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Abstract: In this paper, methodology of estimating parameters of a wireless transmission channel 
inside a car is presented. The work is focused on the utilization of artificial neural networks for 
channel modelling in the frequency range from 55 GHz to 65 GHz. Promising results have been 
reached by a feed-forward neural network and a radial basis function neural network. In order to 
train the networks, a wireless transmission was carefully measured in a testing car. Measured data 
were properly processed to be used both for training neural networks and validating neural models. 
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1. INTRODUCTION 

In the paper, we describe an efficient approach to the modeling of a transmission between two an-
tennas which have been placed on an inner surface of a car body. The transmission has been influ-
enced by a relative position of antennas. The ISM band from 55 GHz to 65 GHz [1] has been used 
for the experiment. 

Numerical modeling of wireless in-car communication at 60 GHz is extremely time-consuming due 
to electrically large dimensions of in-car objects. We have therefore developed an effective ap-
proach to modeling which uses artificial neural networks (ANN). ANN is exploited for estimation 
of transmission between antennas. 

Two types of neural networks have been selected for modeling – a feed-forward (FF) network and 
a radial basis function (RBF) network. Accurately created neural models have been compared to 
the measured signal transmission between the antennas to verify functionality. 

2. ARTIFICIAL NEURAL NETWORK 

ANN is a universal computational tool which is composed of simple units called neurons. Neurons 
are organized into layers which are interconnected and form a network. Input of each neuron in the 
layer M is connected to the outputs of all neurons in the previous layer M−1. Output of the neuron 
in the layer M is connected to inputs of all the neurons in the next layer M+1. Interconnections in 
between neurons are associated with different weights. Weights are set randomly during initializa-
tion. During training the network, weights are adjusted to minimize the error at the output of the 
ANN (the difference between the expected response and the actual one) [1]. 

Figure 1 shows a general ANN containing the input layer, the hidden layer and the output layer. 
Here, x1 to xn are signals at the input of input neurons, w11 to wmn denote weights between neurons 
and f1 to fn are signals at the output of output neurons. The input layer distributes input signals 
among hidden neurons [3]. Neurons in the hidden layer transform signals using a specific activa-
tion function. The output layer forms output signals of ANN. 
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Figure 1: General diagram of the artificial neural network 

For modeling in-car communication channels at 60 GHz, a feed-forward (FF) neural network and 
a radial basis function (RBF) neural network have been used. 

In the FF ANN (Figure 2), information flows from inputs directly to outputs without any feedback. 
During training, weights between neurons are set to minimize the difference between expected out-
puts and actual ones. After training, the network is ready to estimate an appropriate output target 
from an arbitrary input pattern. 

    

Figure 2: Structure of general Figure 3: Structure of general 
  feed forward neural network radial basis function neural network 

The RBF ANN (Figure 3) consists of the input layer, the hidden layer and the output layer. Neu-
rons in the input layer distribute input signals among neurons in the hidden layer. Hidden neurons 
transform signals using the Gauss kernel function. Signals close to the center of the Gauss kernel 
function are amplified, and vice versa. Neurons in the output layer sum up signals at outputs of 
Gauss neurons and form the output pattern. 

3. DESCRIPTION OF MEASUREMENTS 

The transmission between the antennas was measured along the car roof. The transmission was 
measured for several positions of antennas in the frequency range from 55 GHz to 65 GHz with 
frequency step 10 MHz. Antennas were located on the inner surface of the roof, and the transmis-
sion was measured along the roof depending on the location of the antennas. 

In the first configuration, the transmitting antenna was at a position Tx1 and the receiving antenna 
at the position Rx1. The position of the transmit antenna Tx1 was fixed, and the position of the re-
ceive antenna was changed to Rx2 and Rx3. For all positions, we measured transmissions. Similar-
ly, transmissions were measured for positions Tx2 and Tx3 of the transmit antenna. The role of the 
transmit antenna and the receive antenna was played by an open end of the waveguide WR15. Posi-
tions of transmit antennas and receive ones are shown in Figure 4. 
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Figure 4: Location of transmit and receive antennas. 

An example of measured frequency response of transmission coefficient is shown in Figure 5 for 
the configuration Tx3−Rx1 (red circles). The measured data were approximated by a low-order 
polynomial (blue line). Input patterns for training ANN were conceived as the triplets [frequency, 
position of transmit antenna, position of receive antenna]. Corresponding magnitude of the trans-
mission coefficient was considered as the output target. Training patterns were created for frequen-
cies from 55 GHz to 65 GHz with the step 150 MHz for all considered combinations of Tx and Rx 
antennas positions. 

 

Figure 5: Measured frequency response of the transmission between antennas Tx3 and Rx1 (red). 
Polynomial approximation of frequency response (blue). 

The training process is terminated if the relative training error is lower than 10-6. Functionality of 
the trained NN is verified by input patterns differing from training ones. 

Transmissions at testing frequencies between transmit antennas and receive ones, which were esti-
mated by FF ANN, are shown in Figures 6 to 9. Transmissions estimated by RBF ANN are depict-
ed in Figures 9 to 11. Red circles represent measured values and blue lines correspond to estimated 
ones. Figure 12 shows the relative error of estimation for FF ANN, and Figure 13 represents the 
relative error of estimation for RBF ANN. 

    

  Figure 6: Transmission between Tx3 and Rx1. Figure 9: Transmission between Tx3 and Rx1. 
  FF estimate (blue) versus measurement (red). RBF estimate (blue) versus measurement (red). 
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  Figure 7: Transmission between Tx3 and Rx2. Figure 10: Transmission between Tx3 and Rx2. 
  FF estimate (blue) versus measurement (red). RBF estimate (blue) versus measurement (red). 

    

  Figure 8: Transmission between Tx3 and Rx3. Figure 11: Transmission between Tx3 and Rx3. 
  FF estimate (blue) versus measurement (red). RBF estimate (blue) versus measurement (red). 

    

  Figure 12: Relative error of FF estimation Figure 13: Relative error of RBF estimation 
  of transmission between antennas. of transmission between antennas. 

4. CONCLUSION 

The paper presents an exploitation of the feed-forward (FF) neural network and the radial basis 
function (RBF) neural network for modeling wireless transmission channels along the roof of a car. 
Networks were trained to estimate the transmission between the transmit antenna and the receive 
one depending on antenna location and operation frequency from the range 55 GHz to 65 GHz. The 
functionality of neural models was verified using testing patterns which differ from the training 
ones by the frequency. Accuracy of estimation is below 3% of the relative error. 
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