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Turbo Positioning Using Link Reliability in

Wireless Networks

Kyungsu Yun, Ji Kyu Park, Jae Young Ahn, and Jae Kyun Kwon

In wireless positioning systems using range
measurements non-line-of-sight (NLOS) links cause
estimation errors. Several studies have attempted to
improve the positioning performance by mitigating
these NLOS errors. These studies, however, have
focused on the performance of a dataset consisting of
three or more links. Therefore, measurement errors
induced by links are averaged, and a reliable link is
not fully utilized in the dataset. This paper proposes a
Link Reliability based on Range Measurement
(LRRM) scheme, which specifies the relative reliability
of each link using residuals. The link reliability
becomes the input to a Link Residual Weighting
(LRW) scheme, which is also proposed as a weighted
positioning scheme. Moreover, LRRM and LRW
constitute new turbo positioning, where the estimation
errors are reduced considerably by iterative updates.
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I. Introduction

Wireless location technology and its related applications
has received attention since the development and
implementation of the E-911 system [1]. A range of
location-based services (LBS) have been studied and
applied to real-world problems. LBS requires a highly
accurate location estimation of the terminals to ensure
service quality [2]. Generally, wireless positioning by
radiolocation obtains the distance information between a
base station (BS) and a mobile station (MS) by using the
time of arrival (TOA) [3], [4], time difference of arrival
(TDOA) [5], [6], angle of arrival (AO vA) [7], [8], received
signal strength (RSS) [9], [10], or a hybrid scheme [11].
These schemes operate adequately when the signal is
conveyed on a line-of-sight (LOS) path, but non-line-of-
sight (NLOS) links are quite common in wireless networks
and result in erroneous estimations [12]. Many schemes
have been studied to reduce the NLOS errors [12]-[14]. An
NLOS path usually estimates a longer distance than the
actual distance [15]. In a measurement dataset consisting of
three or more BS-MS links with the same number of BSs
and an MS, an NLOS error increases the candidate area of
the MS position in trilateration or triangulation. In other
words, if the candidate area is small, the NLOS error will
equally be small. This has been utilized to reduce the
NLOS errors and improve the positioning accuracy [16]—
[22]. However, these approaches do not separate the links
in a dataset, and the errors are averaged within the dataset.

Although a location estimation is performed for a dataset
with three or more links, attempts are practically made to
obtain the reliability for each link. These reliabilities act as
weights in a weighted location estimation. The derivation of
the link reliability and weighted estimation are repeated
iteratively to reduce the estimation errors. Figure 1 shows
the block diagram of the proposed turbo positioning
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Fig. 1. Concept of turbo positioning.

technique. First, preliminary positioning is used to estimate
the initial location of an MS, and any scheme can be
applied in this step. Next, the link reliabilities are obtained
from the estimated location and range measurements. These
reliabilities become weights for the weighted positioning,
which produces new estimated locations. Then, the link
reliabilities are calculated again, and weighted positioning
is performed iteratively. Finally, after a sufficient set of
iterations, the final positioning generates an estimate of
the MS location. The proposed turbo positioning is
characterized by three advantages:

e The reliability is obtained not for a set of links but rather
for an individual BS-MS link.

e The link reliabilities act as weights for weighted
positioning.

e The iterative turbo principle offers a significant
reduction in the estimation error at the expense of a
small increase in complexity.

The next section explains the proposed turbo
positioning principle. The simulation environments and
comparison results are described in Section III, and
conclusions are given in Section IV.

II. Turbo Positioning

As shown in Fig. 1, the link reliability calculation and
weighted positioning are required for turbo positioning.
This paper proposes a Link Reliability based on Range
Measurement (LRRM) scheme for obtaining the BS-MS
link reliability, and a Link Residual Weighting (LRW)
scheme for weighted positioning. Turbo positioning is
applied based on two components and the required
operating conditions are given in this section.

1. Link Reliability Based on Range Measurement
(LRRM) Scheme

In wireless positioning systems, using good links or

assigning higher weightings to the best of the links is
better than their collective application without any
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discrimination. Therefore, reliable links are utilized
preferably to reduce the NLOS errors. This paper proposes
an LRRM scheme to obtain the link reliability using
the position estimate error derived from the range
measurements. Generally, a positioning error arises mainly
due to two factors: The first is the measurement error,
usually considered as additive, such as a synchronization
error or timing error by the measuring equipment. The
other originates from multipath and NLOS. As a result,
range measurements are modeled as [23]:

O

where r is the estimated distance between BS and MS,
dyos 1s the real distance, d,;s is the measuring error, and
dnros 1s the NLOS component. A two-dimensional least-

r = dros + dnoise + ANLOS,

square (LS) estimation with at least three link
measurements is given as follows [12]:

s . L _ - 2

& =argmin > (i~ [y — X)2, @

ies

where § is the index set of BSs, 7; is the range
measurements between the MS and the i-th BS, x is the
position of the MS, x is the estimate of the MS position,
and X; is the position of the i-th BS. In (2),
(r; — |lx — X;||) is called the i-th residual of x. If the
dataset of range measurements contains NLOS range
measurements, the estimated residuals increase.
Therefore, large residuals indicate low reliability due to
the NLOS links. This reliability, however, is not for a
link but a set of links.

The proposed LRRM scheme obtains the reliability for
each link from the residuals. The intermediate reliability of
the i-th link in a set S can be obtained as follows:

RI(SC?S) :fr(ri, ||)AC_)Q||)’Z'ES’ (3)

where f,(-) is the function transforming a measurement or a
residual to an intermediate reliability. The absolute value
of the residual fi(-), is used in this paper:

Ri(%,8) = |ri — ||x = Xill[,i € S. )

The number of range measurements (BSs) is assumed to

M
be M (> 3). Hence, there are N = Z<A,4> possible
i=3

combinations for positioning, and each combination set of
BSs and the corresponding estimated position are S and
Xx, respectively. For example, when the number of BSs, M
is 5, wireless locations are possible for three BSs, four
BSs, or five BSs. There are 10 subsets with three elements
out of five members, five subsets with four elements, and a
subset with all five elements. Therefore, 16 subsets are
eligible for wireless locations, and they are named from S
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to Sy¢. For each Sy, X; is the position estimate derived only
from BSs in S;. For the i-th link, several intermediate
reliability values (R;’s) are found in the sets (S;’s)
containing i. These intermediate reliability values are
processed to the link reliability of the i-th link, R; by the
function fz(:).

Ri(Xk, Sk) = fe(ri, &% — Xill), i € Sk, (%)

R = fr (Rix (R, Sk)|i € k). (6)

The process for obtaining the link reliability R;, is
explained with an example in Table 1. The numbers of
BSs and subsets S; is 5 and 16, respectively. Each S
generates the position estimate X;, and the intermediate
reliability values R;’s, are derived for each BS or link
in a row-wise manner in the table. Two intermediate
reliabilities, R4; and Rs; are missing because only BS#1,
BS#2, and BS#3 are included in S;. For BS#1 or link#1,
the derived R;’s are processed to one link reliability R; in
a column-wise manner.

The minimum, average, geometric mean, or weighted
average can be used for fz(-). In the case that a weighted
average is used, a larger weight is assigned to a good
combination set containing an intermediate reliability
(i € Sk). In [12], the indicator Res used to identify good
sets is the average of the squared residuals:

Res()%aS) :Z[ri_ ||)AC_AXl||]2v (7)

ieS

P 2
> [ri = [ — Xil]
o €Sy

Res ()Aclﬁ Sk)

Res(S:81) = size of S

®)

size of Sj

A small Re(%,S;) implies a higher reliability set Sy,
and then that the links in S, might likely have higher

Table 1. Process from position estimate to link reliability.

Link or
BS index ! 2 . 4 .
Sl R11 R21 R3l
A\ Ry Ry Rap
S S3 Ry3 Ra3 Rs3
et
index Sy Ry Ry Ryy
Ss Rys R3s Rss
Sie Ry 16 R> 16 R3 16 R4 16 Rs 16
Link reliability R R, R; R, Rs
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reliability values. Therefore, the link reliability R; in (6) is
calculated as follows with the weight of (Res (%, S¢)) .

Xk: Ri (%, Sic) (Res (%, Sk))

) (Res (6, Sk)) ™

1

Ri—

€S (9)

2. Link Residual Weighting Scheme

The LRW algorithm updates the estimates of the MS
location using the link weights or link reliabilities
obtained through the LRRM configuration. The update is
performed using weighted averaging, where the link
reliabilities work as weights. The conventional weighted
positioning schemes position the weight only on a subset
of links or the combined data for more than one link,
which is in a particular subset, and the relative weights of
the links remain unvaried. An estimated MS position for
each link is needed to separate the links in the subset. An
angle or directional information with a distance estimate
for each link is sufficient for this purpose. However, the
accurate angle or direction is difficult to obtain.

Figure 2 illustrates the updating procedure for the
location estimate. The aim of the entire process is to update
the previous position estimate, X, to X,,. First, the position
estimate for link i, Xg; is derived. The distance between BS;
and X, is generally different from the distance estimate 7.
To update X, relative to BS;, a new Xg; is located in the
same direction from BS; with X, and the distance between

BS,;

Fig. 2. LRW algorithm.
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BS; and Xg; is set to ;. Next, multiple Xg;’s are merged into
one new position estimate X, which is a weighed position
estimate. The previously obtained link reliabilities R;’s
work as weights w;’s, where w; = I~?i’1. This LRW scheme
provides the weighted position estimate, Xy, as

ZXRiWi
fw = IGSZ —, (10)

i€S

where Xg; and X,, are subset-dependent, and w; is subset
independent. The position estimate for S; is called Xy,
which becomes the input X in a turbo process.

3. Turbo Positioning

In the previous subsections, the link reliability is
obtained for every single link, and weighted positioning
is performed using the link reliabilities. For the former,
LRRM is used in (5) and (6), and LRW functions by
using (10) for the latter. For the full process depicted
in Fig. 1, a positioning scheme yields a preliminary
positioning result. In the LRRM scheme, to acquire the
link reliabilities, the absolute values of the residuals are
used in this study, as shown in (4), to obtain the
intermediate reliabilities Ry (X, Sx)’s, and (9) computes
the link reliabilities R; from the intermediate reliabilities.
These link reliabilities are passed to the weighted
positioning (LRW) phase using w; = fiy (R;), where f,(-)
is a function for obtaining the weight from a link
reliability. In this paper, a simple inverse was used, that
is, w; :i?i‘l. Equation (10) becomes x; in (5) for the
next turbo iteration. Two further points need to be
considered; the final positioning scheme after the turbo
iterations should be determined, and the balanced updates
of the link reliabilities among the subsets should be
guaranteed in the turbo iterations.

Three examples are given for the final positioning. The
first scheme is to select three range measurements with the
three best link reliabilities, and apply them to trilateration,
such as an LS estimation. The second is to apply the
residual weighting (Rwgh) [12] scheme as follows, using
% for Sy in (10) and Res (3, Si) in (8):

N - _
3 Sk (Res (Bt S6))
k=1

_%:

— - (11)
/;1 (Res ()Acwk; Sk))

The third and final scheme is to apply (10) to only
the universal set Snx(={1,2,3,...,M}) for the final
positioning. Turbo iterations are performed for all subsets,
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and the final positioning is performed only for the
universal set. For the final positioning, %, should be
unique in Fig. 2 for (10). Two examples of %, are to use
Xn, the result of the universal set Sy, and to use the result
of the subset where the sum of the reliabilities is best (that
is, the smallest). In this paper, we opted for xy.

The link reliabilities of the subsets should be updated in a
balanced way during the turbo iterations. Within a specific
subset, an iteration updates the relative superiority of the
reliability among links. However, it is difficult to guarantee
a balanced update of reliabilities among the subsets. For
example, without a balanced update scheme, an inferior
LOS link in a good subset might have poorer reliability
than a superior NLOS link in a bad subset, despite the LOS
link being ideally expected to have a better reliability than
the NLOS link. Therefore, a proper scheme, such as the
weights for the subsets, is needed. To avoid designing such
update scheme, this study uses only the universal set Sy in
the turbo iterations with LRRM and LRW. In particular,
turbo iterations and the final positioning are performed only
for the universal set except that the preliminary positioning
can use any existing scheme, such as LS or Rwgh [12].
Such a simple choice guarantees the stability of the link
reliability update and low computational complexity, and
also show excellent performances in Subsection III-2.

In summary, this study uses the following simulation
scenario for turbo positioning. Since only the universal set Sy
is used, the intermediate reliability is obtained from (3) as:

(12)

Equations (6)—(9) are simplified to R; = Ri(%p,SN),
because the i-th link has only one intermediate reliability.
The weight for a link is assumed to be the inverse of the
link reliability, w; = fi(R;) = R;!. For turbo feedback,
in (13) becomes X;.

RillipsSx) = Iri — 1% — Xl € Sx.

Z XRWi
2y = esziw (13)

€SN

III. Performance Evaluation
1. Simulation Environments

The performance of the proposed turbo positioning
technique was evaluated in a simulation environment.
Table 2 lists the simulation parameters based on the 3rd
Generation Partnership Project (3GPP) Long Term
Evolution (LTE) system. The LTE system provides a
sampling interval of 32.552 ns calculated by the sub-
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Table 2. Simulation parameters.

Parameter Value
Sub-carrier spacing 15 kHz
IFFT/FFT size 2,048
L . 1/(15,000 x 2,048)
Basic time unit (7) ~ 3255 ns
Cell layout Hexagonal grid (19 cells)
Inter-site distance 1,732 m
Number of MSs 10,000
Oversampling X2
. ITU-R M.1225
Multipath model multipath channel model

105
Table 3. ITU-R M.1225 multipath channel model.
Pedestrian Vehicular
channel B channel A
Ta : : Doppler
P | Relative | Average | Relative | Average spectrum
delay power delay power
(ns) (dB) (ns) (dB)
1 0 0 0 0 Classic
2 200 —-0.9 310 -1.0 Classic
3 800 —49 710 -9.0 Classic
4 1,200 —8.0 1,090 —10.0 Classic
5 2,300 —7.8 1,730 —15.0 Classic
6 3,700 —23.9 2,510 —20.0 Classic

carrier spacing and Inverse Fast Fourier Transform
(IFFT)/Fast Fourier Transform (FFT) size, while the
sampling frequency is 30.72 MHz. The cell layout uses
19 hexagonal cells, thus 19 range measurements from 19
BSs are given for positioning. The number of subsets

19
provided by 19 elements is 524,097 <: > (1n9>>’
n=3

which is a relatively large number. To reduce the
computational complexity, only subsets with three
elements are used, and the new number of subsets is

969 (z <139>>. An MS is generated randomly within

the center cell with two tiers. For a simple evaluation,
inter-cell interference and noise are ignored. Low inter-
cell interference and low noise are realized by the
positioning reference signal (PRS) of 3GPP and the
high powered PRS, respectively. The performance is
determined by using the cumulative distribution function
(cdf) for positioning errors.

The proposed turbo positioning method is compared
with three schemes: good algorithm, lower-computational-
cost residual weighting (LCC-Rwgh) [24], and inverse
estimator weighted average (IEWA) [25] schemes. The
good algorithm approach is an imaginary scheme, which
applies only LOS range measurements to an LS
estimation. The discrimination between the LOS and
NLOS is assumed to be perfect, and the range
measurements have only measurement errors. LCC-Rwgh
is a variation of Rwgh, but with lower computational cost.
IEWA uses the inverse of the norm of the sum of the
residual vectors as a weight, and shows better results than
LCC-Rwgh in compensating for NLOS errors.

A range measurement has a measurement error (dygise)
and an NLOS error (dnLos) as given in (1). For dyios,
Pedestrian Channel B (ped-B) and Vehicular Channel A
(veh-A) of the International Telecommunication Union-

Radiocommunication (ITU-R) M.1225 multipath channel
model in Table 3 are used. A channel model provides
one LOS tap and five NLOS delay taps with different
delay and powers. Note that the delay spread positively
correlates to the distance between the BS and MS, but a
fixed delay spread is adopted in this paper according to
the ITU-R model. The relative delay parameter in
Table 3 is converted to a distance, which is actually an
NLOS error. The average power of a tap is the average
of the square of the absolute value of a random complex
Gaussian channel, which effectively becomes the average
of an exponential distribution. A range measurement is
obtained from the six delay taps. For the frequently used
first tap detection, the relative delay is 0, and no error can
be modeled. In such case, a random delay should be
given for the first tap arrival, but it is difficult to derive a
statistical model, which, apparently, is beyond the scope
of this paper. Instead, in this study, the maximum power
tap among the six taps is selected for a range
measurement. Although the first tap has the maximum
average power, one of the other taps can also reach the
instantaneous maximum value, because this parameter of
a tap is randomly generated with its own average. A
simple numerical simulation based on the contents of
Table 3 generates the selection probability of each tap.
For the measurement error d,ise, the LTE system with a
sampling interval of 32.552 ns has a maximum error of
+4.8828 m, and doubled oversampling reduces this error
to £2.4414 m. In this paper, the measurement error is the
rounding error when the sum of the real distance and
NLOS error is divided by the oversampling interval and
rounded off.

2. Simulation Results

This section provides details on the performance
evaluation of the proposed turbo positioning technique

http://onlinelibrary.wiley.com/journal/10.4218/(ISSN)2233-7326
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based on a few different configurations. These results are
used to establish the most appropriate configuration and
the number of iterations of the turbo positioning scheme.
The turbo positioning scheme is compared to other
existing configurations using cdf for positioning errors.
A few configurations of the turbo positioning scheme are
also compared in Fig. 3. The “bad (weight) turbo”
scheme obtains the link intermediate reliabilities for the
subsets and merges them into the link reliability by
weighted averaging in (9). The positioning estimation is
performed using (11). The “bad (min) turbo” scheme
differs from the “bad (weight) turbo” setup in that the
minimum intermediate reliability value becomes the link
reliability in (6). No balancing scheme among the
subsets for the link reliability is considered in the above
two schemes. The “medium computational cost (MCC)
turbo” scheme adopts the computations for the subsets
using (4) and (9) only in the first computation of link
reliability. For the remaining iterations, the update of the
link reliability is performed only on the universal set
using (4) and (10). The “LCC turbo” scheme, however,
only uses the wuniversal set, even for the first
computation. The number of iterations is set to 30, and
ped-B channel model is wused. As described in
Subsection 1I-3, two “bad turbo” schemes using the subsets
without balancing show inferior performance compared
to the other two schemes. Because “MCC turbo” and “LCC
turbo” demonstrate similar performances, “LCC turbo”
with lower computational cost is chosen as the
representative configuration, and used for the remaining
part of this paper.

cdf of location measurement error

1.0 ' I #nmnnnnmm
0.9 L i

cdf

#
02f, @ - LCC turbo |
5] =4 MCC turbo
0.1+ ,i o Bad (min) turbo |
G¢ =0~ Bad (weight) turbo
0 1 1 1 1 1 ! 1 1 1
0 1 2 3 4 5 6 7 8 9 10

Measurement error range (m)

Fig. 3. Performance of the turbo positioning scheme for several
configurations.
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Figure 4 shows the performance of the turbo positioning
scheme based on the number of iterations, up to 50, in the
ped-B and veh-A channels. For a more detailed view of
the convergence, Fig. 5 expands the results of Fig. 4(a)
for an error of 10 m. In other words, the convergence
starts at 15 iterations and becomes nearly stationary at 30
iterations.

Figure 6 shows the probability of correctly detecting the
LOS links. The number of LOS links within 19 range
measurements is assumed to be L, which is usually equal
to or greater than 5. Because a low link reliability
indicates a good link, when the link reliabilities are sorted
in ascending order, it is best that the L LOS links appear
first. “All LOS BSs” represents the averaged probability of

cdf of location measurement error by number of turbo loop

1.0
09 [
0.8
0.7
0.6 -
R v
4 - = -
04 I? PREE B 1
“ il =+ 1 loop
0.3 1" ~ 5loop |-
' == 10 loop
I 4
021w ! = =20 loop | {
1) ol =0~ 30 loop
0.1 rm 7 40 loop | |
D =¥ 50 loop
0wt . s ‘ | | | ‘ .
0 1 2 3 4 5 6 7 8 9 10
Measurement error range (m)
(@)
cdf of location measurement error by number of turbo loop
1.0 T AT
l," T ] o=
09 2 4 - -0
v .
0.8 1 i )/
I 4
0.7 r ' I'
]
¢
0.6 1, N
\ 44
3 [ -
g 03 ::' R bt e b S
04 1I? 4 |
. h ¥ ~
! ‘ + 1 loop
0.3 l“ ! 5loop |4
u’ /* =@ 10 loop
[ = =20 loop | 4
"2 : ’, =0~ 30 loop
0.1 rp ./ 40 loop | |
e Lt =% 50 loop
0wt . . . . : | I I
0 1 2 3 4 5 6 7 8 9 10

Measurement error range (m)

(b)

Fig. 4. Performance evaluation based on the number of turbo
iterations: (a) ped-B channel and (b) veh-A channel.
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cdf value for 10 m error

cdf

04 5 100 15 20 25 30 35 40 45 50

Number of iterations

Fig. 5. Probability of a positioning error equal to or less than
10 m based on the number of iterations.

LOS matching probability

1.00 AT e e e e e e T e R

4

Matching probability
o
~
W

0.70 I :
0.65 —+— AIl LOS BSs | |
best 1 BSs
0.60 —e— best 2 BSs 1
—e= best 3 BSs
—u— best 4 BSs i
0.5 best 5 BSs
0.50 1 1 1 1 Il L L L L

Number of turbo loop

Fig. 6. LOS matching probability based on the number of turbo
iterations.

¢/L, where the ¢ links are the LOS type among the first L
links. The “best i BSs” indicates the averaged probability
of ¢ = i, where ¢ links are the LOS variety among the first
i set. Because it is essential to find LOS links in
trilateration, Fig. 6 can be used to validate the proposed
turbo positioning based on the link reliability. In the
results, the overall LOS links appear to be detected after
eight iterations.

Figure 7 compares the performance of the proposed
technique based on the number of BSs. The nominal
number of BSs is 19 in this paper, which implies a level
up to the second tier. Three values for the number of BSs
(7, 19, and 37) are used, and they represent BSs up to the
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cdf of location measurement error

cdf

Measurement error range (m)

Fig. 7. Performance comparison based on the number of BSs.

first tier, the second, and the third, respectively. It is
natural that more BSs provide better positioning
performance. Results using seven BSs are inferior to the
other cases. However, it offers better performance than
the “bad turbo” scheme with 19 BSs in Fig. 3, which
represents the upper bound among the other schemes seen
in Fig. 8. This means that the proposed scheme provides a
much better performance with only seven BSs compared
to the other options with 19 BSs.

In Fig. 8, the proposed turbo positioning method is
compared with the existing schemes. Figure 8(a) shows
the measurement errors of up to 1 km, and Fig. 8(b)
enhances the plots for errors up to 10 m. In Fig. 8(a),
turbo positioning provides a similar performance to the
— impractical — good algorithm using only LOS links.
This is followed in order by the IEWA and LCC-Rwgh
schemes. The LCC-Rwgh scheme shows little
contribution to the cdf between a distance of 0.03 km to
0.08 km. The reason for this being that the Rwgh
scheme uses the inverse of the sum of the squares of
residuals as a weight, and as such, a very large weight
value is placed on the best subset. Therefore,
performance degradation is inevitable when the best
subset contains an NLOS link. Incidentally, the ped-B
and veh-A channel models in the simulation provide
discrete NLOS errors. Consequently, if the best subset
contains only LOS links, the resulting positioning error
appears to be less than 0.03 km. Otherwise, the error is
rather larger than 0.08 km. However, the IEWA scheme
uses the inverse of the norm of the sum of the residual
vectors as a weight. A smaller weight than that of the
Rwgh scheme results in a smoother rise in the cdf
graph. However, such characteristic behavior produces a

http://onlinelibrary.wiley.com/journal/10.4218/(ISSN)2233-7326
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Fig. 8. Performance comparison of the proposed and existing
schemes: (a) measurement error range of up to 1 km and
(b) measurement error range of up to 10 m.

reversed performance according to the enhanced plots of
Fig. 8(b). When the best subset contains only LOS
links, the Rwgh scheme places a large weight on the
best subset, to ensure that it is superior to the IEWA
option. Turbo positioning is shown to definitely reduce
NLOS errors in Fig. 8(a). Moreover, the measurement
error is compensated for by turbo positioning in
Fig. 8(b), where the technique is significantly better than
the good algorithm, within an error range of 4 m.
However, the superiority is reversed when the error
range becomes larger than 4.4 m, mainly because the
NLOS errors diminish the performance of the turbo
positioning scheme. In addition, the comparison between

https://doi.org/10.4218/etrij.2017-0080
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regular hexagonal cell deployment and its irregular
displacement is also shown in the same figure. BS
location is randomly displaced within 100 m, and the
case is labeled as “irregular” in the figure. In the
comparison to the LCC turbo scheme, performance
degradation is shown to be insignificant.

IV. Conclusion

This paper has proposed LRRM and LRW schemes for
obtaining link reliability as a weight and weighted
positioning, respectively. The two schemes were repeated
iteratively in the proposed turbo positioning operation.
Weighted positioning was shown to provide new position
estimates using the link reliabilities as weights, which
were, in turn, used to update the link reliabilities.
Simulation test results revealed that the performance of the
turbo positioning technique was excellent under the
stipulated conditions. The number of iterations employed,
in the range of 20 to 30 was sufficient for performance
convergence. The turbo positioning scheme demonstrated
a satisfactory ability in detecting LOS links. Furthermore,
its performance was observed to be similar to that of the
ideal good algorithm. It is worth noting that the simulation
results for turbo positioning were obtained by
manipulating only the universal set without significantly
considering the balanced updates of the link reliabilities
among the subsets.
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