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Abstract
E-health becomes one of the internet's products for healthcare. The problems of health service such as far hospital and expensive examination fees become the emergence of this technology. Consequently, people reluctant to check their health to hospital. E-health provides
information on disease prevention, detecting early symptoms, and monitoring the patient's condition based on medical parameters from a
far distance. Internet of things became the main concept in this system, which combines wearable sensors, communication systems, and
mobile user interfaces. Reliable and valid system, easily carried, help the doctor to monitor patients from far distance expectantly to
overcome the problems. The aims of this paper review are describing how an internet of things technology and wearable sensor help
medical science and find the best way to create a health monitoring system.
Keywords: Wearable Sensor; IoT; Validity; Reliability; Performance.

1. Introduction
The Internet offers convenience in communicating, transacting,
and searching for information. The Internet makes people change
their habit from conventional method to digital method. People
fulfill their needs using the internet because it can be accessed
everywhere [1]. E-health becomes the development of internet for
medical requirement [2]. E-health provides information on disease prevention, detecting early symptoms of the disease, and
monitor the patient's condition based on medical parameters from
a far distance [3]. In addition, E-health combines wearable sensors,
smartphone and web interface[4] to make one system that connects each other. Some research shows the utilization of E-Health
in many purposes such as Pulmonary disease [5], Parkinson disease [6], diabetes mellitus [7], and cardiac diseased [8]. Similarly,
smartwatch becomes an alternative wearable sensor, combined
with a smartphone as the interface for health monitoring [6, 8].
Furthermore, research must study not only the alternative device
for health monitoring but also the reliability, validity, and performance of the wearable sensor. If the result shows a huge gap
measurement using medical equipment, then the system has no
reliability, invalid, and lack of performance. Therefore, the objective of schematic paper review to show the internet of things (IoT)
and wearable sensors that can help healthcare in the function,
shape, quality, and development. Finding the best technology in
wearable sensors for health monitoring system to increase awareness about health and reduce cases of sudden death due to delay in
treatment. The next section describes the methods in this study.
Section 3 discussion of the study and section 4 concludes the paper.

2. Methodology
This review consisted of paper with years of research making
2016 until 2018. The author search references from IEEE Explore
and PubMed using the terms "health monitoring", "smartwatch",
"wearable sensors" and " internet of things". Both journal and
conference papers related to the development of health monitoring,
or wearable sensor which is for a health monitoring.

Fig. 1: The process flow for literature search

Fig. 1 shows a diagram of the literature review search flow. One
hundred and thirty-three articles found in the investigation. Sixtyeight after significant articles stay after removing duplicate and
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read the title. Thirty-nine derived from reading the abstract. After
reading the title and abstract and end up with 18 papers, we then
start reading their content and thus deploying which of them will
provide us with related information wearable sensor and the development of internet of things for healthcare. Furthermore, this
paper also investigated another factor in future work, system, architecture, framework, and amount of participant.

users condition [17]. After data is sent to the cloud, they use several algorithms for data processing that will determine the level of
patient health. The threshold algorithms used to determine the
threshold in a sensor reading in the health monitoring system [17,
21]. With this algorithm doctors and medical personnel can find
out whether the patient's condition is worsening.

3.4. Internet of Things (IoT)

3. Results and Analysis
3.1 Search Results
Eighteen articles published between the years 2016–2018 were
included in the review [9-26] from conference or journal. Research originated from eleven different countries including Germany [9, 10], Romania [11, 12], India [13-18], Bangladesh [19],
Iraq [20], Italy [21], Taiwan [22], Netherlands [23], Ecuador [24],
Indonesia [25] and United Kingdom [26].

3.2. Study Focus and Participants
Most research created a device for health monitoring system that
focuses on the users. The users can be a healthy person, hospital
patients, elders, and soldiers [15, 21, 27-28]. An early warning to
provide emergency notifications and make reliable and valid lowcost devices was the development of health monitoring system [12,
21, 25, 28]. Furthermore, the number of participants have various
differences, some of them not clearly mentioned, and others papers used 5 to 20 participants for data collection, gender does not
become an emphasis in the study [12, 15, 23, 27-28].

3.3. Wearable Sensor
The combination of sensors attached to the body and serves to
detect vital conditions in the body called wearable sensors. Health
monitoring system which has low-cost, wearable sensor and accurate value is a trend [16]. Some research had developed a low-cost
device, which can monitor health real-time [11-12, 18]. It becomes
a solution to the problems of expensive examination fees. The
pulse sensor is a common sensor used to detect heartbeat [11, 17,
24]. In other hands, for detecting heart-beat, level of oxygen in the
blood and blood pressure using photoplethysmography (PPG)
sensor[21, 28]. A small, reliable, simple health monitor is the ultimate advantages of PPG sensor [21].

Fig. 2: The system of smartwatch for healthcare [24]

Some studies use smartwatch, as a health monitoring device to
monitor vital condition like temperature, heart rate, oxygen in
blood, stress level, and blood pressure [23, 29]. Furthermore,
through the Bluetooth, the data will be sent to the mobile phone
which is connected to cloud server database. The system of
smartwatch for healthcare is shown in the Fig. 2. For smartwatch
have their own user interface to monitor health for Android mobile.
Some studies also show that can monitor through the website. As
written one study not only uses the Thingspeak to monitor health
status and provide alerts but also available LCD, which shows the

Internet of Things (IoT) is a system that combines sensor/ camera,
network, and cloud server that effective to facilitate the exchange
of data automatically without always utilizing humans. The Internet of Things (IoT) technology is being developed continuously
[7]. IoT consists of sensors and actuators connected to a wireless
network which can monitor through the user interface (UI) simultaneously. Some recent technological advances allow the emergence of IoT such as nanotechnology, wireless sensor networks,
mobile communications, and ubiquitous computing. However,
there are some challenges such as sensors, communication methods, the protocols, etc. [7]. In communication methods, the speed
of data delivery process is the most important [29]. If the data is
delivered quickly, handling actions will also be done quickly.
The adoption of Internet of Things (IoT) technologies is the way
to improve living conditions especially for the elderly using the
development of sensor, internet, and Android-mobile [9]. Health
monitoring system using IoT can utilize various sensors, microcontrollers, and user interface devices also provide secure, efficient, and intelligent services to applications [10]. As the result,
doctor can analyse patient’s condition using the sensor readings.
On the next step, with RFID technology or a tag can be used as a
card of the patient at the clinic, so that it is easier to know the
identity of the patient while performing the registration or finding
the record of the patients [30].

4. Discussion
Becomes one of the fastest developing medical research in recent
years, the wearable sensor can be the alternative to perceive human condition [22]. Most of them build that system to monitor
health, nevertheless the other benefit of this to promote the sports
activity and combat physical inactivity thus raising awareness to
maintain health [11]. Lately, the development of wearable sensor
can facilitate remote monitoring. This development becomes the
emergence of a smartwatch for health monitoring. Smartwatch
detects their condition without visit hospital especially for elder
people [16]. The Wearable sensor allows patients to measure and
monitor their vital body parameters and enables remote monitoring for the doctor to know their patient's conditions [22].
In [28] make IoT-based systems for health monitoring and
tracking of soldiers. The Aurdino board becomes a low-cost
solution for this device. This technology can provide accurate
location as it brings out GPS with the system to find the missing
soldiers in critical condition. psychological parameters that use are
heart rate, temperature, oxygen level [27].
In [14] design and develop a small, portable and low power
consuming device called Fit-Wit, this system fit for all users with
different age groups. Fit-wit combine Intel Genuino 101 board,
LCD, pulse rate sensor, LM35 to make a health monitoring system
[16].
In [11] make pulse sensors integrated inflexible structure can
provide a non-invasive wearable system to make continuous
patients monitoring. PPG sensors use reflection methods to detect
body condition. First, blood absorbs more light than other tissues
and a reduction in the amount of blood reveals an increase in the
intensity of light scattered across the reflected back of the tissue.
this reflection time difference functions to detect body condition
[32].
In [25] said that the comparison between the number of guards
and the elderly imbalances makes it impossible to monitor all the
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elderly at all times. The wristband consists of several sensors will
show the elders conditions. Results of sensor readings process in
the microcontroller and using ESP8266 as the communication
method, then the guardian can access the system through web
application [24].
In [19] design real-time monitoring of health parameters such as
pulse rate, HRV, blood pressure, SPO2 and blood glucose levels.
it processes the PPG signal and calculates using the formula of
each parameter [21].
In [31] make a healthcare system based on the smart wearable
system that gives patients to measure and monitor their vital parameters and enables remote monitoring for the patients. ECG and
accelerometer sensor attached to the human body to transmit the
body parameters to the smartphone via IEEE 802.15.4 and to
cloud server [22].
In [22] design a low cost, inexpensive and multichannel Seismocardiography (SCG) data collection and analysis method to
strengthen the reliability of existing ECG-based cardiac monitoring systems. This system collecting the real ECG and SCG data
with help of our IRB license, combined analysis of multichannel
SCG and ECG data, SCG features derivation, abnormality detection of ECG data and SCG data. In [22] using Bluetooth and WiFi
used to send data to the server [12].
In [16] design a low-cost IoT based on biomedical kit which can
monitor the vital signs for example temperature readings and pulse
rate for the people in rural areas. This system includes a temperature sensor, pulse oximeter, MSP430 and nRF4L01 for the data
transmission to Raspberry Pi 3 that works as the hub [18]. The
summary of list sensor that uses in the research above shows in
Table 1. The communication method like ESP8266, Bluetooth or
nRF24L01 also listed in Table 1.
Table 1: Comparison of different sensor and communication method in
the literature
References
Sensor
Communication
Method
[16]
LM35, Pulse Rate Sensor, GroveESP8266/WiFi
gas sensor
[27]
Pulse Sensor, LM35
Bluetooth
[32]
PPG Sensor, OLED SPO2
Bluetooth
[24]
Pulse sensor, MLX90614 temESP8266/WiFi
perature sensor, MPU6050 accelerometer sensor
[21]
PPG sensor
Bluetooth
[22]
ECG, accelerometer
Xbee RF
[12]
ECG sensor, LIS331DLH accelBluetooth and Wifi
erometer sensor
[18]
LM35 temperature sensor,
nRF24L01
TSL257 PPG Sensor

Most research use pulse sensors to detect heart rate, Photoplethysmography (PPG) and Piezoelectric Pulse Transducer (PPT)
will detect body parameters such as heart rate and oxygen level
[30]. Temperatures become one of the parameter that is frequently
monitored [15, 16, 31]. Some accelerometer sensors using The
ADXL345 for falling detection [17]. Most research using the
LM35 sensor as temperature sensor but MLX90614 placed on the
wrist to measure the temperature because it has a low noise to
make it more accurate [24]. The sensor results show a significant
error value, the comparison shown in Table 2.
Another important factor in the health monitoring system is comcommunication method, the faster data transmission to prevent the
situation from worsening. Nrf24l01 is still the fastest and most
efficient modules compared to other protocols [18]. However,
most research uses Bluetooth low energy (BLE) because of the
easiest configuration and compatible with Android mobile phone.
Table 2: Comparison result between MLX90614 and digital thermometer
[25]
Thermometer
Experiment
MLX90614(0C)
Difference (0C)
Digital (0C)
1
34.1
33.714
0.386

3
2
3
4
5
6
7
8
9
10

34.7
35.2
34.2
33.9
33.8
34.6
35.4
35.9
35.2

34.011
35.388
33.742
34.097
34.767
35.083
35.503
36.311
35.729

0.689
0.188
0.458
0.197
0.967
0.483
0.103
0.411
0.529

For smartwatch actually have their own user interface to monitor
health from Android-mobile. Some studies show that it provides
web monitoring or mobile monitoring for the patients. As written
one study not only uses Thingspeak to monitor health status and
provide alerts, but also available LCD which shows the users conditions [12].

5. Conclusion
Future technology in health monitoring using wearable sensors
and smartwatch is a low-cost solution. ECG monitoring systems,
temperature, heart rate, blood pressure and even stress in real time
reduce human mortality due to a lack of awareness of the importance of keeping these parameters at a safe level. In addition,
the tendency to check every symptom at the hospital and the lack
of capable medical personnel can already be overcome with health
monitoring system. The PPG sensor is widely used because of the
small device and utilized for several functions such as heart rate
readings, blood pressure, and oxygen in the blood [30, 32, 33].
Comparison with pre-existing technology shown a low error rate
of PPG sensor [21]. As the best sensor in this review, PPG sensor
detects early symptoms of health problem. Bluetooth low energy
becomes the easiest device for communication, although not the
most efficient and fast one, the ease of configuration and compatible with mobile phones become the added value they have.
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