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Description

Technical Field

[0001] The present invention relates to an arrangement and a method of mixing music tracks, a computer program
product for performing the method, and to a player unit for use in such an arrangement.

Background

[0002] Computer-based systems and methods for mixing music tracks have existed for a long time, with increasingly
refined tools andmethods. Simply transitioning from onemusic track to another, including the adjustment of tempo, pitch,
etc. iswell known in the art. Formore flexible combinations, amusic trackmaybe separated into different components that
may be handled individually.
[0003] In some cases, a music track is presented as a combination of separate components. Alternatively, it is also
known in theart to separatemusic tracks into components,which in this documentwill be referred to as "stems".Stemscan
be selected in any suitable way. For example, there may be one stem for vocals and one for each different instrument, for
example, drums, bass, guitar and piano. Alternatively, there may be one stem for the rhythm instruments, one for the
melody and separate stems for other instruments. A simple implementation would be to have one stem for the melody,
such as vocals, and one for everything else. Several different programs exist for generating stems from music tracks.
[0004] US patent publication No. 2023/0360618 A1 relates to the combination of stems from different music tracks. In
particular, this prior art application suggests including a vocal stem from one music track in another music track. The two
tracksarematchedbased, i.a., onbeat analysis,where thevocal stemof thefirstmusic track isadapted tomatch the tempo
of the second music track and then added to the second music track. US 2023/0360618 does not address the situation
where the tempo and character of each track may vary and, therefore, the proposed method will mainly be suitable for
limited portions of a music track.

Summary of the invention

[0005] It is an object of the present disclosure to enable mixes of longer sequences of different music tracks, even if the
characteristics of the tracks vary over time.
[0006] The present disclosure therefore relates to an arrangement for creating amusic mix based on at least a part of a
base music track and an incoming music track, the arrangement comprising a stem remap unit, adapted to:

- obtainabaseanalysis of thebasemusic track, thebaseanalysis comprisinganumberof descriptorswith respect to its
characteristics over time,

- obtain an incoming track analysis of at least one stem of the incoming music track, the incoming track analysis
comprising a number of descriptors with respect to the characteristics of at least a first and a second plurality of
granules of one stem of the incoming track over time,

- basedonacomparisonof thedescriptorsof thebasemusic trackand theat leastonestemof the incomingmusic track,
rearrange the order of a plurality of granules of the at least one stem to match the characteristics of the base music
tracks over time, the rearranging resulting in a first mapping of the stem to the base music track.

[0007] The arrangement further comprises a player unit configured to obtain at least the incoming music track from an
original track database and render a first output track to be played based on the at least one stem, and the mapping.
[0008] The disclosure also relates to a computer-based method of mixing at least parts of a base music track and an
incoming music track, comprising

- obtaining, from an analysis database, an analysis of the base music track comprising a number of descriptors with
respect to its characteristics over time

- obtaining, from the analysis database an analysis of at least one stem of the incoming music track, comprising a
numberof descriptorswith respect to its characteristicsover timeandadivisionof theat least onestemof the incoming
music track into a number of granules,

- based on a comparison of the analyses of the basemusic track and the at least one stem of the incomingmusic track,
rearranging the granules of the at least one stem to match the characteristics of the base music track over time, the
rearranging resulting in a first mapping of at least some granules of the stem,

- obtaining at least the basemusic track and the incomingmusic track, the incomingmusic track being split into at least
two stems representing different components of the respective music track, and

- rendering an output track to be played, based on, the at least one stem of the incoming music track, and the first
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mapping of the at least one segment of the incoming track.

[0009] The arrangement and method outlined above enable the adaptation of a stem of an incoming music track to the
structure of a basemusic track bymoving parts of the stem, referred to as granules, around tomatch the characteristics of
the base music track.
[0010] The steps of themethod abovemay be repeated based on a comparison of the analyses of the basemusic track
and the at least one stem of the incomingmusic track, including rearranging the granules of the at least one stem tomatch
the characteristics of the base music track over time, the rearranging resulting in a second mapping of at least some
granules of the stem which is different from the first mapping, obtaining at least the base music track and the incoming
music track, the incoming music track being split into at least two stems representing different components of the
respective music track rendering an output track to be played, based on at least one stem of the base music track, the at
least one incoming track, and the second mapping of the at least one segment of the incoming track. In this way, several
alternative versions of a mix based on the same base track can be created. The step of rendering the output track to be
playedmay then involveapplying the firstmappingand thesecondmappingat different timesduringplaybackof theoutput
track. This enables switching back and forth between different versions during playback.
[0011] Preferably, the output track is rendered based on the at least one stem of the incoming music track, and the first
mapping of the at least one granule or sequence of granules of the incoming track and at least one stem of the basemusic
track. In this case, theplayer unit is further configured toobtain thebasemusic track, and render thefirst output trackbased
on the at least one stem, the mapping and the base music track. This will enable the mix of the at least one stem and the
base track to be played together.
[0012] According topreferredembodiments, thegranulesare rearrangedso thatanumberof consecutivegranules form
a segment and the mapping involves rearranging the order of at least a first and a second segment. The method then
suitably involves creating at least a first and a second segment, each segment comprising a plurality of consecutive
granules, wherein the step of rearranging the granules involves rearranging the at least first and second segment. The
grouping of granules into segments enable amore efficient handling of the different parts of the incoming stem.Preferably,
the segments canvary in size so that consecutivegranules havingsimilar properties, ormatchingaparticular portionof the
base track can be handled as one unit.
[0013] The arrangementmay further comprise amutation generator arranged to generate at least a first mutation of the
first mapping to create a newmapping of the stem to the basemusic track, and a selection unit arranged to select the first
mapping or the new mapping.
[0014] Optionally, the arrangementmay further comprise a suggestion engine arranged to obtain a base analysis of the
basemusic track, the base analysis comprising a number of descriptorswith respect to its characteristics over time, select
an alternative incomingmusic track andobtain an alternative incoming track analysis of at least one stemof the alternative
incomingmusic track, the incoming track analysis comprising anumber of descriptorswith respect to the characteristics of
at least a first andasecondplurality of granulesof onestemof thealternative incomingmusic trackover time, andgenerate
asuggestedmappingbasedon thebasemusic trackanalysisand thealternative incoming trackanalysis.Theplayerunit is
the preferably arranged to render the output track as a combination of the first mapping and the suggested mapping or
several suggested mappings.
[0015] The disclosure also relates to an arrangement for providing music tracks suitable for mixing, comprising:

- a mastering and stem splitting unit arranged to receive a first music track and split it into at least a first and a second
stem, creating an original track,

- an analysis unit arranged to derive descriptors from the original track and/or stems, the descriptors relating to how the
qualities of the original track and/or stem change over time,

- an analysis database arranged to store the result of the analysis,
- an original track database arranged to store the first music track in the form of stems, in a format that may be used to

create a playable track.

[0016] This arrangement will provide the information used by the above-described arrangement for creating a music
mix. The analyses are preferably performed off-line and the arrangement may serve a number of users creating music
mixes, providing them with tracks, stems and analysis data.
[0017] The disclosure also relates to a player for use in an arrangement for creating amusicmix according to the above,
said player being arranged to obtain a mapping of at least a first incoming stem, said mapping representing an order of
segmentsof theat least first incomingstem,obtain thefirst incomingstem, rendera reorderedversionof thestembasedon
the mapping divide the stem into chunks to facilitate playback of the stem according to the mapping, optionally together
with a base track.
[0018] Theplayermaybe configured to instantly switch fromafirst to a second version of audio basedon the samebase
track, by determining a current beat position in the base track, and switching from a first timecode in the first version to a
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second timecode in the second version, both the first and the second timecode corresponding to the current beat position
in the base track, to maintain musical continuity.
[0019] Hence, the disclosure relates to an arrangement and a method for dynamically creating new musical pieces
according touser requests bycombiningmusic frommultiple donorpieces.Donor piecesare split up into their donor ’parts’
(e.g. drums, bass, instruments, vocals) to create donor stems. Multiple analysis descriptors are derived from each donor
piece, and a Machine Learning (ML) implementation is used to explore to find good linear and nonlinear time-mutations
that can be applied to one or more of the donor stems, that will ensure any structural and compositional conflicts that may
be created by combining two parts from two different donor pieces. The resulting newmusical piece is then rendered and
played to the user by applying the calculatedmutations to the donor parts and optionally saved in PCMaudio format to be
exported for external sharing and/or use in other applications.
[0020] The disclosure also relates to a computer program product comprising computer readable code means which,
when executed in a computer, will cause the computer to perform the method according to any embodiment of the
disclosure. The disclosure also relates to a non-transitory storage unit having stored thereon computer readable code
meanswhich, when executed in a computer, will cause the computer to perform themethod according to any embodiment
the disclosure.

Terminology

[0021] The following terminology will be used in this document:

• Raw track - a piece ofmusic, as delivered by a rightsholder. A raw trackmay be used as input to themixing processes
discussed in this document. Raw tracks are supplied in either single-track masters or multi-stem projects already
separated into stems.

• Original track - a raw track that has been processed and divided into stems.

• Stem-amusical part froma raw track, for example thevocal part oraparticular instrument.Thestem lasts for theentire
duration of the track.

• Remix - A combination of stems and/or structure derived from two ormore original tracks. A remix has its own key and
BPM.

• Base track - The track on which the musical structure of a remix is based.

• Incoming track:A track fromwhichoneormorestemsmaybe takenandadded to thestructureextracted from thebase
track to create a new version of the base track.

• Remaster - the act of making changes to the musical characteristics of a track, including changing the speed, pitch,
balance between stems and the addition of sound effects to the track.

• Granule - The precision of the analysis and mapping description, defined in terms of beats. For many applications a
suitable granule size is one beat, but it may also be longer or shorter than one beat.

• Segment - A time-slice from a stem, comprising a number of consecutive granules. The number of granules in each
segment may vary, so that the segments may differ in size.

• Chunk - A time-slice from a stem, for the purpose of decoding and buffering during playback. Chunks normally have
the same length.

• Mapping - a description of how to re-arrange the flow of a stem, described in terms of segments and including
independent pitch andplayback rate shifting. Thus, amapping is a data structure that describes a solution to resolving
the structural and harmonic conflicts between a stem that is taken from an incoming track and the base track.

• Version - a remix derived from a base track. Multiple remixes derived from the same base track will be referred to as
versions of the remix.

• Playable track - Either an original track or a remix.
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[0022] Further, the term instantly in this document is taken to mean that no latency is induced by the software system
over the latency of the native device and/or runtime environment. The term realtime does not necessarily mean instantly,
butwith a short enoughdelay tomaintain user engagement, for example a response to auser requestwithin amaximumof
3 seconds.

Brief description of drawings

[0023] The invention will be described in more detail in the following, by way of examples and with reference to the
appended drawings.

Fig. 1 is an overview of a system that may be used to implement embodiments of the invention.
Fig. 2 illustrates the division of a stem into segments and the rearrangement of segments.
Fig. 3 is a flow chart of a possible method according to a first aspect of the disclosure.
Fig. 4 is a flow chart of a possible method according to a second aspect of the disclosure.
Figs. 5 - 7 are flow charts of how to implement different types of analyses
Fig. 8 illustrates the function of Tabu Search as an example of an unsupervised optimization technique.
Fig. 9 illustrates the function of the fitness evaluator shown in Fig. 8.

Detailed description of embodiments

[0024] There are a number of key objectives that influence the design and software architecture of the system. Ideally,
the systemshould be portable,meaning that the systemshould be capable of running on all modern devices, available via
the browser, or installed through a native application. Further, the system should be able to create any remix within a short
period of time, for example 5 seconds, of the user requesting it. Once a remix has been created users should be able to
switch back and forth instantly between versions of a track, respecting the musical flow.
[0025] Thememoryusageof theaudiogeneration components shouldbe limitedsoas toensure that theapplicationcan
be run in the background and across a range of deviceswithout need for special consideration by the user. In practice, this
currentlymeansa limit of approximately 500MB, although thiswill depend on the devices usedandon future technological
development.
[0026] The user should also have the ability to instantly remaster any track at any point in time while listening to it and
should be able to combine stems from any track in our library in real time to allow them to flexibly create new sounding
remixes.
[0027] For the purposeof allocating IP ownership rights to the remix in dependence of the base and incoming tracks, the
system should produce a roster for each new Remix describing the exact composition.
[0028] The system should be capable of rendering each user-created remix entirely on an end user device, to ensure
that the responsiveness and performance of the system is not dependent on server-side processing, and does not
experience issues with high-volume scaling. The server requirements should only include distribution of audio files of
original tracks, and the creation of new remixes should not require additional storage space apart from the list of required
stems and calculated mappings for the remix.
[0029] Optionally, the systemmaybecapable of renderingandexporting the remix inPCM,MP3or other commonaudio
formats, either on a client device or server for the purpose of external sharing, use in other applications or any other use
where distribution of the rendered track is more convenient or efficient.
[0030] Fig. 1 is anoverviewof a system thatmaybeusedaccording to thepresent invention.Theunits above thedashed
line perform the centralized processing, whichmay be done offline, to providemusic tracks and other information thatmay
later be used to create remixes. These units include amastering and stem-splitting unit 12, an original track database 13,
an offline analysis unit 14 and an analysis database 15. The units involved in the creation of remixes are shown below the
dashed line and should work in real-time or near real-time. These units include a stem remap unit 16, a player unit 17, and
an output unit 18, represented in Fig. 1 as a loudspeaker, for presenting the music remix to a user 19.
[0031] At thebeginningof the centralizedprocessing, a raw track 11 is presented to themastering andstem-splitting unit
12. If the raw track is provided as a single track, the mastering and stem-splitting unit splits the track into stems. Then all
stemsundergo amastering step. The purpose of themastering step is discussed inmore detail below. The output from the
mastering and stem-splitting unit 12 is an original track, which is forwarded to the original track database 13 fromwhere it
can be accessed by a user wishing to create a remix. The original track is accessible both as the complete track and as the
stems of the track The original tracks may be stored in the original tracks database 13 in any suitable music format, for
example MP3.
[0032] The original track is also forwarded to an offline analysis unit 14. The offline analysis unit analyses the original
track and creates a number of descriptors based on the original track. The description of each original track is time-based
anddescribes how thequalities of each track changeover time. Theremaybeone set of descriptors for the complete track
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and one for each stem. Alternatively, the descriptors for the complete track may also be applied to the stems of the track.
The analyses may include, but are not limited to: intensity analysis level, harmonic analysis using self similarity matrices
(SSM), and musical part analysis. Examples of how to implement harmonic analysis, intensity analysis and musical part
analysis are shown in Figs. 5, 6 and 7, respectively.
[0033] The descriptors are forwarded from the analysis unit 14 to an analysis database 15 where they are stored,
organized by track, and may be accessed by a user 19 when creating a remix.
[0034] Whencreatinga remix, or remapping, theuser 19sendsanew track request toastem remapunit 16. The request
includesafirst original track tobeusedasabase trackandasecondoriginal track tobeusedasan incoming track,or oneor
more stems of the second original track. The remap unit 16 obtains the descriptors regarding each stem and original track
included in the request from the analysis database 15 and uses a combination of statistical classification and machine
learning techniques to produce a set ofmappings 20. This is preferably done in real-time or near real-time. Themapping is
a data structure describing a solution to resolving any structural and harmonic conflicts between the base track and stems
that may be added from an incoming track. The function of the stem remap unit 16 and the nature of the mapping will be
discussed in more detail below.
[0035] When the mapping has been generated, it is provided to the player unit 17. The player unit also obtains the
original tracks and/or stems to beused in the remapping from theoriginal track database13and renders theplayable track
for theuser byapplying themapping to theoriginal tracksand/or stems.Theplayable track is thenplayedbackusingmusic
output equipment 18. The music output equipment may be any kind of computer, mobile device, tablet, etc. capable of
playingmusic tracks. If the remix is being rendered for the purpose of export, then the output unit 18maybeembodied by a
PCM audio buffer and optionally an encoder for the required output format, for example, MP3.
[0036] Optionally, the systemalsocomprisesasuggestionengine21.Thesuggestionengine isarranged to receivenew
track requests from the user and request the creation of mappings or alternative versions using the same base track as
requested by the user. The suggestion engine 21 is arranged to provide suggestions of possible alternative versions that
are presented to the user using the graphical user interface, such that while listening to a current version, the user can
select and instantly switch between the current version and the possible alternative versions suggested. Typically, the
suggestions might include one or more of the stems currently being listened to, as well as a number of alternative stems
fromother original tracks. If the suggestion engine has provided alternative versionswith the samebase track, theywill be
provided to the player so the user can listen to them and further modify and remaster them, as desired. The user can also
create multiple versions and switch between them by selecting the incoming tracks or stems manually. The player can
preloadanumberof theseversionssuch that theycanbeselected instantlywhen requestedby theuser.Theplayer17may
switch from the currently playing version to a new version. It will do so by switching to the same beat position in the base
track, to maintain musical continuity during the transition between the two versions.
[0037] The offline analysis unit 14 is arranged to perform a number of algorithms which are all fundamentally based
around initially runningFFTsof stemdata andapplyinga rangeof different transformationsof that data that result in a set of
compactly described bar-by-bar time-series descriptions of the music. This includes a mix of 1-dimensional descriptions
e.g. magnitude of signal, group allocations (e.g. chorus, verse, intro), transient timing analysis, and 2-dimensional
descriptions like self similarity matrices, which will be discussed in more detail below.
[0038] Once analyzed, the remap unit 16 explores available transform options to find mapping solutions that perform
well with as few ’mutations’ as possible, amutation being a step required tomap one track into another. Thismay be done
using amachine-learning optimization algorithm to compute theminimumnumber ofmutations to the track flow in order to
achieve the best alignment between the analysis criteria. There are suitable machine-learning algorithms for this step,
whichdonot require training.Onesuchalgorithm isTabuSearch,which is anunsupervisedoptimization technique thatwill
optimize the solution within the local space created by the parameters, in this case the base analysis and the incoming
analysis. An overview of how this may be achieved is shown in Fig. 8 below.
[0039] With multiple analysis descriptors available for each stem the remap unit 16 uses an ML implementation which
tests out potential solutions by applying the mapping transform to each analysis and creating new simulated analyses for
the application of the current mapping to the analysis data of the incoming track in question. These analyses can then be
evaluated by their similarity to the analyses of the stems from the base track to calculate the difference between the
proposed mapped stems and the original stems in all the analysis dimensions available.
[0040] After exerting a predefined level of effort, the remap unit 16 returns the best performing mapping. One way of
determining theeffort level involvesdeterminingwhenacertainnumberof iterationsof theoptimizationprocesshavebeen
performed without yielding any significant improvement in performance of the mapping, for example, the point of
diminishing returns.
[0041] Fig. 2 illustrates an example of the division into segments, the rearranging of segments performed to be able to
use the stems of the incoming track to replace stemsof the base track in ameaningful way and the expansion of segments
to enable fade-overs between segments during playback.
[0042] Fig. 2 illustrates in a) an original stem, with two segments B and A identified for remapping to create a suitable
remapped stem. The segments comprise audio data from the incoming track in the form of a number of consecutive
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granules. The number of granules in a segment is preferably variable. Although only two different segments have been
identified in thisexample, itwill beunderstood that anysuitablenumberof segmentsmaybe identified, inanysuitableparts
of the original stem. In b) a remapped stem is shown. For simplicity, in this example, the remapped stemhas the segments
A and B alternating.
[0043] In c), the segments labelled A have been expanded by adding a bit of time at the beginning and the end of each
segment and in d), the segments labelled B have been expanded in the same way, as indicated by grey areas at the
beginning and the endof each segment, where they fade in or out, respectively. Accordingly, no extra timehas to be added
at the beginning of the first segment or the end of the last segment. During playback, when switching from a current
segment to a next segment, the volume of the current segment is gradually decreased so that the current segment fades
out. At the same time, the next segment is gradually increased from the start of the added bit at the beginning for a suitable
period of time. When it has been ramped up to its full volume, it becomes the current segment. In this way, a fadeover is
created between the current segment and the next segment.
[0044] The rampingupand rampingdown, respectively, of each segment is illustrated in curves c) andd) for segmentsA
and B, respectively. The overlap in time is shown as grey areas at the beginning and the end of each segment.
[0045] The resulting remapped stem is shown as e), with the fade-over periods marked as grey areas around the
boundaries between the segments.
[0046] In f), the remapped stem is shown, divided into chunks for the purpose of streaming from the remap unit to the
player unit. Chunk boundaries, shown as solid vertical lines in f), are calculated as last_chunk_boundary +
max_chunk_length. If a calculated chunk-end boundary conflicts with the segment fadeover region, such as the boundary
indicated by a dashed vertical line 23, then that chunk boundary is brought back to before the start of the conflicting
fadeover region as shown by the solid vertical line 24 just before the fadeover region containing the dashed vertical line 23
(thechunk inquestion is shortened).Alternatively, itmaybedelayed to theendof theconflicting fadeover region (extending
the chunk in question). This avoids having any chunk boundaries during fadeovers, which reduces the complexity of
calculations required when constructing chunks. The chunk size may be chosen arbitrarily but is preferably selected as a
trade-off between the amount of memory available to run the application and the processor overhead caused by
messaging related to the playback. In practice, a suitable value has been found to be around 5 seconds for use on
many browsers, but the chunks may be smaller or larger depending on memory requirements.
[0047] Themapping data format describes the transform necessary to be able to use the stems of the incoming track to
replace stems of the base track in a meaningful way. The mapping defines a number of segments which are audio data
taken from the timeline of the incoming track. Preferably, the segments are described in terms of beats, rather than
secondssoas tobeagnostic toStemBPM.Thesesegmentsare thenorderedalonga timeline todescribe thenew timeline
of the rearranged stem.
[0048] Optionally, not shown in Fig. 2, one or more periods of silence may be injected in the timeline of the track. Each
segment may also have unique effects applied, such as EQ, distortion, pitch shift and time-stretch.
[0049] The player unit 17 in this embodiment is a stream-decodingmulti-stemaudio player that is capable of performing
mapping transformations independently to each track of theaudio in realtimewhile the files arebeingdecodedandplayed.
The player also supports remaster instructions that are applied instantly to the stems of the current track in response to
user request. The player unit 17 also supports simultaneously stream decoding multiple versions of a base track (which
may be at different BPMs), such that the user can instantly switch back and forth between versions, while maintaining the
current beat position in the base track.
[0050] The player unit 17 also supports the loading and decoding of the start point of a second track while the current
track is being played such that the user can request the second track and the player should respond instantly.
[0051] Each transition between segments is preferably played backwith a short fade-over effect to ensure that there are
noaudio distortions created as illustrated byFig. 2. The inclusion of the fade-over effectmeans that each segmentmust be
extended by (seconds_fadeover ÷ 2)s at the beginning and end of the segment and have a volume ramp applied at the
beginning and end of the extended segment from 0 to Max volume lasting seconds fadeover. The fadeover regions that
occur where two segments meet (shown in grey) contain data from both segments which are overlapping as a result of
being extended.
[0052] Due to thehighmemory requirements for a simplemulti-stem,multi-version audio engine, streaming decoding of
theaudio is preferably performedbysplitting the stemup into chunks, andonly loading thenecessary decodedchunks into
the player at any one time.
[0053] Fig. 3 is a flowchart of a method according to embodiments of one aspect of the invention, for providing a set of
original tracks thatmay be used in remapping. These stepsmay be performed by the units 11‑ 15 above the dashed line in
Fig. 1. The analysis outlined in Fig. 3 may be performed offline and contains a number of algorithms which are all
fundamentally basedaround initially runningFast Fourier Transforms (FFTs) of stemdata andapplyinga rangeof different
transformations of that data that result in a range of compactly described granule-by-granule time-series descriptions of
the music. These types of analyses will be described in more detail below.
[0054] In a first stepS31, a raw track isprovided. If the raw track isa single file, that is, not alreadysplit into stems, it is split
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into stems in a following step S32. Any suitable software could be used to split the tracks. After splitting, the stems are
optionally mastered in a step S33 to ensure that they have the right quality. This typically includes ensuring that the
instruments are grouped appropriately and normalizing the quality and volume of each stem to the existing original tracks
in the library if needed. Themasteringmay be performed bymanual effort or existing AI tools, or a combination of the two.
The output from step S33 is a new original track which is stored in an original track database.
[0055] In an analysis step S34, the stems of the original track are analyzed and labelled with respect to key and beat
information, suchasbpmandbeatgridoffset. Theanalysis stepcreatesanumberof descriptorsderived fromeachoriginal
track and/or component stem. Thesedescriptors are time-basedanddescribe how the qualities of each track changeover
time. Theseanalyses includebut arenot limited to: volume level, harmonic distribution, self-similaritymatrices (SSM), and
novelty detection, that is, timecodeswhere dynamics change significantly. As shown in Fig. 1, the result from the analyses
is stored in an analysis database, organized by track and stem. The content of the original track database 13 and the
analysis database 15 aremade available to a user whowishes to create a new remix based on two ormore original tracks.
[0056] Fig. 4 is aflowchart of amethodaccording toanother aspect of the invention,whichmaybeperformedby theunits
below the dashed line in Fig. 1. Thismethod is performedby auser 19wishing to create a new remix. In a first stepS41, the
user submits a new version request to the remap unit 16. The version request typically includes a genre, style or "vibe" for
theversion,andmayalso includeaspecific incoming trackname for themashup.Thestemremapunit 16 then, in stepS42,
obtains from the analysis database 15 the data relating to each stem and original track included in the request and uses a
combinationof statistical classificationandmachine learning techniques toproduceasetofmappings in real-time.Thiswill
be discussed in more detail in connection with Fig. 8.
[0057] In asubsequent stepS43, theplayer receives themappings from the remapunit 16and fetches themusicdata for
the new track from theoriginal track database13, and in stepS44 renders the track for the user. The renderingmay include
the application of filters and mastering controls, which must react instantly to requests from the user. The filters and
mastering controlsmay typically include playback rate, pitch, distortion, and balance between instruments. The filters and
mastering controls can optionally be set automatically according to the dynamics extracted from the mapping/analysis
process.
[0058] Optionally, if a suggestion engine is available, the suggestion engine 21 may, in a step S45, receive new track
requests and request the creation of mappings or alternative versions provide alternative versions using the same base
track that was requested by the user 19. The suggestion engine looks at the current state of the player and offers the user
statistically determined version options via the user interface. For example, if the user 19 had created an electronicmusic
versionof a rock track, thesuggestionenginemayoffer to theuseralternativeelectronicmusicoptions tohelp themfind the
sound they are looking for.
[0059] If several versions of the same track have been provided, by manual input from the user 19, and/or from the
suggestion engine 21, the user may switch between different versions. Preferably, the player unit 17 will then identify the
same beat position in the base track in each of the versions to maintain musical continuity during the transition from one
version to another. This is advantageous because it accounts for different versions based on the same base track having
different BPMsand allows versions to be switched back and forth on the flywithout breaking themusical structure that has
been defined by the base track. As an example, consider two versions, versionAat 60BPMand versionBat 120BPMboth
based on the same base track. After listening to the first 10 seconds of version A, the user selects version B. The player
switches from playing timestamp 00: 10 of version A to timestamp 00:05 of version B and plays version B from then
onwards. After another 10 seconds, the user switches back to version A. The player switches from playing timestamp 00:
15 of version B to 00:30 of version A.
[0060] The stem remap unit 16 uses machine learning algorithms to explore available transform options and find
mapping solutions that perform well with as few ’mutations’ (steps required to map one track into another) as possible.
[0061] Fig. 5 is a flow chart of a possible implementation of harmonic analysis of a track. A first main step S51 involves
performing a chromaanalysis of each stemof the track. This firstmain step includes the substeps of S511: breaking up the
track into small time units which will be referred to as granules, each granule being, for example, one beat, S512:
downsampling the frequency space to harmonically relevant information (for example, 0 - >5 kHz), S513: running a Fast
Fourier Transform (FFT), S514: sampling FFT frequency data using a windowing function and folding octaves down to
describe harmonic distribution as a single octave S515: determining average harmonic distribution across each beat
producing a granule description of harmonic distribution of each granule, and in S516 all granules are tied together to
describe each stem as a series of 12 value harmonic descriptors (granules), one for each semitone in an octave.
[0062] A second main step S52 involves computing a self-similarity matrix of the granules. This second main step
includes S521: computing a matrix of size num_granules * num_granules where the value of each cell is the distance
between the row and column granule descriptors, and S522: producing a harmonic self-similarity matrix by normalizing
and inverting the granule matrix such that granules with the lowest distance between them have a value of 1.0 and the
furthest away granules have a value of 0.0.
[0063] With reference to the second main step above, an example of the substeps S521 - S522 is shown below.
Assuming that the granules are as shown in Table 1:
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Table 1, example of granules

Granule index Granule Descriptor

0 [0,0,0,0.5,0,0,0,0,0,1,0,0]

1 [0,1,0,0,0,0,0,0,0,0,0,0]

2 [0,0,0,0.5,0,0,0,0,0,1,0,0]

3 [0,1,0,0,0,0,0,0,0,0,0,0]

The computed matrix will be as shown in Table 2:

Granules 0 1 2 3

0 0 2.5 0 2.5

1 2.5 0 2.5 0

2 0 2.5 0 2.5

3 2.5 0 2.5 0

Table 2, a computed self-similarity matrix for the granules of Table 1

The normalized and inverted matrix according to step b) will be as shown in Table 3:

Granules 0 1 2 3

0 1 0 1 0

1 0 1 0 1

2 1 0 1 0

3 0 1 0 1

Table 3, the harmonic self-similarity matrix based on the matrix of table 2

[0064] Fig. 6 shows an example of an intensity analysis implementation. In a first step S61, the stems are split into
granules, for example one beat each. In a second step S63, the intensity analysis of each granule is performed and in a
third stepS63, all the granules are tied together and normalized to describe each stemas a time series of 1-value intensity
descriptors. This is achieved by performing a low-resolution FFT across the granule, and taking the sum of the real
components of the FFT as the overall amplitude.
[0065] Table 4 shows an example of a stem divided into four granules described in terms of intensity.

Granule Value

0 12

1 14

2 18

3 3

Table 4

The intensity descriptor for each stem may be normalized by setting the highest value to 1. For the example shown in
Table 4, this yields the normalized matrix of Table 5:

Granule Value

0 0.667

1 0.778
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(continued)

Granule Value

2 1.000

3 0.167

Table 5

[0066] Fig. 7 shows an example implementation of amusical part analysis. This analysis system results in a description
of the track in termsof, for example, "parts" andgranule ranges for eachpart. Thepartsmaybe intro, verse, chorus, bridge,
etc. Table 6 shows an example of what this may look like for an example track:

Part Start Granule End Granule

Intro 0 24

Verse 24 48

Chorus 48 72

Verse 72 96

Outro 96 108

Table 6. identification of parts of an example music track and the granules involved in each

[0067] For the purpose of describing the track, a convolutional neural network trained on available music data sets
including tracks and for each track an identification of the parts and the granule range for each part may be used. In a first
step S71, the track is treated as a whole track, with all stemsmerged together into onemaster track. In a subsequent step
S72, the master track is divided into granules and chroma analysis is performed, as described in connection with Fig. 5.
Next, an image representation of each track is created. This may suitably be a 12*num_granules pixels size image. This
creates a pseudo-spectrogram that is in terms of semitones rather than pure frequency (12 values that include the
frequency data from every octave). The spectrogram has the same precision as the size of the granule, so the resulting
spectrogram has a height of 12 pixels and a width of (track length beats / granule_size_beats)
[0068] In a final stepS73an imageprocessing feature detectionnetwork is cross-trained to identify sections in harmonic
data. The spectrogram representation converts the dynamics and structure of a track into an image, that can be explored
by an AI tool or pattern recognition algorithms.
[0069] The trainingof the convolutional neural network used in theprocedureof Fig. 7, is performedbyproviding training
data sets to the neural network along with human verified labels and timestamps identifying the parts and the granule
ranges for each part, as shown in Table 6. Suitable music data sets are commercially available, for example SALAMI.
Instead, or in addition, proprietary labelled data sets may be used.
[0070] Fig. 8 illustrates the function of Tabu Search as an example of an unsupervised optimization technique that may
be used for mapping in the context of the present invention. As explained above, Tabu Search does not require training
data, andwill optimize the solutionwithin the local space created by the parameters. In this case, the parameters include a
base analysis 81 and an incoming analysis 82.
[0071] Thesystemfirst generates, basedon thebaseanalysis 81and the incominganalysis 82, an initial solution 83 that
is a null transformation, meaning that no mutations have taken place.
[0072] Random mutations are then created by a mutation generator 84 and added to this solution to create a new
solution 85. The fitness of the new solution, expressed as an error, is evaluated in a fitness evaluator 86, which will be
described inmore detail below. The output from step 86 is a scored solution 87, which is passed from the fitness evaluator
86 to a solution selector 88,which has stored oneormore previous selected solutions. Based on the scores of this solution
and the previous solutions, the solution selector 88 selects this new scored solution 87 or one of the previously stored
solutions to be processed further. In both cases, the selected scored solution, either the new scored solution or one of the
previously stored solutions is returned to the mutation generator 84 for further mutations.
[0073] Themutation generator 84 keeps a list of recently generated solutions of a fixed length (parameter max_sol_list
length), and will not recreate a solution that exists in the list of recently generated solutions. This has the effect of causing
the mutation generator to keep mutating until it finds new solutions, helping to avoid getting stuck in local minima.
[0074] The solution selector 88 keeps track of the best scoring solution, as well as a record of howmany solutions have
been evaluated since the last best scoring solution was found. When a certain number of solutions (parameter
max_sol_since_best) have been generated without finding a new best solution, the last ‘best solution’ is selected as
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the final solution 90.
[0075] Parameters max_sol_since_best and max sol list length are determined via experimentation.
[0076] The function of the fitness evaluator 86 is illustrated in Fig. 9, using intensity analysis as an example. Input data
include a first intensity evaluation 9a) of the original track and a second intensity evaluation 9b of the incoming stem. Each
bar g, g’ in the diagram represents onegranule of the respective track or stem. For simplicity, only someof the granules are
labelled. The evaluation of the alignment is done by applying the computedmutations from themutation generator shown
in casnon-straight arrows to the incoming stemanalysis b) resulting in anmappingd) of themutated incoming stem. In this
example, thefirst fourgranulesof the incomingstemare treatedasafirst segmentand the last eight granulesare treatedas
a second segment. Themapping changes theorder of the granules,which in this case consists ofmoving the first segment
of the incoming stem to the end of the stem.
[0077] Next, the error of the mapping against the base track stem analysis is calculated. The error e) represents the
difference in intensity between the mapping d) and the base track a), and is shown in the lowermost line of Fig. 9 as the
Euclidean distance between each granule of the base track stem analysis and the estimated mutated incoming stem
analysis. Theoverall fitness is calculated as the sumof theEuclideandistances betweeneach value, added to the number
of mutations that were made to the incoming track which is multiplied by a weighting factor that is determined through
experimentation, but whichmay be exposed as a user-controllable parameter allowing the user to influence the dynamics
of themapping algorithm. In other words, the aim of themethod is to create amapping of the incoming track that results in
thesmallest error, or differencebetween themappingand thebase track, or at least to keep theerror at anacceptable level.
It might be preferred to achieve this by the smallest possible number of mutations. In the example shown in Fig. 9, the
mapping only has one mutation, swapping the first four granules of the incoming stem to the end of the stem.
[0078] Self-similarity matrices describe a data set by breaking it up into discrete granules, with a row and a column for
each granule, and then analyzing the level of similarity between each granule and each other granule.
[0079] Such analysis is especially useful in the context of musical analysis when applied to harmonic information, as
musical structure tends to be characterised by changes in harmonic patterns that occur throughout a piece of music.
Therefore, the use of self-similarity matrices enables the comparison of the harmonic structures of two pieces of music.
Considering the following simple example of one-notemusical analysis, the string of notes, ’AAABAAABCCCBCCC
B’ described in a self-similarity matrix is shown in Table 7.

Table 7, a self-similarity matrix example

A A A B A A A B C C C B C C C B

A 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0

A 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0

A 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0

B 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1

A 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0

A 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0

A 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0 0

B 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1

C 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0

C 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0

C 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0

B 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1

C 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0

C 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0

C 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 0

B 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 1

[0080] In table 7, the track flows from the top left corner to the bottom left across the diagonal. In this description, the two
distinct ’parts’ of the musical string become distinctly visible in the self-similarity data, in a way that is abstracted from the
actual musical data (e.g. specific notes).
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[0081] Aswill be understood fromFig. 1, theremay be several users 19, having systems comprising units 16, 17, 18, 20,
andoptionally 21, andall connected to the sameanalysis systemcomprisingunits 11 - 15. Theseuserswill all have access
to the same tracks and stems, and alsoanalysis data for the tracks and stemsandwill be able to sharemappingswith each
other without sharing the actual music tracks.

Claims

1. Anarrangement for creatingamusicmixbasedonat leastapart ofabasemusic trackandoneormore incomingmusic
tracks, the arrangement comprising a stem remap unit (16), adapted to:

- obtain a base analysis of the base music track, the base analysis comprising a number of descriptors with
respect to its characteristics over time,
- obtain an incoming track analysis of at least one stemof each incomingmusic track, the incoming track analysis
comprising a number of descriptors with respect to the characteristics of at least a first and a second plurality of
granules of one stem of the incoming track over time,
- based on a comparison of the descriptors of the base music track and the at least one stem of each incoming
music track, rearrange theorderof apluralityof granulesof theat least onestem tomatch thecharacteristicsof the
basemusic tracks over time, the rearranging resulting in a firstmapping (20) of each stem to thebasemusic track,
the arrangement further comprising
- a player unit (17) configured to obtain at least the incoming music track from an original track database (13),
render a first output track to be played based on the at least one stem, and the at least one mapping.

2. An arrangement according to claim 1, wherein the player unit (17) is further configured to obtain the basemusic track,
and render the first output track based on the at least one stem of an incoming track, the at least one mapping and at
least one stem of the base music track.

3. An arrangement according to claim 1 or 2, wherein the granules are rearranged so that a number of consecutive
granules form a segment and the mapping involves rearranging the order of at least a first and a second segment.

4. An arrangement according to any one of the preceding claims, further comprising amutation generator (84) arranged
to generate at least a first mutation of the first mapping to create a newmapping of the stem to the basemusic track, a
selection unit (86) arranged to select the first mapping or the new mapping.

5. An arrangement according to any one of the claims 1‑4, further comprising a suggestion engine (21) arranged to
obtainabaseanalysis of thebasemusic track, thebaseanalysis comprisinganumberof descriptorswith respect to its
characteristics over time, select an alternative incomingmusic track and obtain an alternative incoming track analysis
of at least one stem of the alternative incoming music track, the incoming track analysis comprising a number of
descriptors with respect to the characteristics of at least a first and a second plurality of granules of one stem of the
alternative incoming music track over time, and generate a suggested mapping based on the base music track
analysis and the alternative incoming track analysis.

6. An arrangement according to claim 5, wherein the player unit (17) is arranged to render the output track as a
combination of the first mapping and the suggested mapping.

7. An arrangement for providing music tracks suitable for mixing, comprising

- amastering and stem splitting unit (12) arranged to receive a first music track and split it into at least a first and a
second stem, creating an original track,
- an analysis unit (14) arranged to derive descriptors from the original track and/or stems, the descriptors relating
to how the qualities of the original track and/or stem change over time,
- an analysis database (15) arranged to store the result of the analysis,
- an original track database (13) arranged to store the firstmusic track in the formof stems, in a format thatmaybe
used to create a playable track.

8. A computer-based method of mixing at least parts of a base music track and one or more incoming music tracks,
comprising
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- obtaining, from an analysis database (15) an analysis of the base music track comprising a number of
descriptors with respect to its characteristics over time
- obtaining, from the analysis database (15) an analysis of at least one stem of each incoming music track,
comprising a number of descriptors with respect to its characteristics over time and a division of the at least one
stem of the incoming music track into a number of granules,
- basedonacomparisonof theanalysesof thebasemusic trackand theat least onestemof incomingmusic track,
rearranging thegranulesof theat least onestem tomatch thecharacteristicsof thebasemusic trackover time, the
rearranging resulting in a first mapping of at least some granules of the stem,
- obtaining at least the basemusic track andeach incomingmusic track, the incomingmusic tracks being split into
at least two stems representing different components of the respective music track, and
- renderinganoutput track tobeplayed, basedon, theat least onestemof each incomingmusic track, and the first
mapping of the at least one segment of each incoming track.

9. Amethod according to claim 8, wherein the output track is rendered based on the at least one stem of each incoming
music track, and the first mapping of the at least one segment of the incoming track and at least one stem of the base
music track.

10. Amethod according to claim 8 or 9, further comprising creating at least a first and a second segment, each segment
comprising a plurality of consecutive granules, wherein the step of rearranging the granules involves rearranging the
at least first and second segment.

11. A method according to any one of the claims 8 - 10, further comprising the step of repeating the method of claim 8
comprising based on a comparison of the analyses of the base music track and the at least one stem of the incoming
music track, rearranging the granules of the at least one stem tomatch the characteristics of the basemusic track over
time, the rearranging resulting in a second mapping of at least some granules of the stem which is different from the
first mapping,
obtaining at least the basemusic track and the incomingmusic track, the incomingmusic track being split into at least
two stems representing different components of the respective music track rendering an output track to be played,
based on at least one stem of the basemusic track, the at least one incoming track, and the secondmapping of the at
least one segment of the incoming track.

12. Amethod according to claim 11, wherein the step of rendering the output track to be played involves applying the first
mapping and the second mapping at different times during playback of the output track.

13. A computer program product comprising computer-readable code means which, when executed in a computer will
cause the computer to perform the method according to any one of the claims 8 - 12.

14. A player for use in an arrangement according to any one of the claims 1 - 7, said player being arranged to obtain a
mapping of at least a first incoming stem, saidmapping representing an order of segments of the at least first incoming
stem, obtain the first incoming stem, render a reordered version of the stembasedon themapping divide the stem into
chunks to facilitateplaybackof thestemaccording to themapping, optionally togetherwithoneormorestems from the
base track.

15. A player according to claim 14, configured to instantly switch from a first to a second version of audio based on the
samebase track, by determining a current beat position in thebase track, and switching fromafirst beat position in the
first version to a second beat position in the second version, both the first and the second beat position corresponding
to the current beat position in the base track, to maintain musical continuity.
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