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Introduction

The objective of this research project is to utilize a 
multi-modal biosensor platform incorporating 
multiple MEMS sensors for continuous vital 
signs monitoring, and integrate it with a smart-
phone unit for cellular network connectivity and 
communication.

Using Bluetooth interface, sensor data is trans-
ferred to smartphone devices equipped with 
Android operating system. This enables real time 
data analysis with smartphone devices. Smart-
phones are used for displaying incoming sensor 
data and performing signal processing. With the 
use of internet enabled smartphones, patients 
and doctors can be more in touch, and doctors 
can monitor/keep track of their patients’ health 
status. The miniature size of the sensors allows 
them to be practical and convenient to be carried 
around in everyday activities. Since most patients 
already carry personal smartphones, health mon-
itoring technology can be deemed affordable, 
requiring only Bluetooth enabled sensors and an 
application software.

Although several patient health monitoring ap-
plications exist, these solutions typically have a 
separate device to process the data and send it 
wirelessly. The goal of this research is to replace 
this extra hardware device with the patient’s per-
sonal phone to do the processing and the sharing 
of the data. The proposed solution makes it easier 
for the patients to carry the device around, since 
it is comprised of only the sensors and an appli-
cation software running on the host smartphone 
platform that we all carry in our daily lives. 
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Figure 1. Shimmer Bluetooth Medical Sensors [1]
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For the initial prototype, we will be using Shim-
mer starter kit [1]. As shown in figure 1, the kit 
comes with a flash drive that has all the programs 
and the manuals, programming dock for the sen-
sors, a Bluetooth hub, and multiple sensors (ECG, 
EMG, Accelerometer, and Strain gauge), as well 
as a mini USB cable, and four electrodes.

 
Methods

The first task was getting familiar with the sensor 
kit. In order to connect the Shimmer sensors to 
the desktop computer and acquire sensor data, 
‘ShimmerConnect’ software was used. ‘Shim-
merConnect’ plots the data from the sensor. The 
software can connect to more than one sensor 
simultaneously, and saves the data in a CSV 
database file to allow processing on the data, or 
use of different plotting software. Figure 2 shows 
the screenshot with X-axis (top), Y-axis (middle), 
and Z-axis (bottom) of an accelerometer. In the 
screenshot, the sensor is being moved along the 
X-axis only, which explains the signals shown in 
the graphs.

In order to activate the Bluetooth connectivity on 
the sensor, a specific software package needs to 
be executed. Using the dock and the cable, the 
sensor is connected to the computer and initially 
‘bsl430’ software is run. This software enables 
multiple packages to be downloaded to the 
sensor. In particular, choosing ‘Boilerplate_shim-
mer2r’ will enable the Bluetooth connectivity of 
the sensor.

The Shimmer kit uses an operating system called 

‘TinyOS’, an open-source operating system de-
signed for wireless devices [2], written in ‘nesC’ 
language (a dialect of C) [3]. Although nesC is 
derived from C, software development proved 
to be difficult due to lack of sufficient support. 
Therefore, all the development was done on the 
smartphone hardware running Android oper-
ating system. Working on the phone side was 
much easier, due vast support for Android app 
development.

The main obstacle of the software development 
phase has been establishing the Bluetooth con-
nection between the phone and the sensor. Shim-
mer sensors are using the RFCOMM Protocol, 
which is very widespread and supported. In 
addition, it is a publicly available API. In Figure 
3, two connection codes are shown, the first is 
RFCOMM, and the other is Insecure RFCOMM 
connection code. 

The difference is that the first one is secure, 
meaning it prompts the user when establishing a 
communications channel, while the other (Inse-
cure) establishes the connection without prompt-
ing the user to any security procedure, which 
makes them a threat to the “man in the middle”.

Both connection types take the same parameters 
(String Name, UUID), the string is just a name 
of the service, and can be set to any valid string. 
UUID which stands for (Universally Unique 
Identifier), is a 32 hexadecimal digits, grouped 
in five groups, this number is unique for every 
application with Bluetooth service. Both the host 
and the client device have to use the same UUID 
code, otherwise the connection won’t be possible.

On the other device, the following lines of code 
should be executed:

Figure 2. Accelerometer sensor data acquired with Bluetooth connec-
tion 

Figure 3. RFCOMM connection example

Figure 4. RFCOMM connection example
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 This command initiates the connection between 
the two devices, using the given UUID. The 
device that is providing the server socket is the 
server, while the device that is initiating the con-
nection is the client. 

The second part of the software application de-
velopment involves the use of ‘ShimmerConnect’ 
functions by Shimmer that feature the ability to 
store the data in a file. This application acquires 
the data, preprocesses it and displays it for the 
user on the smartphone screen. Furthermore, 
application can be written for streaming it to a 
pre-defined IP address (i.e. care-provider or doc-
tor). 

Results

Some preliminary results have been obtained 
with respect to both parts of the software devel-
oped. The first screenshot in Figure 5 is from the 
Bluetooth connection application. It has a simple 
layout, and it shows patient’s device’s Bluetooth 
name and MAC address as well as a list of the 
devices paired to the phone.

Listing contains only the paired devices since 
Android OS requires the devices to be paired 
before exchanging data; i.e. data cannot be sent 
or received unless the devices are paired.

Once the search button is clicked, the application 
first checks whether Bluetooth is turned on or 
not. If it’s on, it goes on to the next step. Oth-
erwise, it asks the user to turn it on in order to 
continue. After making sure that Bluetooth is on, 
a list of the paired devices is displayed. Next, 
the smartphone device is connected to the sen-
sor once the user selects it from the list. Here, 
the user has the option to display or stream their 

Figure 5. Bluetooth connection screen

medical data to their doctor/care-provider. 

The second application we developed shows the 
data in its raw form. So far, the application ac-
quires the data and displays it. The screenshot in 
Figure 6 shows the raw data. 

The following screenshot in Figure 7 is from an 
Excel file. The first row shows the data from the 
LA-LL and RA-LL electrodes, (LA stands for Left 
Arm. LL for Left Leg. RA for Right Arm). The 
second row says CAL which stands for calibrat-
ed, this is a feature in the application to calibrate 
the results for plotting. The results in the third 
column are simply the time, as time changes the 
results in both the first column and the second 
column change.

Figure 6. Raw ECG sensor data displayed on smartphone

Figure 7. Raw ECG data displayed on Excel
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Results as shown from the table, vary between 
positive and negative, which can be simply ex-
plained by looking at the graph in Figure 8. 

The graph shows normal heart beats, and it’s 
going between negative and positive values, 
depending on the magnitude value of the data 
from the sensor. After streaming the data to the 
doctor’s computer, data can be plotted again. For 
demonstration purposes, we used MATLAB.  

Conclusion

While working on this research, several difficul-
ties were encountered; a big challenge was to 
program the sensor directly. The fact that the 
sensor uses ‘nesC’ language makes it harder to 
understand the right Bluetooth protocol for the 
sensor for establishing the connection. Overall, 
the sensor data acquired from the medical sensor 
have been verified to be valid and our custom 
Android application is capable of displaying the 
raw signals on the smartphone screen. For the 
next phase of the research, we will be emphasiz-
ing smart signal processing of the medical data 
with the smartphones prior to streaming to care 

Figure 8. ECG plot acquired with a smartphone

provider. Smartphone based personal health 
monitoring applications provide the patients 
with the utmost convenience to constantly mon-
itor their health as well as sharing it with their 
doctors instantly.  
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Figure 9. Matlab plot for ECG data transmitted with a smartphone.


