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Abstract

Today, through the monitoring of agronomic
variables, the wireless sensor networks are playing
an increasingly important role in precision
measurement. Among the emerging technologies used
to develop prototypes related to wireless sensor
network, we find the Arduino platform and XBee
radio modules from the DIGI Company. However
data collection and monitoring is possible without use
of Arduino platform also. We can simply use Xbee
radios and processing can be done with Java, which
is cost effective and more flexible set up. For any
effective and efficient result of measurement in
wireless sensor network, it is necessary to study about
the strength of received signal from a remote place.In
this article, based on field tests, we conducted and
studied comparative analysis of received strength
signal intensity levels with reference to distance
between Xbee S2B radios and presence/absence of
antenna. Experiment was conducted for two XBee
radios only, one as coordinator and another as
router.

Keywords — XBee, wireless sensor network,
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I. INTRODUCTION

Wireless sensor networks are often seen as an
alternative to their wired counterparts. Xbee radios
are a market standard in creating wireless sensor
networks. The Xbee radios are scalable, flexible and
easy to use. A lot of research in this field has shown
that to measure the parameters of remote locations,
the traditional wired systems fail [1]. Wireless sensor
networks have a number of advantages over wired
industrial monitoring and control systems; such as
self-organization, flexibility and ease of deployment
[2]. Wireless sensor networks can be used for remote
sensing, industrial and domestic automation, control
applications [3].

Wireless sensor networks are composed of
a number of remote sensor nodes and a single control
node. These wireless sensor network nodes are
capable of sensing, actuating and relaying the
collected information [4], [5]. Received Signal

Strength Indicator (RSSI) is a measurement of
the power present in a received radio signal[6].RSSI
is usually invisible to a user of a receiving device.
However, because signal strength can vary greatly
and affect functionality in wireless networking, IEEE
802.11 devices often make the measurement available
to users.

As early as 2000, researchers were able to use RSSI
for coarse-grained location estimates [7]. More recent
work was able to reproduce these results using more
advanced techniques [8]. Nevertheless, RSSI does not
always provide measurements that are sufficiently
accurate to properly determine the location
[9]. However, RSSI still represents the most feasible
indicator for localization purposes as it is available in
almost all wireless nodes and it does not need any
additional hardware requirements [10].

Each XBee module has the capability to directly
gather sensor data and transmit it without the use of
an external microcontroller known as XBee direct.
This offers many advantages. By excluding the
external microcontroller, the overall size of the
project can be reduced. This is essential when
creating sensors that need to be inconspicuous. By
using XBee alone, it can minimize weight which is an
important factor for systems such as Body Sensor
Networks or wearables[11].

In this paper we have studied the effect of distance
between local radio (Coordinator) and remote radio
(Router) and also the effect of presence/absence of
antenna has been monitored.
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Fig. 1: Hardware components of Wireless Sensor Node
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The outline of this paper is as follows. In Section Il
we have briefly discussed about the Experimental Set
Up. Software and Hardware components are
described in Section Il and IV respectively. Section
V is about RSSI Measurement. Observation and
Result are mentioned in Section VI. Conclusions are
shown in Section Vlland references are mentioned in
Section VIII.

Il. EXPERIMENTAL SETUP

For our experiments, we used XBee Series 2,
2mW modules from Digi International, model XB24-
ZB. Each module is equipped with an antenna. We
build single-hop and multihop wireless sensor
networks where each node consists of XBee module.
For programming each node, we used X-CTU, free
software provided by Digi International. With this
software,the user is able to update the parameters,
upgrade thefirmware and perform communication
testing easily. Communication with XBee modules is
done via XBee Interface board connected using a
USB cable to a personal computer (PC) as shown in
Fig. 2 & 3. All the nodes were configured to use the
same Personal Area Network (PAN) ID with a baud
rate of 115200bps.(Fig. 4 & 5) XBee S2 B radio
offers transmission range of 200 m in outdoor.

In this system, we have 2 Xbee radio modules —
coordinator and router modules. The Coordinator
module is configured to work in APl mode. The
router Xbee is configured to work in AT mode. For
our application, we do not need to program the router
Xbee in APl mode. When performing API-AT
communication, the data from the AT module is read
at APl frame 19 by the APl module. Even if we
configure both radio modules in APl mode, the router
would still have to make use of API frame 19 to send
its sensor data. The router module is placed at a
remote location from the coordinator radio module.
The coordinator radio module is connected to a USB
Xbee explorer. The Xbee explorer is connected to the
PC via a COM port.

For initialization, the Xbee modules
were configured using XCTU software provided by
Digi. One of them is configured as a coordinator,

il
Fig. 3 Experimental Setup of the Router Xbee

I11. SOFTWARE COMPONENT

A. XCTU

XCTU is a free multi-platform application
that enables developers to interact with Digi RF
modules through a simple-to-use graphical
interface. It includes new tools that make it very
easy to set up, configure and test Xbee RF modules.
It is needed to configure the Xbee radio modules for
initial use.

Source Address
b SHIMA0
) SL4MO0

Destination Address ¥
DR 134200
DLAMCO0

Fig.4 Configuration of Xbee parameters

The basic requirement to configure the two Xbee pro
modems (one at coordinator end and other at receiver
end) is that

(1 PAN ID of both should be same.

(i) Both should be in AT/API command mode.

E T = LI ::roowtsixcm 9=l
b

B 55108 vt Bvt 8w
Change aidosang seling: Change aconing saknge

Coordinator AT |

COMZY | 00BN1 FLOWNONE

Router AT

COMIE | 3600 BN-1 FLOW HONE

Fig. 2 Experimental Setup of the Coordinator Xbee

Fig. 5. ConfiguringXbees using XCTU software.
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IV. HARDWARE COMPONENTS

A. Xbee S2B radio module
The Xbee radio modules are low-cost,
low-power radio modules. They are often used to
create wireless sensor networks. They require
minimal power and provide reliable delivery of data
between remote devices. They operate within the
ISM 2.4 GHz frequency band.
w5 L 30

By

Fig. 6Xbee S2B Radios

B. Xbee USB Explorer

The Xbee USB explorer is a USB to Serial
base unit for the Xbee radio modules made by Digi.lt
has a USB-to-Serial convertor, reset button and a
voltage regulator to supply the Xbee. It has 4
indicator LEDs for Rx, Tx, RSSI and power. It also
has a break out for the pins of the Xbee which make it
easy to interface with the 10 lines on the Xbee.

Fig. 7Xbee USB Explorer

V. RSSI MEASUREMENT

Received signal strength indicator (RSSI) is the
signal strength level of a wireless device measured in
—dBm of the last received packet [12]. The main idea
behind the RSS system is that the detected signal
strength value decays with the distance travelled. In
free space, the RSS degrades with the square of the
distance from the sender [13]. Using the Friis
transmission equation, the ratio of the received power
Pk to the transmission power Prcan be expressed as:

— PG Gy X
R (47R)°

Where, Gy, Ggare gain of transmitter and gain of
receiver respectively.A is a wavelength, and Ris the
distance between thesender and receiver. It can be
seen that the larger the wavelengthof the propagating
wave the less susceptible it is topath loss. The
received signal strength is converted to RSSI which
can be defined as the ratio of the received power Prto
the reference PowerPgewWhich can be defined as the
ratio of the received power Py to reference power Pget

RSSI=10 IOg (PR/PRef)-
V1. OBSERVATION AND RESULT

We observed the four cases for Xbee S2B Radio and
monitored the effect of distance and
presence/absence of antenna on ‘Local RSSI &
Remote RSSI” and also on % Success.

CASE-I: NO ANTENNA CONNECTED

Distance :igéa:l Remote RSSI | % success
0.5 meter | -90 -88 100

1 meter -91 -89 100

3 -100 -100 0

5 -100 -100 0

CASE-1: NO ANTENNA
CONNECTED

m Distance =0.5 metre ® Distance=1 metre

m Distance=5 metre
10000

Distance=3 metre

0035 00

Distance R e RSSI

-90-91100
-100

-88-8910a100

CASE-1l1: ANTENNA CONNECTED TO COORDINATOR

Local Remote
Distance RSSI RSSI % success
0.2 metre | -48 -48 100
5 metre -85 -90 100
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CASE-11: ANTENNA CONNECTED
TO COORDINATOR

m Dijstance=0.2 metre

100 100

% success

CASE 1- NO ANTENNA CONNECTED

(i) DISTANCE - 0.5 M

-85 -90
CASE-IIl: ANTENNA CONNECTED TO ROUTER
Local Remote %
Distance RSSI RSSI success
0.2 metre -50 -51 100
5 metre -85 -84 100

CASE-111: ANTENNA CONNECTED
TO ROUTER

B DISTANCE=0.2 METRE ™ DISTANCE=5 METRE

100 100

Distance | % success

-85 -84

CASE-1V: BOTH ANTENNAE CONNECTED

Distance Local Remote

RSSI RSSI % success
0.2 metre | -30 -30 100
5 metre -40 -40 100

CASE-1V: BOTH ANTENNAE
CONNECTED

m Distance=5 metre
100 100

m Distance=0.2 metre

% success

ISSN: 2231-2803

http://www.ijcttjournal.org

-20 100
-30 90
80
-40
=) 0 g
g =0 A=
w
= -0 50 §
B € g
4 EI ]
80 :
0
R iRy A, Ol
-100 ]
18:43:30 18:43:40 18:43:50 18:44:00 18:44:10
(ii) DISTANCE -1 M
-20 100
-30 90
80
-40
=) 13
g B &
E -&0 50 %
7 g
8 wog
4 n &
-80
0
-90 — — 10
-100 0
18:42:30 18:42:35
(i)  DISTANCE-3 M
-20 100
-30 90
80
-40
=) 13
g =0 w2
w
=60 50 §
& € g
4 &
-80
20
-30 . 0
-100 0
18:28:00 18:28:30 18:29:00 18:29:30
(iv)y  DISTANCE-5M
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CASE2-ANTENNA CONNECTED TO COORDINATOR

(i) DISTANCE - 0.2 M

-5

100

75

-E0
0

RSSI [dBm]
Success [%o]

75
25

-100 0
17:00:38 17:00:40 17:00:45 17:00:50 17:00:55 17:01:00
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(i)  DISTANCE - 5M

RSSI [dBm]

- W/M—

100
90
80
70
60
50
40
30
20
10
0

18:49:20  18:49:2C  18:4%:30  18:49:30  18:49:40  18:4%:45  18:49:50

CASE-3 ANTENNA CONNECTED TO ROUTER

(i) DISTANCE-0.2

RSSI [dBm]

17:18:40 17:18:45

(i)  DISTANCE-5

RSSI [dBm]

-0 o P

18:51:50 18:52:00 18:52:10 18:52:20

CASE-4 BOTH ANTENNAE CONNECTED

(i) DISTANCE -0.2M

RSSI [dBm]

17:12:27 171228 17229 17230 17231 17232 1733

(i)  DISTANCE- 5M

RSSI [dBm]

18:45:30 18:46:00
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30
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Success [%o]

Success [%o]

Success [%o]

Success [%o]

Success [%o]

1.

(1]

[2]

(3]

[4]

[5]

(6]

(71

(8]

[°]

[10]

[11]

[12]
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VIl. CONCLUSION

In case of without antenna the Success rate is
100% only upto 1(one)meter of distance and
Received Signal Strength ia almost same as the
Strength of Remote Signal. For distance more than
one meter the Success rate is Zero and Strength is
almost negligible.

When the antenna is connected to either to
Coordinator or Router, although the Success is
100% but the Signal Strength is drastically
reduced(-80 to -90) for large distances greater than
5(five) meter.

When both the antennae connected to Router and
Coordinator the Success rate is 100% both for
distances of 0.2 meter and 5 meters and the
Received Signal Strength is far better than as
mentioned above in S.No.(2).However as the
distance is increased the Received Signal Strength
is reduced in comparison to distance of 0.2 meter.

REFERENCES

Vijay S. Kale, Rohit D. Kulkarni, “Real Time Remote
Temperature & Humidity Monitoring Using Arduino and
Xbee S2” ,International Journal of Innovative Research in
Electrical, Electronics,Instrumentation ~ and  Control
Engineering, vol. 4, Issue 6, June 2016.

V.C.Gungor, G.P. Hancke, “Industrial Wireless Sensor
Networks: Challenges, Design Principles and Technical
Approaches”, IEEE Trans. on Ind. Elect.,vol 56, no 10, pp
4258-4265, 2009

Poorendu K, Manoj G, Kannan E P, “Data Acquisition and
Controlling in Thermal Power Plants using a Wireless Sensor
Network and LabView”,International Journal of Engineering
Research & Technology, vol. 4, Issue 07, July 2015.

Edwin Prem Kumar Gilbert, BaskaranKaliaperumal, and
Elijan Blessing Rajsingh, "Research issues in Wireless
Sensor Netwok Applications: A Survey, International Journal
of Information and Electronics Engineering, Vol. 2, No. 5,
September 2012.

D.J.Cook, S.K.Das, “Smart environments: technologies,
protocols and applications”, New York:John Wiley, pp. 13-
15, 2004.

Martin Sauter (2010). "3.7.1 Mobility Management in the
Cell-DCH State". FromGSM to LTE: An Introduction to
Mobile Networks and Mobile Broadband (eBook). John
Wiley & Sons.p. 160. ISBN 9780470978221.Retrieved 2013-
03-24.

Paramvir, Bahl; Padmanabhan, Venkata. "RADAR: An In
Building RF-based User Location and Tracking
System" (PDF). 2000. Retrieved 19 December 2014.

Sen, Souvik, Lee, Jeongkeun, Kim, Kyu-Han, Congdon,
Paul. "Avoiding Multipath to Revive InbuildingWiFi
Localization". 2013. Retrieved 19 December 2014.
Parameswaran, AmbiliThottam; Husain, M, |.; Upadhyaya,
S."Is RSSI a Reliable Parameter in Sensor Localization
Algorithms — An Experimental Study" (PDF). September
2009. 28th International Symposium On Reliable Distributed
Systems, New York. Retrieved 17 March 2013.

Alhasanat, Abdullah, Sharif, Bayan, Tsemendis, C. "Efficient
RSS-based collaborative localisation in wireless sensor
networks". January 2016. International Journal of Sensor
Networks, 22(1):27-36.

RajeevPiyare, Seong-ro Lee. “Performance Analysis of XBee
ZB Module Based Wireless Sensor Networks™ International
Journal of Scientific & Engineering Research, Volume 4,
Issue 4, April-2013.

D.International, "XBee User Manual," ed: Digi International,
2012, pp. 1-155.

W.Dargie and C. Poellabauer. (2010, July 2010). Fundamentals
of Wireless Sensor Networks: Theory and Practice

ISSN: 2231-2803 http://www.ijcttjournal.org Page 43



https://en.wikipedia.org/wiki/John_Wiley_%26_Sons
https://en.wikipedia.org/wiki/John_Wiley_%26_Sons
https://en.wikipedia.org/wiki/John_Wiley_%26_Sons
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/9780470978221
http://research.microsoft.com/en-us/people/padmanab/infocom2000.pdf
http://research.microsoft.com/en-us/people/padmanab/infocom2000.pdf
http://research.microsoft.com/en-us/people/padmanab/infocom2000.pdf
http://research.microsoft.com/en-us/people/padmanab/infocom2000.pdf
http://dl.acm.org/citation.cfm?id=2464463
http://dl.acm.org/citation.cfm?id=2464463
http://dl.acm.org/citation.cfm?id=2464463
http://www.cse.buffalo.edu/srds2009/F2DA/f2da09_RSSI_Parameswaran.pdf
http://www.cse.buffalo.edu/srds2009/F2DA/f2da09_RSSI_Parameswaran.pdf
http://www.cse.buffalo.edu/srds2009/F2DA/f2da09_RSSI_Parameswaran.pdf
https://www.researchgate.net/publication/309257981_Efficient_RSS-based_collaborative_localisation_in_wireless_sensor_networks
https://www.researchgate.net/publication/309257981_Efficient_RSS-based_collaborative_localisation_in_wireless_sensor_networks
https://www.researchgate.net/publication/309257981_Efficient_RSS-based_collaborative_localisation_in_wireless_sensor_networks
https://www.researchgate.net/publication/309257981_Efficient_RSS-based_collaborative_localisation_in_wireless_sensor_networks

