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a b s t r a c t

The research studied the influences of high temperature, high pressure, high humidity, noise and other
harmful factors in mining conditions on the people health and safety, and investigated the impacts of
confined environmental on human physiology factors, including temperature, humidity, noise, pressure,
toxic and harmful gases in terms of environmental characteristics in underground mines and an artificial
intelligence system for simulation of the environment in a confined space of deep mines. Our results
show that the systolic pressure, diastolic pressure, mean pressure, heart rate, respiratory rate, typing test
speed and memory level percentage are negatively correlated with temperature value, and positively
correlated with humidity value; the human temperature and weight are positively correlated with
temperature value, and negatively correlated with humidity value. This research lays the foundation
for the study of interaction between the deep confined space environment and safety behavior.

� 2014 Published by Elsevier B.V. on behalf of China University of Mining & Technology.

1. Introduction

The special work environment is an important problem regard-
ing the safety and health of mining industry in the process of mine
production [1–4]. High temperature, high pressure, high humidity,
noise, toxic and harmful gases and other special environmental
factors form a severe environment of deep confined space, in which
the human health are threatened and work rate of workers is
greatly reduced [5,6].

At present, the working environment of high temperature and
high humidity is ubiquitous in the process of mining production.
Several researchers also studied the impact of high temperature
and high humidity environment on human physiological health.
Researchers carried out human thermal endurance experiment
and the research of human comfort in high temperature and high
humidity environment, and analyzed the impact of extreme envi-
ronment on the human body and preventive measures [7–11]. In
this study, the environment in deep confined space of mines is
stimulated by the newest artificial intelligence equipment, which
enables the study of the physiological response of human to severe
environment in deep confined space of mines. Besides, this paper
tested and analyzed the human physiological parameters in the

moving process of high temperature and high humidity simulation,
and explored the impact of extreme environment on the rules of
human physiological parameters. This research provides the scien-
tific basis on protecting human health and improving human work
efficiency [12–21].

2. Experimental platform

The research was conducted based on an artificial intelligence
system which stimulated the environment and safety conditions
in deep confined space of mines. The system is composed of two
modules: one is to adjust environmental parameters and to simu-
late people operation, and the other is to determine the environ-
ment and the tested human factors. The first module consists of
nine adjusting sub-systems which control temperature, humidity,
air pressure, noise, lighting, air velocity, poison gas concentration,
human physiology and psychology parameter measuring and com-
munication respectively. The second module includes the devices
for monitoring the parameters of the temperature, humidity, noise,
pressure, toxic and harmful gases concentration, dust concentra-
tion, and the human factors of the blood pressure, heart rate, respi-
ratory rate, etc. The operational personnel can monitor the cabin
environment and the human factor parameters in the cabin from
different angles through the video image transmitted from inside,
which enabled the whole experiment process being monitored in
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a real-time basis [22]. Figs. 1–3 show the appearance picture and
functional relationship of the artificial intelligence equipment.

3. Design of experimental scheme

3.1. Experimental conditions

The experiment cabinet temperature was set to four levels
without temperature and humidity adjustment: temperature as
25 �C and 50% humidity, 28 �C and 60% humidity, 35 �C and 70%
humidity, and 38 �C and 78% humidity. In order to simulate the
environment of deep restricted space, all lights in the cabinet were
turned off to form a dark environment. Wind speed and the noise
were set at 5 m/s and 90 dB, respectively. Heating and humidifying
start at the same time, and air and noise stabilize at the set value.
Once the temperature and humidity stabilize at pre-settled value,
heating and humidifying equipment will stop, indicating ready of
experimental condition. The temperature and humidity is auto-
matic controlled to adjust the temperature and humidity automat-
ically with the set value to satisfy the experiment condition.

3.2. Personnel selection

In this experiment, 8 experimenters with the age from 23 to 26,
are selected from Central South University, including seven male
classmates and one female. The sample personnel are all with good
physical condition by inspecting their heart rate and blood pres-
sure, and without any genetic disease history. A good diet and
sleep were served before experiment.

3.3. Experimental procedures

(1) Measure the blood pressure, heart rate, respiratory rate,
body temperature, weight and physiological index value of
the tester before the experiment, and conduct a typing test
experiment and a memory experiment. The apparatus for
measuring human physiological index value is G3D multi-
parameter patient monitor.

(2) Then do the running exercise on a treadmill three times in
the cabin with a set temperature, humidity, noise, light,
wind speed and other environmental conditions, and adjust
the speed properly to meet his degree of adaptation in the
process of running every ten minutes in each exercise. The
average speed is 5 m/s, and the total distance is 1.5 km.

(3) Measure the physiological indexes of the blood pressure,
heart rate, respiratory rate, body temperature and weight
after each exercise.

(4) It can ask the tester his condition in the process of physio-
logical index measurement after running, such as whether
his emotional state is energetic, a little relaxed, a little tired,
very tired, unbearable, whether he has the feelings of nau-
sea, vomiting, stomach pains, and satisfaction extent of
self-feeling.

(5) After the measurement, the tester will do the typing and
memory tests. After each testing, the tester should get
enough rest before the running experiments in the next level
environment.

(6) Typing test experiment, do the English articles typing test by
using the Kingsoft typing software. Tester has to do the typ-
ing test for 5 min. The first input content shall prevail in the
process of typing, not allowed to be deleted or modified, and
in the final, the tester records the typing speed. Do this test
before and after the exercise relatively.

(7) Memory experiment: Table 1 shows 20 people’s names in
layout, and Table 2 presents the names removed the sur-
names on the basis of Table 1, but the sequences are dis-
rupted. Take 5 min to remember these 20 names, then
stop, and read Table 2, fill the original surname of these 20
people from memory. Do the memory test before and after
exercise relatively, and compare the scores.
Scoring standard: each correct answer records one point,
and wrong answers do not record point nor deduct point.
According to the scores obtained, check the evaluation
form (Table 1), and calculate the text memory capacity
level.

(8) Heatstroke plan: it shall stop the experiment immediately if
the tester feels unwell, breathing difficultly and other symp-
toms in the process of experiment, and take him to the well-
ventilated outdoor environment to have a rest, and supple-
ment water. The tester shall be quickly moved to a cool
and ventilated place, then unbutton his shirt and have a
supine rest, if it is found that the tester has heatstroke symp-
toms like headache, dizziness, thirst, flushing, etc. The tes-
ters apply head with a cold towel, or wash body with 30%
alcohol for cooling, and drink some light salt water or soft
drinks.

Fig. 1. Appearance picture of the environmental simulation equipment.
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Fig. 2. Module for adjusting environmental parameters and for simulating people
operation in the cabin.
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Fig. 3. Module for determining the environment and human factors in the cabin.
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