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Abstract: Blood pressure is an important parameter for the
development of cardiovascular disease. By monitoring the
blood pressure over 24 hours hypertension can be detected
and treatment can be started. A new noninvasive long term
blood pressure measurement method measures the blood
pressure continuously on the wrist using ultrasound, a small
balloon and a controller. The pressure is controlled with a
voice coil actuator. The wrist blood pressure changes during
motion. These movements are assessed with a water filled
tube to calibrate the measurement to aortic blood pressure.
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Introduction

Blood pressure is an important parameter for the devel-
opment of cardiovascular disease. A long term measure-
ment provides a more detailed and representative result
than a single measurement with the RIVA-ROCCI method
using an arm cuff [1]. Furthermore, ambulatory 24h blood
pressure measurement with an arm cuff is stressful for the
patient and disturbs his activities.

A new method for blood pressure measurement uses the
radial artery at the wrist. The measurement principle is
based on the RivA-Roccr and the PENAZ principle [3]. In
the RIvA-Roccl method a cuff is used to compress the
upper arm arteries and measure the blood pressure by
detecting the pulsation of blood through the vessel. In
contrast to the traditional measurement, a small pressure
balloon occludes the radial artery on the wrist. The radial
artery is a small, superficial artery where only a small
volume is needed to occlude the blood flow making the
method more comfortable for the patient.

In the PENAZ principle the pressure in a finger cuff is
continuously adjusted to maintain a constant vascular
volume. This can lead to ischemia. In our technique, the
pressure in the balloon is controlled to generate a constant
blood velocity in the vessel. The blood velocity is de-
tected by ultrasound. A control loop is used to evaluate
the ultrasound signal of radial blood flow to continuously
measure the radial blood pressure.

Methods

A drawing of the device is shown in Figure 1. It consists
of a polyurethane balloon with a size of 40x20 mm? which
is placed over the radial artery on the wrist. The balloon is
inflated by a voice coil actuator which is controlled by a
microcontroller.

An ultrasound (US) sensor is attached to the radial artery
downstream of the balloon measuring the blood velocity
with continuous wave DOPPLER ultrasound. A rectangular

piezo ceramic of 10x3 mm? size is used to generate a
larger beam volume. The ceramic is divided into three
parts for individual activation. This optimizes the form of
the beam in accordance to anatomical conditions. This
increases the signal-noise-ratio which is a crucial parame-
ter for the device. The ultrasound sensors were fabricated
by Fraunhofer Institut fiir Biomedizinische Technik, St.
Ingbert, Germany.
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Figure 1: Drawing of the device. The ultrasound sensor
detects the blood velocity in the radial artery; the controller
activates the voice coil actuator to inflate the balloon to re-

duce but not stop the blood flow in the artery.

A controller is used to continuously adjust the detected
ultrasound signal by controlling the balloon pressure. An
iterative learning controller (ILC) and a proportional—
integral-derivative controller were implemented on the
microcontroller Arduino DUE R3 board, Arduino™,
Italy. The controller setup was tested on the experimental
setup described in [2].

The principle of the technique is described in [2]. The
balloon pressure is controlled to generate a constant blood
velocity close to but always above zero in the vessel. This
is required to guarantee the detection of an US signal at
all times. The balloon pressure therefore follows the arte-
rial blood pressure — a continuous measurement of radial
blood pressure is found.

The measurement site is located on the wrist but aortic
blood pressure should be assessed. The radial blood pres-
sure is calibrated to aortic pressure by measuring the
pressure changes induced by motion with a water filled
tube. The tube runs parallel to the arteries in the arm. The
pressure in the tube is changed by height differences and
acceleration which also change the blood pressure be-
tween heart and wrist, [4]. A schematic drawing of the
tube is shown in Figure 4.

Results

The device is shown in Figure 2 and has a total weight of
1,3kg. The wrist band including the ultrasound sensor and
balloon weighs 30 g. The voice coil actuator (340 g) and
US-electronics (50 g) will be attached to the lower arm.
The microcontroller (60 g), voice coil power amplifier
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(320 g) and lithium-ion battery (520 g) will be carried in a
bag attached to the hip.
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Figure 2: Wrist band and voice coil actuator of the device.
The ultrasound sensor and balloon are attached over the radi-
al artery and held in position by the wrist band. The voice
coil actuator is attached to the lower arm. The US-electronics
(not shown) are located on the other side of the wrist.

The results of the iterative learning controller in the ex-
perimental setup are shown in Figure 3. The graphs show
the difference between a feedback controller (indicated
with a low level graph in Figure 3) and the ILC (identified
in Figure 3). The shape of the voice coil pressure and
model arterial pressure look similar during the experiment
but only during the ILC phase, the flow signal is adjusted
to the desired threshold value, [5]. During the feedback
control, the voice coil pressure is delayed to the arterial

pressure. Therefore, the flow is not sufficiently decreased.
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Figure 3: Top: Normalized voice coil pressure (blue) and
model arterial pressure (green). Bottom: Normalized flow
signal on experimental setup. Feedback controller is indi-
cated with the black low level graph, ILC is indicated
with the black high level graph.

Lifting the arm leads to blood pressure changes in the
radial artery. Figure 4, right shows the pressure differ-
ences in the calibration water tube that also affect the
arterial pressure.
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Figure 4: Left: A water filled tube runs parallel to the
arteries from the heart to the wrist. Right: Pressure in the
water tube on a subject repeatedly lifting the arm.

Discussion

The attachment of the balloon to the wrist is crucial for
the measurement technique. The balloon has to be pressed
to the skin at all times also during movement. The wrist
band only fastened by fabric straps is not powerful
enough to ensure the balloon pressure to occlude the ar-
tery.

The results of the iterative learning controller are promis-
ing, however, further analysis is needed.

There are two possibilities to place the voice coil actuator:
in the bag on the hip or at the lower arm. In the case that
the actuator is situated in a bag, the supply tube must be
inelastic to guarantee a fast transfer of pressure to the
balloon.

If the actuator is situated on the lower arm, the additional
weight leads to fewer motion artefacts.

The power amplifier for the voice coil actuator needs to
be reduced in size and weight. An appropriate battery has
to be adjusted for the device.
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