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ABSTRACT

The rapid progress of wireless communication and the availability of many small-sized, light-weighted and low-cost
communication and computing devices nowadays have greatly impacted the development of wireless sensor network.
Localization using sensor network has attracted much attention for its comparable low-cost and potential use with mon-
itoring and targeting purposes in real and hostile application scenarios. Currently, there are many available approaches
to locating persons/things based on global positioning system (GPS) and radio-frequency identification (RFID) tech-
nologies. However, in some application scenario, e.g., disaster rescue application, such localization devices may be
damaged and may not provide the location information of the survivors. The main goal of this paper is to design and de-
velop a robust localization technique for human existence detection in case of disasters such as earthquake or fire. In
this paper, we propose a 3-D localization technique based on the hop-count data collected from sensor anchors to esti-
mate the location of the activated sensor mote in 3-D coordination. Our algorithm incorporates two salient features, cu-
bic-based output and event-triggering mechanism, to guarantee both improved accuracy and power efficiency. Both si-
mulation and experimental results indicate that the proposed algorithm can improve the localization precision of the
human existence and work well in real environment.
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1. Introduction sands [3]. To overcome this problem, the locations of
some of the motes are made known beforehand and these
motes are known as anchor motes [4]. These motes are
often used in localization techniques to identify the loca-
tion of the trigger motes or target motes [5].

Additionally, localization is a key issue in WSN since
it is very important to provide the accurate location infor-
mation in timely manner. For example, after a disaster
such as fire or earthquake, WSN is very useful to detect
the survivor existence in order to perform the rescue op-
eration [6-8]. Quickly searching and rescuing survivors
are key issues in many disasters since it can save lots of
people’s life. Most of the current localization techniques
based on WSN technologies provide the location infor-
mation in 2-D coordination. That means we can only
know the location of the objects with x- and y-coordi-
nates. In some situation, the height such as z-coordinate
may be useful and important to us. For example, if we
like to measure any crack or damage of the bridge, it may

Wireless sensor network (WSN) is an emerging technol-
ogy and now widely used in many application areas; in-
cluding civil monitoring, environmental monitoring and
so on. In these applications, a significant number of sen-
sor nodes are deployed on a widely geographical area to
form a sensor network [1]. In WSN, sensor nodes them-
selves are not connected to the Internet directly [2]. The
main task of the sensor mote is to collect the date points
from its surrounding environment at regular time interval,
which transforms them into an electrical signal and dis-
seminates the signal to the sink or base node via some
reliable communication medium. The sink node is usu-
ally connected to the Internet and it is the interface be-
tween the user and the sensor network.

In WSNs, localization is necessary to allow end-users
to know the locations of sensors which have been trig-
gered by events or readings. While GPS can be incorpo-

rated within each mote in the WSN, it is often costly to
implement this function if the WSN consists of large
number of motes, which typically amount up to thou-
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be useful to know the position with all x-, y-, and
z-coordinates to identify the exact location of the damage
in the bridge. In addition, it is complementary for disaster
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management tasks such as finding escape route and res-
cuing survivors as well. For example, in case of fire in a
high building, we can simply find out the escape route in
a certain floor with the use of 3-D location information.

According to the features that sensor networks have no
space constraints, flexible distribution, mobile conven-
ience and quick reaction, in this paper, we proposed a
3-D localization scheme that uses wireless sensor net-
work to detect the human/object existence which is ap-
plicable in all types of rescue applications. Our proposed
technique will provide the location of the object in a 3-D
format. With the proposed algorithm, we can monitor the
building based on sensor network, quickly find out the
survivors after any disaster and perform the rescue op-
eration in the most effective way.

The rest of the paper is organized as follows. We first
briefly describe some related works in Section 2. Section
3 describes the key idea of our proposed method to ob-
tain 3-D localization precision of the nodes. Theoretical
and experimental results are presented in Section 4. Fi-
nally, we conclude the paper in Section 5.

2. Related Works

Currently, the localization techniques in WSN can be
generally classified into three categories, range-based
localization technique, range-fiee localization technique
and mobile-beacon-based technique. All these techniques
are considered 2-D location techniques because the out-
put location information will be in terms of x- and y-
coordinates.

Range-based techniques are based on distance estima-
tion between motes. In other words, range-based tech-
nique conducts complex measurements on distance or
angle of arrival signals in order to estimate the target
location by using sophisticated devices. Due to the ex-
pensive hardware cost, range-base technique is rarely
used in WSN applications which require huge number of
sensor nodes. In range-free techniques, on the other hand,
the estimation of the target node position is solely based
on the connectivity between non-anchor nodes and an-
chors [9]. In mobile-beacon-based technique, the posi-
tion of the beacon mote is dynamically changing and the
location of unknown mote is estimated by computing the
range between the unknown mote and the mobile beacon.
Our proposed localization technique belongs to the
range-free technique and thus, in this section, we will
briefly discuss about other range-free techniques which
make use of similar assumptions.

2.1. DV-Hop Technique

In [10,11], D. Niculescu and N. Badri proposed a range-
free localization method called DV-Hop. This is the most
basic range-free technique which employs a classical
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distance vector exchange so that all nodes in the network
get the distances to different anchors in hop-count num-
bers. The basic idea is to transform the distance to all
anchor nodes from hops to meters by using computed
average size of a hop.

Accordingly, in DV-Hop, a mote will establish infor-
mation of the locations and number of hops from this
mote to other motes in the WSN. The mote will then
make an approximation of the single-hop distance where
the information is flooded throughout the WSN. Lastly,
based on the location of anchor motes and the approxi-
mate single-hop distance, the mote will then be able to
make an approximation of its own location. Refer to
Figure 1, mote 1, M1, can estimate its distance from M2
and anchor 1, Al. Since the position of Al is known to
M1, M1 can estimate its location with respect to Al. The
advantages of the DV-Hop scheme are its simplicity and
the fact that it does not depend on measurement error.
However, despite its simplicity, DV-Hop propagation
method is only applicable to isotropic networks in which
the properties of the graph are the same in all directions.

2.2. Monte-Carlo Localization Technique

The Monte Carlo Localization (MCL) is the first tech-
nique exclusively developed for tracking moving sensor
nodes [12]. The key idea is to represent the posterior dis-
tribution of possible sensor locations using a set of
weighted samples.

In MCL algorithm, time is divided into discrete time
unit so that a moving node can be re-localized to the new
position in each new time unit. The algorithm consists of
two phases. During the initialization phase (time ¢ = 0), a
sensor node has no knowledge about its position. There-
fore, a random N sample is selected within the deploy-
ment area, which form the first sample set L,. The fol-
lowing phase will then repeat itself at each time unit. At
each following time step, the new set L, is obtained based
on both possible node movement and new observations
on node’s connectivity to the anchors. This process can
be further divided into two steps: prediction and filtering.

Figure 1. Example of DV-hop technique.
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In prediction step, a node makes use of its previous
location in L,-; together with the mobility model to ob-
tain its new set of positions L, The algorithm assumes
that the node has no knowledge about its speed and
moving directions within the time unit, except that the
maximum velocity is Vi.x. Therefore, the new node posi-
tion should lie within the circular region centered at I |
with radius V.. A new set of L, :{lf} can be pre-
dicted in this way. However, the prediction step also re-
flects an increased uncertainty about the node’s position
because L,-; contains many possible //, with unknown
motion. Hence, a step which can eliminate some of the
samples predicted from the previous step is also neces-
sary.

The following step is called filtering, in which the im-
possible calculated locations from the prediction process
based on new observations between the mote and the
anchors in the vicinity will be eliminated. The observa-
tion is based on the signal connectivity between node and
anchor. If a node can receive signal from an anchor, it
must fall within the detection range of the anchor. If a
mote is unable to do so, it must be outside the range of
the anchor. Any node that falls beyond the anchor range
will be filtered out from the set L,, However, since this
process may cause the number of remaining possible
positions to drop below N, resampling process is required
so that NV location samples can be maintained in each
time step. The resampling is carried out by repeating
prediction and filtering steps in each time unit. Iteration
of these two processes will maintain a set of samples and,
in the end, the node location estimation is done by taking
the average of all N sample values in set L, by the equa-
tion:

Estimated node location =

2ok
S M

2.3. Monte-Carlo Localization Boxed Technique

The Monte-Carlo Localization Boxed (MCB) technique
[13] was developed based on the MCL technique. The
major differences are the way of using anchor informa-
tion and the method for drawing new samples. While
MCL algorithm uses the two-hop anchor information in
the filtering step, MCB algorithm muses both one-hop
and two-hop anchor information in both prediction and
filtering steps. In MCB, anchor information serves as a
constraint to the area from which the samples are drawn.
By reducing the area to sample from, a given number of
N samples can be drawn more easily with less rejection
probability in filtering step.

The initialization phase of MCB is the same as which
in MCL; at ¢t = 0 the node has no knowledge about its
own position. An initial anchor box B, is set up, from
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which the initial random sample set L, is drawn. If the
node is not connected to any anchor, the coordinates of
the anchor box is B, = {(0, x,)3(0, yr)} where x, and y,
is the maximum x and y coordinate of the deployment
area. Otherwise, the anchor box is built that covers the
area where the anchors’ radio ranges will overlap. The
coordinates of By is given as follows:

BO :{(xmin’xmax)’(ymin’ymax)} (2)

Let (x Y ].) denotes the coordinate of anchor j.
Hence, the coordinates of the four corners of B, is also
given by:

3)

Vonax = min_';:1 (y/. + r)

Figure 2 shows an example of how anchor box is cre-
ated. At each new time interval, a new B, is obtained and
the overlap of this new B, with the B, obtained in the
previous time interval will be the area in which the new
location of the mote lies. If the value of anchor box ver-
tex coordinates exceeds the border of deployment area,
MCB algorithm will reset it to the coordinate value of the
border.

3. Proposed 3-D Localization Technique

The basic idea of proposed technique is to break down
the monitored 3-D space into an n X n X n grid structure
and generates an output cube, a 3-D space, where the
target node is located. In this localization technique, the
coordinates of all anchor nodes are known in advance. It
is assumed that there are a number of relay nodes that

P mmEm e e p—— = = = = =

/ Radio range
1
1
Anchor ' - Radiorange
\ ' " approximation
/

Figure 2. Anchor box established in MCB.
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can relay the message from target node to each anchor.
The transmission ranges of all relay nodes and anchors
are the same and fixed. The localization is carried out by
calculating the smallest numbers of hop-count from the
target node to each anchor through a number of interme-
diate relay nodes. Thus, a shortest path routing is as-
sumed. Based on that hop count information, the vertex
coordinates and volume of output localizing cube, that
cover the target node, can be found.

For this algorithm, the monitored 3-D space is en-
closed within (0, 0, 0) and (X;, Y, Z). The algorithm first
divides the monitored space into an n X n x n grid struc-
ture and places eight fixed anchor nodes at eight corners.
Figure 3 shows a 14 x 14 x 14 monitored space with
eight anchors at each corner and several number of relay
nodes. As shown in Figure 4, the dimension of each ba-
sic cube is X r X  cubic unit and the diagonal length, d,
of a cube is same as the transmission range, R, of the
wireless nodes. Thus, the length, r, of one side of a cube,

is given by:
R2
r=L|— 4
\ 3 “

Our proposed localization algorithm adopts similar as-
sumptions as the MCL and MCB algorithm, which are:

1) Anchor motes, which are equipped with GPS or
fixedly-placed at pre-known locations, are allowed to
know their location all the time;

2) The transmission range of all anchors and relay
nodes is identical and equal to R;

3) There is enough number of relay nodes inside the
3-D monitored space.

4) The number of hop count from target node to each

3.1. Assumption

@® Anchor
®Relay

Figure 3. A 3-D monitored space with eight anchors.

anchor through the number of relay node is shortest.
Thus, the shortest path routing is assumed to be used.

3.2. Finding Distance between Anchors and
Target Node

In the first stage of this cubic-based 3D-localization
technique, the distance between each anchor and the tar-
get node will be established in terms of X, Y and Z coor-
dinates as in Figure 5. The shortest distance between two
points, d, can be found by using the equation:

P =(X,-X)+(,-Y) +(Z,-7)) )

After obtaining the shortest distance between the target
node and each anchor, we will be able to find the small-
est number of hops from the target node to the respective
anchor through relay nodes. The number, H, of hops,
from the target node to each anchor can be found by the
following relationship:

H= Ceiling(

In WSN, it is assumed that the number of hop count
from the target node to each anchor can be obtained
through the intermediate relay nodes. Based on the hop
count information collected from each anchor, we will
have a set of hop-count data

H={hl,h2,---,h,\,}

where /; is the number of hops from the target node to
anchor mote j and N is the number of anchor motes. The
output of the algorithm is a 3-D cube, B, which contains
possible locations of the target node expressed in terms
of x-, y-, z-coordinates (Xmin, Yimin» Zmin) 304 (Xmax> Ymaxs
Zmax) Of the cubic space.

For the algorithm, the distance for 1 hop-count is set as
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Shortest distance between target node and anchor, d
Transmission range of a mote, R '

being equivalent to the transmission range of a node.
Hence, if

=1,

the target node must be inside the volume of 1-hop cubic
space of Anchor 1. In this way, the hop count,

h =1,

of Anchor 1 will in fact form a cube from the Anchor
with the length of the diagonal of R xA,.

The algorithm will then determine a cube, B;, which
covers the target node. The output cube is a #;-hop count
covered cube with Anchor j (X, Y, Z) located at one
corner of the cube. The X, Y and Z coordinates of lower
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Figure 5. Finding distance between anchor mote and target
node.

and upper corners of the output cube, B;, are given by:

X/.’miu:Xj—HorO
X, e =X +00r X,
Y. =Y. —-6@or0
Jj,min J (6)
Yj,maX:Yj+90rYj
Ziwin=2; —@or0
Zj‘maX:Zj+z90ij
where

2

_ (R'hj)
3

Figure 6 shows the output cube which contains the
target node with lower and upper corner points as Anchor
7 and Point B, respectively.

3.3. Finding the Location of the Target Node

When we have more than one anchor nodes within the
grid structure, we will receive a set of hop-count data,
H ={h,h,,---,hy}, from N anchors. With each value of
h;, we will be able to find a corresponding 3-D cube B;
for each anchor. By finding the overlapping volume of
all the B;, we will be able to determine the 3-D space B.
Hence,

B=B NB,N---NB, (7)

The 3-D cube B is the estimated cube which includes

Copyright © 2013 SciRes.

7/
Anchor *\*

0

Figure 6. Output cube containing the target node.

the location of the target node. The upper bound and
lower bound of X, Y and Z coordinates for this cube is
given by:

Xmin = max(Xl,min’XZ,min’.“’XN,min)
Xmax = min (Xl,max’XZ,max"“’XN,max)
Ymin = max(Yl,min’YZ,min"”’YN,min)
: (®)
Ymax - mln(Yl,max’YZ,maX" ' .’YN,max)
Zmin :max(zl,min’ZZ,min’.“’ZN,min)
Zmax :mln(Zl,max’ZZ,max’“.’ZN,max)

Based on this, we will be able to obtain the corre-
sponding cube for each anchor. Assuming that we only
have two anchors, we will obtain two cubes as shown in
Figure 7 where the possible location of the target node is
enclosed with the overlapped cube, red box. We will then
find the common volume intersected by these two cubes
and this will help us narrow down the possible cube
volume which contains the target node. Point C is one
corner of this cube which is the minimum point in terms
of X, Y and Z coordinates and Point D is the corner di-
rectly opposite Point C which is the maximum point in
terms of X, ¥ and Z coordinates. We will then proceed to
find a possible 3-D space bounded with the red dotted
box as shown in Figure 8 which shows the estimated
cube contains the target node.

4. Simulation and Experimental Results

In this section, we will present both theoretical results
obtained from Mat Lab simulation and experimental re-
sults using Crossbow wireless sensor components.

4.1. Simulation Setup

In this sub-section, we evaluate the performance of our
proposed 3-D cubic-based localization algorithm based
on Mat Lab simulation. For Mat Lab simulation, we set
up the WSN as the parameters shown in Table 1.
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Point D
1’
1

L N

17
Point C ‘<~ N\

Target

Figure 7. Obtaining red box containing possible location of
target node.

Anchor mote

Output cube

Figure 8. Estimated 3-D output cube to detect the target
node.

Table 1. WSN setup parameters.

Parameter Values
Anchor range R, unit 1.732051
Grid structure 8§x8x8
Number of anchors 8

(0, 0, 0); (0, 0, 8); (0, 8, 0); (0, 8, 8);
(8, 0, 0);(8, 0, 8); (8, 8, 0);(8, 8 8)

Anchor coordinates

Target coordinates Randomly generated by program

Sample size

(iteration times) 100

4.2. Simulation Results

Different combinations of hop-count values and the cor-
responding output cube volumes are summarized in Ta-
ble 2. The hop-count values shown in each row do not
correspond to actual anchor number. It can be seen that,
for 8 x 8 x 8 grid structure, only the hop-count values of
1 or 2 can give a smaller output cube volume which can
contribute to higher localization accuracy.

From Table 2, there are two possible output cube vo-
lumes for the hop-count set (4, 4, 4, 4, 5, 5, 5, 5),
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Table 2. Combination of hop-count values and the corre-
sponding output cube volumes.

Hop-count Qutput cube Hop-count Output
cube
value set volume value set

volume
1,4,5,5,6,6,7,8) 3,3,5,5,5,5,6,6)

1.9808
(1,4,5,5,6,7,7,8) 3,3,5,5,5,5,6,7)
1,5,5,5,6,6,6,8) (3,3,5,55,6,6,7) 645923
(1,5,5,5,6,6,7,8) 3,3,5,5,5,6,7,7)

5.1962
(1,5,5,5,6,7,7,8) (3,3,5,5,6,6,7,7)
1,5,5,5,7,7,7,8) (3,4,4,4,5,5,6,6) 70.1566
2,3,5,5,5,6,6,7) (3,4,4,4,5,5,6,6)
2,3,5,5,6,6,7,7) 79231 (3,4,4,4,6,6,6,06)
(2,3,5,5,6,6,7,8) (3,4,4,5,5,5,5,6)

88.3882
2,4,4,4,6,6,6,7) 13.6915 (3,4,4,5,5,5,6,6)
(2,4,4,5,5,6,6,7) (3,4,4,5,5,6,6,06)

19.8255
(2,4,4,5,6,6,6,7) (3,4,4,5,5,6,6,7)
2,4,5,5,5,6,6,7) 3,4,5,5,5,5,6,6)
(2,4,5,5,5,6,7,7) (3,4,5,5,5,5,6,7) 111.3577
2,4,5,5,6,6,6,7) 28.7077 (3,4,5,5,5,6,6,7)
(2,4,5,5,6,6,7,7) (4,4,4,4,4,4,4,4)

200.8602
(2,4,5,5,6,6,7,8) (4,4,4,4,5,5,5,5)
(3,3,4,4,5,6,6,6) (4,4,4,4,5,5,5,5)
3,3,4,5,5,5,6,6) (4,4,4,4,5,5,5,6)

237.6202
3,3,4,5,5,6,6,6) 51.2690 (4,4,4,4,6,6,6,6)
3,3,4,5,5,6,6,7) 4,4,4,5,5,5,5,5)
3,3,4,5,6,6,6,7) 4,4,5,5,5,5,5,5) 281.1077

200.8602 and 237.6202. This is because there are differ-
ent distributions of the four anchors with 4; = 4. The two
actual anchor numbers, (hy, ha, hs, hy, hs, he, h7, hg), are
(4,4,4,5,4,5,5,5 and (4,4, 5,5, 4,4, 5,5). The si-
mulation results for these two cases are shown in Fig-
ures 9 and 10, respectively. In the figures, the blue nodes
indicate the anchors and the red asterisk indicates the
location of the target node and the red dotted box indi-
cates the output cubic space based on our proposed 3-D
localization algorithm. Even though the hop-count set is
the same for both cases, different spatial distribution of
the anchor number has affected the output cube volume.
Next, weanalyse the effective output localization vo-
lume obtained from different combination of node’s
transmission range, R, and grid structure, n X n X n as
shown in Figures 11 and 12. In both figures, the x-axis
refers n and the length of the grid increases with R. Fig-
ure 11 shows the average effective output localization
volume for different #» and R. For a fixed grid structure, n
X n X n, as R increases, the output volume increases. This
is because the grid size increases with R correspondingly.
The growth of average effective output volume follows a

WSN



H.Y.SHWE ET AL. 175

Figure 9. MATLAB simulation result for hop-count set (4, 4,
4,5,4,5,5,5).

Z-Axis

Y-Axis 070

X-Axis

Figure 10. MATLAB simulation result for hop-count set (4,
4,5,5,4,4,5,5).

8 7500
2 7000

6500
S 6000
25500
2 5000
= 4500
& 4000
3 3500
8 3000

——R=1.732051(r=1)
-=-R =3.464102(r=2)
—R=5.196153(r=3)
——R=6.928204(r=4)

2 3 4 5 6 7 8 9 10
Grid Size, n
Figure 11. Average effective output localization volume for
different n.

cubic relationship to the R, which implies a rapid drop in
localization accuracy as well. The relationship can be
expressed as:

”
Bkt )
Rl Ve/fl

For a fixed R, the average effective output localization
volume increases with #. That means the localization
accuracy decreases with n. This is a reasonable observa-
tion because a larger n give more possibilities for a target

Copyright © 2013 SciRes.

node to be positioned.

Figure 12 shows the average percentages of the effec-
tive output localization volume to the total monitoring
volume. The percentage of the average effective output
localization volume to the total monitoring volume de-
creases with total monitoring volume. For example, for n
= 10, the average percentage of the effective output lo-
calization volume to the total monitoring volume is about
10. The average output volume covering the target node
is about 100 cubic units as compared to a total of 1000
cubic units of the monitoring volume.

Similar to Figures 11, Figure 13 shows the average
effective output localization volume for different R with
different n.

4.3. Hardware Requirements

Table 3 shows the hardware list for our test-bed. Further
information about each hardware components can be
referred to the Crossbow MICAz datasheet [14], MPR-
MIB user manual [15] and MTS/MDA sensor board user
manual [16].

4.4, Experiment Setup

For this 3-D experiment, the WSN is set up such that we
place the motes as far apart from each other as possible
and model the monitored area as similar to a rectangular

55%

e 50%)‘
2 §45%,
B wd0% > R =1.732051
E£35% A (r=1)
© g = R=3.464102
2 E30% (r=2)
. =} -
5525% . R=5.196153
S ga0% —x—g:?928204

o =0.
BT15% ‘kg; (r=4)
£ 10% 1

2 3 4 5 6 7 8 9 10
Grid Size, n

Figure 12. Average percentage of effective output localiza-
tion volume to the monitoring region volume for different n.

o

S ;888 E-# —e— Grid Structure

26500 7 2x2%2

56000 .AEEEEE —&— Grid Structure

25500 ; Jresn

%5000 .

=4500 — —#— Grid Structure

24000 7 4x4x4

83500 = 7 .

<3000 / —— Grid Structure

22500 & 5x5%5

= o )

5 2000 7 l"/ —#— Grid Structure
1300 e - 6566

21000 e s

‘g S00 E =228 —o— Grid Structure

= 0- | 8x8x8

m

15 2 25 3 35 4 455 55 6 65 7 —GridStructure

Anchor Range, R 10x10x10

Figure 13. Average effective output localization volume for
different R.
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cube as possible. The motes are placed such that there is
no major obstruction of line of sight between each of the
motes. Seven motes are placed on benches and tables in
the lab as shown in Figure 14. Their positions are shown
in Table 4. Due to space constraint in the laboratory, the
height difference between the motes placed at the highest
and lowest height is just 0.9 m that is much smaller than
the transmission range of a mote which is 3.2 m. But in
our output we still use hop count from x, y and z direc-
tion to form a cubic space. We believe that our experi-
ment is able to demonstrate the concept of 3-D localiza-
tion.

Five experiments have been conducted to test the pro-
posed 3-D localization technique. The locations of the
target mote are shown in Table 5. Tables 6 to 10 show
the hop count numbers from target node to 7 anchor
motes obtained from both experimental and theoretical
results.

Table 3. Hardware list.

Hardware Model Image
Gateway board MBS520CB &
(data 2233?;izgirgoard) MTS300CA h
Vet wriocs g
Workstation Any model gl

Figure 14. Wireless sensor network setup in lab.

Table 4. Location of anchor and relay motes.

Table 5. Position of target mote in five different setups.

Position of target mote

X-coordinate  Y-coordinate Z-coordinate

(height from ground)
Setup 1 2.15 4 0.9
Setup 2 2.15 2.5 0.9
Setup 3 0 0.3 0.75
Setup 4 1.1 3.7 0.6
Setup 5 2.75 2.8 1.5

Table 6. Hop-count data for setup 1.

Anchor Anchor Anchor Anchor Anchor Anchor Anchor

1 2 3 4 5 6 7
Hop-count
data from 1 1 1 1 1 1 1
WSN
Theoretical
hop-count 1 2 1 1 2 1 1
data

Table 7. Hop-count data for setup 2.

Anchor Anchor Anchor Anchor Anchor Anchor Anchor

1 2 3 4 5 6 7
Hop-count
data from 2 2 1 1 1 1 1
WSN
Theoretical
hop-count 2 2 1 1 2 1 1
data

Table 8. Hop-count data for setup 3.

Anchor Anchor Anchor Anchor Anchor Anchor Anchor

1 2 3 4 5 6 7
Hop-count
data from 1 1 1 2 1 2 1
WSN
Theoretical
hop-count 2 1 1 2 1 2 2
data

Table 9. Hop-count data for setup 4.

Anchor Anchor Anchor Anchor Anchor Anchor Anchor

1 2 3 4 5 6 7
. . Z-coordinate Hop-count
X-coordinate ~ Y-coordinate (height from ground) data from 1 5 1 2 2 ) 1
WSN
Anchor 1 0 5.6 0.75 .
Theoretical
Anchor 2 0 0 0.75 hop-count 1 2 1 1 2 1 1
Anchor 3 2.15 2.2 0.9 data
Anchor 4 2.15 43 0.9
ID-14 1.3 37 0.6 4.5. Experimental Results
ID-15 13 22 0.7 In the following figures, the blue nodes indicate the an-
Anchor 5 0.6 03 1.35 chor motes, the green motes indicate the relay motes, the
Anchor 6 275 22 15 red asterisk indicates the location of the target node and
Anchor 7 275 43 15 the red dotted box indicates the cubic space output based

Copyright © 2013 SciRes.
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on our proposed localization algorithm.

Figure 15 shows the 3-D view for setup 1. The num-
bers in the figure refer the anchor number. The hop count
numbers from both experimental and theoretical from
target node to 7 anchor motes for setup 1 are shown in
Table 6. It can be seen that they have some differences
due to measurement errors caused by wireless channel
environment. The top view of setup 1 is shown in Figure
16. It can be seen that the output red box does not cover
the target node. It means our proposed 3-D localization
technique does not identify the target node. The reason to
have the incorrect estimated output cube is because the
number of anchors is not enough and the measure error is
coming from the wireless channel.

The results for setup 2 are shown in Figures 17 and 18.

The hop count data for setup 2 is shown in Table 6. In
Figures 17 and 18, it can be seen that the target node is
inside the red cubic box. That means the target’s location
can be found. The results for other three experiments are
shown from Figures 19 to 24.

As we have seen from the figures above, some of the
experiments are unable to correctly estimate the position
of the target mote. It seems that the correctness of our
proposed 3-D localization techniques depend on the lo-
cation of the target node. In fact, this is not true. The in-
accuracy of our localization algorithm can be explained
as follows:

e One reason is due to insufficient number of anchors.
Since more anchors will give more cubes to intersect
each other, it can produce a smaller output cube to
cover the target node.

Table 10. Hop-count data for setup 5.

Anchor Anchor Anchor Anchor Anchor Anchor Anchor

1 2 3 4 5 6 7
Hop-count
data from 1 2 1 2 2 2 1
WSN
Theoretical
hop-count 1 2 1 1 2 1 1
data
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Figure 18. Top-down view for setup 2.
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Figure 15. 3-D view for setup 1.

Copyright © 2013 SciRes.

As compared to the theoretical hop-count data based
on calculations, the hop-count data that were received
from experiment were different for all five setups.
The different hop count between them is due to the
insufficient number of relay nodes and the nature of

wireless channel. Since the accuracy of our proposed

WSN



178

o

H.Y.SHWE

Figure 21. 3-D view for setup 4.

localization algorithm depends on the hop count, it is
important to correctly estimate the location of the
target mote.

Another reason is due to different transmission range.
We use the average number of transmission range of
3.2 m for theoretical calculation. However, the real
transmission range is different for each anchor, relay
motes and target mote. For example, for setup 3, since

Copyright © 2013 SciRes.
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Figure 24. Top-down view for setup 5.

the target mote in about 5.3 metres away from Anchor
1, the theoretical hop-count for Anchor 1 should be 2.
However based on the hop-count data collected from
the experiment, the hop-count is 1. This shows that it
is possible for the range of a mote to exceed what was
previously measured.
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o Another reason could be attributed to the presence of
foreign objects in the laboratory where the experi-
ment took place. This includes the presence of the
student conducting this experiment and other labora-
tory users in the experimental area. All these ulti-
mately lead to multi path effects of the radio signal
which could have resulted in the motes having dif-
ferent range patterns under different circumstances.
Hence, the above factors might have ultimately caused
the hop-count data collected from the WSN to be incor-
rect and leads to the result from the localization algo-
rithm to be incorrect as well.

5. Conclusion

In recent times, search and rescue with modern localiza-
tion techniques bring interest to the scientific and indus-
trial sides. This paper presents a robust cubic-based 3D-
localization technique particularly tailored for disaster
rescue applications. By adopting cubic-based output and
event-triggering mechanism, the proposed algorithm can
reduce computational complexity, improve output accu-
racy and reduce power consumption. In this paper, we
have presented our proposed idea and design application
and performed the preliminary experiment on the pro-
posed model. Furthermore, experiments have been con-
ducted in which the proposed algorithm was imple-
mented using Crossbow’s set of sensor hardware. Theo-
retical results show that our proposed 3-D localization
algorithm can always identify the target node’s location.
Then, we conduct the experiments inside a lab to test the
accuracy of the algorithm. However, experimental results
show that the proposed algorithm is unable to identify the
target node in some cases. The reason is that the size of
the experimental area is not large enough. We believe
that if we conduct in a larger area and we can use a large
transmission range for the wireless sensor, it can defi-
nitely increase the accuracy of our 3-D localization algo-
rithm. Furthermore, in order to provide better accuracy,
we will add some mobile anchors in our experiment.
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