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ABSTRACT

This research work introduces the target tracking in hangar of aircraft using
wireless sensor networks technology on Tmote Sky platform to support the safety systems of the
aircraft maintenance in the hangar. The system will alarm when the vehicle or human is moving
into the dangerous zone. This system can be applied to monitor all possible dangerous events
instead of the administrator.

We can develop the tracking system inside the building using wireless sensor
networks with two processes: distance and position calculation. The distance estimation is
measured by RSSI (Received Signal Strength Indicator) value between a moving node and
reference nodes based on multipath and signal attenuation model. We analyzed the relation
equation between the distance and RSSI. Then, Trilateration method is used to determine the
position of the object. These two calculations are executed and displayed the results on the server.
When a node moves into the risking zone, the alarm system will be activated and warned to the
staff.

The experimental results of the target tracking system show the error about +2
meters. We found that the radio frequency at 2.4 GHz is very sensitive to the environment. The

distance accuracy also depends on the quality of the antenna on Tmote Sky.

Keywords: Wireless Sensor Networks, Tmote Sky, RSSI, Trilateration
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1.2.2 Location Sensing in Ubiquitous Computing [3]
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1.2.3 A line in the sand: A wireless sensor network for target detection,
classification, and tracking[4]
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1.2.4 Object tracking through RSSI measurements in wireless sensor networks[5]
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Abstract- In a recent year, wireless sensor network has been
applied widely in many applications such as environment
mounitoring or military systems. The object tracking is the one
application that gained very high attention in wireless sensor
network research field. Our object tracking uses Keceived
Signal Strength Indicator (RSSI) algerithm for indoor
localization because GPS gives a poor performance. We
applied object tracking using trilateration method based on
RSSI to monitor the vehicle in the hanger of aircraft. The
system built on IEEE 802.15.4 using CC2420 can make an
alarm to the driver when the wvehicle moving into the
dangerous zone. The experimental result shows 80% accuracy.

Keyword- Wireless Sensor Network, RSSI, Object Tracking,
Trilateration

I.  INTRODUCTION

Many applications of wireless sensor network systems
require the location together with sensing data. Because the
Global Positioning System (GPS) camnot perform
effectively i an indoor environment wireless sensor
network 1s used to locate a mobile object instead. Therefore,
the power strength of radio frequency called Received
Signal Strength Indication (RSSI) m wireless sensor
network 1s considered to calculate the distance between
objects.

Object tracking [1.2,3] on WSN requires przcise and
real-time ability. The general localization 1s classified into a
range-based scheme[4.5] and a range-ree scheme[6]. A
range-based scheme can g1\e more precise location than a

/\l\aﬂ1a However it ramras aveanoita datisac
COSme. odWeVar, I requares SRpensive Gevices.

most research works use a range-free scheme instead.
UHfUl l'LlIlr.lll'_‘l:r -
apply to use in real-time application. This paper will use
range-based localization algorithms because node n WSN 15
cheap compared to another wireless system. We also
obszrve and calculate the change of RSSI more frequently
which is necessary for real-time application. Fmally, the
trileteration method for location estimation is also applied mn
order to locate moving object inside the hangsr of the
aircraft.

The rest of the paper 1s organized as follows. The related
waorks are explammed in section 2 Our ohject tracking is
deseribed in sectior

most Idllgf-ﬂt‘t‘ J.U(_ 11£dllUIl ‘JLIll‘_‘Ill@‘J Cannoi

cribe n 3. In section 4, we will show the

expemnental 1esults 'md evalu'mon The discussion and

II. RELATED WORKS

Object tracking has been deployed in many important

hotmail com, wannar;

oe.psn.ac.th

applications such as in [7], a vehicle or a human can be
tracked when it passes through wireless sensor network. In
WSN, there are cenfralized and distributad approaches. In
centralization system, Base Station (BS) connecting to a
laptop 1s used to decide whether a moving object is a target
or not. In this case, every node will forward all information
about the target back to BS. In contrast to distributed
system, nodes in each region will perform by themselves,
not cnly at base station.

There are several localization methods such as Direction
of Arrival (DOA), Time Delay of Arrivel (TDOA)[8] and
Received Signal Strength (RSS) DOA requires arrays at
as Meanwhile, TDOA requires

niza 1 viggd LA requare

an accuracy of mlatr\e fume delays among sensor nodes.
ESSI needs Olll_Y mgual attenuation model which 1s Very
easy and mexpensive.

From the experiments i many research works, we found
that distance measurement 1s difficult because radio
propagation models have multipath reflection and
shadowing. Tae study of RSSI and Link Quality Indicator
(LQI) performance can be found in [9]. The most important
result found m this peper is the node heights give a big
mmpact on link performance.

III. OBIECT TRACKING SYSTEM

In this section, the proposed object tracking system for a
hangm of aircraft 1s presented. The system 1s designed and
I 4

11 lpl"lth‘lLLt‘U Ur.l‘.vt‘(l on RSSI r.lIlU l]'.lldlt‘ld 1011 menoa U‘)ll g

wireless sensor networks.

A. Problems Statement
The aircraft 1s normally mainamed in a large hanger.
However, there are several testing and measurement
equipments located inside the hanger and also many
vehicles moviag around. It 1s a hugh risk area for werkers. In
addition, a risk area or zone 1s dynamic cue to the changes
of equipment location. WVehicle fracking system using
wireless sensor network is theref

ore devaloped to observe

and alarm to the
(red zone).

workers if it enters to the dangerous area

Positioning using range-based technique requires a
distance among sensor nodes for trilateration. The distance
estimation using RSSI and trilateration mathematic model
will be explained m the next section.



B. Distance Fstimation

Normually, e RSST values are expressed in dBiu usiug
LEEE 80Z.15.4 radio interface. A compressed version of
received power value is measured and stored in the RSSI
register. This makes some least-significant digits after the
deecimal point arc ignored and affect to the distance
resolution. Increasing RSSI fom one quanlized level (o
another level requires long distance movement. The accurate
position estimation becomes difficult.

The path loss model nsed in this paper is shown in Fe. 1
The mein characteristics arc attenuation cxponent (#) and
lhe pall loss (Pprgg) which can be oblained fom each
transmitter.
Pq = Ty — Ppraoy X 10 xn Iogmi

d

Where P, is the transmission power, Py is the received
power at distance d. The powers ars expressed in dBm. As
soon as we have got the received power (Pd), distance will
be compured using this following expression:

Pe—Fpridm—Pd
d=dyx10 10 e Eq.2

The calculation is based on the exponent with base 10
therefore a small error of n or Ppry, can produce a large
distance error.

Since most sensor node
microcontroller, the processing
Therefore the RSSIte distance
should be sl ax\lppcu and 1 ‘”ig araw

RF module used in the oaject tracking system is
implemented on CC2420 radio transceiver using IEEE

Qna 1 PEI.

uses only low-power
capability is limitad.
conversion processing

I [ a1 J—
802.15.14 which the RSSI value is not exactly receive power,

The equation 3 expresses how to convert RS5I value to the
actual raceived power (P).

P = RSSI+ of feer . Fq3
5.00
4.50 +
—4.00
Z a0n e A
=50 I —
& 2.00 7
& 150
1.00
0.50
0.00
0.00 10.00 20.00 30.00 40.00
Distance(m)
—#—RSS|(dBm)  ===|inear (RSSI{dBm)i

Figurz 1 Smoothing algorithm applied on the raw RSST at differsnt
distances using power level 31.

From our experiments, we found that the offset is
approximately 49 dBm when using the power level 31. We
also found that the RSSI vdll‘ue is nor stable, especially in the

haneer. Thus. several measurement {100 times)
Nanger. 1nus, séveran measurament {1uv um2s)

were done ro find the averaga valne in esach distance as
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rel. Smoothing algorithm is 1pplled to get the

[ N— nCoT o
1l The TaW RS 5L Vi

o
i
e

C. Position Estimation
The tiilateration method is used to determine the

pusition of the object using the gevmnetry ol (rangles. The
ditference between this method and triangulation is the uss
of angle measuwrement. By using trilatsration only two
reference points, we can get the distance between them. In
2D. only 3 reference points ars needed. The basic equation
for a point (x.y) which centered of (x,.¥.). (xp.¥p) and (x.y)
is shown in Figure2.

; v :
! Glx.y) ;

Figure 2 Trilateration Technique[10]

D. Svstem Design

The system design for a real-time tracking is shown in
Figure3. Thes system consists of three reference nodes (Slave
nodel, 2 and 3) at the preset coordinates. Blue node in

Fizured presents the mobile node (blind node) is mov mh
ey vt N O N s, [ S, Py T T
miw s b) ST€11L. MOooLe [104G€ JIoadcasis siginar [0 AL =

nodes nearby. The slave node replies and sends RSSI value
to master node which is connected to computer. By
forwarding all paramecter information te computer, there is
not many processing tasks on any node. This leads to save
the energy consumption.

MASTER NODE COMPUTER BASE

— 1553 o550
e oniv mosage
i Firerest e

B AVE NODE “
ELAVE Hoy SLAVE NDDE 2

~
|
'
-
Bixhyh)
a2
N-{Nat RIF-REAEND
A= Halific

D1 X femintx B r Dundesy 8 --r B

SLAVENODE

Figure 3 Tracking system architecture



The radio chip used in nodes is Chipcon CC2420 for RF
transmission. We use in-house low-power node consists of
MSP430F1611 and CC2420 with IEEE 802.15.4 standard
running on TinyOS. There are two software modules. First,
sensing module (on node) uses for getting RSSI (sflisten)
which broadeast HELLO message every 100ms. Second
module shown in Figured, is software on PC which consists
of application front end (user interface), TCP socket
interface, RS232 interface (communicate with master node)
and localization and positioning calculation. While The
MAC layer protocol used in our implementation is the
default TinyOS version, B-MAC.

B-MAC was designed for wireless sensor networks that
gives a flexibility, low power operation, effective collision
avoidance and channel utilization. B-MAC also supports on
the fly reconfiguration. The preamble length can be matched
with the interval channel checking. The advantage of B-
MAC is the minimum Idle Listening period. Unfortunately,
an overhearing problem cannot be solved. B-MAC is
included in TinyOS and become a standard MAC protocol
for sensor network.

| Collect data and get RSSI via sflisten module

.

| Calculate packet loss

Yoloss = 10

| Filter the results using Box Plot |

I

Calculate average and SD value

I

calculate RSSI(dBm)

Figure4 Flow chart of RSSI processing on PC

The process of your software development can be found
in Figure4. On the master node, sflisten module is run on
TinyOS to collect the RSSI value. A RSSI value can has
been sent out 100 times in every 100ms because of the
unstable RSSI value. PC will use the set of RSSI value, only
the packet loss is less than 10%. Box plot method is chosen
to filter the RSSI value. Then later RSSI will be calculated
after we get an average and SD value.

counter Receiver
D

packet
sequent

Input RF LQI
Power Level

Figure5 Packet used in sflisten

The packet format used in the system is shown in
Figure5 and having the detail below:
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e Counter field has 1-byte is used to count the number of
received packet.

® Receiver ID has 2-byte.

® Packet sequent has 2-byte. It is the number of packet.

o Input RF power level uses 1-byte using dBm.

® L.QI has 1-byte.

The percentage of packet loss can be expressed:

(packet _ sequent e, — packet _ Sequent gy +1

N

)
=100

%oloss =

‘While the Box Plot can be calculated as shown below:

P, =025xN

P, =0.75xN

Then we have to find the lower and upper bound.

lower bound = Q1 —1.5x(IQR)
upper bound = O3 +1.5x(IOR)
IOR=03-01

The data that is not in the range will be ignored.

IV. EXPERIMENT RESULTS

In order to track the real-time position of the vehicle, an
application with Graphic User Interface (GUI) has been
developed in C+. The position of mobile node is displayed
as a red dot. The snapshot of this application is shown in
Figure6. The square on the window shows the dangerous
zone. If mobile node (attached on vehicle) moves into that
area, the alarm system will be activated. We found the error
at 2.1 m.

Figure6 Real-time vehicle monitoring application

V. DISCUSSION AND CONCLUSION

In this paper, a real-time vehicle tracking in the hanger
of the aircraft application prototype is presented. RSSI
estimation and trilateration technique are employed to
estimate vehicle’s position. Refining algorithms were
proposed to improve the accuracy on tracking a vehicle and
the results were evaluated. Several raw RSSI to distance
experiments were conducted to show its relation. RF module
from Chipcon CC2420 has been used together with
microcontroller MSP430f1611. Box plot is chosen to filter
the RSSI value. Then later, the smoothing algorithm is

applied to analyze the equation relation between raw RSSI



and distance. The RSSI conversion is not employed
therefore we can have a low complexity algorithm.
Moreover, the low cost nodes are deployed, we can have a
range-base tracking which can give more accuracy. This

prototype experiment is used as a proof-of-concept

implementation of the proposed technique.

In conclusion, the application implemented in this paper
provides an enhanced solution to track vehicle position in a
hanger of the aircraft. We found the distance error at 2.1m.
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