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Abstract—To improve people's quality of life, a remote healthcare service 
with Internet of things (IoTs) is developed in this paper. The proposed system 
includes microcomputer, physiological sensors and corresponding signal pre-
processing circuit, and wireless transmitting module etc. Sensors are used to de-
tect the various vital signals. The collected data is transmitted to mobile device 
using Bluetooth. The doctors get patient’s physiological parameters through the 
GPRS which connects the mobile device and medical center. As a result, doctor 
can give diagnostic message to the patient without face to face. The detecting 
device is designed as a watch form which is wrist-worn enclosure, unobtrusive 
and low power consumption. An android mobile app is also designed to trans-
mit data as well as display the collected data. The experiment validates the per-
formance of the proposed system. 

Kewords—Internet of things, Physiological parameters, Bluetooth, GPRS 

1 Introduction 

The lack of medical resource (such as the shortage of doctors and hospitals) has 
being become an important social issue due to population increasing and ageing. The 
traditional medical diagnosis mode (face to face) cannot satisfy people’ requirements 
[1]. In order to solve this issue, the concept of telemedicine is proposed. Using the 
telemedicine, the medical system runs more efficiently than before, especially moni-
tors the patients with the chronic diseases. Recently, more and more advanced tech-
nologies and conceptions are proposed. For healthcare, the internet of things (IoTs) 
and the wearable devices promote the development of telemedicine [2]. IoTs is a good 
medium in telemedicine, which integrates equipment and expertise in the medical 
field together [3]. The wearable device combines the sensors and processing devices 
into a single device, which is suitable for monitor. The patient can take wearable 
device everywhere without any limitation. 

Mobile monitoring of physiological parameters has been studied by many research 
groups and some physiological parameters collection system have been developed for 
healthcare care, such as data acquisition (e.g. for ECG) [5], personal monitors [6] and 
so on. Researchers in University of Alabama have designed a wearable ECG monitor 
with real time feedback to the user [7]. Sensors can be integrated by using a wireless 
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body area network [8]. However, there are still some sensors that are not integrated 
into a single device. In the medical equipment market, there are several products in 
sales. Manufacturers (such as Agilent, Phillips and Nellcor) produce handheld pulse 
oximeters for non-invasive monitoring of blood oxygen saturation and pulse (SpO2). 
Omron designs a range of portable wrist devices for measuring blood pressure. The 
chest-worn polar measures heart rate, but doesn’t provides further information about 
ECG, QT or QRS [9]. Furthermore, the chest-worn polar also let users feel uncom-
fortable. Most of these devices only measure a single parameter, and then the collect 
system needs several devices. In addition, these devices don’t provide the monitoring 
function. 

A smart mobile is becoming a reliable personal communications channel, and the 
electronic communications become reliable, secure and convenient [10]. For the smart 
phone, message function, data shortage and application are the basic functions, which 
let it be an excellent transfer platform. 

In this paper, a physiological monitoring system with IoTs was proposed. The pro-
posed system comprises three separate parts: physiological parameters collection 
module, mobile device and remote monitoring unit (shown in Fig.1!).  

Temperature 

Pulse Rate

ECG

Bluetooth

Power

MCU

GPRS

Mobile 
Device

Telemedicine 
Center

 

Fig. 1. The header image of online-journals.org 

Sensors, MCU and signal processing circuits were integrated in a single wrist de-
vice. The patient could wear this device everywhere without any limitation. Various 
sensors and microprocessor were used to collect the physiological parameters (ECG, 
heart rate and body temperature). The collected parameters were transferred to mobile 
device (with android platform) using Bluetooth. The user could get their physiological 
parameters through monitor application. At last, the GPRS was used to transmit the 
collected data from the mobile device to the telemedicine center. The doctor who 
works in the telemedicine center can use the collected data to make diagnosis. 

The rest of the paper is organized as follows. Section 2 describes the design of 
wearable device. Section 3 gives the App development. Section 4 shows the testing 
results. Finally, section 5 summarizes the development and presents the future works. 
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2 The Parameter Collection Modules 

The parameter collection module is divided into six parts: MCU, power supply, 
heart-rate collection, body temperature collection, ECG collection and Bluetooth. The 
principle of components selection is based on performance, power consumption and 
physical size. 

2.1 MCU 

A CC2540 with low power consumption was used as the MCU, which is responsi-
ble for collecting, buffering, and transferring data from related interfaces. The chip 
combines an excellent RF transceiver with an industry-standard enhanced 8051MCU, 
in-system programmable flash memory, 8-KB RAM, and many other powerful fea-
tures and peripherals. In addition, a 12-bit ADC is also integrated in the CC2540. In 
different working modes, the power consumption of CC2540 varies from 0.0005mA-
18.2mA.  

2.2 Power-supply 

It is well known that the portable equipment should have small size and less 
weight. Furthermore, the power consumption should be low or batteries should be 
charged easily. In order to meet these requirements, button cell battery was selected 
as the power supply. But the voltage of temperature sensor and heartbeat sensor are 
3.3V. Here, a linear regulator AMS1117-3.3 is used to transform the voltage into 
3.3V (shown in Fig.2). A magnetic reed switch MK24-B-2-OE is placed between the 
batteries and the inputs of the power regulators, so the system power can be switched 
on or off from outside. 

AMS1117-3.3

 
Fig. 2. DC-DC circuit 

2.3 Heart-rate collection 

Heart-rate is a very important indicator for both amount of exercise and motion 
function [11].There are three main methods for the heart-rate collection.  

1. Collect ECG and pulse signal.  
2. Use pressure sensor to collect the fluctuation and calculate the pulse rate.  
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3. Photo elective volume method [12].  

The method 1 and 2 have limitation on patients’ activities and let patient fell un-
comfortable. The last one is widely used in heart-rate measurement. Furthermore, the 
small size is suitable for this system. 

The vital signal are weak, but the environment is full of noise. So the vital signals 
are easy to be affected. As a result, the collected physiological parameters are inaccu-
racy which will mislead the diagnosis. In order to eliminate the noise of the measure-
ment, the corresponding signal processing circuit including two stage amplifiers are 
designed (shown in Fig.3). AD620 amplifier is chosen as the main component in first 
stage. In order to prevent signal distortion, the gain is set at 10db. The amplifier in the 
second stage is to make the voltage signal be suitable for the requirement of A/D 
converter. 

 
Fig. 3. The schematic of amplifier 

2.4 Body temperature collection 

The body temperature is the most important physiological parameter for human 
health. The clinical experiments show a fact that the increase of body temperature is 
the warning signal of some diseases. It is necessary to monitor the body temperature, 
especially for the patient. In the developed device, the DS18B20 is selected as the 
temperature sensor, which only has 1-wire interface. The collected data can be con-
verted to 12-bit digital word directly. The range of DS18B20 is [-55°C, +125°C]. In 
addition, the sensor has feature of anti-interference and low-cost. 

2.5 ECG collection 

The heart muscle consists of a group of fusion cells. The electrical signals can be 
used to draw an Electrocardiogram (ECG) which is an indispensable tool for diagnos-
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ing heart disease. To obtain the ECG, the patient must be physically connected to a 
front-end amplifier with special bio-electrodes. Bio-electrodes convert ionic current 
flow to the electronic flow. The material of bio-electrodes is important for this part, 
because the metal will be oxidized. In this design, the golden bio-electrodes are se-
lected [13]. The frequency of ECG signal is 0.05Hz~100Hz. In order to obtain ECG 
signal with high accuracy, two main noises should be filtered (i.e. baseline shifting, 
electromagnetic field interference with high frequency). So, a high pass filter (cut off 
is 0.5Hz) and a low pass filter (cut off is 100Hz) are integrated in the amplifier stages. 

2.6 Data transmission 

The Bluetooth 4.0 technology is selected as the communication media between 
collection system and mobile device, because of convenience. The Bluetooth in col-
lection system is based on CC2540. And the Bluetooth Low Energy (BLE) was used 
in this part. The BLE protocol stack is built from physical layer in the bottom to ap-
plication layer in the top. Any profiles and applications that are used on top of the 
GAP and GATT layers of the stack. GAP defines how to discover and build a connec-
tion with other device and other general access function. GATT describes a use case, 
roles and general behaviors based on the GATT functionality  

The GPRS was used as a bridge between mobile device and telemedicine center. 
The collected parameter in the mobile phone can be transferred to server in the tele-
medicine center directly.  

3 APPs Development 

In this system, the APPs was designed by using the Java Development kit (JDK) 7, 
Android SDK platform and Eclipse open-source Java development program. There 
are four steps in the development of this apps  

1. Analysis: this step including the knowledge requirement, functional requirement 
and algorithm design  

2. Apps Design: the researcher or programmers designed the app based on the need of 
patient and professionals.  

3. Testing the prototype: the patient and professionals should use the App and give 
some suggestions. Besides this, professionals should develop the content of this 
Apps (such as health knowledge and videos).  

4. App development: programmer develop the software based on the suggestions. The 
process of App design is shown in Fig!4. 
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Fig. 4. Procedure of healthcare application design 

3.1 UI design 

Through various navigation options (such as parameter display, health knowledge), 
the user can browse the information, such as their physiological parameter and health 
knowledge. The UI of the proposed healthcare application is shown in Fig.5. The 
layout and interface of our application were designed with the conception of “easy to 
use”. The patients’ personal information and physiological parameters should be kept 
secretly. First of all, a login interface of UI is required, and patients can build up their 
own account and password. In the modification stage, the heuristics evaluation is used 
[14]. In this work, a heuristic checklist is used for accessible smartphone interface 
design, developed through reviewing existing design standards and guidelines.  
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Fig. 5. User interface of Healthcare application 

3.2 Data transmission 

First, the Android application should search for the Bluetooth device which is in 
the collection device. And then, the connection is established. Next, the data receiving 
is start. Using ‘Handler’ to realize the asynchronous processing. The received data 
will be stored in SQLite database and JavaBean file. In addition, A FLASH chip is 
carried on the MCU. The data can be stored in the FLASH and it will be sent auto-
matically when the communication between devices is established. AT45DB161D-
SU is selected as data flash, its storage capacity is 16M, and the supply voltage range 
is 2.7V-3.6V, the maximum operating current is 15mA. 

3.3 Data storage and query 

All the physiology parameters not only stored in SQLite database but also stored in 
SD card. First, ‘/sdcard/’ is used to create a File object, then, “getAbsolutePath ()’ is 
set to achieve the Storage path. In this case, the storage handler will run simultaneous-
ly on background to save raw data.  

File dir. =new File (”/sdcard/”); 
String SDPath=dir.getAbsolutePath (); 
Using ‘CreatNewFile’ to create a file. At least, using the ‘write ()’ to write the 

message in the file. The user can click the “save” to storage their physiology into the 
SD card.  

The Operation effect of data receive and storage is shown in Fig.6. 
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Fig. 6. Operation effect of data receive and storage 

3.4 Historical data query 

The patient can search the historical data by query function. In order to realize que-
ry function by times, sqlFan="1=1" was defined to feedback all data in the database. 
Array ‘date []’was used to shortage the start time and end time. (The Operation effect 
of history parameter query was shown in Figure.7) 

The code of quarry function: 
/* ‘Ftime’ is a start time, ‘Ttime’ is an end time */ 
if(!Ttime.trim().equals("")&&!Ftime.trim().equals(""))

{ 
showToastMsg("According to the start and end time！"); 
sqlFan_+=" and time_ > ? and time_ < ? "; 
date=new String[2]; 
date[0]=DateUtil.parseStr2Str(Ftime, 
DateUtil.YYYY_MM_DD_HH_MM); 
date[1]=DateUtil.parseStr2Str(Ttime, 
DateUtil.YYYY_MM_DD_HH_MM); 
} 
/**search for user information，display by list */ 
DataBeanList list= 

DbTools.queryData(SearchDataActivity.this, 
sqlFan_, date); 
if(list!=null){ 
bundel.putSerializable("searchList", list); 
jumpToPage(SeachResultActivity.class,bundel,false); 
} 
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3.5 Message function 

The application was designed with the permission for reading text message. The 
message is from telemedicine center (such as doctor’s diagnosis). In addition, warn-
ing function is designed to draw user’s attention. If the value of collected parameters 
were beyond the normal value, a warning information will appear in the notification 
bar. (Shown in Fig.8). 

The code of warning function: 
if(flag1) {//Send alarm message 
System.out.println("send message"); 
if(!settingBean.getSmsPhone_().equals("")){ 
String phone_=settingBean.getSmsPhone_(); 
String content_=settingBean.getSmsContent_(); 
SmsManager smsManager = SmsManager.getDefault(); 
List<String> divideContents = smsManag-

er.divideMessage(" 
Alarm:"+content_) 

 
FFiigg..   77..  Historical data query 
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Fig. 8. Alarm function 

4 System Test 

The test focuses on accuracy of measurement and system’s power consumptions. 

4.1 Parameter collection test 

In this paper, a remote monitoring healthcare system has been designed for medical 
institutions to meet public's requirements, especially for patients who need all-time 
monitor or live lonely. In addition, doctors can monitor different patients simultane-
ously through the system, which can improve the efficiency of monitor. The perfor-
mance of the system has been validated by a series of experiments. The parameter 
collection results and EGC collection function is shown in Fig. 9.  
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Fig. 9. The parameter collection results 

4.2 Accuracy detection 

The accuracy of collected parameters directly affects the doctor’s diagnosis. In or-
der to test the accuracy, the professional equipment was taken for comparison. For 
heart rate measurement, Classic-70 multi-parameter monitor produced by Health 
force was used, HW-5 thermometer was used to measure body temperature. As shown 
in Table 1, the accuracy of the developed system was high enough.  

Table 1.  Comparison between two devices 

Items System Collect(AVG) Equipment collect(AVG) Error Relative error 
Heart rate 77.4 77 0.4 0.52% 
Body Temperature 36.49 36.41 0.08 0.22% 

4.3 Power consumption test 

Low power-consumption is one of the major targets in this systems. The power 
consumption of Bluetooth module in two different condition (Working state and 
Sleep state) were tested and shown in Table 2. It can be seen that the working current 
was less than 24mA, which was good enough for this system. 

Table 2.  Power consumption analysis  

Item No.1 No.2 No.3 No.4 No.5 No.6 
W     Working Current(mA) 15.11 15.09 15.13 15.15 15.09 15.10 
Sleep  Sleeping Current(mA) 0.004 0.005 0.004 0.004 0.005 0.004 
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4.4 Discussion 

Compared with existing devices, the system has several unique features as follows. 

1. A smart phone with android platform is used as data logger which eliminates the 
need to carry a bulky conventional data recorder. 

2. This system is capable to measuring body temperature, heartbeat and ECG. 
3. The main communication methods are Bluetooth and GPRS, which means that the 

system does not need build an extra communication network.  
4. The collected parameters will be sent to telemedicine center by GPRS. At the tel-

emedicine center, medical data from mobile device is collected and processed by 
doctors. If there are something wrong in patients’ parameters, the alarm message 
will be feedback to the mobile device by GPRS.   

5 Conclusion 

A physiological parameters monitoring system based on the internet of things is 
proposed in this paper. The system combines multi-parameter measurement of vital 
signals, smart mobile device, online analysis and emergency detection. All of the 
sensors and microprocessor are integrated in a single device. Android smart phone 
play a role of bridge between the patient and telemedicine center. 

There are several works in the future. One of them is to develop the telemedicine 
center for viewing and diagnosis. The other is the location function. The potential 
technology is the global positioning system (GPS) which locates positions anywhere 
on the Earth. Another solution is to select the Wi-Fi which offers wireless internet 
service at millions of hotspots. This widespread infrastructure offers the possibility to 
locate mobile devices in an economical way. Position determination using Wi-Fi 
technology has the advantage that it can perform indoors and outdoors. 
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