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This paper presents a new concept of Land Mobile Propagation Satellite model. The main idea is to predict the propagation channel based on the analysis of 360° images. To do so, concurrent RF / optic measurements have been done in the past and this paper will present the correlation study between the images and RF signal. Finally, a coupling model RF / images is proposed here, which allows a LMS channel prediction between 1 to 30 GHz.

INTRODUCTION

The knowledge of the Land Mobile Satellite (LMS) propagation channel is a key issue for the design of new satellite services at frequencies ranging from the L-band (GNSS) to the Ku-Ka band (SatCom). Therefore, based on physical and statistical considerations, several models have been developed and compared to measurements to assess the impact of the local environment of the receiver on the RF signal. In complement to RF data, the use of low cost sensors such as fish-eye cameras is easy and provides rich information on the environment close to the receiver. Characterizing the LMS propagation channel thanks to optical analysis is therefore a cost-effective and complementary approach. The concept proposed in this paper relies on: first, the images processing is enhanced with the help of deep learning processing available in the literature. Second, we propose a statistical model (similar as the one in ITU-R P681 Section 6) in order to link the images classification with the effect on the RF signal. The first challenge in deep learning processing is to train the algorithms i.e. provide a reference database of images already classified. We remind that the target is here to classify the images in four classes: Sky, Vegetation, poles or defoliated trees and other man-made structures such as buildings. To do so, we decided to train the deep learning algorithms with images extracted from our dataset.

Figure 1: Processed image from Ka band measurement in LOS situation

After the algorithm training, Figure 1 presents the classification results of the deep learning algorithms. The green border represents pixels tagged as "vegetation", the red border the pixels tagged as "building", the blue border pixels tagged as "pole", and the whole other pixels are therefore tagged as "sky". With a visual inspection, the classification looks coherent. A global performance evaluation of the image classification process is under way and will be presented in the near future.

The magenta dot represents the satellite position, and thus we can associate the image classification with the signal power observed on the transmission. Then, we can propose a model which links the image classification with the RF attenuation and multipath power. This model is presented in the next section. For the RF/images coupling mode, we propose to use the same approach as in ITU-R P681. The LMSS propagation environments can be rural, wooded, urban, suburban, and thus it is a mixture of different propagation conditions. The Cumulative Distribution Function (CDF) of signal levels in such mixed conditions is modelled by the enhanced 2-state semi-Markov model which is composed of a GOOD state, including slightly shadowed conditions, and a BAD state, including more severe shadowed conditions. The amplitude of the channel complex envelope in the Good and Bad states is modelled by a set of Loo distributions defined by the Loo triplet parameters (MAi, ΣAi, MPi), respectively the mean of the direct signal, the standard deviation of the direct signal and the mean of the multipath.
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The average direct path amplitude MAi is assumed to be normally distributed on a limited probability range, and the diffuse multipath component follows a Rayleigh distribution. The standard deviation of the direct path amplitude and the multipath power are linearly connected to the average direct path amplitude. Between a Good and Bad event, a stochastic transition length Ltrans,i is also introduced.

IV. MODEL VALIDATION

To validate the proposed model, we compare the experimental and generated time series CDF and the fade duration CDF. In Figure 3, we plot these CDF for S band.

As we can see, the experimental and modeled curves fit quite well. 

  II. IMAGES PROCESSING FOR CLOSE ENVIRONMENT CLASSIFICATION Image classification and segmentation are very active and competitive research domains. Competitions are proposed each year, and deep learning based technics are among the most effective algorithms in several contests. Based on them, we decided to use the FCN-8s (Fully Convolutional Networks) solution in order to classify our images.
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 2 Figure 2: Deep learning classification vs signal power. LOS situation left, NLOS (signal bloc by vegetation) right
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 3 Figure 3: time series CDF and fade duration CDF, S band. Model vs data