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Abstract— A dual-channel single-mode-multi-mode-single-

mode (SMS) fiber optic sensor encapsulated by 

polydimethylsiloxane (PDMS) was proposed for the first time, for 

the simultaneous monitoring of the brachial and radial arteries for 

accurate blood pressure prediction. With the help of the machine 

learning algorithm Support Vector Regression (SVR), the SMS 

fiber sensor can continuously and accurately monitor the systolic 

and diastolic blood pressure. Commercial sphygmomanometers 

are used to calibrate the accuracy of blood pressure measurement. 

Compared with the single-channel system, this system can extract 

more pulse wave features for blood pressure prediction, such as 

radial artery transit time (RPTT), brachial artery transit time 

(BPTT), and the transit time difference between the radial artery 

and the brachial artery (DBRPTT). The results show that the 

performance of dual-channel blood pressure monitoring is more 

accurate than that of single-channel blood pressure monitoring in 

terms of the absolute value of the correlation coefficient (R) and 

the average value of the difference between SBP and DBP. In 

addition, both the single-channel and dual-channel blood pressure 

monitoring are in line with the Association for the Advancement 

of Medical Devices (AAMI), but the average deviation (DM, 0.06 

mmHg) and standard deviation (SD, 1.54 mmHg) of dual-channel 

blood pressure monitoring are more accurate. The blood pressure 

monitoring system has the characteristics of low cost, high 

sensitivity, non-invasive and capability for remote real time 

monitoring, which can provide effective solution for intelligent 

health monitoring in the era of artificial intelligence in the future. 

 
Index Terms— Blood pressure monitoring, SMS fiber sensors, 

Optical fiber sensors, Healthcare monitoring, Human pulse wave 

 

I. INTRODUCTION 

EART and blood diseases are becoming more and more 

threats to human health, especially hypertension is the 

most common [1]. Blood pressure (BP) reflects the 

degree of cardiovascular health and is a reliable indicator of the 

human cardiovascular system [2]. Due to the unhealthy diet and 
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lack of exercise for many people, and due to the aging society, 

hypertension has become the main threat to the health of the 

elderly [3], and the problem of hypertension has become very 

common among the population. Problems such as increasing 

labor costs, increasing medical expenses, and shortages of 

medical staff have gradually surfaced [4]. Therefore, intelligent 

blood pressure monitoring is very important in daily life. 

Commercial sphygmomanometers usually use inflatable 

cuff technology, the basic principle of which is mainly the 

oscillometric method, and the discomfort and inconvenience of 

measurement are major problems [5,6]. Therefore, in order to 

make blood pressure monitoring more comfortable, convenient 

and accurate, a large number of blood pressure monitoring 

solutions have been proposed. These techniques are mainly 

divided into photoplethysmogram (PPG) sensors, optical 

imaging and ultrasound technique. In 2019, Riaz et al. 

effectively realized the physiological relationship between the 

pulse width and the BP of the PPG signal through wearable PPG 
[7]. In 2019, Mousavi et al. proposed a new method that uses 

only the PPG signal without considering its shape to estimate 

mean arterial pressure (MAP), diastolic blood pressure (DBP), 

and systolic blood pressure (SBP) [8]. Luo et al. described a new 

technology based on smart phones, called transdermal optical 

imaging based on non-contact methods [9]. Wang et al. 

developed an ultrasound and stretchable device that fits the 

skin, captures blood pressure waveforms in deeply buried 

arteries and veins, and can continuously monitor cardiovascular 

events [10]. However, in the case of sweating on the skin surface, 

the accuracy of the PPG and skin-contact sensor will be 

decreased [11]. In addition, these sensors do not allow blood 

pressure monitoring in magnetic environment (for example, 

magnetic resonance imaging) [12]. 

With the development of optical fiber technology, optical 

fiber sensors are gradually being used in the field of smart 

healthcare [13]. For example, Bennett et al. introduced a new 

non-invasive vital signs sensing technology based on 
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multimode fiber optic sensors, which can be integrated into 

fabrics. The technology is based on tracking the point intensity 

changes of speckle patterns caused by optical mode interference 

due to fiber deformation [14]. Koyama et al. developed an optical 

fiber Bragg grating vital sensor by installing an FBG sensor at 

the pulsation point of a living body [15]. Haseda et al. introduced 

an FBG sensor made of plastic optical fiber (POF-FBG) to 

realize blood pressure monitoring [16]. In 2015 C. Leitão et al. 

proposed an FBG based portable pen-like optical fiber sensor 

for central arteries pulse waveform acquisition, which has 

disadvantage of high cost and complex demodulation method 

due to it wavelength extracting nature [17]. The authors further 

presented a non-invasive arterial pulse waveform monitoring by 

using POF sensor [18], which is low cost and simple 

demodulation, but relatively low sensitivity.  

This paper presents a high accuracy blood pressure 

monitoring method using a singlemode-multimode-singlemode 

(SMS) fiber structure with the employment of dual-channel 

measurement scheme. SMS sensors were imbedded into BP belt 

to monitor the brachial and radial arteries of the human body. 

BP prediction is carried out by constructing a BP model by 

extracting pulse features. One male and one female volunteer 

participated in the 20-day pulse collection experiment. A 

comparison between the dual-channel BP monitoring based on 

Support Vector Regression (SVR) method and single-channel 

BP monitoring was conducted, where dual-channel BP 

monitoring has proved to have better measurement accuracy. 

This accurate and wearable non-invasive BP monitoring 

technology holds great promise for the prevention and 

diagnosis of hypertension and cardiovascular disease.  

 

II. METHODS AND EXPERIMENTS 

A. Human pulse wave introduction 

The human pulse wave signal contains the physiological 

information of human health, especially the physiological 

information of the human cardiovascular system [19]. Therefore, 

the pulse wave signal of the human body can be used as the 

basis of medical diagnosis. Physical diseases such as 

hypertension can be identified by features such as pulse wave 

cycle, propagation speed, and the location of peaks and troughs. 

Therefore, pulse transit time, which refers to the time for arterial 

pressure wave to reach the surrounding vessels from the aortic 

valve during the ejection process of the heart artery, is a feature 

highly correlated with BP. Meanwhile, the pulse transit time, 

mainly affected by the size of the blood vessel and the elasticity 

of the blood vessel wall, is a common indicator reflecting the 

arterial elasticity and dilatability of the arteries. When BP rises, 

the blood vessel walls become tense and blood flow increases. 

When BP drops, vessel walls relax and blood flow slows [20]. In 

the experiment, two pulse waves (the radial artery and brachial 

artery of the arm) are selected as the sensing signals as shown 

in Figure 1. They are percussion waves (PW) and dicrotic 

waves (DW) in the basic pulse waves of the human body. By 

calculating the time points of the percussion wave and dicrotic 

wave, the following relevant parameters of blood pressure 

measurement can be obtained: the radial artery transit time 

(RPTT), the brachial artery transit time (BPTT) and the transit 

time difference between the radial artery and the brachial artery 

(DBRPTT). 

 
Figure 1. Typical brachial artery and radial artery pulse waveform with 

pulse transit time feature. 

B. Sensing principle 

The SMS fiber structure is configured by fusion splicing a short 

section of multimode fiber (MMF) between two singlemode 

fibers (SMFs), as shown in Figure 2. The SMS fiber structure 

utilizes multimode interferences within MMF, which has very 

high sensitivity for various applications, such as temperature, 

strain, refractive index, bio-chemical sensing [21-22]. Most 

recently we have studied the SMS fiber sensor for curvature and 

respiration state sensing [23]. The human circulatory system is 

composed of the heart, blood vessels and blood, and is 

responsible for transporting oxygen, carbon dioxide, nutrients 

and waste. The blood is squeezed into the aorta by the 

contraction of the left ventricle of the heart, and then flows to 

the arteries throughout the body. Arteries are tubes of elastic 

connective tissue and muscle. When a large amount of blood 

enters the arteries, the pressure increases and the diameter of 

the artery expands, and the pulse signal is felt by the arteries on 

the surface of the body [24]. The SMS fiber sensor is attached to 

the skin surface of human arteries (the human radial artery and 

brachial artery were selected for this BP sensing experiment 

because they are located on the human arm, which is convenient 

for measurement). The vibration signal caused by pulse wave 

causes deformation of SMS fiber sensor. Since the SMS fiber 

sensor is very sensitive to the bend [25-27], the output power of 

the SMS fiber sensor changes with the same pace as that of the 

pulse wave, and thus can be used to measure BP. 

 
Figure 2. SMS optical fiber sensor structure and pulse sensing principle 
 

C. Experimental setup 
The SMS fiber sensor was made by connecting 30 mm MMF to 

SMF using fusion splicer (Fujikura 80C). Since the SMS optical 

fiber sensor is fragile, the SMS fiber sensor is encapsulated with 

PDMS as shown in Figure 3(b). The thickness of the PDMS 

coating and elastic belt are 3 mm and 2 mm, respectively. The 

thickness of PDMS coating is slightly larger than that of the 

elastic belt, which makes the SMS sensor closely attached to 
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the human skin (brachial and radial artery), and thus has better 

sensitivity. The PDMS encapsulated SMS fiber sensor is then 

embedded into two elastic fabrics as shown in Figure 3 (a), 

where a rectangular hole (40 mm×5 mm) is cut in the middle of 

each elastic fabric. The SMS fiber sensor is placed in the holes 

of two elastic fabrics and then stitch the two elastic fabrics 

together. This configuration enables the PDMS encapsulated 

SMS fiber sensor has direct contact with the skin surface and 

thus improve sensitivity. Figure 3(c) shows the picture of the 

packaged SMS BP elastic belt. Figure 4 shows a schematic 

diagram of the BP monitoring system, which is composed of a 

CW (Continuous Wave) laser (1550 nm), two SMS BP elastic 

belts (one is placed in radial artery, another one is placed in 

brachial artery), two InGaAs photodiodes (PDA10CS-EC, 

THORLABS), an optical fiber splitter (WLF-102-001), a FPGA 

(Field Programmable Gate Array) voltage acquisition unit and 

a PC (Personal Computer). It is noted that the miniaturization 

and low cost is the driving force for technology development 
[28]. To realize this goal, the light source and PDs proposed in 

this paper can be replaced by low-cost light source and 

photodiode, such as LSFLD155 laser diode and LSIPD-A75 

photodiode made from Beijing Light-sensing Technologies 

LTD, where the whole system could be as low as $30. 

 

 
Figure 3. (a) Schematic diagram of an optical fiber BP elastic belt; image of 
(b) SMS fiber sensor encapsulated with PDMS; (c) BP elastic belt embedded 
with SMS fiber sensor. 

 
Figure 4. Schematic diagram of the BP monitoring experimental setup. 

 

D. Collection and preprocessing of measured pulse 
Pulse transit time is the core parameter to predict the BP 

changes of individuals [29]. In our experiments, two healthy 

volunteers (one male, 26 years old; one female, 25 years old) 

were selected to participate in the measurement. Both 

volunteers signed the informed consent form, which has been 

approved by the university ethics committee. In the 

experimental data collection, a commercial BP meter (OMRON, 

HEM-7211) is used as the true value of the experimental data. 

The experimental measurement data was collected 

continuously for 20 days, and pulse samples were taken 5 times 

a day (sampling time points: 9:00, 12:00, 15:00, 18:00, 21:00), 

and each measurement time was 10 seconds. The specific 

acquisition procedure is: 1) place the optical fiber elastic belt 

on the radial artery and brachial artery of the right hand; 2) use 

the FPGA signal acquisition system to acquire two-channel 

pulse signals at a 1 kHz acquisition rate; 3) place a commercial 

sphygmomanometer on the left upper arm. The measurement 

was performed in a sitting position, with both hands on the table, 

keeping the same level with the heart to improve measurement 

accuracy. In order to achieve the purpose of BP prediction, the 

raw pulse signal denoising and feature extraction is processed 

on the original pulse signal as shown in Figure 5. The yellow 

solid line is Brachial Artery Wave (BAW), and the blue solid 

line is Radial Artery Wave (RAW). First, in the signal 

preprocessing step in the Figure 5(a-b), wavelet decomposition 

is used to remove the baseline interference and noise of the 

original signal (the wavelet generating function used in the 

paper is db4 and the wavelet decomposition is level 5) [30], The 

pulse wave period is segmented according to the location of the 

trough in the Figure 5(c), the red dotted line is Brachial artery 

Cycle Segmentation (BCS), and the green dotted line is Radial 

artery Cycle Segmentation (RCS). Then the peak value search 

method is used to search for the location of the percussion and 

dicrotic wave in the Figure 5(d) [31]. The red prototype presents 

Brachial artery Percussion Wave (BPW), the green prototype 

presents Brachial artery Dicrotic Wave (BDW), The red 

triangle presents Radial artery Percussion Wave (RPW), and the 

green prototype presents Radial artery Dicrotic Wave (RDW). 

Finally, effective judgments were made for signals that could 

not find the percussion wave peak and the dicrotic wave peak 

in the Figure 5(e). Signals with an effective signal ratio greater 

than or equal to 50% were retained, while those with an 

effective signal ratio less than 50% were removed. In the 

experiment, among 100 groups of male volunteers’ signals, 82 

groups of valid signals were retained and 18 groups of invalid 

signals were removed; among 100 groups of female volunteers’ 

signals, 72 groups of valid signals were retained and 28 groups 

of invalid signals were removed. According to the principle that 

80% of the signals are used as BP modeling signals and 20% of 

the signals as BP test signals. From the valid signals of male 

volunteers, 66 sets of signals were selected as BP modeling 

signals, and the remaining 16 sets of signals were used as BP 

test signals. From the valid signals of female volunteers, 58 sets 

of signals were selected as BP modeling signals, and the 

remaining 14 sets of signals were used as BP test signals. 
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Figure 5. Human pulse signal processing and feature extraction workflow 

E. The blood pressure estimation model 

• BP monitoring based on single-channel SMS fiber sensing 

In a single-channel measurement, the relationship between 

pulse transit time and blood pressure is shown in Eq. (1) [32]: 

 𝑩𝑷 = 𝑲𝒂 𝒍𝒏( 𝑷𝑻𝑻) + 𝑲𝒃
𝟏

𝑷𝑻𝑻𝟐
+ 𝑲𝒄                 (1) 

where BP is either the Systolic Blood Pressure (SBP) or the 

Diastolic Blood Pressure (DBP), PTT is either the RPTT or the 

BPTT, Ka, Kb, and Kc are the parameters of the single-channel 

BP model as shown in the Table I. As shown in the Table I, the 

performance of the single-channel BP model is revealed by the 

Goodness of Fit (R2). The results the R2 of the brachial artery 

is smaller than that of the radial artery, which is due to the fact 

that the pulse intensity of the brachial artery is smaller than that 

of the radial artery, resulting in an increase in measurement 

error. 
 

Table I Parameter and performance of single-channel blood pressure 

model 

Subject Location BP Ka Kb Kc R2 

male 

Radial 

artery 

SBP -

235.3 

-

4794000.0 

1507.0 0.74 

DBP -

178.3 

-

3289000.0 

1104.0 0.67 

Brachial 

artery 

SBP -92.0 -964100.0 651.8 0.51 

DBP -79.9 -732700.0 518.3 0.51 

female 

Radial 

artery 

SBP -14.8 165100.0 166.9 0.63 

DBP -25.8 -246400.0 205.3 0.55 

Brachial 

artery 

SBP -38.3 -415700.0 307.6 0.57 

DBP -44.0 -701800.0 314.6 0.53 

• BP monitoring based on dual-channel SMS fiber sensing 

In dual-channel SMS fiber sensing, Support Vector Machines 

(SVM) algorithm is used for BP monitoring. The SVM is 

suitable for both classification and regression applications. The 

regression or the function approximation version of SVM is 

called support vector machine-regression (SVR) [33], which is 

considered as a maximum-margin algorithm. Since predicting 

BP is a regression problem, common machine learning 

regression algorithms include linear regression, deep learning, 

and SVR [34]. Although the linear regression algorithm is 

relatively simple, it is not good at dealing with nonlinear 

problems. Deep learning can handle nonlinear problems but 

requires large number of data. SVR is good at handling 

nonlinear problems with small samples with excellent 

generalization effect and application range [35], compared to 

other machine learning algorithms. Since the amount of pulse 

data collected in this paper is 100 sets per person, which is 

neither very large nor linear, SVR was selected to predict BP. 

We have a set of training samples {(𝑥𝑖 , 𝑦𝑖), 𝑖 = 1,2,∙∙∙, 𝑛}, the 

expected output 𝑦𝑖 ∈ 𝑅, 𝑥𝑖 ∈ 𝑅𝑛 , 𝑓(𝑥) ≤ 𝜔, 𝑥 ≥ 𝑏 is used for 

fitting (𝑥𝑖 , 𝑦𝑖) using the linear 𝜀 insensitive loss function [36-37]: 

 |𝒇(𝒙) − 𝒚|𝜺 = {
𝟎                           |𝒇(𝒙) − 𝒚| ≤ 𝜺
|𝒇(𝒙) − 𝒚| − 𝜺        others

             (2) 

Add relaxation factor 𝜉𝑖 ≥ 0  and 𝜉𝑖
∗ ≥ 0 , Then the above 

problem becomes a constraint condition: 

 {
𝒚𝒊 − 𝒇(𝒙𝒊) ≤ 𝜺 + 𝝃𝒊
𝒇(𝒙𝒊) − 𝒚𝒊 ≤ 𝜺 + 𝝃𝒊

∗          𝒊 = 𝟏, 𝟐,⋅⋅⋅, 𝒏           (3) 

Minimizing objective function: 

 𝝋(𝒘, 𝝃𝒊, 𝝃𝒊
∗) =

𝟏

𝟐
|𝒘|𝟐 + 𝒄∑ (𝝃𝒊 + 𝝃𝒊

∗)𝒏
𝒊=𝟏               (4) 

where 𝑐 is the punish coefficient, the dual problem of the above 

problems can be obtained by using the optimization algorithm: 

the constraint, 

 {
∑ (𝜶𝒊 − 𝜶𝒊

∗) = 𝟎𝒏
𝒊=𝟏

𝜶𝒊 ≥ 𝟎, 𝜶𝒊
∗ ≤ 𝒄

           𝒊 = 𝟏, 𝟐,⋅⋅⋅, 𝒏              (5) 

maximize the objective function for the Lagrange factor 𝛼𝐼, 𝛼𝐼
∗ 

𝑾(𝜶,𝜶∗) = −𝜺∑ (𝜶𝒊 + 𝜶𝒊
∗) + ∑ (𝜶𝒊 − 𝜶𝒊

∗)𝒏
𝒊=𝟏

𝒏
𝒊=𝟏 −

𝟏

𝟐
∑ (𝜶𝒊 − 𝜶𝒊

∗)(𝜶𝒋 − 𝜶𝒋
∗)𝒏

𝒊,𝒋=𝟏 ⟨𝒙𝒊, 𝒙𝒋⟩                                         (6) 

The value of 𝛼 is solved to get the regression model: 

 𝒇(𝒙) = ⟨𝒘, 𝒙⟩ + 𝒃 = ∑ (𝜶𝒊 − 𝜶𝒊
∗)⟨𝒙𝒊, 𝒙⟩ + 𝒃𝒏

𝒊=𝟏           (7) 

For the nonlinear regression problem, data is mapped to a high-

dimensional feature space by nonlinear mapping, which is 

transformed into a linear problem of high-dimensional space: 

 𝒇(𝒙) = ∑ (𝜶𝒊 − 𝜶𝒊
∗)𝒏

𝒊=𝟏 𝑲(𝒙𝒊, 𝒙𝒋) + 𝒃             (8) 

The kernel function is Radial Basis Function (RBF): 

 𝑲(𝒙𝒊, 𝒙𝒋) = 𝒆𝒙𝒑( − 𝒈‖𝒙𝒊 − 𝒙𝒋‖
𝟐
)             (9) 

Where 𝑔 is kernel radius. Therefore, in this model, the settings 

of 𝑐  and 𝑔  are critical, and grid search is used to find the 

optimal c and 𝑔. Figure 7 shows an example of grid search for 

c and 𝑔, the x-coordinates, the y-coordinate and z- coordinate 

are log2c, log2𝑔 and Mean Square Error (MSE) respectively. 

The best c among the male volunteers SBP, the male volunteers 

DBP, the female volunteers SBP and the female volunteers 

DBP were 996.9987, 173.6454, 377.4129 and 263.1971, 

respectively. The best 𝑔 among the male volunteers SBP, the 

male volunteers DBP, the female volunteers SBP and the 

female volunteers DBP were 0.0037, 0.0501, 0.0012 and 

0.0010, respectively.  
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Figure 6. Grid search for c (punish coefficient) and 𝒈 (kernel radius) in (a) the 

male volunteer SBP model, (b) the male volunteer DBP model, (c) the female 

volunteer SBP model and (d) the female volunteer SBP model. 

III.  RESULTS AND DISCUSSION 

The test data including 16 groups collected from the male 

volunteer and the 14 groups collected from the female volunteer 

were analyzed by correlation plots and Bland-Altman plots. 

Figure 7 gives an example of the signal measured by the 

developed fiber sensor and processed using the above model. 

Figure 7(a) and (b) are raw signals detected by the SMS fiber 

sensor and pre-processed signals after removing the baseline 

and noise, respectively. Figure 7(c) shows BCS and RCS 

identified by cycle segmentation based on the position of the 

trough of the processed signal. Four points (BPW, RPW, BDW 

and RDW) of each cycle of the BAW and RAW were identified 

by the peak seeking algorithm in the Figure 7(d). A valid signal 

is defined as having a shock wave peak and a dicrotic wave peak 

in one pulse period, in which the shock wave is earlier than the 

dicrotic wave and the amplitude of the shock wave is higher 

than that of the dicrotic wave. In Figure 7(e), there is one pulse 

period is identified as invalid signal because only a dicrotic 

wave was identified in BAW and RAW respectively, all other 

pulse periods are valid signals. Correlation plots indicate the 

correlation analysis of the measured BP against the reference 

values [38]. The Bland-Altman plot was chosen to provide a 

more accurate comparison of the measurement by the dual-

channel and single-channel BP monitoring [39], which was used 

to evaluate the consistency of the measurement results. Figures 

8-10 show the Correlation plots and Bland-Altman plots of both 

the male and female volunteers’ SBP and DBP based on radial 

artery, brachial artery and SVM respectively. The horizontal 

coordinate of the Bland-Altman plot is the mean of the 

measured BP and the reference BP (MMR), and the vertical 

coordinate is the difference between the measured BP and the 

reference BP (DMR). The solid black line in the graph 

represents the mean value of the DMR (MDMR), the closer it 

is to zero the better the agreement. The purple dashed line 

represents the 95% confidence interval, Mean ± 1.96 SD where 

the Mean is the MDMR and SD is the standard deviation, which 

becomes the 95% limits of agreement (LoA). 

 
Figure 7. An example of measured pulse signal and its processing progress (a) 

Raw signal, (b) Preprocessing, (c) Cycle segmentation, (d) Feature extraction 
and (e) Signal judgment 

 

 
Figure 8. Single-channel blood pressure monitoring based on radial artery 
detecting: correlation plots and Bland-Altman plots of (a) (e) the male volunteer 

SBP, (b) (f) the male volunteer DBP, (c) (g) the female volunteer SBP and (d) 

(h) the female volunteer DBP. 
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Figure 9. Single channel blood pressure monitoring based on brachial artery 

detecting: correlation plots and Bland-Altman plots of (a) (e) the male volunteer 
SBP, (b) (f) the male volunteer DBP, (c) (g) the female volunteer SBP and (d) 

(h) the female volunteer DBP. 

 
Figure 10. Dual-channel blood pressure based on SVM: correlation plots and 

Bland-Altman plots of (a) (e) the male volunteer SBP, (b) (f) the male volunteer 

DBP, (c) (g) the female volunteer SBP and (d) (h) the female volunteer DBP. 

 

As displayed in the Figure 8 and Figure 9, Correlation 

Coefficient (R) and the MDMR of radial artery and brachial 

artery single-channel detecting are very close in SBP and DBP 

for both the male and female volunteers, the maximum 

difference of the R and the MDMR between radial and brachial 

artery monitoring were 0.07 and 1.5 mmHg. However, the R of 

the female volunteer is smaller and the absolute of the MDMR 

of the female volunteer is greater than that of the male volunteer, 

the maximum difference of the R and the MDMR between the 

male volunteer and the female volunteer were 0.12 and 1.7 

mmHg, which is possibly because the pulse intensity of female 

volunteer is weaker than that of the male and thus higher 

measurement error. From the Figure 10, the R of dual-channel 

detecting is greater than that of single-channel detecting in both 

SBP and DBP whose value for male volunteer are 0.98 and 0.91 

respectively, and for female the SBP and DBP are 0.98 and 0.93 

respectively. The absolute of the MDMR of dual-channel 

detecting is smaller than that of single-channel detecting. For 

both single-channel and dual-channel monitoring, the 

calculated points are basically within the purple line, which 

means that there is good consistency in measurements. The 

error of dual-channel BP monitoring model is lower than that 

of single-channel BP monitoring model in terms of the 

correlation plot and the Bland-Altman plots.  

Table II summarized the calculated SBP and DBP in the 

Figures 8-10. As listed in Table II, The Association for the 

Advancement of Medical Instrumentation (AAMI) has two 

indicators for BP measurement device: Dm and SD [40]. In the 

results of this experiment, the Dm and SD of all three methods 

met the requirement of the AAMI, but the absolute value of Dm 

and SD in method 3 was smaller than that of the method 1 and 

2, indicating that the method 3 has the best performance. The 

summarized results in Table Ⅱ showed that both the single-

channel and dual-channel BP monitoring met the standard of 

AAMI, but the result of the dual-channel BP monitoring was 

more accurate than that of the single-channel BP monitoring, 

with a minimum Deviation mean (Dm)/minimum Standard 

Deviation (SD) of 0.06/1.54 mmHg for dual-channel BP 

monitoring and 0.31/2.07 mmHg for single-channel BP 

monitoring. 

Table II Comparison of experimental results between single-channel 
and dual-channel optical fiber sensing. Method 1: single -channel BP 
monitoring based on radial artery detecting; Method 2: single -
channel BP monitoring based on brachial artery detecting; Method 3: 
dual-channel BP based on SVR; Dm: Deviation mean; SD: Standard 
deviation 

Subject Method 

SBP DBP Dm±SD 

in 

AAMI 

(mmHg) 

Dm 

(mmHg) 

SD 

(mmHg) 

Dm 

(mmHg) 

SD 

(mmHg) 

A(male) 

1 0.81 3.05 0.33 2.65 

5±8 

2 0.31 3.30 0.57 3.07 

3 -0.12 1.66 0.06 1.54 

B(female) 

1 0.97 2.50 0.54 2.07 

2 1.70 2.52 1.41 2.56 

3 0.83 1.71 0.66 1.84 

 

In order to verify the long-term stability and repeatability 

of the system, the BP of the two volunteers were measured after 

10 months, and the experimental results calculated by method 

3 show that the maximum Dm and SD are 1.66, 3.19 

respectively. Compared with the data in Table II (0.83 and 1.84 

respectively), we can conclude that both are within the standard 
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of AAMI, demonstrating good long-term stability and 

repeatability of the develop BP monitoring system. 

Table III summarized the performance of the proposed BP 

sensor with other latest reported BP monitoring systems. 

Compared with other systems, the BP monitoring in this paper 

has advantages such as high measurement accuracy and 

Immunity to electromagnetic interference. It is noted that, like 

other types of BP systems, the SMS fiber BP system is only 

suitable for static measurement. 
TABLE III 

COMPARISON TABLE 

Sensor 

Type 

Sensor 

Locatio

n 

SBP 

Accuracy 

(Dm, SD) 

DBP 

Accuracy 

(Dm, SD) 

Immu

nity 

to EI 

Ref. 

PPG 
Radial 

artery 

-0.05, 

8.90 
0.19, 4.17 No 

[8] 

(2019) 

OI face 0.39, 7.30 
-0.20, 

6.00 
No 

[9] 

(2019) 

PPG 
Finger 

tips 
0.06, 7.08 0.01, 4.66 No 

[41] 

(2016) 

OFCD 
Radial 

artery 
0.24, 2.39 0.12, 2.62 Yes 

[32] 

(2020) 

SMS 

sensor 

Radial 

artery 

and 

Brachia

l artery 

-0.12, 

1.66 0.06, 1.54 Yes 
This 

work 

PPG = Photoplethysmograph, OI = Optical Imaging, OFCD = 

Optical Fiber Composite Diaphragm, EI = Electromagnetic 

Interference. 
 

IV. CONCLUSION 

In this study, we developed an optical fiber vibration sensor 

based dual-channel BP monitoring system for accurate BP 

detection. The SMS optical fiber sensors were embedded inside 

fabric belts to monitor the brachial and radial arteries of the 

human body. SVR were established to predict SBP and DBP by 

achieving RPTT, BPTT and DBRPTT from measured radial 

and brachial pulse waves, and a commercial BP meter was used 

to calibrate the BP. Based on the calculation of BP using a 

single feature (RPTT or BPTT) formula single-channel BP 

monitoring is compared with dual-channel BP monitoring, 

which collects radial artery and brachial artery signals 

respectively. The experiment results showed that dual-channel 

BP monitoring was more accurate than single-channel BP 

monitoring. Both single-channel and dual-channel BP 

monitoring were studied and compared in correlation plots and 

Bland-Altman plots. From the R and the MDMR, the measured 

PB by dual-channel is more accurate than that by single-

channel. The R of dual-channel BP monitoring is up to 0.98 and 

the minimum of the absolute of the MDMR in dual-channel BP 

monitoring is 0.1. The experimental results showed that both 

single-channel and dual-channel BP monitoring were in line 

with AAMI standards, but the dual-channel BP monitoring was 

more accurate with the mean deviation (Dm) and standard 

deviation (SD) of 0.06 mmHg and 1.54 mmHg, respectively. 

This work provides a simple, accurate and user-friendly method 

to monitor BP, which has important implications for the 

monitoring of hypertension and supports the future 

development of smart healthcare. 
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