" n="1">
                <layer xml:id="m1s1l1" n="1">
                    <note xml:id="n6fmbj5" type="mscore-beam-none”
                        dur="8" pname="g" oct="4"!%
                    <note xml:id="niw6gk8" dur="8" pname="g" oct="4"!%
                    <note xml:id="nbvbhxt" dur="4" pname="f" oct="4">
                         <accid accid.ges="s"!"!$note>
                    <note xml:id="n1wsnqr" dur="4" pname="g" oct="4"!%
                    !$layer>
                    <layer xml:id="m1s1l2" n="2">
                    <note xml:id="n5t6y5f" type="mscore-beam-none”
                    dur="8" pname="d" oct="4"!%
                    <note xml:id="n16gk52w" dur="8" pname="d" oct="4"!"
                    <note xml:id="nzay7k" dur="4" pname="d" oct="4"!%
                    <note xml:id="n4qc0uc" dur="4" pname="b" oct="3"!%
                    !$layer>
                !$staff>
            !$measure>
        !$section>
    !$score>
    !$mdiv>!$body>!$music>
!$mei>

Figure 3. First measure of the chorale “Jesu, geh voran” by Adam Drese and its corresponding MEI encoding. The figure illustrates how score-level
information (key, meter, staves) and note-level attributes are represented in MEI.

of more than 300 four-part harmonizations that accompa-
nied the two Protestant chorale books “Deutsches Evange-
lisches Gesangbuch” and “Evangelisches Kirchengesang-
buch”. Although these chorale books were succeeded by
the current “Evangelisches Gesangbuch” in 1996 and are
therefore considered outdated, the chorales of the “Neues
Thüringer Choralbuch” remain relevant and in active use
due to frequent reprints, such as [17, 18, 19, 20]. Apart
from a few exceptions, the vast majority of the harmoniza-
tions follow a traditional four-part homophonic cantional
style, in which alto, tenor, and bass share the rhythm of the
melody, while the “cantus firmus” is consistently placed in
the soprano part.

Figure 3 depicts a rendering of the first measure of the
chorale “Jesu, geh voran”, along with its MEI encoding.
Following the original print layout, the four musical parts
are encoded across two staves. The upper staff contains
tlo he soprano and alto parts as separate layers under a tre-
ble clef, while the lower staff similarly encodes tenor and
bass under a bass clef. Our MEI encodings follow the in-
ternational standard (version 5.0 of the “mei-all” schema
definition) for digital music editions [2].

Several properties of the MEI encodings are relevant for
the subsequent preprocessing steps and are therefore dis-
cussed here. The <meiHead> section contains detailed
metadata, including the (German) song title, book number,
composer of the melody, composer of the harmonization,
encoder, and license information. The <music> section
defines one <mdiv> (musical division, for example used
to separate movements in a symphony) per chorale. Each
<measure>, <staff>, <layer>, <note>, <rest>,
and performance instruction carries an @xml:id attribute
and is therefore addressable.

Tonality and time signature are defined globally at the
<scoreDef> level (Figure 3, red section), rather than
individually per <staffDef> as in some other mu-
sic editions. While tonality remains constant through-

out a chorale, time signatures may change—sometimes
on a per-measure basis and often without a printed indi-
cation. These changes are made explicit in the encod-
ing by inserting a <scoreDef> element with an invis-
ible <meterSig> between the corresponding measures.
Pickup measures are marked with @metcon="false"
which temporally deactivates metrical conformance. Some
chorales, however, do not specify an underlying time sig-
nature at all.

Repetitions are encoded using standard repetition bar
lines (||: and :||). If the initial section of a chorale is re-
peated, the opening repetition mark ||: is not printed and
therefore not encoded. More complex repetition schemes,
such as sections repeated multiple times, are represented
using the MEI <expansion> mechanism.

3.2 Symbolic Preprocessing

Some preprocessing steps are applied to prepare the sym-
bolic music data for performance generation. For this pur-
pose, we utilize and extend the functionality of the meico
MEI converter framework [21].

Part separation: Since each musical part is treated indi-
vidually later on, the two staves are separated into individ-
ual parts. Four new staff definitions <staffDef> replace
the two existing ones in the MEI encoding. Accordingly,
each <measure> receives new <staff> elements, to
which the individual <layer> elements are reassigned.
To remain consistent with the print and common practice,
the staff order follows the part order, i. e., (top to bottom)
soprano, alto, tenor, bass. As a result, MEI-to-MIDI con-
version generates one MIDI track per part in this order.

Addition of IDs: To ensure that all relevant musical el-
ements are addressable, the MEI encoding is checked and
missing @xml:id attributes are added.

Caesura to breath: The original print, and thus the MEI
encoding, use the caesura symbol (’) to indicate phrase
boundaries. A caesura denotes a “break, pause, or interrup-
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Figure 4. Phrasing mechanism of the performance model illustrated based on the chorale “Jesu, geh voran” by Adam Drese and its harmonization by
Rudolf Mauersberger. The top panel shows the four parts (SATB) in individual staff notation, where red arcs indicate the detected phrases and red boxes
highlight general rests and caesuras across all parts. The lower panels displays the resulting tempo and velocity curves generated by the performance
model.

tion in the normal tempo of a composition” 3 and is com-
monly interpreted as a breath mark. While tempo modu-
lation at phrase endings is handled by performance model-
ing, caesuras do not encode the articulatory modifications
needed to create a short breathing break. Therefore, all
<caesura> elements are renamed to <breath>.

Breath insertions: Caesura or breath marks are typi-
cally omitted where rests in the melody provide a natu-
ral breathing opportunity, which is unproblematic. How-
ever, they are also missing immediately before repetition
end marks (:||). As these positions always correspond to
phrase endings in the dataset but would otherwise go un-
detected, <breath> elements are inserted at the end of
the corresponding measures.

Score expansion: To ensure that repetitions are ren-
dered in performance, the score is expanded into a through-
composed form. Repeated sections are copied and inserted
into the musical sequence, with all copied elements receiv-
ing unique IDs and all ID references updated accordingly.

Fix fractured measures: Repetition marks are
encoded as bar lines (e. g., <measure n="5"
right="rptend">) but are often placed within a
measure. This results in fractured measures: a shortened
measure before the repetition mark and a remaining
segment after it or at the start of the repeated section. Per-
formance modeling would interpret these as time signature
changes and apply inappropriate metrical accentuation
patterns, although the logical time signature remains
unchanged. To prevent this, we suppress all subsequent
time signature changes that sum to their preceding time
signature.

In the ChoraleWind dataset, we provide several files that
represent both the score and its rendered performance.

3 See MEI Guidelines, https://music-encoding.org/
guidelines/v5/elements/caesura.html, last access: Dec.
2025.

These include the original MEI file, which contains two
systems (soprano and alto in the first system, tenor and
bass in the second), as well as a preprocessed MEI version
in which each part is placed in a separate system. In addi-
tion, we provide an MPM file encoding the performance
parameters, an MSM file that serves as an intermediate
representation for exporting MEI to MIDI, and, finally, a
performed MIDI file.

4. PERFORMANCE RENDERING

Expressive performance parameters such as timing, dy-
namics, and articulation, are generated using curated rules
that emulate typical wind-instrument ensemble practice.
Performance decisions are based on musical properties and
modeled in the Music Performance Markup (MPM) for-
mat [22]. The MPM API, part of the meico framework,
renders these into expressive MIDI sequences. This pro-
cess also produces augmented MEI encodings, adding each
note’s MIDI velocity (@vel) and onset/offset times in mil-
liseconds (@tstamp.real, @tstamp2.real). Fig-
ure 4 shows the sheet music and the resulting velocity and
tempo curves for the chorale “Jesu, geh voran”. In the fol-
lowing, we describe the underlying rules in detail.

Articulations: During conversion, all articulation in-
structions from the MEI score are placed into part-specific
MPM <articulationMap>s and then merged into a
global map. Some articulations, particularly breath in-
structions (former caesuras; cf. Section 3.2), apply to all
parts. This ensures all parts breathe together, not just the
soprano. The MPM API provides default definitions for
standard articulations, which are slightly adjusted, e. g., the
breath articulation shortens note duration by 200 ms to al-
low a break. Text-based articulations are supported but not
used here due to the absence of lyrics in most sources.

Metrical accentuation: We implemented standard ac-
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# Instrument Abbr. Parts Dur. (hh:mm:ss)
1 Flute fl S 03:10:31
2 Oboe ob S 03:10:31
3 Soprano Saxophone ss S 03:10:31
4 Alto Saxophone as S, A 06:21:02
5 Clarinet cl S, A 06:21:02
6 Flugelhorn fh S, A 06:21:02
7 Trumpet tp S, A 06:21:02
8 English Horn eh A 03:10:31
9 Tenor Saxophone ts A, T 06:21:02

10 Baritone bar T, B 06:21:02
11 Bass Clarinet bcl T, B 06:21:02
12 Baritone Saxophone bs T, B 06:21:02
13 Bassoon bsn T, B 06:21:02
14 French Horn fho T, B 06:21:02
15 Trombone tb T, B 06:21:02
16 Tuba tba B 03:10:31

P
27 85:44:14

Table 1. Overview of the synthesized instruments in ChoraleWind, in-
cluding abbreviations, the SATB parts each instrument covers, and the
overall duration of isolated audio tracks.

centuation patterns for all relevant time signatures, a pat-
tern handling pieces which start with a shortened measure,
and a fallback pattern for other cases. Following historical
notation conventions, the strength of the accent depends
on two features. First, if no time signature is defined, no
accentuation is applied. Otherwise, the bar line method is
consulted: absent bar lines or “takt” lines 4 deactivate ac-
centuation. Mensural lines between staves indicate a latent
time signature, so accents are scaled to 50% (±8 MIDI
velocity units 5 ) of the full accentuation (±16 MIDI ve-
locity units) used with regular bar lines. Depending on the
synthesizer, this scaling factor may be adjusted, as each
interprets velocity differently [23].

Basic tempo and dynamics: The baseline tempo of each
chorale is derived from the average phrase length, assum-
ing that a phrase is sung and played on a single breath. We
employ a reference breath cycle duration of approximately
4.3 seconds. However, while this works well for the vast
majority of chorales in our dataset, there are several outlier
cases with rather short or long phrases or missing indica-
tions for phrase boundaries (rendering the whole piece in
one extremely long phrase, technically speaking). Further-
more, we add a subtle random offset of ±3 bpm to the basic
tempo of each phrase to emulate natural human variation.
This is modeled as a correlated variation with a Brownian
distribution to avoid erratic behavior. For dynamics we as-
sume a basic loudness of 100 MIDI velocity units. Like
with basic tempo, basic loudness is also varied with each
new phrase, this time in a range of ±5 velocity units via an
(uncorrelated) uniform distribution.

Phrasing: Breath marks and general rests define phrase
boundaries, guiding tempo and dynamics shaping. How-
ever, general rests can be unreliable: some chorales include
them only in the melody while other parts continue play-
ing. Rests shorter than one beat are also ignored. As show

4 “short bar line through a subset of staff lines”, accord-
ing to the MEI Guidelines, https://music-encoding.org/
guidelines/v5/data-types/data.BARMETHOD.html , last
access: Dec. 2025.

5 MIDI velocity is a unitless, integer-valued parameter in [0:127] that
encodes the note intensity.
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Figure 5. Histograms of (a) the musical pitches for the four parts (SATB)
and (b) the overall tempi of the chorales.

in Figure 4, towards phrase endings, dynamics decrease to
70% of the basic MIDI velocity and tempo slows down
to 95% of the base tempo (ritardando); by the end of the
verse, tempo reaches 78%.

Randomization: Each note’s onset (via MPM’s Com-
pensating Triangle Distribution), velocity (Gaussian), and
duration (uncorrelated Triangle) are individually random-
ized per musical part. This emulates the natural impreci-
sion of human performances, commonly called “human-
ization”, and prevents mechanically exact renderings. Off-
set magnitudes can be adjusted to reflect the ensemble’s
assumed professionalism.

Velocity range normalization: If calculated velocities
fall outside the MIDI range, we apply a nonlinear com-
pression that preserves the relative dynamic structure while
ensuring valid values.

The output of the performance rendering model is an
MPM file, which describes the performance in a structured
format. Velocity and tempo contours are represented as
time-continuous Bézier functions. To control subsequent
synthesizers, these MPM files are exported as MIDI files,
providing a widely supported interface while preserving
the expressive timing and dynamics.

5. AUDIO SYNTHESIS

For each chorale, we generate an expressive MIDI file con-
taining all parts as separate MIDI tracks and synthesize
audio using a commercially available physical-modeling
wind instrument engine, for a first overview on the topic
we refer to e. g., [24]. 6 The engine is provided as a VST
plugin, which we load into the digital audio workstation
Reaper. 7 In the future, other instrument-specific synthe-
sis approaches such as [25] could be considered. 8 Within
Reaper, we prepare a project in which each instrument is
assigned to a separate track, as listed in Table 1. For ev-
ery chorale, we render 27 isolated tracks with 16 unique

6 https://audiomodeling.com/swam-engine/, last ac-
cess: Dec. 2025.

7 https://www.reaper.fm/, last access: Dec. 2025.
8 As a freely available alternative, SoundFonts could be employed;

however, our preliminary experiments have yielded mixed results.
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(a) (b)

#Chorales #Chorales

Figure 6. Distribution of key and time signatures in the dataset. (a) Distributions of top 10 key signatures. The category “Other” aggregates all remaining,
less frequent keys. (b) Distributions of time signatures. The category “div.” indicates that the chorale was notated with time signature changes, as depicted
in the red box. The category “None” indicates that no time signature was present in the MEI file.

instruments. Note that some instruments can cover mul-
tiple parts; e. g., the trumpet is used for both the soprano
and alto part. The mapping from instruments to parts is
determined by matching playable pitch ranges and by the
authors’ practical experience. All instruments are tuned to
a tuning frequency of 442 Hz.

The entire synthesis process is automated using Reaper’s
internal scripting language, ReaScript, which is accessed
via its Lua API. Using Lua requires no additional setup,
and the script can be executed directly from within
Reaper. Compared to sample-based synthesizers, physical-
modeling synthesizers require less memory and offer
greater flexibility in adapting the generated sound. In our
initial renderings, all synthesizer parameters are kept at
their default settings without any reverb. Executing the
full synthesis pipeline took approximately 90 minutes on a
notebook equipped with an AMD Ryzen AI 5 Pro proces-
sor and 32 GB of RAM. The Reaper project file, as well
as the Lua script, are available on the accompanying web-
site. 9

The isolated parts were intentionally exported without ar-
tificial reverberation. Although reverberation and stereo
panning are important for perceptually realistic ensemble
sound, ChoraleWind is designed as a machine learning
dataset. This requires precise alignment between audio
and annotations, which reverberation would compromise
through temporal smearing that obscures note onsets and
weakens the correspondence to symbolic labels. By pro-
viding dry signals, we prioritize annotation fidelity and
controllability, while allowing users to add reverberation
and spatialization as needed.

As listed in Table 1, rendering a single instrument for one
part yields approximately 3 hours of audio. Rendering all
parts and instruments results in approximately 86 hours of
isolated audio tracks. Considering the possible four-part
ensemble combinations (7 Soprano, 6 Alto, 7 Tenor, and
7 Bass) for 311 chorales, this theoretically amounts to ap-
proximately 640,000 distinct ensemble configurations.

In addition to providing the complete dataset for down-
load via the accompanying website, we offer multitrack
recordings of ten chorales that can be explored using the

9 https://audiolabs-erlangen.de/resources/MIR/
2026-ChoraleWind, last access: Mar. 2026.

trackswitch.js player [26]. These chorales are iden-
tical to those used in the ChoraleBricks dataset and there-
fore enable direct comparisons between real performances
and the corresponding synthetic renderings. Moreover,
folder names and file naming conventions are consistent
with ChoraleBricks, allowing the use of the same existing
Python toolbox for sampling ensembles from the dataset.
Further information is available on the website.

6. STATISTICS AND ANNOTATIONS

In the following, we summarize essential statistics for the
ChoraleWind dataset regarding pitch, tempo, key, and time
signatures. Figure 5a shows the distribution of pitches for
the four SATB parts in MIDI notation. The lowest pitch
observed is C2 in the bass part, while the highest pitch
is E5 in the soprano part. The histogram indicates that
each part occupies a characteristic pitch range; however,
the ranges overlap in the boundary regions.

Figure 5b illustrates the distribution of tempi across the
entire chorale corpus, directly extracted from the meta-
data of the MPM’s tempo maps. The minimum tempo is
34.23 bpm in “O Traurigkeit, o Herzeleid.” This chorale
is characterized by many short phrases which in combina-
tion with the breath cycle duration of 4.3 seconds leads to
a very slow tempo. In contrast, the maximum tempo of
207.55 bpm occurs in “Herr, du hast alles, Himmel und
Erden”, which contains extended passages without breaks
or caesuras. Overall, the average tempo across the corpus
is 90.13 bpm.

Figure 6a shows the distribution of the ten most frequent
key signatures in the corpus. Of these, six correspond to
major modes and four to minor modes (including D Do-
rian). Moreover, 255 of the 311 chorales (approximately
82%) are in keys with at most three sharps or flats, mak-
ing them particularly suitable for performance by wind in-
struments. The category “Other” aggregates less frequent
modes, such as E Phrygian or F Mixolydian, and illustrates
the level of detail captured in the corpus annotations.

Figure 6b shows the distribution of time signatures in
the corpus. A total of 116 chorales (approximately 37%)
are notated in 4/4, followed by 45 chorales (approximately
14%) in 2/2. In addition, 40 chorales (approximately 13%)
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exhibit changing time signatures. This is mainly due to
the fact that some chorales originally do not specify a time
signature; representing these pieces in modern notation re-
quired the introduction of changing time signatures. How-
ever, in 11 chorales no time signature is given.

The combination of MEI, MPM/MSM, and MIDI files
provides rich annotation and performance-level informa-
tion for the audio renderings. The MEI files include de-
tailed score metadata (e.g., title, composer, key) as well as
full note-level information, enabling analyses of melody,
harmony, and part interactions. The MPM files encode
expressive parameters such as tempo and articulation, al-
lowing extraction of continuous velocity and tempo trajec-
tories for synthesis or modeling. The MIDI files offer a
convenient representation for machine learning tasks, pro-
viding precise onset and pitch information for each note
event.

7. CONCLUSIONS AND POTENTIAL
APPLICATIONS

We introduced ChoraleWind, a large-scale expressive
wind-quartet dataset derived from the Neues Thüringer
Choralbuch (NTCB), along with a fully reproducible end-
to-end rendering pipeline. It provides aligned scores, per-
formance annotations, and multitrack audio for 311 four-
part chorales, covering the full chain from MEI to expres-
sive MIDI and physical-modeling synthesis. The dataset
enables controlled evaluation of score-to-audio rendering
through precise ground-truth annotations of pitch, timing,
dynamics, and articulation, which are hard to obtain from
real recordings. By combining a rule-based performance
model with physical-modeling synthesis, ChoraleWind
captures key aspects of expressive wind-quartet perfor-
mance while remaining fully reproducible and extensible.

Future extensions of the performance model include in-
corporating sung text to inform expressive timing and emo-
tional coloring, as well as modeling long-range phrasing
across multiple phrases. Currently, velocity and tempo
contours are sampled at note onsets and held constant over
each note; more advanced representations of continuous
contours could enable more expressive and musically co-
herent synthesis.

Although synthetic, the dataset supports a broad range of
applications, such as audio synthesis, audio–score align-
ment, and automatic music transcription (AMT). For au-
dio synthesis, ChoraleWind can serve as a baseline ap-
proach for score-to-audio models, expressive MIDI gener-
ation, timbre modeling, and ensemble rendering, e. g., us-
ing DDSP-based [27] or diffusion-based [28] approaches
to synthesize wind instrument sounds directly from score.
For audio–score alignment [29, 30], ChoraleWind allows
evaluation at the instrument level. This granularity enables
detailed analyses of alignment behavior, such as identify-
ing which instruments are prioritized (e. g., trumpets in the
soprano or tuba in the bass), yielding insights that sup-
port the refinement of alignment methods. In AMT, early
work focused primarily on piano recordings [31]. While
recent Transformer-based models [32] extend transcription
to other instruments, performance on diverse datasets like
URMP [5] remains limited. With its varied instrumenta-
tion and modular design, ChoraleWind provides a valuable

resource for evaluating and improving AMT models across
a broader range of instruments.

Its compatibility with ChoraleBricks [1] enables direct
comparisons between synthetic and real performances,
establishing a transparent reference point for evaluating
methods and advancing research across the aforemen-
tioned applications.
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