
Matc hing and T rac king Model

Deformable S pectrograms
Manuel Reyes , Dan Ellis  & Nebojsa Jojic ; Columbia University , Microsoft Research 

C OL UMB IA

UNIV E R S IT Y

La b
R O S A
Laboratory for the R ecognition and
Organization of S peech and Audio

S ummary:  Our model foc us es  on loc al deformations  of adjac ent bins  in a time-frequenc y s urfac e to explain an obs erved 
s ound, us ing explic it repres entation only for thos e bins  that c annot be predic ted from their c ontext.

Introduc tion
We propose a model that focuses  on local deformations  of adjacent 

bins  in a time-frequency surface to explain an observed sound, us ing 
explicit representation only for those bins  that cannot be predicted from 
their context. T he idea is  to capture the self-s imilarity and dynamics  of 
an unoccludded speech s ignal, such that those characteris tics  could 
later be exploited to separate occluded regions , when overlaps  with 
other sources  are encountered.

T he trans formation model. 

A patch of N1 frequency bins , center at the kth band from frame 
t is  generated from a “transformation” of a N2 frequency bins  
patch center at the kth from frame t-1. 
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T he G raphic al Model. 
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Mis s ing Data. 

Inference done us ing loopy 
belief propagation.

S peec h P roduc tion Model

x[n] = h[n] * u[n]  (T ime Domain). X[ω] = H[ω] U[ω]  (F req. Domain).

log(X[ω]) = log(H[ω]) + log(U[ω] ) (Log. F req. Domain).
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Mis s ing Data. 

F ormants  and Harmonic s  T rac king 

R obus tnes s  to nois e. 

T rac king and and Matc hing Model

When variable C t = 0; T he system tracks  a given frequency bin 
from its  context. When C t=1; T he systems matches  the 
frequency bin with the correspondent coefficient from one of 
the states  S .

E xample with a mixture of two s peakers .

C urrent work

- T racking and Matching overlapping patches .

- Identify R egions .

- C luster R egions  and Ass ign Labels .

- P ropagate Labels  Us ing Learned T ransformation Maps .

- Learned S peaker Models  from P atches  and Dissambiguate.

p(X  | H  ,  F   ,  S  =j, C    )  =

N(X  ;  H  + F   ,  ∆   )  C  = 0;

N(X  ;  uj  , Σj   )  C  = 1;t
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