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ABSTRACT  
 
Intensive measurements of impulsive noise have been carried out on power lines inside a car. From this approach, 
various types of transients are classified and the statistical analysis of their main characteristics is performed. The 
objective of this work is to deduce a stochastic noise model, which will be introduced in a simulation tool to compare 
the efficiency of channel coding and to optimize the parameters for the in-vehicle power line transmission scheme. 
 
INTRODUCTION 
 
Car manufacturers enhance safety and comfort aspects when designing a new car. Data transmission between the 
always increasing number of devices, sensors or electronic equipments needs a more and more important bit rate, which 
is now achieved owing to a lot of optical fibers, coaxial cables or dedicated twisted pairs. Nevertheless, it appears that a 
breaking point will soon be reached due to the increase of cabling weight and cost, but also to the reliability of the 
multiple connections between wires. An alternative solution is using the car power line network as a physical link for 
supporting the information to be transmitted [1], [2]. 
Power Line Communication is not really a new idea but, to our knowledge, it has only been applied for in-house 
applications [3],[4] and for data transmission between a sub station and a building. One of the main problems one has to 
face with, is the impulsive noise produced by the numerous electric systems. Since the EMC standards give only 
conducted or radiated levels in frequency domain, thus averaged in time, there is, for the time being, any quantitative 
information on the impulsive noise characteristics which can be expected in a car. 
From a large number of records obtained on the power network of a car at the top end of the range, moving in various 
traffic and weather conditions, a classification of the pulses is first proposed. It appears that the impulsive noise can 
always be modeled by a damped sinusoid and can be divided into two types. The first type is a single transient or pulse, 
while the second one is a burst characterized by a succession of elementary pulses. For these two groups, a statistical 
analysis is performed, based on the pulse characteristics as its frequency content, peak amplitude, duration and on the 
time interval between successive pulses. Subclasses are thus introduced and analytical distribution functions are 
proposed to fit the distribution of measured values and to deduce a stochastic noise model. 
 
MEASUREMENT SETUP 
 
A measurement system has been developed and is based on the storage of successive events, the triggering level being 
adjusted to 300mV. The sampling frequency is 100 MHz. After triggering, the width of the observation window is 
650 µs. The system also allows measuring the time interval between successive pulses. 
Experiments have been carried out, the car moving in an urban environment. The transients were measured at four 
different points in the vehicle, namely: the car trailer hitch, noted TH in Fig. 1, a socket at the center of the car (A12), 
the car lighter (CL) and near the on-board computer (BC). 

 
Figure 1 : Schematic position of the points of measurements.  
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A typical noise record during an observation window is shown in Fig. 2a. The data must then be processed in order to 
extract the impulsive noise from the white background noise whose spectral density is -120 dBW/Hz. It clearly appears 
that the transients can be divided into two classes: single pulses and bursts, typical examples being given in Fig. 2b and 
2c, respectively. To give a more precise definition of a burst, we will consider, in the following, that it is a succession of 
elementary pulses such that, starting from its maximum peak value Amax, the signal reaches another maximum greater 
than 60% of Amax after a time exceeding 3 pseudo periods. 
In the next paragraph, the classification and the statistical characterization of the impulsive noise in vehicle are given. 
 

 
Figure 2 : Typical noise record 

 
IMPULSIVE NOISE CHARACTERISTICS 
 
Noise classification 
 
After extracting the various transients in the successive observation windows, their time- and frequency-domain 
characteristics are calculated. The main important parameters are: the pseudo-frequency, peak amplitude, duration, 
damping factor, time interval between successive pulses and lastly, in case of a burst, the duration of each elementary 
pulse.  Since there is a lot of variables, the first idea for simplifying the elaboration of a noise model, is to check if there 
is a correlation or not between different variables. As an example, Fig. 3 presents the scatter plots of pseudo frequency 
versus peak amplitude (left part of the Figure) and pseudo-frequency versus duration (right part) of all transients stored 
on the 4 points of measurements represented in Fig. 1.  

 
Figure 3 : Representatives points of pseudo-frequency versus amplitude and pseudo-frequency versus duration  



 

Four groups, associated with four pseudo-frequency intervals can be identified. In the first interval [0-1.9] MHz, the 
pulse duration is rather long, up to 50 µs, and its amplitude may reach 6 V. Therefore, this frequency range does not 
seem adequate for a power line transmission, the measurement of the channel transfer function also showing that a 
strong attenuation of the useful signal occurs in this frequency band, when the receiver is situated in the vicinity of low 
load impedances. Consequently, the statistical analysis of the noise in this frequency band has not been performed.  
Fig. 3 shows that in the range [1.9-7.9] MHz, most pulses have amplitude between 100 mV and 2 V and a mean 
duration of 10 µs. In the third interval, transients have pseudo-frequencies distributed between 7.9 MHz and 25 MHz 
and small duration and amplitude. The last interval corresponds to pseudo-frequencies between 30 MHz and 38 MHz, 
amplitude reaching 2 V and a mean duration of 5 µs. 
Table 1 summarizes the classification proposed for the impulsive noise analysis, where the transients are characterized 
both by their shape in the time domain and their parameters in the frequency domain. Percentage of pulses in each 
category is also noted.  
 

 1.9 <Fo≤7.9 MHz 7.9 <Fo≤25 MHz 30 <Fo≤38 MHz 
 Single pulse 

Class 1 
Burst 

Class 2 
Single pulse 

Class 3 
Burst Single pulse 

Class 4 
Burst 

TH 67.2% 19.7% 7.2% 0.9% 4.9% 0.1% 
A12 89.7% 7.1% 2.3% 0.4% 0.4% 0.1% 
CL 95.8% 4% 0.2% 0% 0% 0% 
BC 65.2% 29.6% 3% 0.2% 1.8% 0.2% 

Table 1: Classification of impulsive noise for each measurement point 
 
Since pulses having an occurrence smaller than 1% will not be taken into account for the simulation, one can finally 
consider 4 classes of noise. Classes 1 and 2 are associated with single pulses and bursts, respectively, their pseudo- 
frequencies being between 1.9 MHz and 7.9 MHz. Classes 3 and 4 correspond to single pulses, the pseudo-frequency 
related to class 3 being in the interval 7.9 MHz and 25 MHz, and between 30 MHz and 38 MHz for class 4. Considering 
the percentage of occurrence mentioned in Table 1, it appears that a large majority of the pulses belongs to class 1. 
Nevertheless, the relative weight of the different classes strongly depends on the points of measurements. In the 
following, we emphasize the statistical analysis and the modelling of class 1 pulses, 6704 pulses having been stored. 
 
Statistical characteristics and modelling 
 
The principle of the statistical analysis is to find known distribution functions fitting the experimental data relative to 
the various parameters of the pulses, i.e. pseudo frequency, peak amplitude, duration, damping factor and interarrival 
time, defined as the time between the end of a pulse and the beginning of another one.   
As an example, let us consider the distribution of the peak amplitudes. After successive trials, it appears that the curve 
in Fig. 4, of the complementary cumulative distribution (continuous line), can be approximated by 4 gamma functions, 
respectively valid in the following amplitude intervals: 0 to 250 mV, 250 mV to 620 mV, 620 mV to 1.11 V and greater 
than 1.11 V. These functions depend on parameters a and b whose values are indicated in the figure to get the best fit 
with the measured distribution. The corresponding approximate curve is represented by the dotted line in the Figure. 
The gamma probability density function y(x) is given by  
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where Γ( ) is the Gamma function. 
The same method has been used to determine the analytical distribution functions fitting the other experimental data 
corresponding to the various parameters of single pulses. To validate this model of class 1 pulses, the power spectral 
density in the observation windows, having a duration of 650 µs, were calculated either from the measured data or from 
the analytical model. Fig. 5 represents the average and maximum spectral density calculated from the 6704 stored 
pulses, and deduced either from measurements or from the model. One can note that a good agreement is obtained in 
the frequency band [1.9-7.9] MHz, corresponding to class 1 pulses.  
 
 
 



 

 
Figure 4 : Distribution of the peak amplitude  

for Class 1 pulses 

 
Figure 5 : Comparison between the theoretical and 

experimental PSD of the Class 1 pulses
 
 
CONCLUSION 
 
A classification and a statistical analysis of impulsive noise measured at various points on an in –vehicle power line 
have been performed. Empirical distribution functions of the noise characteristics fitting the experimental results are 
proposed. Such functions will then be used in a simulation tool to optimize the transmission scheme and deduce the 
performance of the power line communication. 
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