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Supplementary section 1. 

Data in PAM are acquired as a two-dimensional ensemble of A-lines using a raster scan.  

Each A-line can be modelled as follows, 
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where x  D Di i
I  is an identity matrix of dimensionality equivalent to the imaging depth   iD , H is the 

transducer receive mode impulse response, and   denotes convolution along the axial dimension with 

each column of the matrix. Note that 𝑆 is a matrix, the columns of which span the possible locations of 

reverberant signal, with each column being a sparse vector as described in Eqn. (6). im  is a weighting 

vector which selects the locations of the true signal and reverberant signal in the A-line and determines 

their contribution to iA , within the imaging depth   iD . rD  denotes the number of possible combinations 

of a pair of interfaces with normalized acoustic reflectances ,  ji  . It may be observed that the number 

of such possible combinations exceeds the number of samples in the imaging depth, leading to an over-

complete basis, and increasing the sparsity of the vector im . Thus, from (Eqn. (S1)) a B-scan (B) can 

be expressed as the product of an over complete basis Bo with a larger number of basis vectors than 

potential sample points and sparse matrix M comprised of the sparse vectors im . Where  
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Supplementary figure S1 | Noise suppression built in to K-SVD. (a) Noise floor relative to maximum 

signal intensity, measured by average signal intensity in deep tissue (yellow box (b) and (c)) N=300 for 

each bar. Error bars represent standard deviation. (b) Representative raw B-scan (c) Dictionary coded 

B-scan (700 atoms 1 iteration) 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary figure S2 | (a) Representative variation in normalized mean square error between the 

raw signal and dictionary coded signal with increasing dictionary sizes and one iteration. (b) 

Representative reduction in normalized mean square error between the raw signal and dictionary coded 

signal for dictionary size of 700 atoms with increasing iterations. Error bars represent standard 

deviation, N=300 B scans for each bar. (c) Representative variation in execution time of algorithm per 

B scan with iterations and sparsity for dictionary size of 700 atoms N=10 B scans for each bar. Error 

bars represent standard deviation 

 



 

Supplementary figure S3 | (a) Representative variation in normalized mean square error between the 

raw signal and dictionary coded signal with increasing dictionary sizes and one iteration. (b) 

Representative reduction in normalized mean square error between the raw signal and dictionary coded 

signal for dictionary size of 700 atoms with increasing iterations. Error bars represent standard 

deviation, N=300 B-scans for each bar. (c) Representative variation in execution time of algorithm per 

B-scan with iterations and sparsity for dictionary size of 700 atoms N=10 B-scans for each bar. Error 

bars represent standard deviation. 

 



 

Supplementary Figure S4 | (a) Raw B-scan (b) Correlation window applied to B-scan (c) Correlation 

window applied to dictionary learned from B-scan. Region of interest (ROI) to quantify suppression 

(yellow box) (d) Difference in signal suppression in ROI (N=300 for each bar) error bars represent 

standard deviation. 

 

 

 


