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ATSis a spectral modeling system based on a sinusoidal plus Detection Trackng [T} Toee — > Sound

critical-band noise decomposition. Psychoacoustic process- j
ing informs the system’s sinusoidal tracking and noise mod- } Noise
eling algorithms. Perceptual Audio Coding (PAC) techniques 3 Psychoacoustic Additive
such as Signal-to-Mask Ratio (SMIR) evaluation are used to : Frocessne e
achieve perceptually accurate sinusoidal tracking. SMR val- f dnusoids
ues are also used as a psychoacoustic metric to determine the R RRRAEED REEEEEEEEEDES
perceptual relevance of partials during analysis data post- residual
processing. The systen’s noise component is modeled us- F—
ing Bark-scal e frequency warping and sub-band noise energy A”a}ys‘s
evaluation. Noise energy at the sub-bandsis then distributed o e
on a frame-by-frame basis among the partials resulting in a —
compact hybrid representation based on noise modulated si- Distrlaution
nusoidal trajectories. This paper presents the most relevant
aspects of the ATS system. Figure 1: ATS system block diagram
1 Introduction 2 The ATS System

ATS belongs to a family of spectral modeling systemsthat As discussed in the introduction, ATS is based on a si-
could be traced back to the seminal work on speech analyrusoidal plus critical-band noise model, this means that th
sis/synthesis by R. J. McAulay and T. F.Quatieri [1], théhhig system assumes that the sound to be analyzed can be repre-
resolution spectrum analysis research done by J. O. Smith isented accurately with those components, i.e. time-vgryin
the mid-1980s [2] with its later extension into PARSHL [3], sinusoids modulated by critical-band noise. The following
and SMS, the ground breaking work by X. Serra based osub-sections describe each part of the system as shown on
deterministic plus stochastic decomposition of sound [4].  Fig. 1.

The main contribution of ATS to the Spectral Modeling
field is the introduction of psychoacoustic and Perceptual A ;
dio Coding (PAC) techniques both in the sinusoidal and noise2'1 STFT Analysis
analysis phases. Based on psychoacoustic information, the The ATS system uses the Short Time Fourier Transform
two parts of the model (sinusoids and noise) are blended b§STFT) as its main analysis tool. The sound is analyzed us-
means of critical-band noise energy distribution among théng overlapping time windows and taking the STFT on each
partials. In ATS, a partial is no longer a sinusoidal compne window.
but a hybrid component that contains a time-varying noise el
ement modulated by a sinusoidal trajectory.



2.2 Peak Detection Amp (dB)

After converting the STFT data into polar form, a peak
detection algorithm is performed on the dB magnitude spec |
trum, which issues a set of relevant spectral peaks for the co left SIU\Pi }SMR
responding analysis frante. ’

delta right slope
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At this point, the system performs psychoacoustic pro-
cessing on the analysis frame. This involves masking curv&igure 2: Signal-to-Mask Ratio (SMR) evaluation using a
evaluation and computation of the Signal-to-Mask Ratio B§M Simple masking model.
for each spectral band. SMR information (in dB SPL scale) is
stored together with the corrected frequency, magnitude an
phase values for each peak issued by the peak detection al
rithm. PAC techniques used in this process are discussed

t())y manipulation of a perceptually meaningful set of parame-
gLr(]ars. For this reason a compact model is desired, where both
e sinusoidal and noise components are blended into asingl

Section 3. representation. This is performed by distributing the aeis-
) ergy in each critical band to the partials on a frame-by-fram
2.4 Peak Tracking basis. This process of “hybridizing” partials is discusged

The next step involves frame-to-frame tracking of peaks.S ection 6.

The goal here is to connect peaks that “belong” to the same
spectral trajectory. In other words, we want to extract sinu 3 Psychoacoustics
soidal partials out of the time-changing spectral peakutext

Both frequency and SMR information are used in this pro-  ATS yses psychoacoustic processing for both its sinusoidal

cess. This algorithm will be described in Section 4. tracking and noise modeling algorithms. During this preees
ing phase, PAC methods are used to gather psychoacoustic
2.5 Residual information from the STFT analysis data. The use of PAC

methods doesn'’t have the goal of data compression but that

Once traced, sinusoidal trajectories can be extracted frorgs o computation of a psychoacoustic metric. This metric

the analyzed sound to obtain a time-domain residual. Thig,ngjsts mainly on the evaluation of masking curves using a
residual should consist of a noise-like signal represgntimat simple masking model and the computation of the SMR of
couldn’t be modeled with sinusoids. This process is achieve 5.1, spectral component.

by performing additive synthesis of the sinusoidal trajeess
(using phase information) and subtracting the result frioen t

original sound in the time domat 3.1 Masking Model
A simple masking model is used to evaluate the SMR of
2.6 Residual Analysis each spectral component. This model requires frequency to

be warped into Bark scale. The main reason for this is that
masking profiles can be modeled with linear equations in the
Bark domain, also the 24 steps of the Bark scale correspond
to the critical bands of hearing which are used for the noise
analysis phase.

The masking model consists of three components: 1) the
2.7 Noise Energy Distribution difference between the level of the masker and the masked

The main goal of the ATS system is creating a paramet;[hreShOId (called delta, typically -10 dB SPL); 2) the mask-

. : ing profile slope towards lower frequencies (typically ardu
ric representation of a spectral model. In other terms, a re gp b g (typically

p. . ; : ;
; o . 27 dB/Bark); 3) the masking profile slope towards high fre-
resentation capable of an infinite number of transformatlonquenCies (typically around 15 dB/Bark) [5].

After isolating the two modeling components (sinusoids
and residual), noise analysis is performed on the residin.
result of this step (which is described in detail in Sectipis5
a set of 25 time-varying noise energy bands.

1ATS’ peak detection algorithm is, in general terms, the samithe one
presented in [3] and [4].

2This procedure is in general terms the same as the one pedserii]
and [4].



3.2 SMR Evaluation might occur during the tracking. Such defects mainly cdnsis

. . . . of time gaps in otherwise coherent long trajectories ortshor
Using a recursive algorithm, masking curves are evaluirajectory segments that are not perceptually relevant.

ated considering each peak as a masker for the rest of the

peaks (maskees) present in a given frame. By the end of this o ]

process, each peak will be assessed a SMR value in dB SPR:1  Fixing Time Gaps

Fig. 2 illustrates the masking evaluation process. Trajectory gaps shorter than a certain number of frames (a

parameter of the post-processing algorithm, typicallyagfes)
4 Peak Tracki ng are fixed by interpolation. The partial data at the edgesef th
gap feeds appropriate interpolation functions for eachef t

Peaks issued by the peak detection algorithm need to Hearameters, which get filled frame by frame.
connected and translated into spectral trajectories. frois
cess involves the evaluation of the possible candidatemtoc 5.2 Short Segment Pr uni ng
tinue trajectories on a frame-by-frame basis. This is dane u ) ) )
ing tracks that keep information of average values for each SNOrt trajectory segments may appear in the analysis, es-
of the trajectory parameters. The length of the tracks is adP€cially in transient regions. Short segments with average
justable and has to be tuned depending on the characteristic MR below a certain threshold can be discarded without per-
of the analyzed sound. The best candidate peak for a parti¢€Ptual impact. This threshold is computed as a linear func-

ular spectral track would be the one that meets the followingion Of the length of the segment. The shorter the segment
criteria: he larger should be its average SMR for the segment to be

kept.[6]

Min {A = ‘PfTeqinTeq|Y_€‘LPSMR*TSMR| }

6 Residual Analysis

As discussed in Section 2.5, a residual signal is computed
taking the time-domain difference between the originahsbu
and the sinusoidal synthesis of the spectral trajectofibs

wherePy,.4 is the candidate peak frequency, afgh, r
its SMR, Ty,¢q is the track frequency, anfisa,r its SMR
both averaged over the track length (typically 3 frames).
is a coefficient controlling how much the SMR deviation af-

fects the computation of. The algorithm recursively finds noise signal is then analyzed using the STET to obtain the

the best candidate i.e. the one with the minimiyfor each energy at each of the 25 critical bands [5]. Residual analysi

track, continuing the spectral trajectories. New trackcoge . . . .
. is performed at the same frame rate of the sinusoidal asalysi
ated from orphan peaks (the ones that were not incorporate

to any existing tracks), and tracks which couldn’t find cosnti

uing peaks are set to sleep 6.1 Frequency Warping
) _ The first step consists of converting the frequency com-
4.1 SMR Continuation ponents of the STFT analysis into Bark scale. Once this is

erformed, each step in the the scale corresponds to actritic

The use of the SMR continuation as a parameter for th : ; ;
. ) . and of hearing and magnitudes in each band can be used to
peak tracking process is based upon psychoacoustic tempQo- . ;
aluate its noise energy.

ral masking phenomena [5]. Conceptually, we assume tha%v
masking profiles of stable sinusoidal trajectories can enbfve ) )
at slow rate (no sudden changes). This is true for analysis pe6.2 Noise Energy Evaluation
formed with hop sizes between 10 and 50 milliseconds, which

is comparable to the average duration of pre- and post-rgakinIOW
effects [5].

Noise energy in each critical band is evaluated in the fol-
ing way:

Elil = + Y120 1 X (k)

S POSt-pI’OCG$I ng wherei is the band number (0 to 24) is the number

. . . . of bins of the STFTX present in the band. The algorithm
Once the sinusoidal trajectories have been traced POStPray - ates the noise energy at each step of the Bark scale.

cessing is performed on the data to fix trajectory defects tha

3This part of the algorithm is very similar to the one presernite[4].



7 Noise Energy Distribution 9 Conclusion

The residual analysis algorithm issues 25 values of noise ATS introduces psychoacoustic and Perceptual Audio Cod-
energy for each analysis frame. This time-varying noise ening (PAC) techniques to the field of spectral modeling. Pro-
ergy bands perceptually represent the evolution of thelresi viding a perceptual metric (SMR), psychoacoustic process-
ual in the frequency domain. The following step consists oring informs both the sinusoidal and noise analysis parts of
distributing the energy in each critical band to the pastial the system. The two components of the model (sinusoids

creating hybrid sinusoidal plus noise trajectories. and noise) are blended by means of critical-band noise en-
ergy analysis and distribution, creating hybrid composent
7.1 Partial Noise Energy Computation that contain a time-varying noise element modulated by a si-

nusoidal trajectory. This compact parametric model is eapa

For each analysis frame, the algorithm recursively detectle of an infinite number of transformations by the manipu-

partials in each critical band and distributes the bandiseno |ation of a small set of perceptually meaningful parameters
energy among them. The noise energy for each partial is conFhe ATS system has been evaluated and tested with a wide

puted as: variety of sounds, generating results perceptually edgriva
Palj] = Psar rlj]*EJi] to the analyzed sources. ATS has been used as a composi-
EUI= S[d] tion tool by many composers of diverse esthetic orientation

wherej is the partial numbe®;; its noise energyPs,,r ~ Proving a wide application scope and flexibility [7].
its SMR, and the band number to which the partial belongs.
The denominatof is computed as:

S[i] = Z;’:—Ol Psr[j]

whereJ is the total number of partials in band
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