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ABSTRACT

In order to overcome the problem of low accuracy of the localization algorithm based on RSS, an improved
RSSI-based location algorithm is presented in this paper. To avoid the influence of the final positioning caused by
error of a single RSS measurement value, first, median model is used to correct each value of RSS, then, corrected
value of RSS is used to estimate the relative size of the distance between network nodes which can communicate,
finally eligible anchor node is used to calculate the position of the unknown node in this algorithm. The algorithmis
simple, the nodes without increasing communication overhead during positioning and without hardware extension.
Smulation results show that under circumstances of different path loss factor, positioning error of the node reduces
the average 80% as compared to the original algorithm, greatly improving the accuracy of the node and greatly
improves the accuracy of the node.
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INTRODUCTION

Sensor node positioning technology is a key engliichnology for wireless sensor networks in magtiaations

[1].The position information of nodes is indispenlsain monitoring and tracking the target, routimased on the
position information. According to whether the adtulistance or angle is measured between the nioddse

positioning process, the location algorithm candbaded into: location algorithm based on distaace location
algorithm is independent of the distance [2]. Typ@dal distance measurement techniques includeasbef RSSI
ranging [3], TOA or TDOA ranging and AOA ranging.

Using known transmitted signal strength, the reogivnode calculates signal loss in the communioapimcess
according to the received signal strength and gratien loss is converted into distance by usingtiie®retical or
empirical signal propagation model in RSSI. UsinBR information of three anchor nodes, the positibran
unknown node can be determined by trilateratiore fiddio signal is weak ability to adapt to compdewironment
in the actual application environment, so the amcyiof this method is not high [4]. But with fewsardware, and
many wireless communication module can provide R&files directly, RSSI-based ranging method iswtidely
used [5].

RSSI-BASED LOCATION POSITIONALGORITHM

RSSI is sent by the beacon nodes, got by the unkmmale which receives this signal through measukivighout

considering the condition of the signal gain, reedisignal strength is equal to transmitting siggteéngth minus
the signal propagation loss. RSSI ranging usesdbeived signal strength theoretical or empiricaldei of the
propagation path loss to calculate distance. Statisnodel [6] is shown in formula (1):
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d
P(d) =R, ~10n, lg(3) €N
0

P(d) is the signal strength at distanae; Mo is the path loss factor, in the range 2-4, coregtrwith the

specific environment;P0 is signal strength at reference distangé(dbm).

Positioning process of positioning algorithm basadlistance is described as follows:

(1) Anchor node periodically sends its own messagde| D . own position information.

(2) Unknown node receives a plurality of RSSI vadi@nchor nodes, then, it calculates the distéeteeen nodes
according to the channel model. Firstly, three anciodes first received are used to preliminarguate positions
of unknown node.

(3) For all the received messages, each groupreétimamely to calculate the position of the unkmowde.

(4) Finally, all calculations position in the cdalteon is averaged, which is the estimated positibunknown nodes.

As can be seen, location positioning algorithmt fimigh calculates position of unknown nodes, duaah tgradually
increases the positioning accuracy of unknown ndmesa plurality of similar process. As the numbémodes
increases, the computational complexity will growpenentially, not suitable for sensor network |@ation
requirements.

IMPROVED LOCATION ALGORITHM BASED ON RSS

RSSI-based location algorithm uses the averagdl albulated location as position estimation oé tinknown
nodes, also affected by environmental factors. Trages the algorithm accuracy is not high in enexmystrained,
environmental change in wireless sensor networks.

First, RSSI-based location algorithm uses the nmediadel to correct RSSI value to avoid affectinghe final

positioning caused by error in single RSSI measargniThen finds the relative relationship of diseretween
nodes, eliminates the path loss factor for calougathe distance. Finally, the anchor nodes whigeintertain
angles, but not all anchor nodes are used to edtctthe position of the unknown node, which noyarluces the
unknown node positioning errors, but also redubesamount of computation.

A.THE RSSI-BASED MEDIAN MODEL

To avoid the influence of the final positioning sad by error of single RSSI measurement, generethod of
statistical is used to process the RSSI measureda¢at That is repeated measurement data is usetptove the
accuracy of the data. Mean model and the Gauss@delhwhich are commonly used methods are not a good
solution to the problem of gross errors.

The median can give them the appropriate weighbraling to the probability of gross errors in the¢adappear in
the statistics, in order to reduce their impacttendata [7], Therefore, the method using a wedjhtedian is used
to decrease positioning errors.

RSSI values obtained  are sorted form small l:g:eIaBSSI 1 <R, <R, <RS

represented by the formulag2)

n, then median is

RSS, (nisanoddnumber t:n—+1)
S ° (2)
E(RSSH +RSS,,,) (nisanevennumbe t:g)

Then strike the right value for each RSSI signaln order to prevent the effects of certain sigrtalstaining error
which is similar with a median, threshold is addedhe algorithm, if the variance is less than tim@shold value,
the weight value is decided by the threshold; éf variance is greater than the threshold valuewtighted value is
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decided by the variance [8]. RSSI weight is calted by using the formula (3).

1

_ 2
W = 1+max{T,(RS, -RSH,,) °} )3

i n 1
;1+max{r,(RSS|i -RsS,,) %}

n
> (RS, -RS,)*
T - i=1
Among, n . Then each RSSI value is corrected by using equ#4).

RSS i = RSS  XW, (4)

B.THE CORRECTED RSSI VALUE ISUSED TO ESTIMATE THE DISTANCE
WSN is regarded as an undirected gr(a;pﬁ v, E), Vis a collection of sensor nodes in network. If trugle u
can communicate with node v, then there exists dxgleee(u’v)D E, and there has aBSSl (u,v) value
d(u,v)

associated with each edgéJ.’V‘ZDistance between u and v, using the relationshifwdsen and

RSS (u,v) to find all of the distance relative relationshijgtween sides, estimates distance between the
communication nodes.

Node j to sends a signal node i, receiving energighivis measured by the node i is represented tmyuia (5)[8}

d.
RSS, =RSS, -10n, Ig(d—” (5)
0

Among, RS Ois receiving energy with respect to the refereriseadce do, which can be calculated by space

n

path loss formula [Q]General, dovalue islm P isthe path loss exponenthich is related to the environment,

with the general value is 2 to 4." is the actual distance between the i and j.

This RS L1 corresponds to an edge of grzgéh considering another sigém' n) , there exists:

RSS,,, = RS, —10n, 1g(d,)

(6)
United vertical (5) (6) to give
RSS, -RSS, ; _ lgd;
RSS,-RS3,, lgd,, @
So distance relationship betwee%(i’ ) and e(m, n) is:
Rﬁ” _RSO
RSY,,,—RSS 19 m
—_ mn 0
(8)

Ideally, the longer the distance between two poitits smaller the received signal strength. Thahésminimum
received signal strength corresponding to the lendistance between two points. After collectinigoflithe RSSI
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value in the entire network, the minimum RSSI eﬁﬁsg min )is found from the collection of RSSI value

RSS

. . . o d
The min - corresponding to the distance between two pomthé longest Denoted as M. When the

distance between two nodes is large to a certa@ngxhe two nodes will no longer be able to comivate. ~ MaX

should converge to the communication radius of@ensdes with probability. In this algorithrrgmax =R . Thus
according to formula (8), any of edge of G corregpog to distance between two points can be oldaine

R$|J _R$0

d —_ 10R$ min_RSSO Ig R
ij =

€))

All RSSI value of the algorithm has been amendeddiyg the formula (4).

C. ALGORITHM POSITIONING PROCESS
(1) Anchor node periodically sends its own messagéde ID, self-position information.

(2) After the unknown node receives such a messagsultiple, record RSSI value of anchor nodeshgighe
median model to modify each RSSI value.

(3) Distance between nodes is calculated by usieddrmula (9).

(4) Arbitrarily select three anchor nodes, calaibartex angle of the unknown node relative toahaechor nodes.
When angle of unknown node relative to any two anctode (acute) are equal to P, the unknown nociiation
error is minimized [10]. Therefore, the position tbk unknown node is calculated by using three @nclodes

E—K,E+K

which angle located betweLr‘?’ 3
position of the unknown node.

] For each group qualifying anchor nodes, respelgtigalculate the

(5) Finally, all calculated position all in set areeraged, which is the position of the unknownenestimates.
EXPERIMENTAL SECTION

The improved algorithm proposed in this papernsutated by using MATLAB 7.0. Simulation environmesett the
sensor network located within 200 x 200 area, beammles and unknown nodes are randomly distribinete
simulation area and the initial distribution is shmin Figure 1.
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Figurel Theinitial distribution of the nodes

Take beacon node communication radius of 100mininlation test, all the data points represent trerage of 100
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experimental results.
RESULTSAND DISCUSSION

To validate the algorithm whether eliminate theeef of path loss factor for positioning, systemmugation
simulates the two kinds of environment. In simuagzvironment 1, assuming path attenuation fadtéhe radio
propagation model n = 2.2. In simulated environngrassuming path attenuation factor of the radapagation
model n = 4.8. Two kinds of the simulated environim@ the above , the beacon nodes are taken segjlieas
10,20,30,40,50,60, the simulation results is itatgtd in Figure 1, Figure 2.
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Figure 2 The average location error comparison when n =4.8

As apparent from Figure 1 and Figure 2, the pasitig accuracy of improved algorithm is significanitinproved.

When n = 2.2, the positioning accuracy of improaégbrithm is average increase of 70%. When n=4%8itipning

error of RSSI algorithm significantly increased,iltihe improved algorithm by eliminating the pédls factor, the
positioning error is basically the same as n = 2.2.

CONCLUSION

This paper presents a new RSSI-based wirelessrseasgork node localization algorithm. Reflectionulti-path
propagation, non-line of sight, antenna gain, ptoduce significant changes on the propagation, iese may
have + 50% of range error If the measured RSSI values are not effectivebitibn and treatment, whatever the
positioning algorithm is used, located by RSSI measents are difficult to obtain a better positgnresults. RSSI
measurements randomness is corrected by using meakthod to Suppress RSSI random fluctuations. Hgy t
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relative relationship of distance between the nadescalculate the distance between nodes andnelienthe effect
of path loss factors. In order to better adaphtitregular nature of sensor networks, the impalasigorithm only
selects qualified anchor nodes to locate unknowdeso The algorithm is less demanding on the hamlwar
Simulation results demonstrate that range accunasybeen greatly improved than ordinary RSSI rangithout
increasing network traffic situation. It meets tbealization ranging request of most wireless senstwork.
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