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Abstract Indoor air monitoring, which is one of issues of smart environment, is becoming popular in recent years. This
paper presents a proposed wireless sensor network (WSN) for monitoring the carbon monoxide levels of an indoor
environment. Furthermore, the temperature and moisture of the air are also acquired in the real-time manner. The WSN
consists of sensor nodes, relay nodes, and a gateway node. The data are updated to a web database and can be monitored
though a website. In the case of an emergency, alarms would be given through this Android application or Short Message
Service (SMS). The power saving scheme is concerned in this paper by reducing the number of active sensors in each node and
the number of nodes in the WSN. By using the proposed power saving scheme, the lifetime of a sensor node is up to four
months. The experiment shows that the proposed system can be applied to real applications.
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1. Introduction

Indoor air quality is based on the conditions of air for
human requirements [1,2]. It can be seen that the demand
of air monitoring is increasing [3,5]. Toxic gases such as
carbon monoxide (CO) is one that causes serious health
problems. Increasing levels of CO would reduce the
amount of oxygen carried by hemoglobin in red blood
cells. Consequently, vital organs, such as the brain,
nervous tissues and the heart, do not receive enough
oxygen to work properly. Thus, the level of CO should be
monitored by power saving, cheap, flexible and reliable
systems. However, current systems are hard to meet these
requirements [6-16].

In [6], the authors proposed a new gas detect and alarm
system which is controlled by Single Chip Micyoco and
the application of constant temperature catalytic gas
sensor. However, the network structure of the system is

not shown in detail. In [7], the authors propose a

wireless  sensor—actuator  system  which aims at
quick gas detection and immediate isolation of
the gas leak source. The low power wireless sensor

node includes catalytic gas sensors, micro processing
unit and wireless transceiver which communicates with
wireless actuator using ZigBee/IEEE802.15.4 standard
and BACnet protocol. However, the power saving only
focuses to the sensing part. In [10], the authors presented
two environmental monitoring systems based on WSNs
which are used for detecting fire and gas pollution in
indoor/outdoor environments. They use the over the air
programming (OTAP) in order to up-grade/update the
sensor nodes in a WSN. The power consumption has not
mentioned in this paper. The relationship among different

kind of sensing data was not concerned, either. In [11],
six gas sensors were used to test air quality in different
rooms and areas of a public hospital. However, it lacks of
the mechanism to give alarm to responsive peoples. In
[12], a prototype of a WSN for monitoring the air quality
indoor environment is presented. It deals with an
application of wireless mesh networks for monitoring the
carbon dioxide. The information of the network was not
shown clearly in this paper. In [15], to improve
information extraction from noisy sensor signal, the
authors use a filter bank to estimate the power spectral
density of the gas sensor resistance fluctuations and apply
a low power microcontroller to perform the required
digital signal processing and system control functions. It
would help save the power of the system.

In this paper, we propose a complete solution of WSN
for monitoring the carbon monoxide levels, temperature,
and humidity of an indoor environment. The WSN
consists of sensor nodes, relay nodes, and a gateway node.
In the case of an emergency, alarms would be given
through this Android application or Short Message
Service (SMS). The power saving scheme is concerned in
this paper by reducing the number of active sensors in
each node and the number of nodes in the WSN. This
reduction is controlled by determining thresholds. The
experiment shows that the proposed system can be applied
to real applications.

2. Working principle

A WSN, which utilize spatially distributed autonomous
sensors, to monitor physical or environmental conditions,
such as gas, temperature, sound, pressure, etc. The
acquired data are transferred through the network to a

Copyright ©2013 by IEICE
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gateway node and/or processing center.

2.1. Overview of the system

The complete architecture consists of wireless sensor
nodes to measure parameters of the CO, humidity, and
temperature of the air. The WSN for air monitoring is
designed as a star, tree or combined network models (see
Fig. 1). It would depend on the architect of the building
that we intend to establish the monitoring system.

SERVER :
2,4 GHNEEF " browser
4 802.15.0)

o

R

Android
application

Figure 1. The proposed WSN for air quality monitoring

application.

The data will be sent to gateway from each node via
Xbee standard. The distance between a node and the
gateway up to 7 km and have a 250 kbps RF data rate.
The data received from the gateway is duplicated and
stored in a database server. Besides, the data are also
processed by PC via available designed program. We
know about the status of the network and the monitoring
of the system components. The real-time data and the
results of data analysis are streamed on the Internet in
real-time. An alert service such as SMS is implemented to
alert to responsive people about the probability of health
threats.

2.2. Hardware component of a sensor node

A sensor node consists of sensors, a Wapsmote board,
an RF module, and a battery. There are two kinds of
sensors in this work: MQ7 and DHT11. MQ7 sensor is
used for measuring density of CO gas [17], and DHT11
sensor is used for measuring temperature and humidity of
environment [18]. The value of temperature and humidity
are also used to correct the value of MQ7 [17]. AVR
microcontroller is the main part of the Wapsmote board.
The RF module connected to the Wapsmote is Zbee [19].

CO sensor
MQ7

R EEm— Wapsmote
Board

(AVR. Micro

Zbee Module

Temperature, Controller)
Humidity

Sensor

DHT11
......... —
p |

Rechargeable Battery 6600mAh Lithium

\

Figure 2. Hardware component of a sensor node

2.3. Software structure of a sensor node

The software part embedded in Wapsmote board includes
three main modules:

a. Data acquisition module: This module is developed to
provide the capability of collecting data from both digital
and analog sensors. The digital signal obtained from the
accelerometer is collected using the digital drivers. The
analog data are collected from soil
temperature sensor.

b. Data
applications require scheduling the events and managing

moisture and

processing module: In the monitoring
each node’s buffer to avoid loss of events and data. The
data processing module is a core component for
processing all the incoming and outgoing data from the
sensors and transmitting respectively in our WSN. The
scheduler module implements three basic functions:
Sensor sampling: This module provides efficient
communication between sensors and wireless sensor node.
It has the capability to sample and collect sensor data in
the user defined inter-sampling rate. And then, data are
sent to buffer manager module.

Health monitoring: This module is designed and
implemented monitor health of a wireless sensor node.
The node health function provides the status of power in
the sensor node, the health of the battery.

Power saving: This module is designed to provide a power
saving mechanism to wireless sensor nodes. It is
implemented by integrating wireless sensor node state
transition, such as ‘sleep’ and ‘active’ model.

c) Data communication module: This function provides
the methods and algorithms to route and configure
management in this WSN, which is implemented by

routing algorithms and time synchronization methods.


https://www.researchgate.net/publication/239404095_A_communication_interface_of_instrumentation_modules_and_a_SIM900_crate?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==

3. Power saving scheme

There are some network standard such as Wi-Fi,
Bluetooth, ultra-wideband and Zigbee based on IEEE 802
standard. The Zigbee is the lowest power consumption
and it provides self-organized, multi-hop, reliable
network with long battery lifetime. Thus, in the paper,
Zigbee is chosen to reduce power consumption of the
proposed network. Moreover, we introduced a power

saving scheme to expend lifetime of the network.

3.1. Power consumption of CO gas sensor

The structure of the MQ-7 gas sensor composed
by micro AL203 ceramic tube, Tin Dioxide
(Sn0O2) sensitive layer, measuring electrode and

heater are fixed into a crust made of plastic
and stainless steel net. The circuit diagram of the

CO gas sensor (MQ7) is shown the Fig. 3.

Ve© Ve
A |:| B
A B
H H Ry
Vu
GND= <

Figure 3. The circuit diagram of MQ7
The MQ7 sensor consists of the heater and sensing
components [17]. The heating circuit has time control
(the high

work circularly). The sensing component is the signal

function voltage and the low voltage

output circuit, it can accurately respond changes of
surface resistance of the sensor. Therefore, the power
consumption is total of power consumption of the heater
and sensitivity components. The heater consumption (Pn)
is Pn < 35mW and the power of sensitivity body (Ps) is

computed as
P =V2xR /(R +R), @)

where RvL is the load resistance, and Rs is the sensing
resistance which can be computed as

Rs=Ro (1+Ky C), (2)

where Ro is the electrical resistance of the sensor at zero
ppm, K is the constant for the particular sensor, and C is
the gas concentration in ppm. It can be seen that Rs
depends on the gas concentration. In this work, we choose
Vc = 5V, Rs is from 5kQ to 15kQ, RL = 1kQ. Thus, Ps is

in the range of 1.46 and 3.47 mW. Consequently, the total
of the power consumption Pt of MQ-7 is from 36.46 to
38.47 mW.

3.2. Power consumption of the
humidity/temperature sensor DHT11

The power consuming of DHT11 is computed based on the
following table [18]:

Table 1. Working parameters of DHT11

Conditions Minimum Typical Maximum
DC 3V 5V 5.5V
Measuring 0.5 mA 2.2 mA 2.5 mA
Average 0.2 mA 0.8 mA 1 mA
Standby 10 OpA 140 pA 150 pA

In this work, the chosen voltage is 3V. Thus, the
maximum power consumption Pmax is 1.5 mW and the

minimum power consumption (standby) Pmin is 0.3 mW.

3.3. Power consumption of the Wapsmote board
and Zbee module

The consuming power of the Wapsmote board and Zbee
module is computed as the following table:

Table 2. Working parameters of the Wapsmote board and

Zbee module
Components Current Voltage Power
(mA) V) (mW)
15 0.055 49.5 0.18
Wapsmote | (Activ | (Slee 3.3 (Acti | (Sleep
e) p) ve) )
10
R, (estimated
Xbee-ZB-PR 3 3.3 |within the
O module .
distance of
100 m)

In the active status, the power consumption of a sensor
node (P):

P = Pt(DHT11)+Pmax(MQ7)+P(Wapsmote)+P(Xbee).  (3)

From (3), it can be seen that P is in the range of 97.46 to
99.47mW.

3.4. Power saving scheme

The value of MQ-7 depends on temperature and
humidity [17]. Thus, for accurately measuring, the proper
alarm point for the gas detector should be determined
after considering the temperature and humidity influence.
Consequently, instead of using the conventional scheme
as shown in Fig. 6.a, we proposed a power saving scheme
that works as shown in Fig. 6.b. In this scheme, the




microcontroller read values only from MQ-7. If the value
reaches a determined threshold, the data from DHT11 is
acquired to compute the corrected value of CO in the air.
Based on this corrected value, the final decision of alarm
would be made. Moreover, in the normal condition, the
number of the active node is reduced 30-50%. The sensor
node does not need to send the data packets through the
network to the gateway if the indoor environment is safe.
It will save the power of the whole system. By using the
proposed power saving scheme, the lifetime of a sensor
node is up to four months, which is 16 times higher the
conventional scheme.

If there is at least an alarm at one node, all nodes in
WSN would be set in active mode in order to observe the
whole building. Information on temperature, humidity,
and CO from each node is sent to the gateway node. The
gateway node is connected to a GSM/GPRS module
(SIM900 [19]) in order to send an alert SMS to responsive
people about the possibility of danger.

K -
' ——33%H
BN, ——85%H
é m.‘k\ \A
£ {:..____ —
1 E—
f-!’l . Temp
U.J

Figure 5. The dependence of the MQ-7's sensitivity (at
100 ppm CO) on temperature and humidity [17].
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Figure 6. The conventional (a) and proposed (b) power
schemes in each sensor node.
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4. Experiments

The resistance value of MQ-7 is differently to various
kinds Thus, the
sensitivity adjustment is very necessary [17]. After that,

and various concentration gases.
the sensor can be used for measurement (see Fig. 7).
Figure 8 shows the real CO density (in ppm) acquired in
lab condition. It can be seen that the obtained data reflect

well the real CO density in testing conditions.

> T

DHT-11

Figure 7. Sensor testing in lab condition
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Figure 8. Testing of CO sensor in lab condition

Figure 9 shows a test of the proposed WSN in the lab. The
data from each node are updated to a web database and
can be monitored though a website (see Fig. 10). By using
a GSM/GPRS module (SIM900) at the gateway node, an
SMS would send to the responsive people in case of
danger.
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Figure 9. WSN testing in lab condition
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Figure 10. WSN data is managed by a web database.

5. Conclusion

The paper success in building an energy effective air
monitoring system consists of sensor nodes to collect data,
transmit to gateway node, and send an SMS to responsive
people about the possibility of danger. An effective power
scheme is proposed by reducing the number of active
sensors in each node and the number of nodes in the WSN
(if the system is in the normal condition). The system is
measured and tested in the lab to evaluate the
performance of the proposed system. Basing on an
existing system, a power plan to read and transfer data
that help to improve significantly the lifetime of the
sensor node. The quality of the transmission is also
ensured by reducing the collision. In the future, we will
apply in real environment.
6. Acknowledgement

This work is supported by VNU University of
Engineering and Technology under the project No. CN.
14.08.

References
[1] X. Liu, S. Cheng, H. Liu, S. Hu, D. Zhang, H. Ning,
A survey on gas sensing technology, Sensors, Vol. 12,
No. 7, pp. 9635-9665, 2012.

[2] E. Llobet, Gas sensors using carbon nanomaterials: A
review, Sensors and Actuators B: Chemical, Vol. 179,
pp. 32-45, 2013.

[3] C. Zhuang, C. Fu, H. Wang, L. Li, S. Zhuang, Design
Strategy of Coal Mine Gas Sensor, Advances in
Information Sciences & Service Sciences, Vol. 4, No.
2, pp. 16-23, 2012.

[4] Chen Xing, Bai Juhua, Yuan Kuo, Design of
Electro-chemical CO Gas Sensor Transducer, JCIT,
Vol. 6, No. 7, pp. 172 - 178, 2011.

[5] C. Chen, F. Tsow, K. D. Campbell, R. Iglesias, E.
Forzani, N. J. Tao, A wireless hybrid chemical sensor
for detection of environmental volatile organic
compounds, IEEE sensors journal, Vol. 13, No. 5, pp.
1748-1755, 2013.

[6] G. Shunjing, L. Jingyan, Research on Constant
Temperature Catalytic Gas Sensor Detection Scheme,
International Journal of Digital Content Technology
& its Applications, Vol. 7, No. 6, pp. 1259-1266,
2013.

[71 A. Somov, A. Baranov, D. Spirjakin, A wireless
sensor—actuator system for hazardous gases detection
and control, Sensors and Actuators A: Physical, Vol.
210, pp.157-164, 2014.

[8] F. Palumbo, J. Ullberg, A. Stimec, F. Furfari, L.
Karlsson, S. Coradeschi, Sensor network
infrastructure for a home care monitoring system,
Sensors, Vol. 14, No. 3, pp. 3833-3860, 2014.

[9] V. Ramya, B. Palaniappan, Embedded Technology
for vehicle cabin safety Monitoring and Alerting
System, International Journal of Computer Science
Engineering and Applications, Vol.2, No.2, pp. 83-94,
2012.

[1L0]A. Qandour, D. Habibi, I. Ahmad, "Wireless sensor
networks for fire emergency and gas detection", In
Proceeding of 9th IEEE International Conference on
Networking, Sensing and Control (ICNSC), pp.
250-255, 2012.

[11]V. Di Lecce, R. Dario, J. Uva, "A Wireless
Electronic Nose for Emergency Indoor Monitoring",
In Proceeding of the Fifth International Conference
on Sensor  Technologies and Applications
(SENSORCOMM), pp. 274-279, 2011.

[12]P. Spachos, L. Song, D. Hatzinakos, "Prototypes of
opportunistic wireless sensor networks supporting
indoor air quality monitoring”, In Proceeding of
Consumer Communications and Networking
Conference (CCNC), pp. 851-852, 2013.

[13]N. Patwari, L. Brewer, Q. Tate, O. Kaltiokallio, M.
Bocca, Breathfinding: A wireless network that
monitors and locates breathing in a home, IEEE
Journal of Selected Topics in Signal Processing, Vol.
8, No. 1, pp. 30-42, 2014.

[14]A. Somov, A. Baranov, A. Savkin, M. lvanov, L.
Calliari, R. Passerone, A. Suchkov, “Energy-aware
gas sensing using wireless sensor networks”,
Wireless  Sensor  Networks, Springer  Berlin
Heidelberg, pp. 245-260, 2012.

[15]Z. Gingl, R. Mingesz, G. Vadai, K. S. Balogh, A.
Erdelyi, "Fluctuation enhanced gas detector for
wireless sensor networks", In Proceeding of the 22nd


https://www.researchgate.net/publication/231212284_A_Survey_on_Gas_Sensing_Technology?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/231212284_A_Survey_on_Gas_Sensing_Technology?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/231212284_A_Survey_on_Gas_Sensing_Technology?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/257354817_Gas_Sensors_Using_Carbon_Nanomaterials_A_Review?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/257354817_Gas_Sensors_Using_Carbon_Nanomaterials_A_Review?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/257354817_Gas_Sensors_Using_Carbon_Nanomaterials_A_Review?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272882667_Design_Strategy_of_Coal_Mine_Gas_Sensor?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272882667_Design_Strategy_of_Coal_Mine_Gas_Sensor?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272882667_Design_Strategy_of_Coal_Mine_Gas_Sensor?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272882667_Design_Strategy_of_Coal_Mine_Gas_Sensor?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/269779148_Design_of_Electro-chemical_CO_Gas_Sensor_Transducer?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/269779148_Design_of_Electro-chemical_CO_Gas_Sensor_Transducer?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/269779148_Design_of_Electro-chemical_CO_Gas_Sensor_Transducer?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/257206956_A_Wireless_Hybrid_Chemical_Sensor_for_Detection_of_Environmental_Volatile_Organic_Compounds?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/257206956_A_Wireless_Hybrid_Chemical_Sensor_for_Detection_of_Environmental_Volatile_Organic_Compounds?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/257206956_A_Wireless_Hybrid_Chemical_Sensor_for_Detection_of_Environmental_Volatile_Organic_Compounds?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/257206956_A_Wireless_Hybrid_Chemical_Sensor_for_Detection_of_Environmental_Volatile_Organic_Compounds?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/257206956_A_Wireless_Hybrid_Chemical_Sensor_for_Detection_of_Environmental_Volatile_Organic_Compounds?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272809695_Research_on_Constant_Temperature_Catalytic_Gas_Sensor_Detection_Scheme?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272809695_Research_on_Constant_Temperature_Catalytic_Gas_Sensor_Detection_Scheme?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272809695_Research_on_Constant_Temperature_Catalytic_Gas_Sensor_Detection_Scheme?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272809695_Research_on_Constant_Temperature_Catalytic_Gas_Sensor_Detection_Scheme?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/272809695_Research_on_Constant_Temperature_Catalytic_Gas_Sensor_Detection_Scheme?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/260395323_Sensor_Network_Infrastructure_for_a_Home_Care_Monitoring_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/260395323_Sensor_Network_Infrastructure_for_a_Home_Care_Monitoring_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/260395323_Sensor_Network_Infrastructure_for_a_Home_Care_Monitoring_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/260395323_Sensor_Network_Infrastructure_for_a_Home_Care_Monitoring_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/260395323_Sensor_Network_Infrastructure_for_a_Home_Care_Monitoring_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/260395323_Sensor_Network_Infrastructure_for_a_Home_Care_Monitoring_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/260395323_Sensor_Network_Infrastructure_for_a_Home_Care_Monitoring_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/260395323_Sensor_Network_Infrastructure_for_a_Home_Care_Monitoring_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/266593793_Embedded_Technology_for_vehicle_cabin_safety_Monitoring_and_Alerting_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/266593793_Embedded_Technology_for_vehicle_cabin_safety_Monitoring_and_Alerting_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/266593793_Embedded_Technology_for_vehicle_cabin_safety_Monitoring_and_Alerting_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/266593793_Embedded_Technology_for_vehicle_cabin_safety_Monitoring_and_Alerting_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/266593793_Embedded_Technology_for_vehicle_cabin_safety_Monitoring_and_Alerting_System?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/254035806_Wireless_sensor_networks_for_fire_emergency_and_gas_detection?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/254035806_Wireless_sensor_networks_for_fire_emergency_and_gas_detection?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/254035806_Wireless_sensor_networks_for_fire_emergency_and_gas_detection?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/254035806_Wireless_sensor_networks_for_fire_emergency_and_gas_detection?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/254035806_Wireless_sensor_networks_for_fire_emergency_and_gas_detection?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/267429868_A_Wireless_Electronic_Nose_for_Emergency_Indoor_Monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/261056523_Prototypes_of_opportunistic_Wireless_Sensor_Networks_supporting_indoor_air_quality_monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/261056523_Prototypes_of_opportunistic_Wireless_Sensor_Networks_supporting_indoor_air_quality_monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/261056523_Prototypes_of_opportunistic_Wireless_Sensor_Networks_supporting_indoor_air_quality_monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/261056523_Prototypes_of_opportunistic_Wireless_Sensor_Networks_supporting_indoor_air_quality_monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/261056523_Prototypes_of_opportunistic_Wireless_Sensor_Networks_supporting_indoor_air_quality_monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/261056523_Prototypes_of_opportunistic_Wireless_Sensor_Networks_supporting_indoor_air_quality_monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/261056523_Prototypes_of_opportunistic_Wireless_Sensor_Networks_supporting_indoor_air_quality_monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/261056523_Prototypes_of_opportunistic_Wireless_Sensor_Networks_supporting_indoor_air_quality_monitoring?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/235633997_Breathfinding_A_Wireless_Network_That_Monitors_and_Locates_Breathing_in_a_Home?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/235633997_Breathfinding_A_Wireless_Network_That_Monitors_and_Locates_Breathing_in_a_Home?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/235633997_Breathfinding_A_Wireless_Network_That_Monitors_and_Locates_Breathing_in_a_Home?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/235633997_Breathfinding_A_Wireless_Network_That_Monitors_and_Locates_Breathing_in_a_Home?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/235633997_Breathfinding_A_Wireless_Network_That_Monitors_and_Locates_Breathing_in_a_Home?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/221420252_Energy-Aware_Gas_Sensing_Using_Wireless_Sensor_Networks?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/221420252_Energy-Aware_Gas_Sensing_Using_Wireless_Sensor_Networks?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/221420252_Energy-Aware_Gas_Sensing_Using_Wireless_Sensor_Networks?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/221420252_Energy-Aware_Gas_Sensing_Using_Wireless_Sensor_Networks?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/221420252_Energy-Aware_Gas_Sensing_Using_Wireless_Sensor_Networks?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==

International Conference on Noise and Fluctuations
(ICNF), pp. 1-5, 2013.

[16]A. Somov, A. Baranov, A. Savkin, D. Spirjakin, A.
Spirjakin, R. Passerone, Development of wireless
sensor network for combustible gas monitoring,
Sensors and Actuators A: Physical, Vol. 171, No. 2,
pp. 398-405, 2011.

[17]Carbon  Monoxide Sensor MQ-7, SparkFun
Electronics, 2012.

[L8]NI T. L., Application on the temperature and
humidity measurement and control system of the
single-bus sensor DHT11, Microcontrollers Embeded
System, Vol.6, pp. 60-62, 2010.

[19] Gusev R. B., Tsymbalenko V. L., A communication
interface of instrumentation modules and a SIM900
crate, Instruments and Experimental Techniques, Vol.
53(1), pp. 84-85, 2010.


https://www.researchgate.net/publication/239404095_A_communication_interface_of_instrumentation_modules_and_a_SIM900_crate?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/239404095_A_communication_interface_of_instrumentation_modules_and_a_SIM900_crate?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/239404095_A_communication_interface_of_instrumentation_modules_and_a_SIM900_crate?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==
https://www.researchgate.net/publication/239404095_A_communication_interface_of_instrumentation_modules_and_a_SIM900_crate?el=1_x_8&enrichId=rgreq-8db89928-e0f0-40fd-b706-a3ff7b73fe78&enrichSource=Y292ZXJQYWdlOzMwMTc3MDA2NTtBUzozNTcxNzUxMTAxOTMxNTJAMTQ2MjE2ODU5MDc1NQ==

	Development of a Wireless Sensor Network for Indoor Air Quality Monitoring
	Pham Dinh-Tuan, Nguyen Dinh Chinh, Pham Van Vinh, Doan Ba Cuong, Tran Duc-Tan
	VNU University of Engineering and Technology E-mail: {tuanpd, chinhnd, tantd}@vnu.edu.vn, vinhpv57@gmail.com, doanbacuongisp13@gmail.com
	1. Introduction
	2. Working principle
	2.1. Overview of the system
	2.2. Hardware component of a sensor node
	2.3. Software structure of a sensor node
	3. Power saving scheme
	3.1. Power consumption of CO gas sensor
	3.2. Power consumption of the humidity/temperature sensor DHT11
	3.3. Power consumption of the Wapsmote board and Zbee module
	3.4. Power saving scheme
	4. Experiments
	5. Conclusion
	6. Acknowledgement

