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Abstract—Air quality control is a monitoring task of high
priority in the scope of Smart City and Smart Home applications.
In fact, a number of sensors are required to successfully detect
the leaks of various gases and their different concentrations. In
this work, we present an autonomous multisensory wireless
platform which includes both analog and digital gas sensors for
environmental monitoring. The platform includes four
measurement circuits with sensors of different types: one for
analog catalytic/semiconductor gas sensor, two for analog
electrochemical gas sensors and one for a gas sensor with digital
data transmission interface. The platform ensures low power
consumption and can operate either as a separate monitoring
sensor node or as a part of wireless sensor network.

Keywords— multisensory wireless platform; analog and digital
gas sensors, power management, environmental monitoring

I. INTRODUCTION

The paradigm of Wireless Sensor Networks (WSN) [1] is
considered as a pillar technology of the forthcoming era of
Internet of Things (IoT) [2] where the smart-x applications
such as Smart City [3] and Smart Home [4] play a major role.
Air quality monitoring is among the key tasks in the context of
these applications. Indeed, it is a problem of high priority to
ensure the comfort and safe environment for people to
improve their quality of life [S].

However, a number of leaks of various hazardous gases,
e.g. hydrocarbons, carbon monoxide, carbon dioxide, oxygen,
of different concentration may occur in a city/plant/house
environment [6][7].

The WSNs consisting of tiny, autonomous sensing devices
are widely used in monitoring and control applications [8][9]
including gas detection one [10][11]. The WSNs can be
deployed in a difficult to access area, cover a large territory,
and guarantee continuous detection of combustible, toxic and
explosive gases [12][13] as well as preventing the catastrophic
consequences due to the activation of wireless actuators
closing the gas valves, disconnecting the power supply and
perform other functions [14].

To perform the secure detection of various gases of
different leak concentration, heterogeneous sensor types
have to be applied [15], e.g. semiconductor, catalytic,
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Fig. 1. Block diagram of wireless multisensor node.
electrochemical, optical. This imposes a multi-sensor

requirement for a sensing platform.

A number of WSN platforms for gas sensing have been
proposed recently. Most of them are based on a single gas
sensor [7][14][10]. The platforms based on the multi-sensor
technology are still fragmented [15] and require further
research and evaluation of this approach.

In this paper, we present an autonomous multi-sensor
wireless platform for various gases leaks detection. The
platform supports the analog and digital gas sensors for
environmental monitoring and emergency control. The
proposed sensor node platform is optimized for low power
consumption operation and can function as a separate sensor
node or as a part of IEEE 802.15.4 ZigBee based WSN.



The paper is organized as follows: we first overview the
platform in Section II. In Section III and Section IV we
describe sensing circuits for catalytic/semiconductor and
electrochemical sensors, respectively. Digital sensing circuit is
discussed in Section V. The evaluation of power consumption
of sensor node is presented in Section VI. Finally, we provide
concluding remarks in Section VIIL.

II. SYSTEM OVERVIEW

The block diagram of the wireless gas sensor node is
presented in Fig. 1. The sensor node is based on an
ATxmega32A4 Microcontroller Unit (MCU) and use an
ETRX3 communication module. The selection of the MCU is
mainly driven by the following requirements: low power
consumption, on-chip temperature sensor, and precise ADC
integrated in the MCU.

The wireless communication unit employs the low power
ETRX3 wireless modem supporting IEEE 802.15.4 standard
(ZigBee specification) and transmitting in unlicensed 2.4 GHz
ISM band. The modem has an integrated chip antenna used in
this design (up to 25 m) and a connector for an external
antenna to enable a boost mode allowing data transmission for
up to 350 m. The modem has a number of self-x features
enabling, e.g. WSN self-configuration and self-diagnostics
which significantly reduce debugging and deployment time.

Voltage conversion from batteries is performed by a DC-
DC converter TPS63060 to provide maximum efficiency. The
device generates stable output voltage of 3.3 V from 2.5 V to
12 V on its input.

Alarm unit includes several light emitting diodes and a
sound alarm. The alarm unit is essential for notifying a user
about dangerous gas concentration in the environment or
batteries discharge. In this case, the node operates as a local
sensor-actuator system without connecting to a WSN.

The multi-sensor platform includes four sensing circuits to
support the sensors of different types: one circuit for a
catalytic or semiconductor gas sensor, two circuits for the
electrochemical gas sensors and one for a gas sensor with a
digital interface.

In this work, the multisensory platform is equipped with
the following sensors: a semiconductor sensor for organic
material pyrolysis detection, catalytic sensor for CH,
(methane) detection, electrochemical sensors with an analog
output for CO (carbon monoxide) and H,S (hydrogen
sulphide) detection, and optical sensor with a digital interface
for the detection of CH, of high concentration.

The catalytic sensor is used to conduct the CH,
measurements in the range of Lower Explosive Limit (LEL)
concentration. The semiconductor sensor has high sensitivity
and selectivity to detect the products of pyrolysis (H, and CO)
[26]. Both the semiconductor sensor for pyrolysis detection
[22] and catalytic sensor for CH, detection [23] are fabricated
on an aluminum-oxide membrane using micromachining
technology. This technology ensures the low power
consumption of the sensors, i.e. around 70 mW in continuous
mode. For the detection of CO and H,S the electrochemical
sensors operating in amperometric mode [24] NAP-505 and

NE4-H2S by Nemoto, respectively, are used. As a sensor with
a digital interface, we use MIPEX infrared gas sensor which
has the measurement range from Upper Explosive Limit
(UEL) up to 100% vol. of CH, [25].

III. SENSING CIRCUIT FOR CATALYTIC AND SEMICONDUCTOR
SENSORS

The sensing circuit based on the catalytic and
semiconductor sensors is presented in Fig. 2. These sensors
are combined in one circuit because both of them include
heaters and their control schematics is the same.

To heat up the sensor, the pulse-width modulated signal is
used. Pulse-Width Modulation (PWM) is frequently used to
heat sensors up to working temperature [10][27]. These pulses
are applied to a sensor and heat it up. Output signal of the
heater is the voltage on resistive divider which is formed by
the heater itself and reference resistor R,;. The output signal
from this divider is applied to the amplifier’s input. Another
input of the amplifier is used to apply the reference voltage
which is subtracted from the output signal to exclude a
constant component of the signal.

The response of sensitive layer of semiconductor sensor is
the voltage on the resistive divider with range selection which
is formed by the sensor sensitive layer itself and resistors Ry;
and R,s. The output signals from the amplifier and
semiconductor sensor sensitive layer are measured by the
ADC of MCU.
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Fig. 2. Sensing circuit for the catalytic/semiconductor sensors.
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Fig. 3. Sensor’s response to various gases at T = 500 °C: (1) — the air; (2) —
pyrolysis; (3) — 0.2 % CH4; (4) — alcohol fume.

Gas concentration measurements with semiconductor gas
sensor are performed in the temperature scanning mode [10].
In this mode the sensor is heated up periodically and the
measurements are performed in different temperature points.

Semiconductor gas sensor’s response to various gases is
presented in Fig. 3. As it shown in this figure, it is possible to
select the right measuring points to exclude unnecessary
influence of different gases.

Since the heating is performed periodically the power
consumption of the sensor decreases.

Therefore, using this mode the sensor power consumption
can be decreased which will result in the improved accuracy
and selectivity of measurements.

The sensing circuit employing the catalytic sensor
conducts the measurements using the multistage heating
profile [17][18].

Sensing circuits, based on the catalytic sensors, use two
sensors typically embedded in the Wheatstone circuit. It
includes two resistors and two sensors, one active and one for
the reference. During the measurements, most of the power
goes into the sensor heating process (about 450 °C for
methane detection), required to perform the measurement. The
power consumption in this case is around 200 mW which is a
huge number for the WSN applications. Excluding the
reference sensor it is possible to decrease the power
consumption. Another disadvantage of this circuit is the need
of compensation for the atmosphere humidity and
temperature. This compensation can be successfully
accomplished using the multistage heating profile [17]. The
response of the catalytic sensor in this case is the difference
between the heater voltage in two different points. Output
residual signal values for different methane concentrations are
presented in Fig. 4.
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Fig. 4. Output residual signal values for different methane concentrations for
catalytic sensor in multistage heating mode.

During the methane measurement, the sensor operates as a
two-threshold device. If the methane concentration is less than
0.15 % vol., the obtained values are stored in the memory of
MCU, sending data wirelessly is not performed. If the
concentration is less than 0.5 % vol. methane sensor provides
the light and sound alarm and sends the alarm messages if the
predetermined threshold concentration is exceeded. If the
methane concentration exceeds 1% vol., the alarm sounds,
accompanied by light signaling and on the network
coordinator or control device is sent to the alarm about the
dangerous concentration of methane in the atmosphere. Also,
the sensor can issue a command to the actuator, for example, a
wireless gas valve. The mentioned thresholds can be changed
by the program in the MCU.

IV. SENSING CIRCUIT FOR ELECTROCHEMICAL SENSORS

The measurement circuit for the electrochemical sensor is
presented in Fig. 5. The circuit consists of two parts. The first
part guarantees the stable functioning of the sensor. The
second one conducts the measurements.
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Fig. 5. Sensing circuit with the electrochemical sensor.
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Fig. 6. Carbon monoxide electrochemical gas sensor response.

The reference electrode of the sensor maintains the healthy
operation of the cell. Its electrochemical potential always
remains constant and this is used to adjust the potential of the
working electrode. This adjustment is performed by using the
integrator which consists of amplifier DA4B, resistor R;, and
capacitor Cys.

The response of the sensor is the current between counter
and working electrodes. The examples of sensor response
which depends on the CO and H,S concentration are shown in
Fig. 6 and Fig. 7, respectively.

To get the measurement in a convenient voltage form it is
necessary to convert the current response of the sensor to the
voltage one. This conversion can be effectuated by the current
sensing circuit based on the amplifier DA4A.

When the electrochemical sensor is used in periodic mode,
the transient signals may appear right after the power is on
and when the power is off. At normal operation, 1-2 minutes
would be required for the output stabilization. To eliminate
this effect it is necessary to maintain a short-circuit between
the working electrode and the reference electrode when the
power supply is off. In this case the output is stabilized within
10 seconds after the power is on [21].
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Fig. 7. Hydrogen sulfide electrochemical gas sensor response.

To connect the working and the reference electrodes
together the MOSFET key DA3 is used.

For CO monitoring the sensor node is programmed to
detect two thresholds (see Fig. 6), set to 7; = 5 mg/m’ and
T;; = 20 mg/m3, respectively. For H,S monitoring these values
are 10 mg/m’® and 20 mg/m’. Threshold limit values for these
gases are 20 mg/m’ for CO and 10 mg/m’ for H,S. All
threshold values are stored in the MCU memory. The
mentioned thresholds can also be changed within the program.
If the detected concentration is less than 7; — the sensor node
goes to sleep mode; if the concentration is between 7; and T, —
a local sound alarm announces about the increased CO
concentration; finally, if the concentration is higher than 7y —
the node transmits an alarm message to an operator via the
network coordinator. As a result, the operator can (de)activate
an actuator, e.g., a gas valve, to avoid potentially dangerous
situations.

V. SENSING CIRCUIT WITH DIGITAL INTERFACE

There are several commonly used digital interfaces for gas
sensors: UART, SPI and I°C. Since all of these interfaces are
available in the MCU it is possible to combine all of them in
one connector and have an opportunity to use almost every
digital gas sensor. At the same time most of them use different
protocols. Therefore, every sensor claims to support it in the
node software.

Since digital sensors are often power hungry there is an
option to switch them off. However, for the infrared sensors
their stabilization time, i.e. wake up, takes up to two minutes
in the worst case. If measurements are performed in a frequent
periodic mode the sensors switching off is unreasonable.

In this work, we use MIPEX infrared gas sensor. To
communicate the data it uses the UART interface. The sensing
circuit for MIPEX sensor is presented in Fig. 8. The
measurement range of methane for this sensor is up to 100%.
And the response time is less than 30 seconds.

VI. POWER CONSUMPTION

Safety standards claim to perform gas sensors calibration
every year. These requirements are provided in Russian
Standard [19] and European Standard [20]. Therefore, it is
reasonable to have autonomous lifetime of the sensor node no
less than one year without the replacement of batteries.
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Fig. 8. Sensing circuit with the digital interface for MIPEX sensor.
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Fig. 9. The power consumption of the wireless multisensor node for gas
detection: measurents (1-4) and data transmittion (5).

Capacity of a single cell lithium battery of D type is
typically 15000 mAh. Its voltage is 3.6 V. Since there are
8760 hours a year, the average power consumption for one
year sensor node lifetime is no more than 6 mW.

In order to decrease power consumption, all circuits of the
node are designed to perform measurements periodically.
According to safety standards, sensor node response time
should be less than 20 seconds. Therefore, two measurements
every 20 seconds are sufficient to meet this requirement.

Measurements with all four sensors are made sequentially,
one after another. First, heating of semiconductor or catalytic
gas sensor starts. Since it does not take much time, the
measurements with other sensors are performed during the
heating process: (1) with the carbon monoxide electrochemical
gas sensor, after that (2) with the hydrogen sulfide
electrochemical gas sensor and then (3) the data from digital
gas sensor is read. After these measurements, the heating
process is brought to the end and measurements with
semiconductor or catalytic gas sensor is performed. Finally,
the device goes in sleep mode.

The power consumption of the node with catalytic gas
sensor and two electrochemical sensors is presented in Fig. 9.
It shows that the main power sink is the catalytic gas sensor
(stages 1-4). Its average power consumption for multistage
pulse is 81 mW. This value includes power consumption for
data transmission (stage 5). The average power consumption
for one electrochemical sensor is about 5 uW (that is in stage 1
of Fig. 9, but their contribution is too negligible to recognize
it).

Since the power is consumed within only 0.7 s, the average
power consumption for overall period of 10 s is about 4.9
mW.

To further decrease the power consumption, the node has
to activate the wireless transmitter in the case of emergency
situations: there is no point in data transmission after each
measurement procedure. The average power consumption
excluding data transmission is about 77 mW. The average

power consumption for overall period in this case is 4.6 mW.
This value guarantees one year of the node autonomous
lifetime.

The semiconductor gas sensor is more power hungry
because it takes longer time to heat it up. It consumes around
70 mW within 1.5 s. It leads to the increase of power
consumption for up to 5.25 mW.

Digital gas sensor consumes 3 mW and takes long time for
stabilization. The overall power consumption in combination
with the catalytic sensor is 7.6 mW and in combination with
the semiconductor gas sensor is 8.25 mW. These values are
more than 6 mW and in this case the autonomous lifetime of
the node is less than one year.

Therefore, using all sensors at the same time leads to
significant power consumption that makes it impossible to
maintain the long lifetime of the sensor node. To increase the
autonomous lifetime, some sensors should be used only for
specific measurements from time to time.

Power consumption for the electronic devices used in this
work is presented in Table 1.

TABLE L POWER CONSUMPTION OF ELECTRONIC DEVICES USED IN
THIS WORK

Device Power consumption
MCU 1.88 mW
Transceiver 0.71 mW
DC-DC Converter 0.1 mW
Catalytic gas sensor 229 mW
Semiconductor gas sensor 5.25 mW
Electrochemical gas sensor 5uW
Digital gas sensor 3mW

VII. CONCLUSION

In this work, we have presented the autonomous wireless
multi-sensor platform for environmental monitoring with a
special focus on gas detection. This platform includes four
sensing circuits for the sensors of different types: one for the
analog catalytic or semiconductor gas sensor, two for the
analog electrochemical gas sensors and one for a gas sensor
with a digital data transmission interface.

Since the platform includes alarm facilities it can operate
individually or as a part of IEEE 802.15.4 ZigBee standard
WSN.

The measurements for this platform are performed
periodically and can involve all sensors simultaneously or use
only one or several of them. Due to this reason and special
approaches for performing the measurements with the
catalytic and semiconductor gas sensors, the low power
consumption is achieved.

The average power consumption for combination of
semiconductor, electrochemical and digital optical sensors is
8.25 mW. This value can be further decreased by reducing the




measurement duty cycle. The better values are obtained for
combination with catalytic gas sensor instead of the
semiconductor one. In this case, the average power
consumption is about 7.6 mW. The experimental results
demonstrate that the proposed multi-sensor platform can
ensure the long term autonomous monitoring.
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