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Abstract. The connection of OgrooveO with Jewel featurs in the audio
signal has been mostly associatedth temporal characteristics of fast
metrical structures. However, the production and perception of rhythm in
Afro-Brazilian contexts is often described as a result of multiple experience
flows, which expaits the description of rhythmical events to multiple features
such as loudness, spectrum regions, metrical layers, movement and others. |
this studywe analyzed how the microtiming shmba musimnteract with an
expanded set of musical descriptors. Magecifically, we analyzedhe
interaction between fast timing structures witheter, intensity andspectral
distributionwithin the auditory domain. The methodology for feature detection
was supported by a psychoacoustically based auditory mobieh wrovided

the lowlevel descriptors for a database of 106 samba music excerpts. A
cluster analysis technique was used to provide an overview of emergent
microtiming models present in the features. The results confirm findings of
previous studies in théeld but introduce new systematic devices that may
characterize microtiming in samba music. Systematic models of interactions
between microtiming, amplitude, metrical structure and spectral distribution
seem to beavailable in the structure of V@level auditory descriptors used in

the methodology.

1. Introduction

The connection of OgrooveO withJewel features of the audio signal lewaysbeen
associated with the detection of rhythmical eveatsl more specifically wittthe
temporal characteristics of fast rhythmical structures. It has beggestedhat the
sensation of groove may be induced by small idiomatic variations of these rhyt
definedas a series of event shifts at a constant tef@pmes 1993; Desain and Honing
1993; Gouyon 2007)or simply microtiming In this study we concentrateon the
microtiming aspect ofamba musicand how timing interacts with meter, intensity an
spectral distribution

Although the worddgrooveO may be closely related witisic stylesoriginating from
the AfricanAmericandiaspora the induction otthe groove feeling isalsoa common
element in other musical contexkdennessy(2009) studied the groove i@ape Breton
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fiddle music (Canada) from the perspective of rhythmical formulas. Johansson (2005)
studied microtiming and interactions with melodic patterns in Norwegian traditional
fiddle music. Friberg and Sundstrom (2002) verified that eight-notes patterns are
systematically performed in long-short patterns in jazz performances. The notion of
swing in jazz and its correlations with pitch and phrasing was also studied in detail by
Benadon (2003; 2006; 2009). Other studies tried to understand the notion of groove in
different styles. McGuiness (2006) analyzed microtiming in different styles of music.
Madison (2006) studied the consistence of the subjective grooving experience among
subjects using music styles such as jazz, samba, Indian, Greek and Western African
Music.

Recent studies have been concentrating on the characteristics of microtiming in Afro-
Brazilian musical contexts. Gouyon (2007) analyzed the patterns of deviations of 16"-
notes in samba-de-roda using a computational approach and a dataset of commercial
recordings. Lindsay and Nordquist (2007) measured the microtiming of recordings of
samba instruments using standard spectrograms. Part of the extensive study of Lucas
(2002) about the Congado Mineirowas dedicated to the analysis of microtiming, based
on field recordings in Minas Gerais. Gerischer (2006) connected several descriptions of
the context of samba in Bahia with a systematic analysis of microtiming based on field
recordings. Curiously, all of these studies describe systematic anticipations of the 3™ an
4™ 16™-notes, which may configure a strong aspect of the Afro-Brazilian music styles.

1.1. Multidimensionality in Afro -Brazilian contexts

Gerischer claims that the rhythmical experience in samba should be understood as a
multidimensional process based on oral traditions (Gerischer 2006, p.115) and aligned
with the characteristics of African and Afro-Brazilian roots. Indeed, the culture of
samba shares and incorporates the “coordination of multiple experience flowgStone
1985) of Afro-Brazilian rituals, which are claimed to be at the root of Afro-Brazilian
music (Sodré 1979; Carvalho 2000; Fryer 2000; Sandroni 2001). A typical description
of CandomblZceremony demonstrates how these dimensionalities interact with each
other in a certain context, and how the context is influenced by the musical experience:

OThe dancers daas with great violence, energy, and concentratio
Getting really involved in the rhythm and movementEThe drummer.
can play certain signals in the rhythmic pattern to cause the dancinc
take a violent turn E One method is for one drum to syncopatehytam
slightly (another one maintaining it) such that a strong beat falls jt
before the main beatE. This gives a impression of increased speed v
this is not really the case, and creates tension and feeling of imbalanc
the listener or dancer@Valker 1973; quoted by Fryer 2000)

In this ritualistic interaction between dance and music, music seems to be induced or
induces a connection between timing and accents, a system of metrical levels,
polymetric lines, instrumental textures, and a systematic mechanism of tension that
provokes movement and cohesion. The musical elements in the samba culture seem to
have inherited this structure of rituals and same multidimensionality. This aspect may
be essential to describe rhythmic experience in Afro-Brazilian contexts or other cultural
contexts influenced by African diaspora.
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In this paper, we tried tanvestigatepart of this multidimensional description of
rhythmic experience using a systematic method basedmputational approaches. Wk
developed a methodology that describes interactions between timing, metrical I¢
intensity and spectral distributions from musical audio. The methods includ
psychoacoustically inspired feature detection (sectionlP.and a heuristic for
microtiming detection (Section 2.2.2The set of multidimensional descriptors o
microtiming are extracted from a database of 106 music excerptgyratiten clustered
using machine learning methods (section 2.B§)usingthese proceduresve aim at
providing an overview of multidimensional interaction between microtiming and of
mentioned features, which may help to uncaver elements of groove induction an
thusimprove the study of music formsthin the Afro-Braziian context.

2. Methodology

2.1. Data set

The dataset analyzed in this study consists of 106 excerpts of music collected
commercial CDOs (median of durations = 33 seconds). The range of genres cove
this sample includeswusicstylesinfluenced by Rio de JaneiroOs samba, suckaasba
carioca, sambanredo, partidealto and sambaleroda (Bahia) The excerpts were
stored in mono audio files withsample rate of 44.100 Hz / 16 bits and normalized
amplitude. Beat markers and the riatl positions of the first annotated beat ¢t 2"
beat, 2/4) were manually annotated by 3 specialists using the software Sonic Visu
(see Cannam, Landone et al. 2006)

2.2. Analysis

Our analysis was developed in 3 stag@s2.Q) definition of low level features and
spectral regions, (2.2 segmentation of metrical structures and extraction of ev
features, and?(2.3) clustering of multidimensional information.

2.2.1 Definition of low level features and spectral regions

2.2.11. Auditory model

In order to provide an robust lelevel feature for the representation of musical tessitt
we used an implementation of the auditory model describeédam Immerseel and
Martens (1992) implemented as a .dlib library for Mac OSXThis auditory model
simulates theouter and middle ear filtering anthe auditory decomposition in the
periphery of tle auditory systemrhis resultsin loudness patterns distributed over th
audible spectrunffor more details see Van Immerseel and Martens 1992, p..381&l)
configuration used in this study provides 44 cle@srof loudness curvesith sample
frequencyat 200 Hz distributed over 22 critical bands (center frequencies from 70
to 10.843 Hz)Figurel displays an auditory image (or loudness curgesieraed from
the auditory modebf the excerpt 22.
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Excerpt 22

Auditory channels (1:44
n
o

Figure 1. Loudness curves generated from the auditory model. The 44
envelope curves (0:1 x 44 channels) represent a simulation of loudness in each
auditory channel.

2.2.12. Segmentation of spectral distributions

The current knowledge about samba forms acedontrelatively stable configurations
of musical instruments (and their musical functions) across the musical teastttine
musical function of each instrumerst often relatedwith its timbre Timbre can be
roughly represented by lelegvel descriptors in the frequency domain or, in our case,
loudness amplitudes in tindistributedin auditory channels. The spectrum of thes
bass samba percussiddyrdq is mostly concentrated in the lower part of the audik
spectrum.Tamborims repiniques vocal parts and othenstrumentsoccupy the mid
frequency region of the auditory spectruBanzitsand different kinds of shakers will
tend tooccupythe higher spectrum regions. Although the frequency component:
these instruments will overlap each other in the time and frequency domain (partict
during transients at attacks points), #pectrum signature of each timbre is relative
discriminatedfrom each otherFigure 2 displays the analysis of the spectrum of fol
kinds of samba instruments and the distribution of central frequencies ofditerau
modelwithin the audible spectrum.
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Figure 2: Spectrum analysis of a typical samba percussion set ensemble
(hamming window, 4096 points, 1/5 octave smoothing). The distribution of the
central frequencies of the auditory  channels across the frequency domain is
indicated by the [0] marks (arbitrary amplitude). The divisions A and B indicate

the segmentation of the auditory channels in 3 groups (low, mid and high).

Each sound excerpt was procesbgdhe auditory modelhich resulted in 44 loudness
curves (44 auditory channels). The loudness curves were averaged in 3 loudness
that reflect estimated distributions of tessitura: -foequency regiord channels 1:6,
mid-frequency regio® channels 7:30 and highequency regiort channels 31:4for a
similar procedure see Lindsay and Nordquist 2007)

2.2.2. Segmentation of metrical structures and extraion of features

The interactions betweefeaturesmay differ if different metrical layers are takerain
consideration, which means theriations of timing amplitude and spectrumnay
change if observed irelation with musical beats or bars. We define metrical levels ¢
set of hierarchical levels that can be operationally represented by multiples
divisions of the beat positions (e.g-b&at, 2 beats, 1/2 beat). Current knowledge ab:
the samba formmdicates that samba music has a we#fined beat levelonsisting of
a binary bar structure (2 beats) and a fast metrical onset structure at a mathematic
of I of the beat (known aatumlayer). Each metrical element of the micnaitng level
will be referrecto as 16 notes (mathematical subdivision of 1/4 of the beat). The sh
of the mathematical position of the"™t6otes will be described in relation with 2 macr
levels, namely the beat-{feat) and bar (Beat) levels.

The annotation of beat and bar positions is essential for the segmentation of me
structures. Manual beat annotation provides a proper human evaluation of the
points but lackgrecision amicrotiming level. Automatic beat annotation is precise
microtiming level and relies on the use of a systematic rule in order to find the
positions. However, the analysis of samba music with software such as Béaixoat
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2007) and Sonic Visualize(Cannam, Landone et al. 20063sulted in poor beat
tracking results, probably influenced by the characteristic rhythmic complexity of
samba music. Therefore, we opted to combine manual and automatic approache
heuristics thatooks for relevant peak events in theoximity of manual annotation. The
appliedmethodis described below and in tikégure3.

Segmentation of metrical structures and microtiming

Initial Final

Beat annotation Beat annotation
Phase 1) < >
Phase 2) Math. subdivisions 1/4 2/4 3/4

Phase 3) <—w

T T
I [
I [
I [
° I [
° I [
o | | |
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| | |
Phase 5) Mean | Time
| Beat length |
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I I pl
| ] p3
L ] p4
Grid: PN

= = = = Limits of the searching window
Manual anotation

Figure 3: Description of the heuristic used for segmentation. See text below for
the explanation of each step.

Description of the algorithm:

For each excerpt, for each spectral region, for each metrical level,

Phase 1Retrieve beat points and time interval of the actualriced segment from the manual
annotated beats (e.g.: inter beat interval, ibtarinterval).

Phase 2Project the mathematical divisions of the microtiming points, here definedodighe beat
length (e.g. intebeat interval/4)

Phase 3Look for the peakén the proximity of/ within the range ofmanual annotation (length of th
window = microtiming period)

Phase 4Selecta higher peaksituatedabove a determined threshold (if there are no peaks 4
threshold, retrieve NaN).

Phase 5Extract the meampeakposition of the first peakef the 3 spectral region3herefore, all
positions (including positions in different spectral regions) have the same beat reference.

Phase 6Retrieve position and amplitude of the highest p@aglose proximityof the mathematica
subdvisions

Phase 7Retrieve featwrs: (A) the normalized length in relation with the length of metrical JgBr
peakamplitudes, metrical levels (C) and spectral regions (D)
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The result of this pross is a multidimensional feature description of microtiming
represented by four kinds ofdicators (A) the position of the peak in relation withe
metrical layer, (B}he intensity of the peaks, (Ghe region in the spectra and (Ehe
metrical level.

The definition of the length of the metrical level is crucial for the projection
microtiming ratios. However, the definition of precise beat length information is |
trivial. Apart from the problems with automatic and manual beat anootdiist peak
positions are often different for each region tbé spectra. In order to provide a
referential point, the beat position is considered as the mean between the first
positions of the three spectral regions (Phase 5).

2.2.3 Clustering ofmultidimensional information

The informationresuling from the feature detection is composed (bf the ratios
betweenall peak positios and the metrical level length(2) amplitude of the peak
(loudness curves)(3) metrical level andq4) spectral region (low, mid, high). In order to
find trends andnteractions between these feature componam@sarried oué k-means
clusteringbasedon an improved extension of the &ia k-means algorithn{Pelleg and
Moore 2000) We configured the algorithm to retrieeminimum of 3 and a maximum
of 5 clustersand it wasmplemenedin Weka platform(Witten and Frank

3. Results

The results are displayed for metrical levelbeht and eat. In this study, peak
positions arendicated asl6™-note positionsThese positionsepresenthe subdivision
of I of the beat.

The cluster representatis provide visual information about mathematical division ¢
the metrical levels (gridsand cluster affiliation. Different stem markers represent
different clusters. Ticks distribel along the horizontal axis have a resolution of 0.(
beats.

3.1. Metrical layer: 1-beat

The analysis of the-heat level resulted in three clusters displayedrigure 4. The
representation of theluger centroidsshows a systematic anticipation df and 4
peaks in all three frequency regions and in all three clusters. The fiksiofié of the
low-region is slightly delayed, especially in the cluster that shows higher enefgly c1
The second.6™-note seems to be accentuated in the midl highregion of the clusters
cl-[o] and c2[x]. The high portion of the signal shows flat amplitudes in second half
the beat in all clusters.
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Figure 4: Representation of cent roids for 3 clusters and 5064 instances (beats).
Ranges of tick periods (0.05 beats) for each cluster: c1= 22:45 ms, c2= 20:52
ms, ¢3=22: 52 ms.

The database comprises a wide range of tempi, which implies that temporal informr
represented in beat rasialenotes different temporal ranges in seconds. As for'the
and 4" peaks, variations in Figure 4 seem tagbeaterthan 0.025 beats but smaller tha
0.05 beats, whicindicatesa range of anticipations between 10 and 52 ms. In the ¢
of the F' 16"-note (lowregion), the delay seem to correspond to a period smaller t
0.025 beats, or 21 ms (at the slower tempi).

3.2. Metrical level: 2 beats

The clusters of the metrical leveth2at offer a broad overview of microtiming
relations at the 2beat (bar) level. The clustering process resulted in five clust
displayed inFigure5 andFigure6.

K! means clustering:
c1![0] =22% c2! [x] =23% c5! [v] =29%
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Figure 5: Representation of clus ter centroids for 3 clusters and 1859 instances

(clusters 1,2 and 5, 2 -beats). Ranges of tick periods (0.05 beats) for each

cluster: c1= 22:52 ms, c2= 20:45 ms, c5= 22:45 ms.
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Figure5 shows clusters 1, 2 and 5. The resshlisw the same systematic anticipatior
of 3¢ and 4' 16"-notes and a delay of thé' 16"-note in the lowfrequency region.

These microtiming deviations seem to affect the two keate bar level and show the
same temporal rangs the metrichlevel 1-beat. In addition, the delay of the first"6

note (lowfrequency) seems to bmore significantin the second beat. However, thi
delay has droaderrange, situated between 11 ms (for the fastest tempi in cl1) an
ms (for the slver tempi of c2).

Peak amplitudes reveal more variabibtiythis metrical level. While the peak of secon
16"-note seems to be accentuated only in thefraiguency region fibeat), the fourth
16™-note is accentuated in the clusteBxp and 5[v]. However, in the 2 beat, peak
amplitudesof the 29 to the 4' 16™-notes ae flattened

Figure6 shows the results of the clusters 3 and 4. These results differ from the clt
displayed before because they show increasing deviations accumulated along
positions.
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Figure 6. Cluster centroids for 2 clusters and 659 instances (clusters 3 and 4,
metric level 2-beats). Ranges of tick periods (0.05 bea ts) for each cluster: c3=
20:45 ms, c4= 20:52 ms.

Cluster c3[*] shows an increasing anticipatiom all regions and peaksThe
anticipationincreasesintil the last 18-note of the 2 beaf whichshows a anticipation
of almost0.1 beat(from the mathematical ruldt 1.75 bead). Cluster c4square],
shows the opposite behavior, displaying a crescent detay the first to the last 16
note. A clear delay of the'1L6"-note in tle low-frequency region can also be observe
The amplitude patterns seem to be similar to the observed amplitudes in clusters
and c5.

4. Discussion

The systematic recurrence of anticipation in tHeafd 4' 16"-notes in all metrical
levels andspectral regions seem to confirthe existence of aystematicartifact
described in previous studies about microtiming in samba n{@acischer 2006;
Gouyon 2007; Lindsay and Nordquist 20@Ad other AfreBrazilian traditiongLucas
2002) Variations of these peak positions seem tgreaterthan 0.025 beats but smalle
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than 0.05 beat®\ll this is situatedwithin arange of anticipations between 10 and 52 r
of the mathematical division of the beat (0.5 and 0.75 beats).

The systematic delay of'116"-note positions in the specific low frequency region «
the spectrum for all metrical layers shows an observatimentionedin previous
studies It is well know that lowfrequency spectrum is often dominated by commet
beat patterns, performed by percussion instruments susbra@gor tantan and that
these bass lines are often accentuated in thbeat(Chasteen 1996; Sandroni 2001
Moura 2004)which also seem to be reflectedour resultsHowever, we werenable
to find references to any systematic delay of bass percussion instruments.

The delay of T 16™-note positions must be interpretatilentively The temporal range
of delays in the low &quency region is very close to the sample period of the audi
model (5 ms), which means that minimum significant delays found iRithee4, for
example, account for only-2amples (10 ms) between the mathematidal and peak
position. More research is needed to support this observation.

The occurrence of linear and crescent deviations, demonstrdtegline5, must be also
interpreted with care. The computation of clusters may magrgedtwo recurrent

tendencies of outliers in the data set. However, the magnitude of instances repre
by these clusters (eB5% and c411%) and similar cluster structures found in oth
metrical levels above-Beats (4beats levelpot shown in this study), indicate that the
reflect real microtiming structures represented in our-dgatalf this hypothesis is
confirmed, the presence of these clusters may be attributed to rhythmic devices ¢
to accelerandoand ritardando forms. Although these rhythmical artifacts are widel
used to delimit phrases, endings and formal articulations in classical music,

surprising that such devisappear in our dataset. The range of these deviations indi
that they are less cldgrdefined than the ones used in classical music, which m
configure a new microtiming device.

The variation of amplitudes demonstrate that microtiming in samba is subjecte
interactions with accents and meter. The flatness 6nb6e amplitudes observed ir
clusters in all metrical levelsspecialy the 2beat level, indicate the existence c
metrical cues encoded in the amplitude of microtiming structures. While the first
starts with a lowenergy 18-note in the lowfrequency region and accentstire 2¢
(Figure 4) and 4" peaks Figure5), the 2¢ beat starts with a characteristic strong ba
accent followed by flat and low intensity 16 notes. This oscillation of
multidimensimal characteristics between beat positions may play an important ro
the induction of grooving and reinforce metrical properties.

5. Conclusion

In this study we analyzed the interaction between microtiming, meter, intensity
spectrum. The resultsrehgly confirm the systematic tendency of anticipations of t
3rd and 4th 16tmotesat the metrical level of 1 beat. It also shows the presence of
new rhythmic devices that may characterize samba forms: (1) a small delay of the
lines and (2)systematic forms o&celerandoand ritardando at a microtiming level.
Peak aplitudes seem to workaccording totwo functions (1) the induction of
systematic accents in the 3rd and 46thnotes of the first bedmetrical level Zbeats)
and (2) arartful mechanisnthat interacts with enerdyetween metrical structuresd
spectral regionsThe use ofpsychoacostically based featuras a lowlevel descriptor
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suggestghat these observatiorsre available as proximal cues the periphery of the
auditory system. Moreover, the results show that microtiming camberstood as
multidimensional device of musical engagement.

The present study does not intend to show axhaustive overview of
multidimensionalityof microtiming structures in Afr@®razilianmusic Other important

interactions inside and outside the auditory domain may influence the proces
addition, more work is needed to elucidtte role and the magnitude of these finding
within the perception of groove induction.
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