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Abstract—Miners working at high altitude must handle extreme 

climatic and physiological hazards without specialized medical 

supervision. For this reason, the mining industry is constantly 

looking for improvements to existing Occupational Safety and 

Health (OS&H) programs in order to enhance working conditions 

for people and equipment. This paper presents the design and 

implementation of a continuous monitoring device to measure the 

physiological variables of miners at high altitudes (>2,000 

m.a.s.l.). Extreme environment conditions are detrimental for 

human health. Therefore a continuous control of the workers’ 

vital signs is necessary. The proposed system includes 

physiological variables: electrocardiogram, respiratory activity, 

and body temperature; and environmental variables: ambient 

temperature and relative humidity. The non-invasive sensors of 

the proposed system are embedded all throughout a T-shirt (first 

layer of protecting clothing) to achieve a functional device and 

maximum comfort for the users. The device is able to 

continuously calculate heart and respiration rate, and establish a 

wireless data transmission to a central monitoring station.  
 

Index Terms—occupational safety & health, mining operations, 

high-altitude, physiological variables, workers, non-invasive 

monitoring.    

I. INTRODUCTION 

High altitude working environments are unique and 

particularly challenging. Mining is one of the most important 

activities at high altitude. Thus, Mining workers must handle 

extreme climatic and physiological hazards. Several activities 

that take place in these locations expose miners and other 

employees to health and safety issues. Rise in exports, 

economy growth and globalization through commodities stock 

exchange markets promoted the rapid growing of mining 

industry that have thousands of people working above 2,000 

m.a.s.l. around the world [1]. Ore deposits are generally 

located in isolated geographical areas far away from cities. 

Therefore, miners spend long periods living at high altitude, 

and working extended hour-shifts exposed to extreme weather 

conditions (see Fig. 1). In addition, Occupational Safety and 

Health (OS&H) programs currently used in mining sites only 

consider a periodical medical examination on a once-per year 

basis to assess the health condition of the staff. This medical 

evaluation allows to detect risk factors and define the groups 

that require medical assistance because of medical illness or 

labor's disease.  

According to the Department of Mining Safety of the National 

Service of Geology and Mining (SERNAGEOMIN), in Chile 

about 80% of mining sites are located above 3,000 m.a.s.l. [2]. 

 

 
Fig. 1. Mining operations at high altitude. 

 

However, Chile has no major population settlements located at 

high altitude, meaning that the workers have to travel from 

nearby cities at sea level to the mining sites, stay on site 

according to their work shift system (4 or 7 days, typically), 

and then return to their homes to take rest periods and breaks 

between shifts (3, 4 o 7 days depending on the work shift) [2]. 

The mining work shifts in Chile are typically 3 types: 
 

 4-3 twelve-hour rotating shift schedule: 4 days working at 

high altitude and 3 days resting at sea level. Two twelve-

hour shifts (night and day) to provide 24/7 coverage. 

 4-4 twelve-hour rotating shift schedule: 4 days working at 

high altitude and 4 days resting at sea level. Two twelve-

hour shifts (night and day) to provide 24/7 coverage. 

 7-7 twelve-hour rotating shift schedule: 7 days working at 

high altitude and 7 days resting at sea level. Two twelve-

hour shifts (night and day) to provide 24/7 coverage. 
 

It is important to stand out that to complete a determined 

task requires from approximately 50% to 80% more time at 

high altitude than at sea level. High altitude can cause fatigue 

and lower productivity [3]. Also, it can increase the risk factors 

for health problems and reduce the sleep quality of the mining 

workers. This last physiological disorder can cause daytime 

sleepiness and restless nights, increasing the probability to 

suffer a work accident [4].  
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Fig. 2. Monitoring Physiological Variables of Mining Workers at High Altitude, system overview. 

 

 

 
Fig. 3. Hardware: view of a prototype of the proposed undergarment T-shirt 

with embedded sensors. 
 

Therefore, it is necessary to develop new mechanisms to 

improve the occupational safety and health programs for 

people working in mining at high-altitude [5]. 

Prolonged exposure to high altitude has consequences on 

the human body [4-6]. Drastic changes in workplace, weather 

and altitude conditions affect not only workers’ health, but also 

their social behavior, causing sleeping disorders and mental 

dysfunctions which end up in low performance at work [7],. 

Some of the severe environmental conditions related to this 

working location are: low oxygen concentration, low 

temperature, increased solar radiation and low relative 

humidity. These could have several consequences. First, 

hypoxia occurs when the amount of oxygen is not enough to 

cover basic metabolic functions [7]; this produces changes in 

the vascular and respiratory systems leading to arrhythmia and 

hyperventilation [8]. These physiological reactions can lead to 

severe pulmonary edema or severe brain edema, if not treated 

adequately [8]. Acute Mountain Sickness (AMS) is 

characterized by headache, fatigue, breathing problems during 

exercise, lack of appetite, nausea, vomiting, low urinary 

volume, sleeping disorder and breathing disorder during sleep 

[5], [6]. Usually those symptoms begin after 4 to 8 hours of 

being at high altitude, but in some cases they can appear 96 

hours after the altitude exposure. The risk of AMS increases 

with increasing altitude [9]. Second, low temperature decreases 

the work capacity. The human body compensates the low 

temperature by increasing the vascular and respiratory activity 

[9]. The contact with below zero temperatures could cause 

hypothermia. Finally, the intensity of UV radiation is higher at 

higher altitude. Additionally, the atmospheric relative humidity 

is lower, incrementing evaporation and the risk of dehydration 

[7], [10]. Hence, it is highly recommended to constantly 

measure: heart rate (HR), respiration rate (RR), oxygen 

saturation (SaO2), body temperature (BT), ambient temperature 

(AT), relative humidity (RH) and concentration of ambient 

gases (O2, CO2, others). 

In this paper, a wearable system for vital signs and 

environmental variables monitoring is presented (see Fig. 2 & 

3). The system allows monitoring the physiological condition 

of people working at high latitude. The variables directly 

measured by the proposed device are: the electrical activity of 

the heart, determined by electrocardiogram (ECG), respiratory 

activity, body temperature (BT), ambient temperature (AT) 

and relative humidity (RH). These parameters are continuously 

analyzed to calculate the heart rate (HR) and respiration rate 

RR. In terms of safety, it is advisable to measure both rates 

constantly and objectively, in order to assess the risk factors 

and act accordingly. To avoid inconveniencing workers 

wearing the T-shirt with sensing embedded capabilities, the 

monitoring system has to be as unobtrusive as possible. This 

work presents the implementation of a healthcare monitoring 

system (hardware and software) and the experimental results. 

The goal of the proposed monitoring system is to evaluate the 

worker’s health condition during the time spent working at 

high altitude. 

II. SYSTEM DESCRIPTION 

A. Physiological and Environmental parameters 
 

To determine the health status of a worker, the system 

measures relevant variables using techniques that are 

minimally invasive. To obtain a complete overview, the 

extreme conditions of mine sites at high altitude are also 

measured by the incorporation of environmental sensors. The 

embedded measured parameters are: 
 

 Heart Rate (HR): The HR is one of the most relevant 

signs to evaluate the cardiovascular function. By 

definition HR is the number of contractions of the heart 

per minute (beats/min). Moreover, the heart rate 

variability (HRV) is analyzed to determine stress and 

fatigue levels [10]. 
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Fig. 4. Textile electrode used to measure ECG of the worker. 

 

 
Fig. 5. Stretch piezoresistive sensor to measure breathing signal of the worker. 

 

 Respiration Rate (RR): This parameter is measured to 

verify the number of respiratory cycles per unit of time 

(breaths/min). In this way, anomalies such as tachypnea 

(abnormally rapid breathing) could be detected. 

 

 Body Temperature (BT): The BT is a measurement that 

indicates the capacity of the body to regulate the inner 

temperature within the normal values. At high altitude 

due to the extreme oscillation of the ambient temperature, 

this regulation is more intense.  

 

 Ambient Temperature (AT) and Relative Humidity (RT): 

Environmental conditions significantly affect the body 

functions. For example, high AT and low RH could cause 

vasodilation and dehydration which may quickly cause 

decompensation [17], [20]. 
 

A schematics overview of the proposed system is shown in 

Fig. 2. The physiological and environmental variables are 

measured using an instrumented T-shirt (first layer of 

protective clothing). Wireless data transmission of sensed 

values between the wearable system and an external 

monitoring platform (for further operational management) is 

achieved using a Bluetooth link with the worker’s mobile 

phone. These mobile devices support Bluetooth (IEEE Std. 

802.15.1) and WiFi (IEEE Std. 802.11b/g) communication 

links simultaneously, enabling real-time health status reporting 

to a monitoring platform using existing wireless network at the 

mining site.  

 
Fig. 6. NTC thermistor signal to maesure the body temperature of the worker. 

 

A Graphical User Interface (GUI) in monitoring stage 

makes possible to show plots and parameters from the ECG 

and respiration signals, BT, AT and RH in real-time, and more 

importantly, reports health status KPIs. The system design 

allows data to be stored for periodical records trend analysis 

and control. 

 

B. Physiological embedded sensors 
 

The physiological sensors are incorporated into a 100% 

cotton undergarment T-shirt (NFPA-70E protective clothing 

recommendation for electrical safety in the workplace). The 

connection of embedded electronics is accomplished using 

minimal routing with conductive strand. Two elastic bands are 

added around the chest and the abdomen of a slim fit T-shirt, 

see Fig. 3 to 7. Implementation and features of each vital sign 

sensor are described below. 
 

1. ECG signal: This signal is acquired by using three textile-

technology electrodes located on the chest of the user (See 

Fig. 3 & 4). The T-shirt and selected electrodes are 

designed to be utilized for long periods of time. Therefore, 

no adhesive electrodes (standard solution for medical 

examination) are employed to avoid skin irritation [21], 

[22]. Textile electrodes are implemented with silver-plated 

textile Medtex 130Ag (see. Fig. 4) that is stretchy in both 

directions. It is highly conductive with a surface resistivity 

of < 1 ohm/sq. The textile electrodes are connected to an 

instrumentation signal amplifier with variable gain 

(INA128), obtaining a first ECG signal. 

This ECG signal is filtered by a low-pass filter to reduce 

high frequency noise, such as muscle contraction (100 Hz 

frequency cut-off). Next, the signal is filtered again by a 

high-pass filter, for low frequency noise attenuation, such 

as breathing (5 Hz frequency cut-off). Finally, an offset is 

applied to the signal and connected to a microcontroller.  
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Fig. 7 Prototype of complete system hardware: T-shirt and PCB. 

 

 
Fig. 8 Prototype of complete system used by a worker under a safety jacket. 

 

2. Breathing signal: This signal is acquired by using a stretch 

sensor located on the chest of the user (see Fig. 5). The 

sensor measures the thoracoabdominal movements 

produced by the respiratory cycle. This piezoresistive 

sensor changes its resistance as a result of the deformation 

when a force is applied. Its nominal resistance is 1 kΩ per 

inch. When the elastic is stretched to 150% of its initial 

size, the value of its resistivity is increased up to 2 kΩ per 

inch. This sensor is embedded in the T-shirt cloth with no 

contact with the worker skin. The sensor is connected to a 

voltage divider to convert the change of resistance into a 

voltage proportional signal. The signal is filtered with a 

moving average digital filter. 

 

3. BT: The BT sensor is a 10 kΩ thermistor with Negative 

Temperature Coefficient (NTC) that reduces its resistance 

with increasing temperature. Installation of the thermistor 

is shown in Fig. 6. The BT signal is also transformed by a 

voltage divider where the resistance is converted into a 

voltage signal. The thermistor measuring range is from  

-40°C up to 125°C. The measurement quality depends 

directly on the contact between the embedded sensor and 

the user. Body temperature sensor is located in contact with 

skin surface with a protective textile to avoid skin irritation. 

Consequently, measurement can be affected by the user’s 

movement [22]. 

 

4. Environmental sensors: The environmental signals were 

acquired using a commercial sensor, Sensorium SHT15, 

which integrates the measurements of AT and RH in a 

single package. The device is calibrated and does not 

require additional components. Data transmission is 

through an I
2
C communication protocol with the 

Microprocessor Unit (MCU). The measurement ranges are 

-40°C to 123.9°C for the AT and 0-100% for the RH. 

 

C. Data Acquisition, Processing hardware and software 
 

1. Data Acquisition and MCU Processing: The Microcontroller 

Unit MCU was implemented using a simple ATmega328P-

AU picoPower 8-bit AVR RISC-based microcontroller. This 

MCU combines 32 KB ISP flash memory with read-while-

write capabilities, 1024B EEPROM, 2KB SRAM, 23 general 

purpose I/O lines, 32 general purpose working registers, 

flexible timers/counters, internal and external interrupts, 6 

channel 10-bit ADC converter, and power saving modes that 

balance power consumption and processing speed, among 

other features that exceeds condition monitoring system 

requirements. The device achieves throughputs approaching 1 

MIPS per MHz.  

MCU acquires and processes the signals from the 

physiological and environmental embedded sensors, and 

sends data via wireless network to the monitoring system for 

registration, displaying and information storage purposes. The 

sampling rate is 200 Hz for the ECG and respiration signals. 

Sampling rate for BT, AT, and RH signals is 0.1 Hz. The 

ECG signal is processed at the base server of the monitoring 

system. The respiration signal is calibrated removing the 

baseline, setting the initial value at zero. The BT and AT are 

calculated by the MCU using a pre-defined equation. Finally, 

the environmental data from the SHT15 sensor are digitally 

recorded using the I
2
C communication protocol.  

Fig. 7 shows the final prototype of implemented device, 

including embedded physiological sensors, environmental 

sensors, and the printed circuit board (PCB). Two 9V batteries 

power the system. Fig. 8 shows the prototype used by a miner 

under the work safety clothes. 
 

2. Wireless data transmition: The data are wireless 

transferred using a Bluetooth RN42 module from the T-

shirt with embedded sensing capabilities to the worker 

mobile phone. Data transfer speed is set at 115,200 bits per 

second. The T-shirt system has a communication distance 

of 20-meter radius with the mobile phone. The information 

is sent from the mobile phone to the base computer using 

the available wireless communication networks at the mine 

site: HSPA (3G Network) or WiFi (IEEE Std. 802.11b/g). 
 

3. Software and Graphical User Interface (GUI): Data are 

displayed and stored at the base server of the monitoring 

system. So the information is available for the medical staff 

or operations supervisor, or the user itself. The data provide 

real-time information about the current health condition of 

the worker based on specific medical KPIs. It can be stored 

for health data trend analysis and used as complementary 

information for periodical medical examination required 

for OS&H programs. 
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a)  
 

b)  
Fig. 9. Monitoring software interface GUI (top) and Review GUI (botton). 

 

The software has two modes: data acquisition and 

data review. In the former, an interface is displayed where 

the mentioned physiological parameters are calculated and 

plotted in real-time. In review mode it is possible to select a 

determined file, so the data are displayed any time after 

collection. Fig. 9 shows both GUI’s modes. Algorithms 

implemented in software and GUI include the following: 

 

 HR algorithm: A peak detection algorithm is used over 

the last 5 seconds of measurement. The signal is analyzed 

using a variable threshold searching for an element 

greater than the previous and the subsequent. In short, the 

center element analyzed must be the greatest. The HR is 

updated on every second. 
 

 RR algorithm: A zero-crossing detection algorithm is 

applied through the average of the signal over the last 10 

seconds of measurement. Two crosses correspond to one 

respiratory cycle: inhalation and exhalation. The RR is 

updated every one second. 

 Alarms: The software has built-in alarms which are 

activated when the physiological parameters are outside 

of the previously established ranges. The alarms are 

activated after 10 seconds for HR and RR and 50 seconds 

for BT. When HR delivers absurd results (above 230 

beats/min for example), these are considered as noise. 

 
Fig. 10. ECG signal (top) and respiration signal (bottom) acquired in 

laboratory environment. 

 

 
Fig. 11. Signals received and processed on the base computer. a) Heart Rate 

RR, b) Respiration Rate RR, and c) Body Temperature BT. 

III. RESULTS 

The proposed system was tested by performing 

measurements in two environments: a controlled environment 

at the laboratory, and a real working environment. First, a 30 

minute measurement was performed to confirm the 

effectiveness of the algorithms and to verify empirically the 

noise sensitivity of the device. Next, measurements have been 

performed in distinctive daily activities during work time. 

Each set of monitoring results lasts approximately 5 hours. 

In the laboratory tests, the subject at resting state had an 

average HR of 61.5 beats/min, a RR of 15.1 breaths/min and a 

BT of 36.7°C. Environmental variables measured were 24.5°C 

AT and 52% RH. No significant disturbances occur throughout 

the measurement period. Fig. 10 shows a selected ECG and 

respiration signal measured with the system during laboratory 

testing. 

At work, some activities were done by the worker while the 

monitoring system was collecting data. 

The activities evaluated were: lying down, working at a 

desk, walking, sitting and standing, installing cables with both 

arms, running at low intensity, jumping, and doing squats. The 

tests were ordered from lowest to highest physical intensity. 

The parameters most affected by noise were HR and RR. In 

the case of the HR, measurements vary between 54-84 

beats/min. The most stable measurements were obtained when 



0093-9994 (c) 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TIA.2017.2675360, IEEE
Transactions on Industry Applications

the subject was lying down with a variation of 2.8 beats/min. 

On the other hand, running at medium intensity reached a 

variation of 24.2 beats/min. RR values ranged between 12.9 

and 15.1 breaths/min. The most stable measurements were 

obtained working at a desk with a variation of 3.3 breaths/min. 

However, the task of connecting cables reached a variability of 

6.3 breaths/min. The BT, AT, and RH ranged between 36.8-

37.3°C, 24.4-25.1°C, and 50.7-52.3%, respectively. Selected 

data recorded from a worker are shown in the Fig. 11. 

After analyzing the data collected during 1 month, it is 

possible to conclude that the textile electrodes are the most 

sensitive to noise and position problems. Calculate the hearth 

rate HR eliminating noisy signals lapses is needed. However, 

despite its high sensitivity, stable and good quality signals 

were obtained during tests. 

 

IV. CONCLUSION 

A wearable monitoring system capable of measuring 

physiological signals through non-invasive sensors, calculate 

vital signs, and determine environment variables was 

developed. The device was implemented with wireless 

communication between the T-shirt embedded sensors and a 

monitoring system based server. This system allows 

continuous monitoring of the health state of the user with the 

objective of providing early medical assistance when 

necessary. The embedded sensors showed an effective 

response to activities that do not require a major physical 

effort, for example, walking. Notwithstandnig, some 

measurements of moderate to high intensity physical effort are 

affected by the noise produced by the movements of the user. 

The results displayed that the measurements of BT, AT, and 

RH were not modified by the user’s movements. The BT 

sensor has intrinsically low sensitivity. To get a good 

resolution and accurate measurement, the arms must be exert 

constant pressure on the sensor. This naturally occurs wearing 

an undergarment T-shirt for daily activities, reducing the risk 

of excessive background noise. The parameters that expose the 

greatest disturbances are HR and RR, reaching a maximum 

standard deviation of 24 BPM and 6.3 BPM, respectively. By 

design, textile electrodes are the most sensitive to noise. 

However, despite its high sensitivity, stable and good quality 

signals were obtained during tests. 

The implemented alarm system works appropriately 

detecting any problems that miners may suffer. Additionally, 

the monitoring device accurately detects when the system is 

affected by external disturbances causing the device to deliver 

erroneous information. Results under this condition are filtered 

and reported by the system to the user. 
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