Text S3: Proof that CPA detects the elements present in an auditory scene
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S3. 1
where the brackets indicate an average over time.

The corrected projection algorithm, calculated using S2.7, finds parameters 
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the estimate 
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 can be calculated as a matrix multiplication, using matrix B defined in S1.6 as
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Inserting the estimator 
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The input 
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such that equation S3.4 becomes

[image: image16.wmf]>

-

-

>=<

<

))

t

(

A

)

t

(

A

(

))

t

(

A

)

t

(

A

(

V

tr

tr

tr

r

r

r

r

B

B

Θ

B

B

B

B

Θ

B

B

 S3. 6
If we rewrite this expression to separate 
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or
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and I is the n by n unit matrix.

The matrix multiplications in S3.8 can be written in terms of M as
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We can split up this expression between the diagonal elements of M and the outer-diagonal terms of M:
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Since the cross-correlation of the coefficients 
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To compute the diagonal elements of M, we use the following expression
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in which 
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The matrix elements of C are scalar products
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and hence C is symmetric. Based on S3.13, the diagonal elements 
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To find the parameters 
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Changing the index in the second sum from h to k, we obtain
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By taking the derivative of <V> respect to
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 in S3.12 and making it equal to zero, we get
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We can write this expression in terms of the matrices C and 
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The solutions
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A specific assumption was that each particular auditory scene is composed of only a few elements. Therefore, there is a group of dictionary elements
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and a non-active set
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where 
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The goal of CPA is to determine the n variables
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, l=1,...,n that solve for the n linear equations described in S3.23. To do so, we will first find an exact solution for a situation where the dot products between the dictionary elements that are present in a scene are zero, 
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that is, simultaneously present sources are orthogonal. Later on, in Text S4, we will show that, if the dimension f of the dictionary element vectors is large enough, the actual solutions are close to the exact solution of the orthogonal case, even if the sources present are not strictly orthogonal.
To derive the exact solution of S3.23 under condition S3.24, we will, first, consider elements that belonged to the auditory scene and then we will consider the elements that were not part of the active set. 
Case 1: 
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Considering that
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Since we have assumed the orthogonality of the active dictionary elements, S3.26 simplifies to
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Equation S3.27 is evidently solved for 
[image: image62.wmf]A

l

l

Î

=

,

1

q

and
[image: image63.wmf]A

k

k

Ï

=

,

0

q

. Next, we will show that this also solves the equations for inactive dimensions (see Case 2).

Case 2: 
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Again, by separating the active and inactive indices, we write S3.23 as
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Applying the orthogonality condition of the active elements, S3.28 becomes
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Inserting the Ansatz 
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Therefore, we have shown that S3.23, and hence the minimization problem S3.4, is solved if the presence parameter 
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