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Abstract:  
 

Natural disasters, especially earthquakes, have caused and still cause serious loss of life 

in our country. Since many of our cities are located on fault lines, earthquake or collapse 

risks threaten our lives. In this study, a wearable sensor and tracking system has been 

developed to prevent or minimize the loss of life after a possible earthquake. The 

presented system consists of a wristband prototype designed to instantly monitor the vital 

data and location of victims trapped under the rubble. The wristband prototype includes 

a GPS module, a temperature sensor and a pulse oximeter. While the vital data of the 

victim is monitored by the temperature sensor and pulse oximeter, the location 

information of the victim is received via GPS. The data read from these sensors via a 

controller is transferred to a display screen through a wireless communication module. A 

computer and a mobile application were developed as the display screen. A Wi-Fi module 

was preferred for wireless communication. As an alternative to the Wi-Fi module, a GSM 

module was added to the wristband prototype. Thus, the order and time of rescue 

interventions for people trapped under the rubble can be determined. The presented work 

can be used not only for collapse and earthquake victims but also for Alzheimer's patients 

or people with poor mental development thanks to the GSM module. In this case, the 

patient's vital data and location will be transmitted to the user's relatives. 

 

1. Introduction 
 

Natural disasters are a threat to our lives today as 

well as in the future. Especially earthquakes have 

taken and continue to take a high number of lives 

today. If precautions specifically for earthquakes are 

not increased, these casualties may increase [1]. If 

the earthquake is considered in 3 stages, precautions 

should be increased for all 3 stages of a possible 

earthquake. These stages are 1) before the 

earthquake, 2) during the earthquake and 3) after the 

earthquake. 

 

In case of natural disasters, the expeditious 

identification of individuals who have survived 

within structures that have collapsed is of the utmost 

significance. The prevailing approach for searching 

is reliant upon the accounts of survivors, to ascertain 

the conceivable existence of casualties beneath the 

debris. To reduce mortality after a natural disaster, it 

is important to monitor vital data of a person trapped 

under rubble [2, 3].  

 

Zhang et al. [4] proposed a system consisting of a 

CO2 sensor, a thermal camera and a microphone to 

detect people trapped under rubble. However, CO2 

detection in open air is difficult. Also, thermal 

cameras alone are not very reliable in detecting 

people behind various obstacles such as piles of 

metal. Instead of these sensors, the vital data of 

people under the rubble can be tracked with 

alternative sensors. These sensors are mostly found 

in health monitoring systems. Demirtas et al. [5] 

developed a patient monitoring system that enables 

instant recording of data from biomedical sensors 

such as ECG, heart rate, temperature, movement, 

etc. Baig and Gholamhosseini [6] provide an 

overview of smart health monitoring systems in their 
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research. They discuss the design and modeling of 

smart health monitoring systems and provide an 

overview of the different types of sensors used in 

these systems. Pantelopoulos and Bourbakis [7] 

conducted a survey on wearable sensor-based 

systems for health monitoring and prognosis. They 

provide an overview of the different types of 

wearable sensors used in health monitoring systems 

and discuss the challenges associated with these 

systems. Anikwe et. al. [8], synthesized research 

efforts on mobile and wearable sensors for health 

monitoring. They categorized health monitoring 

systems as dual sensor-based studies that utilized 

two sensor modules for various health monitoring 

researches. Kaur et. al. [9], explored wearable 

sensors for heart rate, pulse rate, ECG, blood 

pressure, and body temperature for health 

monitoring purposes. They also discussed 

personalized medicine and cancer biomarkers in the 

case of different diseases. Lou et. al [10], discussed 

wearable health monitoring systems have emerged 

as the subsequent epoch of personal portable devices 

for telemedicine implementation. These devices 

operate on the principle of supervising various types 

of biological signals exuded by human beings, 

including but not limited to saliva, urine, respiration, 

and cutaneous perspiration. Although for different 

purposes, most of the sensors preferred in health 

monitoring systems in the literature can be used to 

detect and rescue earthquake victims under the 

rubble. 

 

In this study, a wearable sensor and tracking system 

has been prototyped to prevent or minimize possible 

loss of life after an earthquake. The sensors on the 

system consist of a GPS module, an IR temperature 

sensor and a pulse oximeter. The data read from 

these sensors through a controller is transferred to a 

tracking or a monitoring screen via a wireless 

communication protocol. A mobile application 

interface was developed as a tracking screen. Sensor 

data can also be monitored from a web interface 

created in addition to the mobile application. 

 

2. Material and Methods 
 

The working diagram of the proposed system is 

given in Fig. 1. The prototyping process was carried 

out based on this scheme. In the first stage, the 

sensors in the system were read separately in 

different scenarios. Thus, sensor data was verified. 

Figure 1. Workflow schematic of the system 

 

The system is divided into sensing, control, 

communication and display layers. The prototyping 

progressed through these layers. 

 

2.1 Sensing Layer  

 

In the first step of the prototyping process, the sensor 

components in the system were read through a 

controller. ESP8266NodeMCU was preferred as the 

controller [11]. Fig. 2 shows the data received from 

GPS, MAX30102 pulse oximeter [12] and 

MLX90614 [13] temperature sensor respectively. 

 

 
(a) GPS 

 
(b) Hearth Rate (Beat Per Minute) and percentage of 

oxygen in blood (SpO2) 
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(c) Temperature (⁰C) 

Figure 2. Sensors data for the validation. (a) GPS data, 

MAX30102 pulse oximeter data on LCD, and (c) 

MLX90614 temperature sensor data   
 

2.2 Wireless Data Transfer and Web Interface 
 

Wi-Fi [14] was preferred to transfer the data of the 

sensors in Fig. 2. For this, instead of using an 

external module, the internal Wi-Fi module on the 

NodeMCU development board was used.  

 

 
Figure 3. Monitoring sensor data from Firebase 

database 
 

The sensor data was sent synchronously via Wi-Fi to 

the interface created in the real-time database 

(firebase) [1, 15]. This interface is shown in Fig. 3. 

In Fig. 3, synchronously read heartbeat, GPS, SpO2 

and, body temperature data can be monitored from 

the firebase interface. 

 

2.3 Mobile Application 

 

A mobile application has been realized in order to 

monitor the data on the web interface from mobile 

devices other than PCs. The mobile application was 

developed in App Inventor environment [16]. The 

data in firebase is sent to this application in real time. 

The application was tested on a smart mobile device 

with Android operating system. The mobile 

application and its pages are depicted in Fig. 4. 

 

  
(a) 

 
(b) 

Figure 4. The mobile application pages (a) login page 

and (b) multi-user data 

 

2.4 Prototyping 

 

The first prototype was established by integrating the 

presented system components on a platform that can 

be wearable on the wrist. This prototype is provided 

in Fig. 5. The proposed design is available for further 

development and the efforts to improve this design 

are ongoing. Apart from the controller and GPS 

module, a GSM module is integrated on the top 

side of the first prototype in Fig. 5. Through this 

module, when there is a disconnection in the Wi-

Fi, an SMS notification can be sent over the 

GSM line. Besides, the Wi-Fi connection can be 

observed by the user wearing the wristband 
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(a) 

 
(b) 

 
(c) 

Figure 5. The first prototype. (a) top, (b) bottom and (c) 

wrist-worn view of the prototype.  

 

by means of the LED on the same side. In the 

event of a possible wreck, this person can press 

the button next to the led when he/she sees that 

there is no internet connection and can share 

his/her instant vital data with smart mobile 

devices registered. Fig. 6 demonstrates the data 

sent by the wristband wearer over a GSM line to 

a pre-registered phone number. The prototype 

was tested indoor in a home environment. Sensor 

data was sent to the web interface and the mobile 

application from different rooms of the house. As a 

result of this transmission, ±2 m accurate GPS data 

was obtained. GPS data was verified via Google 

Maps. Other sensor data was transmitted 

synchronously without any delay. The 

measurements were repeated many times and similar 

measurements were obtained. 

 
Figure 6. SMS with vital data of the wristband wearer 

 

 

3. Results and Discussions 
 

In the literature, the number of studies in which the 

sensors on the proposed prototype are combined is 

scarce. Furthermore, in the literature and in the 

commercial product market, only bluetooth or Wi-Fi 

connection can be provided from the related devices. 

In this study, as an alternative to Wi-Fi connectivity, 

the ability to send SMS through GSM is addressed.  

Most of the studies in the literature have been 

developed for monitoring diseases such as Covid-19 

[12, 17] or blood pressure [18, 19]. In this study, a 

wristband prototype is proposed to prevent or reduce 

the loss of life after an earthquake. However, the 

prototype can also be used to tracking Alzheimer's 

patients or people with poor mental development. 

Thus, these people can be prevented from getting 

lost. 

 

4. Conclusions 

 

In this study, a wristband prototype with a GPS, 

an IR temperature sensor and a pulse oximeter 

module is proposed to prevent the loss of life of 

individuals trapped under the rubble after an 

earthquake. The proposed prototype is garage-

made and tested in a closed indoor environment. 

The synchronized data provided by the 

prototype was monitored from a real-time 

database. A mobile application was developed 

to facilitate the tracking of this data. The 

database on the web and the mobile application 

were accessible from an external source, e.g. by 

a rescue team. A GSM module was embedded 

as a backup to the web connection. The 

prototype is able to instantly measure the user's 

location, body temperature and pulse rate. The 

measured values can be shared with external 

users via a web interface, a mobile application 

and an SMS when there is no web connection. 
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Hence, people under the rubble can be 

intervened as soon as possible and loss of life 

can be reduced. 

 

 
(a) 

 
(b) 

Figure 7. Electronic circuit designs. (a) schematic and 

(b) PCB drawing of the electronic circuit design to 

develop the prototype 

 

As future studies, electronic circuit designs are 

ongoing to improve the mechanics of the 

prototype. Within the scope of these studies, one 

of the circuit designs realized through the open 

source KiCad [20] program is given in Fig. 7. In 

addition, work is being carried out to improve 

the web interface and to add features such as 

logging sensor data and graphical display to this 

interface. 
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