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ABSTRACT

In this paper we present wireless solution for continuous monitoring of vital parameters by using
the leverage of both the biosensors and the smart technology. The proposed solution consists
of three commercially available biomedical sensors and a portable smart technology device.
The integration allows continuous capture of the heart rate, respiratory rate, part-time blood
pressure and oxygen saturation. The application enables insight into the recent history of the
parameters, additionally providing information of the shock index, Glasgow comma scale score
and the hemodynamic stability of the patient. The solution is suitable for pre-hospital, during
the vehicle transport and in-hospital environment. Given all the hardware used is commercially
available, the integration is highly cost effective when compared to the hospital equipment. The
reliability has been tested in hospital environment.

INTRODUCTION

State-of-the-art biosensors technology provides the opportunity for continuous monitoring of
the individuals' physiological parameters. The advantage of using biosensors is recognized by
the smart technology's ability to obtain this data and process it in real time, making it beneficial
for both the individual's (personal monitoring) and the physicians (providing diagnosis) [1]. There
is a trend for developing such applications that gather data from various biosensors. The
diversity between the applications arises from the purpose of development. Some are aimed
for sport activities monitoring [2, 4] (personal usage) and others for abnormalities detection
and on-time alarming [3, 61. Therefore, they serve to the preventive medicine as well as to the
curative medicine.

In this paper we present a smart technology solution, mainly focused in the curative medicine
domain. It comprises multiple commercial biosensors into one application providing continuous
wireless monitoring of the heart rate and the respiratory rate, wireless monitoring of the blood
pressure and the oxygen saturation, additionally providing history charts of the four parameters as
well as information of the shock index. The solution proposed is original since it provides additional
functionalities that can be used in major incidents [5], the ability to obtain Glasgow comma score,
save the given medicaments, or mark the injured body parts in case ofincident. Those features
are dismissed in the other applications based on the same type of biosensors [7, 8l.
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SMART WEARABLE BIOSENSORS

Our solution integrates three commercially available biosensors. For extracting heart rate and
respiratory rate we use the Zephyr Bioharness sensor [9] that streams data at a frequency of
250 Hz. The automatic MyTech Wrist Cuff Blood Pressure Monitor sensor [10] is used for measuring
blood pressure and Nonin Saturated Blood Oxygen device for measuring oxygen saturation
(SPO2) [11]. The integration scenario of the three biosensors is shown in Fig. 1. MyTech Wrist Cuff
Blood Pressure Monitor sensor and Nonin Saturated Blood Oxygen device communicates with
Zephyr Bioharness biomodule by their MAC addresses. The data from these biosensors are first
sent to Zephyr Bioharness sensor which is directly connected to the medic smart device by
using the Bluetooth protocol. Zephyr Bioharness sensor is responsible for sending all the data
to the medic smart device. The data received can be sent to remote server and used for further
analysis of the patient's health condition.
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ﬁﬁ; lL,---

ECH, HR, FR, 5RO, BF

hﬁ?&.
o ) oo a0k SO tiEn

e B o S

Figure 1.

SOFTWARE SOLUTION FOR WIRELESS MONITORING OF VITAL PARAMETERS

Several screens from the developed software system intended for remote monitoring of
patient vital parameters are shown in Fig. 2. Real time measured vital parameters are shown on
the first screen. The top menu provides option for taking picture of the patient injured body
parts and buttons for connecting/disconnecting from the Zephyr Bioharness sensor. There
are two other available options provided on the bottom menu: level of injury and medications.
The history from the last hour of the heart rate, respiratory rate and shock index are presented
on the second screen. Shock index is calculated as a ratio of heart rate and systolic blood
pressure.

Ifa Levelof injury tab is selected, the Glasgow coma scale (GCS) and Injured body parts tabs
became available. Glasgow coma scale (GCS) calculation is shown in the third screen and it
contains groups of radio buttons for eye opening, verbal response and motor response. Each
item in the corresponding group has proper value and the label below shows the sum of the
selected items. Injured body parts tab shown in the fourth screen contains an image of human
body where injured body parts can be marked with different level of injury. Additionally, the user
can select medications that were given to the patient. All the data are stored locally on the smart
devices and in a remote database.
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Figure 2. Software application screens

PROS AND CONS OF THE PROPOSED SOLUTION

Biosensors implementation has both advantages and disadvantages. It can be beneficial in

terms of:

- Real time vital parameters monitoring - the patients' parameters can be continuously
monitored and transferred.

- Vital parameters history - the data obtained are saved and can be easily accessed by whoever
needs them;

- Wireless solution - it is practical and user-friendly in all circumstances;

- Portable solution - it is built for smart devices that can be either tablets or mobile phones;
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- Aids the secondary triage - support for Glasgow comma scale computation;
- Cost-effective - all the biosensors used are commercially available and are affordable.

The main disadvantage is the battery capacity of the smart devices. If the case demands longer
continuous monitoring, then the device needs to be recharged periodically. No other constraints
are noticed.

CONCLUSION

In this paper, we propose smart technology solution that provides continuous vital parameters
monitoring by using biosensors technology. The solution is based on three commercially available
biosensors able to capture the heart rate, respiratory rate, blood pressure and oxygen saturation,
and therefore to transfer the data via Bluetooth to the portable smart device. The developed
application provides additional features as the history of the vital parameters, the shock index,
the Glasgow comma scale score, the possibility to input given medicaments, and even the
ability to select the level of injury according to the medical protocols. Those additional features
make the application to be suitable not only for personal/hospital monitoring, but also in pre-
hospital circumstances in cases of incidents, or in the vehicle during transport.
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