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The paper presents the design and deployment of Wireless Sensor Network (WSN) for monitoring environ-
mental parameters. The system measures air temperature, relative humidity, solar radiation and barometric
pressure. The system consists of a base station and a wireless sensor node. WSN ethernet gateway attached to
a host PC serves as the base station in the network. WSN measurement node with necessary sensors and signal
conditioners serves as the wireless sensor node. The wireless sensor node measures the parameters and trans-
fers the data to the base station. An application program has been developed on LabVIEW platform and exe-
cuted in the host PC for data acquisition, processing, and plotting of the measurement data on a graphical
chart. The program also saves the data in a file for history review and analysis. Hardware and software devel-

opment of the system are discussed. Typical measurements with the present system are reported.
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1. INTRODUCTION

Measurement of environmental parameters such as
air temperature, relative humidity, solar radiation, at-
mospheric pressure is important in wide range of me-
teorological, climate monitoring and diverse engi-
neering applications. Wireless sensor networks (WSN)
have been extensively used in applications such as
health monitoring [1, 2], home automation [3], auto-
mobile monitoring [4], green house monitoring [5]
etc. WSN are also used in environmental monitoring
[6]. WSN technology has the advantage of deploying
sensors in hostile environments and communicating
the measurement data through wireless media. A WSN
based monitoring system using NI WSN devices and
LabVIEW has been designed and deployed to monitor
the environmental parameters of a remote area. The
system measures the parameters and transmits the da-
ta to a host PC through a wireless media for plotting
the trends.

2. SYSTEM DESIGN

The system comprises of a base station and a wire-
less sensor node. A PC attached with a NI WSN-9791
gateway coordinator serves as a base station. Tempera-
ture, relative humidity, solar radiation and barometric
pressure sensors with associated signal conditioners
attached to NI WSN-3202 serves as a wireless sensor
node. Fig. 1 shows the block diagram of the system.

The NI WSN devices use the ZigBee (IEEE 802.15.4)
wireless communication protocol and operates in ISM
band, 2.4 GHz frequency. NI WSN devices can com-
municate up to 300 m in open space and support data

communication rate up to 250 kbps. The WSN-9791
gateway can collect measurement data from up to 36
measurement nodes in a network and transfer data to
a host PC through 10/100 Mbps ethernet port. The
measurement node NI WSN-3202 has four analog in-
put channels and four digital I/O channels. Each ana-
log input channel has 16-bit resolution.

The wireless measurement node uses RHT-1000
temperature and humidity transmitter module for mea-
suring air temperature and relative humidity. The mod-
ule has Pt-100 RTD temperature sensor, HIH4000 hu-
midity sensor and associated signal conditioners. The
module provides outputs in the range of 0—1 V for
temperature 0 to 100°C and for relative humidity 0 to
100%RH. The module has the sensitivity of 10 mV/°C
in temperature measurement and 10 mV/%RH in rel-
ative humidity measurements. The outputs are further
amplified with gain 5 using LM324 op-amp in non-in-
verting amplifier configuration. The op amp outputs are
applied at AI0 and Al1 analog inputs of WSN-3202. Sil-
icon photodiode based pyranometer from Davis in-
struments is used for solar radiation measurement.
It measures solar radiation from 0 to 1800 W/m? and
provides voltage output in the range of 0—3 V. It has
the sensitivity of 1.67 mV/W/m?. NPA-500 IC pres-
sure sensor is used for barometric pressure measure-
ment. It measures pressure from 0 to 1034 mbar and
provides voltage output in the range of 0.5—4.5 V.
It has the sensitivity of 3.86 mV/mbar. The barometric
pressure sensor and solar radiation sensor outputs are
buffered using LM324 op-amp and applied at A/2 and
AI3 analog inputs of the WSN 3202. The circuit dia-
gram is shown in Fig. 2.

108



ENVIRONMENTAL PARAMETER MONITORING USING 109

Wireless Sensor Node Base Station

Temperature
Sensor

Relative
Humidity Sensor

%i_%lal_ i NI WSN- NI WSN- <:> PC with
concitioning 3202 9791 LabVIEW

o Circuit
Solar radiation
Sensor
Barometric
Pressure Sensor
Fig. 1. Block diagram of the system.
Barometric
Pressure
sensor output
Al3
Al2
NI WSN-3202
6 All
- 7
> +
Solar Radiation LM324 AIO
sensor output
1k 10k
1 — 3
N | AGND
) 13
- 14
RHT-1000 12 +
Relative Humidity LM324
sensor output
1k 10k
1 — 3
[ T
) 9
- 8
1k
RHT-1000 — 10 +
| S|
Temperature 1 LM324
=~10uF
sensor output

Fig. 2. Circuit diagram of the signal conditioner.
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Fig. 3. Measurements for 24 h of environmental parameters: (a) air temperature; (b) relative humidity; (c) solar radiation; (d)

barometric pressure; (e) dew point temperature.

The dew point is the temperature below which the
water vapor in a volume of humid air at a constant
barometric pressure condenses into liquid. It is associ-
ated with relative humidity. Dew point temperature is
calculated from the air temperature and relative hu-
midity using the Magnus formula [7]. It is given as

dGmheyya
T, = 100/ b+T ,
- in[RH] ol

100/ b+T

where T}, °C, is the dew point temperature; 7T, °C, is
air temperature; RH, %, is relative humidity; a and b

are Magnus constants which are given as 17.27 and
237.7°C respectively.

o))

3. SOFTWARE DEVELOPMENT

The wireless sensor network is configured using N1
WSN Pioneer tool kit and Measurement & Automa-
tion Explorer (MAX) utility software as given below.

1. A fixed IP address and a fixed node ID are as-
signed to the gateway and the measurement node.

2. The measurement node is programmed to return
all the 4 analog input channels data on receipt of a re-
quest from the base station.
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An application program (a LabVIEW ‘VI’) has
been developed on LabVIEW platform and executed
in the host PC.

The application VI performs the following func-
tions.

1. Initialization: The VI establishes the communi-
cation link between the host PC, the WSN gateway
(NI WSN-9791) and the measurement node (NI
WSN-3202) using the IP address of the gateway and
node ID of the measurement node. It creates a file
with a given name and keeps open to save the measure-
ment data till the data acquisition program is stopped.
A sampling interval is specified for data acquisition.

2. Data acquisition: The VI sends a command to
the measurement node to return the measurement da-
ta. In response, the measurement node samples the
analog input channels and returns the data in spread-
sheet string format to the VI. Repeats the data acquisi-
tion at specified sampling interval.

3. The VI computes the air temperature, relative
humidity, solar radiation and barometric pressure val-
ues using the data it received from the measurement
node. The VI reads the system time from RTC and
plots the measurement values against the time on
graphical charts. The VI also computes and plots the
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dew point temperature using air temperature and rela-
tive humidity values.

4. The VI converts the parameter values into a
string, appends the system time and writes the string in
the data file. So, the file contains the measurement
values and the instants of data received.

5. History review: The VI includes a function to re-
trieve the data saved in a file and plot on a chart. It en-
ables the history review operations.

6. Print: The VI includes a function to support
printing of interested part of the plot.

4. RESUITS AND DISCUSSION

The temperature, relative humidity and barometric
pressure sensors are placed in a radiation shield enclo-
sure and the solar radiation sensor is placed exposing
its surface to direct sun light. The system has been used
to measure the environmental parameter values for
24 h from 9.01 AM in a day at interval 5 min. It results
in 288 measurements in a day. The system plots the
measurement values on graphical charts as shown in
Fig. 3.

System response time. The average response time
of the system is found by computing the time the sys-
tem takes to return 1000 measurement values after the
requests for the data are generated from the host PC.
It has been found that the 1000 data have been ac-

quired at the host PC in 6.63 min. Hence, the average
response time of the system is computed as 398 ms.

Time stamping. Since the RTC of NI WSN-3202
measurement node cannot be initialized with the gate-
way NI WSN-9791, in the present measurement the
time at which the data is received at the host PC is
considered as the time of data acquisition. It is read
from the system RTC and used for time stamping.
With NI WSN-9792 the WSN real-time gateway, the
RTC of measurement node can be initialized and the
time at which the signals are sampled can be received
at the host PC and used for time stamping.
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