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Abstract—1In this paper we introduce a new approach
to determine the bias in localization algorithms by mixing
Taylor series and Jacobian matrices, which results in an easily
calculated analytical expression for the bias. To illustrate this
approach, we analyze the proposed method in two situations
using localization algorithms based on distance measurements.
Monte Carlo simulations verify that the proposed method is
consistent with the performance of localization algorithms,
which means the bias-correction method can correct the bias
in most situations except when there is a collinearity problem.
Although the method is analyzed in distance-based localization
algorithms, it can be extended to other kinds of localization
algorithms.
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I. INTRODUCTION

Accurate location of targets is required in many different
application areas. For example in wireless sensor networks
applications, such as bush fire surveillance, water quality
monitoring and precision agriculture, thousands of sensors
may have to be localized accurately. Again, in radar detection,
the target position should be obtained precisely. In most situa-
tions, the measurement information is limited and inaccurate.
Therefore, techniques for determining location of a target
using restricted and noisy measurements have been widely
investigated with many localization algorithms proposed in
recent years, see e.g. [1-2].

However almost all current localization algorithms are af-
fected by measurement errors, which means a true position
cannot be obtained with noisy measurements. Once errors exist
in measurements, the position estimates in localization will
usually be biased. Nevertheless rather few works address the
bias problem. Two kinds of bias have in fact been mentioned
in localization problems. The first one is measurement bias,
which means that bias—a systematic error in one direction—
exists in the measurement set. This is caused by the environ-
mental conditions. In [3] J.S. Picard et al. discussed several
models for bias in the range measurements, and presented
a set of iterative algorithms that cope successfully with the
various bias models and provide maximum likelihood position
estimates. Again, X. Lin et al. [4] present a model of mea-
surement bias in polar coordinates with an exact solution for
the measurement bias estimation also provided in the paper.

The other type of bias is in estimation, which is the subject
of this paper. In such a case, the measurements themselves,
though perturbed by noise, are not biased. But the localization
estimates are obtained through nonlinear processing of the
measurements, and this gives rise to bias. Gavish et al.
[S] present the analytical expressions of bias which permit
performance comparison for two well known bearing only
location techniques, viz. the maximum likelihood and the
Stansfield estimators. To obtain the analytical expressions of
bias, they expand the first derivative of the cost function to
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first-order and second-order separately. They obtain an analyt-
ical expression for the bias which includes the derivatives of
the cost function and the variance of the measurement noise.
However to calculate the bias directly in this way is complex.
In [6], Dogancay et al. propose bias reduction techniques for
the scan-based least-squares emitter localization algorithm. A
weighted least-squares estimator and an iterative maximum
likelihood estimator are developed to overcome the estimation
bias. Nevertheless these bias reduction methods only aim at
least-squares and maximum likelihood localization algorithms
and thus are not generic. Drake and Dogangay [7] give a short
introduction to tensor algebra and provide a few examples of
how to use it. In the paper bias in non-linear systems with
noisy input is discussed as one of the applications of tensor
algebra. They expand the non-linear function, which maps
measurements to target positions, to the second order in the
noise by a Taylor series. The expected value of the second
order term is considered as the bias. A simple example, which
considers a radar measuring the location of a target in polar
coordinates while reporting it in cartesian coordinates, is also
considered in the paper.

In this paper, a general approach is presented to correct
the bias in 2D localization algorithms. We first expand the
localization mapping g (which maps from the measurements to
produce position estimates) by a Taylor series to second-order
in the measurement noise, and we consider the expected values
of the second-order term, which is computed by the derivatives
of g, as bias. However, it is often very hard to calculate the
derivatives of g analytically. In contrast, the inverse mapping
of g (call it f) and its derivatives can be obtained much more
easily. Therefore, we introduce the Jacobian matrix of f to
compute the derivatives of the localization mapping ¢ in terms
of the derivatives of f, resulting in a simple calculation of bias.
Our method is then applied by way of example to distance-
based localization algorithms, though it is independent of the
particular type of measurement or localization algorithm, i.e.
the bias-correction method can be extended to other kinds of
localization algorithms

The rest of the paper is organized as follows. In Section
II high level views of localization and bias are summarized.
We analyze the proposed method in two situations in Section
III. The results of Monte Carlo simulations are provided in
Section IV. Section V summarizes the paper and comments
on future work.

II. PROBLEM STATEMENT

A. High Level View of Localization

Localization refers to the process of estimating the locations
of target positions using the measurements. For example in
wireless sensor networks, the position of an unlocalized node
can be estimated by gathering the distance or bearing informa-
tion from neighboring nodes whose position has already been
identified. In this subsection a brief description of localization
will be presented.

Suppose there is an emitter or target whose position is at
(v,y) € R? (in N3 the position is (z,y,2)). And a set of
measurements z;, ¢ € 1,2,3...N(/N denotes the number of
nodes) is obtained. The measurements can be in any form,
such as distance, angle of arrival or bearing, etc from a number
of sensors. In the noiseless case we have
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zi = fi(z,y) ey

where f; denotes the mapping from the target to the measure-
ments. The function f; is assumed (as is reasonable) to be
obtained analytically.

In practice the true value of z; is not available. Instead we
have the noisy measurements z; defined by

Zi =z +ng (2)

where n; denotes the additive noise corrupting the measure-
ments. This n; is usually assumed to be an independent' Gaus-
sian random variables with zero mean and known variance o?.
Therefore equation (1) can be rewritten as follows.

Zi = fi(z,y) +n; 3)

For (z,y) € R? the equations of (3) will be overdetermined
when N > 3 (N > 4 in 3D). In other words, there will
generally be no solution to the equations of (3) except in
the noiseless case. There are various methods that can be
used to address this problem, such as least squares, maximum
likelihood, etc [8, 9].

Here we take the least squares method for example. The
main idea of the method is to find the estimation of target
position for which the function values best fit the data. Best
is defined as when the sum of the squared error residuals is a
minimum. Now the localization problem is transferred to be
an optimization problem as follows.

arg min E n?
zy

i=1

N >3 “)

where
ni =% — fi(z,y)

If the noises have different variances, a minor variation
of (4) is used, incorporating the variances as weights. By
solving the above optimization equations (which is often
computationally difficult) we can finally obtain the estimated
position.

B. High Level View of Bias

As mentioned in the introduction, two kinds of bias can arise
in localization problems. The first one is measurement bias
which is caused by the environmental conditions. In this paper
we assume there is no bias in the measurements. Our concern
is with the second type of bias, viz. estimation bias. In this
subsection, a brief view of estimation bias will be presented.

Assume h is a function which maps measurements to the
target position estimates. For the moment, disregard how h
might be determined. To explain the bias in estimation, we
assume there are M sets of measurements z(] ) ,1€1,2,3..N

and j € 1,2,3...M. In the absence of measurement noise and
in a 2D situation, we have

;= hl@w 2,0, 29) )
vy =ha(er” ), 2 2R) (©)

where (x;,y;) denotes the target position corresponding to
each set of measurements. In the noiseless situation Vj, z; =

x, y; =y and z(j) = z; where (x,y) is the true value of the
target position and z; 1s the noiseless measurement.

1Generally, the assumption is valid. However, for some certain localization
techniques such as TDOA, the noises are not independent but correlated in a
standard way.

However, in practice, noise is inevitable. Therefore the
measurement we can obtain is as follows.

where z(j ) denotes a noisy measurement.
Rewntlng the equation (5) and (6) for the noisy situation,

we obtain , ) .
— hl( (]) (])75(])7 721(\?)) (8)

where (7, gjj) is the target posmon corresponding to each set

of noisy measurement Z(J) éj), ééj), . 21(\3,).
Generally, we might average the z; and y; to obtain a
position. In other words we take the expected value of z;
and y; as the estimated target position. Here we take Z; for

example:
E[Z] = Elhi(%1, 22, 23, ..., 2N)] (10)

However, if the function h; is nonlinear we obtain
E[z]=FE[h1(21, 22, 23, ..., ZN)]
#h1(E[Z1, 22, 23, ..., ZN])

=h1(21, 22,23, ..., 2N)
=

Similarly we have E[y] # y. Therefore the bias appears in
the estimate.

Bias, = E[T] — Biasy, = E[g] —y (11)

This bias can be used to systematically correct any single
estimate from any single set of measurements. From the above
analysis, we can see there are two main factors causing the
estimation bias. The first one is the noise in measurements.
The other factor is that the functions hq and hs are usually
nonlinear. This leads to the inequality.

In this subsection a brief high level view of bias is presented.
How to formulate the bias analytically and how to correct the
bias in estimates will be discussed in the next section.

III. DETERMINING BIAS IN LOCALIZATION ALGORITHMS

The bias-correction method will be proposed in this section.
The analysis will be done in two situations based on range-
measurement localization algorithms for illustration purposes.
The first situation with one target and two sensors whose
locations have already been specified will be presented in
subsection III.A. Then in III.B the situation with three anchors
will be described in details. Further, we extend our method to
the situation with more than three anchors in subsection III.C.
For ease of exposition in presenting the method, we restrict
attention to Cartesian coordinates.

A. Two Anchors Situation

A scenario with two range-measuring anchors and one target
is considered in this subsection. The noisy range measurements
from two anchors define two circles with two points of
intersection. Only one of them is the target estimate. Here
we assume further information has been obtained such as an
a priori area restriction to resolve this ambiguity problem.

Assume f1, fo (which together form a vector function f)
are the mappings from target to measurement distance. We
can obtain the following equations according to the simple
geometric relationships.

di=fi(z,y) =@ —z)2+(y—w)? i=12 (12)

where x, y denote the position of target, while x;, y; denotes
the known position of anchor 4. Further d; (which correspond
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to z; in Section II) is the Euclidean distances between target
and anchor 1.

Suppose the inverse functions of fi, fo are g1, go. It
is reasonable to regard the vector function g as in fact a
localization mapping, i.e. a function delivering a position
estimate from the measurements. Thus ¢ is a particular form
of the function h mentioned in Section II. Here we have:

x = g1(di1,d2)
y = g2(dy, da)

It can be verified that there are derivatives of any order of
a1 and go. . ) )

The true values of d; and d, are not available in practice.
Only the noisy measurements can be obtained:

13)
(14)

di=d;+n; i=12 15)

where n; is the measurement error which is an independent
Gaussian random variable with zero mean and variance o7 .

Now we can expand g; and go about the point (dy,ds) by
Taylor series. Suppose the Taylor series is truncated to second
order in the n;. Here we take = as example.

x + AI=g1(d~1,d~2)
:g1(d + ny, dg + nz)

_ og 0g1
*gl(dl’d) [8d 1+8d TLQ]
1 28 g1 3291 28291
Forl(m) 5o + 2mnaga -+ (n2)" 5]

From the above equations we can obtain an approximation
for the expected value of Ax as follows.

1 26291
2| [(O-dl) ad%

8291]

E(Az) = ad2

+ (04,)*

E(Ay) can be obtained in the same way. Here F(Ax) and
E(Ay) are considered as the bias. The tensor form of the bias
can be obtained in [7].

For range-measurement localization in a 2D situation, to
compute the derivatives of the localization mappings (g; and
g2) analytically is not very difficult. However, when one
considers for example a three dimensional problem involving
TDOA and bearing data, the calculation of the inverse map-
pings and their derivatives would be much harder. In fact, in
almost all cases, it is much easier to obtain the derivatives of
forward mappings (f1 and f5). Therefore we consider how use
f1, fo and their derivatives to compute the derivatives of g;
and go. To achieve this, we need to use a Jacobian matrix.

The following equations derive from one property of the
Jacobian matrix.

ofi  9fs 991 Ogq1 1
81 (9 6d1 8d2 —
ofs  ofs bgs  Ogs | = [ 0
ox oy

In order to simplify the equations we use A, B, C, D

and a, b, ¢, d to denote the derivatives of fi, fo, g1 and
go respectively.

= O

] (16)

g1 g1 992 992
A= p 9N o992 p_ %2
8d1 5‘d2 C 8d1 8d2
o, Oh b, o
ox’ oy’ ox’ Oy

[Filz1, 11, £)|F-2(.?31 VW1, E), -:FS(*EI_| 31-5)}

Fig. 1. Introduce One Variable

By solving the above equations we can obtain:

8291 - Ard — AyC
Lo a”
Od, ad — be
where A, denotes 2 a , A, denotes %A and A = ggi = 7add,bc~

Other derivatives of g; and go have a similar form. Substi-
tuting the formulas for the derivatives of g;, go computed by
the derivatives of f; and f5 into E(Ax) and E(Ay), we can
finally obtain the equations of bias including derivatives of f;
and fo which are much easier to compute.

The accuracy of the bias calculation requires that the Taylor
series truncation does not cause significant error. The j-th order
terms in the Taylor series can be expressed using derivatives of
f, multiplied by the j-th power of the inverse of the Jacobian
determinant of f. When this determinant is small, there is
potentially more approximation error. A convenient measure
is provided by the mean square error (MSE) matrix.

Az o3 0O —1\T
p([ & fras st} g Jo
(18)
where
ofi  9fr
J:[gﬁ 5’;’1 (19)
ox Jy

which is the sum of the bias vector times its transpose and
the covariance of the position error. When the first term of
the sum is small in relation to the sum itself, then the bias
calculation may not be very accurate. In the simulations, we
observe that at a certain empirically determined threshold for
the determinant of the MSE, the bias calculation does become
inaccurate.

B. Three Anchors Situation

Suppose now there are three range-measuring anchors and
one target. In the noiseless case, the three circles defined by
the range measurements will generically have a single point
of intersection (an exception occurs if the three anchors are
collinear). In the noisy case (to be assumed here), generally,
a common point of intersection of the three circles does not
exist. Furthermore, the equations are overdetermined which
means there are more scalar measurements than there are
unknowns. We no longer have an inverse mapping and thus
cannot use the Jacobian matrix. The localization mapping is
determined by solving a minimization problem and is difficult
or even impossible to formulate analytically.

In order to resolve these problems, we need to introduce an
extra variable into the mapping set.
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Assume a surface (shown in Fig. 1) consists of points which
corresponding to sets of noiseless measurements (dy, ds, ds3),

where

However, in the noisy case, errors exist in the measurements.
Therefore we have

i=1,2,3 (20)

(Zi:di+m:fi(x,y)+ni =123 @h

where d; is the noisy measurement while n; denotes the
error in measurements. The error is an independent Gaussian
variable with zero mean and variance o7 .

According to the least squares method mentioned in II.B,
to resolve this overdetermined equations we need to solve an
optimization problem, determine

3
. 2
arg min n; 22
gmis ; : (22)

where ~

The least squares method, in fact, attempts to find a point
(fi(z,y), f2(x,y), f3(x,y)) on _the surface corresponding to
a set of noisy measurement (dy,ds,ds) (off the surface) to
minimize the distance between the two points.

Assume, in the Fig. 1, the black point denotes a set of
noisy measurements, and the white point is the corresponding
point on the surface?. The black point must be on the normal
vector to the surface passing through the white one. The
distance between the two points can be denoted as ¢[ju| =

/12 +n3 + n3, where u is a normal vector at the white point
and ¢ is a coefficient to minimize the distance. The normal
vector u can be calculated as follows.

At the white point we can obtain two tangent vectors v
and vy as follows.

af oh
Vi = ﬁ , Vo = 687;%2 (23)
ox oy

By cross multiplying the two vectors, we can obtain the
normal vector u.

f2 0fs _ Ofs 9fa

o ok of o
U=ViXV2=| 328, T Bg oy 24

0f19fs _ 9f2 05

ox Oy ox Oy

Note that fi(z,y), fo(x,y) and fs3(z,y) can be readily
written down according to simple geometric relationships.
Therefore a new set of functions Fi, Fs, F3 for noisy mea-
surements can be obtained through moving the fi, fo and
f3 along the normal vector for a minimal distance ¢|ul].
The new set of functions determine equations which are no
longer overdetermined because an extra variable £ has been
introduced.

Now we have the the forward mapping F' : R® — R® and

its inverse G : R® — R3 as follows.

0f2 0 0fs 0
= File,.2) = hle,) + (G2 52 - 29 s

2Sometimes the corresponding point is not unique. At that time we assume
further information can be obtained to resolve this ambiguity.

Ofs 0f1  0f10fs

d2=F2(l"y,€)=f2($>y)+5(%87y—8787y) (26)
0f10 dfy 0

s = Fa(o,9) = alany) + (G2 - SR EN )

xr = Gl(dl,dg,dg) (28)

y = Ga(d1,dz,d3) (29)

e = G3(dy,d2,d3) (30)

Note that while F' can be analytically computed this is
almost certainly difficult or impossible for G. We can obtain
the bias formula in the same way as in the two anchors
situation by using a Taylor series. Here we take F(Ax) for
example (Ay can be obtained in the same way):

1 P P
B(AT) = ~ (04 2 10,2 4o, O
(Az) = Gilon g7 + 0w g+ 0u57)

*G1(dy, da, d3)
(31)
The processes to follow are similar to the two anchors
situation. In particular we can calculate the derivatives of G,
G9 and G5 using Fy, Fy, F3 and their derivatives. The MSE
matrix is also selected as the performance criterion in the three
anchors situation.

C. More than Three Anchors

When there are more than three anchors, the situation is
similar to the three anchors case except that the extra variable
€ is no longer a scalar. Instead it is a vector which can be
defined as follows.
i=m—2 (32)
where e; denotes a coefficient to minimize the moved distance
in each dimension of the normal, and m denotes the number
of anchors.

The other processes are as same as got the three anchors
situation. We omit the details here.

£=[er,eq,...,e5)T

IV. SIMULATION RESULTS

In this section the results of Monte Carlo simulations will
be provided corresponding to the two situations in Section II.
For each situation we have done two types of simulation. In
the first one we vary the x value of the target while fixing the
y-position. In the second simulation the = value of the target
is fixed while the y value is adjusted. The results verify the
proposed method can correct the bias very well.

A. Simulation Set-up

Assumption

e The measurement errors for d; and ds (in three anchors
situation there will be an extra ds) are produced by
independent Gaussian distributions (¢ = 0 and o2 = 13).
If the absolute value of the error is larger than 5% of
the measurement distance, the measurement is rejected.
In other words, there is a upper threshold for errors.

Definition:

« Expected target position: In the simulation we have thou-
sands of distance measurements: dy;(i = 1,2, 3...)V) and
dai (1 =1,2,3...N). By averaging them we can obtain the
mean value of dy and dy: dy = > dy;(i = 1,2,3...N)
and dy = % > do;(i = 1,2,3...N). Now we can obtain
v = fi(dy) and y = fo(dz). Here (z,y) is termed the

3The effect made by adjusting the levels of o2 will be studied in our future
work.
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Anchor1 (4,6)

Target (x,y)

Fig. 2.  Geometry of the anchors and the target

expected target position, and when N — oo, the expected
target position becomes the true position.

o Estimated target position: In the simulation we have
thousands of distance measurements: dq;(i = 1,2,3...N)
and dg;(i = 1,2,3...N). For each of them we have:
r; = fl(dh‘)(i = 1,2,3...N) and Y = fg(dzi)(i =
1,2,3...N). To average x; and y;, we can obtain the mean
value: 7 = & Y2 (1 =1,2,3.N)and j = & > y;(i =
1,2,3...N). The position (zZ,y) is termed the estimated
target position.

o Bias-corrected target position: For each z; = fi(dy;)(i =
1,2,3...N) and y; = fa(d2;)(t = 1,2,3...N), we use
the proposed method to correct the bias. Therefore we
can obtain ¢ = x; — 2%**(i = 1,2,3...N) and y§ =

i — yPes(i = 1,2,3...N). The mean value of z$(i =
1,2,3..N) and y$(: = 1,2,3...N) is the bias-corrected
target position. _ _

o Analytical Bias: The x%%9%(i = 1,2,3...N) and y?%**(i =
1,2,3...N), which is calculated through the analytical
formulation of bias, is termed the analytical bias.

o Experimental Bias: The distance between the expected
target position and the estimated one.

o d: The absolute distance between the estimated target
position and the expected one.

e d.: The absolute distance between the bias-corrected
target position and the expected one.

B. Two Anchors Situation

Fig. 2 shows the geometry of the two anchors and the target.
We fix the two anchors at (4,6) and (4,-6) in both cases.

1. First Simulation

In this simulation we fix the value of y of the target at zero
while changing the value of z, i.e. we adjust the angle A. The
variation of angle A is from 20° to 170°.Following are the
simulation results. ~

Fig. 3 illustrates the comparison of d and d.. In the figure

d. is smaller than d all the time (from 20° to 140°) which
means the proposed method can correct the bias very well.
However, when the angle A is very large (larger than 140°)
our approach cannot work (see TABLE I). At that time the
target is too close to the link line of the two anchors so that
the target and the two anchors can be considered as nearly
collinear. Localization algorithms often are unsatisfactory in
this circumstance [10].

Fig. 4 shows the comparison of experimental bias and
analytical bias. From 20° to 140°, the experimental bias is
almost equal to the analytical one. This also verifies, from
another standpoint, the proposed method is effective.

Fig. 5 depicts the determinant of the MSE (mean square
error) matrix. The determinant of the MSE is smaller than the
threshold (here 3.5) except when the angle A is 20°. When

///
A 5 7)“'9‘E Aﬁpegmg 10 1. 1 140
Fig. 3. Comparison of d and d.
Angle A (Degree) 150° 160° 170°
d 0.0676 0.0789 0.0830
de 9.3072 | 20.7972 | 162.6368
TABLE I

COMPARISON OF d AND d,.

— & — Experimental bias|
—+— Analytcal bias

% 100 110 120 130 140

0 s 40 s e 70 &
Angle A (Degree)

Fig. 4. Comparison of Experimental bias and Analytical bias

the angle A is smaller than 20°, the determinant of the MSE
matrix will be larger than the threshold (see TABLE II), which

means the result is inaccurate even if d. is smaller than d
(e.g. when A=20°). At that time, the target is in a far field
compared to the two anchors, and again the anchors and the
target are almost collinear, where localization algorithms are
often ineffective.

2. Second Simulation

In the second simulation we set the value of = of the target
as 6v/3 + 4 while adjusting the value of 3, which means the
angle B is changing: the variation of the angle B is between
60° and 160°. R

Fig. 6 shows the comparison of d and d.. From the figure we
can conclude that the proposed method can correct the bias
from 60° to 130°. However, when angle B becomes larger
than 130° the proposed method is less effective or ineffective
(see TABLE III). This is because at that time, the target is
in a far field compared to the two anchors, which results in
near-collinear situation.

Fig. 7 illustrates the comparison of experimental bias and
analytical bias. In the figure the experimental bias is almost
equal to the analytical one for most positions of B. Similarly to
the first simulation, this comparison verifies the effectiveness
of our approach from another point of view.

Note that from 60° to 130°, the determinant of the MSE is
smaller than the upper threshold (here 3.5).

To sum up, from the above two simulations we observe that
the proposed method can correct the bias in most situations
except near-collinear one. At that time, localization algorithms
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70 8 90 100 110 120 130 140
Angle A (Degree)

Fig. 5. Determinant of MSE (mean square error) matrix
Angle A (Degree) 10° 15° 20°
Determinant of MSE | 31.7045 | 11.0982 | 3.6553
TABLE II

DETERMINANT OF MSE

S - /
—_—

—

70 & E 100 110 20 [
Angle B (Degree)

Fig. 6. Comparison of d and d.

often can not work. In other words the bias-correction method
is consistent with the applicability of localization algorithms.

C. Three Anchors Situation

In this situation, we fix the three anchors at (0,-6), (0,6) and
(10,0). We also set the upper threshold of the measurement
error as 3%. The geometry of the anchors and the target is
shown in Fig. 8.

1. First Simulation

In this simulation, similarly to the two anchors situation,
we fix the value of y of the target at zero while adjusting the
value of z in order to investigate the influence of = changing.
The variation of z is from -3 to 28.

Fig. 9 shows the comparison of d and d., with d. always

smaller than d. The proposed method can correct the bias very
well. However when the absolute value of x is very large
(larger than 58), the determinant of the MSE matrix will be
larger than the threshold (see TABLE 1V), which means the

result is inaccurate even if d. is smaller than d (e.g. when

x =58, d. = 0.1186 and d = 0.3014). At that time the target
is far away from the three anchors. Localization algorithms do
not work satisfactorily because the target and the three anchors
can be considered as nearly collinear.

Fig. 10 illustrates the comparison of experimental bias
and analytical bias. From —3 to 28, the experimental bias
is very close to the analytical one. This also verifies, from
another standpoint, that the proposed method is effective. The
determinant of MSE matrix in this situation is always close to
zero throughout the interval.

60 70 80 90 100 110 120 130
Angle B (Degree)

Fig. 7. Comparison of Experimental bias and Analytical bias
Angle B (Degree) 140° 150° 160°
d 0.4212 | 0.7148 1.1557
de 8.8690 | 54.4756 | 72.7876
TABLE III

COMPARISON OF d AND de

Anchor1 (0,6)

Fig. 8. First Simulation

2. Second Simulation

In the second simulation, we fix the value of = of the target
at 6 while adjusting the value of y in order to investigate the
influence made by y changing. In light of the symmetry we
set the variation of y from 0 to 14.

Fig. 11 depicts the comparison of d and d.. From the figure
we can obtain that the method can correct the bias when the
value of y changes from 0 to 14. However when the absolute
value of y is too large (larger than 25) , the proposed method
is no longer effective (see TABLE V). Again at that time,
the three anchors and the target can be considered as nearly
collinear.

Fig. 12 shows the comparison of experimental bias and
analytical bias. The experimental bias is close to the analytical
one when the y value of the target changes from 0 to 14.
From another standpoint, the proposed method is verified to
be effective. The determinant of MSE matrix is also close to
zero from 0 to 14.

From the above two simulations we can draw a conclusion
that, similarly to the two anchors situations the performance
of the proposed method is also consistent with localization
algorithms in the three anchors situation. In other words the
proposed method can correct the bias very well in most
situations except for the nearly collinear one. Compared to
the two anchors situation, the determinant of the MSE matrix
is much smaller in corresponding cases. Therefore, the results
in the three anchors situation are more accurate.
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Fig. 9. Comparison of d and d.

x value of the target —60 —58 58 60
The Determinant of MSE | 3.9689 | 3.5953 | 3.8962 | 4.0465
TABLE IV

THE DETERMINANT OF MSE MATRIX
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Fig. 10. Comparison of Experimental bias and Analytical bias

V. CONCLUSIONS

This paper proposed a method to correct the bias in lo-
calization algorithms, where an analytical formula for the
localization mapping from measurements to estimated target
position may not be available. We formulated the bias in
a simple way through a Taylor series and Jacobian matrix.
The proposed method is analyzed in two situations. In the
first situation there are two anchors and one target. Further
information is assumed to be obtained in order to resolve
the ambiguity. When there are three anchors, the relevant
equation set is overdetermined, and if the measurements are
noisy there will be no solution to the equation set. To resolve
this problem, we introduce an extra variable into the equations
corresponding to adopting a least squares approach. The Monte
Carlo simulations verify the proposed method can correct
the bias in most situations except for the nearly collinear
one. At that time localization algorithms themselves often
cannot work. In other words, the proposed method is consistent
with localization algorithms. Though the proposed method
is analyzed in distance-based localization algorithms, it can
be extended to other localization algorithms. In other words,
the proposed method can serve as an add-on for most of
the existing localization algorithms. Our future work is to
analyze the performance of the proposed method in different
coordinate systems. Furthermore, we will consider truncation
of the Taylor series to higher orders in order to examine the
effect of different levels of noise variance.
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Fig. 11.  Comparison of d and d.

y value of the target 25 30 35
d 0.0141 | 0.0138 | 0.0117
de 0.0181 | 0.0385 | 0.0554
TABLE V

COMPARISON OF d AND d,.

O Experimental Bias
—#— Analytical Bias
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Fig. 12.  Comparison of Experimental bias and Analytical bias
REFERENCES

[1] G. Mao, B. Fidan and Brian D.O. Anderson. Wireless sensor network
localization techniques. Computer Networks, 51:2529-2553, 2007.

[2] K. Dogancay. Online Optimization of Receiver Trajectories for Scan-
Based Emitter Localization. IEEE Transactions on Aerospace and Elec-
tronic Systems, 43(3): 1117-1125, 2007.

[3] J. S. Picard and A. J. Weiss. Localization of networks using various
ranging bias models. Wireless Communications and Mobile Computing,
8: 553-562, 2008.

[4] X. Lin, Y. Bar-Shalom and T. Kirubarajan. Multisensor-Multitarget Bias
Estimation for General Asynchronous Sensors. IEEE Transactions on
Aerospace and Electronic Systems, 41(3): 899-921, 2005.

[5] M. Gavish and A.J. Weiss. Performance analysis of bearing-only target
location algorithms. IEEE Transactions on Aerospace and Electronic
Systems, 28(3): 817-827, 1992.

[6] K. Dogancay and S. P. Drake. Bias reduction for the scan-based least-
squares emitter localization algorithm. Proc. 14th European Signal Pro-
cessing Conference, EUSIPCO 2006, 5 pp., 2006.

[71 S. P. Drake and K. Dogancay. Some Applications of Tensor Algebra to
Estimation Theory. 3rd International Symposium on Wireless Pervasive
Computing, ISWPC 2008, 106-110, 2008.

[8] W. H. Foy. Position-Location Solution by Taylor-Series Estimation. IEEE
Transactions on Aerospace and Electronic Systems, AES-12(2): 187-194,
1976.

[9] D. J. Torrieri. Statistical Theory of Passive Location Systems. IEEE
Transactions on Aerospace and Electronic Systems, AES-20(2): 183-198,
1984.

[10] B. Fidan, S. P. Drake, G. Mao, B. D. O. Anderson and A. A Kannan.
Collinearity problems in passive target localization using direction finding
sensors. Submitted to IEEE Symposium on Computational Intelligence
for Security and Defense Applications, Ottawa, Canada, July 2009.

978-1-4244-4148-8/09/$25.00 ©2009

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE "GLOBECOM" 2009 proceedings.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


