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An Automatic Recognition Algorithm for Feature Points of
Photoplethysmography

LI Sinan, WANG Suxin
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Abstract; Objective In order to make up for the deficiency in the existing photoplethysmography feature point
recognition algorithms which need manually setting the selecting threshold and have poor adaptability to complex
waveforms, an automatic recognition algorithm for feature points based on monotonic increase in geometrical
characteristics of pulse wave ascending branch was proposed. Methods A ‘reference point’ was determined in
each pulse period by zero crossing detection after two Hilbert transformation. The nearest concave and convex
inflection points that searched around the ‘reference points’ were the notches and systolic peaks. Results By
using the 18 sets of data in the MIT-BIH standard database for verification, the average sensitivity, precision and
detection accuracy reached 99.94%, 99.72% and 99.68%, respectively. Compared with the existing four
algorithms, there was a significant improvement in the precision. Feature points could still be accurately identified
for complex waveforms. Conclusions The proposed algorithm achieved a higher detection accuracy in the
process of searching and determining the position of the pulse wave notches and systolic peaks, and exhibited a
stronger adaptability to the waveform change. The research results provide a good foundation for physiological
and pathological analysis through pulse wave features extraction in clinic.

Key words: feature point recognition; photoplethysmography; monotonic characteristics of ascending branch;
Hilbert transformation
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Fig.1 Pulse waveform diagram
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Fig.2  Locations of systolic peaks and notchs in noise
removed PPG and locations of the corresponding

zero crossing points in x(n)
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Fig.5 Diagram of pulse wave pretreatment effect (a) The original pulse wave signals, (b) Pulse wave signals after removing

high frequency noise, (c¢) Pulse wave signals after removing high frequency noise and low frequency baseline drift,

(d) The separated low frequency baseline
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Fig.6  Feature point recognition of photoplethysmography in
three complex forms (a) In the case of a leap in diastolic
amplitude, (b) In the case of false peaks, (c) In the case

of abrupt drop in amplitude
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Tab.1 Comparison of detection effects for the proposed algorithm

with the existing four algorithms

Bk Se/ % Pe/% SEHY Ace/%
CHK[12] 95.76 91.92 88.33
SCHk[ 13] 96. 19 91.57 88. 36
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AL 99.94 99.72 99. 68

3 #ig

Ry T RO 2 R U AR 5 AR AR TR S
R B A1 R O R (T PR AR, AR
SCEE A R T S SR T ) LA R, 4 i
TR Hilbert AR5k A H A 2k 25 o 467 30 A < ik
HER TE“ L 2 A TR B T ™ 45 050k 5
VAT R0 F2 U e s A I O vk, £k MIT-BIH
BB e R 50, A SO e A R A B
VA W AT HSCHR[ 12~ 15 ] FR A B 0 4R T
T 7.80%.8.15%.14. 07% 5. 18%., 7334 B ALATE
R IR R A B R BT i A X 2R E 22 A
(R M5 AR TH BA IR s i b 4L RE 1, BB AS
TR 0) 380 gtz 28 A 0 0 ) 67 L N AR B D A
R C B R F# L RS T B4
FERARA T SR AT B I Y R BE 75 BRI 5137
Sl o AR SO A T kR | S A AR B X
53T A BT 3 N fig

SEN W

[ 1] ALLEN J. Photoplethysmography and its application in clin-
ical physiological measurement [ J|. Physiol Meas, 2007,
28(3): 1-39.

[ 2] ALIAN AA, SHELLEY KH. Monitoring technologies in acute
care environments [ M]. Berlin. Springer, 2013.

[ 3] ISLAM MT, ZABIR I, AHAMED ST, et al. A time-frequen-
cy domain approach of heart rate estimation from photople-

[10]

(11]

[12]

[13]

[14]

thysmographic (PPG) signal [ J]. Biomed Signal Proces,
2017, 36. 146-154.

MARCO AF, ALISTAIR EW, PETER HC, et al. Toward a
robust estimation of respiratory rate from pulse oximeters
[J]. IEEE T Biomed Eng, 2017, 64(8) : 1914-1922.
FRMIGG , SKIIES, 14T, OSAHS & [ oK I HR 3 0 1 455 20
X EAGERA W[ J]. BEHAY %%, 2016, 31(6):
540-547.

CHEN LJ, ZHANG XM, XIAO T. Effect of natural sleep
breathing pattern on upper airway flow field in OSAHS pa-
tients [ J]. J Med Biomech, 2016, 31(6) : 540-547.

TANG ZY, TAMURA T, SEKINE M, et al. A chair-based
unobtrusive cuffless blood pressure monitoring system
based on pulse arrival time [ J]. IEEE T Inf Technol B,
2017, 21(5) ;: 1194-1205.

LI F, YANG LC, SHI HY, et al. Differences in photople-
thysmography morphological features and feature time se-
ries between two opposite emotions; Happiness and sad-
ness [J]. Artery Res, 2017, 18. 7-13.

UCARM K, BOZKORT MR, BILGIN C, et al. Automatic
sleep staging in obstructive sleep apnea patients using
photoplethysmography, heart rate variability signal and
machine learning techniques [ J]. Neural Comput Appl,
2018, 29(8) : 1-16.

KAVSAOGLU AR, POLAT K, HARIHARAN M. Non-inva-
sive prediction of hemoglobin level using machine learning
techniques with the PPG signal’ s characteristics features
[J]. Appl Soft Comput, 2015, 37(C) : 983-991.

ALTY SR, AANGARITA JN, MILLASSEAU SC, et al.
Predicing arterial stiffness from the digital volume pluse
waveform [J]. IEEE T Biomed Eng, 2007, 54(12) . 2268-
2275.

SN, BOMeN, SeAERE, SF. M T0 S AR R R B
EVERRTPN ARSI IE IR R G AR [ J]. BB A
2, 2018, 33(4) : 365-371.

HUANG PH, HUANG TY, DANG WG, et al. Advances in
vitro simulated circulatory system for evaluation of hemody-
namic performance of ventricular assist devices [ J]. J Med
Biomech, 2018, 33(4) . 365-371.

SCHMIDT ML, JOHANNESEN L, SORENSEN JS, et al.
Detection of systole and diastole start in cardiac output and
arterial pressure recordings [ C]// Proceedings of Compu-
ting in Cardiology. Piscataway. IEEE, 2010 381-384.
PACHAURI A, BHUYAN M. ABP peak detection using en-
ergy analysis technique [ C]// Proceedings of Internation-
al Conference on Mutimedia, Signal Processing and Com-
munication Technologies ( IMPACT ). Piscataway. IEEE,
2011 36-39.

ILIEV I, NENOVA B, JEKOVA I, et al. Algorithm for real-



364

EREMAE $34% F4H 2094588
Journal of Medical Biomechanics, Vol. 34 No.4, Aug. 2019

[15]

[16]

[17]

time pulse wave detection dedicated to non-invasive pulse
sensing [ C]// Proceedings of Computing in Cardiology.
Piscataway . IEEE, 2012 777-780.

SCHOLKMANN F, BOSS J, WOIF M. An efficient algo-
rithm for automatic peak detection in noisy periodic and
quasi-periodic signals [ J]. Algorithms, 2012, 5(4) . 588-
603.

JI S, HUANG L, WANG J, et al. Wavelet soft threshold
application on compressive sensing in wireless sensor net-
works of SHM [ C]// Proceedings of the 2" International
Conference on Next Generation Computer and Information
Technology. Berlin: Springer, 2013. 116-121.

JOHN F, CAROLAIN V, MARGOT D, et al. Sleep apnea
hypopnea syndrome classification in SpO2 signals using
wavelet decomposition and phase space reconstruction

[ C]// Proceedings of International Conference on Weara-

< 0

(LE4% 351 W)

[14]

[18]

[19]

PARK KK, TSAI TY, DIMITRIOU D, et al. Utility of preop-
erative femoral neck geometry in predicting femoral stem
anteversion [ J]. J Arthroplasty, 2015, 30(6) : 1079-84.
MURRAY D. The definition and measurement of acetabular
orientation [ J]. Bone Joint J, 1993, 75B(2) ; 228-232.
HIRATA M, NAKASHIMA Y, ITOKAWA T, et al. Influen-
cing factors for the increased stem version compared to the
native femur in cementless total hip arthroplasty [ J]. Int
Orthop, 2014, 38(7) : 1341-1346.

KAISER P, ATTAL R, KAMMERER M, et al. Significant
differences in femoral torsion values depending on the CT
measurement technique [ J]. Arch Orthop Trauma Surg,
2016, 136(9) : 1259-1264.

ZHANG J, WANG L, MAQO Y, et al. The use of combined
anteversion in total hip arthroplasty for patients with devel-
opmental dysplasia of the hip [ J]. J Arthroplasty, 2014, 29
(3): 621-625.

ABE H, SAKAI T, TAKAO M, et al. Difference in stem
alignment between the direct anterior approach and the

(18]

[19]

[20]

[21]

[22]

[20]

[21]

[22]

[23]

ble and Implantable Body Sensor Networks. Piscataway:
IEEE, 2017 43-46.

XU W, YAN Z, SHUNYING D. A high performance pipe-
lined discrete Hilbert transform processor [ J]. IEEE T Sig-
nal Proces, 2013, 9(1): 21-30.

FELDMAN M. Theoretical analysis and comparison of the
Hilbert transform decomposition methods [ J]. Mech Syst
Signal Pr, 2008, 22(3) . 509-519.

KING FW. Hilbert transforms [ M]. 2" ed. Cambridge:
University Press, 2009 34-35.

GOLDBERGER AL, AMARAL LA, GLASS LG, et al
PhysioBank, physiotoolkit, and physionet: Components of
a new research resource for complex physiologic signals
[J]. Circulation, 2000, 101(23) . 215-220.

2RI, B T 2 A% IR A I N A TR S S ) B R 1 F 5T
[D]. ¥k ZRILKR¥, 2014

posterolateral approach in total hip arthroplasty [J]. J Ar-
throplasty, 2015, 30(10) ; 1761-1766.

WORLICEK M, WEBER M, CRAIOVAN B, et al. Native
femoral anteversion should not be used as reference in ce-
mentless total hip arthroplasty with a straight, tapered
stem. A retrospective clinical study [ J]. BMC Musculoske-
let Disord, 2016, 17 399-406.

AMUWA C, DORR LD. The combined anteversion tech-
nique for acetabular component anteversion [J]. J Arthro-
plasty, 2008, 23(7) : 1068-1070.

WOERNER M, SENDTNER E, SPRINGORUM R, et al.
Visual intraoperative estimation of cup and stem position is
not reliable in minimally invasive hip arthroplasty [ J]. Acta
Orthop, 2016, 87(3) : 225-230.

DORR LD, WAN Z, MALIK A, et al. A comparison of sur-
geon estimation and computed tomographic measurement
of femoral component anteversion in cementless total hip
arthroplasty [ J]. J Bone Joint Surg Am, 2009, 91(11).
2598-2604.





