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Abstract: In this paper, the influence of topology and morphology of a particularly 
complex scenario for the deployment of ZigBee wireless sensor networks is analyzed. 
This complex scenario is a car. The existence of loss mechanisms such as material 
absorption (seats, dashboard, etc.) and strong multipath components due to the great 
number of obstacles and the metallic environment (bodywork), as well as the growing 
demand for wireless systems within a vehicle emphasizes the importance of the 
configuration of the heterogeneous intra-car wireless systems. Measurement results 
as well as simulation results by means of an in-house 3D ray launching algorithm 
illustrate the strong influence of this complex scenario in the overall performance of 
the intra-car wireless sensor network. Results also show that ZigBee is a viable 
technology for successfully deploying intra-car wireless sensor networks. 
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1.Introduction

The Wireless Sensor Networks (WSNs) are growing rapidly into a large number of fields of 
application. The most popular application fields are building automation systems, location, 
industrial and structural monitoring, farming and agriculture, defense, security and healthcare. 
Recently, vehicular wireless applications have had great relevance due to the increasing 
number of sensors used in cars for different functions as engine management, comfort or 
intelligent brake systems. Traditionally, these sensors have been wired, but replacing these 
wires with wireless technologies (e.g. ZigBee or RFID) could lead to a significant weight and 
cost reduction [1,2]. Besides, wireless technologies provide easier and cheaper deployment, 
system maintenance and upgrade.  

Car manufacturers as well as research groups around the world have shown great interest in 
the development of wireless systems for automotive applications. In fact, there are study 
groups working on car communications with the aim of defining standards: 802.11p and IEEE 
1609 family of standards for Wireless Access in Vehicular Environments (WAVE) among others. 
These emerging vehicular networks, which can be car-to-infrastructure, car-to-car and intra-
car communications, could provide a wide variety of new applications. For car-to-
infrastructure communications, the most popular wireless technologies are WiFi (or IEEE 
802.11) [3], cellular technologies as GSM/GPRS [4] and mainly ZigBee (or IEEE 802.15.4) [3-7]. 
One of the main goals in car-to-infrastructure communications is the security and the 
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avoidance of traffic accidents [5,7-10] but the number of applications is wide, and there are 
very interesting applications as the management of charging systems for electric cars [11] and 
CO2 monitoring [12], also mainly based on ZigBee wireless communication. 

Another interesting field of these kinds of communications is the so called inter-vehicular 
communications (IVC), which can interact with the previously mentioned car-to-infrastructure 
networks to improve the performance and capabilities of the system. Nowadays the main 
wireless technology used for that is ZigBee, usually combined with others, as IEEE 802.11 
standards, GSM or GPS [13, 14]. This issue has been treated in the literature since several years 
ago, with the design of antennas and systems for car communications [15, 16], as well as other 
related aspects such as the improvement of the communication security and protocol [17,18]. 

Finally, there are intra-car communications, in which the complete communication process 
takes place among devices placed on or inside a single car or vehicle. In the literature there are 
wired solutions to provide a communication inside a car, mainly based in power line 
communications (PLC) [19]. But since the minimization of weight became an important issue in 
order to gain capabilities and reduce fuel consumption, there has been an increasing interest 
on using wireless communication systems [20, 21]. Besides, wireless technologies provide 
easier and cheaper system deployment and maintenance. The wireless channel for intra-car 
communications has been studied previously for different frequencies [22,23], and hybrid 
solutions have been also proposed in order to reduce free space propagation losses [24].  

In this work, wireless intra-car communications are analyzed, focusing on WSNs. Several 
wireless technologies or frequency bands have been used for the implementation of these 
networks, as RFID [25], 60 GHz band [26] or ultra wideband (UWB) [27]. But due to the 
complex characteristics of the environment and the requirements of the applications (low 
cost, low energy consumption, low data rate and energy supply by batteries), the most widely 
used technology is ZigBee, based on IEEE 802.15.4, which fulfills the typical requirements. The 
range of applications in which ZigBee is used for intra-car communications is wide, e.g. tire 
safety detecting systems [28], CO2 monitoring [14], safety [29], noise reduction [30], vehicle 
identification and driver authentication [31] and multimedia applications for environmental 
control [32]. It is important to note that the increasing number of portable electronic devices 
and wireless systems (e.g. laptops, smartphones) could interfere with those ZigBee WSNs, as 
they operate in the 2.4 GHz ISM (Industrial, Scientific and Medical) band [33,34]. 

The emerging interest on intra-car applications leads to an increasing number of deployed 
wireless sensors inside cars. Therefore, taking into account that a car is a highly complex 
environment where strong degradation effects due to multipath components and phenomena 
like reflection, refraction and diffraction are present, the radio channel requires an in-depth 
radio propagation analysis [35, 36]. Different simulation methods can be found in the 
literature to obtain propagation estimations and characterization of the radio channel for 
intra-car communications. Typically, statistical characterization of the radio channel has been 
obtained performing measurements within the car [37-39]. There are other channel modeling 
simulation methods as the system simulator for Tire Pressure Monitoring System (TPMS) 
[40,41] and the ones based on the channel model specified in the IEEE 802.15.3a indoor model 
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for UWB [42,43]. All these methods usually define a simple and not highly accurate radio 
channel.  

The deterministic methods, which are based on numerical approaches to the resolution of 
Maxwell’s equations, improve strongly the accuracy and precision of the simulation results, 
obtaining reliable estimations of the propagation. Among these methods there are the Finite 
Difference Time Domain (FDTD) method and the Method of Moments (MoM) [44]. But for the 
simulation of a complex intra-vehicular environment, they can be highly time-consuming due 
to the high computational cost. As a mid-point, there are the deterministic ray tracing and ray 
launching methods offering a reasonable trade-off between precision and required calculation 
time [45-47], which have been already used in car environments [48]. 

In this work, an in-depth propagation study for ZigBee motes operating at ISM 2.4 GHz band 
inside a common commercial car is presented, emulating an operating WSN. The simulation of 
the radio propagation within the scenario has been carried out by means of an in-house 3D ray 
tracing method, which is a novel method for analyzing the radio channel inside cars. Power 
distribution planes and consumption planes inside the car are presented as radio propagation 
results. Also time domain results are presented, as power delay profiles (PDP) and delay 
spread.  

Finally, in order to validate all the simulation results presented throughout the paper, a test-
bed with a real car has been set, in which received power measurements have been 
performed to compare them with the simulation results. System measurements have been 
also performed in order to analyze the link quality inside a car. The PER (Packet Error Rate) is 
the parameter that has been measured for that analysis. 

2.Ray Launching Technique and Simulation Scenario 
 

In this work, a 3D ray launching method, based on Matlab and developed in the Public 
University of Navarre, has been used in order to characterize the electromagnetic propagation 
inside a car. As mentioned previously, this simulation technique offers accurate results with an 
acceptable computational cost. Furthermore, it takes into account material electromagnetic 
characteristics (i.e. permittivity and dielectric constant) and electromagnetic phenomena (e.g. 
refraction, reflection and diffraction). This in-house algorithm has been widely described in the 
literature and its accuracy has been validated after applying it in different complex indoor 
scenarios with different characteristics and topologies, including vehicles [49-55]. In Figure 1 a 
schematic representation of the operation of the ray launching algorithm inside a car 
environment is shown. 
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Figure 1 In-house 3D launching algorithm operation principle. 

In this study, a car model based on the real dimensions (4.57m x 1.6m x 1.46m) of the 406 
model of the brand Peugeot (see Figure 12) has been implemented in the 3D ray launching 
software for the simulations (see Figure 2). The simulation tool has the limitation of 
representing shapes by parallelepipeds, but on the other hand, the constitutive materials of 
the different parts of the scenario, as dashboard, seats, windows, engine and the car body 
have been accurately defined, taking into account their real size and dielectric characteristics. 
Besides the material characterization of the objects within the scenario, the parameters that 
are set in the simulator (antenna type, transmitted power, radiation pattern, cuboids size, etc.) 
are determinant in order to calculate accurate results of the radio propagation due to the 
phenomena associated to it (i.e. diffraction, refraction and reflection).  

 

Figure 2 In-house 3D launching algorithm operation principle. 
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For all the simulations, an antenna has been placed inside the car, just over the dashboard (red 
dot in Figure 2), considering that position a place where a real device could be situated. This 
transmitting antenna has been configured as a dipole, transmitting 18 dBm at 2.41 GHz, as 
they are the characteristics of the real device used for subsequent measurements. Table I 
shows a summary of the parameters set for the simulations. 

Frequency 2.41 GHz 

Transmitted power 18 dBm 

Antenna type Dipole 

Resolution (cuboids size) 5 cm x 5 cm x 5 cm (480000 total cuboids) 

Maximum reflections permitted 5 

Vertical and Horizontal launched rays 
resolution 

1° 

Table I Configuration of the simulation parameters of the 3D ray launching algorithm. 

The following sections show the results obtained from the simulations. Firstly a statistical 
analysis of the radio channel is presented, followed by a radioplanning analysis and a study of 
the impact that multipath propagation has in this kind of environments. 

3.Statistical analysis 
 

In order to get a sound understanding of the radio channel, the statistical distribution of the 
received signal is also analyzed. The local multipath within the intra-vehicular scenario 
considered, due to multiple reflections of signals cause a standing wavelike pattern of deep 
nulls. In addition to these amplitude variations, there are also differences in the arrival time of 
the local multipath, which is a temporal effect known as delay spread.  

The small scale fading in a local area with significant multipath components can be modeled 
adequately using Rayleigh statistics [56], with a probability density function (PDF) given by: 

   (1) 

  
where r is the magnitude of the received power, and σ is the standard deviation of the 
multipath propagation. The corresponding cumulative distribution function (CDF) can be found 
via integration over the PDF.  

The Power Delay Profile for a particular point within the considered scenario is depicted in 
Figure 3. The chosen point is situated in front of the dashboard between the two front seats. It 
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can be seen a large amount of multipath components due mainly to the metallic environment 
and the specific characteristics of the scenario.  The CDF of the received power of local 
multipath at this point has been calculated and compared against Rayleigh distribution, 
showing good agreement between them as it is shown in Figure 4.  

 

Figure 3 Power Delay Profile for a particular point in the considered scenario. 

 

 

Figure 4 Cumulative Distribution Function (CDF) for the point (X=2.85m, Y=2.5m, 
Z=0.7m) in the considered scenario and its matching with Rayleigh distribution.  
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The statistical distribution, after averaging the local Rayleigh behavior, can be modeled on a 
larger scale as a Log-normal in decibels. This model is used to quantify the distribution of rays 
with multiple reflections and diffractions between a transmitter and a receiver.  

Path loss (PL) has also been modeled with the empirical model of log-distance [57], based on 
the following expression: 

              (2) 
 

where  is the intercept, d is the separation distance between transmitter and receiver in 

meters, and n is the PL exponent which depends on the specific propagation environment and 

indicates the rate at which PL increases with distance. In free space, n equals 2. denotes 

shadow fading with standard deviation σ.  

The scatter plot of the simulated values path loss for a height of 0.7m along the separation 
distance between transmitter and receiver in logarithmic scale is shown in Figure 5. In 
addition, the linear regression line, resulting from a minimum mean square error (MMSE) 
analysis, is shown. The corresponding path loss exponent is n = 0.7 with a standard deviation σ 
= 10.66dB. The PL exponent is less than that of free space. This is because besides the line of 
sight signal component, the receiver receives plenty of scattering path power caused by 
surrounding metal walls of the vehicle and obstacles in the scenario.  

 

 

Figure 5 Path loss versus Tx-Rx distance with linear regression fit. 
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4.Simulation Results: Radioplanning Analysis 
 

Once the characteristics of the simulation software and the particularities of the simulation 
scenario have been discussed in previous sections, in this section the obtained simulation 
results are presented. For that purpose, two different cutting planes have been set at different 
heights (1 and 1.2 meters), as can be seen in Figure 6. The plane at height 1 meter corresponds 
to the height where the transmitter is placed at and the 1.2-meter-height plane corresponds 
approximately to the height of the head of a person sitting in the car. 

 

Figure 6 Representation of the two cutting planes for which the simulation results are 
shown. 

The following simulation results show the power distribution planes and the energy 
consumption planes for the two different heights represented in Figure 6. First, the 
distribution of the estimated received power is presented in Figure 7. The radiating element, 
which represents a wireless ZigBee mote placed on the dashboard, is depicted by a black circle 
in the 1meter-height plane (the same place as the transmitter in Figure 2). 
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(a) 

 

(b) 

Figure 7 Estimation of received power for different cutting planes at different heights: 
(a) 1 m, and (b) 1.2 m. 
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As expected, the highest power values can be found for the plane at height of 1 meter (Figure 
7a), since it is the height where the transmitter is placed. The influence that obstacles (like 
seats and dashboard) have on the radio propagation inside the car can be also appreciated, as 
they absorb and reflect part of the emitted power, creating behind them zones which receive 
lower power levels. The metallic body of the car makes most of the power remain inside the 
car due to the reflective properties of metals, but a significant amount of energy leaks through 
the windows. Low received power zones can be also found in the engine area, as well as the 
car trunk area, also due to the metallic parts of the car. There are also some points within the 
car where the received power level is low (blue-green small zones, see Figure7), which can be 
generated due to the multipath propagation. In order to show better these phenomena, 
received power versus linear distance graphs are shown in Figure 8. Specifically, those 
corresponding to the red line that passes through the center of the car, as can be seen in the 
inset (top right of the picture), for 3 different heights. These heights correspond to the planes 
shown in Figure 6 (1m and 1.2m) and the 0.7m height corresponds to the height where the 
measurements have been taken (on the seats, see section 6).  

 

Figure 8 Received power versus linear distance for different heights. 

The results depicted in Figure 8 show a noteworthy received signal variation, as it is expected 
for an indoor environment due to the occurring electromagnetic phenomena such as fast 
fading, which occurs due to multipath components. In this case, those multipath components 
appear especially due to the high reflectivity (great amount of metallic content) and diffraction 
(many obstacles). Further details about multipath propagation within the scenario are 
presented in next section. The distance dependence is also visible in Figure 8, as the received 
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power level decreases as the distance from the antenna increases. Furthermore, comparing 
the 3 linear graphs at different heights, lower power level is visible at height 0.7 meters, 
particularly in the central area of the car and behind the position of the transmitter. It is mainly 
due to the absorption caused by the dashboard. 

As can be seen in the estimations of received power level (Figures 7 and 8), both topology and 
morphology affect the expected value, which depends on the location within the scenario. This 
variability of the received power value impacts directly on the deployment of wireless nodes 
within the car, as the coverage radius could be affected. Thus, the link balance also varies, 
modifying the required current consumption for the transceiver to operate. In Figure 9 an 
estimation of the extra current consumption that the transmitting transceiver will suffer as a 
function of receiver mote location is shown. The same link balance has been maintained 
between the transmitter and each point within the scenario in order to calculate the required 
extra transmitted power. This value will depend mainly on the received power in each point. 
The calculated increase on the transmitted power leads to the increase of the transmitter 
current consumption, which is what is shown in Figure 9. The two current consumption maps 
depicted correspond to the received power planes shown in Figure 7, but only the part that 
covers the car is shown (the schematic below the graph shows the upper cut of the car). In 
general, the current consumption within the car does not increase significantly and is not 
strongly dependent on the location, as usually happens in other bigger scenarios [58]. That is 
because enough signal level reaches almost all points within the car due to the short distances 
and the great number of reflections. 

 

(a) 



12 

 

 

(b) 

Figure 9 Estimated extra current consumption vs position for different cutting planes 
at different heights: (a) 1 m, and (b) 1.2 m. 

5.Impact of Multipath Propagation inside the car 
 

In this section an in depth analysis of the impact of multipath propagation is presented, since it 
is a key issue in the study of radio propagation in this kind of scenarios. As previously said, the 
scenario is a highly reflective environment where a high amount of reflections are produced 
due to the metallic parts of the car body. This reflection quantity increases the probability that 
rays have of crossing the same observation point. In order to analyze this phenomenon, Power 
Delay estimations are presented in this section. A Power Delay profile shows the power level 
and arrival time of each ray that crosses a single point (cuboid) in the scenario. In Figure 10 
two Power Delay profiles for two different points can be seen. The two points have been 
chosen to show the differences that can be found in the same scenario due to the effect that 
obstacles (e.g. seats) have in the radio propagation, generating reflections, diffraction and 
scattering. The red dotted profile represents a point situated over the co-driver seat, which 
receives a high power level. On the other hand, blue dotted graph represents the Power Delay 
for a point situated behind the co-driver seat, which receives lower power level. 
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(a)                                                                             (b) 

Figure 10 Power Delay comparison between two different points within the car, (a) 
behind the co-driver seat and (b) over the co-driver seat. 

As can be appreciated in Figure 10, the point situated over the seat receives significantly 
higher amount of rays and with higher power level than the point situated behind the seat. 
This result is expected because the point behind the seat is crossed by less rays as the driver 
and co-driver seats themselves behave as an absorptive objects. Therefore, a considerable 
amount of emitted energy is lost, decreasing the number of rays which can reach the point 
behind the seats. Despite this, the number of rays reaching the point behind the seat is also 
high due to the general reflective characteristic of this kind of scenarios.  

In order to have a better understanding of the multipath propagation inside the car, in Figure 
11 Delay Spread graphs are depicted for the 2 different height planes of Figure 6. The Delay 
Spread is the elapsed time between the arrival of the first and the last ray, for a single defined 
cuboid in the scenario. Thus, the strong dependence between the observation point and 
received multipath components given by the complex morphology of the car environment can 
be clearly seen. Specifically, in these graphs, the effect that the metallic car body has can be 
clearly seen, since the Delay Spread values within the car body are much higher than the 
values just outside, due to the reflections caused by the metallic elements, which make the 
signal remain inside. The noticeable difference between two heights is also expected, since at 
1 meter, apart that it is the height in which the transmitter antenna has been place and hence 
the number of reflections will be higher due to the higher power level of the rays, there are 
more obstacles and metallic elements producing reflections and diffraction than at 1.2 meter 
height. So some rays will be received later than at height 1.2, where a significant amount of 
power will be lost through the windows. 
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(a) 

 

(b) 

Figure 11 Estimated Delay Spread for different cutting planes at different heights: (a) 1 
m, and (b) 1.2 m. 

The results that have been presented in section 4 and 5 can be used in order to design an 
optimal network deployment, estimating the optimal network topology.  
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6.Experimental Setup 
 

An experimental setup has been set with the aim of validating the simulation results 
obtained in the previous sections. The scenario where the measurements have been 
performed can be seen in Figure 12. It is located in one of the car parks at the Public 
University of Navarre. All the measurements presented in this section have been taken 
without persons inside the car, with the engine off and taking maximum care to have 
car-free surroundings in order to avoid possible interferences due to reflections from 
objects around the car. 

 

Figure 12 The scenario where the measurements have been taken. Notice that there is 
not any other vehicle or obstacle near the car. 

 

As said in the introduction, ZigBee technology has been chosen for emulating a WSN. 
Specifically, the wireless devices used for the measurements have been the XBee Pro 
motes from Digi International Inc, shown in Figure 13. These wireless communication 
devices operate in the unlicensed ISM 2.4 GHz band and the whip antenna mounted 
on it has an omnidirectional diagram with a gain of 1.5 dBi, which has been taken into 
account to calibrate the measured values. For transmitting or processing received 
data, the motes have been connected to a PC via USB cable after being plugged into an 
XBee explorer unit. 
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Figure 13 The ZigBee mote used for wireless communications inside the car. 

 

Two different measurement campaigns have been carried out. In first place, the radio 
propagation inside the car has been characterized setting a transmitting ZigBee mote 
on the dashboard, at the point indicated in Figure 2. Then, the points numbered from 1 
to 6 in the same figure indicate the measurement points (seats and the tray on the 
back side of the car), where the received power level has been measured by means of 
a N9912 Field Fox spectrum analyzer of Agilent. The omnidirectional antenna coupled 
to the analyzer operates at ISM 2.4 GHz band and has a gain of 5 dBi. The parameters 
of the transmitting ZigBee mote can be seen in Table I.  

Transmitted power 18 dBm (maximum default value) 

Transmission rate 57,600 bps 

Frequency 2.41 GHz (ZigBee channel 12) 

Measurement time 5 minutes 

Table I Configuration of the parameters of the XBee Pro wireless devices to measure 
the received power level inside the car. 
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Figure 14 Received power measurements and simulation results within the car for the 
positions shown in Figure 2. 

 

The obtained received power measurements in the previously mentioned 
measurement points can be seen in Figure 14. The 3D ray launching simulation results 
are also shown, for an easier comparison with the measurements. It can be clearly 
seen that a very good agreement between the simulation results and the 
measurements has been obtained. The resulting error mean for those measurement 
points is 0.08 dBm, a low error that indicates that the proposed in-house 3D ray 
launching simulation method works properly, validating in the same way the 
simulation results shown in the previous sections of this work. 

Once the received power level for different positions within the car has been 
measured and the simulation method has been validated, the second measurement 
campaign has been performed. The aim of these measurements is to deepen the 
analysis of the radio propagation in a highly complex indoor environment such as the 
car. For that purpose, the quality of the ZigBee channel has been measured. 
Specifically, the value of PER (Packet Error Rate) has been used as quality parameter, 
which indicates the percentage of transmitted packets that has been lost and do not 
reach properly the receiver. The position of the transmitter and the measurement 
points have been the same as in the previous measurement campaign. But in this case, 
instead of the spectrum analyzer, another XBee Pro mote has been placed on the 
measurement points in order to create ZigBee radio links. Table II shows the 
configuration of the wireless mote’s parameters used for measuring the PER. Notice 
that ACK options have been disabled to avoid packet retransmissions and the 
transmitted power level has been reduced to the minimum default value in order to 
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analyze the worst case, in which the lost packet quantity will be the highest. The PER 
value has been calculated transmitting 100,000 packets. Two in-house developed 
applications based on Java, one for the transmitter and the other for the receiver, have 
been used in order to configure easily the parameters shown in Table II, as well as to 
calculate the PER by reading the sequence number of the received packets. 

Transmitted power 10 dBm (minimum default value) 

Transmission rate 57,600 bps 

Frequency 2.41 GHz (ZigBee channel 12) 

Transmitted packets 100,000 

Table II Configuration of the parameters of the XBee Pro wireless devices to measure 
the ZigBee radio link quality inside the car. 

 

The measured values of PER are shown in Figure 15. As can be seen, the values are 
very low, so the number of lost packets is very low too. It is as expected, since 
although the environment is very complex with a high number of multipath 
components, the size of the scenario is very small and the received power level within 
the car is enough to have a good channel quality. It is worth noting that the PER 
depends strongly on the received power level (but not exclusively), as can be seen in 
the measurement point 3, where in Figure 14 receives the lowest power level and in 
Figure 15 has the highest PER value. So, taking into account that the measured PER 
results have been obtained with the transmitted power level set to the lowest, ACK 
option disabled and a quite high transmission rate (as for a real ZigBee applications 
lower rates are usually needed), it can be concluded that no channel quality problems 
in terms of packet losses would be within this kind of scenarios. Furthermore, PER 
could be improved increasing transmitted power level, activating ACK options or 
reducing transmission rate. 
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Figure 15 ZigBee wireless channel quality measurements within the car for the 
configuration shown in Figure 2. 

7.Conclusions 
 

In this study, the characterization of ZigBee wireless propagation inside a car is 
analyzed by means of in-house developed 3D ray launching simulations and 
measurements. Inherently, cars are complex indoor scenarios due to the small size, the 
high number of obstacles there are comparing to the existing free space and the large 
amount of metallic elements that can be found, mainly the bodywork. An appropriate 
simulation tool is chosen in order to analyze the behavior of the ZigBee radio channel 
in the vehicle, obtaining estimations of received power levels, current consumption 
planes and time domain results as Delay Spread and Power Delay for the complete 
volume of the scenario. Measurement results are presented in order to validate the 
proposed simulation code.  

The obtained results show the complexity of intra-car communications. The high 
percentage of occupied space due to the great number of obstacles generates 
phenomena as absorption as well as diffraction. The metallic elements within the car, 
especially the bodywork, makes the environment highly reflective, generating great 
number of multipath components, as can be seen in Power Delay profiles and Delay 
Spread results. Although the received power level is high enough to assure good 
channel quality in most points within the car, as shown in current consumption 
estimations as well as in PER measurements (note that ACK option was disabled), the 
great number of multipath components generates points within the car where the 
received power is lower. Therefore, there are points where the PER could be 
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significantly higher, especially taking into account that the highest power level 
permitted by the ZigBee motes has been used in this study.  

In summary, the morpho-topological analysis of the car plays a key role in the 
estimation of radio signal propagation within it, since the surrounding environment 
has a strong impact due mainly to the influence of multipath components in the 
overall loss mechanism of the propagating radiowave. The low error between the 
simulation results and measurements (0.08 dBm) validates the deterministic 3D ray 
launching technique used in this work, making it adequate for radioplanning analysis 
with the aim of deploying ZigBee based wireless sensor networks within common cars. 
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