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Abstract—Frequently, postoperative patient care requires a 
long period of observation in hospitals by the medical board. 
During this observation period, the medical board manually 
inserts time to time vital information of the patients into the 
medical information system. Such manual procedure can be 
improved and become more reliable if the patients are equipped 
with wearable devices that allow the real-time data acquisition 
and the data processing by machine learning systems. In this 
work, we propose an efficient and low cost monitoring system for 
postoperative patient care based on commercial smartbands. 
Since the current smartbands are restricted to single input single 
output (SISO) communication, i.e. only one smartband can 
connect to one smartphone in a short distance range, we propose 
to expand the commercial smartband capability to a multiple 
input multiple output (MIMO) communication by proposing a 
new architecture based on a signal concentrator. According to 
our experimental results, our proposed architecture with a single 
concentrator allows a 248:N communication, i.e. the simultaneous 
usage of 248 smartbands in a same room and the data collected 
data is transmitted to any number N of physicians without 
distance restrictions. By considering a system with multiple 
concentrators, we also propose an M:N architecture 
communication for smartbands 
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I. INTRODUCTION

Currently, statistics show that more than 44 % of the 
member countries of the World Health Organization (WHO) 
report having less than 1 doctor per 1000 inhabitants [1]. 
Traditionally, the status of each postoperative patient is 
observed personally by the medical staff. However, due to the 
limited amount of doctors and nurses in a hospital, vital signs 
are only measured at certain time periods and eventually 
manually entered into the medical information system. In 
addition to the delay caused by the observation of multiple 
patients by a limited medical group, such a manual procedure 
is prone to failures due to information loss or even erroneous 
data insertion [2, 3]. 

In the context of postoperative patients, remote monitoring 
devices are being used to support the work of the medical staff 
[4]. It shows advantages of remote medical monitoring, 
including improved clinical management of chronic diseases, 
congestive heart failure (CHF), implantable cardiac 
defibrillator, and chronic obstructive pulmonary disease 
(COPD). According to [4], remote monitoring is an approach 
with potential cost reduction, since patients transmit their vital 
signs via the network, thus reducing the number of hospital 
visits. In addition, [5] describes the implementation of remote 
signal monitoring for the elderly in a nursing home. According 
to [5], the use of wireless communication between monitoring 
and network devices allows patients to move freely. Therefore, 
protocols for wireless communication are crucial. A 
communication module for monitoring devices is proposed in 
[6]. Firstly, the proposed module is capable of connecting to 
the monitoring devices and sending the data over the network. 
The proposed communication module must have sufficient 
storage space to maintain the data in case of loss of connection. 
Information about the measurement time must also be stored. 
Direct connectivity to a PC should also be available to 
download data to a hard drive whenever necessary, and the 
transmission module must be portable so that it can be 
eventually moved to different points. Finally, the transmission 
module must be modular to allow for improvements in its 
configurations. All solutions in [4,5,6] include a complete 
hardware and software solution that does not exploit low-cost 
commercial devices that can be easily exploited and integrated 
into medical applications. 

Currently, low-cost commercial handheld devices, such as 
smartbands, are being widely used in real-time patient 
monitoring by healthcare professionals. However, current 
commercial smartbands have a Single Input Single Output 
(SISO) communication architecture that connects the portable 
device to the patient's personal phone using a Bluetooth 
standard [7, 8, 9, 10, 11]. Therefore, due to the SISO 
communication architecture, such commercial smartbands are 
not, in principle, suitable for medical applications. In this 
article, we propose a Multiple Input Multiple Output (MIMO) 
communication architecture that allows the sharing of 
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information from real-time patients to N members of the 
medical staff. 

The proposed architecture is composed of a concentrator 
that receives data from M smartbands at the same time and 
transmits the acquired data to the cloud, allowing its mobile 
and hybrid access only by authorized medical personnel. The 
proposed architecture was validated by connecting eight 
smartbands at the same time to the hub. Since our architecture 
allows for the inclusion of multiple concentrators, our solution 
can serve any number of patients. 

In addition to the proposed MIMO architecture, we also 
developed a companion software. This software is packed in 
the form of a mobile application developed using HTML5 
technologies. This application is intended to be used by health 
care professionals. These professionals will be able to check 
their patient's status any time. This way eliminating 
unnecessary visits. Thus, allowing doctors and sisters to better 
prioritize their patients. 

This article is divided into six sections, including this 
introduction. Section II presents the state-of-the-art of the SISO 
architecture, while Section III details the proposed Multiple 
Input Multiple Output (MIMO) architecture for commercially 
current smartbands. Section IV explains the technologies 
employed and how it was developed was mobile application 
development In Section V, the experimental validation of the 
proposed architecture is carried out. Section VI draws 
conclusions. 

II. STATE OF ART FOR ARCHITECTURE SISO
COMMERCIAL SMARTBANDS

In this section, we present the state of the art of 
architectures for commercial smartbands. As shown in Fig. 1, 
the state-of-the-art architecture is composed of a smartband and 
by the smartphone that is connected to the Smartband, that is, a
communication architecture 1:1. 

According to Fig. 1, the data acquired by the smartband is 
transmitted to the patient's smartphone. The smartphone then 
retransmits the data to the cloud server so that the Application 
Programming Interface (API) server, represented by the cloud 
server, can process the data and return it to the smartphone. 
Data received by the smartphone from the API is displayed 
only on the user's smartphone. 

Fig. 1. Traditional Architecture Single Input Single Output (SISO). 

The smartbands in [12] can also use a PC instead of a 
smartphone in Fig. 1, while smartbands in [13,14] are restricted 
to smartphones. However, [12,13,14] are restricted to the SISO 
architecture. 

III. MIMO ARCHITECTURE PROPOSED FOR CURRENT 
SMARTBANDS

In this section, we propose a MIMO architecture to share 
the information of M smartbands with N smartphones. 
According to Fig. 2, M smartband with SISO architecture 
connect to the signal concentrator. The data received from M
smartbands is forwarded to the API server and the data is then 
passed directly to the predefined N smartphones using our 
proposed mobile application. Our proposed multiplatform 
mobile application on the smartphones of the authorized 
medical advice presents the data acquired in real time. Each 
smartband profile is stored and managed by the mobile 
application by default. Note that the maximum number of non-
simultaneous Bluetooth connections is 248 [15, 16]. 

As exemplified in Fig. 2, the cloud server receives the data
sent by the API from the smartbands and performs the internal 
processing of this information, this treatment is performed by 
the own API, it was developed in node.js, in order to facilitate 
its usability by Application, then smartphones receive the data 
regarding the patients in the application installed on their 
devices. 

Fig. 2. MIMO (Multiple Input Multiple Output) architecture, where the 
maximum number of smartbands is 248. 
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In Fig. 3, we extend the proposed architecture 248: N to an 
M: N architecture. In this case, we propose the use of P signal 
concentrators, where a intelligent pushers establish connections 
to the p-th signal concentrator. Therefore, the total smartbands 
and given by: 

Therefore, in order to guarantee the integrity of the 
information, associative context adaptation techniques were 
used, that is, the information uses the APIs of the native 
intelligent bands, besides the API developed for the 
application, thus guaranteeing the complete information 
management. The mobile application will be reported in 
section IV of this article. 

Fig. 3. Multiple Input Multiple Output (MIMO) architecture with P signal 
concentrators for any M  amount of smartbands. 

IV. PROPOSED MULTIPLATAFORM MOBILE APPLICATION

As shown in Fig. 1, 2 and 3, when the information flow is 
on the smartphone, the information is sent to the mobile 
application installed on the smartphone. 

Our multiplatform mobile application has been developed 
from the Onsen UI [17] framework, used to create hybrid 
applications using HTML, CSS and Javascript web 

technologies. The integrated Monaca UI development 
environment [18] is responsible for providing preview and 
build tools for the application development team.  

The application is designed to work in multiplatform mode. 
The Fig. 4 exemplifies the internal structure of the mobile 
application. The application structure is separated into HTML 
display files, CSS styles, and Javascript drivers. The display is 
made from HTML files for each page used in the application, 
structuring the layout of displayed components, such as
buttons, text, and images. The design of such display 
components is made from styles defined in CSS files, 
referenced to each specific component. Each page and display 
component is controlled through Javascript, allowing user 
interaction and data exchange. Being the main part of the 
application logic, Javascript files are structured in three parts: 
the page controller called controllers.js; Application services 
called services.js; And app as app.js. The file that controls the 
application the app.js file is responsible for calling the driver 
for each displayed HTML page, which is present in the 
controllers.js file. Each page controller is responsible for 
receiving user inputs and inputs, processing them, and 
performing the application functions. The services file contains 
functions and state variables used by various application pages, 
separating their frameworks from the specific drivers for each 
HTML file. Javascript libraries are also used to use their 
already implemented functionalities. The built-in auxiliary 
libraries are jQuery, that is, extra features of interaction with 
Javascript, graphics is used Chart.js for graphics display and 
jquery.mask.js for use of masks for user data entry. 

Fig. 4. Internal structure of the mobile application. 

The data flow of the application is carried out with the aid 
of an Application Programming Interface (API) itself, hosted 
on a server in the cloud. The application API was developed in 
the language Node.js, with the auxiliary module Express, 
module present in platforms Node.js. The program run on the 
server manages a relational SQL database, in charge of storing 
the smartbands and internal data of the application, such as 
cadastral data, user data, etc. Through HTTP requests, the 
application communicates with its API, receiving and 
transmitting necessary information to the program 
infrastructure. Data requests / transmissions are performed 
from Javascript functions themselves, and controllers are also 
in charge of processing and displaying the data as required. 

Health data from smartbands is treated differently from the 
rest of the application data, as it is mandatory to use the 
proprietary API of the commercial smartbands to acquire 
information from each smartband. In this way, the server is in 
charge of making periodic requests to the platform of the 
commercial smartbands, storing and transmitting the data of 
the smartbands according to the command of the application. 
For dynamic data such as heart rate requests are made by the 
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server every 1 minute. For static data, caloric consumption, 
steps and others, requests are made by the server every 15 
minutes. Internally to the application, the data collected are 
related to the respective patients through the database. The data 
of each smartband is associated with the patient to which the 
smartband was specifically assigned. In this way, the mobile 
application makes requests from the identity of each patient, 
abstracting to the server the proprietary data of commercial 
smartbands. 

In this way, the mobile application makes requests from the 
identity of each patient, bypassing the server of the proprietary 
data of commercial smartbands. Note that our proposed 
multiplatform mobile application can also work in a 1: N 
architecture when no signal concentrator is used, i.e. the 
smartband connects to our platform using a smartphone. 

V. EXPERIMENTAL VALIDATION

In this section, we experimentally validate the proposed 
MIMO architecture, shown in Fig. 2. Our experimental 
configuration is given by eight smartbands with Bluetooth 
technology, a Raspberry Pi 3 Model B card with native 
Bluetooth module and wireless built into the microcomputer 
and several smartphones with Android 5.0. The Raspberry Pi 3 
Model B platform was chosen because of its portability, low 
cost and support offered to a large number of devices. Due to 
the small amount of hardware in our laboratory, we validate 
only the architecture in Fig. 2 and the architecture in Fig. 3
must be validated in a future work. The used smartbands 
transmit the following information to the signal concentrator: 
heart rate, number of steps, elevation level, number of calories 
and sleep detection.  

In the experiments, we adopted AFP (Adaptive Frequency 
Hopping), which has the function to readapt the map of 
available frequencies, excluding the routes already occupied by 
other signals, such as wireless. The non-simultaneous 
transmissions of the smartbands allow the use of the maximum 
capacity of 248 Bluetooth connections. 

In Table I, we summarize the first experiment which 
observes the data transfer rate at the output of the signal 
concentrator according to Fig. 2 by varying the number of 
connected smartbands, i.e. # smartbands. As shown in Table I, 
from one to six connected smartbands, the data transfer rate 
ranges from 392 bps to 1.32 kpbs. Note that there is an average 
increase in data rate by 200 bps for the inclusion of a 
smartband. 

TABLE I. DATA TRANSFER RATE

#Smartbands Data transfer rate
1 392 bps
2 527 bps
3 714 bps
4 915 bps
5 1.19 kbps
6 1.32 kbps

In terms of application in a real scenario, each signal 
concentrator should serve an area equivalent to four to eight 

patients. Also, according to our experiences, the range of 
Bluetooth connections reaches a maximum of 10 meters in 
range. 

In this sense, it was possible to measure the signal carrier 
wave. In this case, as the Bluetooth protocol is always about 
2.4 GHz, and knowing that the modulation index for the 
protocol is always between the values 0.28 and 0.35 [19, 20], 
i.e. we get the margin where the signal strength is concentrated
in the frequency spectrum of the transmitted signals, leaving
the minimum bandwidth at 1.344 GHz and the maximum
bandwidth at 1680 GHz.

It can be seen from the bandwidth values that, due to the 
small bandwidth difference between the smartbands, they are 
in the same regions, that is, with identical sizes. In this sense, 
as rates subject to change, the transmission regime is subject to 
an increase in the volume of information not transmitted for the 
purpose of homogeneity of the search, all intelligences were 
synchronized with the server before being tested. 

In Table 2 we present the results of the average use of the 
CPU of the signal concentrator increasing the number of 
connected smartbands. During the pairing of the smartbands 
with the signal concentrator, a high computational processing 
is required. However, after a while, the computational 
processing is drastically reduced. Note that for six smartbands,
not even 20 % of computational processing is needed. 

TABLE II. COMPUTATIONAL PROCESSING PERCENTAGE OF THE SIGNAL 
CONCENTRATOR VARYING THE NUMBER OF SMARTBANDS

#Smartbands CPU used when 
pairing

CPU used after 
pairing

1 6 % 1 %
2 11 % 4 %
3 13 % 4 %
4 14 % 4 %
5 16 % 5 %
6 16 % 5 %

VI. CONCLUSION

In this work, an efficient and low-cost MIMO 
communication architecture was proposed for smartbands 
applied to postoperative care. First, it was considered an 
architecture that connects 248 smartbands to any N amount of 
members in a medical wing. Next, we extend the proposed 
architecture in the case of any quantity M of smartbands 
through the incorporation of P signal concentrators. 

As a future work, it is necessary to validate the general 
architecture with any number of smartbands M through the 
incorporation of signal concentrators P. In addition, since a 
mobile phone can also have several Bluetooh connections, the 
signal concentrator can be replaced by a single smartphone. 
The Bluetooh 5.0 can be incorporated to our architecture, since 
there is no Limitation in terms of amount of connections. 
Moreover, Bluetooh 5.0 allows a higher coverage area of 
approximately 240 m and higher speed connections. Finally, 
machine learning techniques can be used on the to the data 
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captured by the proposed architecture to support the decision 
making of the medical board. 
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