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Development of High-Accuracy Automatic Identification Algorithm
for First and Second Heart Sounds Using Vascular Transit Time

Soo Min Leef,

ABSTRACT

Qun Wei”,

Hee Joon Parkw

Identification and analysis of the first and second heart sounds(S1, S2) is the easiest way for
cardiovascular disease prevention and early diagnosis. However, accurate identification is difficult because
the heart sound includes organ movement, blood vortex, user experience, and noise influenced by
subjective judgment. Therefore, an algorithm to automatically identify the S1 and S2 heart sounds based
on blood vessel transit time(VTT) is presented in this paper. According to the experimental results of
comparing the algorithm developed for S1 and S2 heart sound analysis with the conventional Shannon

energy algorithm in 10 volunteers,

it has been proven that the proposed algorithm can automatically

identify S1 and S2 heart sounds with higher accuracy than existing algorithms.

Key words: Vascular Transit Time, Heart Sound, Photoplethysmography, Automatic identification,
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Fig. 1. Example of simultaneously measured heart sound and PPG signal for a healthy male adult,
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Fig. 3. Experimental setup for heart sound and PPG signal data acquisition, (a) Diagram of the experimental setup

for data acquisition and (b) Experimental photo,
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Table 1, Result of correlation analysis between heart
sound and PPG systolic peak,

Subject No. | Ppeak-S1 (ms) | Ppeak-S2 (ms)
1 493 15
2 495 16
3 502 20
4 500 19
5 498 19
6 496 17
7 503 20
8 497 17
9 503 19
10 498 18
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Table 2, Comparison result of the proposed VTT based high—accuracy S1 and S2 automatic identification algorithm
and the existing Shannon energy based algorithm,

VTT based algorithm Shannon energy based algorithm
Subject| HR S1 S2 S1 S2

No. Tbpm] [ yapue Acc. Value Acc. Value Acc. Value Acc.
[EA] [%] [EA] [96] [EA] [%] [EA] [%]

1 70 70 100 69 98.57 66 94.29 65 92.86
2 68 67 98.53 65 95.59 64 94.12 64 94.12
3 72 71 98.61 71 98.61 69 95.83 67 93.06
4 76 76 100 76 100 73 96.05 71 93.42
5 70 70 100 70 100 68 97.14 63 97.14
6 67 67 100 66 98.51 64 95.52 61 91.04
7 73 73 100 71 97.26 70 95.89 69 94.52
8 69 68 98.55 68 98.55 65 94.20 63 91.30
9 67 67 100 67 100 64 95.52 64 95.52
10 68 68 100 67 98.53 65 95.59 62 91.18
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Fig. 4. Accuracy evaluation of the proposed VTT—based high—accuracy S1 and S2 automatic identification algorithm
and the existing Shannon energy based algorithm through Wilcoxon signed rank test, (a) accuracy evaluation
of the S1 time point identification and (b) accuracy evaluation of the S2 time point identification,
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