oo g 6|43Lw)o.2.3 &oLﬁ) [ Gw)bﬁ ‘SLbd..iLoLw

St >
el : — : — Rl
NN Intelligent Multimedia Processing and Communication Systems (IMPCS) .7,
Fall 2024, 5 (3), 131-140 Received: 23 July 2024
DOR: Accepted: 7 Sep 2024

‘ s.w.b 9y o

An Algorithm for Improving Simulated Brain
Photoacoustic Signal

Leila Mohammadi*

Assistant Professor, Department of Electrical Engineering, Zanjan Branch, Islamic Azad University, Zanjan,

Iran.*Corresponding Author, lemoelec@gmail.com

Abstract

Photoacoustic imaging has been investigated for non-invasive detection of molecular, structural, and functional abnormalities
in biological tissues. One of the important applications of this technology is brain imaging. However, skull’s acoustic effects
reduce the effectiveness of this method. This paper presents an algorithm based on vector space similarity model to
compensate for the skull’s effects. Numerical simulations show that using the genetic algorithm to estimate the optimal
weight assigned to each feature vector improves compensation accuracy and reduces the normalized standard deviation error.
Introduction: Photoacoustic imaging works based on acoustic detection of optical absorption from tissue chromophores.
Since the skull is the main dispersive barrier for the propagation of acoustic waves, it distorts the amplitude and phase of the
received signal. This paper introduces a novel approach based on vector space similarity model for compensating the effects
of the skull on the received brain photoacoustic signal.

Method: The necessary data is generated through a ray-tracing-based simulator. The extremum information of the signal in
the time-frequency domain is used as feature vectors and their similarities are computed using a weighted sum, in which the
optimal weight for each feature vector is determined through the genetic algorithm.

Results: The results indicate that the skull causes significant distortions to both the amplitude and phase of the received
signal. Moreover, the results from the compensation algorithm indicate that utilizing the weighted sum of feature vector
similarities improves the accuracy of compensation compared to the mean feature vector similarity criterion.

Discussion: The paper presents an effective method for compensating the skull induced distortions on brain photoacoustic
signals. By employing vector space similarity model and optimizing feature vector weights, the proposed approach enhances
compensation and reduces the error in the received signal, which can improve the accuracy of photoacoustic brain imaging.

Keywords: Photoacoustic imaging, Compensation, VVector space similarity, M-MVA algorithm.
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Input :ws - photoacoustic signal with skull
ts - training dataset of with and without tuples
Output  :cwo - compensated signal
Data: ws, cwo are time traces of photoacoustic signal. ts is a set of with -
without tuples decomposed by frequencies and represented by feature vectors
namely TimeVector (signal temporal delay and time points at which signal
extremum occurs) and AmpVector (signal extremum amplitudes)
Initialization ‘Wsf[] «— STFT(ws)

wsff[] < ExtractFeatures(wsf[])

for each tuple tp in ts do
for each frequency f; in wsff[] do
dotProduct « wsfTimeVector . tpTimeVector;
angleCos <« dotProduct/(llwsfTimeVector|llitpTimeVector]|));
timeAnglei «— arccos(angleCos)
dotProduct < wsfAmpVector . tpAmpVector;
angleCos « dotProduct/(llwsfAmpVector|llitpAmpVector|l);
ampAnglei « arccos(angleCos)
end
SimilarityTV = Average(timeAnglei; i = 0 ...freqCount);
SimilarityAV = Average(ampAnglei; i =0 ...freqCount);
Similaritytp = a..Similarity TV + (1-a).SimilarityAV;
end
matchedPair <« Minimum(Similaritytp; tp e ts);
aveShift = AverageShift(matchedPair.with, ws);
aveAmp = AverageAmp(matchedPair.with, ws);
result = shift(amplify(matchedPair.without,avgAmp),avgShift);
RETURN result
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