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Abstract: Location accuracy of wireless sensor network relies on noise level and connection of
non-line of sight. So, Location correcting algorithm based on semi-definite programming is
proposed and it is based on edge-semi-definite programming; it is denoted as ESDP_O algorithm
and it aims to increase location precision and reduce location time in severe environment. ESDP
algorithm is modified and robustness of ESDP_O algorithm in high error environment of distance
measurement is increased for ESDP_O algorithm through quoting dithering matrix. ESDP_O
algorithm handles high noise and deviation of non-line of sight through seeking low-rank solution.
Simulated result indicates that location precision of ESDP_O algorithm is better than algorithms of
the same kind and calculation complexity is also reduced in environment of high noise and that
most distance measurement is non-line of sight.

1. Introduction

Position of sensor nodes plays an important role[1] in application of wireless sensor network,
such as detection of abnormal events, induction of fire disaster and objective tracking, etc and these
applications all need position information[2-3] of nodes. Position of unknown nodes is further
estimated through distance between nodes (anchor node) of known position and themselves in
combination with location algorithm to obtain position info9rmation of unknown nodes and
distance measurement is the key to location problem of sensor network.

Many different schemes are proposed by research personnel pertinent to location problem of
sensor network. In the literature [4], the author proposes a kind of location algorithm of time
difference based on second-order cone programming and position estimation is translated to an
issue of second-order cone programming for the algorithm; final position of nodes is estimated with
Taylor series development method. Many research personnel also introduce convex optimal
relaxation technique to translate non-convex optimal problem to convex optimization problem of
location and then achieve position of nodes with Second order cone Programming and Semi-
definite Programming in convex optimization theory.

However, it is all assumed that distance measurement is line of sight for these location
algorithms, namely that communication route among nodes is LOS connection. But this assumption
cannot be satisfied in most environments; most connections are in environments of non-line of sight
and which connections belong to NLOS and which connections belong to LOS cannot be estimated,
thus it proposes challenge for location of sensor nodes.

So, a correcting algorithm ESDP_O of location based on relaxation optimization of Edge-Semi-
definite programming is proposed pertinent to noise and severe environment with NLOS. ESDP_O
algorithm is based on ESDP algorithm and then pull matrix is introduced to achieve low-rank
solution, increase location robustness in severe environment and reduce complexity of the algorithm.
Simulated data indicates that proposed ESDP_O algorithm can accurately estimate node position
and reduce location complexity in severe environment.
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2. Location model and problem description

Suppose sensor network is composed of a series of anchor nodes and common sensor nodes and
position of n sensor nodes is known, respectively indicated as*'""»*n: position of m anchor nodes is

known and respectively indicated as®' " »@» . Distance between sensor nodes % and *i is indicated

asdsvii; similarly, Euclidean distance between sensor node *i and anchor node 2 can be indicated

as Ja.ik

Second-order location problem of wireless sensor network can be simplified as:

Find X e R?" (1a)

SLY, —2Y; +Y; =dZ;, V(i) e N (1b)

s,ij !
Y, -2x]a +a | =d2,. v (i.k)eN, (10)

Y =X"X (1d)

X =[x, ] Ng ={(5.i)1[x; =] <} and N, ={(i.k)1]x; —a]<r}

radius.

Convex relaxation technique is an effective method to solve location problem of sensor network.
Relaxation algorithm of semi-definite programming is proposed in Literature [2] to translate the
non-convex problem in Equation (1) to a convex problem. SDP is modified in Literature [3] to
obtain low-rank solution. However, compared with SDP, it still cannot improve location accuracy.
These schemes translate limited Equation (1d) to linear inequality LMI, as shown in Equation (2):

. I is wireless transmission

.
Y>XTX—>Z:[I)§ ); J>0
2)

I Indicates unit matrix

Besides, compared with SDP, complexity of relaxation algorithm based on ESDP reduces and it
has the same location accuracy [8] as SDP. Equation (1) can be solved with ESDP relaxation
algorithm, so Equation (1) can be translated to Equation (3).

min Z (ai}+ai})+ z (ﬂﬁﬁrﬂ;k)
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a.a BB are respectively errors of squared distance.
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@2ii)r200) s sub-matrix of Z . Relaxation algorithm of Edge-based Maximum Likelihood is

proposed in Literature [9] to increase performance of ESDP relaxation algorithm. However,
proposed schemes in Literatures [2-9] are all based on the fact that all nodes have connection of line
of sight. But most connections of indoor network especially are NLOS.

Scheme based on SDP is adopted in Literature [10-11] to locate sensor nodes. SDP-M scheme is
adopted in Literature [10] to solve node location problem on condition of NLOS connection and it
also increases location accuracy. But it is in premise of assuming that NLOS connection is
recognizable. However, this hypothesis is unreasonable under conditions proposed by Literature
[11]. Location algorithm is proposed in Literature [11] pertinent to the situation that there is no
previous information of NLOS and NLOS and LOS connection is not distinguished. Distance
measurement model containing error shown in Equation (4) is adopted in Literature [11].

dj =dy +G (0,08 )+by, of =K d]
v(j.i)e N,UN, UNL, UNL, (@)

2
103} is deviation set of unknown NLOS. ) Contains {dei and{da'jk}. 6(0.57)

2 _ /4
distribution of zero mean and variance % = Kedi | NL and NLa respectively indicates NLOS

connection set between sensor node and sensor node, sensor node and anchor node. Ke is scale
parameter to determine accuracy of distance measurement, but solution rank of this algorithm is
high.

So, optimized robust location algorithm ESDP_O based on ESDP is proposed in this thesis
pertinent to environment of high noise and NLOS deviation. ESDP_O can obtain low-rank solution
and increase algorithm robustness through introducing new relaxation algorithm based on SDP.
Meanwhile, it is assumed that NLOS connection is unknown in ESDP_O algorithm and it is
considered that statistics of {b”} is also unknown; it conforms to real environment more in aiming
to expand application scene of ESDP_O algorithm and increase location accuracy in severe

environment.

is Gaussian

3. Performance analysis

Different application scenes are considered in simulation process; NLOS environment is
considered in scenes | and Il and LOS environment is considered in scenes I11.
(1) Scene |
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(a) Average location error (b) Standard deviation of average location
Figure 1 Influence of #~ on location performance

Influence of ratio #n of NLOS connection number in total distance measurement number on
location error and standard deviation of error is mainly investigated in this simulation. Mean values

of simulation parameter Ke wireless transmission radius and NLOS deviation are respectively 0.1,
6m and 5m. Simulation result is shown in Fig. 1.
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It can be found from Fig. 1(a) that average location error increases with increase of #v and it
further indicates that NLOS has negative influence on distance measurement. NLOS connection
reduces accuracy of distance measurement and further affects location accuracy. Compared with
ESDP, EML and SDP-NLOS algorithms, average location error of ESDP_O algorithm is obviously
reduced and the reason is that NLOS environment is fully considered in ESDP_O algorithm and
dithering matrix is introduced so as to increase the capacity for the algorithm to handle severe
environment. Fig. 1(b) reflects average standard deviation of all algorithms; similar to data of Fig.
1(a), average standard deviation of ESDP_O algorithm is the lowest and standard deviation of
ESDP algorithm is the highest.

(2) Scene 11

This scene is pertinent to LOS environment, simulation area is and number of anchor node is 15;
two types of environment is considered in this simulation: in the first type (Casel), noise value is
n=100 and wireless transmission distance is =6 m and Ke =0-095: in the other type (Case2),
=400 and r=4m and = =0 Environment of Case2 is more severe than that in Casel. Location
errors of all algorithms are shown in Table 1.

Table 1. Average location error in LOS environment

Error

_ ESDP EML SDP-NLOS |ESDP_O
Algorithm -
Average location error 319 3.15 314 3.19
(Casel)

Average location error 420 412 411 3.88
(Case2)

It can be known from Table 1 that in Casel environment, compared with ESDP, EML and SDP-
NLOS, location performance of ESDP_O algorithm is not improved and it is even slightly higher
than that of EML and SDP-NLOS. While in Case2 environment, location error of ESDP_O
algorithm is lower than that of ESDP, EML and SDP-NLOS algorithms. These data indicates that
proposed ESDP_O algorithm is more adaptable to severe environment.

(3) Scene 111

This experiment aims to analyze complexity of all algorithms and state it with operation time of

algorithm. Experimental parameters: Ke and r=6 are respectively 0.1 and 6m. Number of anchor
node is five and all connections are in LOS environment; operation time of all algorithms is shown
in Table 2 whenn =100 200, 300 and 400.

Table 2. Operation time of algorithm

Operation time(s) |pqpp | g SDP-NLOS |ESDP_O
Algorithm

n=100 6.51 9.56 9.78 6.28
n=200 16.13  |25.43 24.89 14.84
n=300 3423  |52.42 52.78 30.76
n=400 8172 |119.00 120.60 73.59

It can be found from Table 2 that operation time of proposed ESDP_O algorithm is the least
when N change from 100 to 400, so it indicates that its complexity is lower than that of other
algorithms. In other words, ESDP_O algorithm increases location accuracy in severe environment,
but it does not increase algorithm complexity at the same time. Besides, it can be found from Table
2 that increase of " increases operation time of algorithm and location difficulty.

4. Conclusion
Modified algorithm ESDP_O of location based on relaxation optimization of Edge-Semi-definite
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programming is proposed pertinent to node location problem of wireless sensor network. Severe
environment of non-line of sight and noise are considered in ESDP_O algorithm on focus and low-
rank solution is obtained to reduce algorithm complexity, increase location precision in severe
environment and strengthen robustness of algorithm through constructing dithering matrix based on
ESDP location algorithm. Simulation is conducted pertinent to different scenes and simulation
result indicates that complexity and location precision of proposed ESDP_O algorithm is better than
those of SDP-NLOS and ESDP algorithms in severe environment.
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