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Abstract—In building automation, comfort is an important
aspect, and the real-time measurement of comfort is notoriously
complicated. In this article, we have developed a wireless, smart
comfort sensing system. The important parameters in designing
the prevalent measurement of comfort systems such as
portability, power consumption, reliability, and system cost were
considered. To achieve the target design goals, the
communication module, sensor node, and sink node were
developed based on the IEEE1451 standard. Electrochemical and
semiconductor sensors were considered for the development of
the sensor array, and the results of both technologies were
compared. The sensor and sink nodes were implemented using
the ATMega88 microcontroller. Microsoft Visual Studio 2013
preview was used to create the graphical user interface (GUI) in
C#. The sensors were calibrated after the signal processing
circuit to ensure that the standard accuracy of the sensor was
achieved. This article presents detailed design solutions to
problemsthat existed in theliterature.

Index Terms—I|EEE1451 standard, sensor node, thermal
comfort, graphical user interface, smart sensor, green building.

I. INTRODUCTION

Gereen building is the term commonly used to define a
building equipped with an ambient intelligence system, which
can react to predefined conditions in real time [1]. These are
context-aware systems in the sense that they can collect data
from various sensors embedded in the home environment,
extract information, and act accordingly [2]. In addition, a
green building is a function of the conservation of natural
resources, generation of less waste, comfortable and healthy
spaces, and low wusage of energy. It also supplements
conventional energy needs through nonconventional energy
sources. In Heating, Ventilation, and Air Conditioning
(HVAC) systems, poorly maintained equipment and dated
control systems can yield poor energy performance. The
energy efficiency of a building can decrease over time because
of deferred equipment maintenance, user habits, improper
controls, and much more [3], [4]. These factors could cause an
increase in the operating cost. Even worse, modern green
buildings can suffer from poor efficiency because of incorrect
installation, configuration, and use of increasingly complex
building automation and control systems; also, older buildings
tend to be less efficient than newer buildings [5], [6].
According to building automation norms, comfort is a major
characteristic of a building, other than the usual security and
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Comfort is, to some extent, subjective, and there are many
factors that could sway a particular perception of comfort such
as acoustical comfort, visual comfort, thermal comfort, and
indoor air quality comfort. In this article, we have
concentrated on thermal comfort estimation with air quality
considerations because thermal comfort and air quality are
very significant factors in deciding the human comfort level
and building sustainability [7], [8]. According to the American
Society of Heating, Refrigerating, and Air-Conditioning
Engineers (ASHRAE) 55-2013 and International Organization
for Standardization (ISO) 7730, thermal comfort is a “state of
mind that expresses satisfaction with the thermal
environment”. Indoor air (IA) relates the nature of indoor air
to the health of building occupants. IA comfort can be affected
by varying concentration of gases (CO and CO,) [9]-[13].

Hence, the important goal of our device is to generate a
comfortable building climate (cooling, heating, and air
quality). Currently, a conservative air conditioning system
only senses air temperature and has restrictions in placating
inhabitants in the building environment. With the swift growth
of processor technologies in this area, there has been a
growing demand for comfort measurement and control
systems for the best possible intelligent air conditioning
system [14]-[22].

In building automation, the real-time measurement of
comfort is more complex. Most comfort monitoring systems
manually adjust environmental parameters such as light
luminosity, temperature, and relative humidity. In recent
years, harvesting technology has played an important role in
the area of smart sensors. Kang et al. developed an integrated
comfort sensing system for indoor climate. They used three
measured environmental parameters, that is, temperature,
humidity, and air flow. Other parameters such as clothing
level, activity level, and mean radiant temperature were
considered according to ISO7730 standards [8]. Honeywell et
al. developed a TY4700 thermal comfort sensor. They
considered the three real-time monitored environmental
parameters such as air temperature, radiant temperature, and
air velocity. Other parameters such as humidity, clothing level,
and activity level were assumed according to ISO7730
standards [12]. Tse et al. developed a measurement system for
thermal comfort by using an open network topology. Six smart
sensors with networking capability were used to execute
practical measurements of the real-time Predicted Mean Vote
(PMV) values inside an air-conditioned environment. The
smart sensors were linked, which resulted in a network
wherein open communication procedures were adopted. They
used three kinds of smart sensors, that is, radiation sensors,
temperature sensors, and PMV sensors [23], [24]. Kumar et al.



developed a ZigBee technology-based environment
monitoring system for the measurement of indoor and outdoor
environments. Based on the developed system, they proposed
the procedure of measurement of thermal comfort analysis
[25], [47]. Rawi et al. proposed a distributed, fuzzy rule-based
wireless sensor network system for calculation of comfort
index. The visual comfort, thermal comfort, acoustical
comfort, and indoor air comfort factors were also considered
[26]. Reffat et al. presented a procedure for estimating the
survey-based environmental quality in an office. Arrays such
as acoustic comfort, thermal comfort, lighting comfort, and air
quality comfort were considered [27]. Atthajariyakul et al.
proposed an implemented HVAC control system. They
considered only three parameters in the calculation of thermal
comfort and indoor air quality comfort. They also calculated
the energy consumption for the building’s cooling/heating
[28]. Lee developed an energy-efficient sensor network for
thermal comfort measurement. A distributed sensing model
was experimentally verified in terms of wireless data
communication and wireless power transmission [29]. Wang
et al. developed a thermistor and a polyimide-film relative
humidity (RH) sensor for global temperature and relative
humidity measurement. They used the IEEE1451.2 standard
for smart transducer interface module for the online
monitoring of temperature and humidity in determining
thermal comfort [30]. Castilla et al. presented a predictive
control system to simultaneously maintain thermal comfort
and indoor air quality [31]. Duan et al. presented a device for
controlling the inside temperature based on fuzzy algorithms
[32]. Donaisky et al. presented a PMV-based algorithm for
overprotective thermal comfort of nursery plants [33]. Liang et
al. proposed a thermal comfort controller for HVAC
application and validated it through a simulation model [34].
However, present systems for measurement of thermal
comfort suffer from numerous disadvantages, thus
modifications are persistently recommended. The PMV
module agrees well with high-quality field studies in air-
conditioned buildings in cold and warm climates. The PMV
model is also limited to groups of subjects who have been
exposed to an air-conditioned environment for a long time. In
the case of the PMV model, we have to presume the clothing
and activity levels because of the complex -calculation
procedure related to these variables. PMV methods also ignore
air quality (CO and CO, levels) present in the indoor
environment. This drawback in PMV models provides a
window for errors to be introduced into its overall estimation.
In the case of naturally ventilated buildings, occupants are
actively adjusting to a changing outdoor environment. They
also have a range of adaptive opportunity available to control
the indoor environment and personal discomfort. As the
occupants of naturally ventilated buildings have better control
on the indoor environment (to some extent), they feel less
irritated, thus increases the range of comfort parameters. In the
case of the adaptive comfort model, the clothing value,
activity level, and air quality automatically get included in the
estimation procedure. The adaptive comfort module also
provides the much needed degree of freedom to the occupants
related to behavioral, psychological, and physiological
adaption. Therefore, in most of the cases where the PMV
model is applied to naturally ventilated buildings, it either

overestimates or underestimates the prevailing comfort level
in the built environment because of the above-mentioned
reasons. The literature also shows that despite some interesting
solutions, only a few are implemented and tested in the real-
world environment, hence establishing the existence of a gap
between the theory and real-world application at a
scientifically accepted level.

In this article, we propose a wireless sensor network
(WSN)-based comfort measurement technique, and based on
this proposed technique, a Smart Comfort Sensing (SCS)
System has been developed. The developed system measures
thermal and indoor air comforts in real time for naturally
ventilated buildings. In the development of the SCS system,
we have followed the international standards such as
ASHRAES55-2013, ISO7730 and IEEE1451. The SCS system
is low cost and energy efficient.

II. SYSTEM OVERVIEW

The SCS system has been developed based on the
IEEE1451 standard. The IEEE1451  standard-based
application was reported in [35]-[44]. The system has been
designed to monitor and control the thermal comfort and
indoor air comfort parameters such as humidity, temperature,
CO, and CO, in real time. It automatically analyzes the
thermal comfort and indoor air comfort levels. The values of
the thermal comfort and indoor air comfort parameters can be
displayed on the GUI PC and can also be saved in a
multimedia card (MMC) according to the transducer electronic
data sheet. The developed system can be used in many
applications such as air conditioning systems, homes,
feedback control in automobiles, hospitals, and so on. The
block diagram and photograph of the developed SCS system

are shown in Figs. 1 and 2, respectively.
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Fig. 1 Block diagram of the developed smart comfort sensing system.

III. SENSOR NODE

The real-time monitoring and control of the comfort sensing
system were based on a WSN. The sensor node has been
standard. The
developed SCS system is consisted of a sensor node and a sink

designed according to

the IEEE1451.2



node. The sensor node also is consisted of a sensor array with
a signal-processing circuit, Simcom SIM?20, central processing
unit, and SD card data storage module. The photograph of the
developed sensor node is shown in Fig. 3.

Fig. 2. Hardware of the smart comfort sensing system.
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Fig. 3. Developed sensor node.

A. Sensor Array

The sensor array is consisted of a group of sensors such as
temperature sensor, humidity sensor, carbon monoxide sensor,
and carbon dioxide sensor. The specifications of the sensor
used in the comfort sensing system are given in [45]. In the
development of the sensor array, electrochemical and
semiconductor sensors were used. These selected sensors have
several advantages such as high accuracy, low power
consumption, linearity, low hysteresis error, low cost, low
radio frequency interference (RFI) and electromagnetic
interference (EMI) noises, low environmental sensitivity, and
high response time. The advantages, disadvantages, and
comparisons of the technology of the gas sensor were reported
in [46]-[51].

1) Electrochemical Sensor

The signal processing circuit of the electrochemical sensors
was based on a potentiostatic circuit. In the design of the
potentiostatic circuit, we have used an ultra-low input bias
current amplifier and precision amplifier, that is, LMP7721,

OP90, and OP296, thereby preventing a negative impact on
the sensor sensitivity, accuracy, and hysteresis of the sensor.
As the voltages supplied by the sensor output were too small,
the values were needed to be amplified. The sensor must not
be measured with low impedance circuitry. The low cost and
high accuracy instrumentation amplifier such as AD620 was
used to amplify the voltage. The signal conditioning circuit,
control of cross sensitivity, techniques of interfering gases,
drawback and reducing the RFI/EMI noise techniques of the
CO,-D; sensor were reported in [45]-[48]. For the
microcontroller to be able to read a full range of the readings,
a voltage divider was used to divide the output voltage by two.
As the virtual ground is at 2.5 V, the microcontroller can

calculate the VCO2 voltage by using the following equation (1).
x2

Vipy =2.5 _VADC_COZ
50 (D
In the development of CO, sensor module, the gain was
fixed at 49.91. The response time and power consumption of
the developed sensor module were observed to be 5 min and
1.1434 mW, respectively.

2) Semiconductor Sensor

The semiconductor sensor had a good sensitivity to changes
in CO gas concentration. The resistance of the sensor
decreased as CO increased. The sensor also has a built-in
heater, which was used to heat the gas to the specific
temperature required for the measurement. The sensor was
connected to a 5 V supply. The power consumption of the CO
semiconductor gas sensor is dependent only on heater power
consumption. The average heater power consumption was
observed to be 14 mW. The voltage over the load resistance
was measured so as to calculate the concentration of CO gas.
The CO solid-state sensor signal conditioning circuit was
reported in [49].

a) Software Design

The TGS2442 uses three pins on the microcontroller: the
first pin controls the sensor’s heater, the second pin controls
the sensor ON/OFF condition, and the third is connected to the
analog-to-digital convertor (ADC) to measure the sensor
output voltage. When the first pin was driven high, the heater
was activated. When the second pin was pulled low, the sensor
was enabled. To minimize the power consumption of the
sensor, a heating cycle was used to prevent the heater from
unnecessary consumption of power. The timing diagram was
adapted from the TGS2442 application note [49]. During
enabled heater pins (14 ms), the sensitivity characteristics and
surface temperature of the sensing element showed that the
signal detection point of the CO sensor was approximately
997.5 ms. In this article, the signal point detection is 988.5 ms
because we have obtained the optimum combination of gas
sensitivity performance and minimum ambient humidity effect
at around 988.5 ms. The sensor voltage was measured every
second. After five seconds, the average of the measurements
was taken, and the result was transmitted to the sink node. The
integrated analog signals were fed to the ADC inputs of the
microcontroller.



B. Calibration of the Sensor

The temperature sensor was calibrated using the MTDS§2
multimeter with a thermocouple. In addition, the humidity
sensor was calibrated using the EM5510 multimeter with a
built-in relative humidity sensor. The HIH-4000 ADC value
was given a digital offset of 0.15 V so as to calibrate the
sensor to the EM5510 sensor.

The electrochemical and semiconductor gas sensors
calibration procedures were reported in [47], [50], and we
have followed the same procedures to calibrate the gas sensor
array. Firstly, the standby voltage of the developed sensor
modules was defined. Pure nitrogen and clean air were used to
find the standby voltage. Then, a different, known gas
concentration was applied, and the resultant difference or
linearization error may be corrected through signal
conditioning circuits. Fig. 4 represents the calibration curve of
CO semiconductor and CO, electrochemical gas sensors.
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Fig. 4. Calibration curve after integration of gas sensor module.
C. Microcontroller

Several controllers such as Raspberry Pi, Waspmotes,
digital signal processors (DSPs), and microcontroller units
(MCUs) were considered for use in the sensor node, but it was
decided that an MCU would be used instead. An MCU
consumes low power, and as there is little processing that has
to be done on the node itself, the MCU has adequate
processing power. Commercial sensor nodes such as the
Waspmote would be easy to implement, but the high cost
eliminated it as a choice. It was decided to use an ATMega88
microcontroller to control the sensor nodes. The ATMega88 is
an 8-bit microcontroller that comes in a 32-pin package. The
device has a sufficient number of ADC channels to measure
the voltage supplied by each sensor. It also supports the
universal asynchronous receiver transmitter (UART) and the
serial peripheral interface (SPI) protocols, which can be used
to communicate with most transceivers. The advantage,
disadvantage, and specification of the microcontroller were
reported in [52].

IV. WIRELESS COMMUNICATION

The Simcom SIM20 was used as a transceiver in the
development of the SCS system. The SIM20 specification is
available in [53]. This device transmits and receives data on
the 434MHz band but is operated by using serial
communication through an UART. The device is controlled
through a modified AT command set. It supports power saving
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modes and has a built-in mesh networking support. The WSN
was implemented in a star topology. All the sensor nodes
communicate directly with the sink node. As the sensors are
situated relatively close to each other, power efficiency would
be increased if the sensor nodes do not have to continuously
communicate with each other. Fig. 5 shows the WSN diagram.
Three sensor nodes communicate with the sink node, which is
connected to a PC that runs the user interface program. The
transmission range of the SIM20 transceiver is shown in Fig.
6. The antenna frequency ranged from 433 MHz to 434.79
MHz, and impedance matching had to be done to match a 50
Q antenna on the SIM20 module. The sensor node was
connected to a 50 W omnidirectional antenna with a gain
greater than 1 dBi. The sink node was connected to a 60 W
omnidirectional antenna with a gain of 2 dBi. The
specification of the antenna was reported in [53].
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Fig. 5. The wireless sensor network diagram.
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Fig. 6. Transmission range of SIM20 transceiver.

The maximum transmission distance was 60 m when the
sensor node and the sink node were separated by six concrete
walls. The SIM20 wireless transceiver that was used
functioned particularly well. When the data were sent at a low
bit rate, with a high transmission power on the 434MHz
frequency, the transmission range was excellent. A maximum
line of sight range of 160 m was achieved. To optimize the
battery life of the node, the maximum transmission power
must not be used if the nodes are situated close to each other.



The sink node was able to receive data from three sensor
nodes with negligible error. The sensor nodes transmitted the
data at one transmission per second. Although the
transceiver’s air data rate can be set to 115,200 bps, the
effective data rate achieved was only 17,072 bps. The use of
the AT command protocol added time delays when sending
multiple data messages. As only a maximum of 64 bytes per
second can be transmitted, the data rate was sufficient.

V. SINK NODE

The sink node is the central point that allows the sensor
nodes to communicate with the PC. The proposed sink node
consisted of a microcontroller and a transceiver that can be
connected to a PC via USB. The only function of the
microprocessor is to allow the transceiver to communicate
with the PC. The SIM20 transceivers are capable of
communicating with an UART. The UART supports the
115,200 bps by default, and the microcontroller ATMega88
supports the low power consumption and the low cost USB
2.0 interface.

A. Graphical User Interface (GUI)

The Microsoft Visual Studio 2013 preview was used to
create the GUI program in C#. The GUI program utilized the
serial port on the PC to communicate with the sink node. The
sensor measurements obtained from the sink node were
displayed on charts and saved in a comma-separated value
format.

The purpose of the GUI is to allow the user to monitor the
measured parameters of the three nodes. The data were saved
to allow the user to retrieve it at a later stage. It also served to
display the graphical wave form of the monitored parameters
and comfort level. In the real-time measurements tab, four
charts displayed the measured values versus time as they were
received by the sensor nodes. The charts were auto scaled each
time data were received to ensure that the current value was in
the middle of the chart. If the user only wants to see data from
specific nodes, the “Hide Node” buttons can hide the nodes
that the user does not want to view. The GUI of the developed
system is shown in Fig. 7.

VI. COMFORT ANALYSIS

Comfort is a communal sensory experience determining
whether a human enjoys and is at ease with the surroundings.
It is a cumulative sensation of visual comfort, acoustic
comfort, thermal comfort, and indoor air comfort. We have
considered thermal comfort and indoor air quality comfort as
the most important factors for determining the human comfort
level in the built environment and building sustainability.

Thermal comfort is an important parameter used in building
design to create an acceptable indoor environment for the
building occupants. An adaptive approach to thermal comfort
estimation has been adopted in the ASHRAES5-2013 standard
[10]. Some researchers have added the air quality factor (CO
and CO,) in the ISO- and ASHRAE-based PMV calculation
procedures, and in accordance with this, we have chosen the
adaptive PMV calculation technique with air quality aspect
[25]-[31].

The collected data of the developed system were then
analyzed statistically and used to develop a corrected PMV

formula using the multiple regression technique.
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Fig. 7. The GUI of the comfort sensing system.

This formula was developed using the first one month of
data and then validating the developed formula on the next
month’s data. During this experiment, we found that the
coefficient of correlation (R”) was greater than 0.97. The high
value of R” suggested that this method can be used to predict
the thermal environment with fair accuracy. The developed,
corrected PMV formula was based on data collected through
the developed SCS system:

Corrected

—-0.01604 xRH +0.250396 xT +0.648875 x CLO

PMV = -3.87922 -0.16219 xCg, =0.00166 xCo,, ()

where Cco is the concentration of CO (ppm), CCO2 is the

concentration of CO, (ppm), T is the air temperature (OC), RH
is the air relative humidity (%), and CLO is the thermal
resistance of clothing (clo). This approximate relation is
acceptable for metabolic rate between 1.0 met to 1.3 met,
clothing 0.2 to 0.5, and air velocity up to 0.20m/s [9], [10].
The PMV y1eceq model is valid for the whole year in naturally
ventilated buildings. The developed formula was programmed
in embedded ‘C’ and burnt into the microcontroller.

VII. EXPERIMENTAL PROCEDURE

In this section, we present the experimental procedures
followed to develop the SCS system. The methodology for
data collection was based on the subjective approach,
objective approach, and results from the developed SCS
system. Star networks were used, and all the sensors during
the experiment were placed 1.2 m above floor level. A set of
real-time measurements data of the air gases (CO and CO,)
and environmental parameters (temperature and humidity)
sensors were recorded in an ordinary laboratory environment
and are shown in Fig. 8. In Fig. 8, the temperatures vary from
22°C to 27°C and represent a swing of 5°C. It is observed that
the relative humidity varies from 43% to 75%. CO



concentration levels vary from 6 ppm to 9 ppm, and CO,
concentration varies from 400 ppm to 430 ppm.

The SCS system vote versus temperature is shown in Fig. 9.
The increase in temperature was achieved through a heater
(0.5 KV for 5 h) and recorded and displayed the SCS system
vote on GUIL.

The subjective approach was based on the judgment of the
inhabitants on the acuity of thermal comfort in terms of
acceptability and preference to colder or warmer
environments. Questionnaires were used to investigate thermal
comfort and indoor air quality comfort perceptions. The
questionnaire was divided into three sections that dealt with
general information, thermal comfort, and indoor air quality.
During the survey, the respondents were asked to vote on a
seven-point ASHRAE thermal sensation scale regarding their
perceptions on the existing thermal environment. On the
thermal sensation scale, —3 stands for cold, O for neutral, and
+3 for hot thermal conditions. For indoor air quality
assessments, subjects were provided with a scale to register
their vote for acceptable and unacceptable indoor air quality.
The corresponding temperature (°C), relative humidity (%),
and levels of CO and CO, concentrations were also recorded
together with votes. In this study, the development system was
tested on 50 subjects over a period of 10 days. For each
subject, measurements were taken five times. The building
considered in this study was “naturally ventilated”, and no
restrictions were imposed on the subjects during experiments.
An objective approach, defined as PMV values calculated
according to the ISO7730 calculation procedure, was used.
The output values of the developed SCS system were used.
The data were collected at the same time. The comparative
plot of the subjective approach (TSV- thermal sensation vote),
objective approach (ISO7730-based PMV), and SCS system
vote are shown in Fig. 10. Results show that the output values
from the SCS system are in good agreement with the comfort
sensing vote of a human being. The ISO7730-based PMV
calculation was different from the ASHRAE- and SCS-based
PMYV, and the difference was mainly caused by the adaptive
nature of inhabitants. It raised the question of whether a
modification in the ISO7730 standard is required. This means
that the air quality (CO and CO,) factors could be added to the
ISO7730 standard-based PMV calculation procedure.

We considered these pollutant gases because they had direct
influence on the health of the occupants in the built
environment. Indoor air quality comfort parameters such as
CO and CO, were measured in real time, and their
concentration limit in built environment were also controlled.
Healthy people can tolerate CO, level of up to 10,000 ppm
without serious health effects, but the level of CO, should
always be kept below 1,000 ppm. Regarding the concentration
of CO: healthy people can tolerate CO level of up to 10 ppm
without serious health effects, but it should always be kept
below 6 ppm [54], [55]. The upper level of CO and CO, gas
concentrations were fixed at 4 ppm and 500 ppm, respectively,
for the developed SCS system. The output of each sensor,
thermal comfort, and indoor air quality comfort indices were
displayed on the GUI PC. If an increase in the concentration
level of indoor air comfort parameters and thermal comfort
parameters are observed, then a signal is transmitted through a
SIM20 transmitter module to the sink node; the sink node was

programmed to control the comfort indices of appliances such
as exhaust fan, air conditioning, etc.

VIII. RESULTS AND DISCUSSION

In this article, we present a low-cost and energy-efficient
prototype of an SCS system. The prototype system is
consisted of the GUI and communication, sensor node, and
sink node modules. These modules were successfully
developed based on the ASHRAES55-2013, ISO7730, and
IEEE1451 standards. This prototype system was tested for the
real-time monitoring of thermal comfort and indoor air quality
comfort parameters and is also capable of automatically
analyzing and displaying the output of the thermal comfort
level. The sensors were calibrated after integration through the
static chamber method, firstly by defining the standby voltage
of the developed sensor module, and after that by applying a
different known gas concentration. The resulting differences
or linearization error were corrected through the signal
processing circuit. If system calibration is required in future, it
can be adjusted again through this procedure.

We used two types of gas sensors during the development of
the SCS system: one is the semiconductor gas sensor, and the
other the electrochemical gas sensor. We observed that the
electrochemical sensor has a low power consumption
compared with the semiconductor sensor. The EMI
(electromagnetic interference) and RFI (radio frequency
interference) noises in electrochemical sensor were
successfully improved. The power consumption of the
multimedia card depends on the data transfer speed (clock
rate). In the SPI (serial peripheral interface) mode, we used the
20 MHz crystal. Fosc/16 bit rate or clock rate was used in the

Then, Foe=20MHZ_ |55 Mz The
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maximum clock frequency of the developed system was fixed
at 1.25 MHz. The typical range of the MMC card is 66 mW at
a clock frequency 25 MHz; but in our case, we used a clock
frequency of 1.25 MHz. According to the clock frequency, the
MMC consumed a maximum power of 16.5 mW. The
maximum power consumption of the sensor node with the
sensor array and MMC attached in the node was found to be
60 mW (at which data was transmitted). In the trial of the
developed SCS system, we used a Li-ion battery rated at 11.1
V (350 mAh). The developed SCS system worked up to
approximately 60 h, and the power consumption of the
developed system was lesser than the other available systems.

microcontroller.

IX. CONCLUSION

In this article, we present a low-cost and energy-efficient
prototype of a smart comfort sensing (SCS) system. The
prototype system is consisted of the GUI and the
communication, sensor node, and sink node modules. These
modules were successfully developed based on the IEEE1451
standard. This prototype system was tested for the real-time
monitoring of thermal and air quality comforts in situ
according to ASHRAES5-2013 and ISO7730 standards.
Experimental results in a simulated environment clearly
suggested that the developed thermal comfort smart sensing
system can be utilized in an air conditioning system as a
practical means of monitoring thermal comfort and feedback



SCS Vote

control of homes, automobiles, hospitals, etc. The maximum
power at which data is transmitted was found to be 60 mW.
The power consumption and cost of the developed SCS
system are lesser than the existing systems. In addition, the
performance and quality of measurements of the developed
system are better compared with the existing systems.

In further research, we will focus on the potential alternative
communication technology (such as DASH 7), which allows
better signal propagation (penetration) through walls,
windows, doors, etc. Moreover, this system will be explored
for the control of the thermal comfort controlling parameter
through home appliances (heater, air conditioning, exhaust
fans, etc.).
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(0.5 KV heaters on 5 h).
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