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Modeling VHF Air-to-Ground Multipath Propagation Channel and Analyzing Channel Characteristics and BER Performance Mohammad Asif Zaman, Sayed Ashraf Mamun*, Md. Gaffar, Md. Mushfiqul Alam and Md. Imran Momtaz Department of Electrical and Electronic Engineering, Bangladesh University of Engineering and Technology, Dhaka, Bangladesh. *[email protected]



Abstract— In this paper, a VHF air-to-ground multipath propagation channel model is proposed and channel characteristics and BER performance are analyzed. A tapped-delay line filter model with time-varying coefficients is used to model the channel. The taps represent signals with delay corresponding to their relative propagation time. Each delayed signal is modulated in amplitude and phase by independent baseband random functions of time that produces Rayleigh fading. Doppler frequency shift is also incorporated in the channel model. Channel characteristics are analyzed in terms of power delay profile, Doppler frequency shift and burst error occurrence probability. Finally, BER performance of the channel is analyzed using computer simulation and effect of interleaving and error correcting code on the performance is observed.



I. INTRODUCTION Air-to-ground communication in the VHF band is widely used in civil and military avionics. The propagation channel is characterized by delay-spread, multipath fading and Doppler frequency shifts. These properties are determined by the environment and relative speed of the aircraft. Changes in the environment affect the reflection, diffraction and scattering of the signal and thus affect the channel response [1], [2]. This results in time-variant property of the channel. Multipath distortion is the main source of disturbance in VHF Digital Link (VDL) system in avionic communication channel, since the ground and aircraft antennas are both non-directional [3], [4]. The ground as well as all scattering bodies in the vicinity of the antennas is illuminated, generating multipath. Each of these reflected or scattered non-line of sight (NLOS) signals arrive at the receiver at different delays, thus creating delay-spread. The time delays are time-variant random process due to the dynamic nature of the propagation channel. Each NLOS signal also suffers from phase change caused by reflection, diffraction and scattering, which are also time-variant. The line of sight path (LOS) suffers from attenuation and delay but experiences no phase distortion. Multiple signals with independent delay, amplitude change and phase shifts results in multipath Rayleigh fading [1], [5]. A tapped-delay line filter model is one of the easiest yet efficient ways to model multipath channel [2], [6]. Each of the taps represents a NLOS signal. All the tap coefficients are time-varying in nature. The delays are assumed to



follow Gaussian distribution. The amplitude attenuation of each of the NLOS signals will not be the same, as the distances traveled by each of the reflected/scattered signals are not the same [7], [8]. So, amplitude attenuation is modeled as a Rayleigh random process [2], [9]. The phase distortion is modeled as a uniform random process [2]. A direct path with no phase shift is also incorporated in the channel model to represent the LOS signal path. Due to the relative motion of the aircraft, the channel also suffers from Doppler frequency shifts. Large Doppler shifts can cause BER flooring [5] and therefore is an important parameter of the channel. The frequency shift is assumed to be time varying. It is modeled by a Gaussian random process. Fading and Doppler shifts can cause large number of consecutive bits to be corrupted, resulting in burst errors [10]. The probability of burst error occurrence of the channel is computed and found to be considerably high. The burst errors degrade the BER performance of the system. To solve this problem, data interleaving and error correcting codes are used. The BER performance of the system with and without interleaving and error correcting coding is observed. II. CHANNEL MODEL The Channel is modeled by using a modified tappeddelay line filter model. The model is shown in Fig. 1. All the tap coefficients are assumed to time-varying random processes. There are k = 1, 2…..L taps in the model. Each of the taps represents a reflected/scattered NLOS signal. Number of NLOS paths = L is assumed along with one LOS path. For the modeling, the distance between the ground station and the aircraft is assumed to be 7.5 km which results in a delay of τdLOS = 25 µs for the LOS path. The delays of the NLOS paths, τdk are assumed be Gaussian random process with a mean of 30 µs and standard deviation of 5 µs. The amplitude attenuation of the LOS path, αLOS is easily determined from the distance between the aircraft and the ground station. The amplitude attenuation of the NLOS paths, αLk(t) is assumed to be Rayleigh random process [2], with mean value of 4 times of αLOS. The phase shift occurring for each of the NLOS signals, φk(t) is modeled as uniform random process in [– π, π] interval [2]. The LOS signal is added with the NLOS signals to model the multipath distortion.
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Fig. 2. Block diagram of Doppler frequency shift implementation. Fig. 1. Tapped delay line filter model of the air-to-ground communication channel.



White Gaussian noise is added to simulate channel noise. The power of the noise is determined by the signal to noise ratio (SNR). The output of the channel can be expressed as a sum of the delayed signals. For a modulated signal y(t) with carrier frequency fc ,



y (t ) = A cos(2π f c t + θ ) . The channel output without the Doppler shift, y/ch(t) is,



ych (t ) = α LOS (t ) cos {2π f c (t − τ dLOS )} + /



assumption that phase change can occur much more rapidly than amplitude or frequency change. III. CHANNEL CHARACTERISTICS The modeled channel is simulated using MATLAB. The carrier frequency is assumed to be 118 MHz [3]. For simulation, GMSK modulation scheme is used and standard data channel band of 25 kHz is assumed [11]. Usual Doppler shift range is about 100 – 200 Hz [11]. For simulation it is assumed to be centered around 150 Hz. From simulation, power-delay profile, Doppler shift and burst error occurrence probability of the channel is observed.
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(t ) cos {2π f c (t − τ dk ) + φk (t )} + n(t ) .



k =1



Here, n(t) is white Gaussian noise. To complete the channel, Doppler frequency shift must be introduced. Hilbert transform is used to convert the real signal to complex signal. The Doppler shift, fd(t) is assumed to be Gaussian process with mean value of ±150 Hz. The probability of fd(t) being positive or negative is assumed to be equally likely. If we consider a simplified signal x(t) as the input of the Doppler frequency shifter shown in Fig. 2, where, x (t ) = cos(2π fc t )



and ,



Hilbert [ x (t )] = cos(2π fc t ) + j sin(2π fc t ) . Then, the output of the frequency shifter is xdopp(t),



A. Power delay profile During multipath propagation, the NLOS signals suffer from random delays which are assumed to be larger than the constant delay of the LOS signal, which is τdLOS = 25 µs. This causes delay spread. As a result, the received power is also spread in time. The received power versus time plot is known as power delay profile. To simulate the power delay profile, the channel is excited with a very short duration pulse at t = 0 and the channel output power is observed. The simulation results are shown in Fig. 3. From the results, it can be seen that at t = 25 µs there is a peak at the received power graph indicating the LOS signal. The other three peaks indicate the NLOS signals. The results are consistent with expected channel response.



xdopp (t ) = cos(2π f c t ) cos {2π f d (t )t} − sin(2π fc t ) sin {2π f d (t )t}
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ych (t ) = α LOS (t ) cos [ 2π { f c + f d (t )} (t − τ dLOS ) ]
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= cos [ 2π { fc + f d (t )} t ] So, the final output of the channel can be expressed as:
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The attenuation parameter αLk(t), phase shift parameter φk(t), and Doppler frequency shift parameter fd(t) are time-varying random processes. But they are assumed to remain constant for a particular duration of time. These particular time durations are taken as 0.2 ms, 1.25 µs and 20 µs respectively. The values are taken relying on the
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Fig. 3. Simulated power delay profile of the modeled channel.
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B. Doppler frequency shift In an air-to-ground avionic communication channel, a relatively high Doppler frequency shift is expected due to the high velocity of the aircraft. The frequency shift may be positive or negative depending on the direction of motion of the aircraft relative to the ground station. For simulation, mean Doppler shift of ±150 Hz is assumed. The frequency shift varies with time due to the dynamic nature of the propagation channel. The effect of this frequency shift is that received signal is shifted from the carrier frequency to other frequencies. To simulate this, an un-modulated 118 MHz carrier is used as the input of the channel and the output is observed. Fourier transform is used to find the spectral characteristics of the channel output. The results are shown in Fig. 4. The x - axis is shifted so that the origin denotes the carrier frequency. Form the graph, it can be seen that the amplitude spectrum is shifted from the carrier frequency. The Gaussian nature of the frequency distribution can also be observed from the graph. C. Burst error characteristics Another very important characteristic of the channel is the probability of burst error occurrence. Burst errors, or corruption of large number of consecutive data bits, severely affect the performance of the communication system. Multipath fading and Doppler shifts can cause burst errors [2], [10]. The probability of burst error occurrence of the modeled channel is shown in Fig. 5. For comparison, the same results for AWGN channel is also shown in the same figure. From the results, we can see that AWGN channel suffers from random errors where as the modeled air-to-ground communication channel suffers from burst errors. The results show that for the modeled channel, about 24% of the total errors are burst errors, where 4 or more consecutive bits are corrupted. This value is only about 0.4% for the AWGN channel. So, the air-toground avionic communication channel is 60 times more likely to suffer from burst errors compared to AWGN channel. If burst error is defined as the corruption of 3 or more sequential bits, then about 34.7% of total errors are burst errors for the modeled channel. The results clearly show that the channel suffers from severe burst errors which can heavily degrade the BER performance. So, the communication system must employ interleavers and error correcting codes for satisfactory BER performance. Doppler Frequency Shift of the Received Signal 0.50 0.45
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Fig. 4. Doppler frequency shift of the received signal.



Fig. 5. Burst error characteristics of the channel.



IV. BIT ERROR RATE PERFORMANCE Bit error rate performance is very important for any digital communication system. Transmitter power, maximum symbol rate, maximum distance between transmitter and receiver, selection of interleaver and error correcting codes all depend on the channel BER performance. As the modeled air-to-ground communication channel suffers from severe burst errors, it is expected to have a poor BER performance even at high SNR values if no error correcting codes or interleavers are used. It is also expected that the performance can be improved by using interleavers and error correcting codes [12]. Simulation results confirm these assumptions. The BER curves of the channel are shown in Fig. 6. A very noticeable improvement in the BER performance is observed when interleaving and coding is used which ensures a successful communication link. From simulation results it seen that, when interleaver and error correcting codes are not used, the channel experiences a high error floor. The error floor is defined as the persistence of bit errors even at high SNR values [5]. As it is independent of noise power, Doppler frequency shift and multipath fading is the main cause for this error floor. However, the BER performance can be improved by employing interleavers and error correcting codes. Convolutional interleaver with cyclic error correcting code is used here. This causes an improvement in BER performance and the high error floor no longer exists. A (23, 12) Golay code is used here. The code converts blocks 12 bit input data to blocks of 23 bit coded data by adding appropriate redundancies. These redundancies make it possible to detect and correct errors in a code block. For decoding, Kasami decoding algorithm is used [12]. The Golay code can correct up to 3 error bits in a 23 bit code word. Golay codes are comparatively simple to generate and decode and does not increase the system complexity greatly. This makes it suitable for use in the air-to-ground avionic communication channel.
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IEEE Region 8 SIBIRCON-2010, Irkutsk Listvyanka, Russia, July 11 -- 15, 2010 V. CONCLUSION An air-to-ground avionic communication channel is modeled and analyzed using computer simulation. A modified tapped delay line filter model with time-varying coefficients is used to model the channel. Power delay profile and Doppler frequency shift characteristics of the channel are observed. It is also seen that the channel suffers from burst errors. The BER performance simulation of the channel shows the presence of a high error floor. However, it is seen that with appropriate error correcting coding and interleaving, the BER performance of the air-to-ground avionic communication channel can be satisfactory.
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However, Golay codes can correct random errors, but it can not correct burst errors. When more than 3 bits are corrupted in a 23 bit code word, the Golay code fails to correct the errors. As the channel suffers from burst errors, it is very likely that more than 3 bits will be corrupted in a 23 bit block. This makes the Golay error correcting code ineffective. Interleaving can be used to solve this problem [10], [13]. Interleaving is done after error correcting coding. The interleaver shuffles the coded bits over a span of block lengths. The span length is determined by the statistical nature of the burst errors. The bits are separated in time, so they are placed in different time positions. The space in between is filled by other coded bits. No time correlation exists between the symbols. A de-interleaver at the output reshuffles the coded data bits into the original order. A series of consecutive interleaved data bits can be corrupted in the channel, but after de-interleaving, those erroneous data bits will no longer be consecutive. So, the interleaver essentially converts burst errors into random errors [13]. The decoding of the error correcting code takes place after de-interleaving. This makes it possible for the Golay code to correct the errors. A convolutional interleaver is used here [13]. Convolutional interleavers take less memory and suffer from less delay compared to block interleavers. For simulation, a convolutional encoder with block length of 40 is used. Delay difference between two consecutive branches is assumed to be 5. From Fig. 6, it can be seen that after using error correcting coding and convolution interleaving, the BER performance of the communication system is improved greatly. The large improvement can be seen at moderate and high SNR values. But the coding and interleaving has no effect at very low SNR values. This implies that at extremely low SNR values, the noise is so high that the signal is corrupted beyond repair. But at normal operating SNR range, the coding and interleaving gives acceptable BER performance.
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