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*H1:Review the evaluation index for a building environment, which can influence occupant comfort, and develop an

intelligent control method.

H2:Sum up the investigation of occupants’ preferences and requirements in an office building based on questionnaires.

H3:Construct an intelligent monitoring framework considering occupants’ demands and compare it with existing

standards.

ABSTRACT

The effects of the indoor environment on people’s comfort and health have been increased in public awareness.

However, although occupants are often dissatisfied with an indoor environment, they will passively accept their

situation. The development of Internet of Things technology can provide users with convenient, comfortable and

creative indoor environments in the most effective way and can quickly respond to the user's various requirements

to ensure good indoor environment quality in a sustainable environment. However, the intelligent monitoring

systems of buildings have mainly been focused on building equipment and energy consumption and are not

standardized construction in building environmental monitoring. In this research, take an office building as an

example, an intelligent monitoring framework that considers occupants’ demands is designed, and the problems of

environmental intelligent monitoring methods are analyzed and compared with existing standards in China, based

on occupants’ evaluation of the indoor environment investigating.
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1 INTRODUCTION

The importance of indoor environmental
monitoring systems for human safety and health is
growing, specifically intelligent monitoring and
control systems for air cleanliness. Ninety percent of
people spend most of their time in buildings,
occupant productivity and health are highly
influenced by the indoor air quality, and currently,
increasingly more attention is paid to the comfort and
safety of building environments. Occupant behavior
represents one of the largest uncertainties in building
energy usage, and it can be optimally managed by

indoor sensors and intelligent technology. Intelligent
monitoring is an integrative system management
technology that can combine real-time sensing with
project-specific data processing, event detection,
forecast analysis, and collaborative tools for data
interpretation and decision making. However, most
of the current environmental monitoring systems are
not designed to handle real-time data streams, and the
best practices for data stream processing and forecast
analysis are yet to be established[1-3].

The rapid evolution of Internet of Things
technology (1I0T) is driving the increased deployment
of smart sensors in environmental applications, An
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indoor environment monitoring system is designed
based on the IOT and a cloud platform to establish an
evaluation model of indoor air quality (IAQ), but the
system does not consider the intelligent feedback
control of the system. An intelligent indoor
environment monitoring system is proposed which
contains ZigBee wireless sensor network technology
to store and process environmental data. [4].

The intelligent indoor environment monitoring
design includes the monitoring and control of
traditional cold and heat sources, heating, ventilation
and air conditioning, a water supply and drainage, a
power supply and distribution, lighting, elevators and
other equipment. The design should also include
monitoring  basic  environmental information
parameters such as the indoor temperature, humidity,
illumination, CO2 concentration and noise. However,
current building environment control is mainly based
on a building automation system (BAS), and the
design principle is based on an ‘“on-demand”
adjustment[5].

Due to the lack of interaction among indoor
personnel, control information and building use
information during building operation, the
operational effect of the BAS is far below the design
requirements[6]. Additionally, occupant satisfaction
and the evaluation of the indoor environment are key
for intelligent indoor environment monitoring to
adjust the building environment. A multi-agent
framework for intelligent building control with
sensors is described, but ignored the impact of
occupant activities and demands when setting the
system. The specific control approach for each item
in a building environment is reviewed, but failed to
provide an evaluating index to judge whether it is
comfortable  for occupants[7]. An indoor
environmental quality (IEQ) toolbox for evaluating a
building is proposed based on a wireless mesh
network. The IEQ toolbox can collect environmental
monitoring data and conduct a comfort assessment,
but it is not connected to the control system and does
not consider human behaviors[8].

Therefore, many problems still exist for
intelligent indoor environment monitoring when
considering occupant demands, and for different
requirements, field testing and the evaluation of
indoor environments are different[9]. In this paper,
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we will discuss this topic further, and the main
content is as follows:

*Review the evaluation index for a building
environment, which can influence occupant comfort,
there are no standards for environmental intelligent
monitoring in China now.

*Sum up the investigation of occupants’
preferences and requirements in an office building
based on questionnaires, and to know occupants’

requirements  for  environmental intelligent
monitoring system.
*Construct an  environmental intelligent

monitoring framework which considering occupants’
demands, and the proposal on the environmental
intelligent monitoring system will be given.

2 OCCUPANT’S SATISFACTION AND
EVALUTIONG FOR BUILDING INDOOR

ENVIRONMENTS

2.1 Occupant requirements of an indoor
environment

With improving living and working conditions,
occupants’ requirements for building environments
have been increasing. The users' evaluation of indoor
environment comfort is mainly based on subjective
and objective aspects. Objective environmental
elements mainly consist of the indoor thermal
environment, indoor air environment, indoor acoustic
environment, and indoor light environment. The
subjective factor is related to the human
psychological factor, which can cause the intelligent
monitoring system to meet an individual’s comfort
demand by understanding the subjective demand of
the office workers.

Occupants control the applications, such as the
air conditioning terminal, lighting, windows,
sunshade and other equipment, which are closely
related to the subjective feelings of individuals.
Different users have different control behaviors due
to their different individual needs. Occupants should
be able to directly participate in the control of an
indoor environment. If the user does not know how to
control the indoor environment, it will affect the
application effect of intelligent control technology.
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An understanding of methods to control building
indoor environments and some intelligent control
technologies should be improved.

Based on the requirements of individuals, the
indoor divided into meeting
functional needs, energy saving requirements, health
and comfort and personalized needs. The functional
requirement is a basic switch control, and energy
requirements are based on standard

For the health and comfort of
information such as the user,
and equipment are integrally

environment is

saving
requirements.
individuals,
environment
considered.

2.2 Evaluation of building indoor environments

The indoor physical environment of a building
is very complex and consists of a thermal and
humidity environment, a building light environment,
an TAQ environment and a sound environment. Each
index of the indoor environment has a strict limitation,
and the details are as follows.

2.2.1 Thermal and Humid Environment

To control and improve the thermal and humidity
environment of buildings, air conditioning systems
are employed. At present, all air conditioning
systems take the temperature standard value as the
reference input and the indoor temperature as the
control target. When the indoor temperature meets
the standard value, the indoor heat and moisture
environment is comfortable. However, a comfortable
environment not only needs a suitable temperature
but also needs a suitable humidity, wind speed, etc.
The predicted mean vote (PMV) index as the control
target of the air conditioning
comprehensively reflects the comfort level of the
indoor heat and moisture environment[10]. The
calculation formula is as follows Eq. (1):

system

PMV=[0.303exp(-0.036M)+0.0275]x {M-W-3.
05[5.733-0.007(M-W)-Pa]-0.42(M-W-58.2)

-0.0173M(5.867-Pa)-0.0014M(34-ta)-3.96x10f
cl[(tcl+273)-(+273)]-felhe(tcl-ta) (1)

The thermal sensation scale is shown in Table 1
from the American Society of Heating, Refrigerating
and Air Conditioning Engineers (ASHRAE).

Table 1 Thermal sensation scale based on the PMV

Thermal Sensation hot warm slightly warm

neutral slightly cool cool cold

PMV value +3 +2 +1

0 -1 -2 -3

Using intelligent control technology, the PMV
value of an indoor environment can be predicted
on-line in real time, and the PMV deviation value can
be calculated as the control input of the air
conditioning system, thus controlling the actions of
the end devices of the air conditioning system and
creating a comfortable thermal and humidity
environment.

2.2.2 Indoor air quality ( IAQ)

For the IAQ of buildings, the concentration of
main pollutants affecting the IAQ can be improved
by controlling the doors, windows and ventilation
equipment. In the actual control process, the main
pollutant types to be monitored should be determined
according to the building function and the activities
of the individuals. Generally, a comprehensive index
method is used for the evaluation. The subindex is

defined as the ratio of the pollutant concentration Ci
to the index upper limit value Si, which can be found
from the index data in the existing standards, and its
reciprocal is regarded as its weight coefficient, which
vividly represents the distance between a certain
pollutant concentration and its standard upper limit
The comprehensive index, organically
combined by subindex, reflects the condition of the
indoor air quality as shown in Eq. (2)[11].

value.

Comprehensive index:I =

GG Gy, dyn G
\/(max 51,52,---,5n) (nzl:15i

@

According to the comprehensive index, the IAQ is
divided into five levels, as shown in Table 2.
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Table 2 Five levels of IAQ

Comprehensive index <0.49 | 0.50-0.99 1.00-1.49 1.50-1.99 >0.49
IAQ level I 1I I v \Y
Description clean unpolluted lightly polluted moderately polluted heavily polluted

According to the collected data of the indoor air
evaluation factors, the operation state of doors,
windows, ventilation and air conditioning equipment
can be controlled, and the indoor air is reasonably
organized so that the concentration of each indoor
pollutant is below the standard value and the
comprehensive index is required to reach the
standard.

2.2.3 Luminous Environment

For the luminous environment of a building,
intelligent technology is adopted to improve the
lighting mainly from the illuminance level and

illuminance uniformity. The daylighting coefficient
is usually used to evaluate the building light
The daylighting coefficient C is
defined as the ratio of the natural illuminance En at a
certain indoor point to the outdoor illuminance Ew at
the same time. It’s shown in Eq. (3). In the
daylighting standard, outdoor illuminance refers to
the diffuse light in the sky when the sky is full of
clouds.

environment.

Daylighting coefficient C = 2%x100%. (3)

The standard values of the lighting coefficient
are shown in Table 3.

Table 3 Standard values of the lighting coefficient

Visual work Visual working characteristics Daylighting coefficient (%)
classification
Accuracy Identify dimensions Side lighting Top lighting
I Extremely accurate d<0.15 5 7
I Very accurate 0.15<d<0.3 3 5
il Accurate 0.3<d<1.0 2 3
v Normal 1.0<d<5.0 1 2
A% Rough d>5.0 0.5 1

The illuminance level of the main indoor
functional areas is monitored in real time, and the
indoor illuminance average level and illuminance
uniformity are obtained through data processing;
these values are compared with the indoor required
illuminance and illuminance uniformity standard
values. If the illuminance level is lower than the
standard value, then the angle of the sun visor and the
blinds can be controlled by linkage so that natural
light fully irradiates into the room. If the illuminance
level is higher than the standard value, then the

reverse action will be taken. If the illuminance level
is satisfied but the illuminance distribution is uneven,
the action of the reflector can be controlled by the
linkage, and its rotation angle is calculated according
to the solar altitude angle of the area where the lowest
illuminance level is collected[12].

2.2.4 Acoustic Environment

For the building acoustic environment, common
evaluation methods include the noise rating (NR)
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curve method and a sound level standard. The NR
curve is a group of noise evaluation curves
recommended by the International Organization for

Table 4 Allowable indoor noi

Standardization and has a wide range of applications.

The allowable indoor noise levels of various

buildings are shown in Table 4.

se levels of various buildings

Type of building NR (noise rating number) curve A sound level /dB(A)
Broadcasting studio, voice room 15~20 20~25
Concert hall, theater 20~25 25~30
Cinema, conference hall 25~30 30~35
Office and reading room 30~35 35~40
Restaurants, gymnasiums, shopping malls 35~45 40~50
Waiting hall for airplanes, cars or ships 40~45 45~55
Cleaning workshop 50~60 55~65

Noise is generated from a noise source,
propagated through a propagation medium, and
finally reaches the receiver's ear. Therefore, noise
control can begin at the noise source and propagation
path. Noise sources are located throughout
distributed monitoring devices. If the outdoor noise is
too large, then the doors and windows will be

controlled to play a certain role in sound
insulation[13].
3  THE INVESTIGATION OF OCCUPANTS’

PREFERENCES AND REQUIREMENTS
IN AN OFFICE BUILDING

3.1 The investigation of occupant satisfaction in
indoor environments

Via the comprehensive influence factors, the
characteristics of user environmental control
behaviors are analyzed by a questionnaire survey.
Occupant satisfaction under indoor environmental
conditions is investigated in the Baishu office
building. Because the office building will be
renovated in the future, the occupants’ environmental
preferences and control methods should be known.
Therefore, some questions are designed, and 96
questionnaires are collected from individuals who
occupy the office building, namely, 45 females and
51 males at ages ranging from 30-50 years old.

1838

In a building environment, with respect to
shading, lighting, air conditioning and windows, the
characteristics that the occupants most like to control
in the office room are analyzed, and the results are
shown in Fig. 1. From the pie chart, the results are
similar for every product, with percentages ranging
from 20% to 30%. When the participants are asked
about acoustic, luminous, thermal environment and
air quality in an office room, the results in Fig. 2
show that the TIAQ is 56.4%, the hot and humid
environment is 18.8%, the luminous environment is
17.1%, and acoustic environment is 7.7%. From the
pie chart, we can see that the occupants are more
concerned with the air quality.

air-conditionin

200
w shading

j
i

lighting
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Fig. 1 Comparison of different office room

characteristics

60%

50%

40% -

30%

20% - 18.8% 17.1%

. I . -

o =
hot and humid  luminous acoustic indoor air
environment  environment  environment quality

Fig. 2 The type of indoor environment of most concern

For the purpose of building environment control,
the requirements that occupants most like to control
are analyzed, and the results are shown in Fig. 3.
From the picture, we can see that health and comfort
needs are the maximum demand. For the question of
how to control the indoor environment of the
building, the intelligent way is the best one, 55.1%, as
shown in Fig. 4.

80% 124%
T0%
60%
50%
40%%
30%
Tz;’: Py . 124%
o R — ]
Basic functional Energy saving Health and Personalized
qui qui comfort needs needs

Fig. 3 The requirements of indoor environment control

Fig. 4 The method of indoor environment control

e —
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For the control method of indoor light and heat
environment, the participants were asked about their
preference for the main method for indoor light
control, and the results are shown in Fig. 5. The
combination of lighting and natural lighting is a
popular method, with a result of 77.8%. Regarding
how to control the indoor thermal environment, the
method is turning on the air conditioning or
controlling the windows and shading, which
according to peoples’ preferences, it is 70.8%. The
results are shown in Fig. 6.

90%
80% 77.8%
T0%
60%
50%
40%
30%
20% 10.1% 12.1%
o ]
oo N
Artificial light daylighting lighting &
daylighting

Fig. 5 The method for indoor light environment control

80%
70.8%
T0%
60%
50%

40% -

30% -
20% | 17.7%
11.5%
PO
0% T
air conditioning natural air conditioning
ventilation  or open Windows

Fig. 6 The indoor thermal environment

From the survey results, we know that
occupants like to switch the shading, windows,
lighting and air conditioning in an office room, they
care more about the IAQ, and they hope the indoor
environment can be intelligently controlled
according to their preferences. For the light
environment, the occupants hope to combine lighting
and natural lighting, and for the thermal environment,
they hope to switch on the air conditioning or open
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the windows and adjust the shading according to their office room do not like to turn the lighting down, and
own preferences. they hope that the lighting can be adjusted in an

intelligent manner.
3.2 Occupant’ behavior of building environment

control 60% 1
50% 1 48.0%
The occupant’s behavior for controlling the 40%
indoor environment is also investigated in the Baishu 30% | 26.5%
office building viaa ques't%om.lalre. .The. used ‘qme and 20% 4 16.3%
control of the air conditioning, lighting, windows, 10% A 9.2%
and shading are surveyed, and the results are shown -
0%
as follows. Atnoon  Nevershut Indoor too Other
down bright situations
In an office building, when the air conditioner is ) ) _ )
switched on, the participants were asked about their Fig. 9 Time to switch off the light
preference for the air conditioning control method.
The results are shown in Fig. 7 and Fig. 8. From the 60% 51.0%
graphics, the reason for air conditioner control is 50% -
because of the occupants’ requirement, and the 40% - 2655
. . . 0, { s
automatic method is the best choice. 30%
20% :
10°/° 13.3% 9.2%
‘] ]
0% | | |
45% 41.8% Independent  Switch Noneedto Intelligent
40% 37.4% of the  automatically switch on control
35% influence of according to  and off switch
30% - others brightness  frequently
2% T 19.8% : - o :
20% - Fig. 10 Method for adjusting the lighting in an office
15%
10% room
5% - 1.1%
0% - . — . . .« .
Not  Toocoldor Adjustas Never adjust For windows and shading, Fhe participants were
comfortable  too hot needed asked about how these factors influence each other

and are they controlled for the same reason. The
results for opened or closed window preferences and
the method of window opening and closing are
shown in Fig. 11 and Fig. 12, respectively. The
seasons for window opening and closing are different,
and the occupants hope to adjust the windows

Fig. 7 The reason for air conditioner control

randomly.
@ Open the window 2 Close the window

60%

50%

40%

30.0%

0% 19.4%
Fig. 8 Control method for the air conditioner 20% -

10%
For the lighting switching, the participants were 0%

. . £1i ing i ir-conditioni
asked about their preference for what time of the day ifmd ';ﬁ;ngi: ,,TOP:;',E I'f:,-l"nliey o °°1}$2°“'“g
the office lighting is usually turned off, and what is outside andrainy
the most popular method. Fig. 9 and Fig. 10 show the
results. The results show that the occupants in the Fig. 11 The reason for an opened or closed window

e ——————
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[ 80% 69.6%
70%

60%
50%
40%
30%

20% 10.9% 13.2%
10% 4.4% -
0% I -
Openor  Automatic Automatic  Automatic
close controlby  controlby  controlby
randomly  indoor air outdoor air indoor and
quality quality outdoor
temperature

Fig. 12 The method of window opening and closing

The reasons for shading control and the
methods of shading control are shown in Fig. 13 and
Fig. 14, respectively. The reason for shading control
is different from that for window control. Shading is
used to mitigate the glare in an office room, and the
occupants prefer intelligent shading control.

T0%
60% 58.8%
50%
40%
30% 21.1%
200/0 12.3%
10% 1.2% l
- m BN
Dazzle light ~ Private View sunlight
demand demand demand

Fig. 13 The reason for adjusting the shading up and

down

90%
80%
70%
60%
50%
40%

30% T 4
20% =70

10% . 1.0% 3.1%
0% —

Track the Leadership Unified
sun needs management

78.6%

Intelligent
control

Fig. 14 The method of shading control

For the different types of equipment and
because the functions and user demands are different,
the control behavior varies. The air conditioning is
controlled in accordance with the thermal and
humidity environment, the shading and lighting are
adjusted for the light environment requirement and
the opening and closing of a window mainly affect
the IAQ. With respect to the control method for the
equipment, except for the windows, the occupants
prefer intelligent control.

However, current control systems of building
environments do not meet occupant requirements,
and users’ demands have not been considered.
Therefore, building control systems are underutilized.
Thus, in the future, occupant demands must be
considered for an intelligent monitoring system and
user preferences must be known to control an office
environment.

4 DESIGN CASE FOR AN ENVIRONMENTAL
INTELLIGENT MONITORING

4.1 Field test method for indoor environment
parameters

There are many standards for the field testing of
indoor environments, such as the temperature,
humidity, wind speed, CO2 concentration,
illuminance and noise, as shown in Table 5.

From the standards, we know that the
measuring points of indoor environment parameters
are mainly based on the size of the building room
area. For the temperature and humidity, the height of
the measuring points is from 0.8 m to 1.6 m and
should not be less than 0.5 m from the wall and heat
source. The CO2 concentration test is also based on
the size of room area and condition, and the height of
the measuring point should be consistent with the
height of the breathing belt, which is from 0.5 m to
1.5 m. The measuring points of indoor environment
parameters are shown in Table 6.
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Table 5 The field testing standards of indoor environments

No. Parameter Detection method Reference
1 Temperature Glass liquid thermometer method GB/T 18204.13
Digital thermometer method
2 Humidity Ventilation psychrometric method GB/T 18204.14
Hair hygrometer method
LiCl hygrometer method
3 Wind speed Hot - bulb anemometer method GB/T 18204.15
Digital anemometer method
4 CcO2 Non - spectral infrared gas analysis GB/T 18204.24
concentration
Gas chromatography
Volumetric titration
5 Illuminance Illumination meter method GB/T 18204.21
6 Noise Sound level meter method GB/T 18204.22
Table 6 Measuring points of the indoor environment parameters
Indoor Area <16 m? 16~30 m? 30~60 m? >60 m?
Temperature
Measuring Point
and
Humidity Number 1 2 3 5
Height 0.8~1.6 m
Indoor Area <16 m? 16~30 m? 30~60 m? >60 m?
Measuring Point
Wind Speed
Number 1 2 3 5
Height 0.8~1.6 m
co2
Indoor Area <50 m? 50~100 m? >100 m?
Concentration
Measuring Point

1842




Journal of Theoretical and Applied Information Technology

g
30™ April 2021. Vol.99. No 8
© 2021 Little Lion Scientific Bt
YN
ISSN: 1992-8645 www.jatit.org E-ISSN: 1817-3195
Number 1~3 3~5 >5
Height 0.5~1.5m
Indoor Area Normal Size Large Areas
Measuring Point
Illuminance
Number 5 10 points/100 m?
Height 0.8~0.9 m
Indoor Area <100 m? >100 m?
Measuring Point
Noise
Number 3 1
Height

4.2 Case study of indoor environment monitoring

To show that the demand for measuring the
point layout of a building environment intelligent
monitoring system is different from that of

Fig. 15 Chinese national standard of intelligent

monitoring

engineering detection, taking the building in
which the questionnaire was carried out as an
example, the following two charts give two layout
methods of measuring points. Fig. 15 shows the
layout of the measuring points required by the
national standard of China, and Fig. 16 shows the
layout of measuring points required by the comfort
requirements of intelligent monitoring.

Fig. 16 Comfort requirements of intelligent monitoring
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As shown in the comparison figure, the number of
sensors meeting the comfort requirements will be
greater, and the installation position will be more
conducive to intelligent monitoring of the
environment. In office rooms, occupants sit for a long
period of time and require high comfort. To carry out
intelligent regulation and control, the parameter
collection of the desk and its surrounding
environment must be timely and accurate. When the
indoor environment is precisely regulated, the
measuring point layout should be able to realize
indoor environment control. Accordingly, with
regard to the location of the monitoring points, the
following recommendations are made:

(1) On the premise of meeting the national
standards, the number of monitoring points should be
increased to further meet the comfort requirements,
and the economic costs should also be considered.

(2) More attention should be paid to the
locations where environmental parameters are prone
to change, such as those areas that are near and far
from windows. As office buildings are mostly glass
curtain walls, the locations close to windows are
more likely to be affected by outdoor environmental
parameters. Therefore, locations close to windows
need more monitoring points.

(3) The layout that meets the requirements of
comfort is no longer divided according to the area
only, but according to the location and density of the
office staff. As shown in Fig. 8, at least one integrated
sensor is shared by every four stations of the office
building so that the monitoring results of
environmental parameters in the office area can be
more accurate and meet the follow-up intelligent
regulation.

Therefore, the indoor environment test and
evaluation standards are not only used to meet the
project acceptance requirements but also are used to
meet the occupant environment requirements. In
addition to the real-time monitoring of environmental
parameters, such as temperature and humidity, wind
speed, and illumination, it is also necessary to
understand the environmental needs of users, as well
as their demands for air conditioning, lighting,
windows and shading, to achieve user comfort, to
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control equipment at any time and to meet other
higher requirements.

5 PROPOSAL ON THE ENVIRONMENTAL

INTELLIGENT MONITORING SYSTEM

5.1 Problems

The testing methods from these current
standards are mainly used for accepting building
completion or for evaluating the air conditioning
environment, mainly with manual testing. However,
there are some problems in the intelligent control
system of building environments; that is, the
occupants’ real needs, the influence factors of the
wireless sensor application, and the environmental
control needs are all ignored[14].

(1) The monitoring standard does not meet the
needs of personnel. At present, the automatic
monitoring methods used in engineering are more
traditional and conservative and seldom consider the
influence of indoor personnel activities and the needs
of different building environments. Personnel needs
should be taken into account and will be considered
in the new monitoring standards.

(2) A systematic evaluation standard does not
exist. The current evaluation standard for building
environment monitoring is not systematic and leads
to confusion in the quality management of design and
construction. As a result, the design drawings are not
standardized, the service life of the intelligent
building system is short, the intelligent building is
underutilized, the system failure is frequent, and the
energy consumption is high.

(3) The level of intelligence is not high. At
present, to achieve the desired goal, the BAS is
mainly adopted to control the equipment in the
building environment. It is only the primary stage of
intelligent buildings, and for the advanced stage,
artificial  intelligence  technology, such as
self-adaptation, self-diagnosis and self-repair, should
be used to realize higher-level intelligence.
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5.2 Proposal

5.2.1Sensor requirement

A large number of sensors are needed in the
intelligent ~ monitoring  system of  building
environments, and wireless sensing technology has
been developed and applied. The acquisition and
transmission of wireless sensing technology is the
key to the successful establishment of building
environmental monitoring systems. At the same time,
the sensors must have certain precision to meet the
monitoring system requirements. The accuracy
requirements of common sensors for building
environments are shown in Table 7.

There are many kinds of sensors for building
environment monitoring, and an increasing number
of problems are beginning to be exposed. Sensor
devices from different manufacturers need to be
interconnected and interference with existing
systems need to be avoided. Different sensors use
different protocols, such as IEEE 802.15.4 and
ZigBee. Based on the wireless sensors used, some
factors should be considered for the measurement
points of building environment monitoring, as
follows:

(1) Node location. The location and number
selection of network nodes are the first problem to be
considered for the wireless communication network.
Due to the complex structure of the building, a
reasonable location for the transmitters, repeaters and
receivers are key for ensuring the robustness of the
network. For communication between nodes, the best
position for the nodes is within a visual distance to
ensure the stability of communication and connection
between nodes.

(2) Transmission distance. There are three
reasons for the difference between the actual
transmission distance and the ideal state in buildings:
(DThe signal attenuation caused by the transmission
distance; (2) the signal attenuation caused by the
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obstacles in the transmission process; and (3)
electromagnetic interference from other equipment.
When there is an unobstructed visual path between
the transmitter and the receiver, the attenuation of the
received signal intensity is inversely proportional to
the square of the transmission distance. In practical
applications, due to the existence of obstacles and the
interference of signal emission, the power exponent
of the distance is usually greater than 2, and it is
approximately 2~4[15] Therefore, when the sensor
nodes are arranged in the building, the transmission
distance should be evaluated correctly according to
the environment to ensure the effective transmission
of information.

(3) Electromagnetic interference. The wireless
communication network of the building environment
monitoring system will be interfered by wireless
waves from mobile phones, computers and other
electromagnetic equipment in the building. Spread
spectrum technology is used to transmit signals, and
the ability of anti-interference is enhanced. However,
when wireless nodes are designed, they should be
kept at a certain distance from electromagnetic
devices. At the same time, the electromagnetic field
of wireless nodes should not interfere with other
devices.

(4) Signal strength detection. The purpose of
signal strength detection is to confirm whether the
node location correct and whether the
communication between the nodes is stable and
reliable. Through signal intensity detection, the
robustness of the network will be enhanced by
changing the location of each node reasonably or
appropriately by adding a repeater[16]. The weak
spots in the wireless network are located and adjusted
in time.

is

Therefore, the influence of the above factors on
the layout of measuring points should be taken into
account when building an intelligent monitoring
system, and the wireless protocols of all sensors
should be uniform.
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Table 7 The sensor accuracy requirements of indoor environment monitoring

Serial Environment Accuracy Measurement | Recommend wireless
Measuring sensor
number parameter requirement | "N&° standard protocol
PT100 thermal
+0.5°C
resistance
Temperature
1
and humidity Lithium chloride z16m
+3% RH
humidity sensor
Ultrasonic wind speed
2 Wind speed +0.2 m/s 216 m
sensor
cOo2 Infrared carbon dioxide ~16
3 +40 ppm =lom
concentrations sensor
1029/ m’ oy
>16m
4 PM2.5 . (0~1004g /1
Laser particulate
matter (PM) sensor £10% ~16m IEEE 802.154,
5 PM10 (100~ 100049 =
ZigBee,
Volatile organic
Bluetooth,
6 compounds
(VOCs) >16m WirelessHART,
Total volatile Gas sensor +25 ppm
>16m ISA100,
organic
7
compounds WIA-PA,
(IVOCs) 6LowPAN
8 Illuminance Photosensitive diode +7% (25°C) 216 m
Photosensitive resistor ~16
9 Luminance +7% =om
sensor
Electret condenser ~16
10 Noise +0.5 dB =om
microphone
Identification of Ultra-wide band
11 10 cm 30-50 m
human behavior (UWB)
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5.2.2 System requirements

The influencing factors of indoor environmental
comfort are diverse, and the standard parameters of
comfort rating are unclear; the comfort rating
standard of indoor environment is different for
different scenarios and different users. Taking
comfort and energy savings as the goal, intelligent
monitoring of indoor comfort environments in office
buildings can be realized through self-control by
recognizing the scene[l17]. Through indoor
environmental parameters, such as temperature,
humidity and illumination, which are monitored by
sensors and controlled by users or historical data, the
comfort degree is evaluated by the technology of
context awareness[ 18]. According to a well-designed
control strategy, building energy conservation and
environmental comfort can be realized.

(1) Intelligence. The system should be able to
judge the current environmental comfort and feed it
back to the central processing unit and then
intelligently adjust the equipment to improve the
environment comfort.

(2) High accuracy and high stability. The error
of the monitoring data should be as small as possible.
The monitoring equipment should have good stability
and not need frequent maintenance or need to be
replaced. The equipment should reduce operating
costs and never need human intervention.

(3) Low power. Modern office buildings are
basically green buildings, which have higher
requirements for energy consumption. Therefore, the
principle of system construction nodes can operate
with low power consumption and ensure a long
network working life

(4) Real time. The response of the
environmental acquisition system should be changed
in a timely manner, and the current temperature and
humidity and illumination information can be queried
at any time.

(5) Anti-interference. There are many wireless
signals in modern office buildings; to ensure the
monitoring data accuracy, the system must have
strong anti-interference performance.

Therefore, in practical applications, intelligent
control systems should not only realize intelligent
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monitoring but also take into account the system's
low energy consumption, high stability, high
precision, anti-interference ability and so on.

6 CONCLUSIONS AND DISCUSSION

This paper attempts to elucidate the importance
of intelligent indoor environmental monitoring, and it
is different from engineering testing. The occupant’s
preferences and the characteristics of sensor and
network protocols should be taken into consideration.

In this study, although indoor environmental
assessments are very complicated, the results of the
questionnaire are confirmed. For the controlling
method of the equipment, the intelligent method is
more popular. Therefore, the construction of
intelligent indoor environment monitoring systems
should integrate wireless sensors and different
functional requirements to develop monitoring
strategies. Additionally, standardized monitoring
methods should be considered to provide a basis for
the sustainable development of intelligent building
environments, and also occupants’ behavior in
building environments.

However, the measuring point numbers for
indoor environmental monitoring do not meet the
intelligent requirements, and a case study of a
building intelligent monitoring system is shown.
According to different levels of building
requirements, the test points of the building
environment intelligent monitoring system are set.
When satisfying the user's comfort requirement, the
layout of measuring points should be based on the
user's station characteristics, rather than just
according to the area.

Our case study is limited to popularization and
application, and many more case studies are needed
to develop standards. Furthermore, the related
technical parameters will be quantified, and a
standard system will be established for intelligence
monitoring systems in future work.
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