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Motivation

Modal representation for the exterior acoustic Modal representation for the exterior acoustic 
field becomes important.field becomes important.
What are the physical meanings of the SVD in 
exterior acoustic problem.
What are the mathematical mechanism of the What are the mathematical mechanism of the 
unitary matrices and  singular value. unitary matrices and  singular value. 
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What is the Green’s function
The GreenThe Green’’s function relating to the acoustic pressure of s function relating to the acoustic pressure of 
field to the strengths of source on the boundaryfield to the strengths of source on the boundary
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1. Degenerate kernel
2. Image method      
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Degenerate kernels
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The image method of acoustic field
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The Green’s function satisfies the B.C.
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The Green’s matrix 

Boundary integral equation (singular integral equation)
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CPV : Cauchy principal value

RPV : Reimann principal value
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Discrete the boundary integral equation
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Observation points

Source points

G: Green’s matrix



Singular value decomposition (SVD)
+
×××× ΨΣΦ= VVVPPPVPG][

P: number of the field points 

V: number of the source points

+: transpose conjugate
I=ΦΦ=ΦΦ ++ Left unitary matrix

I=ΨΨ=ΨΨ ++ Right unitary matrix
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Singular value expansion
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Singular value expansion
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Relationship between SVD and SVE
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Grouping characteristics
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The left and right singular vectors of SVD
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Conclusions
1. The degenerate kernel and image method are 

employed to derive the Green's function. 

2. The physical meaning of the SVD has been 
examined.

3. The left singular vectors of the SVD of the 
Green's matrix describing field mode shapes. 

4. The right singular vectors of the SVD of the 
Green's matrix describing source mode shapes.

5. The singular value of the Green’s matrix has been 
obtained and compared with analytical solutions.  
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