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Abstract: Due to the rapid development in wireless sensor networks, the applications of the WSN have been extended to
different environment and achieved a more diversified purpose. AS for the localization system, there are many related re-
search achievements. A set of localization system is built through the system integration between the small-scale wireless
hardware sensor and the wireless sensor platform, through the use of the RSSI and the integration of the fuzzy inference
system. The blind nodes are experimented in the indoor environment so that the system’s efficiency can be verified. The
system is implemented in the 8 meters multiplying 8 meters indoor space which is divided into 16 sections. Then 4 anchor
nodes are placed in the corners and the fuzzy identification system is built for the nodes’ RSSI signal in the blocks. Later,
the localization test is implemented in the random positions within the blocks. The experimental results show that the lo-
calization system accuracy rate is more than 80% and can successfully reach the preliminary localization system.
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1. INTRODUCTION

With the rapid development in wireless sensor networks,
the applications of the WSN is more diversified such as in
the intelligent residential areas, the environmental monitor-
ing, the human body monitoring, the ecological monitoring,
the mudslide monitoring, the military defense, the health &
medical and other fields. The measured parameters in the
environmental monitoring include temperature, humidity,
gas concentration and other data. These data can be regarded
as the judgment criterion to the development of forests and
agriculture. The data in the human body monitoring include
heartbeat, blood pressure, body temperature and others. The-
se data can be used as the medical judgment criterion and
monitor human’s physical condition [1].

The position of the wireless sensor node in the above ap-
plications becomes an important issue. Most of the trans-
ferred information packets just include the required monitor-
ing data without its position of the wireless sensor node.
When some sensor nodes have the mobile function, the lo-
calization of the sensor node is an important research topic.

The outdoor localization research is very widespread and
sophisticated with the use of the Global Position System.
GPS adopts the satellite to obtain GPS devices’ longi-
tude&latitude coordinates, speed, time and other related in-
formation, but its disadvantage is that it has high costs and
can not receive the indoors’ correct satellite signals. There-
fore, the indoor localization system with low costs and low
electricity consumption should be emphasized and its
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achievements should be applied in the indoor precious exper-
imental equipment’s tracking localization research [2, 3].

There are many common localization technologies in the
localization aspect. For example, the Angle of Arrival adopts
the angles of receiving signals to implement its localization,
but it requires extra directive antennas to finish its localiza-
tion. The Time of Arrival and Time Difference of Arrival
adopts the time of receiving signals to implement its locali-
zation, but its synchronization part of the signals time among
nodes require extra hard wares to finish its localization.The
Received Signal Strength Indicator adopts the RSSI to im-
plement its localization without extra and high-cost hard
wares, and all RF chips can provide the digitized RSSI pa-
rameters. Therefore, the RSSI-based localization which is
convenient and simple is used as the target in the paper.

The localization is generally researched with the use of
the RSSI and the Link Quality Indicator. Many related re-
searches convert the signal strength into the distance and
then the localization system is finished with the use of the
algorithms. When the formula in which the RSSI values are
converted into distances is obtained, its localization error is
at least above 2 meters. Therefore, when the RSSI values are
converted into distances, the related parameters should be set
up and its parameter setting can affect its localization accu-
racy. A mass of localization researches just can be shown in
the computer simulational results. As the RSSI can be influ-
enced by the signal reflection, the diffraction, the shelter and
others, the influenced values can cause more errors during
the process of converting the RSSI values into distances.
Hence, The localization researches will be done with the
relative relationship of the RSSI signals [4, 5].
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Fig. (1). (a) is the front side of the mote, (b) is the back side of the mote and (c¢) is equipment integration figure.

Fig. (2). Actual experimental site.

2. HARD WARES INTRODUCTION

The basic hardware mote adopts the Tmote Sky module
(as shown in the Fig. (1a) is the front side and (1b) is the
back side.), the software developing interface is the TinyOS
2.0.5 version’ embedded operating system of the open source,
the programming language is nesC and the integration of the
back-end data presents its results by writing MATLAB pro-
gram. The wireless sensor node is the Tmote Sky made by
the Moteiv, including TI MSP430 processor, CC2420 RF
chip and F type antenna. Its module communicating range is
that its indoor is 50 meters and its outdoor is 125 meter [6].
TI MSP430 processor has many advantages, such as many
kinds of power-saving modes, the function of being waking
up quickly (< 6ps), the FLASH internal memory with the
48KB+256KB, many simulations, digital input&output con-
nection tubs and others. The CC2420 RF chip adopts the
wireless RF chip based on the ZigBee protocol of the IEEE
802.15.4 and has the low power consumption and low volt-
age wireless application. The CC2420 RF chip can also offer
the RSSI buffer and their values can be read directly and its
output power is controlled by the Transmit Control Register.
The experiment sets it as the 0dBm which is the maximum
output power [7].

The F type antenna within the Tmote Sky should be built,
but its display ways, no matter which is up-right, flat-wise or

lean, can affect the RSSI to a certain degree so that it should
be based on a more accurate received signals. In addition, the
5dBi omni-directional antenna should be installed in the
nodes, its antennas’ displaying angles should be vertical to
the ground and the antenna’s frequency range is from 2.405
Hz to 2.484GHz. The experiment is tested by the environ-
ment and the 2.48GHz whose noise interference is smaller
should be selected. The Fig. (1¢) is the equipment integration
figure of Tmote sky, the antenna and the battery box. The
battery box adopts three 1.5V alkaline batteries to supply
power.

3. RESEARCH METHODS

The square whose space is 8 meters multiplying 8 meters
is the actual experimental site (as shown in the Fig. 2), which
is the gymnasium where there is an indoor, no shelter above
and no surrounds all around. The site is divided into 16
blocks whose space is 2 meters multiplying 2 meters, and the
numbers in the blocks represent the block positions. The
site’s up, down, left and right of the black frame lines in the
Fig. (2) is respectively represented by A, B, C and D. All of
them is respectively the 4 nodes of the transmitting terminal
and placed in the corner of the square whose space is 8 me-
ters multiplying 8 meters. R is the receiving terminal node [8,
9]. The building of the experimental system model is to
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Fig. (3). The experimental data distribution figure in the block 1.

place the receiving terminal R in the center of each block
(means the red position in each block). The nodes between
the transmitting terminals and the receiving terminals should
be installed the tripods and it can be experimented when
those nodes are about 1.5 meters from the ground.

The transmitting terminal A, B, C and D can simultane-
ously transmit the signals with the broadcasting method dur-
ing the process of the experiments. The receiving R can re-
ceive the signals derived from the 4 groups of A, B, C and D
each second. The CC2420 RF chip can offer the RSSI buffer
and the data of the RSSI can be directly read. The experi-
mental time in each block is one minute, and the total data

obtained from the single transmitting terminal’s nodes is 240.

The 240 experimental data adopt the mode method to deter-
mine its RSSI valued obtained from the experiment. The Fig.
(3) is the RSSI data distribution figure received from from
the transmitting terminal A, B, C and D in the block 1. The
RSSI value received from the A, B, C and D signal with the
selection of the mode method is respectively 14, -1, 0 and -7.
The RSSI values is not only influenced by the shelters, sur-
roundings, but also the temperature and humidity. The exper-
iment uses the data which is continuously measured for a
long time as the referent criterion [10].

The RSSI received from the A, B, C and D signal is
marked as ax, bx, cx and dx, in which x means the block
marks from 1 to 16, that is, the RSSI data received from the
A, B, C and D signal in the block x. For example, when the
al, bl, ¢l and d1 is in the block 1, the RSSI data can be re-
ceived from the A, B, C and D signal.

3.1. Signal Strength Analysis

The RSSI buffer offered by the CC2420 can be reverted
to the actual dBm value through computation. The value in

D

the RSSI buffer is represented by RSSI VAL and the
RSSI OFFSET is the gaining experience values derived
from the front side during the development of the system [11,
12]. The approximating value of the RSSI OFFSET is -45.
For example, the value read in the RSSI buffer is -20 and the
RF’s output power is about -65 dBm.

P=RSSI VAL+RSSU OFFSET  [dBm]

As the wave radiation strength and the square of the dis-
tance have an inverse relationship, the distance between the
transmitting terminal nodes and the receiving terminal node
should be discussed. The Fig. (4) is the distance between the
node A and each receiving terminal. The same color block
represents the same distance and the signal strength is repre-
sented by the class S. The 16 blocks are divided by the class
and then should be integrated into the Table 1. T represents
the distance between the transmitting terminal nodes and the
receiving terminal nodes. The experiment’s signal strength
range lies in the right of the segments.

3.2. The Fuzzy Inference System

The extracted RSSI data is not the single data but a nu-
meric range. If the extracted data is judged by the threshold
value dichotomy, it can easily produce errors. Therefore, the
localization system in the block adopts to the fuzzy inference
system.

3.2.1. Input And Output Parameters

The input and output parameters should be set up in the
fuzzy inference system in terms of many experimental data
and then the number and shape of the membership function
should be defined. The input parameters in the system mean
the 4 RSSI values received by the receiving terminal
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Fig. (4). The wave radiation figure in the center of A.

Table 1. The Actual Distance Between The Node A And Each Block And The RSSI Integration Table.

Class Block Number Actual Distance RSSI Signal
S1 1 rl 10~18
S2 2,3 r2,13 6~9
S3 4 r4 2~5
S4 5,9 5,19 2~4
S5 7,10 r7,r10 -1~1
S6 6,11,13 16,111,113 -3~1
S7 8,12 8, rl12 -4~-1
S8 14, 15 rl4,rl5 -8~-2
S9 16 rl6 -13~0

experiments one minute, respectively are ax, bx, cx and dx.
The ideal output parameters is from the block 1 to the block
16 , the membership function defined by the system has 4
types: L1, L2, L3 and L4 and its shape is the trapezoidal, as
shown in the Fig. (5).

3.2.2. The Building Of The Membership Function

Its experimental environment is the 16 blocks’ positions
and the membership function can be drawn up according to
each antenna’s wave radiation, actual distance and RSSI data,
as shown in the Fig. (4). The transmitting A is the center of
the wave radiation figure, and the same color blocks repre-
sent the distances between the block and the transmitting A
is the same. Each transmitting terminal is the center and the
experimental environment can be divided into 9 kinds of
classes, the Table 1 takes the transmitting A as an example.
The RSSI data range received from the blocks which are far

away from the center point is so float that the 9 kinds of
classes can be merged into 4 kinds of classes to bui8ld the
membership function. Many experimental results show that
the RSSI membership function can be represented by the
trapezoidal distribution, and its relative values can be shown
from the formula (1) to the formula (4), as shown in the Fig.

(5).
(1) L1

Li(x) ={0[x<9,x-9[9 < x<10,1|x > 10} 1

(2) L2
0]x<5,x-55<x<6,
L2(x)= 1|6Sx£9,10—x|9<x<10,
0lx=10 )
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Fig. (5). The membership function of the RSSI.

Table 2. The Fuzzy Rule Base.

5 10 15 20
Input variable “ax

”

Block a, by Cx d, Block ax b, Cx d,
1 L1 L4 L4 L4 9 L3 L4 L2 L4
2 L2 L3 L4 L4 10 L4 L4 L3 L4
3 L2 L4 L3 L4 11 L4 L4 L1 L4
4 L3 L4 L4 L4 12 L4 L4 L2 L3
5 L3 L2 L4 L4 13 L4 L4 L4 L3
6 L4 L1 L4 L4 14 L4 L3 L4 L2
7 L4 L3 L4 L4 15 L4 L4 L3 L2
8 L4 L2 L4 L3 16 L4 L4 L4 L1
(3)L3 and then receive the RSSI values from the transmitting A, B,

Olx<Lx-1fl<x<2,
L3(x)=412<x<5,6-x[5<x<6,
0

(4)L4

Lax) ={ifx<1,2-x[1<x<2,0x>2} @)

3.2.3. The Building of the Fuzzy Rule Base

The fuzzy rule base adopts the fuzzy rule which is
if...and...then... To describe the input and output relation-
ship of the system, as shown in the Table 2, such as if (ax is
L1) and (bx is L4) and (cx is L4) and (dx is L4) then (the
block is “ 1 ). The block positions can be localized with the
use of the rule base. The rule base has 16 kinds of combina-
tions for there are 16 block positions.

4. RESEARCH METHODS

The built fuzzy inference should be carried on the actual
blind node test to verify the effect of the research. When the
blind nodes are tested, the sensor nodes should be placed,

C and D. After being experimented one minute, the RSSI
data can be obtained with the mode method. Later, the ob-
tained experimental data can be adopted to identify the blind
nodes and verify whether the block positions are right or not
through the built fuzzy inference system.

The blind node experiment can be divided into two types:
the blind node experiment which is in the center of the
blocks (as shown in the Fig. 6) and the blind node experi-
ment whose deviation distance is about 50 cm from the cen-
ter of the blocks (as shown in the Fig. 7). The two kinds of
the blind node experiments are tested 50 times respectively
and the identified accuracy of the blind nodes is as shown in
the Table 3. The blind nodes of the wrong localization is
marked by the blue lines. After being tested 50 times to the
blind nodes, the accuracy of the blind node experiments in
the center of the blocks is 84%, while the accuracy of the
blind node experiment whose deviation distance is about 50
cm from the center of the blocks is 80%.

There are two kinds of reasons to cause the error locali-
zation results. The first kind is that the changing values of
the received RSSI data is larger and its range may stretch
across two membership functions. Therefore, a membership
function classification can not require its meet so that the
extra situation except the rule base can be caused and then
the wrong localization can be caused during the process of
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Fig. (6). The position of the blind nodes experiments in the center of the blocks.
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Fig. (7). The blind nodes experiment figure whose deviation distance is 50 cm from the center of the blocks.
Table 3. The Experimental Data Of The Blind Node Localization.
The Experimental Position of the Blind Nodes Accuracy

The center of the blocks

84%

The position whose deviation distance is 50 cm from the center of the blocks

80%
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Table 4. The Experimental Data Of The Blind Node In The Center Of The Blocks.

RSSI Data
Experiments Actual Blocks Estimated blocks Results
ax by € d.
BTS 4 2 -1 2 4 - Unidentified
BT9 0 2 3 4 13 - Unidentified
BT14 0 -4 8 2 9 12 Error blocks
BT16 2 5 3 2 7 - Unidentified
BT18 -3 2 6 4 13 12 Error blocks
BT24 4 1 -2 2 4 - Unidentified
BT39 7 2 1 -3 3 2 Error blocks
BT49 -2 -4 15 3 11 - Unidentified

Table 5. The Experimental Data Of The Blind Node Whose Deviation Distance Is S0 cm From The Center Of The Blocks.

RSSI Data
Experiments Actual Blocks Estimated Blocks Results
ax b, Cx dy
btl 3 4 2 -3 7 - Unidentified
bt4 8 2 4 -3 3 - Unidentified
bt7 8 -1 2 -2 2 3 Error blocks
btl3 0 0 2 3 13 - Unidentified
btl6 4 2 2 3 4 - Unidentified
btl8 0 3 -6 4 14 - Unidentified
bt30 2 4 -2 0 7 - Unidentified
bt31 -2 0 6 2 9 12 Error blocks
bt32 -4 0 2 6 14 15 Error blocks
bt39 6 0 1 -1 3 - Unidentified

verifying the blind nodes. For example, the RSSI values in
the experiment BTS and BT49 changes so big that it can not
be identified in the Table 4 whose blind node experiments is
in the block position. The value bx, dx in the BTS5 and the
value dx in the BT49 are very big and not accord with the
membership function condition of the original rule base so
that the block positions can not be localized. The RSSI val-
ues in the Table 5 whose deviation distance is about 50 cm
from the center of the blocks have the same situation. The
value cx and the value ax in the BT13 are very big and the
RSSI data is different from the fuzzy rule base so that those
non-identified parameters are marked by the red lines.

The second kind is that it may be influenced by the an-
tenna displaying angle problems of the nodes or the experi-
mental environment during the process of the blind node
experiment. The BT14, BT39 and BT14 in the Table 4 is

placed in the block 9 to receive signal but data in the block
12 is obtained by the RSSI parameters. Therefore, the error
problem many be caused by the experimental environment.
The Table 5 is the blind node experiment which is deviated
from the center of the blocks so that the BT7and BT32 have
the same situation.

CONCLUSION

The RSSI signals can be transmitted into the computers
with the wireless sensor nodes, and data can be localized to
the receiving terminal nodes through the fuzzy inference
system. As the RSSI values have a certain errors during the
process of being converted into the distances, the relative rela-
tionship of the RSSI signals are used to do the localization
research. After analyzing the efficiency of the localization
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systems with a mass of blind nodes, the experimental results (3] Y. Wang, X. Xu, and X. Tao, “Localization in Wireless Sensor
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