
‣ Motivation: Octave equivalence in audio data isomap 
embedding 

‣ Context: Frequency sub-bands in audio data represented as 
points in 3-D space; distance corresponds inversely to strength of 
correlations (Isomap) 

‣ Visual inspection needed to assess octave equivalence, not 
scalable 

๏ Propose an algorithm to quantify “helicality” 

‣ Fit a helix to the embedding point cloud 

๏ Parametrically- using circle and line estimates 
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Isomap embedding protocol

Helix fit- circle estimate, line estimate

‣ CQT: octave equivariant time  frequency representation 

‣ Pearson correlations between frequency sub-bands 

‣ k-nearest neighbor graph        shortest path distances 

‣ Isomap eigenbasis gives low-dimensional embedding 

‣ Music, speech, drums embedding topologies 

‣ Helicalitymusic > Helicalityspeech > Helicalitydrums 

‣ In line with domain knowledge

‣ Hn has highest helicality 

‣ Low TpC helicality despite its harmonic nature

Future work

‣ Does it match perception? 

Cross-dataset: TinySOL, NTVow, ENST-drums

‣ TinySOL: 2913 recordings. Instruments Acc, ASax, 

Bn, Fl, ClBb, Ob, TpC, Tbn, Hn, BTb, Vn, Va, Vc, Cb  

‣ North Texas Vowel Dataset: 3190 recordings, 50 

speakers 

‣ ENST-drums: 107 isolated drum hits, 3 drummers

—

Music. Helicality:0.54

Drums.  Helicality:0.28

Speech. Helicality:0.30

‣ Octave-average point cloud in two dimensions 

‣ Estimate convex hull using Quickhull algorithm 

‣ Circle fit using custom Frank-Wolfe conditional gradient 

‣ Linear regression on third dimension 

‣ Fit helix using circle and line estimates

[Barber]

‣ Helicality- Inverse of square Euclidean distance 

between embedding point cloud       and helix estimate        

in 3-D 

Initial circle center estimate

Convex hull

Final circle center estimate

H =
1

1

P

PP
p=1

�� [p]� 0
[p]

��2
2

<latexit sha1_base64="WPPZlKykxcArb3ClldsuJYT3Ddk="></latexit>

 [p]

<latexit sha1_base64="SwH6A+H0+yeqNfX6K0jC9CSC9Cc=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AruCozRdFl0Y3LCvYBnaFkMpk2NJMMSUYoQ934K25cKOLWv3Dn35hpZ6GtB0IO59zLvfcECaNKO863VVpZXVvfKG9WtrZ3dvfs/YOOEqnEpI0FE7IXIEUY5aStqWakl0iC4oCRbjC+yf3uA5GKCn6vJwnxYzTkNKIYaSMN7KMa9ALBQjWJzZd5iaLTfuLXKgO76tSdGeAycQtSBQVaA/vLCwVOY8I1Zkipvusk2s+Q1BQzMq14qSIJwmM0JH1DOYqJ8rPZBVN4apQQRkKaxzWcqb87MhSrfEVTGSM9UoteLv7n9VMdXfkZ5UmqCcfzQVHKoBYwjwOGVBKs2cQQhCU1u0I8QhJhbULLQ3AXT14mnUbdPa9f3DWqzesijjI4BifgDLjgEjTBLWiBNsDgETyDV/BmPVkv1rv1MS8tWUXPIfgD6/MHuy6Wbg==</latexit>

 
0
[p]

<latexit sha1_base64="DL74ndRiYHyvuVUs/yUNIyotLUY=">AAACBXicbVC7TsMwFHXKq5RXgBEGixbBVCUVCMYKFsYi0YeUhMpxnNaqk1i2g1RFWVj4FRYGEGLlH9j4G5y2A7QcyfLROffq3nt8zqhUlvVtlJaWV1bXyuuVjc2t7R1zd68jk1Rg0sYJS0TPR5IwGpO2ooqRHhcERT4jXX90XfjdByIkTeI7NebEi9AgpiHFSGmpbx7WoOsnLJDjSH+ZyyXN77OT3OFerdI3q1bdmgAuEntGqmCGVt/8coMEpxGJFWZISse2uPIyJBTFjOQVN5WEIzxCA+JoGqOISC+bXJHDY60EMEyEfrGCE/V3R4YiWaypKyOkhnLeK8T/PCdV4aWX0ZinisR4OihMGVQJLCKBARUEKzbWBGFB9a4QD5FAWOngihDs+ZMXSadRt8/q57eNavNqFkcZHIAjcApscAGa4Aa0QBtg8AiewSt4M56MF+Pd+JiWloxZzz74A+PzB7kjmBM=</latexit>

[Jaggi]

[Lostanlen]


