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Using Dual-Antenna Nanosecond Pulse Near-field Sensing Technology for
Non-contact and Continuous Blood Pressure Measurement
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Abstract—Long-term and continuous non-invasive blood
pressure monitoring has shown that it is the most important to
clinical diagnosis of cardiovascular diseases and personal home
health care. Currently, there are many preferable non-invasive
methods, including optical sensor, pressure-sensitive
transducers, and applanation tonometry, to get insight of blood
pressure and flow signal detection. However, the operation of
traditional monitors is cuff accessories needed, and also the
sensing probes needed to exert pressure to the user directly.
The measurement procedure is limited by long-term,
continuous measurement and also easy to cause discomfort. To
improve these issues, the non-pressurized and non-invasive
measuring method will become an important innovation
improvement. In this paper, the novel nanosecond pulse near-
field sensing (NPNS) based screening technology with dual-
antenna, which includes radio frequency (RF) pulse
transmission and two combined flat antenna connected to
transceiver of miniature radar, is proposed to derive relative
blood pressure parameters from measured blood flow activity
(Pulse Wave Velocity, PWYV). A dedicated analysis software is
also provided to calculate cardiovascular parameters, including
PWYV, average systolic time, diastolic and systolic pressure, for
clinical and homecare applications. To evaluate the
performance, the proposed method was applied on blood
pressure measurement at the body site of limbs (brachial and
leg). As a result, it shows error of DBP and SBP is 5.1811.61
and 4.09 * 1.69 mmHg in average compared with the
measurement result from commercial product, and performs
the capability of continuous long-term monitoring in real-time.

1. INTRODUCTION

HE heart, cardiovascular and hypertension diseases are

the Top 10 Causes of Death. It had been placed at the
first position for 11 consecutive years since 1971 and has
been gradually decreased since the 1980s. In clinical,
cardiovascular morbidity and mortality with hypertension
has shown that it is the most important cause of and also an
independent risk factor to several cardiovascular diseases
such as atherosclerosis, heart stroke and myocardial
infarction [1]. And also, the blood pressure can be an early
evaluation index of cardiovascular disorders for subacute
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population. Among the current non-invasive blood pressure
monitoring methods, the obtained blood flow information
and blood pressure parameters present promised information;
it is a measurement of the pulse wave velocity (PWV) of
blood in the vascular and directly relative to pressure and
vascular stiffness condition. Moreover, high blood pressure
results in an earlier return of the reflected wave from
peripheral sites and affects circulation system. Many
researches have shown that blood pressure can be assessed
through the PWV measurement by combining optical and
pressure sensing technology. The PWYV information can
widely be recognized as a significant marker of
cardiovascular status monitoring, and it is correlated with
many cardiovascular risk factors, including age, blood
pressure, pulse pressure, hypertrophy and heart diseases. It
has also been proved that PWV is a significant factor to
estimate blood pressure for prediction of mortality in the
elderly and in patients with hypertension disease and in the
general population.

Many non-invasive methods have been maturely
developed and applied on both the research and clinical
applications to evaluate blood pressure continuously, and
these methods have significantly improved the understanding
of the physiological significance of blood flow. Those
methods are to derive blood pressure based on blood flow
status investigation, including local pulse signal at a
particular site in the artery, regional vascular elasticity along
the length of an arterial segment, and circulation information.
Measuring the blood pressure over the segment of interest
assesses PWYV from a regional artery. Cardiovascular PWV
is the speed at which the flow wave is traveling from the
aorta through the arterial tree. According to the Bernoulli's
theorem and equation, pressure reveals that is related to
fluidic flow velocity in tubing; that is, the higher blood
pressure at the artery, the faster the PWV. By investigating
an average blood pressure of the preferred local artery, PWV
can provide as a reference calculation weighting factor.
There are many developed methods can applied to
assessment of blood pressure continuous and non-invasively.
When the pulse pressure and blood flow pulse propagate at
the same velocity, the arterial pulse may be collected by
using pressure-sensitive transducers [2], an oscillometric
equipment [3], applanation tonometry sensor [4,5], Doppler
ultrasound (US) probe [6] and optical sensor [7,8]. To obtain
two pulse signals at the two body sites simultaneously, the
optical sensor, tonometry and cuff pressure are used to
measure the pulse transit time (PTT). The distance along
which the pulse wave travels is usually estimated by direct
superficial measurement between the located sensors
position. The PWYV is the ratio between the distance and PTT.
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Furthermore, estimated blood pressure could be calculated
by weighting the PWV and a statistic basis value non-
invasively [10,11]. The methods suggest the pressure
characteristics of the pulse contour obtained by tonometry or
pressure sensor, and the proposed method is used for
analyzing the pulse waveform. Based on these characteristics,
the blood pressure of the peripheral arteries can be estimated;
however, the physiological relevance of the derived blood
pressure is still unclear. Even these methods provide broadly
clinical applications for cardiovascular disease investigation;
additional accessories are necessary and the equipments are
needed to be operated by medical professionals for pulse
signal measurement and data analysis.

In this paper, a novel method based on the nanosecond
pulse near-field sensing (NPNS) technology with dual-
antenna design is proposed for non-contact and non-invasive
measurement of PWYV and blood pressure. By this method,
dynamic arterial pulse signals can be obtained and the
characteristics of blood flow, included PWV and pressure,
are analyzed in real-time. Since the heart contracts it
generates a pulse or energy wave that travels through the
circulation, the speed of travel of this pulse wave is related to
the pressure of the measured arteries. The artery pulse signal
is measured directly, and relative diastolic blood pressure
and systolic blood pressure, DBP and SBP, can be estimated
by the proposed method for the evaluation of long-term
cardiovascular healthcare.

II. METHOD AND SYSTEM

For the purpose of non-contact artery pulses detection, a
signal processing with correlation processing system is
utilized. The proposed technology is based on multiplication
of the reference radio-frequency (RF) pulse and the echo RF
pulse delayed by the time interval during which the signal is
spread to the investigated subject and back to the receiver
through antenna. The probing signal is presented in the form
of short RF pulses having comparable with a period of
oscillations filling the probing pulse. After the de-
modulation process of emitted and received signal, the
output signal of a correlation system is proportional to the
phase difference between the probing RF pulse and the echo
RF pulse.

In Figure 1, the essential architecture of proposed radar
sensing method was present. The system is comprised of
measuring probe, including transmitter, antenna and receiver;
the signal processing and displaying part. The transmitter
emits RF signal, and the receiver collects echo RF via
designed antenna. The obtained signal is processed by a
microcontroller and displayed on a computer terminal.
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Fig. 1 Architecture of proposed NPNS based radar system for artery pulse
signal detection

For measurement setup, the proposed NPNS based pulse
sensing technique includes a NPNS transceiver and receiver
connected to a dedicated flat dual-antenna. The function
block of dual-antenna NPNS sensor is for two pulse signals
collection from the artery site simultaneously, as shown in
Figure 2. The NPNS transceiver is operated by a
microcontroller based board with digital signal processing
software. The microcontroller based board provides the
wireless communication function (Bluetooth) to transfer data
from NPNS transceiver to a computer terminal in real-time
for data analysis.
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Fig. 2 Illustration of dual-antenna NPNS sensor design

A. Nanosecond Pulse Near-field Sensing Method

The nanosecond pulse near-field sensing (NPNS)
technology, which comprises low power miniature radar
with 300MHz electromagnetic (EM) wave of the transmitted
by the antenna RF pulse, is proposed in this study. The de-
modulated signal carrying useful information performs
through analyzing the phase difference between the reflected
and the reference RF pulse signals. The radar uses
correlation system; it is based on multiplication of reflected
and reference RF pulse signals. The output signal of the
correlation system is proportional to amplitude and phase
difference between those signals. The emitted RF signal and
the signals reflected from moving and motionless objects are
shown in Figure 3.
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Fig. 3 Illustration comparison of the signals with/without motion in
proposed NPNS

For the radar design, the EM signal works in interference
and reflections conditions of signals reflected from stationary
and moving objects around the artery. Time slots, opening
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the receiver at the moment of the input of the signal reflected
from the artery through skin, muscle and bone at distance
defined, are formed in the receiving path to eliminate signal
distortion due to interfering pulses. The reference RF pulse
signal is conducted to input of the mixer. During reference
RF pulse time interval radar detects received signal, all rest
time the receiver is shut. This defines time slots of the
received RF pulse detection and distance range which has
high sensitivity. Reflected pulses which arrive after the end
of the reference RF pulse will not be detected. The oscillator
generates two RF pulses, one pulse is transmitted, and
another one is used as reference RF pulse. Oscillator could
be switched on and off during 1 — 2 ns, this allows to have
pulse length as low as 5 ns. Switches are changing their state
when oscillator is off. So their transition time does not affect
pulse length value. Central frequency 300MHz was chosen,
and function diagram of NPNS radar is shown in Figure 4.

The Mixer has one channel signal output connected to the
low-frequency signals processing sub-circuit. In the output
channel, a signal is formed which is in-phase with respect to
a reference signal. This eliminates the probability that phase
of reflected RF pulse will fall at low sensitivity area of the
Mixer. The band pass filter process signal which correspond
to the cardio-activity from the patient’s body movement. In
case the investigated subject is in a fixed position, the
amplitude of the output signal after processing is
characterized by the following ratio:

EE

A= %nTO cos ()

(1

where E, is a maximum amplitude of the probing RF pulse;
E; is a maximum amplitude of the received echo RF pulse;
Ty is a period of oscillations of the probing RF pulse; n is a
whole number of periods of oscillations filling the probing
RF pulse. The phase difference value ¢ in the expression (1)
is defined by the time of spreading the electromagnetic
waves to the investigated subject and back:

(p:47r&» (2)
A

where A is a wavelength of oscillations filling the probing RF
pulse; R; is a distance between the investigated subject and
the sensor.
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Fig. 4 The function diagram of NPNS sensing circuit

B. Signal Processing

To obtain desired artery pulse information from received
signal, it is necessary to design a signal processing method
based on physiological understanding. For artery pulse, the

heart pumping cycle takes from 0.5-1.2 seconds of
myocardial contraction and following relaxation in general
adult population. Thus, the breath and motion signal can be
roughly filtered out by a design Chebyshev filter with the
frequency range from 0.8 to 2 Hz. To measure desired PWV,
the two peaks, Peakl and Peak2, measured from the
proposed dual-antenna NPNS sensor, sensorl and sensor2,
are obtained by searching the value in a moving window is
maxima separately and simultaneously, shown in Figure 5.
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Fig. 5 Illustration of pulses measurement by proposed method

Therefore, the pulse transition time, P77, is obtained from
the time difference (#,-7;) of Peakl and Peak2. The distance,
D , of blood travelling is defined from the antenna design (5
cm), thus the blood PWV, V, can be calculated by

b 3)
t, -t

According the Bernoulli's theorem, the relation between
flow velocity, V, and pressure, P, is the difference of
Pressure 2 and Pressure 1, can express as

V =

£+Z +V—:Hmm, )
4 2g
In this paper, the DBP and SBP, BPp, and BPg, is
estimated according to the blood flow information by
derived equation as
BP,, =a,xV +b, 5)
BP

pa =@y XV +b,

where the ¢, and a, are weighting factors of PWV, and the

linear basis variables, b, and b, , are statically calculated by
the population in the experiment.

Since the proposed method is used to monitoring artery
pulse signal continuously, the individual waveform of artery
pulse signal is analysed, and the cardiovascular parameters
are calculated in real-time. To eliminate the affect from
undesirable noisy signal, such as body motion and internal
disturbance, a serial continuous pulse signals are averaged,
and the average process is applied to obtain a smooth signal
that is used to obtain the cardiovascular parameters in long-
term measurement.

III. RESULTS

With respective to the preliminary test, five healthy
subjects (male; mean age = 33.5 years) were voluntarily for
clinical test in this study. In the experiment design, the Colin
VP-1000 (Omron Corporation) is used as a gold standard for
non-invasive PWV measurement. The method records pulse
waves via electrographic signal, heart sound and four
pressure transducers to measure cardiovascular parameters,
including pulse wave velocity, blood pressure and
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arteriosclerosis by PWV (Pulse Wave Velocity: an index of
arterial wall stiffness) and ABI (Ankle Brachial Index: an
index to assess arterial occlusion). Waveforms were
referenced to a concurrently recorded ECG, and the pulse
transit time was calculated from the time difference between
pulse peaks (arm and leg). After the waveform recorded,
distance measurements between the limb sampling sites were
taken with a standard tape measure.

The proposed dual-antenna NPNS sensor is located
subject’s wrist without contact skin for the two pulse signals
acquisition. The developed detector is shown in Figure 6.
The size of the NPNS device is 10><3.5€m2, and the built-in a
Bluetooth module for wireless data transmission. By the
proposed method, the artery pulses are detected and recorded
simultaneously, and the signal is analyzed to reveal the PWV
and blood pressure information in real-time.

Fig. 6 The proposed NPNS based dual-antenna pulse signal detection device
and clinical test scenario

In the Figure 7, the PWV and blood pressure (DBP and
SBP) were measured from limbs by proposed method and
commercial product, respectively. As a result, the data
collected from 5 subjects shows the correlation about 0.76 in
the experiment.
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Fig. 7 The trend and correlation analysis between PWV and blood pressure

Based on the proposed equation for blood pressure
estimation, the results compares to the gold standard of 5

cases was shown in Figure 8. The weighting factor 4, = 0.84

and a,=0.66, and the basis variables, b, =6.39 and b,=5.29,

were applied in this study. The result shows the error of DBP
and SBP is 5.18%1.61 and 4.09£1.69 mmHg in average, and
the correlation of DBP and SBP between estimated and gold
standard is 0.66 and 0.84, respectively.
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Fig. 8 Comparison results of blood pressure (DBP and SBP) measured from
clinical equipment and proposed method

IV.CONCLUSIONS

In this paper, the impulse based dual-antenna NPNS radar
and estimation algorithm were constructed for measuring
artery pulse signal in a non-contact and non-invasive way.
By this technique, the pulse wave velocity and relative blood
pressure information can be easily detected and estimated in
real-time. For the prospective development, integration of all
functions, including sensing, signal processing and wireless
data transmission, into a dedicated system can be helpful to
provide long-term and continuous blood pressure monitoring
for personal healthcare. In the future, the NPNS sensing
technique is also potential for medical applications in clinical.
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