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Abstract— The design, fabrication and testing of a wearable 
medical device for remote monitoring the health of elderly people 
at home are presented in this paper. The proposed wearable 
medical device comprises a wide range of sensors, innovative 
sensor fusion algorithms and flexible electrodes that make 
possible to continuously run analyses such as hydration 
assessment, stress assessment, body temperature assessment, fall 
detection and heart monitoring. In-vivo measurement results 
showed the excellent performance of this wearable medical device 
in real-life scenarios.  

I. INTRODUCTION 
When elderly people or high-risk patients can stay at home 

long before hospitalization (or soon after the hospitalization), 
an important contribution to the reduction of public health cost 
and to the life quality of the patients can be achieved [1].  
Hence, health monitoring is among the most attractive 
application fields for wearable electronics and has been studied 
by many research groups. A variety of wearable devices for 
monitoring physiological parameters are already commercially 
available today with many others in research and development 
stage [2]. However, the majority of such devices is aimed at the 
recreational market (e.g. joggers) and is not suitable for 
medical monitoring of high-risk or elderly patients. Those 
devices that have been qualified for medical use are usually 
fairly simple measuring just a few parameters and providing 
little or no online analysis. 

In this work, we present a wearable medical device named 
SmartCuff that measures several vital parameters in order to 
provide complete patient information, which is particularly 
targeted to continuously monitor the health status of elderly 
people while they are comfortably staying at home. 

The SmartCuff device achieves these goals thanks to a wide 
range of sensors, innovative sensor fusion algorithms and 
flexible electrodes. Some possible analyses that can be done 
with the SmartCuff device are hydration assessment, stress 
assessment, body temperature assessment, fall detection and 
heart monitoring. 

Figure 1 shows two 3D views of the SmartCuff device 
where we can observe the case containing the electronics, the 
flexible electrodes, the band used to attach the device to the 
upper part of the arm and the modules with the sensors for 
body temperature measurements and pulse oximetry.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1: 3D views of the SmartCuff device. 

 

II. SYSTEM ARCHITECTURE 
Figure 2 shows a detailed 3D view of the case of the 

SmartCuff device where we can observe the locations of the 
battery, the LoRa flexible antenna, the user buttons used to 
navigate through the different menus, the on/off button, the 
emergency button used to send an emergency message in case 
that the user has a serious problem, the reset switch, and the 
four printed circuit boards (PCBs) containing the different 
sensors, the microcontroller, the SD card, the OLED display, 
the USB connector and the LoRaWAN and Bluetooth modules. 

The SmartCuff device is mainly designed to be used at 
home (that is, indoors), however, it can also be used outdoors, 
but there is a limitation in the amount of sensor data that can be 
transmitted in this case.  
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Fig 2: Detailed 3D view of the case of the SmartCuff device.  

When the SmartCuff device is used indoors, the raw sensor 
data is transmitted via the Bluetooth (BT) module to the 
SmartCuff modem that we implemented using a Raspberry Pi 3 
Model B+ (Figure 3), which is located inside the user’s home. 
The SmartCuff modem receives the raw sensor data from the 
SmartCuff device, runs some sensor fusion algorithms and then 
sends the processed sensor data to the cloud via a WiFi 
connection available in the user’s home. In case of a loss of the 
BT communication, the raw sensor data, which is always 
locally stored in the SD card, can be downloaded to the 
SmartCuff modem via the USB connector, therefore, the sensor 
data is never lost in case of wireless communication problems. 
Once the sensor data reaches our servers through the cloud, it is 
stored and made available to the users and their family doctors 
by a user-friendly web application. 

 
Fig 3: Photograph of the SmartCuff modem. 

When the SmartCuff device is used outdoors, a limited 
amount of sensor data is transmitted via the LoRaWAN 
module to the Swisscom LoRaWAN network named Low 
Power Network (LPN). Once the limited sensor data reaches 
our servers through the cloud, it is processed, stored and again 
made available to the users and their family doctors by a user-
friendly web application. 

The SmartCuff device also has an OLED display where 
some basic sensor data and device status (for example, the 
battery level) are displayed either when it is used indoors or 
when it is used outdoors. 

III. FLEXIBLE ELECTRODES 
The SmartCuff device has four flexible electrodes  

(Figure 4) used for 3-lead electrocardiography (ECG) to 
monitor the heart activity as highlighted in red color, for 3-lead 
electromyography (EMG) to monitor the muscle activity as 
highlighted in green color and for hydration level 
measurements as highlighted in blue color. The reference 
electrode is highlighted in black color.  

The base material of the flexible electrodes is Polyimide, 
the conductor of the flexible electrodes is Copper and the 
contact surface of the flexible electrodes is plated with 
electroless nickel immersion gold (ENIG). 

The distance between the centers of the electrodes is 8 cm 
and the outer diameter of each electrode is 3 cm.  

The flexible electrodes are disposable, that is, they can be 
used for a few weeks and then detached from case where new 
flexible electrodes can be easily attached.  
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Fig 4: Photograph of the four flexible electrodes. 

IV. SENSORS AND ELECTRONICS 
The SmartCuff device has its sensors and electronics 

distributed in five PCBs, where four PCBs are located in the 
case and only one PCB is located in the band, which is used for 
the body temperature measurements so it needs to be thermally 
isolated and in contact with the skin.  

Figure 5 shows the photograph of the PCB with the OLED 
display (ER-OLED0.91-3W) and the user buttons where the 
size and number of the buttons as well as the type and size of 
the display were especially selected to be used by elderly 
people.  

 
Fig 5: Photograph of the PCB with the OLED display and the user buttons. 

Figures 6 and 7 show the photographs of the bottom and 
upper sides of the PCB with the accelerometer, the SD card, 
the USB connector, the LoRaWAN module and the Bluetooth 
module. The accelerometer (ST MIS2DH) is used for the fall 
detection. The SD card of 512MB is used for the local storage 
of the raw sensor data. The USB connector is used to recharge 
the battery and to send the raw sensor data from the SmartCuff 
device to the SmartCuff modem in case that the wireless 
communication is interrupted and the data needs to be 
recovered. The microcontroller (STM32L476RGT6) is 
presently used for the data handling and some minor signal 
processing tasks.  The power management of the SmartCuff 
device is based on a battery fuel gauge for 1-cell Lithium-
Ion/Polymer (LC709203F). The Bluetooth module (Rigado 
BMD-350) is used for the indoor wireless communications 

whereas the LoRaWAN module (Microchip RN2483A) is used 
for the outdoor wireless communications. 

 

 

 

 

 

 

 

 

 
Fig 6: Photograph of the bottom side of the PCB with the accelerometer, SD 

card, USB connector, LoRaWAN module and Bluetooth module. 

 

 

 

 

 

 

 

 

 

 

 
Fig 7: Photograph of the upper side of the PCB with the accelerometer, SD 

card, USB connector, LoRaWAN module and Bluetooth module. 
 

 

 

 

 

 

 

 

 

 
Fig 8: Photograph of the PCB with the ECG, EMG and hydration sensors.  

Figure 8 shows the photograph of the PCB with the ECG, 
EMG and hydration sensors.  The ECG measurements are 
based on the 3-channel, 24-bit analog front-end for biopotential 
measurements (ADS1293) from Texas Instruments with the 
internal gain of 3.5 V/V, the data rate set at 640 S/s and the 
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bandwidth set at 130 Hz. The EMG measurements are also 
based on the ADS1293 with the internal gain of 3.5 V/V, the 
data rate set at 2560 S/s and the bandwidth set at 510 Hz plus a 
preamplifier with a gain of 50 V/V. The hydration 
measurements are based on the bioimpedance spectroscopy 
method as described in reference [3] and carried out with the 
monolithic multi-frequency impedance analyzer from 
SensDRB named "High Precision Impedance Sensing IC 
(HPISic)” [4], which performs all the tasks necessary to run 
impedance measurements in the frequency range from 10kHz 
to 10MHz (Figure 9). The HPISic was implemented in a 
commercial 0.35µm CMOS technology and has a silicon area 
of 19.38mm2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 9: Micrograph of the HPISic used for hydration measurements. 
 

Figure 10 shows the PCB with four pulse oximetry sensors 
(MAX30101) from Maxim Integrated. We used four pulse 
oximetry sensors instead of only one pulse oximetry sensor in 
order to avoid the need of a perfect sensor placement, that is, 
we just place the SmartCuff device on the upper part of the arm 
and then select the strongest signal from the four sensors. This 
PCB is located inside a module with four holes attached to the 
case of the SmartCuff device as shown in Figures 1 and 2 in 
such a way that the pulse oximetry sensors are in direct contact 
with the skin. The pulse oximetry measurements are used to 
obtain the heart rate, the oxygen saturation in blood and the 
heart rate variability. The later is also used to assess the stress 
level. 

 

 

 

 

 

 
Fig 10: Photograph of the PCB with the four pulse oximetry sensors. 

 
Figure 11 shows the photograph of the PCB with two skin 

temperature sensors (TI LMT70) and two heat flux sensors 
(gSkin-XU) that when combined with a sensor fusion 

algorithm can provide the body temperature measurements. 
This PCB is located inside a module (Figure 12), which is 
attached to the band of the SmartCuff device as shown in 
Figure 1, and used to measure the body temperature in two 
positions. 

 

 

 

 

 

 

 
Fig 11: Photograph of the PCB with two skin temperature sensors and  

two heat flux sensors. 
 

 
 
 

 

 

 

 

 
 

Fig 12: Module with the sensors for body temperature measurements  
in two positions. 

V. IN-VIVO MEASUREMENT RESULTS 
Figure 13 shows two photographs with the SmartCuff 

device attached to the upper part of the arm and how the 
flexible electrodes should be placed. The plastic case has a 
thickness of 2 cm, a length of 9.3 cm and a width 9.4 cm 
whereas the band has a width of 10 cm and a length of 30 cm. 

Figure 14 shows ECG measurements from channels 1 and 2 
and EMG measurements from channel 1 done with the 
SmartCuff device. It should be noted that the ECG and EMG 
measurements are not aligned in time, otherwise the EMG 
pulse would also be present in the ECG signals. 

Figure 15 shows the raw signal from the pulse oximetry 
sensor and the processed heart rate. The raw signal is highpass-
filtered (2nd order Butterworth filter with fc=0.375Hz) to 
remove the drift and then the pulse rate is calculated using a 
peak detection algorithm. 

Figure 16 shows bioimpedance measurements done with 
the SmartCuff device using the flexible electrodes and 
commercial Ag/AgCl electrodes where the excellent 
performance of the flexible electrodes is verified in the 
frequency range from 10kHz to 10MHz.  
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Fig 13: Photographs with the SmartCuff device attached to the upper part of the arm and how the flexible electrodes should be placed. 

 

 

 

 

 

 

 

 

 

 

 
Fig 14: ECG and EMG measurements done with the SmartCuff device. 

 

 

 

 

 

 

 

 

 

 

 
Fig 15: Heart rate measurements done with the SmartCuff device. 

 

 

 

 

 

 

 

 

 

 

 
Fig 16: Bioimpedance measurements done with the SmartCuff device using the 

flexible electrodes and some commercial Ag/AgCl electrodes. 

Figure 17 shows skin temperature and body temperature 
measurements done with the SmartCuff device in the two 
positions shown in Figure 12 under the following three cases: 

Test A: 30 Min. indoor (office) at 22°C with T-Shirt, 30 Min. 
outdoor at 6°C walking with a Jacket and then 15 Min. indoor 
(office) at 22°C with T-Shirt. 

Test B: 30 Min. indoor (office) at 22°C with T-Shirt, 30 Min. 
indoor at 15°C with T-Shirt and then 15 Min. indoor (office) at 
22°C with T-Shirt. 

Test C: 30 Min. indoor (office) at 22°C with T-Shirt, 30 Min. 
indoor (office) at 22°C with sweater and then 15 Min. indoor 
(office) at 22°C with T-Shirt. 

These measurements show that the body temperature can 
be estimated from the skin temperature and the heat flux 
sensors. We would like to note that the device should be 
calibrated due to the deviations on the estimated body 
temperature caused by clothing and environment changes. 
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Fig 17: Skin temperature and body temperature measurements done with the SmartCuff device in two positions under three different cases. 

 

 
 
The battery life of the device is about 36 hours when using 

a battery of 1260mAh 

VI. FUTURE WORK 
We are starting the design of a new SmartCuff device in 

which we will add a GPS module to know the location of the 
elderly person in case of emergency as well as some innovative 
sensor fusion algorithms to estimate the blood pressure. 

VII. CONCLUSION 
We designed, fabricated and tested a wearable medical 

device for remote monitoring the health of elderly people at 
home. More validation tests are presently under way in order to 
obtain enough data to start the medical certification process. 

The major goals of wearable medical devices for home-
based monitoring are:  

• the ability to monitor the patient during 24 hours,  

• the possibility to obtain fast and user-friendly 
assessments in normal daily life conditions,  

• the control of the state of health in critical conditions,  

• the possibility of using the recorded data to improve the 
patient’s treatment. 

The SmartCuff device presented in this paper indeed 
achieved some of these challenging goals. 
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