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Abstract: Position location estimation in sensor networks is a valuable supplement since it supports 
the deployment of location-based services. Sensor networks have changing conditions in the 
environment due to propagation issues, noise and placement of sensors, which represent challenges 
that position location algorithms must deal with. Accuracy of the location estimation technique is 
relevant since it allows minimizing positioning error. In indoor environments, propagation issues 
such as multipath signals, affect adversely the precision of the positioning algorithm. Also, the use 
of parameters such as time of arrival has a trade-off between the small distances that the signals 
traverse and the precision of the hardware used to capture such measurements. In this paper, we 
use received signal strength indicator (RSSI) to estimate the coordinates of individual sensors in an 
area of study. The RSSI parameter is measured and processed by a set of reference nodes installed 
in the area. We show that performance of the location estimation algorithm needs additional 
techniques to obtain improved accuracy rate. We develop additional techniques based on the use of 
polynomial interpolation and spline functions to balance propagation issues. These techniques help 
us to implement correcting factors that are used in the propagation model to compensate the RSSI 
measurements. We use these techniques to show how the positioning error is reduced in the area of 
study with simulations and measurements using sensors. 
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1. Introduction 

Localization is a task required for activities that need to know the precise (or at least an 
estimation of) position or location of some object or person; activities like tracking and monitoring of 
mobile robots for Simultaneous Localization And Mapping (SLAM) and localization of patients or 
staff in a building, to mention some of them [1–4]. Some tasks are harder to achieve than others, since 
some of them require a room-level accuracy and others require a high accuracy (typically in the order 
of few centimeters). The level or magnitude of the accuracy is mainly due to the technology being 
used for the localization process, and a more accurate system implies commonly, an expensive 
system. That is the case of Vision Based Localization Systems vs. Radio Frequency Based Localization 
Systems, where the first type of systems, could cost thousands of dollars, and the second type of 
systems, could cost tens of dollars. Nevertheless, the first kind of systems could have an accuracy of 
decimeters, while the second kind has typically an accuracy of meters [4,5]. 

Indoor Localization differs from Outdoor Localization in its complexity. While a systems like 
Global Navigation Satellite Systems (GNSS), from which Global Positioning System (GPS) is part of 
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them, are preferred for Outdoor Localization, for Indoor Localization there are a lot of technologies 
and techniques that could be implemented; technologies based on mechanical systems, RF systems 
or vision systems, to name a few; and those techniques could rely on one or more physical 
measurements, like: Power of the Received Signal, Time of Flight of the Signal, Angle in which the 
Signal arrives, among others. Also, the system complexity can vary from one technology to other; the 
use of a lot of sensors could also increment the system’s complexity. For this work, RF based systems 
and RSSI technique was selected, since this kind of technologies are nowadays cheaper than others, 
are widely used and the RSSI technique is the most basic technique that one could use with this kind 
of systems, and finally, a total of 4 transceivers (sensors) were used, [6]. 

The challenging problem of indoor localization is due to the signal propagation behavior, 
because propagation effects are generally reliant on the particular area of study. In general, it is not 
possible to have models that make appropriate predictions of received power strength due to the 
different random components that are added to the signal. Among the different parameters used to 
perform localization, received power strength is the most problematic due to the random variations 
of the channel, specially for indoor environments, [7]. In previous work, [8], a locating algorithm was 
implemented measuring the received signal strength and calculating the root mean squared error of 
the difference of the actual position and the estimated by the algorithm. Once the environment was 
characterized in terms of path loss exponent and log-normal random variable, distance estimations 
were calculated by the direct use of the propagation model, and by maximum likelihood estimation. 
Also, in [8], to minimize the propagation effects due to multipath conditions, a correction factor was 
used by empirical analysis of sets of measurements of received signal strength, and the distance 
estimations between the point of interest and references were calculated using polynomial 
interpolations adjusting for optimal results on certain areas of the indoor environment. 

2. Position Location Method 

To improve the results of positioning, different methods have been proposed as possible 
solutions to improve the interpolation of [8] using the correction factor propagation model. The 
following methods have been considered: Adaptive Filters, [9], Interpolation using spline functions, 
[10], Method of Hilbert transformations, channel modeling. In this paper, we show the localization 
model, the polynomial interpolation method, polynomial interpolation with correcting factor and 
spline interpolation. To enhance localization, instead of polynomial interpolation, spline 
interpolation was used by adding information processing within the algorithm already established 
to improve the measurement results and consequently decrease the error position estimation method. 

2.1. Experiment Setting 

In [8], an environment is modeled to measure position using four antennas. Measurements and 
mathematical calculations of propagation models were performed to characterize the environment 
through the calculation of the path loss exponent and the standard deviation of the log-normal 
random variable for fadings. This is fed to algorithms that combine Euclidean distance equations 
between the antennas and the node of interest to obtain positioning results. The set of measurements 
obtained on site help empirically to determine a compensating factor which reduces the error caused 
by poor propagation prediction model and gives a more accurate result of the position. 

The tested area as shown in Figure 1 shows the four antennas that were placed at a height of 2.3 
m, the figure also shows how the experiment would take place evaluating the node position which is 
closest to the room floor. The coordinates of the reference antennas are identified in three dimensions, 
the separations of those antennas to the node provide the distance of interest. The results are then 
mapped to a two-dimensional coordinate system space to calculate the error. 
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Figure 1. Experiment environment. 

2.2. The Location Problem 

The location problem mainly consists of three stages as shown in Figure 2. 

 
Figure 2. The position location problem. 

A brief description of each step is as follows: 

• Evidence: It is the stage where measurements are made, received power evaluations (dBm) 
signals of the four reference antennas at different points of space are obtained. 

• Estimation: it is the stage where the distance from the node of interest is calculated for each 
reference antenna using the propagation model and maximum likelihood criterion. 

• Calculation of position: It is the stage where a system of equations based on estimated distances 
and Euclidean distances is generated and combined to calculate the estimated position of the 
node of interest. 

3. Results 

The traditional location model which is based on the classic triangulation works by measuring 
the strength of signals obtained from the antennae and the process of obtaining the distances which 
are the most reliable measurements to estimate location. These measurements and short distances are 
fixed and are used for calculating other distances. The transmission power is denoted as P0 and 
propagation models are modified according to this value to calculate received power at a distance d 
as in (ࢊ)ܚ۾ = ࡼ − ࢍ(  .(ࢊࢊ

Figure 3 shows the stage where the received power is used for calculating distances to the node 
of interest from references, and that distance is drawn by a circle from each reference. These circles 
are combined through the system of equations is solved in the third stage of location problem. 
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Figure 3. Traditional position location by trilateration. 

Spline Interpolation 

The cubic spline interpolation is acknowledged by its handling of high-level polynomials to 
interpolate a function and smooth the values obtained in the section of evidence. We can calculate 
the position with this additional method. Once a set of reliable measurements of received signal 
strength are available, spline interpolation is used to represent estimated distances from the node of 
interest to the four references as a function of received signal strength. Thus, when the node of interest 
obtains a measurement of received signal strength, it uses splines to interpolate on the surface of 
distances to the references. In [8], polynomial interpolation was used. 

The algorithm is trained using the set of measurements with which data of empirically estimated 
compensation factors and separation distances are set. The node of interest is placed in a certain 
position and the known reference transmit antennas are commanded to transmit a signal to the node 
of interest. The power of the signal transmitted by each of the reference antenna is received by the 
node of interest and its power is measured in dBm. With this information, interpolation is applied to 
the received power measurements node of interest to interpolate the separation distance according 
to the data set system that was trained. 

Position error is obtained when no compensation factor, these results are shown in Figure 4. 

 

Figure 4. Results without compensation factor. 

The results of the Figure 4 show location errors of up to 10 m in the corners of the space of 
interest, due to the misbehavior of propagation model with random factors, and those need to be 
compensated to improve this error. 
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Figure 5 shows the same stages but now using compensation factor in the propagation model 
empirically estimated in the training system as described previously. 

 

Figure 5. Results with the use of compensation factor and polynomial interpolation. 

Figure 5 compared to Figure 4 demonstrates that the location error is improved, now having 
better error performance around the area of interest, which is the lower triangle in the figures. 

Figure 6 shows the use of spline interpolation and you can see a small growth of the blue area 
in the triangle of interest, hence improving error performance in that area. 

 
Figure 6. Results using compensation factor and spline interpolation. 

Figure 6 compared to Figure 4 demonstrates that the location error is improved, now having 
better error performance around the area of interest. 

4. Discussion 

Future direction for this research are the following: Implementation of a Wiener filter 
performing smoothing operation and substituting the spline functions. Correction coefficients for 
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Splines, the use of Hilbert transform to smooth spectrally the propagation measurements, channel 
modeling by using measurements of power delay profile. 

5. Conclusions 

In conclusion, the implementation of spline interpolation generates the values of the interpolated 
distances using fewer resources and avoiding an increased degree of the polynomial hence having a 
better efficiency of resources to process the data obtained. In the results presented the method of 
spline interpolation is used as an additional method, and it is effective for the results of the location 
of the position and its results are better than to those presented without compensation factor and 
with compensation factor. 
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