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Abstract



Navigation in and access to the contents of digital audio archives have become increasingly important topics in Information Retrieval. Both private and commercial music collections are growing both in terms of size and acceptance in the user community. Content based approaches relying on signal processing techniques have been used in Music Information Retrieval for some time to represent the acoustic characteristics of pieces of music, which may be used for collection organisation or retrieval tasks. However, music is not defined by acoustic characteristics only, but also, sometimes even to a large degree, by its contents in terms of lyrics. A song’s lyrics provide more information to search for or may be more representative of specific musical genres than the acoustic content, e.g. ‘love songs’ or ‘Christmas carols’. We therefore suggest an improved indexing of audio files by two modalities. Combinations of audio features and song lyrics can be used to organise audio collections and to display them via map based interfaces. Specifically, we use Self-Organising Maps as visualisation and interface metaphor. Separate maps are created and linked to provide a multi-modal view of an audio collection. Moreover, we introduce quality measures for quantitative validation of cluster spreads across the resulting multiple topographic mappings provided by the Self-Organising Maps.



Introduction On-line music stores are gaining market shares, driving the need for on-line music retailers to provide adequate means of access to their catalogues. Their ways of advertising and making accessible their collections are often limited, be it by the sheer size of their collections, by the dynamics with which new titles are being added and need to be filed into the collection
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organisation, or by inappropriate means of searching and browsing it. Browsing metadata hierarchies by tags like ‘artist’ and ‘genre’ might be feasible for a limited number of songs, but gets increasingly complex and confusing for collections of larger sizes that have to be searched manually. Hence, a more comprehensive approach for the organisation and presentation of audio collections is required. Private user’s requirements coincide because their collections are growing significantly as well. The growing success of on-line stores like iTunes1 or Magnatune2 brings digital audio closer to end users, creating a new application field for Music Information Retrieval. Many private users have a strong interest in managing their collections efficiently and being able to access their music in diverse ways. Musical genre categorisation based on e.g. meta tags in audio files music often restricts users to the type of music they are already listening to, i.e. browsing genre categories makes it difficult to discover ‘new’ types of music. The mood a user is in often does not follow genre categories. Personal listening behaviours often differ from predefined genre tags. Thus, recommending users similar songs to ones they are currently listening to or like is one of Music Information Retrieval’s main tasks. Content based access to music has proven to be an efficient means of overcoming traditional metadata categories. To achieve this, signal processing techniques are used to extract features from audio files capturing characteristics such rhythm, melodic sequences, instrumentation, timbre, and others. These have proven to be feasible input both for automatic genre classification of music as well as for alternative organisations of audio collections like their display via map based, two-dimensional interfaces (Neumayer, Dittenbach & Rauber 2005). Rather than searching for songs that sound similar to a given query song, users often are more interested in songs that cover similar topics, such as ‘love songs’, or ’Christmas carols’, which are not acoustic genres per se. Songs about these particular topics might cover a broad range of musical styles. Similarly, the language of a song’s lyrics often plays a decisive role in perceived similarity of two songs as well as their inclusion in a given playlist. Even advances in audio feature extraction will not be able to overcome the fundamental limitations of this kind. Song lyrics therefore play an important role in music similarity. This textual information thus offers a wealth of additional information to be included in music retrieval tasks that may be used to complement both acoustic as well as metadata information for pieces of music. We therefore address two main issues in this paper, namely (a) the importance and relevance of lyrics to the visual organisation of songs in large audio collections and (b) spreading measurements for the comparison of multi-modal map visualisations. Moreover, we try to show that text representations of songs are feasible means of access and retrieval. We will try to show that multi-modal clusterings, i.e. clusterings based on audio features in 1 2
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combination with clusterings based on song lyrics, can be visualised on an intuitive linked map metaphor, serving as a convenient interface for exploring music collections from different points of view. The remainder of this paper is organised as follows. The first section gives an overview about research conducted in the field of Music Information Retrieval, particularly dealing with lyrics and other external data such as e.g. artist biographies. We present our contributions, namely the visualisation of multi-modal clusterings based on connections between multiple clusterings, as well as suitable quality measurements in the ‘Multi-Modal Clusterings’ section. In the experiments section, a set of experiments on a parallel corpus comprising almost 10.000 pieces of music is used to validate the proposed approach. Finally, we draw conclusions and give an outlook on future work.



Related Work Research in Music Information Retrieval comprises a broad range of topics including genre classification, visualisation and user interfaces for audio collections. First experiments on content based audio retrieval were reported in (Foote 1999) as well as (Tzanetakis & Cook 2000), focusing on automatic genre classification. Several feature sets have since been devised to capture the acoustic characteristics of audio material. In our work we utilise Statistical Spectrum Descriptors (SSD) (Lidy & Rauber 2005), which have shown to yield good results at a manageable dimensionality of 168 features. These have been used both for music clustering as well as genre classification. An overview of existing genre taxonomies as well as the description of a new one are given in (Pachet & Cazaly 2000), pointing out the relevance of the genre concept. This work also underpins our ambitions to further explore the differences in between genres according to their spread in clustering analysis. An investigation about the merits of and possible improvements for musical genre classification, placing emphasis on the usefulness of both the concept of genre itself as well as the applicability and importance of musical genre classification, is conducted in (McKay & Fujinaga 2006). With respect to music clustering, the SOMeJB system (Rauber & Fr¨ uhwirth 2001) provides a map-based interface to music collections utilising Self-Organising Maps (SOMs). This system forms the basis for the work presented in this paper. Self-Organising Maps are a tool for the visualisation of data, grouping similar objects closely together on a twodimensional output space. Topological relations are preserved as faithfully as possible in the process (Kohonen 2001). A technique to train aligned Self-Organising Maps with gradually variable weighings of different feature sets is presented in (Pampalk 2003). This results in a stack of SOMs rather than two separate views of a data set, each trained on a slightly different weighing of a combined feature space, allowing to analyse structural changes in the clustering resulting from the different degrees of influence of the features.
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It might not be obvious why cluster validation makes sense, since clustering is often used as part of explorative data analysis. One key argument in favour of cluster validation is that any clustering method will produce results even on data sets which do not have a natural cluster structure (Tan, Steinbach & Kumar 2005). Other than that, cluster validation can be used to determine the ‘best’ clustering out of several candidate clusterings. Several quality measures for mappings generated by the Self-Organising Map have been developed. For example, the topographic product is used to measure the quality of mappings for single units with respect to their neighbours (Bauer & Pawelzik 1992). However, no class information is taken into account when clusterings are validated with this approach. If the data set is labelled, i.e. class tags are available for all data points, this information can be used to determine the similarities between classes and natural clusters within the data. It can be distinguished between unsupervised and supervised cluster validation techniques. Whereas unsupervised techniques will be of limited use in the scenario covered, supervised cluster validation and its merits for multi-dimensional clustering of audio data will be more relevant and be described in more detail. Other approaches utilising class information include cluster purity, which may be applied to the SOM in certain seetings when clear cluster boundaries have been identified on the map. When comparing the organisation of a data set based on two different feature set representations on two separate maps, novel measures for cluster consistency across the different views may be created by considering certain organisations as class labels. User interfaces based on the Self-Organising Map as proposed in our SOMeJB system (Rauber & Merkl 1999, Rauber, Pampalk & Merkl 2003) are used by several teams, e.g. Ultsch et al. (M¨orchen, Ultsch, N¨ocker & Stamm 2005) or Knees et al. (Knees, Schedl, Pohle & Widmer 2006). Novel interfaces particularly developed for small-screen devices were presented in (Vignoli, van Gulik & van de Wetering 2004) and (Neumayer et al. 2005). The former, an artist map interface, clusters pieces of audio based on content features as well as metadata attributes using a spring model algorithm, while the latter, PocketSOMPlayer, is an extension of the SOMeJB system for mobile devices. The practicability of the adaption of Information Retrieval techniques to heterogeneous document collections has been pointed out in (Favre, Bellot & Bonastre 2004), concentrating on speech rather than music, albeit on a textual level only. Language identification of songs based on a song’s lyrics as well as sophisticated structural and semantic analysis of lyrics is presented in (Mahedero, Mart´ınez, Cano, Koppenberger & Gouyon 2005). Similarity experiments concentrating on artist similarity are performed in (Logan, Kositsky & Moreno 2004). Further, it is pointed out that lyrics are somewhat inferior to acoustic similarity measures in terms of genre categorisation, but a combination of lyrics information and audio features is suggested as possibility to improve overall performance, which also motivated the research reported in this paper. The combination of acoustic features with album reviews and song lyrics for similarity retrieval is presented in (Baumann, Pohle & Vembu 2004). It
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is also outlined in how far the perception of music can be regarded a socio-cultural product and consequently heavily influences the similarity concept in Music Information Retrieval. The combination of lyrics and audio features for musical genre classification has been explored in (Neumayer & Rauber 2007), coming to the conclusion that classification accuracies per genre differ greatly in between feature spaces. Moreover, it is shown that comparable accuracy can be achieved in a lower-dimensional space when combining text and audio.



Multi-Modal Clusterings Music can be represented by different modalities. For individual songs abstract representations are available according to different audio feature sets that can be calculated from a song’s waveform representation, while on the textual level we can consider song lyrics as an important source of additional information for music IR. There are several additional views possible not considered in this paper, such as, e.g., the scores and instrumentation information provided in MIDI files, artist biographies, album reviews or covers, and music videos.



Audio Features For feature extraction from audio we rely on Statistical Spectrum Descriptors (SSD, (Lidy & Rauber 2005)). The approach for computing SSD features is based on the first part of the algorithm for computing Rhythm Pattern features (Rauber, Pampalk & Merkl 2002), namely the computation of a psycho-acoustically transformed spectrogram, i.e. a Bark-scale Sonogram. Compared to the Rhythm Patterns feature set, the dimensionality of the feature space is much lower (168 instead of 1440 dimensions), at a comparable performance in genre classification approaches (Lidy & Rauber 2005). Therefore, we employ SSD audio features in the context of this paper, which we computed from audio tracks in standard PCM format with 44.1 kHz sampling frequency (i.e. decoded MP3 files). Statistical Spectrum Descriptors are composed of statistical moments computed from several critical frequency bands of a psycho-acoustically transformed spectrogram. They describe fluctuations on the critical frequency bands in a more compact representation than the Rhythm Pattern features. In a pre-processing step the audio signal is converted to a mono signal and segmented into chunks of approximately 6 seconds. Usually, not every segment is used for audio feature extraction. For pieces of music with a typical duration of about 4 minutes, frequently the first and last one to four segments are skipped and from the remaining segments every third one is processed. For each segment the audio spectrogram is computed using the Short Time Fast Fourier
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Transform (STFT). The window size is set to 23 ms (1024 samples) and a Hanning window is applied using 50 % overlap between the windows. The Bark scale, a perceptual scale which groups frequencies to critical bands according to perceptive pitch regions (Zwicker & Fastl 1999), is applied to the spectrogram, aggregating it to 24 frequency bands. The Bark scale spectrogram is then transformed into the decibel scale. Further psychoacoustic transformations are applied: Computation of the Phon scale incorporates equal loudness curves, which account for the different perception of loudness at different frequencies (Zwicker & Fastl 1999). Subsequently, the values are transformed into the unit Sone. The Sone scale relates to the Phon scale in the way that a doubling on the Sone scale sounds to the human ear like a doubling of the loudness. This results in a Bark-scale Sonogram – a representation that reflects the specific loudness sensation of the human auditory system. From this representation of perceived loudness a number of statistical moments is computed per critical band, in order to describe fluctuations within the critical bands extensively. Mean, median, variance, skewness, kurtosis, min- and max-value are computed for each of the 24 bands, and a Statistical Spectrum Descriptor is extracted for each selected segment. The SSD feature vector for a piece of audio is then calculated as the median of the descriptors of its segments.



Lyrics Features In order to process the textual information of the lyrics, the documents were tokenised, no stemming was performed. Stop word removal was done using the ranks.nl 3 stop word list. Further, all lyrics were processed according to the bag-of-words model. Therein, a document is denoted by d, a term (token) by t, and the number of documents in a corpus by N . The term frequency tf (d) denotes the number of times term t appears in document d. The number of documents in the collection that term t occurs in is denoted as document frequency df (t). The process of assigning weights to terms according to their importance or significance for the classification is called ‘term-weighing’. The basic assumptions are that terms that occur very often in a document are more important for classification, whereas terms that occur in a high fraction of all documents are less important. The weighing we rely on is the most common model of term frequency inverse document frequency (Salton & Buckley 1988), where the weight tf × idf of a term in a document is computed as: tf × idf (t, d) = tf (d) · ln(N/df (t))



(1)



This results in vectors of weight values for each document d in the collection. Based on this representation of documents in vectorial form, a variety of machine learning algorithms 3
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like clustering can be applied. This representation also introduces a concept of distance, as lyrics that contain a similar vocabulary are likely to be semantically related. The resulting high-dimensional feature vectors were further downscaled to about 7.000 dimensions out of 45.000 using feature selection via document frequency thresholding, i.e. the omitting of terms that occur in a very high or very low number of documents. The Self-Organising Map clustering was finally performed on that data set.



SOM Training and Visualisation Once both of these feature sets are extracted for a collection of songs, the Self-Organising Map clustering algorithm can be applied to map the same set of songs onto two Self-Organising Maps (we use Self-Organising Maps of equal size). Generally, a Self-Organising Map consists of a number M of units ξi , the index i ranging from 1 to M . The distance d(ξi , ξj ) between two units ξi and ξj can be computed as the Euclidean distance between the units’ coordinates on the map, i.e. the output space of the Self-Organising Map clustering. Each unit is attached to a weight vector mi ∈ 
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