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ABSTRACT Hypothermia is a state where the body cannot balance the body heat due to excessive cold
temperature pressure so that there will be loss of heat in the body. The result will be a quickly decreasing
body temperature. A condition where a body temperature is less than 35°C and that it is accompanied by a
decrease in consciousness may cause a death threat. Hypothermia is more common when climbers perform
activities in cold temperatures and strong winds, and when they wear wet clothes. It is not easy for a mountain
climber to find out his own body temperature as well as that of his friends and to determine whether the body
temperature is safe or affected by hypothermia symptoms. Therefore, this research formed a device to detect
hypothermia. It consists of temperature sensor, pulse sensor, and accompanied by heating elements based on
wireless body area network (WBAN). This device will connect to the user’s smartphone by using Bluetooth,
so the user can see the condition of his body, adjust the temperature of the heating element, and make a group
of climbers. The experiment result shows that the device can detect hypothermia symptoms and inform these
symptoms to the users and groups of mountaineers in WBAN area, and the climbers can be more vigilant in

responding to hypothermia so that mortality cases caused by hypothermia can be minimized.

INDEX TERMS chealth, heart rate, hypothermia, temperature, wireless body area network.

I. INTRODUCTION
Hypothermia is a condition in which the body’s mecha-
nism for temperature regulation has difficulty coping with
cold pressure. Hypothermia can also be defined as an inter-
nal temperature below 35°C. The human body can regulate
temperature in the thermo neutral zone, which is between
36.5-37.5°C. Beyond that temperature, the body’s response to
regulating temperature will actively balance heat production
and heat loss in the body. Hypothermia often occurs when
climbers are in extreme environments, especially cold tem-
peratures, and due to the health factor of climbers [1].
Extreme situations in climbing environments such as cold
air pressure due to high mountains, strong winds blowing, wet
clothes, and other extreme factors make hypothermia become
a common disease in the climbing areas [2], [3].
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Knowledge of safety in climbing is a major factor to min-
imize the incidence of hypothermia. The problem is most
climbers do not know the basics of salvation in climbing.
There are still many climbers who do climbing because of
hobbies or just having fun without being equipped with health
and safety knowledge when climbing. This often results in
mishandling of hypothermia victims. Inadequate treatment in
victims of hypothermia can cause hypothermia more severe
and result in loss of consciousness or fainting. It can even lead
to death.

Therefore, to further suppress the incidence of hypother-
mia among climbers when in the mountains, we are motivated
to utilize current technology with the health sector, especially
safety in climbing. We develop a wearable device that can be
used in climbing so that it does not disrupt the climbers during
the move.

Based on the problem mentioned above, in this paper we
propose a health monitoring device embedded into climbing
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jackets by utilizing Wireless Body Area Network (WBAN)
technology. The device can be used by climbers during the
climb without reducing the comfort and mobility of the
climbers. The device used Arduino Nano as a sensor data pro-
cessing center while the sensors used are temperature sensors
and pulse sensors. The body temperature sensor used in the
device is the MLX90615 which utilizes infrared technology
so that for temperature measurements it can be done without
having to make direct contact with the sensor. As for the heart
sensor used is the sensor pulse XD-58C that will be placed
on the fingertip of the climber to measure the number of
heart beats per minute. This device is also accompanied by
a heating element used TEC-12706 peltier. The peltier will
connect to the motor driver that serves to regulate the temper-
ature. The device is accompanied by Bluetooth which serves
to transmit sensor data to the climber’s Android smartphone.
The Bluetooth used in this research is Bluetooth v4.0 which
has been supported with low energy technology.

Through their Android smartphone, climbers can see the
temperature and heartbeat conditions presented in the form
of numbers along with their body status. In this Android
app, climbers will be given information on how to handle
based on current health conditions. In addition, climbers can
create climber groups that will connect with other climbers
in a group. Group creation uses Wi-Fi Direct technology
that allows Android to connect to other Android over Wi-Fi
networks. For Wi-Fi Direct usage, one member of a group
of climbers must be willing to be the group leader who will
become the bridge connecting all members. When climbers
are connected to the climbing group, they can see the one
another’s position and body condition. When the condition
of a climber’s body worsens, other members will get a notifi-
cation. The data of worsening body condition will be stored
on SQLite Android as history.

The main contributions of this study are:

o Design and implementation of a wearable jacket pro-
totype system for hypothermia detection and per-
form initial treatment with sensors and a heating
element.

o Design and execution of a case study that proves the
suitability and usability of wearable jacket sensors in
climbing activity.

o The concept of real-time hypothermia feedback from
system and information sharing of the body conditions
to a group of climbers in the same network using Wi-Fi
Direct technology without having to connect to an inter-
net connection.

This article is structured as follows. Section 2 describes
previous related studies. Section 3 describes the system, the
hardware, and the software architectures. Section 4 describes
the methodology which contains experimental setup and
algorithm to determine the health condition of the climber
in detail. Section 5 describes the evaluation of experimental
results. Finally, concluding remarks and plans for our future
work are provided in Section 6.
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Il. RELATED WORK

WBAN sensor nodes collect biological signal data from
patients over a long period of time. The data is wirelessly
sent to the server, stored on the server for further processing,
and used as a reference to determine an important deci-
sion [4], [5]. Sensor nodes require special communication
methods to save energy to extend the network lifetime [6].
Several classifications of routing protocols for WBAN were
used to send data from sensor to server such as posture-
based routing, temperature-based routing, cross layer rout-
ing, cluster-based routing, and QoS-based routing to gain
energy efficient routing protocols for WBAN healthcare sys-
tem [7], [8]. The interference mitigation methods in WBAN
such as power control approach, MAC approach, cognitive
radio approach, ultra wideband (UWB) approach, and signal
processing approach is important to increase data sending
reliability [9]. WBAN technology can be used in various
fields of application such as health [10], [11], transporta-
tion [12], military [13], and sport [14]-[17].

Many researchers have conducted research related to the
use of WBAN and internet of things (IoT) [18]-[21] in vari-
ous fields, especially in the health sector. Ghamari et al. [22]
provided a WBAN system for elderly and patients remote
monitoring in residential environments. Wolgast et al. [23]
designed WBAN to detect heart attack using ECG sensor
and send the data to smartphone through wireless Bluetooth.
Kang et al. [24] proposed a smart device to monitor vital
signs such as heart rate, body temperature, and respiration
rate. Venema et al. [25] proposed a monitoring system during
high altitude activities using in-ear pulse oximeter and Photo-
plethysmography (PPG) to monitor blood oxygen (SP02) and
heart rate. Mahmood et al. [26] proposed WBAN to monitor
heart rate and fall detection using electrocardiography (ECG),
temperature, and accelerometer sensors. Baba et al. [27]
proposed WBAN application for health remote monitoring to
measure breathing, heart rate, ECG, and SPO2. Lin ef al. [28]
proposed wearable heat stroke detection to evaluate and
predict the occurrence of a heat stroke for a runner.
Monton et al. [29] proposed e-health prototype merging from
five health sensors, i.e., ECG, EMG, Temperature, Airflow,
and GSR. Fakhrulddin ez al. [30] proposed an advanced first
aid system (AFAS) to monitor elderly persons from risk
of falling using accelerometer sensor and heartbeat sensor.
Jeon et al. [31] developed wearable device called sleep
care kit to measure real-time multiple bio-signals such as
SPO2, body temperature, and respiration to determine sleep
quality and calculate the risk of sleep apnea. Moreover,
some researchers also pay attention to WBAN technology in
terms of energy consumption [32], [33], security authentica-
tion [34], and signal transmission [35].

In this article, there are several innovations or uniqueness
compared to the related researches mentioned above. This
research focuses more on making jackets to be worn by
mountain climbers. Some electric jackets are only designed to
simply warm the body with certain intensity, but in this study,
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we make an electric jacket that is able to detect hypothermia
based on body data such as heart and temperature, and a
climber can see the condition of his body in a visual displayed
on his smartphone of the climber. The jacket is designed to
perform early detection of hypothermia symptoms so that the
jacket will automatically be able to warm the body of the
climber and send notification messages through the climber
smartphone. Furthermore, the body data can be sent to a
group of friends with the assumption that there is no inter-
net connection at the case study site in the high mountain.
Table 1 shows the comparisons of the proposed system with
related works in terms of application domain, sensor modules,
wireless communication, monitoring device, and the benefits
of the system.

IIl. SYSTEM ARCHITECTURE

We built an initial detection and treatment system for climbers
by utilizing WBAN technology to monitor the condition of
the climber’s body as shown in Fig. 1. The system was
designed to monitor climbers’ body temperature and heart
rate, and to do the initial handling such as warming the tem-
perature of the jacket using a heat element. Several sensors
and other components were used, namely the pulse sensor that
was used to get climbers’ heart rate data, the MLX90615 tem-
perature sensor that was used to get the climber’s body tem-
perature, the DS18B20 temperature sensor that was used to
get the temperature of the heater, and the peltier that was
used for the jacket heater. The sensors and components were
installed on an Arduino microcontroller device and the circuit
was embedded in a jacket.
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FIGURE 1. System architecture.

The values of the climber’s heart rate and body temperature
were combined to get a correlation as a determination of the
climber’s condition. Delivery of values was done in 2 ways,
namely idle mode and active mode. This was done for effi-
cient use of resources. The data were sent directly to the end
device and execute the action point. Action point is a device of
hardware consisting of motor drivers and peltiers. This action
point was used to regulate the high and low temperatures of
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the heating element. This circuit was directly connected to
Arduino. Users could adjust the temperature of the heater by
sending data to Arduino and the data would be forwarded to
the action point.

The climbers could use an Android smartphone to access
data sent by a microcontroller. Android application makes it
easy for climbers to find out their body condition in terms
of temperature and heart rate. The climber could regulate
the temperature of the heating element on the jacket using
the Android application. The climber could form a group of
climbers and share the information of body conditions on the
Android application. The climber and group members could
connect each other using Wi-Fi Direct technology so that
climbers could use this feature without having to connect to
an internet connection.

In this research there are 2 architectural designs, namely
hardware and software. The architectural design of the hard-
ware will be applied to the climbing jacket, while the software
architecture design will be applied to Android smartphones.

A. HARDWARE ARCHITECTURE

Fig. 2 shows the hardware architecture which includes an
Arduino Nano, Pulse Sensor, MLX9015 Temperature Sensor,
DS18B20 Temperature Sensor, L298N Driver Motor, Peltier,
Bluetooth, and Battery.
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FIGURE 2. Hardware architecture.

This study used data from temperature sensors and heart
rate sensors as indicators for determining the condition of the
climber’s body. Data from the two sensors were processed to
obtain an output value to get the climber health code. Data
transmission was done wirelessly via a Bluetooth communi-
cation network.

In regard to data transmission based on the available time,
there are 2 modes of sending data on this device. Idle mode
is a mode that is used to increase the efficiency of the data
source used. This mode will be active when the climber closes
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TABLE 1. Comparisons of the proposed system with related works.

No Title Application Sensor modules Communication ~ Monitor Benefits
1 Gonzalezet  General electrocardiogram, Wi-Fi Smartphone, Communication with nurse server and smartphone
al. [2], patient temperature Desktop through internet
2014 monitoring
system
2 Rusli et al. Health heartbeat, Bluetooth, Smartphone, The sports trainer can monitor the condition of the
[16],2017 monitoring for ~ temperature, Zigbee Desktop athlete remotely and the system can provide advice
sportsman oxygen saturation on the sportsman's fitness condition
3 A. Kos et Health accelerometer, Wi-Fi Smartphone The therapist or swimming trainer can monitor
al. [17], monitoring for ~ gyroscope swimmer's condition in real time for swimmer's
2019 swimming motion analysis and provide feedback to the
exercise swimmer
4 Wu et al. Health accelerometer, Bluetooth Smartphone The system can detect falls using the accelerometer
[18],2017 monitoring for  temperature, for emergency notifications
falls detection ~ heartbeat
5 Jovanov et Smart water accelerometer, Wi-Fi, Smartphone The system integrates monitoring heart rate
al. [20], bottle and Heartbeat Bluetooth conditions through a smart watch and the number
2019 smart watch. of times a user takes a smart bottle to analyze pulse
wave velocity and blood pressure
6 Rubi et al. General temperature, blood Wi-Fi, GSM Web-based The system monitors pervasive healthcare services
[21], 2019 patient pressure, which predict level of health without healthcare
monitoring respiration, oxygen persons participating
system saturation, heartbeat
7 Wolgast et Health electrocardiogram Bluetooth Smartphone The system can monitor electrocardiogram data
al. [23], monitoring for from the smartphone and an alarm will sound if a
2016 heart attack heart attack is detected
8 Kang et al. Activity accelerometer, Bluetooth Smartphone The system can monitor the user's activity such as
[24], 2017 recognition Heartbeat, sleeping, resting, walking, and running
temperature,
respiration
9 Venema et General Photoplethysmogra ~ Wired Smartphone The system can monitor user during high altitude
al. [25], patient phy, heartbeat, activities to monitor oxygen saturation and heart
2017 monitoring oxygen saturation rate.
system
10 Mahmood Health electrocardiogram, GSM, Wi-Fi, Desktop The system can monitor heart rate and fall
et al. [26], monitoring for  temperature, Zigbee detection
2017 falls detection  accelerometer
11 Baba et al. General electrocardiogram, Wi-Fi Desktop The system can monitor physiological parameters
[27],2018 patient electromyography, such as breathing, heart rate, electrocardiogram,
monitoring oxygen saturation, and oxygen saturation
system heartbeat,
respiration
12 Lin et al. Health galvanic skin LoRa Desktop The system can predict the occurrence of a heat
[28],2018 monitoring for  response, humidity, stroke for a runner
heat stroke temperature,
detection heartbeat
13 Bayo- General electrocardiogram, Wi-Fi Web-based The system can monitor the physiological
Monton et patient electromyography, parameters such as electrocardiogram,
al. [29], monitoring temperature, electromyography, temperature, Airflow, and
2018 system respiration, galvanic galvanic skin response.
skin response
14 Fakhrulddi ~ Health heartbeat, GSM/GPRS Smartphone The system can monitor elderly persons from risk
netal. monitoring for  accelerometer of falling
[30], 2019 falls detection
15 Jeon et al. Health oxygen saturation, Bluetooth Smartphone The system can monitor user to determine sleep
[31], 2019 monitoring for  heartbeat, quality and calculate the risk of sleep apnea. The
sleep apnea temperature, risk apnea phase will be alerted to guardian via
respiration smart speaker
16 Our Health temperature, Bluetooth, Wi- Smartphone The system can monitor hypothermia symptoms
Proposed monitoring for  heartbeat Fi Direct and inform these symptoms to users and groups of
System, hypothermia mountaineers in wireless body area network
2020 detection

the application. This mode will send data to Android with a
time delay that is every 1 minute. Thus, the process of sending
data will occur once every 1 minute and it can minimize the
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power for the sending process. Although data is sent once
every 1 minute to Android, data from the sensor will still be
retrieved at any time. This is to avoid delays in information
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about physical health while in active mode the data will be
sent every 5 seconds. This mode will be active when the
climber is using or opening the application. This mode allows
climbers to see the condition of the body in more real-time.

The communication of action point with Arduino still used
cable. Arduino would get data from both sensors; data from
both sensors would be calculated and would have an output
code. If the output code shows that the climber was in a
less prime condition, Arduino would send a command to the
action point to activate the heater. The action point would
issue a voltage in accordance with the Arduino command, and
then the voltage would be converted into heat using a peltier.

Through the Android application interface, climbers could
access data directly from Arduino using a Bluetooth connec-
tion. Sensor data obtained would be displayed in the form of
numbers with clear units along with a message or description
of the climber’s body condition. There was also some han-
dling information related to early prevention of hypothermia
patients. Users could measure temperature and heart rate
more intensely in the Android application. In addition, users
could form a group of climbers who could connect with
existing climbers. With this feature, climbers could share the
condition of their bodies with other climbers. In the case
of hypothermia, body data would be stored in Android data
storage and a notification would be displayed for climbers
when the Android application were opened.

The proposed hardware device consists of:

1) ARDUINO NANO

Arduino is an open source single-board micro controller
designed to facilitate the use of electronics in various fields.
Arduino Nano uses ATmega 328 microcontroller with AVR
architecture. It requires 5V for power operation with 19mA
power consumption. It has 32KB flash memory and 2GB
SRAM with a clock speed of 16MHz. Arduino has 22 digital
1I/O pins, 6 of which are PWM pins. Each pin I/O has a current
of 40mA. Arduino Nano size is 18 x 45mm with 7g weight.

2) PULSE SENSOR

Pulse sensor was used to retrieve the heart rate data of
climber’s body. Heart rate data was used to determine whether
the climber was experiencing tachycardia or bradycardia or
normal condition. Pulse sensor has a diameter of about 16mm
with a thickness of 3mm, working on voltage 3V to 5V with
power consumption of about 4mA.

3) TEMPERATURE SENSOR - MLX90615

Temperature sensor MLX90615 was used to obtain climbers’
body temperature data. The data would determine whether the
climber suffers from hypothermia. The temperature sensor
MLX90615 can receive a voltage of 5V with an operating
voltage of 3.6V. This sensor can measure 2 types of tem-
perature i.e. object temperature and ambient temperature.
The measured temperature range of the MLX90615 sensor
is —20°C to 125°C.
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4) TEMPERATURE SENSOR - DS18B20

Temperature sensor DS18B20 was used to determine the
temperature of peltier. It allowed the climber to see the
peltier temperature on the jacket. The DS18B20 sensor is a
digital temperature sensor that uses the one-wire communi-
cation method. This sensor uses a voltage of 3V to 5V, and it
can measure the temperature from —55°C to 125°C with an
accuracy of about 0.5°C.

5) PELTIER

Peltier was used to increase the temperature in the jacket.
Peltier is a Thermo-Electric component. When this compo-
nent has a voltage, it will move heat from one side to the other,
so it can produce 40°C to 70°C heat. Peltier has dimensions
of 40 x 40 x 4mm with 29g weight.

6) MOTOR DRIVER - L298N

The motor driver was used to adjust the voltage to be supplied
to the peltier so that the temperature on the peltier can be
adjusted according to the climber’s preference. This research
used motor driver L298N with power supply 5V to 46V.
It has a maximum power of 25W and a working temperature
of about 25°C to 130°C. The dimensions of the L298N are
60 x 54mm with a weight of 48g.

7) BLUETOOTH v4.0 BLE

Bluetooth was used to transmit climber health data obtained
from previous sensors to the climbers’ Android. This research
used Bluetooth v4.0 with HM-10 type which comes with
Low Energy technology. This Bluetooth works on a 24 GHz
ISM Band frequency with GFSK modulation method. It has
asynchronous and synchronous speed of 6K bytes and
uses authentication and encryption security methods. This
Bluetooth works on voltage + 3.3V 50mA.

8) BATTERY

The jacket used Li-Po (Lithium Ion Polymer) type battery
which has bigger capacity and is not easily depleted, making
it suitable for climbing which takes at least 2 hours to reach
the inter-point travel post.

B. SOFTWARE ARCHITECTURE
It includes an Android, Bluetooth Gatt. Wi-Fi Direct, and
SQLite.

1) ANDROID

Android is a Linux-based operating system designed for
touch-screen devices such as smartphones and tablets. In gen-
eral, Android application programming uses Android Studio
with Java programming language and Kotlin.

In this research, the Android application was connected
with hardware devices via Bluetooth which serves to display
the results of data collection of temperature sensors and pulse
sensors. In addition, the Android app could adjust the heat
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level of peltier, save history of accidents caused by hypother-
mia, and enable group creation to share health data.

2) BLUETOOTH GATT

Bluetooth Gatt is an architecture built on the Attribute Pro-
tocol (ATT). Bluetooth Gatt was used to determine the way
two low energy Bluetooth devices send and receive data, start-
ing from searching Bluetooth connection until the process
of exchanging data from Android applications with hard-
ware devices. Unlike the use of non-low-energy Bluetooth,
to connect Android hardware devices that use low-energy
Bluetooth, the architecture of Bluetooth Gatt had to be used.

3) Wi-Fi DIRECT

Wi-Fi Direct or Wi-Fi P2P (Peer to Peer) is a standard
Wi-Fi that allows direct connection without access point.
Thus, Wi-Fi Direct allows multiple devices to connect one
another. Wi-Fi Direct has a concept like ad-hoc. The differ-
ence is Wi-Fi Direct using single radio hop communication
whereas ad-hoc mode Wi-Fi uses communication of multiple
radio hops. By using Wi-Fi Direct technology, communica-
tion between devices will be like using Bluetooth. The device
can communicate with the typical speed of Wi-Fi. Wi-Fi
Direct can connect devices even if the device comes from
different manufacturers. To use Wi-Fi Direct technology,
there must be at least one supported Wi-Fi device with Wi-Fi
Direct, this is to enable peer-to-peer connections between
devices.

In this research, Wi-Fi Direct was used to connect user
climber app with the climbing group. Therefore, it was
required that in one climber group be one group leader who
would make Wi-Fi Direct network. Other member’s data
would be sent thoroughly to all members group using this
Wi-Fi Direct technology.

4) SQlite

SQLite is a relational database system that is ACID-compliant
and has a relatively small code library size. SQLite is not a
system that only communicates with the program, but also
as part of an overall program. The API calling, or its use,
is done directly by programming language. In the Android
app, SQLite is considered as a local database, so the data stor-
age is processed using Android programming language i.e.
Java or Kotlin. Because of its direct use of the programming
language, SQLite can reduce overhead, latency, and more.
Some of the advantages of SQLite are easy to manage, very
stable, expandable, very fast. Additionally, it uses the WAL
(Write-Ahead Logging) mode that allows SQLite to read and
write simultaneously.

IV. METHODOLOGY

Symptoms of hypothermia disease should be known by the
climber so that handling is given more quickly and effectively.
This research made a hardware and software device that
aims to facilitate the detection and handling of hypothermia
disease. The hardware devices would be put on a climbing
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jacket. The hardware device consisted of several sensors,
microcontroller, Bluetooth, and heating elements. The sen-
sors used were temperature sensors and pulse sensors. The
temperature sensor were connected to Arduino by using
SCL pin and SDA pin while the pulse sensor connected
with Arduino using pin AO. Temperature sensors would be
placed in the area near the armpits because in that area the
body temperature measurement can be done more effectively.
Temperature sensor would take the temperature of the object
i.e. body temperature and sends it to the microcontroller. The
pulse sensor would be placed on the fingertip of the climber
because the pulse sensor was designed to more effectively
read the signal on the palm area. The pulse sensor data would
also be sent to the Arduino which would then be used as
parameters to determine whether the climber is hypothermic
or not. In Arduino there are 4 categories of health, namely
“healthy”, “rest”, “hypothermia”, and “emergency”’. The
“healthy” category means the climber was in excellent shape
to continue the activity. Category “rest” means the climber
is in a less than excellent, it is advisable to rest first to avoid
hypothermia. Category ‘“hypothermia’ means climbers are
in a state of being hypothermia, immediately do the appro-
priate treatment. Finally, the category of “‘emergency’” means
climbers in a state of serious hypothermia, call on reinforce-
ments and get to the nearest hospital. In addition, the auto-
matic heater in the jacket would begin to heat up to warm
the climber when climbers were in abnormal circumstances.
There was also a temperature sensor that had a function to
measure the temperature of the heater; this sensor was con-
nected to the Arduino using pin D5. Sensor data would also
be sent to the climber smartphone by using Bluetooth. The
Bluetooth was connected to the Arduino using RX pin and
TX pin.

Regarding the software, the system used Android operating
system for smartphone application development. Android
would receive sensor data from the device via Bluetooth in
real time. The sensor data would then be displayed in the
form of numbers and graphics on the user interface. There
were also features to join or create a group of climbers using
Wi-Fi Direct technology. With these features climbers could
connect to other climbers in one group. Climbers could see
each other’s health and position. The last feature was health
data storage. The stored health data is the health data of the
climber when attacked by hypothermia.

Fig. 3 shows the experimental setup in which the overall
components are connected to the Arduino board. Sensors,
motor drivers, and Bluetooth were connected to Arduino pins
while peltier and battery are connected to motor driver.

This research designed a simple algorithm to determine the
health condition of the climber as shown in Fig. 4. This algo-
rithm serves to combine data from the sensor into an output
value (condition code). It aims to facilitate the determination
of conditions and information that will be given to climbers.

In one end device, there are two sensors (temperature and
pulse sensors) to determine the state of the climbing body and
one sensor (temperature sensor) to determine the condition
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FIGURE 3. Experimental setup.
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FIGURE 4. Determination of the health condition of the climber.

of the jacket. Combined sensor data only sensor data that
serves to determine the condition of the climber’s body. Sen-
sor data will be processed using the condition determination
algorithm. This data will be a parameter to enable the heating
element on the jacket.

The temperature sensor of type MLX90615 was used to
observe body temperature of climbers while the temperature
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sensor type DS18B20 was used to observe the state of the
peltier temperature to adjust the jacket temperature. The body
temperature sensor data would be divided into 4 categories,
namely normal, mild hypothermia, moderate hypothermia,
and severe hypothermia. Each category would be given a code
to determine the next condition. The greater the code, the
more severe the condition is. This is as shown in table 2.

TABLE 2. Temperature sensor code.

Condition Code
Normal 0
Mild Hypothermia 1
Moderate Hypothermia 2
Severe Hypothermia 3

The categories of body temperature are Normal =
40°C - 35°C, Mild Hypothermia = 35°C - 31°C, Moderate
Hypothermia = 31°C - 28°C, and Severe Hypothermia =<
28°C.

Heartbeat or pulse sensors of type XD-58C were used to
observe heart rate or climber’s pulse. Data from sensor pulses
would be divided into 3 categories, namely normal, tachy-
cardia, and bradycardia. Just like the previous sensor under
any conditions, codes would be given for the determination
of the next condition. The greater the code the more severe
the condition is. This is as shown in table 3.

TABLE 3. Heartbeat sensor code.

Condition Code
Normal 0
Tachycardia 1
Bradycardia 2

Where, Normal = 100 bpm - 60 bpm, Tachycardia, the beat
is more than the normal limit => 100 bpm, Bradycardia, and
the beat is less than the normal limit = < 60 bpm.

This code processes the input value of each variable (sensor
value) as a parameter to issue a climber’s health condition
code. After all the sensor conditions get a code, the sensor
code will be mutated with another sensor code. Subsequently,
it generates some code in 2-digit numbers. This code will
later be included in the algorithm in determining the health
condition of the climber. The result of code in 2-digit numbers
of the two sensors is shown in table 4.

TABLE 4. Code in 2-digit numbers of the two sensors.

Mild Moderate Severe

Normal Hypo. Hypo Hypo
Normal 00 10 20 30
Tachycardia 01 11 21 31
Bradycardia 02 12 22 32
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The permutation result shows the pattern of code for
the determination of condition. Furthermore, the parameters
are selected for the grouping of health conditions, namely
healthy, rest, hypothermia, and emergency. This is the con-
dition that will be used to determine the activation of the
action point and the determination of message handling that
will appear in the Android app. The number of possibil-
ities formed from the permutation of the sensor code is
12 possibilities as shown in table 5.

TABLE 5. Possible condition.

Temp Sensor Pulse Sensor Code Condition
Normal Normal 00 Healthy
Normal Tachycardia 01 Healthy
Normal Bradycardia 02 Rest
Mild Hypo. Normal 10 Rest
Mild Hypo. Tachycardia 11 Rest
Mild Hypo. Bradycardia 12 Hypothermia
Moderate Hypo. Normal 20 Hypothermia
Moderate Hypo. Tachycardia 21 Hypothermia
Moderate Hypo. Bradycardia 22 Emergency
Severe Hypo. Normal 30 Emergency
Severe Hypo. Tachycardia 31 Emergency
Severe Hypo. Bradycardia 32 Emergency

To increase the effectiveness data packets transmission on
end devices, this study used an algorithm with 2 modes of
delivery as shown in Fig. 5. Idle mode allows the end device
to send data when the Android climber application is in a
closed state. The data will be sent once a minute to minimize
power output. Whereas the active mode allows the end device
to send data when the climber is actively using an Android
application, or the application is open. Data in this mode will
be sent every 5 seconds so that climbers can find out the
condition of the body in real time. Although sending data
from Arduino to Android has a delay, data retrieval from

9‘)
ambTemp += ambTemp
objTem += ohjTem

heartRate += heartRate

[

tsLastReport= millis()

isValid?

Yes

hyphoStatus = true

ambTemp = 0

objTem = 0
heartRate = 0

i=0

FIGURE 5. Modes of data packet transmission.
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the sensor to Arduino is done at any time. The form of data
sent is JSON String. This is to facilitate parsing on Android
programming. The data transmitted are body temperature
sensor data, heart rate data, peltier temperature sensor data,
and condition codes. This JSON data will be sent during
active mode.

Fig. 6 shows the workflow of the end device in the data
retrieval and transmission. At the beginning of the microcon-
troller work, the first thing to be processed is the initialization
of the existing header file and the specified variable, other
variables, the setup function, and the loop function. In the
setup function, the end device will read data from the installed
sensor i.e. temperature sensor and heart sensor. If the sensor is
successfully activated, it will read condition code; otherwise
the program will return to the start of activate sensor step. The
sensor data will be sent via Bluetooth. Access to the action
point is also done on the function to set the temperature of
peltier.

Start

Initialization file
header and
variable

Serial Road
Request
Code

Serial Begin execute

State()

ReqCode =
State
No

Active Sensor
and define pin

idleState()

!

setPeltier
Temp()

Stop

FIGURE 6. Data packets transmission of the end device.

Fig. 7 shows the workflow of action point. The action point
is a series of components consisting of driver motor L298N
and peltier. This circuit will be used to increase the temper-
ature of the jacket so that the climber’s body temperature is
not lost due to the cold environmental temperature.

The action point communicates directly with the Arduino
by connecting the input pin cable to the Arduino. By default,
the condition of the action points is 0 or off. Users can set the
output of the action point by changing the PWM pin value
on the Arduino. In addition, the action point can change its
value automatically when the health condition of the climber
is hypothermia or emergency.

The database used in this study was SQLite database sys-
tem as shown in code 1 (database sensor schema). SQLite
provides quick and easy access, and it was programmed using
Android programming language i.e. Java or Kotlin. The _id
field is unique and different on each saved data. Field amb,
obj, and heart are fields used to store sensor data while the
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Initialization Pin
Driver Motor

Serial Read

isRequest?

hypoStatus = false|

ohjT < No
normal
Yes
perltierPwm++
Motor Driver
‘Analog Write

ambT < No
request
Yes
peritierPwm++
Motor Driver
Analog Write

Change
State

Yes

getAmbientTemp
getObjectTemp
hypoStatus?

peltierPwm-—

FIGURE 7. Action point work.

field code will load the health code of the climber. There
is also a latitude and longitude field to store the climber’s
position. In addition, there is timestamp column containing
the time and date data, and they are stored in the database.

sensorSchema {
_id : Number,

amb : String,

obj : String,

heart : String,

code : Number,
latitude : Number,
longitude : Number,
timestamp : Date

}

Code 1. Database sensor schema.

The SQLite database was used on the Android, so the data
to be stored must be sent first from Arduino to Android.
On the Android, sensor data from Arduino will be sorted first
to determine which data will be stored in the database. The
data to be stored in the SQLite database provide the informa-
tion about whether the climber is experiencing hypothermia.
The data that show good health will not be stored in the
database but will still be displayed on the climber’s Android.

V. EXPERIMENTAL RESULTS

The hardware device that has been set up will be placed on a
black box to make it look neater, to minimize the lost data,
and to avoid short-circuit between the components. Some
components to be stored in the black box are Arduino, Driver
Motor, Bluetooth, and all the other connectors like connector,
battery, and peltier sensor as shown in Fig. 8.
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FIGURE 8. The black box.

Sensors, batteries, and peltiers will remain connected to
Arduino using cables. The position of the sensor and other
components can be seen in Fig. 9. The MLX90615 tempera-
ture sensor will be placed around the armpit area because in
that area the temperature is not affected by skin temperature
or the temperature of the outside environment. In addition,
the area is often used by doctors or nurses to determine
the condition of the patient’s body. The pulse sensor will
be placed on the palm of the hand more precisely on one
of the climbers’ fingers. This is because the skin in the
area is thinner than the outer skin of the hand, making it
easy to read the heart rate of the body. The position of the
peltier and the DS18B20 temperature sensor are put together,
because the DS 18B20 temperature sensor will be used to find
out the amount of heat generated by the peltier. The peltier is
positioned in the front of the body, between the chest and
abdomen. Some other peltier can be placed on the back of the
body, i.e., the shoulder or back.

Contains the he: or Pulse
Sensor to get heart rate data

Jacket made of parachute material
for protecting body and components
from water

Contains the temperature sensor
MLX90615 to get body temperature
data

‘Contains an Arduino Nane R3, Motor
Driver, Buck Converter, and

Contains heating slement Peltier and
temperature Sensor DS18B20 to get
jacket temperature data Bluetooth BLE to control all action

in this jacket

Electric Jacket

FIGURE 9. Hardware position.

The software development system was implemented in two
parts. The first part was through a software algorithm to
get data and to transmit them to Arduino. The second part
was the features provided in the application, along with the
technology used.

In the first section, to connect Android apps with end-
device hardware, the technology of Bluetooth GATT was
required because it uses Low Energy. The Android app must
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Success.

{"amb":25.05, "obj":28.27, "heart":114.6, "code": 2}
{"amb":29.11, "obj":28.42, "heart":56.2, "code":3}
{"amb":29.14, "obj":28.47, "heart":9€, "code":2}
{"amb":29.18, "obj":28.35, "heart":79.4, "code":2}
{"amb":29.19, "obj":28.66, "heart":91.6, "code":2}
{"amb":25.19, "obj":28.33, "heart":81.4, "cods":2}
{"amb":25.23, "obj":25.15, "heart":80.8, "cods":3}

{"amb":25.25, "ob3":27.91, "heart":87.2, "code":3}

{"amb":25.25, "ob3":28. 62, "heart":119.4, "cods":2}

{"amb":29.25, "ob3":28. 68, "heart":52, "code": 2}

{"amb":29.25, "obj":28. 66, "heart":51.8, "cods":2}

{"amb":25.25, "obi":28.76, "heart":52, "code": 2}

{"amb":25.25, "obi":28.83, "heart":52, "code": 2}

{"amb":25.25, "obj":28.83, "heart":52, "code": 2}

{"amb":29.25, "obj":28.73, "heart":52, "code": 2} -

[ Autoscroll BothN 8GR~ | [9600baud | | Clearoutput

FIGURE 10. JSON string data.

enable approval for Bluetooth and Location in order to per-
form Bluetooth device’s end-search devices. Bluetooth GATT
already has a feature to detect whether the Bluetooth is
connected, disconnected, and able to read the data sent via
Bluetooth. By default, Android will accept all data displayed
in serial Arduino on the end device as shown in Fig. 10.

Fig. 11 shows the flow of data retrieval. The data will
be processed and analyzed whether the climber is in a
hypothermia state or not. The data will only appear as normal
information data if not hypothermia. On the other hand,
if hypothermia, the data will be entered into the SQLite
database as hiking health history data. Furthermore, if the

Start

—)

Declare Bluetooth GATT
Declare Wifi Direct Service
Declare SQLite Database

Insert to SQLite
Database

h 4

Get Data Bluetooth No

Broadcast to All
Member

=)

- |
Yes
Parsing Data to No
JSOM Object
l Yes

Create

Insertto POJO Model Motification

Yes

FIGURE 11. Flow of data retrieval.
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climber has a climber group that has been connected, the data
will be broadcasted to all existing members. Additionally,
if the climber minimizes the application, the climber will get
notification about the circumstances of his body. In addition
to receiving data from the end device, the app can send data
to the end device. This allows the Android app to change the

Bytan.
3233 93
32.18 Reer

You are tired, stop for a moment and warm your body to
avoid hypothermia

Welcome back Radit!

54:4A:16:76:88:D0

0006

Heart.

(b)

FIGURE 12. Body monitor feature: (a) This feature shows the value from
the sensors; (b) This feature shows the value from sensor in a chart.
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! Bytan's Group
==Y
fiina)

2:05AM @ ® 0.54K/s % 20 © Ll P il 46 T

Bytan's Group E

You are the ovmer!

BROADCAST

(b)

FIGURE 13. Group feature: (a) This feature shows who is the nearest
person from user; (b) This feature shows the detail from the nearest
person from user.

state and set the temperature that will be released by the action
point device.

The second section is in the Android app. There were
3 main features that could be used by climbers. The first
feature was the climber’s health monitoring of as shown
in Fig. 12. This feature allows climbers to see the state of
the body such as heart rate that is shown in units of bpm,
as well as the temperature that is shown in degrees Celsius.
In addition, climbers could measure the temperature and the
heartbeat presented in graph. In this feature, there are several
messages for climbers about the condition of the climber,
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History

Moderate Hypothermia

Jul 7.2776001 ,112.7926068

Moderate Hypothermia

7.2776001 ,112.7936068

Severe Hypothermia

7.2776001 ,112.7926068

Severe Hypothermia
7.2776001 112.7936068

Moderate Hypothermia

7.2766425 ,112.7921392

Severe Hypothermia

Jul 7.2766823 112.7931654
= & &
(@)
(==l

22 Dec 2019, 08.05 WIB

Moderate Hypothermia

Sorry, | am very sad when you are infected with
hypothermia today at -7.2776001, 112.7936068. Do not
forget to eat healthy food and rest until your health
improves. Keep the spirit in doing your daily activities ;)

First,
Come out of the cold environment, keep your head and
neck closed. Apply a mild heat balm to the head, neck
chest, armpits and between the thighs.

Second,
Use hot water bottles or warm moist towel. To warm
yourself up.

Third,

You should continue this treatment for a while. You
should be checked by a doctor.

Body Condiition When Attacked

293 854

(b)

FIGURE 14. History feature: (a) This feature shows history from user;
(b) This feature shows the detail of the history from user.

as well as further handling when the climber is in a state of
hypothermia. Climbers could adjust the jacket temperature
by regulating the peltier temperature through the features
available in Android Apps.

The second feature was a feature to form or search for
climbing groups. By utilizing Wi-Fi Direct technology, it can
connect to each other using a wireless network. This feature
does not require connection to the internet so there is no need
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FIGURE 15. Notification.

to worry if there is no network signal on the climbing site.
To form groups, climbers must first define the group leader;
the chairperson must create a group so that other members can
join the group. Members who have joined can exchange data
of health and locations. A group member can see the position
and state of health of other members. This feature is shown
in Fig. 13.

The third feature is the history storage feature of climber’s
health history. When the climber is detected as having
hypothermia, the data of the condition will automatically be
stored in the SQLite database. Climbers can see the history
and details of their health data, such as when and where the
data occurred, how to handle it, and how the current condition
of the climber’s body is. It can be seen in Fig. 14.

There is a notification on the Android app that will appear
when the climber is detected in an abnormal state. Notifica-
tions will only appear when the climber is minimizing the
Android app as shown in Fig. 15.

The first step of analysis was to test the algorithm of
condition determination. This was done to determine whether
the system works well in determining the condition of the
climber’s body. The test was conducted by taking 20 data
samples from the body. The data was entered into the con-
dition determination algorithm as shown in table 6. The data
input variables are body temperature sensor data and heart
rate sensor data.

Furthermore, testing in normal conditions was done by
taking data directly from the jacket worn by the people.
Jackets that had been embedded with end devices and action
points would be put on someone. Subsequently, all data
from the pulse sensor, body temperature sensor, and peltier
temperature sensor would be acquired. The result is shown
in table 7. The data retrieved would also be displayed on the
Android application.
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TABLE 6. Result of data retrieval.

Peltier Body Heart Condition
Temperature Temperature ~ Rate Code
31.56 °C 34.51 °C 67.2 bpm 10
31.88 °C 34.67 °C 69.4 bpm 10
31.88 °C 34,71 °C 63.8 bpm 10
31.91°C 34.66 °C 63.8 bpm 10
31.94 °C 34.65 °C 63.8 bpm 10
31.94 °C 34,71 °C 64.4 bpm 10
32°C 34,78 °C 63.2 bpm 10
32°C 34,78 °C 64.4 bpm 10
32°C 34,79 °C 61.8 bpm 10
32.03 °C 34.84 °C 58.8 bpm 12
32.06 °C 34.87 °C 60.8 bpm 10
32.06 °C 34.89 °C 64.6 bpm 10
32.06 °C 3491 °C 60.6 bpm 10
32.1°C 3491 °C 59.2 bpm 12
32.13°C 34.89 °C 58.4 bpm 12
32.13°C 34,94 °C 65 bpm 10
32.13°C 34,93 °C 65.6 bpm 10
32.13°C 34,97 °C 63.4 bpm 10
32.13°C 35.02 °C 64.8 bpm 00
32.18 °C 35.11°C 60.2 bpm 00
TABLE 7. Sample of normal condition.
Peltier Body Heart Condition
Temperature Temperature ~ Rate Code
31.81°C 35.60 °C 69.6 bpm 00
31.81°C 35.50 °C 65.4 bpm 00
31.81°C 35.45°C 64 bpm 00
31.8°C 35.11°C 62.2 bpm 00
31.75°C 35.14°C 63.2 bpm 00
31.75°C 35.16 °C 64.2 bpm 00
31.75°C 35.23°C 62 bpm 00
31.73 °C 34.70 °C 67.6 bpm 10
31.7°C 34.80 °C 72.4 bpm 10
31.69 °C 34.60 °C 61.8 bpm 10
TABLE 8. Results mean normal condition.
Variable Average

DS18B20 Temperature (Peltier  31.76 °C

Temperature)

MLX90615 Temperature 35.13°C

(Body Temperature)

Pulse Sensor (Heart Rate) 65.24 bpm

The obtained data would provide average results of nor-
mal condition as shown in table 8. Next, testing in severe
hypothermia (emergency) condition was done directly at cold
or air-conditioned room temperature. All data obtained from
the pulse sensor, body temperature sensor, and peltier tem-
perature sensor are shown in table 9.

The obtained data show average results of severe hypother-
mia (emergency) condition as shown in table 10.

Based on the results of the test data, it can be seen that the
pattern of graphs changes in sensor values. Fig. 16 shows the
results of testing changes in body temperature sensor values
in two scenarios, normal and hypothermia.
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TABLE 9. Sample of severe hypothermia (emergency) condition.

Peltier Body Heart Condition
Temperature Temperature  Rate Code
24.39 °C 25.85°C 52.6 bpm 32
27.84 °C 25.81°C 95.6 bpm 30
31.04 °C 259°C 66.2 bpm 30
38.69 °C 25.89 °C 78.6 bpm 30
41.66 °C 25.89 °C 66.6 bpm 30
43.06 °C 25.81°C 78 bpm 30
45.55°C 25.9°C 67.6 bpm 30
46.96 °C 25.95°C 68.6 bpm 30
48.78 °C 25.8°C 68.4 bpm 30
49.56 °C 25.74 °C 672bpm 30

TABLE 10. Results mean severe hypothermia (emergency) condition.

Variable Average
DS18B20 Temperature (Peltier ~ 39.75 °C
Temperature)
MLX90615 Temperature 25.85°C
(Body Temperature)
Pulse Sensor (Heart Rate) 70.94 bpm

Body Temperature
40
35
30

25
20
15
10

Temperature (°C)

Normal Hypothermia

FIGURE 16. Body temperature sensor in normal and hypothermia
conditions.

Jacket Temperature

40

30

20

Temperature (°C)

1 2 3 4 5 [ 7 3 9 10

Normal Hypothermia

FIGURE 17. Peltier temperature sensor in normal and hypothermia
conditions.

Furthermore, Fig. 17 shows the peltier temperature sensor
value in normal and hypothermia conditions. In hypothermia
condition, the temperature of peltier will rise to warm the
jacket of the climber.

155272

£ Heart Beat
5 120
£
~ 100
0 i W
8 = oG . =
E w0 i
a 0
[
2
N
® o
] 1 2 3 4 5 6 7 8 9 10
7]
Normal Hypothermia

FIGURE 18. Heart pulse sensor in normal and hypothermia conditions.

TABLE 11. Comparison of body temperature sensor with digital
thermometer.

Minutes to - Body Temperature Digital
Sensor MLX90615 Thermometer

1 35.70 °C 359°C
2 36.59 °C 36.4°C
3 36.76 °C 36.4°C
4 36.91 °C 36.8°C
5 36.74 °C 35.6°C
6 36.37°C 36.1°C
7 37.00 °C 36.5°C
8 37.14 °C 36.7°C
9 36.98 °C 36.7°C
10 37.12°C 36.6 °C

Average 36.73 °C 36.37 °C

Fig. 18 shows the heart rate sensor value in normal and
hypothermia conditions. In hypothermia condition, the heart
rate becomes more unstable.

The results of data collected from the sensors were exam-
ined in order to determine whether the values were reliable.
Thus, the data from each sensor would be compared to the
data resulted from other tools. A comparable device was
required to compare the data obtained by the sensor. Digital
body thermometer was used to measure the difference of
temperature value from body temperature sensor MLX90615.
The body temperature sensor MLX90615 and digital ther-
mometer were placed in the same position and would count

TABLE 12. Comparison of pulse sensor XD-58C with heart rate monitor
application.

Minutes to - Pulse Sensor Heart Rate Monitor
XD-58C Application

1 86.69 bpm 79 bpm

2 84.53 bpm 81 bpm

3 73.56 bpm 80 bpm

4 83.81 bpm 88 bpm

5 80.81 bpm 85 bpm

6 96 bpm 83 bpm

7 89.75 bpm 80 bpm

8 83.40 bpm 90 bpm

9 84.87 bpm 90 bpm

10 83.33 bpm 87 bpm
Average 84.68 bpm 84.3 bpm
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the temperature of the body simultaneously. The average
temperature between the MLX90615 sensor and digital ther-
mometer was very similar. This is shown in table 11.

Heart Rate Monitor, a smartphone application that uses
cameras and flash lights on Android smartphones, was used
to measure the difference of heart rate value from pulse sensor
XD-58C. Data retrieval were done at the same place, that was
at the fingertips. The average heart rate between the pulse
sensor XD-58C and Heart Rate Monitor application was very
similar as shown in table 12.

VI. CONCLUSION

This research designed architecture and implemented a proto-
type to detect hypothermia symptoms in the climber’s body
based on WBAN technology. The proposed device consists
of body temperature sensor, pulse sensor, peltier temperature
sensor, and peltier heating element. The data from body tem-
perature and pulse sensors will be processed to get the climber
health condition and transferred wirelessly via Bluetooth to
Android smartphone. If the output condition shows that the
climber is in hypothermia symptoms, the device will send a
command to the action point to activate the peltier heating
element to rise the temperature of the climber’s jacket. The
experiment results showed that the climber could use Android
smartphone to monitor the body temperature value, heart rate
value, and description of the body condition. The climber
could connect to a group of climbers and connect each other.
The Android application would notify the climber and share
the notification to a group of climbers if hypothermia were
detected.

In the case of hypothermia, this device can not completely
cure hypothermia sufferers. This device is only used to detect
symptoms of hypothermia so that early treatment can be
initiated. This device can also provide an initial treatment
such as the provision of heat to the body, but this is only
to slow the severity of the patient’s hypothermia. Further
treatment can only be done by a doctor or hospital. Thus,
it cannot be ascertained that if climbers use this device,
climber will not get hypothermia. However, prevention is
better than treatment. Because hypothermia is a disease that
takes a relatively long time of healing, it is difficult to be
done by non-medical people. For future work, we suggest
expanding the coverage area of hypothermia detection, not
only in a cluster of climbers but also within the reach of
the climbing area. In its development every climber’s device
can be connected to an access point or gateway associated
with other access points and monitoring headquarters. Thus,
the officers who are in the monitoring station will also get
information about climbers who have hypothermia as well as
the climber’s location. Handling will be done much faster and
can be done by someone who is an expert in the field.
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