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Motivation and Background - 1 D —

Pedagogical foundation from David Perkin [2]:

people learn much of what they have a reasonable opportunity
and motivation to learn .

Four essential aspects of effective learning
- Clear information;
- Thoughtful practice;
- Informative feedback;
- Strong intrinsic or extrinsic motivation.

Interactive Digital Violin Tutor (iDVT)  [1]

Makes violin learning effective and fun.

- Self-paced learning;
- Accessible any time and any where;
- Constructive learning environment;



Motivation and Background - 2

Violin transcription
Critical role of IDVT

Pitched Non-Percussive (PNP)
sound transcription

Easy: pitch estimation
Hard: onset detection [3]

Enhance onset detection by fusing audio and video s treams

Bow stroke reversals (right hand) and vertical movements are
associated with note onsets;

Trajectories of fingers (left hand) are associated with note onsets.

In addition: useful visual learning feedback: playing gestures,
and fingering and bowing trajectories.
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Audio
Processing




Audio Processing

Onset detection

Three state-of-the-art detection functions are used:

Pitch based detection by Collins in 2005 [12];
Equal loudness contour based detection in 2005 [3];
Inverse correlation based detection by Boo in 2006 [13].

Two peak picking methods are employed:

Fixed threshold method,;
Adaptive threshold method based on median filter [4 ]

Pitch estimation

Klapuri s 2005 [14] and 2006 [15] methods based on auditory
models;

Violin specific pitch estimator by Loscos in 2006 [16].
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Processing




Video Processing - 1



Video Processing - 2

Circles are human annotated onsets. The
triangles point out the onsets which can be
correctly detected by the corresponding
detection function.
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Video Processing - 3

Circles are human annotated onsets. The triangles p  oint out the onsets which can
be correctly detected by the corresponding detectio n function.
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System
Integration - 1

Intra-model fusion (video)
Weighting fusion

The fused overall video
detection Dv is much more
correlated with onset
events than any single
video detection function.
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System
Integration - 2

Inter-model fusion
Weighting fusion

Dav IS more correlated with onset events than Da and Dv.

Several onset events not revealed in the audio detection
function are picked up in the combined audio-visual detection
function, because of the aid of visual information.

14



System
Integration - 3




System Integration - 4



Evaluation - 1

Audio-visual violin database

16 violin recordings containing 2157 onsets and notes,
half of which contain vibrato;

Performed by a professional violin player;
Recorded in an indoor environment with regular
lighting conditions;

Human annotation was cross checked by different
educated musicians.
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Evaluation - 2

Evaluation metric
True Positives (TP) and False Positives (FP);

Receiver Operating Characteristic (ROC) curve of TP
and FP
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Evaluation - 3

Experimental results: onset detection

Each method gets improved with
an increase from 4% to 20% TP.
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Evaluation - 4

Experimental results: pitch estimation

The two generic pitch estimation methods of Klapuri s perform
as well as Loscos s. However, for time efficiency we only
Integrate Loscos s method to do overall transcription evaluation.
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Evaluation - 5

Experimental results: overall transcription

With audio-visual data fusion, the
overall performance improves
with about a 10% TP increase
and about an 8% FP reduction.
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Discussions & Conclusions - 1

Presented the first attempt and experience with a violin music
transcription system fusing audio and visual cues.

Incorporated state-of-the-art audio-only music transcription
methods as the baseline.

Used a simple multimedia fusion technique for the proof of
concept.

Experimental results demonstrate that multimodalities are
superior to single modality in note segmentation.
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Discussions & Conclusions - 2

Verified the initial hypothesis that violin transcription can be
Improved significantly by fusing audio and visual cues.

Developed this new approach with a clear application scenario:
personalized violin education at home:

Implemented with off-the-shelf hardware;
Robust against noise by fusing multiple streams.

Visual feedback can also be used to rectify bad playing habits.

Multimedia music transcription generalizes to other instruments.
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Discussions & Conclusions - 3

The proposed method can be improved in many ways.

Could investigate data-fusion in different stages: late data-
fusion in combination with machine learning methods.

Our observation shows that an intelligent application of haptic
sensors could improve music transcription.

To broaden its applicability, we have started to investigate
various methods of finger and bow tracking with and without
markers.
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