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Abstract: In the last few years many research efforts have been focused on various wireless measurement techniques for indoor object
positioning. In this paper we focuses on the performance improvement of the classical wireless ranging techniques such as RSS
approach and ToF approach. The novelty of the proposed method is a data fusion algorithm which combines the data obtained through
the RSS approach and ToF approach with the aid of a kalman filter. The advantage of this proposed algorithm is that it provides great
improvement in wireless ranging. The algorithm has been implemented and simulated to check the performance of the proposed system.
The result obtained shows that there is typical improvement in the ranging accuracy and the combination of these two classical

approach can significantly reduce the measurement uncertainity
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1. Introduction

In the last few years many research efforts have been focused
on various wireless measurement techniques for indoor
object positioning. The dynamic and unpredictable
characteristics of wireless channels in harsh environments
have resulted in a poor performance of localization systems.
unfortunately most of the existing solution are restricted by
line of sight, since they work only in a specified direction.
There are various methods relying on different sensing
technologies for indoor object positioning have been
proposed such as laser range finders, ultrasonic devices,
infrared devices, inertial platforms etc. But most of these
systems are subjected to directional constraints, high power
consumption and computational burden. In order to achieve a
good  trade-off  between  accuracy, range and
omnidirectionality, various radio techniques have been used
for distance measurements. The two most common
approaches are based on received signal strength (RSS) and
on packet time of flight (ToF) measurements. The RSS based
method relies on the relationship between received signal
strength and transmitter .The received signal strength is
easier to measure because most of the integrated wireless
chips are equipped with RSS indicator. The main drawback
of RSS approach is they are sensitive to multipath and
shadowing phenomenon. Multipath propagation disturbs the
ideal relationship between RSS values and distance. Thus the
uncertainty in the measurement increases with distance. The
ToF method measure the propagation time of a packet. There
are two types of ToF approach, they are time of arrival
(ToA) and round trip time (RTT) approach. The TOA
approach requires synchronization because of the
propagation time of the packet is measured at different
device. When we are considering the case of RTT the
propagation time of the packet is measured at same device
hence synchronization is not required. The main drawback of
RTT based approach is that they are subjected to latency
constraints. So if we are considering the each approach alone
they have some performance limitation that is RSS based
ranging is more preferable around reference distance and
RTT based ranging approach is more promising over a
longer range. Therefore combining both approaches is a
good strategy to improve wireless ranging. This can be

achieved with a data fusion algorithm. The fusion of data is
achieved with the aid of two kalman filters. The performance
of this system is evaluated and found that this method
provides a greater performance improvement.

2. Wireless Ranging Technique

2.1 RSS Approach

In the RSS based approach the distance between transmitter
and receiver are can be estimated using the following
equation

S5t}
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where s(t) is a random variable describing the power
(typically expressed in dBm) associated with a packet

received by a given node at time t, S, is the random variable

modeling the RSS at a reference distance, and a is the path
loss coefficient for the considered environment. But when
we are using (1) for calculating the distance measurement
there are various uncertainty contributions and this may
result in variations from the actual measurement. The worst
case uncertainty is given by
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where u(s(t)), u(s0), and u(c) are the standard uncertainties
associated with the individual input quantities, whereas S,

S(t), and & are the corresponding values measured at time

t. But, an uncertainty stochastic model for the RSS is
difficult to obtain, and many researches are going on in this
area.

2.2ToF approach
Among the two alternatives in ToF approach we consider the

case of RTT since it has the advantage that synchronization
between the transmitter and the receiver is not required. In
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principle the distance between transmitter and receiver is
obtained using the following expression

d () = =[2() ~0.()] @)

Where z (t) is a random variable modeling the total RTT, is
the speed of light, and 0, (t) is the random temporal

overhead. The equation (3) provides good only if the node
the node distance variation during the whole RTT is

negligible O, (t)is approximately constant. The random

fluctuations associated with z () and O, (t)results in
uncertainty and the worst case uncertainty is given by

u(d 7)) = = [u(z(5)) + u(o_(5)] ”

where u(t (t)) and u((t)) are the standard uncertainty and they
are assumed to be stationary and perfectly correlated. The
uncertainty mainly depends on timestamping jitter at the
transmitter and the receiver. If we are considering the case
that the packet is collected as soon as the first symbol is
correctly detected the impact of ToF uncertainty on ranging
uncertainty tends to decrease as the distance between the
transmitter and the receiver increases.

3. Data Combining Algorithm

On analyzing the RSS and ToF approach the RSS approach
is more preferable over short range and ToF method is
promising over longer range.So by fusing the data obtained
through these classical approach provides a significant
improvement in performance and reduces uncertainty in the
distance estimation. The nodes must be continuously
monitored to track object. The proposed system mainly
consist of two steps such as signal processing and estimation
process A visual interpretation is as shown in figure (1)
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Figure 1: Visual interpretation of data combining algorithm

In the signal processing step, an essential preliminary step is
data filtering which improve ranging accuracy. This process
also helps to remove random fluctuations and the movement
that are not compatible with real target. The raw

measurement result denoted asd (t) and d; (t) contains

both wideband stationary and nonstationary noise. This
problem can be addressed using a series of linear filter that
have a noval nonlinear heruistic technique. Here we use a
moving average (MA) filter which reduces random wideband
noise and it is computationally simple. So, if M consecutive
measurement of RSS and ToF technique are filtered by a
moning average filter , the resulting distance value is given
by
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Another uncertainty associated with measurement result are
position-dependent errors which alters the measurement
results. In order to overcome this problem a criterion based
on human-motion is considered. In an indoor environment ,

the human speed is smaller than V =2 m/s. And this
criterion leads nonlinear filters defined by:

o
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(8)

In order to obtain the independent speed and position data
required to implement data combining via kalman filter
differentiation process is done at the signal processing step.
In the signal estimation process the main component is the
two kalman filters. The kalman filter consist of two stages
such as prediction step and estimation step. The prediction
equation is given by

Fi(n+1)=F(n)+ T ¥(n)
d'n+1=7F"(n+1) (%)

o, (n+1)=0’ (n)+T o (n)
The update step is given by
Fn+D)=F"(n+D)+K(n+Ddn+D-d" (r+1)]

i+ =[l-c" (n+DK{H+1D) (10)

where K(n+1) is the kalman gain.

The measurement result is applied to the kalman filter .In
principle one of the two kalman filers should be used.
However, both of them are suboptimal since the distribution
of the uncertainty contributions is unknown and
nonstationary both in time and in space. As a consequence,
the most sensible approach is to run both KFs in parallel and

then to weigh , (n) and Fy (N) using the reciprocal values

of the respective variances. As a result, the measured
distance is finally given by

o, (MF(n) + o7 (N)F ()
o7, (n)+ o7, (n)

r(n)=

(11)

A kalman smoother is utilized to further improve the output
from the kalman filter. Entire process is illustrated as shown
in fig.2.
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Figure 2: Block diagram of the distance estimation
algorithm based on RSS and ToF data fusion.

Experimental Result

Here the simulation is done using matlab software. The
simulation is done by taking the reference distance
approximately equal to one. The stability and the effect of
uncertainty on measurement result were analyzed on the
basis of different fixed distance between the nodes. The
analysis of the proposed system by considering each kalman
filter alone and running them in parallel is analyzed. It is
found that the usage of two kalman filter provides better
performance. From the simulation it is found that the
uncertainty associated with the distance estimation is found
to be 1m. But, it may sometimes measure 2 m. Thus, we can
say that the worst case uncertainty increases with distance ,
but it is smaller in the shorter distance, which is as shown in
fig.3.
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Figure 3: Measurement results obtained with the (a) KF B
only, with the (b) KF A only, and with the (c) both KF A and
KFB
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Figure 4: Plot of uncertainty as a function of distance.

One of the common issue RF wireless ranging technique is
that the uncertainty may grow two to three times in real
situations. One solution to this problem is to choose the
position of the nodes in such a way to maximize the
reciprocal visibility between nodes.

3. Conclusion

This paper deals with a data combining algorithm fusing
RSS and ToF measurement results in order to improve the
accuracy in measurement result and to reduce the
measurement uncertainty. The proposed system is simulated
using matlab and to provide a better result than the classical
wireless ranging techniques. Also this method is
computationally simple, thus it can be implemented in future
transceiver chips. Further improvement can be achieved by
improving the accuracy in timestamping This can be
achieved by using an interpolator at the output of the moving
average filter.
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