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method that includes receiving musical data, identifying a succession of accentuated
events in the musical data, determining a pattern in the succession of accentuated events,
comparing the pattern to a plurality of reference patterns, and determining a match for
l the pattern using the plurality of reference patterns. The method further includes select-
ing one of the matching reference patterns, and generating a rhythmic musical accom-
paniment for the musical data based on the selected matching reference pattern. In some
cases, the musical data is MIDI data or analog audio data. Analog audio data analysis in-
l cludes detecting transients in the analog audio data by identifying the succession of ac-
centuated event in the musical data. This may include identifying a plurality of events in
the musical data, and determining whether each of the plurality of events is an accent.
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SYSTEM AND METHOD FOR DETERMINING AN ACCENT
5 PATTERN FOR A MUSICAL PERFORMANCE

CROSS-REFERENCES TO RELATED APPLICATIONS
[6861] The following non-provisional U.S. patent applications {inchuding this one} are
being filed concurrently, and the entire disclosure of the other applications are incorporated

by reference into this application in their entirety for all purposes:

10 » Application No. 13/941,486, filed July 13, 2013, and titled “System and Methed for

Generating a Rhythmic Accompaniment for 3 Musical Performance;” and

« Application No. 13/641,487_ filed July 13, 2013, and titled “System and Methoed for
Modifying Musical Data”

BACEKEGROUND

15 (8682} Drom machings and sequencers have long been used to generate rhythmic
accompaniments for musicians lacking access to a full band, dromming proficiency, ora
convenient means of recording drumming performances. Musicians typically used
prerocorded or “canned” drum loops or drum samples to create drum tracks. Although drum
sequences using canned loops can be casy to create, they are extremely Hmited in their

20 application. For example, canned loops tend to sound fornuilaic and repetitive. Also, drum
loops may be lmited in their applications. For example, dram loops at 100 beats-per-minute
(BPM) may not be uscable at 130 BPM without sigaificant sample editing and waveform
manipulation {e.g., slicing, cutting, ete.). In short, conventional methods of creating dnm
tracks vsing drum machine and sequencers typically cumbersome and tedious, and tend to

25  create mechanical sounding performances with few customizable options that yield

vnconvineing artificial perfomrances.

BRIEF DESCRIPTION OF THE DRAWINGS
1668631 FIG. 1 is a simplified diagram iHhustrating aspects of a rhythnue accompaniment
generation system for generating an accompaniment for a musical performance, according to

30 an embodiment of the invention.
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[8864] FIG. 2 is a simplified flow diagram illostrating aspects of a method of generating an
accompaniment for a musical performance, according to an embodiment of the invention.
[6865] FIG. 3A ilhustrates a sample thythm accompaniment utilizing basic musical
clements, according to an embodiment of the invention.

[B886] F1G. 3B illusirates a sample accent pattern of rhythm accompaniment, according to

an embodiment of the invention.

1668671 FIG. 3C iHustrates a sample system pattern of thythm accompaniment, according to

an embodiment of the invention.

[B808] FIGS. 3D illustrates a sample fill pattern, according to certain embodiments of the

invention.

166869 FIGS. 3E illustrates a sample fill pattern, according to certain embodiments of the

invention.

[B816] FIGS. 3F illustrates a sample fill pattern, according to certain embodiments of the

invention.

166811  FIG. 4A illustrates a simplified example of micro-timing changes 1o a note,
according to an embodiment of the invention.
[B812] FIG. 4B illusirates a simplified example of micro-timing changes o a note,
according to an embodiment of the fnvention.

[B813]  FIG. 4C illustrates a simphified cxample of micro-timing changes to a note,

according to an embodiment of the invention.

[6814] FIG. 4D illustrates a simplified example of adding micro-dynamics and

embellishments to a beat, according to an embodiment of the invention,

1B818]  FIG. 5A illustrates an input jnterface for a thythm accompanierd generation

system, according to an embodiment of the invention,

[6816] FIG. 5B illustrates an X-Y Pad configured to control the complexity and volume of

the resultmg rhythm accompaniment, according to an embodiment of the invention.

[B817]  FIG. 5C illustrates nput koobs configured 1o control thythm characteristics,

according to an embodiment of the invention.
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[B818] FIG. 5D illustrates a preset selector for an input interface, according to an

embodiment of the invention.

[8¢19] FIG. SE illusirates a focus element selector for a rhythmic accompaniment,

according to an embodiment of the invention.

5 [8928] FIG. 5F illustrates element presets for a rhythmice accompaniment, according to an

embodiment of the invention.

166821] FIG. 6A illustrates a plurality of sclectable drumming styles for different musical
genres to be applied to a thythmic accompaniment, according to an embodiment of the
invention.

10 (088221 FIG. 6B illostrates a munber of drumming styles within the indie rock genre,
according to an embodiment of the invention.
{88231 FIG. 6C illustrates a particudar drumming style within the indie rock style,

according to an embodiment of the invention.

[8824] FIG. 7A illostrates a conventional method of applying a shuffle groove to a Musical
Instrument Digital Interface (MIDT) performance, according to an embodiment of the

nvention.

[6925] FIG. 7B illustrates a MIDI pattern of arpeggiated chords prior to applying a non-
contimuous shuffle groove template, according to an embodiment of the invention.
[6826] FIG. 7C illusirates a MIDI pattern of arpeggiated chords after applying 3 non-
20 coutinuous shuffle groove template, according to an embodiment of the invention.
[6827] FIG. 8A illustrates an improved method of applying a shuffle groove to a MIDH
performance, according to an embodiment of the invention.
[B828] FIG. 8B illusirates a MIDI patiern 850 of arpeggiated chords prior to applying a
continucus shuffle groove template, according to an embodiment of the tnvention
25 [8829) FIG. 8C illustrates a MID{ pattern 880 of arpeggiated chords after applying a
continuous shuffle groove template, according to an embodiment of the invention.

[6838] FIG. 9 is a simplified flow diagram illostrating aspects of a method of generating a

shuffle groove for a musical accompaniment, according to an cmbodiment of the invention.
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[8831] FIG. 10 is 2 simplified flow diagram illustrating aspects of a method of applying
multiplc layers of groove terplates to a musical accompaniment, according to an

embodiment of the mvention.

[6932] FIG. 11 illustrates a sample track of a musical performance separaied by section,

according to an embodiment of the fovention,

{68331 FIG. 12 is a simplified diagram illustrating the amplification and processing of an
audio waveform, according to an embodiment of the invention.

[6834] FIG. 13 illustrates an analysis of a musical performance to determine an accent
pattern, according to an embodiment of the invention.

[6835] FIG. 14 illostrates aspects of accent patiern matching, according to an embodiment
of the invention.

[8836] FIG. 15 s a simplified diagram llustrating the processing of a MIDI signal,
according to an embodiment of the invention.

{88371 FIG. 16 illostrates an analysis of a musical performance to determine an accent
pattern, according {0 an embodiment of the invention

[6838] FIG. 17 illustrates aspects of accent pattern matehing, according to an embodiment
of the invention.

[683%] FIG. 18 illustrates the process of generating a rhythm accompaniment based o a
reference accent patiern, according to an embodiment of the jnvention.

[6848] FIG. 19 is a simplified flow diagram illustrating aspects of a method of gencrating
an accompaniment for a musical performance, according to an embodiment of the invention.
{3841 FIG. 20 is a simplified flow diagram illustrating aspects of a method of identifying a
phurality of events in musical data, according to an embodiment of the invention.

16842] FIG. 21 iHustrates an example of a system that can enable a user to generate a
thythimic accompaniment for a nwsical performance, according to an embodiment of the

invention.

(#0437 FIG. 22 illustrates a computer system, according to an embodiment of the present

invention.
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#0447 FIG. 23 depicts a simplified diagram of a distributed system for providing a system
and method for generating a thythmic accompaniment, according to certain cmbodiments of

the mvention.

DETAILED DESCRIPTION
[6845]  In the following description, for the purposes of explanation, specific details are set
forth in order to provide a thorough understanding of embodiments of the invention.
However, it will be apparent that various embodiments may be practiced without these

specific details.

[8¢46] Certain embodiments of the invention relate to the automatic creation of a
contimuously changing rhythmic rousical accompaniment for a given musical performance
based on (1) custonizable input parameters, (2) musical arrangement data, and (3)
characteristics of the musical performance (1.e., musical performance data). For example,
embodiments of the fnvention can analyze a live or recorded guitar track and automatically
generate a suitable percussive accompaniment {¢.g., drum track) based on characteristics of
the performance (e.g., audio waveform, Musical Instrament Digital Interface (MIDI) data,
ctc.), characteristics of the arrangement {(¢.g., chorus, intro, ctc.), and input parameters
sclecting a desived genve, stylistic embellishments, and more. Thus, a fully customizable
automatic thythmic accompaniment can be generated “on the iy and manipulated in real-

time for a realistic and human sounding performance,

186477 1n some embodiments, user customizable input parameters can include volume,
accompaniment complexity, instrument type {e.g., dram kit type}, genre type {e.g., rock,
R&B, jazz, soul, etc.), shuffle controls, and more. By allowing a user to select a goenre and
change accompaniment parameters and characteristics, an appropriate rhythmic
accompaniment can be created that better suits the musical performance. For example, a
rock-and-roll style accompaniment may betier suit a hard rock guitar performance than would
& brushed jazz sccompaniment. However, any desired combination of user parameters can be

implemented.

[G848]  In certain embodiments, rousical arrangement data can wdentify the basic
architectural elements of song, such as verse, chorus, bridge, or the hike. Identifying a song
section can be useful in determining an appropriate rhythmic accompaniment. For example,
an intro 1o a seng may be relatively quiet, subtle, or may slowly increase in volume and

complexity, while a chorus section may be up fromt, loud, Hvely, and catchy. Consequently,

(o]
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one embodiment may gencrate an intro section with simple percussive arrangements at low
volume with focus on rim shots and ping rides, and a chorus section with complex beats at
high volume with a focus on kick and snare drums with crash cymbals. 1t should be noted

that musical arrangement data can be an optional element and may not be required to

generate a thythmic accompaniment.

(80481 Musical performance data can be broken down to its elemental components such
that the basic or fundamental underlying beat, known as an accent pattern, can be determined.
Umce the accent pattern of the musical performance is determined, s matching accent pattern
(i.¢., same fundamental beat) in a musical clements database can be used o create a suitably
matching rhythmic accompaniment.  Musical performance data can be in any suitable
clecironic form including audio sample(s), MIDI track(s}, or other musical data of musical
performances such as guitar riffs, prane melodies, bass Hoes, or any rhythim or reelody from
any real or virtaal instrument. By determining the accent patiern of a musical performance,
mplementing user nput parameters, and considering mwuosical arrangement data, a very well
suited rhythmic accompaniment for the musical performance can be automatically generated
and customized to user preference. [n some embodiments, the automatically gencrated

rhythmic accompaniment can be genevated passively or in real-time.

[B856] FIG. | 1s a simplified diagram illustrating aspects of a rhythmic accompaniment
generation system (RAGS) 100 for generating an accompaniment for a musical performance,
according to an embodiment of the invention. Systern 100 includes a musical elements
database (MED) 120 that is clectrically coupled to 2 musical database filtering bleck 160, A
user interface 130, a musical arrangement block 140, and a nusical performance block 150,
are all communicatively coupled (e.g., electrically, optically, ete.} to filtering block 160. The
cutput of filtering block 160 is commumicatively coupled o MIDI generation block 170,
MID{ generation block 170 1s communicatively coupled to one or more software instnimments
i80.

16651} Block 110 can be a live performance recorded oftline and fed into the musical
clements database 120, The recorded performances of block 110 can be used to establish a
catalogued library of the various musical eiements (2.g., accents, systems, ctc.) that can be
used to create the accompaniments described herein,  Block 110 can be a live recorded
drummer, however alternative embodiments may employ any suitable recordings, samples,

ete., of the basic clements {¢.g., accents, systems, fills, ete.) of percussive, melodic, or
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harmonic performances. For example, musical elements from guitar, bass, vielin, plang, or
other instrument, virtual or otherwise, can be used to populaie the musical clements database
120. It should be noted that other alternative sources of musical elements can be
implemented, as would be appreciated by one of ordinary skill in the art with the benefit of

this disclosure.

(80521  Musical elements database 120 can be a vast library of basic elements that can be
used to create 8 musical accompanmment. MED 120 can include micro-timing data 122,
micro-dynamics data 123, system pattern 124, accent patiern data 126, and fills data 128, In
some crubodiments, micro-timing data 122 relates to shifting a note in time relativeto a
reference potnt typically by a small positive or negative amovnt to simulate a "feel” or groove
of a particolar style of music or playing style. In some aspecis, micro-dynarmics data 123 can
inchude small thythmic ombellishments to simulate particular styles of music. For example,
adding micro-dynamics may include adding double stick hats, flams, or ghost notes on a snare
or tom-tom track. Accent pattern data 126 can relate to the basic elements of a given rhythm,
1.e., the basic or fundamental beat. In some implementations, a plurality of stored accent
pattern data, referred to as reference accent patiern data, 1s compared fo accent patterns
gleaned from muosical performances {(e.g., musical data) to find a closest match. Once an
acceptable match is found, the reference accont patiern is used as a bascline or starting point
in generating the rhythode accompaniment, as further described helow. System pattern data
124 can be an accompaniment pattern that can be combined with different accent patterns.,
For example, one system pattern may inclade a series of straight 8th note hi-hats, triplets, or
any suitable configuration of notes that typically do not constitute an accent patiern. Fills
data 128 typically inchudes one or more short breaks in a particular rhythm that "fills in the
gaps” or, for example, indicates the end of @ musical bar. It shouold be noted that although
particelar musical elements are described herein, more or fewer types of musical eloments
can be used to gencrate rhythms, as would be appreciated by one of ordinary skill in the art

with the benefit of this disclosure.

180537 User input block 130 can include a user interface 1o receive one or more user
defined parameters to influence the musical accompaniment. Some definable parameters can
inchude a performance volume, rhythmic complexity, instrument type {e.g., drum kit type),
genre type (e.g., tock, jazz, fusion, R&R, aliemative, folk, cte.), swing, focus (e.g., emphasis
on kick, snare, or hi-hat, et¢.), and more. In some cases, each definable parameter can be

configured in a default setting, or can be controlied by macros or glebal preset values, as

-3
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would be appreciated by one of ordinary skill in the art. In certain embodiments, input
parameters may be automated in response to detected musical performance characteristics.
For exaople, if a2 musical performance (i.e., performance data) is determined to have a fast
tempo, with loud and frequent accents, then input parameters that complement those features
may be automatically sclected (e.g., increased vohune, simple beat pattern, cte.). Input

parameters are further discussed below with respect to FIGS. SA-10

[8854] Masical arrangement block 140 can perform an algorithmic analysis of a musical
performance to identify the basic architectural elements of song, such as verse, chorus,
bridge, or the like. This may be useful when gencrating an appropriate accompaniment for
different portions of a song. For example, an accompaniment may tend to be hvelier during a
chorus section {¢.g., louder, more complex, etc.} than during an intro section. In certain
embodiments, musical arrangement data can be an optional element and may not be required

to generate 4 rhythmic accompaniment.

[B65858]  Musical performance bleck 150 can be configured to perform an algoritiumic
analysis of a2 musical performance {e.g., guitar iiff, piano niff, bass hine, etc.) to determine its
basic rhythmic components (e.g., accent pattern). The accent pattern of the musical
performance can be matched with a number of reference accent pattorms 126 in musical
elements database 120 to help gencrate an appropriate thythm accompaniment for the musical
performance, as further discussed below. In some embodiments, system patterns, fills,
micro-timing characteristics, and/or micro-dynamics characieristics can also be
algorithmically determined, which can be used to determine which musical style of
accompaniment would be most appropriate for the musical performance. For example, if the
musical performance is very sloppy and consistently varies behind the beat, then RAGS 130

may generate a similarly paiterned accompaniment.

[8856] Masical database filtering block 160 s configured to filter the musical elements
database 120 based on inputs from the user ioput block 130, the musical arrangement block
140, and the musical performance block 150, to determine an appropriate combination of
musical elements {i.c., accent patterns, system patterns, otc.) to create a suitable
accompaniment for a particular musical performance. The selected combination of musical
clements can be algorithmically based, probability and/er statistically based, rule based, or
any suitable method of filtration and any combination thereof, as would be appreciated by

one of ordinary skill in the art with the benefit of this disclosure.
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{88571 To illustrate the filtering process, a non-Hmiting example is provided. According to
an cmbodiment, filtering block 164 receives input parameters from imput block 130 indicating
& low volume, complex rhythm in a jazz style with a 50% shutfle feel and a high number of
fills. The particular jarz style selected (selected by player “personality™) is a style replete
with micro-timing dynamics but fow micro-timing shifts. Filtering block 160 receives an
indication from mugical arrangement block 140 that the rhythmic accompaniment is for s
verse section. Finally, filtering block 160 receives an indication from nwsical performance
block 150 that a muosical performance has a particelar accent pattern. Filtering block 160
accesses musical elements database 120 and filters through the library of musical elements
(e.g., reference accent patterns, system patiomns, ete.} to find a conbination that meets the
requirements of each input 130, 146, 150 (e.g., jazz style, shufflc feel, etc.). For example,
filterimg block 160 searches through and filters the library of reference accent patterns 126 to
find one or more that match the accent pattern of the musical performance. The reference
accent pattern is selected (e.g., by algorithmically selected, probability-based selection, ete.)
and filtering block determines an appropriate combination of reference system patterns,
reference fills, reference micro-dynamics, and reference micro-timing data based on the

selected foput pararaeters 130, 140, 150

(80581 In cortain embodiments, pattern goneration is a modhar framework with some
custom made modules and script language that can filter, combine and modify patierns, based

. accent

on the various input parameters deseribed above. For example, certain patterns {e.
patterns, system patterns, etc.) are sent through different modules that modify the
“probability” of cach pattern.  In some cases, modules that modify probability may be
drummer styles (see FIG. 6A-6C). Modules can be mamually authored rules velating to the
name and content of a particular patiern, or tables can be osed that, for example, define how
well specific pattern combinations work fogether cither serially {relating to the previous
pattern} or in parailel {c.g., relating to other parts like accents, fills, reference accent patiern,
etc.). In some cases, additional to the filtering rules, certain events (e.g., notes, chords, ete.)
can be added, deleted, or moved, their velocities or articulations can be changed, otc.
Furthermore, some modules can define an interaction between different parts of the
performance {e.g., systems reacting to accents), and apply timing and dynamics of the groove

template patterns (further discussed below).

[B85¢]  MIDI generation block 170 can generate a MIDI performance based on the

combination of mosical clements selected by filter block 160, In the example cited above,
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the MIDi-based rhythmic accompaniment may be a jazz-styled beat to accompany the
musical performance. In semmary, MIDI generation block 170 puts fogether a MiDI-based
rhythmic accompaniaent {¢.g., dram beat) for the musical performance based on the filtered
musical elements and input parameters received from filter block 160, In certain
nplementations, MIDI block 170 is the ocutput of filter block 160, The output can be a MIDI
pattern or sequence of single MIDI events that are combined in a MIDI region which is
pasted into a MIDI track of a host digital audio workstation (DAW). The many possibilitics
of MIDH output configurations would be anderstood by one or ordinary skill in the art. In

some implementations, other musical formats besides MiDI can be used.

[8868] The software instraument 130 can be any suitable MIDI player configired to play the
MIDI performance generated by MIDI generation block 170, In some cmbodiments, filter
block 160, MIDI generation block 170, and software instrument 180, or certain combinations
thereof, may be performed by a single functional block of systern 100, rather than multiple
blocks (i.c., certain functional biocks have multiple functionalities). Simlarly, other blocks
(e.g., user put block 130 and musical arrangement block 140) can be functionally combined

as desived,

[8861] FIG. 2 is a simplified flow diagram illustrating aspects of a method 200 of
generating an accompaniment for a musical performance, according to an embodiment of the
mvention. Method 200 can be performed by processing logic that may comprise hardware
(e.g., circuitry, dedicate logic, otc.), software (which as is run on a general purpose
computing system o1 a dedicated machinge), firmware (embedded sefiware), or any
combination thercof, In one embodiment, method 200 is performed by elements of system
100 of FIG. 1. For example, method 200 can be performed by musical elements database

120, musical performance block 1540, filter block 160 and MIDI generation block 170

[8862] At1210, method 200 begins with storing a plurality of musical elements ina
database. In some embodiments, the database can be musical clements database 120 of FIG.
1. The musical elements can include a plurality of reference accent pattern data, reference
system pattern data, fills data, micro-timing data, micro-dynamics data, and more. The
refercnce accent data can be a pattern of accentuated musical events (i.c., “reference accent
pattern data’™) that defines the basic component eloments or fundamental beat elements of a
thythm. System reference data can be a pattern of non-accent (i.e., non-accentuated) musical

events and can be combined with accent patterns. Fills data 223 typically includes one or

i0
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more short breaks in a particular rhythm that "fills in the gaps™ or, for example, indicates the
end of a musical bar. Micro-timing data 222 can relate to shifting a note in time relative to a
reference point by a small positive or negative amount fo simulate a "feel” or groove of a
particular style of music. Micro-dynamics data 223 can include small thythmic
embellishments to simudate particular styles of music.  Although particular musical elements
are described herein, more or fewer types of musical elements can be used to generate
rhythims, as would be appreciated by one of ordinary skill in the art with the benefit of this

disclosure.

[B863] At 220, method 200 continues with algorithmically analyzing & musical
performance to determine its basic thythmic components. This can be generally referved to
as processing performance data. Processing performance data can include receiving input
data corresponding to a mwusical performance, determining one or more patterss of
accentuated events in the musical performance, matching the pattern of accentuated events
{i.e., accent paticrn) from the musical performance to one or more reference accent patterns
from the accent reference data of musical elements database 120, and selecting one of the
matching reference accent patterns to generate an appropriate thythm accompaniment for the
musical performance, as further discussed below. In certain cmbodiments, the algorithmic
analysis of & musical performance can be performed by musical performance block 150 of

FIG. 1.

180647 At 230, method 200 continues with receiving and analyzing fnput data that can
include one or more automatically selected or user selected parameters (e.g., performance
parameters} to influence the rhythmic accompamiment. This can be gencerally referred to as
processing input data. Some definable parameters can include a volume, thythm complexity,
instrument type {e.g., drom kit type), genre type {e.g., musical styles including rock, jazz,
fusion, R&R, alternative, folk, etc.), swing, focus (e.g., emphasis on kick, snare, or hi-hat,
gte.), and more. In some cases, each definable parameter can be configured in a defaukt
sciting, or can be controlied by preset valugs, as would be appreciated by one of ordinary skill
in the art.  In some embodiments, input data and any interface thercof {c.g., GUL touch

sensor fnterface, ote.) is controlled and operated by user input block 130 of FIG. 1

[B865] At 240, method 200 includes analyzing arrangement data to determine the basic
architectural elements of song, such as verse, chorus, bridge, or the like. This can be useful

when generating an accompaniment for different portions of a particular song. For example,
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an accompariment may tend to be livelier or showease a “hook” during 2 chorus section {e.g.,
fouder, more complex, eic.), rather than during an intro section. Thus, constanily changing
song sections can lead to a continuously changing rhythmic accompaniment defined by the
particular song section type, as well as the selected genre, existing tracks, player character
attributes, aser guided performance parameters, and the like. In some embodiments,
arrangement data is not required or considered when creating a musical accompaniment and
can be omitted from the accompaniment geoeration process. In some implementations, the

arrangement analysis is performed by musical arrangement block 140 of FIG. L

[B866] At 230, method 200 includes generating a musical accompaniment using the
processed performance data {e.g., selected musical elements from the database), the selected
musical style, and the sclected one or more musical performance parameters, where the
musical accompaniment includes a plurality of musical clements (e.g., notes, chords, ete.)
configured in a predetermined sequence (e.g., along a musical bar). The selected
combination of musical clements can be algorithmically based, probability and/or statistically
based, rule based, or the like. It should be noted that any suitable method of filtration and
any combination thereof can be used. In some embodiments, the arrangement analysis is
performed by the generative MIDT musical performance block 170 of FIG. 1. Although the
examples provided herein describe musical accompaniment as MIDI-based, any suitable
standard can be used, as would be appreciated by one of ordinary skill in the art with the

benefit of this disclosure.

168671 It should be appreciated that the specific steps Ulustrated in FIG. 2 provides a
particular method of generating a rhythmic accompaniment for @ musical performance,
according to an embodiment of the present invention, Other sequences of steps may also be
performed according to aliernative embodiments. In certain embodiments, method 200 may
perform the imdividual steps in a different order, at the same time, or any other sequence for a
particular application. For example, alternative embodiments may determine an accent
pattern for a musical performance and usc that patiern in lico of a reference accent pattern
from musical clements database 120 to generate the thythmic accompaniment. Morcover, the
mdividual steps Hlustrated in FIG. 2 may include multiple sub-steps that may be performed in
various sequences as appropriate to the individual step. Furthermore, additional steps may be
added or romoved depending on the particular applications. One of ordinary skiil in the art
would recognize and appreciate many variations, modifications, and alternatives of the

method.
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[B068]  Input Data

1B869]  FIG. 3A illustrates a sample rhytho accompaniment 300 utilizing basic nusical
clements, according to an embodiment of the invention. Using accompaniment 300 as a basic
model, musical elements including accents, sysitems, and fills are illustrated and described
below. Accorpaniment 300 depicts 2 four measure bar 310 with a given beat pattern in 2
sequenced format. In musical notation, a bar (or measure} is a segment of time defined by a
given number of beats, each of which are assigned a particular note value, Dividing music
into bars provides regular reference poinis to pin point locations within 8 picce of music. In
this example, cach measure has 4 beats for a total of 16 beats for the bar, although any
suitable arrangement, grouping, number of beats, etc., can be used. Accompaniment 300
inchudes a bass drum track 304, snare drum track 3035, a hi-hat track 306, and a cymbal track
307, with a plurality of quantizing segments 302 along the bar 310 for cach track. Black
sections ndicate an event {e.g., note, chord, ete.) 1s present, and white indicates no event
{e.g., silence). Inthe sequenced arrangement shown, a bass dram sample s triggered in the
first beat of the first measure and the third beat of the third measure. A snare drum sample is
riggered in the first beat of the sccond measure and the fourth measure. A hi-hat sample 1s
triggered for every beat along the bar. A cymbal sample is triggered in the first beat of the
first measure. Any suitable time signature, tempo, any number of tracks, any type of sample
file, combination tracks, ctc., can be used, as would be appreciated by ouve of ordinary skill in
the art. The various samples described herein can be MIDi-triggered samples, or any other
suttable format as would be appreciated by one of ordinary skill in the art with the benefit of

this disclosure.

[66878] FIG. 3B illustrates a sample accent pattern 320 of rhythm accompaniment 300,
according to an embodiments of the invention, Accent pattern 320 can be a pattern of
accentuated musical events {¢.g., “accent pattern data’) that defines the basic component
clements, main beat, or “essence” of a rhythm. In some cases, the accent can be broken down
to a simple bass and spare drum pattern. However, other samples, sounds, and the like can be
used to define the accent pattern {e.g., tom toms, crash cymbals, etc.). Other well-known
accent patterns that can be used to define the basic beat of the song mclade the iconic kick-
clap beat of Queen’s “We Will Rock You,” the kick-snare beat for the intro to Guns ‘n
Roses” “Paradise City,” and the static bass-snarc beat spanning most of Led Zeppelin’s
“Kashmir.” In some embodiments, reference accent patterns are stored in a musical clements

database 120 and can be divided into separate libraries containing 8 note and 16™ note

[
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positions. However, any type of reference accent patierns can be stored (e.g., 327 note

positions, etc.} as required by design,

[86871] FIG. 3C illustrates a sample system pattern 330 of rhythm accompaniment 300,
according to an embodiment of the fnvention. Systom patterns can be a pattern of non-accent
musical events and can be combined with accent patterns.  For example, a system patiern
may include eighth note or triplet patterns that one may expect 1o hear a drommer play on a
hi-hat or ride cymbal. In this example, system pattern 330 inclodes a hi-hat pattern triggered
for every beat along the bar. Fewer beats, more beats, or any configuration of system
patterns can be used, as would be appreciated by one of ordinary skill n the art,
Farthermore, system patterns can be very simple to very complex and can employ any
number of samples {e.g., combination of hi-hats and tom-toms, etc.} to create the system
pattern. In some embodiments, system patterns are independent of the other musical

elements (e.g., independent of accent patterns, fills, etc.).

[B872]  FIGS. 3D-3F ilustrate a sanple fill pattern 340, according to certain embodiments
of the mvention. Fill patterns typically include one or more short breaks in a particular
rhythim that "fills in the gaps” or, for example, indicates the end of a musical bar. Fill 340 of
FIG. 3D, for example, includes a serics of snave samples that may be heard at the end of 3
musical bar. Fill 342 of FIG. 3E includes two snare hits followed by a short drum roll across
small 308 and wediom 309 tom-tom dram tracks. Fill 344 of FIG. 3F includes a short dnm
roll followed by a kick and cymbal crash. Fills can be of any length, style, or characteristic,

as would be appreciated and practically applied by those of ordinary skill in the art.

{88731 FIG. 4A is a simplificd diagram illustrating an cxample of implementing micro-
timing changes to a note, according to an embodiment of the invention. Micro-timing
changes can inclade shifting a note in fime relative to a reference point by a small positive or
negative amount to simulate a "feel” or groove of a particular style of wmusic or a particular
propensity of a certain deonmumer. For example, some drummers may tend to play shightly
betore or after the beat. Simulating these small micro-timing changes in a note can make an
exacting computer-generated beat sound more realistic. Bar 410 includes a sequence of
scgmenis with a snare sample iriggered at measure 1, 2, and 3, as indicated by the filled
scgments 411 and 412, Snare note 413 illustrates a substituted snare sample with a negative
shift of delta 415 from segment 411, Snare note 414 illostrates a substituted snare sample

414 with a similar negative shift of delta 415 from segment 412, By implementing micro-
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time shifted snare samples 413, 414, the snare beat sequence emuldates a player who plays
certain notes slightly before the beat. It should be noted that the various “notes” or “chords”
described herein can be events. For example, a MID! event can be any note, chord, metadata,
or any suitable type of data associated with a position along a musical bar or suitable time

reference.

[B874] FIG. 4B illustrates a simplified diagram illustrating an example of implementing
micro-timing changes to a note, according to an embodiment of the invention. Bar 420
inchudes a scquence of segments with a snarc sample triggered at measure 1, 2, and 3, as
indicated by the filled scgments 411 and 412, Snare note 427 ilustrates a substituted spare
sample with a positive shift of delta 425 from segment 411, Snare note 423 illostrates a
substituted snare samople with a similar positive shift of delta 425 from segment 412, By
implementing micre-time shified snarc samples 413, 414, the snare beat sequence omulates a

player who tends to play certain notes slightly after the beat.

[B678]  FIG. 4C illustrates a sinplified diagram illustrating an example of implementing
micro-timing changes to a note, according to an embodiment of the invention. Bar 430
imchudes a sequence of segments with a spare sample triggered at measure 1, 2, and 3, as
indicated by the filled segments 411 and 412. Snarc note 432 iliustrates a substituted snare
sample with a large negative shift of dehta 435 from segment 411, Snare note 414 illustrates a
substituted snare sample with a smaller negative shift of delta 437 from segment 412, By
implementing micro-time shifted snare samples 432, 433, the snare beat sequence emulates a
“sloppy” ot “leose” player wheo tends to play before the beat. This may be desived for more
of a raw or “garage” type performance, which may be a suitable accompaniment for certain

styles of music (e.g., punk, bardcore, rock, etc.).

[8876] FIG. 4D illostrates a simplified example of adding micro-dynamics and
embellishments to a rhythmic accompaniment, according to an embodiment of the invention.
Micro-dynamics can include small thythmic cmbellishments to simulate particedar styles of
music. In some cases, micro-dynamics can be related to the velocities of events {e.g., playing
notes or events louder or softer).  Bar 440 includes a sequence of segments with a snare
sample triggered at measure 1, 2, and 3, as indicated by the filled segments 411 and 412,
Snare note (event) 442 dopicts a softer played snare event as indicated by the smalier box
442, Ahernatively, the snare event may be louder (arger box 442). In certain

mnplementations, rhythmic embellishments may be used to enhance a performance. Snare
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events 444, 446, and 448 illustrate additional snare hits {¢.g., double strokes, flams, rolls,
ghost notes, etc.) to add stylistic flare to an otherwise static snare beat. The notes are
typically added to the performance, rather than substituted like roicro-timing changes.
Embellishments can include extra notes, ghost notes, and the hike, and can be placed in any
suitable location in the rhythm. In addition to note location, micro-dynamics can include
changes in note tone, color, timbre, and more, as would be appreciated by one of ordinary

skill 1o the art with the benefut of this disclosure.

168771 FIG. 5A illostrates an input interface S04 for a rhythm accompaniment generation
system, according to an crabodiment of the fuvention. Input rderface 500 includes a number
of configurable tnput elements including Preset selector 505, XY Pad 510, Focus Element
Selector 520, element presets 530, and input knobs 540, The depiction of input interface 2006
is but one of any number of configurations or representations, and any number of
configurable inputs can be added or removed in any suitable format or configuration. In
certain embodiments, the input interface is 8 user interface configured to receive input from a
user 10 change or control certain characteristics of the generated rhythm accompaniment, as

further described below,

(86787 FIG. 5B dlustrates an X-Y Pad 510 configured to control the complexity and
volume of generated rhythm accompaniment, according to an embodiment of the invention.
Movement along the X-axis affects the complexity of the thythm accompaniment.
Movement along the Y-axis affects the volame {(i.¢., intensity) of the rhythm accompaniment.
A user manipulable puck 515 can be reancuvered around the X-Y Pad 510 to affect the
complexity and volome of the rhythm accompaniment based on its focation. The puck {or
any control element thereof) can be controlled by a aser, by automation, preset
configurations, or the like, As shown, puck 515 is configured to produce a very loud (e,
maximum volome) and substantially complex (i.e., near maxinumm complexity) thythm
accompaniment based on its relative position in the X-Y domain. Puck 517, on the other
hand, is positioned to produce a relatively soft or low volume and a very simaple {ic,,
mininum coraplexity) accompaniment based on its relative position in the X-Y domain.
Typically, only one puck is used in X-Y Pad 510 and multiple pucks are shown here for

illustration.

[B87¢] FIG. 5C illustrates input knobs 5340 configured to control thythm accompaniment

characteristics, according to an embodiment of the invention. Input knobs §44 includes a fills
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control 534 and a swing control 536, Fills control 534 controls the likelihood of fills being
played in a given thythmic accompaniment. For example, with fills control 534 set at 25%,
the likelihood of a druro fill being played at the end of a particular bar is relatively low {c.g.,
25% of the time at the end of an 8 bar or 16 bar groove). Conversely, with fills control 534
S setat 95%, the hikelihood of a drum fill being played at the end of a particular bar or
throughout the rhythmic accompaniment is very high (e.g., 95% of the time at the end of an
8-bar or 16-bar groove, as wel as interspersed fills throughout the rhythm). Swing control
536 controls an amount of shuffle “feel” currently playing in the thythm accompaniment. In
some embodiments, swing control 536 can be associated with particular groove templates as
10 further described with respect to FIGS. 6-9. To some cases, the intensity and complexity of
the fills are related to the intensity and complexity of the beat, as set in X-Y pad 510, Fills

and swing characteristics are well understood by those of ordinary skill in the art.

[B886] FIG. 53D illostrates a preset selector 505 for an input interface SO0, according to an

embodiment of the invention. Preset selector 505 inclades a number of presets {e.g., 506,

i
RN

507 with global or macro-like propertics to allow a guick selection of characteristics across
some or all of the configurable nput elements. For example, the “Light’s Out” preset 506
may produce a simple, low volume accompaniment (e.g., via X-Y Pad 510} with low swing
{e.g., swing control 536 and fow fills (e.g., fill control 534). Any number of presets and

presct configuration can be used and are not Hiwited by the examples described hercim.

20 1081} FIG. SE ilhustrates a focus element selector 520 for a rhythumic accompaniment,
according to an embodiment of the nvention. Focus element selector 520 includes tmages of
a tambourine 324, a shaker 5285, a hand clap 526, and a drum kit including bass dram 521,
snare drum 522, and hi-hat $23. In practice, focus selector S28 allows a user to select a
particular rhythmic focus for an accompaniment. For example, selecting spare 522 wili cause

25 the rhythmic accompaniment to have an emphasis on snare hits and possibly assign snare hits
to accent notes. Similarly, selecting hand clap 526 will cause the rhythmic accompaniment to
inclade an increased number of hand claps. In some embodiments, selecting a focus clement
(e.g., snarc 522} causes the rhythm accompaniment system paticrn to place an emphasis on

the selected element. fn other words, selecting snare 522 causes a heavy snare-laden system

(43
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pattern, accent pattern, of any combination thereof to be generated. Other drum clements
may be included {c.g., tonm-toms, rides, crash cymbals, ¢tc.) and function similarly as

described herein. Tn some embodiments, multiple elements can be selected as focus
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glements, Furthermore, kit pieces (e.g., hand clap, cymbals, toms, etc.) can be enabled and

disabled through the same interface.

[6882] FIG. 5F illustrates clement presets 530 for a vhythmic accompaniment, according to
an cmbodiment of the invention. Kick and snarc preset 532 inchides a number of preset
combinations of kick and snare beats that can be applied to the rhythmic accorpaniment. In
some embodiments, the kick and snare beats are applicable to a predetermined accent pattern.
For example, by pressing the “follow” button 533, the kick and snare paiterns tnchude accent
patterns similar to the accent pattern of the mwsical performance, as determined by musical
performance biock 150 of FIG. 1. In certain implementations, other presets including bi-hat,
percussion {e.g., tambourine, hand clap, eic.), or the like, can be included as clement presets
530. In some aspects, olement prosets 530 inciude a slider with fixed values to switch
between different variations of certain aspects of a performance, as described above {e.g.,
different kick/snare patterns for a particular performance, ete.). Similarly, some elements can
nclude further controls to change their tonal characteristics, such as tuning kit pieces,
opening/closing a the hi-hat, changing the relative fntensity of ghost notes or other

syncopated strokes on a kick/snare performance, eic.

(8083}  As described above, a rhythmic accompaniment can be based on 3 musical
performance (e.g., on track 1), Alternatively, a rhythmic accompaniment can be based on
multiple tracks {e.g., guitar track and bass track). For example, a rhythmic accompaniment
may be based on an accent pattern of the guitar track and later switch to an accent pattern of
the bass track. In some cases, the thythmic accompaniment may be based on a combination

of accent pattern elements from both tracks.

[B0R4] FIG. 6A illustrates a plurality of selectable dromening styles 610 for a variety
different musical genres to be applied to a rhythmic accompaniment, according o an
embodiment of the invention. Drumming styles can be osed as a macre or preset to quickly
select and filter certain desired musical characteristics from a vast assortment of possibilities.
The drum styles may include a particular genre of music, micro-timing and micro-dynamic
characteristics, kit piece elements (e.g., type of drum kit, types of drum pieces used, ete.), and
the like. The drumming styles 610 shown in FIG. 6A includes alternative rock, indie rock,
soul and R&R, and songwriter styles. Hach genre includes certain stylistic characteristics
melading kit piece types, playing styles, ctc., that are representative of that particular style,

and may inclode further sub-genves therein, as shown and desceribed in FIG. 6B below. |t
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should be understood that any number of styles can be vsed {e.g., jazz, pop, reggae, metal,
punk, etc.) and implemented in a similar fashion. in cortain embodiments, dronuning styles
may be revigwable, accessible, and selectable in a user interface controlled and/or operated
by user input block 130, Although dromming styles are primartly discussed herein, it should
5 beunderstood that rhythmic accompanbments may be generated that include stringed

instroment, wind instrument, brass ingtrument, efc., sounds and/or samples, in addition to or
instead of a percussive drum-based accompantmend. For example, “drunuming styles” may
be goitar styles with cach genre inchuding elements of guitar that are typically included ina
specific genre (e.z., tight 97 chords stabs with a clean tone may be associated with funk

10 guitar). The nearly limitless applications, permutations, and appropriate samples and sounds
that could apply to the various types of rhythmic accompaniments and their application to the
novel coneepis described herein would be appreciated by one of ordinary skill in the art with

the benefit of this disclosure.

[B885] TFIG. 6B illustrates a mumber of drumming styles within the idie rock genre,

i
RN

according to an embodiment of the invention. Selecting “indic rock”™ from the number of
genres depicted in FIG. 6A opens a folder featuring a phahity of selectable drum “personas,”
{c.g., “Kurt,” “Julic,” “Rose,” eic.} each providing a particular musical “style” with unigue
stylistic nuances to the rhythmic accompaniment while still retaining stylistic clements of the
basc genre. For example, “Julio” may exhibit different micro-timing and micro-dynamic

20 characteristics than “Rose” or “Kurt,” and be well-suited for a particular range of tempo, but

still retain basic elements of indic rock type performances.

166886] FIG. 6C illustrates a particular drumming style 630 within the ndie vock style,
according to an embodiment of the invention.  The druroming style personified as “Julio” is
described as “60’s altornative” and “disheveled.” In one embodiment, this stylecanbea

25 particularly sloppy drum style with fluctuating micro-timing shifts, but tastefully embellished
micro-dynamics that imply the 19607s style of rock. It should be noted that any number of
personalitices, styles, embellishments, or the like, can be grouped or associated in any desired
combination and the “personas™ described herein can function as presets 1o aftect the overall

sound and style of the rhythmic accompaniment. For example, the “Julio” persona described

(43
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above can provide presets for song complexity and volume as well as a small amount of
swing in generated beats. These same parameters can be individually changed at will and can
be simply used as starting points for achicving a desired sound or style. In some

embodiments, new personas can be created and customized to taste. For example, a
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customized persona named “Animal” may include maximized values for volume and fills
with minimized shoffle and a double bass kit picce. Any combination of configurable

pararaeters can be combined and assigned to personal preference.

180877 Groove templates can be selected to change cortain musical characteristics of a
rhythmic accompaniment. In some embodiments, groove templates are related to micro-
timing and micro-dynamic changes. To illustrate groove template implementation, the
process typically begins with receiving musical data. The musical data typically inchides
reference timing data and a succession of musical notes arranged with respect to the reference
timing data. For example, this can include an arvangerent of nuusical notes (¢.g., MIDI
notes) along a wusical bar. The musical bar inclodes reference timing data such as a tempo, a
timing of individual notes, etc., as would be known by one of ordinary skill in the art. A
groove feraplate can then be sclected {e.g., musical styie) and the arrangement of rousical
notes is then altered based on the selected musical style. The manner in which the notes are
altered tnclude positive or negative note position shifts from an initial position, additional

notes for embellishment, and more, as described below.

[6888] FIG. 7A ilhustrates a conventional method of applying a shuffle groove to a MIDI
performance 700, according to an embodiment of the invention. In one embodiment, a
shuffle groove can utilize an offset-based interpolated non-continuous groove template that
can be applied to a series of notes along a bar (e.g., MIDI performance}. The shuffle groove
terplate operates to shift notes along a musical bar by a certain amount depending on their
position relative to a target position to create an artificial “shuffle” groove, MIDI
performance 700 includes notes 720 and 730, with the X-axis depicting the position of the
notes along bar 705, and the Y-axis depicting an amount of offset applied at cach position
along bar 705. The diagonal lines 715, 722 indicate a predetermined positive or negative
offset applied to a note relative to a target position 710, 725, In the embodiments shown, the
posttive and negative offsets are non-continwous. For example, diagonal Hine 715 starts
positive and decreases linearly to a negative value, followed by another diagonal line
begirming again &t a positive value. In one non-lmiting example, note 720 1s located just loft
of target position 725, The positive shift is defined by the magnitude of the yv-axis
displacoment of the diagonal line 722 divectly above note 720. The positive shift is then
applied to move note 720 toward target position 725 to create 2 “shuffle” sound. I another
example, note 730 is shown just right of target position 705, thus a negative shift defined by

diagonal line 732 is applied to move note 730 toward target position 705, In general, the

20
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amount of shift required to create the shuffle feel is defined by the placement of the target
positions and the amount of shift associated with each position along the bar. Thus, when
applying groove teraplates in this manner, all notes are set to their nearest target position or
moved towards neavest target position by a certain amount {¢.g., percentage), which leads to
non-contimicus offset function. Non-contimuous offset functions can sound unnatural to the

human car and would not typically emulate what a real player would do in practice.

[688%] FIG. 7B illustrates a MIDI pattern 750 of arpeggiated chords prior to applying a
nop-continuous shuffle groove template, according to an embodiment of the invention. MIDI
notes 755, 760, and 765 arc configured in a chord configuration with slight offsets shown
between each vertically adjacent note {i.c., notes 755, 76{, and 765 form an arpeggiated
chord). Similarly, notes 770, 775, and 740 are configured as an arpeggiated chord but have
more significant offsets between vertically adjacent notes. The small offsets between
vertically adjacent notes are indicative of realistic sounding chords (e.g., arpeggiation) since a
real player would be unlikely to hit each note at exactly the same time, or may intend to hat

place small deltas between notes for cortain stylistic effects.

[66898] FIG. 7C illustrates 3 MIDI pattern 780 of arpeggiated chords after applying 8 non-
continuous shuffle groove template, according to an embodiment of the invention. As shown,
applying an 8" note swing groove termaplate to the chords of FIG. 78 causes all of the notes of
gach chord to be quantized to the exact same position. For example, notes 755, 768, and 765
are aligned to cxactly the same position. Similarly, notes 778, 775, and 780 arc also aligned
1o the same position. Although the notes have been shified toward the target notes 1o
simulate a swing feel, the note placement is quantized and exacting, resulting fn an unnatural
and mechanical soonding performance.  As a result, common drum articulations like flams,

drags, and rolls, for example, would be climinated using this approach.

[6891] FIG. 8A illostrates an improved method of applying a shuffle groove to a MIDI
performance 800, according to an embodiment of the invention. In an embodiment, a shuftic
groove can utilize a positive offsct-based interpolated continuous groove template that can be
applied to a series of notes along a bar {e.g., MIDI performance). The shuffle groove
template operates to shift notes along a musical bar by a certain amount depending on their
posttion telative 1o a target posifion to create a “shuffle” groove (i.e., shuftle dynamic).

MIDT performance 830 includes notes 820, 823, 830 and 835, with the X-axis depicting the

position of the notes along bar 805, and the Y-axis depicting an amount of offset apphied at
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each position along bar 835, Offset line 815 indicates a predetermined positive offset apphied
to a note relative 1o a target position 840, 842, 844 at cach point along bar 803, in one now-
Hmiting exampie, note 820 is located just left of target position 840 and a posttive shift
defined by offset line 815 is applied to move note 820 toward target position 840 to ¢reate a
“shuftle” sound. In a second example, note 825 is shown left of target position 842 and a
positive shift proportional to distance between note 825 and offset line 815 is applied to move
note %25 toward target position 842, In a thivd example, note 830 is shown left of target
posttion 842 and a positive shift proportional to distance between note 830 and offset line 815
is applied to move note 830 toward target position 842, In a fourth example, note 835 is
shown left of target position 844 and a positive shift proportional to distance between note
%3S and offset ne 815 15 applied to move note 835 toward target position 844, In some
embodiments, the continuous groove template varies in offsct between target positions where
substantially no offset is associated with target posttions and where offsct generally increases
m non-target positions located progressively farther from their next target position in the
posttive direction. Continoous groove templates can be arved, linear, or any combination

thereof.

[66892] In this particular cighth note shuffie template, only positive shifts are applied to the
notes. Furthermore, offset line 815 is continuous with no gaps or breaks in continuity in-
between, even when looped end to end in successive musical bars, with an offset value
specitied for every possible position in the bar. Thus, with a continuous offset, the relative
position of notes {¢.g., arpeggiated notes) remains ntact, as shown below in FIGS. 8B-8C,
resulting in a very realistic and suthentic sounding shuffle sound. Thercfore, a shutfic groove
can be added to a series of notes and chords while preserving the original feel of the
performance. Moreover, multiple layered groove templates can be applied to a sequence of
notes and chords, where each layer can retain its qualities independent of one another, as
further described below with respect to FIG. 10, Although the continuous groove template
described above applies a shuffle groove, 1t should be umderstood that any of the types of
grooves {e.g., micro-timing shifts, micro-dynamics, eic.} can also use the continuous groove

concepts described hergin,

[6893] FIG. 8B illustrates a MIDI pattern 850 of arpeggiated chords prior to applying a
continuous shuffle groove temaplate, according to an embodimerd of the invention. MIDI
notes 855, 860, and 8635 arc configured in a chord configuration with slight offsets shown

between each vertically adjacent note. Similarly, notes 870, 873, and 880 have more
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significant offsets between vertically adjacent notes. The small offsets between vertically
adjacent notes are indicative of realistic sounding chords since a real player would be
unlikely to hit each note at exactly the same fime, or may intend to hit place small deltas

between notes for certain stylistic preferences (e.g., arpeggiations).

[6894] FIG. 8C illustrates a MIDI pattomn 880 of arpeggiated chords afier applying a
contimious shuffle groove template, according to an embodiment of the invention. As shown,
applying an 3™ note swing continuous groove template to the chords of FIG. 8B collectively
shifts the notes forward to create a shuffie feel, yet maintains the original relationship
between the notes with respect to one another. For example, notes 855, 860, and 865 are
shifted i a positive direction, yet their arpeggiated configuration is maintained. Similarly,
notes 870, 875, and 880 are also shifted in a positive direction with their arpeggiated
configuration maintained.  Thus, 2 shuffle greove is applied to 2 series of notes and chords,
while preserving the oviginal feel of the performance for a realistic and authentic sounding

SWing groove.

186938} As result, common drum articulations like flams, drags, and rolls are maintained
when the groove template is applied. This also applies to chords where the notes are not
played at exactly the same time, like on a piano ov strununing a guitar {i.e., arpeggios). In
some embodiments, it 15 also possible to have otfsets that are larger than the grid or have fn-
between shift values. [t should be noted that groove patterns are not Emited to
algorithmically created patterns and could be applied fo any audio or MIDI-based event
patterns. In further cmbodiments, nput block 130 may foclude a user interface to visually
display the offset line 815 and allow user interaction to edit, manipulate, and change
characteristics of offset line 815, target positions, event {¢.g., note) resolation (e.g., 1/8 notes,

1/16" notes, ete.), and the like.

[88%6] TFIG. 9 s a simplified flow diagram illustrating aspects of a3 method 800 of
generating a shuffle groove for a musical accompaniment, according to an embodiment of the
mvention. Method 900 can be performed by processing logic that may comprise hardware
{e.g., circuitry, dedicate logic, etc.), software (which as s run on a general purpose
computing system or a dedicated machine), firmware {embedded software), or any

combination thereof. In one embodiment, method 900 is performed by system 100 of F1G. 1.

168971 A1910, method 200 begins with recciving musical data inchuding reference timing

data and a succession of musical notes arranged with respect to the reference tinming data.
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The reference timing data can include a plurality of positions forming a musical bar. In some
embodiments, the succession of musical notes can be MiDI data arranged along the musical
bar. At 920, system 100 recetves input corresponding to a selection of a shuffle groove
template. The shaffle groove template can be a selectable “personality” from a particular
genre or subset thereof, as described above with respect to FIGS. 6A-6C. In certain
embodiments, one particular personality may include shuffie-styled rhythms configured o
automatically adapt the succession of musical notes into a shuffle-patiern. Optionally, the
amount of shuffle applied to a given succession of musical notes is controlled by swing

control 53

[8898] At 930, system 100 determines a continaous positive offset for each position along
the musical bar, The continuous positive offset can be represented by an offsct line or
continuous groove template defining an amount of postiive shift to apply to a note or chord at
each position along the bar relative to a series of predetermined target notes that define a
shuffle pattern, as shown in FIG. 8A. System 100 then determines the position of cach of the
succession of musical notes along the musical bar. At 940, a positive offsct is deternived for
cach of the musical notes based on their relative position, and at 950, a positive offset is
applied for each of the musical notes to create a shuffle feel. In certain embodiments, the
continuous groove template has no breaks in continuity between each position of the musical
bar or when looped with successive nwsical bars. As discussed above, some of the pluralty
of positions can inchide target positions, where the positive offset associated with cach non-
target position (1.e., the musical notes) includes a positive offset towards the next target
position along the musical bar. In some aspects, the continuous groove template for the
shuffle groove varies in offset between target positions wherein substantially no offset is
associated with target positions, and where the offset increases in non-target positions located

progressively farther from the next target position, as thlustrated in FIG. 8A.

{6899 It should be appreciated that the specific steps illustrated in FIG. 9 provides a
particular method 900 of geonerating a shuffle groove for a musical accompaniment,
according to an cmbodiment of the prescnt invention. Other sequences of steps may also be
performed according to alternative embodiments. In certain embodiments, method 960 may
perform the individual steps in a different order, at the same time, or any other sequence fora
particular application. For exaraple, alternative cmbodiments may utilize differont target
posttions, different offsets at each position along the bar, or may utilize similar methods of

using target positions and varying shifts along the musical bar when implementing other
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musical embellishments {¢.g., micro-timing, micro-dynamics, etc.). Moreover, the individoal
steps iltustrated in FIG. 9 may include multiple sub-steps that may be performed in various
sequences as appropriate to the individual step. Furthermore, additional steps may be added
or removed depending on the particular applications. Une of ordinary skill in the art would

recognize and appreciate many variations, modifications, and alternatives of the method.

[#186] FIG. 10 is a simplified flow diagram illustrating aspects of a method 1000 of
applving multiple layers of groove templates to a musical accompaniment, according {o an
embodiment of the invention. Mcthod 1000 can be performed by processing logic that may
comprise hardware (e.g., circuitry, dedicate logic, ete.), software (which as s run on a general
purpose computing system or a dedicated machine), firmware (embedded softwareg), or any
combination thereof. In one embodiment, method 1000 is performed by sysiem 100 of FIG.

1.

#1648} At 1010, 2 musical performance is received. The musical performance canbea
succession of musical notes or chords placed along & musical bar. The nmusical performance

can be represented in any suitable format, including, but not limited to, MIDI sequences.

[6162] At 1020, method 1006 contivues with quantizing a mmsical performance, according
to an embodiment of the invention. In digital music processing technology, quantization is
the process of transforming performed musical notes, which may have some mprecision due
to expressive performance, to an underlying musical representation that eliminates this
imprecision. The process can result in notes being set on beats and on exact fractions of beats.
Thus, a sloppy or imprecise performance can be “corrected” by quantizing the notes and
moving them to cortain positions along the musical bar that make the performance sound
“tighter” or more uniform in its procision. The process of quantization is well known and s

application would be known and appreciated by one of ordinary skill in the art.

161831 At 1030, 2 selection for a first groove template is recetved and applied to the
musical performance, according to an embodiment of the invention. In some embodiments,
the first groove template can include micro-timing changes to the musical performance such
that certain musical clements fluctuate behind the beat. For example, a quantized kick-and-
snare pattern may inchade snare notes placed precisely on the beat. To one aspect, the frst
groove template can moeve the spare notes to varying locations imnnediately after its
guantized location to simulate 3 “looser”™ or more human performance. in another

embodiment, the first groove teraplate may cause both kick and snare notes 1o fluctuate
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before and after the beat (Le., their quantized starting points) to also simulate a more human

sounding performance.

[@i84] At 1040, a selection for a second groove template 1s received and applied to the
musical performance, according to an embodiment of the invention. In one embodiment, the
second groove template can include changes in micro-dynanics to embellish the musical
performance. For example, a particalar groove teraplate may incorporate additional snare
notes in the form of double sticks, flams, and ghost notes throughout the performance. It
should be noted that the different groove templates are independent of one another and the
application of onc groove template may not necessarily affect the placement or altcration of
notes incorporated by another groove template. In this case, the musical performance was
first quantized to align the notes of the musical performance into an exacting arrangement of
notes. The first groove template added micro-timing changes to add an inexact or more
realistic sounding element to the musical performance, Adding micro-dynamics {(e.g., ghost
notes} will not necessarily change the location of any of the existing notes in the musical
performance, but merely add notes.  However, if micro-dynanics were added to the nwsical
performance first, followed by micro-timing changes, the placements of the added
embelhishments may be affected since the embellishments may be subject to micro-timing

displacoments.

(#1857 At 1050, a selection for a shuffle groove template is received and applied to the
musical performance, according to an cmbodiment of the invention. As described above with
respect to FIG. 9, a shuffle feel can be systematically applied to 2 given musical performance
by applying a continuous positive offset for each position along the musical bar of the
musical performance. The contingous positive offset can be represented by an offset line or
continuous groove template defining an amount of positive shift to apply to a note or chord at
each position along the bar relative to a series of predetermined target notes that define a
shuftle pattern, as shown by offset ine 815 in FIG. 8A. The position of cach of the
succession of musical notes along the musical bar is determined and a positive offsct is
applied for each of the musical notes to ereate a shuffic feel. The continuous groove teraplate
typically has no breaks n continuity between cach position of the nusical bar or when looped
end-io-end with successive musical bars, 1t should be noted that adding a continuous offset
based shuffle to the musical performance will not necessarily affect or negate the offects of a
previeusly implemented groove template, as conventional methods typically do. For

example, as FIGS. 8B-8C clearly lhustrate, any previously existing offsets botween notes
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{e.g., chord arpeggiations, micro-timing differences, gtc.) will retain their configuration with
respeet (o cach other as cach pote is individually shified toward a target shuffle position
based on its position along the bar.  As such, realistic sounding rhythmic beats and
accompaniments can be created using multiple groove templates, while retaiing the

individoal characteristics of each.

[#186] It should be appreciated that the specific steps illustrated in FIG. 10 provides a
particular method of generating a rhythmic accompaniment for a musical performance,
according to an embodiment of the present invention. Other sequences of steps may also be
performed according to alternative embodimends. In certain embodiments, methoed 1000 may
perform the mndividual steps in a different order, at the same time, or any other sequence fora
particular application. For example, some rhythmic accompaniments may not be quantized,
or the various groove teraplates may be applied in a different order for different affects.
Alternatively, a shuftle groove template may be added prior to adding additional groove
templates. Furthermore, some groove templates can be configured to be umaffected by other
groove templates. For example, a groove template including micro-dynamics can be selected
1o maintain the position of the additional notes {e.g., ghost notes, flams, ete.) afier a shuftle
groove is subsequently apphied. That is, the shuffle groove may shift all of the notes in a
musical bar except for notes added as micro-dynamics. Any suitable combination of groove
templates and subsets thereof can be configured in any way as would be appreciated by one
of ordinary skill in the art with the benefit of this disclosure.  Moveover, the individual steps
ilfustrated in FIG. 10 may inchide multiple sab-steps that may be performed in varicus
sequences as appropriate to the individual step. Furthermore, additional steps may be added
or removed depending on the particular applications. One of ordinary skill in the art would

recognize and appreciate many variations, modifications, and alternatives of the method.

(81071  Arrangement Data

1#168] FIG. 11 illustraies a sample track of 3 musical performance separated by section,
according to an embodiment of the invention. A musical performance can be divided into a
mumber of parts inclading an intro, verse, chorus, bridge, and the like. For example, the track
{i.c., musical performance) shown in FIG. 11 includes a verse section 1114, a chorus section
1120, and a section agsigner 1130, While arrangement data is not necessary to create a
thythm accompaniment, it can be used as an input value for filtering and modification rales.

For example, by mdicating that a certain portion of a muosical performance is 8 chorus
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section, a Hvelier or catchicr accompaniment may be generated, as opposed to a section
identified as an intro. In certain embodiments, arrangement data can be used to apply pre-

contigured default templates for different song sections.

[6169] Performance Data

5 [8118] Performance data can be used as an input 1o generate a rhythmic accompaniment.
COme advantage of the present nvention is the ability to receive a musical performance in a
varicty of formats, break it down to its elemental rhythmic componenis (i.¢., accent pattern),
and create a thythmic accompaniment based on those elemental components, such that the
rhythimic accompaniment sounds particularly well-matched as if # was created specifically

10 for the particular musical performance. The musical performance can be 8 transient
waveform (e.g., analog waveform), a MIDI sequence, or other format, as would be

appreciated by one of ordinary skill in the art with the benefit of this disclosure,

111 FIG. 12 is a simplified diagram 1200 illustrating the amplification 115 and
processing of an audio waveform 1220, according to an embodiment of the invention.

15 Diagram 1200 includes an glectric stringed instrument (e.g., electric guttar) 1210, a
preamplifier (preamp)y 1215, an audio waveform 1220, and a processing block 1230, The
electric stringed nstrument 1210 can be any suitable electric mstrument {e.g., guitar, bass,
violin, etc.) that can convert acoustical sound waves {¢.g., vibrating strings} to an electrical
signal. Alternatively, the electrical signal can be generated by a microphone recording any

20 virtually any acoustic instrument {e.g., wood wind, brass, strings, or the like).

[8112] The output of mnstrament 1210 is coupled to preamp 1215 for amplification. A

preamplifier (prearp) 15 an clecironic amplificr that prepares @ small electrical signal for

further amplification or processing. 1t can be used to boost signal strength to higher levels
D Y 5 & 5 5

without significantly degrading the signal-to-noise ratic (SNR). Some clecirical audio signals

o]
RN

may not require pre-amplification and thus a preamp stage 1215 is not required. The aundio
waveform 1220 is an analog wavetorm depicting a snapshot of the magnitude of the andio
signal with respect to time. Audio waveforms 1220 can take a varicty of shapes, patterns,
and characteristics based on the type of signal detected. The various types of audic
waveforms and their pertinent characteristics (e.g., frequency, amplitude, phase, ety would

30 beunderstood by those of ordinary skill in the art.

1113]  Audio waveform 1220 is coupled to the processing and analysis block 1230, In

certain embodiments, the processing and analysis block 1230 performs transient detection
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with digital signal processing to determine a basic accent pattern to base the rhythmic
accompaniment on. In some embodiments, the signal processing can be performed by
performance biock 150 of systerm 100, Any suitable system block, processor, or the like, can

be used to perform the signal processing described herein.

[6114] FIG. 13 dlustrates an analysis of a musical performance 1300 to determine an
accent pattern, according to an embodiment of the invention. The musical performance (i.c.,
audio waveform) 1300 inchides a number of signal characteristics including audio peaks,
patterns, frequency characteristics, phase characteristics, timing characteristics (¢.g., tempo),
and the Hike. These signal characteristics can be analyzed in a digital or analog domain to
determine basic accent patterns that may repeat throughout muusical performance. Musical
performance 1300 can be performance data, audio data, audio waveform data, digital andio

data, etc.

[#115] Referring to FIG. 13, accent pattern 1310 is determined based on the signal
characteristics. Accent pattern 1310 is a repeating 4-bar patiom with accents on the last two
beats. Any type of accent pattern is capable of being detected including 8-bar patterns, 16-
bar patterns, or any other desired bar lengths. Once the accent pattern 1310 1s determined, it
is compared {o a databasc library of reference accent patterns to determine a suitable accent

pattern to base the rhythmic accompaniment, as discussed below,

i#116] FIG. 14 illustrates aspects of accent paticrn matching, according to an embodiment
of the invention. In certain embodiments, accent pattern matching includes the process of
receiving muosical data (.., bass line, guitar riff, piano track, ete.), identifying a succession of
accentuated events, and determining an accent patiorn based thereon. The accent pattern is
compared to a library or database of reference accent patterns and matched to one or more of
the closest matching reference pattern. A reference accent pattern can then be selected and a
rhythmmic accompaniment is created that is based on the reference accent pattorn. As a result,
the rhythmic accompaniment will be well-matched to the musical daia (L.e., musical
performance). In some embodiments, the accent pattern can be determined n nusical
performance biock 150 of system 100, Reference accent patterns can be stored and retrieved
from accent patiern data databasce 126 of musical clements database 120, as shown in system

100 of FIG. L.

[#117] Database 1400 depicts ten different 4-bar reference accent patiorns labeied a-,

according to an cmbodiment of the invention. As described above, the accent pattern
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determined from the musical data (1.e., musical performance} 1s compared to the reference
accent patierns to find the closest match. Using the accent pattern 1310 determined from
F1G. 13, reference accent pattern 1420 1s selected as a match. Selections can be made based
on algorithmic analysis, probability and statistical analysis, rules or policy based section, or
any suitable method and any combination thereof. Furthermwore, any type of reference accent
patterns {e.g., 4-bar, 8-bar, 16-bar patterns, odd munber bar patterns, etc.) can be stored and
referenced. In some implementations, multiple accent patterns may be derived from a
musical performance. For example, a 4-bar accent pattern and an 8-bar accent pattern may be
derived from the musical data of a musical performance. In some cases, FRD 160 can
detormine the best mateh based on characteristics of the accent patiorn, as well as other input
{(e.g., input block 130) and arrangement parameters (e.g., arrangement block 140), as firther

described above.

[B118]  FIG. 1545 a simplified diagram 1500 illustrating the processing of a MID] signal
1528, according to an embodiment of the invention. Diagram 1500 mehides a MIDI
instroment (e.g., keyboard) 1510, a MIDI-based patiorn 1520, and a processing block 1530.
The MIDI instrument 1510 can be any suitable MID device (e.g., synthesizer, virtual

mstroment, ete.) configured to generate MIDT patterns.

[#11¢]  MIDI signal 1520 is coupled to the processing and analysis block 1530, In certain
embodiments, the processing and analysis block 1530 determines an aceent pattern of MIDI
signai 1520, In some crbodiments, the accent pattern analysis is performed by musical
performance biock 150 of systerm 100, Any suitable system block, processaor, or the like, can

be used to determine the accent pattern of MIDT signal 1520,

[6128]  FIG. 16 dlustrates an analysis of a musical performance 1600 to determine an
accent pattern, according to an embodiment of the invention. Musical performance (i.e.,
MIDI signal} 1600 includes a digital piano roll 1630 inclading a plurality of playable notes
with a scquencing track 1640 configured for cach note. Musical performance 1600 includes a

number of notes 1650, 1660 sequenced on a digital piano roll 1630,

[#828} Reforring to FIG. 16, accont pattern 1610 is determined based on the MIDI pattern
on piano roll 1630, In this example, accent pattorn 1610 s determined to be a repeating 4-bar
pattern with accents on the middle two beats. Any type of patterns are capable of being
detected including 8-bar paticrns, 16-bar patterns, or even paticrns for non-iraditional bar

fengths, Once the accent pattern 1610 is deterovined, it 15 compared to a database Hbrary of
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reference accent patierns (g.g., refoerence accent patterns 126 of musical elements database

120} to determine a suitable accent pattern to base the rhythmic accompaniment.

[6122] FIG. 17 illustrates aspects of accent pattern matehing, according to an embodiment
of the invention. In cortain embodiments, accent pattern matching includes the process of
receiving musical data (e.g., MID data), identifying a succession of accentuated events, and
determining an accent pattern based thereon. The accent pattern is compared to 8 library or
database of reference accent patterns and matched to one or more of the closest matching
reference pattern. A reference acoont pattom can then be selected and a rhythmic
accompaniment is created that is based on the reference accent patiern. As a result, the
rhythmic accompaniment will be well-matched to the muosical data (i.e., musical
performance). In some embodiments, the accent pattern can be determined in musical
performance bieck 150 of systom 100, Refercoce accent patierns can be stored and retrieved
from accent patiern data database 126 of musical clements database 120, as shown i system

100 of FIG. L

161231 Database 1700 depicts ten different 4-bar reference accent patierns labeled a-,
according to an embodiment of the invention. As described above, the accent patiern
determined from the musical data {i.c., musical performance) is compared to the reference
accent patterns to find the closest match. Using the accent pattern 1616 determined from
FIG. 16, reference accent pattern 1720 1s selected as a match. Selections can be made based
on pattern matching, algorithmic analysis, probability and statistical analysis, rules or policy
hased selection, or any suitable method and any combination thereof. Any type of reference
accent patterns {e.g., 4-bar, 8-bar, 16-bar patterns, odd number bar patterns, ete.) can be
stored and referenced as required. Furthermore, multiple accent patterns may be derived
from a musical performance. For example, a 4-bar accent pattern and an 8-bar accent patiern
may be derived from the musical data of @ musical performance. In some cases, FRD 160
can determine the best match based on characteristics of the accent pattern, as well as other
input (2.g., input block 130} and arrangement parameters {e.g., arrangement block 140), as

further described above.

[6124] FIG. 18 illustrates the process of generating a rhythun accompaniment based on a
reference accent pattern, according to an cmbodiment of the invention. Database 1800
depicts ten different 4-bar reference accent patterns labeled a-j, with reference accent pattern

1810 selected as 8 match to a given muosical performance (not shown). In this example,
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reference accent pattern 1810 includes accents on the first, third, and fourth beats of 2 4-bar

rhythm.

[8128] A percussion based rhythmic accompaniment 1850 can be generated based on the
sclected reference accont pattorn 1818, Rhythmic accompaniment 1850 includes a bass druum
track 1860, a snare track 1870, and hi-hat track 1880, and a cymbal track 1890, In this
particular arrangement, the bass drnum and spare tracks are configured to track reference
accent pattern 1810 with bass and/or snare notes on the fivst, third, and fourth beats, as shown
in pattern 1820, Aliernatively, the resulting accompaniment may not match the refercuce
accent pattern and, in fact, may compliment or contrast the particular accent pattern of the
musical performance. For example, a musical performance such as 2 bass line may bea
complex accent pattern that 2 user may want in the forefront of a performance. The rhythmic
accompaniment can be configured to highlight the futricacics of the bass line by creating a
simple percussive accompaniment that does not detract from the bass performance. For
example, the kick, spare, or crash cymbals can be configured to avoid certain notes of an
accent patiern and 1uaintain a subtle percussive backdrop. There are a myriad of ways that
accent patterns can be used to create thythmic accompaniments and playing accent patterns
with a kick and snare combination is only one of many cffective and musically pleasing
methods. Although one particular sccompaniment 1850 is shown, any number of styles,
configurations, and arrangements of rhythmic accompaniments can be generated from a
single reference pattern. In addition to a reference accent pattern, user inputs {e.g., groove
templates), arvangement data, or other relevant data can be used to shape or infloence the
resulting rhythmic accompaniment. In some cmbodiments, depending on the complexity
{c.g., see FIG. SB), a generated pattern may consist of a subset of events found in a reference
pattern, exactly match the events in the reference pattern, or even add events to those found in
the reference patiern. It should be noted that “events”™ in a reference patiern can be notes,

chords, or other musical element.

[#126] FIG. 19 is a simplified flow diagram illustrating aspects of a method 1900 of
generating an accornpaniment for a musical performance, according 1o an embodiment of the
mvention. Method 200 can be performed by processing logic that may comprise hardware
{c.g., circuitry, dedicate logic, etc.), software {which as is run on a general purpose
computing system ot a dedicated maching), firmware {embedded software), or any
combination theveof. In one embodiment, method 200 is performed by aspects of system 100

of FIG. 1 mchuding musical performance block 150 and filter and rules database 160.

(ad
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#1271 At 1910, method 1900 begins with recetving musical data, according to an
embodiment of the invention. The musical data can be an analog or digitally based musical
performance. Arvalog-based nmusical data typically includes an audio waveform featuring 2
number of signal characteristics including audio peaks, patterns, frequency characteristics,

S phase characteristics, timing characteristics {e.g., tempo), and the like, and may inchide any
suitable instruments fncluding acoustic instrumoents, electric instruments, or any musical tool
that provides an electronic represendation {e.g., audio waveform) of a musical performance.
Drigital data can inchide any suitable MIDI-based instrument or device configured to generate
MiD{ patterns. In some embodiments, the musical performance block 150 of system 100

10 recetves the musical data.

(81281 At 1920, a succession of accentuated events is identified in the musical data,
according to an embodiment of the fnvention. o certain aspects, musical data can be
analyrzed to identify accentuated events and non-accentuated events. Accentuated events can

be determined for analog-based musical data (e.g., waveforms) by analog or digital signal

~—
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processing by analyzing its signal chavacteristics {e.g., audio peaks, patterns, frequency/phase
characteristics, tempo, ete.).  Accent patierns can be determine for digitally-based musical
data (c.g., MIDI data) by analyzing the velocity of MIDI note events, note pitch, note
placement or position, note duration, chord progressions, eic., as would be appreciated by one
of ordinary skill in the art with the benefit of this disclosure. In some embodiments, the

20 musical performance block 150 of system 100 can identify a suecession of accentuated events

in the musical data.

181291 At 1930, the succession of accentuated cvents is analyzed and an accent pattern is
determined, according to an embodiment of the invention. As previously described, the
accent pattern is a fundamental beat and can be used to create a thythmic accompaniment. At
25 1940, the accent pattern is compared to one or more accent reference patterns to find a match
or substantially matching pattern. Matching can be based on note placement comparison,
algorithiic analysis, probability and statistical analysis, rules or policy based sciections, or
any suitable method and any combination thercof. In certain embodinments, accerd reference

patterns can be stored in a database {e.g., accents database 126 of musical clements database

(43
<

120} for retrigval and analysis. At 1950, the accent pattern is matched to one or more
reference accent pattemns, and a matching accent reference pattern is selocted (1960). At
1970, a rhythmic accompaniment is created based, m part, on the selected reference accent

pattern.  In some cases, the thythmic accompaniment may inchude 8 constantly changing

(s
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reference accent pattern to reflect possible user edits performed on any track(s) being
followed including changes to genre, arrangoments, drummer selections, user guided

performance parameters (e.g., complexity, fills, ete.), and the like.

{6138 [t should be appreciated that the specific steps illustrated in FIG. 19 provides
particular method of generating a rhythmic accompaniment for a musical performance,
according to an embodiment of the present invention. Other sequences of steps may also be
performed according to alternative embodimenis. In certain embodiments, method 2000 may
perform the individual steps in a different order, at the same time, or any other sequence for g
particular application. Moreover, the individual steps dlustrated in FIG. 19 may include
multiple sub-steps that may be performed in varioos sequences as appropriate to the
individual step. Furthermore, additional steps may be added or removed depending on the
particular applications. One of ordinary skill 1o the art would recognize snd appreciate many

variations, modifications, and alternatives of the method.

1131 FIG. 20 is 2 simplifiecd flow diagram illustrating aspects of a method 200 of
identifying a plurality of events n musical data, according to an embodiment of the
mvention. Method 2000 can be performed by processing logic that may comprise hardware
{c.g., circuitry, dedicate logic, etc.), software {which as is run on a general purpose
computing system ot a dedicated machine), firmware {(embedded software), or any
combination thereof. In one embodiment, method 2000 can be performed by system 100 of

FI1G. 1.

[8132] At 2010, method 2000 begins with identifying a plorality of events in muosical data.
Events can include accents or non-accent characteristics. At 2020, each event 1s evaluated io
determing if it is an accent. As discussed above, accent patterns can be used to wdentify the
basic rhythmic characteristics of a musical performance (i.e., musical data), such thata
suitable rhythmic accompaniment can be created that matches musical performance. This is
typically a binary consideration, however accents can be further characterized into a number
of categories, which may be helpful in “fine tuming” or tailoring the generated rhythimic
accompaniment to the musical performance. In some cases, accents may be loud or soft {e.g.,
amplitude}, as determined at 2030, while others may be high pitched or low pitched (..,
frequency), as determined at 2040, For example, nwsical data from a musical performance
may have several basic accent patterns {a 4-bar accent pattern and an 8-bar accent patiern)

that significantly differ, but each could be used to generate a rhythmic accompaniment. In
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another example, determining an accent may be based on a prominent pitch among a series of
fower or higher pitches. In some cases, the amplitude and frequency of the accents can be
constdered to identify the better sutted accent pattern for a particular musical performance, as
would be appreciated by one of ordinary skill in the art with the benefit of this disclosure.
Other methods of determining accent patterns may be based on note or event characteristics
inchuding note prominence (i.e., volume, velocity, pitch, ¢tc.), event length, tonal
characteristics/color, timbre, the signal envelope of the vwsical performance or a part thereof,

arrangement attack, or other suitable event characteristic.

11331 It should be appreciated that the specific steps ilastrated n FIG. 20 provides a
particular method of generating a vhythmic accompaniment for 8 musical performance,
according to an embodiment of the present invention. Other sequences of stops may also be
performed according fo aliernative embodiments. In certain embodiments, method 2000 may
perform the mmdividual steps in a different order, at the same time, or any other sequence for a
particular application. Moreover, the individual steps lustrated in FIG. 20 may inclode
multiple sub-steps that may be performed in various sequences as appropriate to the
individual step. Furthermore, additional steps may be added or removed depending on the
particular applications. One of ordinary skill in the art would recognize and appreciate many
variaticns, modifications, and alternatives of the method.

[8134] Filtering Rules and Modifications

16135]  As described above, pattern generation can be a modular framework with some
custom made modules and script language that can filter, conabine and modify patterns, based
on the various fnput parameters described above. For example, certain patterns {¢.g., accent
patterns, system patterns, cte.) are sent through different modeles that modify the
“nrobability” of the selection of cach pattern.  In some cases, modules that modify
probability may be drummer styles {sce FIG. 6A-6C). For modifying patierns, events can be
selected based on any criteria such as velocity, position in musical bar, kit piece, ete., and any
desired action can be implemented {c.g., deletion, modification, ¢tc.). In summary, the
filtering process 18 highly flexible with tools o author a large number of rules to
algorithmically create musical content. In some embodiments, patterns of events {e.g.,
refercnce accent patterns, reference system patterns, ¢ic.) can be stored in musical clements
databasc 120. Tn some cases, filtoring, combining and maodifying paticms, and the various

modules described herein can be performed by filtering block 160.

[N
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[#136] Modules can be manually asthored niles relating to the name and content of 2
particular pattern, or tables can be used that, for cxample, define how weli specific pattern
combinations work together either serially (relating to the previous pattern) or in paraliel
{(c.g., relating to other parts like accents, fills, reference accent pattern, ete.). In some cases,
additional to the filtering rules, certain events {e.g., notes, chords, ete.) can be added, deleted,
or moved, their velocities or articulations can be changed, etc. Furthermore, some moduies
can define an wderaction between ditferent parts of the performance (e.g., systems reacting to

accents), and apply timing and dynamics of the groove template paticrns.

181371 I certain implementations, cach pattern {c.g., reference pattern) or a subset thercof
int the musical elements database can be assigned a vahie or probability {e.g., ranging from
to 100). Different filters can be used to change this value and the pattern with the highest
probability is more likely sclected. Depending on the character and the selected variation, &
number of patterns can be excluded by setting their probability to 0. Tables can also be used
to decrease a probability of certain patterns based on factors including elements that are
currently being played, elements played in the previous bar, or external parameters (e.g., song
tempo, ete.). For example, if a fast rock pattern is currently being played, the probability of
an R&B pattern being played next may be low. For the remaining patterns, their complexity
can be calculated and their probabilitics modified based on the current value of the

complexity parameter.

#3138} In some embodiments, events can be added or removed based on filtering rules,
probabilitics, modules, or combinations thercof. For example, ghost notes on a snare can be
added based on certain rules that may indicate that ghost notes can be added where snare
events are not already placed, some ghost notes can be transformed into short rolls, or the
amount of ghost notes and rolls may be determined by the chosen complexity and tempo,
with fewer ghost notes and rolls at higher tempi and more ghost notes and rolls and lower
tempi. In another example, snare backbeat strokes can be transformed to a flam (2., adding
another siroke right before it) in casc other parts of the pattorns are muted, and a drunmer
would have had his second hand free. In yet another example, syncopated snare notes may be
deleted in a pattern if the intensity is below a certain threshold where the snare switches to a
cross stick articulation if the syncopation pattern would not be realistically playable anymore.
As such, thythinic accompaniments can include generated patierns and modifications that are
based on what a real drommer would be able to do for added realism. In some siuations,

there may be filtering role conflicts. For example, a certain accent pattern may be included
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with a particalar system pattern. In situations where a drummer could not realistically play
the system patiern with two hands and maintain the accents, the accent pattern can be
permitied becanse the accent overrides the systern pattern. Alternative rules may apply and a

user can define musical element hierarchics and rules in any desired contfiguration.

[6139]  Although the examples herein inclade snare placement and some embellishments,
any kit piece {e.g., kick dram, tom, hi-hat, etc.) can be manipulated, modified, and applicable
per certain rules to better simulate a realistic accompaniment. Also, these concepts also apply
more broadly to rhythmic accompaniment generation across all instruments (¢.g., guitar, bass,
piano, etc.). For example, a pattero on the lower guttar register may be less likely to
imcorporate phrasing that utilizes notes on the highest frets. These rules and modifications
would be understood and actionable by one of ordinary skill in the art with the bencfit of this

disclosure.

#3148} In further ombodimenis, ovent articulations, velocities, and kit pieces can be
modified. For example, entire patiemns or subsets thereof can be moved to a differcot kit
piece. In some cases, avticulations can be changes based on a selected intensity. For
example, depending on the intensity, snare strokes may be changed from cross stick o
normal strokes to rim shots, The velocity of events in a musical bar can be changed based on
their position in the bar and the value of the sclected mtensity. In another example, the
opening of a hi-hat (i.e., samples related to the open hi-hat) can change based on the intensity
level. These are just a fow of the rules and parameters that can be used filter, modify, and
alter characteristics of event patterns, particular sounds (e.g., hi-hat characteristics), and the
fike, and many more rules and modifications would be understood and actionable by one of
ordinary skill in the art with the benefit of this disclosare. In alternative embodiments,
rhythinic accompaniment generation can be an iterative learning and adaptive process. For
example, atier frequent use, certain patterns, preferences, and settings can be analyzed by
elements of system 100 to determine rhythmic accompaniments that are more likely to soita
particular user’s preferences. For instance, a user may typically like more complex rhythms
faden with many micro-dynarsics. Subscquent thythmic acconpaniments may reflect this

preference as a default setting.

[8141] Svstem Arclhitecturg

§3421 FIG. 21 illostrates an example of a system 2100 that can enable 3 user to generate a
[ ¥ g

rhythmic accompaniment for a musical performance, according to an erabodiment of the

~1
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mvention. System 2100 can be a device that can inclade moltiple subsystoms such as a
display subsystem 2105, one or more processors or processing units 2110, a storage
subsystem 2115, and a communications system 2160, Oue or more coranwmication paths can
be provided to enable one or more of the subsysterns to communicate with and exchange data
S with one ancther. The various subsystems in FIG. 21 can be implemented in software,

hardware, firmware, or combinations thercof. In some embodiments, the software can be
stored on a transitory or non-transitory compuier readable storage mediun and can be
exceuted by one or more processing units. In certain cmbodiments, storage subsystem 2115
COmMPrises one of moic memorics for storing the data used or generaied by certain

10 embodiments of the present invention and for storing software (e.g., code, computer

mstroctions) that may be executed by one or more processing units 2110,

{83431 1 should be appreciated that system 2100 as shown in FIG. 21 can include more or
fewer components than those shown in FIG. 21, can combine two or more components, or

can have a different configuration or arrangement of components. In some embodiments,

i
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system 2100 can be a part of a portable computing device, such as a tablet computer, a
mobile telephone, a smart phone, a desktop computer, a laptop computer, a kiosk, ete. The

system 2100 can operate on an 1Phone®, 1Pad®, iMac®, or the like.
o % 2 2

[#144] In some embodiments, display subsystem 21035 can provide an interface that allows
a user to interact with system 2100, The display sobsystem 2105 may be a cathode ray tube

20 (CRT), a flat-pancl device such as a hquid crystal display (LCD), a projection device, a touch
screen, or the fike. In general, use of the term "output device” is intended to include all
possible types of devices and mechanisms for outputting information from system 2100, For
example, a software keyboard may be displayed using a flat-panel screen. In some
embodiments, the display subsysiem 2105 can be a touch interface, where the display

25 provides both an interface for outputting information to a user of the device and also as an
mterface for receiving inputs. In other embodiments, there may be separate input and output
subsystems. Through the display subsystem 21035, the user can view and interact with a GUI
(Graphical User Interface) 2120 of a system 2100, In seroe implementations, the GUT shown

can include clements from user input block 130, musical arrangement block 140, and/or

(43
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musical performance block 150, In some embodiments, display subsystem 2105 can include
a touch-sensitive interface (also sometimes referred to as a touch screen) that can both display
mformation to the user and receive inputs from the user. Processing unit{s} 2110 can include

one or more processors, each having one or more cores. In some embodiments, processing
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unit(s} 2110 can execute instractions stored in storage subsystem 2115, System 2100 can
further include an audio system to play music {(c.g., accompaniments, musical performances,

cte.) through one or more audio speakers {not shown).

(81457 Communications system 2160 can include varicus hardware, firmware, and
software components to cnable clectronic convmunication between multiple computing
devices. Communications system 2160 or components thereof can communicate with other
devices via Wi-Fi, Bluetooth, infra-red, or any other suitable compmmications protocol that
can provide sufficicntly fast and reliable data rates to support the real-time jam session

functionality described hereiu.

[6146] Storage subsystem 2115 can include various memory unils such as a system
memory 2130, a read-ondy memory {ROM) 2140, and a non-volatile storage device 2150,
The system memory can be a read-and-write memory device or a volatile read-and-write
memory, such as dynamic random access memory. Systerm memory 2130 can store some or
all of the fustructions and data that the processor(s) or processing unit(s) need at runtime.
ROM 2140 can store static data and instructions that are used by processing umit{s) 2110 and
other modules of system 2100. Non-volatile storage device 2150 can be a read-and-write
capable memory device. Embodiments of the invention can use a mass-storage device {such
as a magnetic or optical disk or flash memory) 8s a permanent storage device. Other
embodiments can use a removable storage device {e.g., a floppy disk, a flash drive) as a non-

volatile (¢.g., permancent) storage device.

[8147] Storage subsystem 2115 can store MIDI (Musical lnstroment Digital Interface) data
relating to accompaniments played on virtual instruments of system 2100 in MIDI databasc
2134, A musical clements database 2132 can store music cloements such as a library of
micro-timing data, micro-dynamics data, systems data, accents data, fills, and other musical
elements. Storage subsystem 115 may also store audio recording data, and general song data
(e.g., with track and instrument data). For MIDI-based tracks, MID data may be stored.
Similarly, for audio-based tracks, audio data can be stored (e.g., audio files such as .wav,
aop3, and the Hke). Further detail regarding system architectore and the auxiliary
components thereof (e.g., input/output controliers, memory controllers, ¢tc.) are not discussed
in detail so as not 1o obfuscate the focus on the invention and would be understood by those
of ordinary skill in the art. In certain embodiments, system 2100 can fncorporate system 100

therein.
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[#148] FIG. 22 illustrates a computer system 2200 according to an embodiment of the
present invention, The user interfaces described herein (e.g., user fnput block 130} can be
implerented within a computer system such as computer system 2200 shown here.
Computer systemn 2200 can be implemented as any of various computing devices, inchading,
5 ¢.g., a desktop or laptop computer, tablet compuler, smart phone, personal data assistant
{PDA), or any other type of computing device, not limited to any particular form factor.
Computer systom 2200 can include processing unit(s) 2205, storage subsystem 2210, input
devices 2220, output devices 2225, network interface 2235, and bus 2240, In some
embodiments, systern 2200, system 100, other suittable systems or a combination thereof, can
10 be operated in within the framework of Garageband® or Logic®, developed by Apple

Computer ®,

[6149] Processing unit(s) 2205 can include 2 single processor, which can have one ot more
cores, or multiple processors. In some embodiments, processing unit{s) 2208 can include a

general purpose primary processor as well as one or more special purpose co-processors such

i
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as graphics processors, digital signal processors, or the like. In some embodiments, some or
all processing units 2205 can be implemented vsing customized circuits, such as application
specific mtegrated civcuits (ASICs) or field programmable gate arrays (FPGAs). In some
embodiments, such integrated circuits execute instructions that are stored on the circuit itselfl
In other embodiments, processing unit(s) 2205 can cxecute instructions stored in storage

20 subsystem 2210,

1156  Storage subsystern 2210 can include various memory units such as a system
memory, a read-only memory (ROM), and a permanent storage device. The ROM can stove
static data and stroctions that are needed by processing unit(s) 2205 and other modules of
clectronic device 2200, The permanent storage device can be a read-and-write memory

25 device. This permanent storage device can be a non-volatile memory unit that stores
nstructions and data even when computer system 2200 is powered down. Some
embodiments of the fnvention can usc a mass-siorage device (such as a magnetic or optical
disk or flash memory) as a permanerd storage device. Uther erabodiments can use a

removable storage device (e.g., a floppy disk, a flash drive) as a permanent storvage device.

(43
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The system memory can be a read-and-write memory device or a volatile read-and-write
memory, such as dyramic random access memory. The system memory can store some or all

of the mstructions and data that the processor needs at runtime.
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[#151] Storage sebsystem 2210 can include any combination of computer readable storage
media including semiconducior memory chips of various types (DRAM, SRAM, SDRAM,
flash memory, progragunable read-only memory) and so on. Magnetic and/or optical disks
can also be used. In some embodiments, storage subsystem 2210 can include removable
storage media that can be readable and/or writeable; examples of such media inchide compact
disc (CD}, read-only digital versatile disc {e.g., DVD-ROM, dual-layer DVD-ROM),
read-only and recordable Blue-Ray® disks, ultva density optical disks, flash memory cards
{e.g., SD cards, minit-SD cards, micro-SE cards, etc.), magnetic “floppy” disks, and so on.
The computer readable storage media do not include carrier waves and transitory clectronic

signals passing wirciessly or over wired connections.

[6152] Insome cmbodiments, storage subsysiem 2210 can store one or more software
programs to be execcuted by processing unit{s) 2205, such as a usor imterface 2215, As
mentioned, “software” can refer to sequences of instructions that, when executed by
processing unit(s) 2205 cause computer system 220 to perform various operations, thus
defining ouve or more specific machine implementations that execute and perform the
operations of the software programs. The instructions can be stored as firmware residing in
read-only memory and/or applications stored in magnetic storage that can be read into
memory for processing by a processor. Software can be implemented as 2 single program or
a collection of separate programs or prograra modules that interact as desired. Programs
and/or data can be stored i non-volatile storage and copied in whole or in part to volatile
working memory during program exceution. From storage subsystem 221, processing
unit{s} 2203 can retrieve program instructions to execute and data {o process in order to

execute varipus operations described herein,

(#8537 A user interface can be provided by one or more user input devices 2220, display
device 2225, and/or and one or more other user output devices (not shown). Input devices
2228 can include any device via which a user can provide signals to computing system 2200;
computing system 2200 can interpret the signals as indicative of particuiar user requests or
information. In various embodiments, input devices 2220 can include any or all of a
keyboard touch pad, touch screen, mouse or other pointing device, scroll wheel, click wheel,

dial, button, switch, keypad, microphone, and 50 on,

(#1584 Output devices 2225 can display images generated by elecironic device 220(.

Cutput devices 2225 can inclade varicus image generation technologies, ¢.g., a cathode ray
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tobe (CRT), Hyuid crystal display (LCD), Eght-emitting diode (LED) including organic
fight-emitting dicdes (OLED), projection system, or the like, together with supporting
clectronics (e.g., digitai-to-analog or analog-to-digital converters, signal processors, or the
like), indicator Hghts, speakers, tactile “display” devices, headphone jacks, printers, and so
on. Some embodiments can inchide a device such as a touchscreen that function as both

inpui and output device.

[#155]  In some embodiments, output device 2225 can provide a graphical user interface, in
which visible image elements in cortain areas of output device 2225 are defined as active
clements or control eloments that the user selects using user mput devices 2220, For
example, the user can manipulate a user input device to position an ON-sSCrCen CUISOY OF
pointer over the contro] clement, then click a button to indicate the sclection. Alternatively,
the user can touch the control clement {¢.g., with a finger or stylus) on a touchsereen device.
In some embodiments, the aser can speak one or more words associated with the control
element (the word can be, ¢.g., a label on the element or a function associated with the
clement). In some embodiuents, user gestures on a fouch-sensitive device can be recognized
and nterpreted as input commands; these gestures can be but need not be associated with any

particular array n output device 2225, Other user interfaces can also be implemented.

[#186] Network interface 2235 can provide voice and/or data conununication capability for
electronic device 2200. In some embodiments, network interface 2235 can inclade radio
frequency (RF) transceiver components for accessing wireless voice and/or data networks
(e.g., using cellular telephone technology, advanced data network technology such as 3G, 4G
or EDGE, WiFi (JEEE R32.11 family standards, or other mobile conmnunication
technologies, or any combination thereof), GPS receiver components, and/or other
components. [n some embodiments, network interface 2235 can provide wired network
connectivity (e.g., Ethernet) in addition to or imstead of a wireless interface. Network
mterface 2235 can be inplemented using a combination of hardware (e.g., antennas,
modulators/demodulators, encoders/decoders, and other analog and/or digital signal

processing cireuits) and software components.

[6187] Bus 2240 can nclude various system, peripheral, and chipset buses that
communicatively connect the vumerous iternal devices of electronic device 2200. For
example, bus 2240 can communicatively couple processing unit(s) 2205 with storage

subsystem 2210, Bus 2240 also connects to tnput devices 2220 and display 2225, Bus 2240
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also couples electronic device 2200 to a network through network interface 2235, In this
manner, electronic device 2200 can be a part of 2 network of multiple computer systems (2.g.,
& local arca network (LAN), 2 wide area network (WAN), an Intranet, or a network of
networks, such as the Internet. Any ov all components of electronic device 2200 can be used

in conjunction with the invention.

[B188] Some embodiments include electronic components, such as microprocessors,
storage and memory that store computer program instructions in a computer readable storage
medium. Many of the features described in this specification can be implemented as
processes that are specified as 2 set of progrars fnstructions encoded on a comaputer readable
storage medinm. When these program instractions are exccuted by one or more processing
uniis, they cause the processing unit(s) to perform various operation indicated in the program
mstructions. Examples of program instructions ot computer code include machine code, such
as 1s produced by a compiler, and files including higher-level code that are executed by a

computer, an electronic component, Or a8 BHCTOPTOCESSOT Using an interpreter.

16188 It will be appreciated that computer system 2200 is illustrative and that variations
and modifications are possible. Computer system 2200 can have other capabilities not
specifically described here (e.g., mobile phone, global positioning system (GPS), power
management, onNe OF MOTS CamMeras, various connection ports for connecting external devices
or accessories, etc.). Further, while computer system 2200 is described with reference to
particular blocks, it is to be understood that these blocks are defined for convenience of
description and are not intended to foply a particular physical arrangement of component
parts. Further, the blocks need not correspond to physically distinet components. Blocks can
be configured to perform varicus operations, ¢.g., by programming a processor or providing
appropriate control circuitry, and various blocks might or might not be reconfigurable
depending on how the mitial configuration is obtained. Embodiments of the present
mvention can be realized in a variety of apparatus including electronic devices mmplemented

using any combination of circuilry and software.

[6168] Whilc the invention has been described with respect to specific embodiments, one
skilled in the art will recognize that numerous modifications are possible inciuding the
displaved representation of the user interface 130 and the configuration of the various
elements therein, such as their position, organization, and function, filtering rules and

analysis, etc. Thus, although the invention has been described with respect to specific

Y
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embodiments, it will be appreciated that the invention is intended to cover all modifications
and equivalenis within the scope of the following claims. In some embodiments, systom 180

can be implemented wholly or 1o part by system 2200.

[#161] System 100 depicted in FIG. 1 may be provided in varicus configurations. In some
embodiments, system 100 may be configured as a distributed systom where one o1 more
components of system 100 are distributed across one ov more networks m the cloud. FIG. 23
depicts a stmplified diagram of a distributed system 2300 for providing a system and method
for generating a rhythmic accompaniment according to some embodiments, according to an
embodiment of the invention. I the embodiment depicted in Fig. 23, system 100 is provided
on a server 2302 that is commumicatively coopled with a remote client device 2304 via

network 2306.

[#1627 Network 1306 may include one or more communication networks, which could be
the Internet, a local arca network (LAN), a wide area network {WAN), a wircless or wired
network, an Intranet, a private network, a public network, a switched network, or any other
suitable commumication network, Network 2306 may include many interconnected systems
and communication links including bat not restricted to hardwire links, optical links, satellite
or other wireless communications links, wave propagation links, or any other ways for
communication of information. Various commumication protocols may be used 1o facilitate
communication of information via network 2306, including but not restricted to TCP/IP,
HTTP protocols, extensible markup language (XML), wireless application protocol (WAP),
protocols under development by industry standard organizations, vendor-specitfic protocols,
customized protocols, and others. In the configuration depicted in Fig. 23, aspects of system

100 may be displayed by client device 2304,

[#163] In the configuration depicted in Fig. 23, system 100 is remotely located from chent
deviee 2304, In some embodiments, server 2302 may perform the accompaniment generation
functions described herein. In some embodiments, the services provided by server 2302 may
be offered as web-based or cloud services or under a Software as a Service (SaaS) model.
[#164] It should be appreciated that various different distributed system configurations are
possible, which may be different from distributed system 2300 depicted 1a FIG. 23, The
embodiment shown in Fig. 23 is thus only one example of generating a rhythm

accompaniment and is not intended to be limiting.
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[#165] While the invention has been described with respect to specific cmbodiments, one
skilled in the art will recognize that numerous modifications arc possible. Thus, although the
invention has been described with respect to specific embodiments, it will be appreciated that
the invention is intended to cover all modifications and equivalents within the scope of the

following claims.

{8166 The above disclosure provides examples and aspects relating to various
embodiments within the scope of claims, appended hereto or Iater added in accordance with
applicable law. However, these examples are not Himiting as to how any disclosed aspect

may be implemented,

[8167] Al the features disclosed in this specification {including any accompanying claims,
abstract, and drawings) can be replaced by alternative features serving the same, cquivalent
or similar purpose, unless expressly stated otherwise. Thus, unless expressly stated
otherwise, each feature disclosed is one example only of a generic series of equivalent or

simuar features,

[8168] Any element in a claim that does not explicitly state “means for” performing a
specified function, or “step for” performing a specific function, is not to be uderpreted as a
“means” or “step” clause as specified in 35 US.C. § 112, sixth paragraph. In particular, the
use of “step of” in the claims herein is not intended to invoke the provisions ¢f 35 US.C. §

112, sixth paragraph.
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WHAT IS5 CLAIMED i8:

I. A computer-implemented method comprising:

receiving musical data;

identifying a succession of accentuated events in the musical data;
determining a patters in the succession of accentuated events;
comparing the pattern to a plarality of reference patterns; and

determining a maich for the pattern using the pluraiity of reference patterns.

2. The method of claim 1 further comprising:
selecting one of the matching reference patterns; and
generating a rhythmic musical accompaniment for the musical data based on

the selected maiching reference pattern.

3 The method of claim | wherein the musical data is MIDI (musical

mstrment digital interface} data.

4. The method of ¢laim 1 wherein the musical data is analog audio data,
and wherein the method further compriscs detecting transients in the analog audic data,
wherein detecting transients is performed prior to identifying the succession of accentuated

event in the musical data.

5. The method of claim 4 wherein identifying a succession of accentuated
events in the musical data inclades:
identifying a plurality of events in the musical data; and

deternyining whether cach of the plurality of cvents is an accent.

6. The method of claim S wherein determining whether cach of the
plurality of events is an accent further includes determining whether the accents are loud

accents or soft accents as compared to a reforence accent amplitade.

7. The method of claim 3 wherein determining whether cach of the
plurality of events is an accent further inclodes determining whether the acconts are high

acconts or low accents as conpared to a reference accent frequency.

8. A computer-implemented system, comprising:

One 07 1ROTC ProCossors,

46



53

o

6

3

3 [\-] o

E

EE S N (9]

o2

53

X

WO 2015/009380

ORe Or more non-transitory computer-readable storage mediums containing
instructions configured to cause the one or morg procesors to perform operations inchuding:

receiving musical data;

identifying a succession of accentuated cvents in the musical data;

determining a pattern in the succession of accentoated ovents;

comparing the pattern to a plurality of reference patteros; and

determining a match for the pattern using the plurality of reference patteros.

9, The system of claim 8 further comprising instroctions configured to
cause the one or more processors to perform eperations melading:

selecting one of the matching reference patterns; and

creating & rhythmic mwsical accompaniment for the musical data based on the

selected matching reference pattern.

10, The system of claim 8 wherein the musical data is MIDI (nwsical

mstrument digital mterface) data.

1. Thesystem of claim § wherein the musical data is analog audio data,
and wherein the method further comprises imstructions configured to cause the one or more
processors to perform operations including detecting transiends in the analog audio data,
wherein detecting transients is performed prior to identifying the succession of accentuated

event in the musical data.

12, The system of claim 11 wherein identifying a succession of
accentiated events in the musical data includes:
identifying a plurality of events in the musical data; and

deternyining whether cach of the plurality of cvents is an accent.

13. The system of claim 12 whercin determaining whether cach of the
plurality of events is an accent further inchides determining whether the accents are loud

accents or soft accents as compared to a reforence accent amplitade.

14. The system of claim 12 wherein determining whether cach of the
plurality of events is an accent further includes determining whether the accents are high

acconts or low accents as conpared to a reference accent frequency.

PCT/US2014/042702
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15, A computer program product stored on a non-transitory compuior-
readable storage medium comprising computer-executable instructions causing a processor
to:

receive musical data;

wdentify a succession of accentuated events in the musical data;

determine a pattemn in the succession of accentuated events;

compare the pattern to a plurality of reference patterans; and

deternyine a match for the patiern using the plurality of reference patterns.

16, The computer program product of clatm 15 further comprising
computer-execiutable instructions causing the processor to:

select one of the matching reference patterns; and

create a rhythmic musical accompaniment for the musical data based on the

selected matching reference pattern.

17. The computer program product of claig 15 wherein the mwsical data is

MIDI {musical instrument digital interface) data.

18. The computer program product of claim 15 wherein the musical data is
analog

audic data, and wherein the method further comprises computer-exccutable
instractions causing the processor o

detect transients in the analog andio data, wherein detecting transients s

performed prior to identifying the succession of accentuated event in the musical data.

19. The computer program product of claim 18 wherein identifying a
succession of accentuated events in the musical data includes:
identifying a plurality of events in the musical data; and

determining whether each of the plurality of events is an accent.

20.  The computer program product of claim 19 wherein determining
whether cach of the phwality of events is an accent further includes one of determining
whether the accenis are loud accents or soft accents as compared to a reference accent
amplitude or determining whether the accents are high acconts or low accents as compared to

a reference accent froquency.
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