CHAPTER FIVE
SIMULATION RESULTS AND ANALYSIS
5.1 Overview
This chapter presents the proposed DS-SS system containing convolutional encoding and decoding, as well as random and block interleaving. The transmitted data is intended to be jammed with a broadband pulsed jamming signal. 
The analysis includes performance results of systems having these two interleavers at different amounts of interference and various sizes of message blocks.
5.2 The Problem Analysis
Spread spectrum systems is a class of wireless digital communication systems specifically designed to overcome a jamming situation, i.e., when an adversary intends to disrupt the communication. To disrupt the communication, the adversary needs to do two things. The first is to detect that a transmission is taking place and the second is to generate a jamming signal which is designed to confuse the receiver by mixing up the bursts' bits order [29]. For this manner, interleavers are used to accomplish time diversity. 
The pulsed jammer situation is similar to a flat fading channel: at some times the channel is very bad, and this dominates the bit error probability. The remedy to overcome a pulse jammer is the same as for a flat fading channel. We introduce channel coding and interleaving to gain diversity [29]. 

On the other hand, Interleaving can be classified as either periodic or pseudo-random. The periodic interleaver orders the data in a repeating sequence of bytes. Block interleaving is an example of periodic interleaving. These interleavers accept symbols in blocks and perform identical permutations over each block of data. One way of doing this is accomplished by taking the input data and writing the symbols by rows into a matrix with i rows and n columns and then reading the data out of the matrix by columns. This is referred as a (n,i) block interleaver. Pseudo random interleavers, on the other hand, rearrange the data in a pseudo random sequence. Periodic interleaving is more commonly invoked compared to pseudo random interleaving because it is more easily accomplished in hardware.
In this thesis, the performance enhancement of pseudo random and block interleavers are taken into consideration when they are added to a convolutional encoded direct sequence spread spectrum (DS-SS).
In a DS-SS communication system, large interleaver size results in unacceptable latency and thus shorter block lengths are required. An often used number for acceptable interleaver latency is 20 ms. Although increasing the signaling rate would allow more symbols per block, the performance would not in general improve, because more symbols would be affected by the fades and jammers. The performance of random and block interleavers in a similar system for different interleaver delays is shown in Figure 5.1. The block interleaver performs slightly better than the random interleaver. For short interleaver delays, the size of the interleaver is so small that the randomly interleaved channel does not behave like an uncorrelated fading channel [30]. 
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Figure 5.1 Performance as a function of interleaver delay for random and block interleavers [30].

The design environment can be a major reason in choosing the interleaver. For applications in which delay is unacceptable, interleavers with the best performance and the shortest delay should be preferred.
 If the cost is an issue, then larger interleavers should be avoided as memory and cost increase with size. In cases where ease of hardware design is important, interleavers that require no additional ROM and RAM to store the vectors should be chosen. 
5.3 Simulation Environment                                                                                                           
The simulation environment consists of direct-sequence spread spectrum (DS-SS) system with 20 chips per bit (Lc=20), a rate of 1/2 convolutional encoder and a channel with additive  white Gaussian noise (AWGN) and a pulsed jamming signal with 50% jamming duty cycle (ρ=0.5). The block diagram of this communication system is given in figure 5.2.
Figure 5.3 shows the performance of this system for block and pseudo random interleavers. Channel signal to noise ratio (SNR) is fixed at 10dB and signal to interference ratio (SIR) is varied between 0 and 6dB.
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Figure5.2 Block diagram of DS-SS communication system.
5.4 Simulation Results and Analysis
Performance analysis comes out by observing the bit error rate (BER) of different levels of signal to interference ratio (SIR) or for various message block (frame) lengths. Only short block lengths are considered (for delay constraint applications).
Message block length (input of the convolutional encoder) is 400 bits. Each block is interleaved and modulated before being sent over the channel. Modulation (base band) involves polar nonreturn to zero line encoding and spreading of data using a pseudo noise (PN) sequence. 
At the receiver end, the received data is applied to a demodulator that consists of a multiplier followed by an integrator, and a desision device. 
The multiplier is supplied with a locally generated PN sequence that is an exact replica of that used in the transmitter. The data is, finally, deinterleaved and decoded.
It is observed that at small SIR performance varies by interleaver type. Specifically, block interleaver should be prefered at SIR=1dB and random interleaver for SIR=2dB. At high SIR (>3dB) both interleavers perform about the same. 
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Figure 5.3 Performance of interleavers for convolutional encoded DS-SS
(Block length=400 bits, SNR=10 dB, jamming duty cycle ρ=0.5
and 
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Figure 5.4 Performance of DS-SS system with and without interleaving and encoding.
(Block length=400 bits, SNR=10 dB, jamming duty cycle ρ=0.5
and 
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In Figure 5.4, performance of the DS-SS system is shown with and without convolutional encoding and interleaving. At 0 and 1dB, it is observed that no improvement in performance is obtained when interleaving and convolutional encoding are added to the system. For SIR greater than 2 dB, encoding and interleaving improve the performance although the improvement is about the same for both interleaver types (as also shown in Figure 5.3). Performance of the two interleavers in convolutional encoded DS-SS system for message block length of 300 to 1400 bits is shown in Figure 5.5. SNR and SIR are fixed at 10 dB and 1dB, respectively.
It is observed that, interleaver performance changes with block size and interleaver type, but the difference in performance between the two interleavers chosen is small. Since larger block sizes require larger interleavers, smaller block sizes should be preferred for lower cost and delay. With small difference in performance, block interleaving should be chosen for such a system as it requires no additional memory like pseudo random interleavers.  
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Figure 5.5 Performance of interleavers in convolutional encoded DS-SS for various block lengths, (SNR=10 dB, SIR=1 dB, jamming duty cycle
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and block length=300-1400 bits).
In Figure 5.6, the results shown in Figure 5.5 are plotted against the same system performance obtained with no interleaving. Even though a slight improvement in performance is obtained in some block lengths by using interleavers, this improvement is not significant enough to necessitate the use of interleavers. Therefore, we can additionally argue that a further reduction in cost and delay could be obtained by removing the interleavers with no loss in performance for this system.

Figure 5.6 Performance of DS-SS system with and without interleaving for various block lengths (same parameters as in Figure 5.5).
In a higher SIR environment, for example at 6 dB, performance results shown in Figure 5.7 are obtained. A similar argument can be made for this case as well in that changing the block size has no effect in improving the performance.



Figure 5.7 Performance of interleavers in convolutional encoded DS-SS for various block lengths, (SNR=10 dB, SIR=6 dB, jamming duty cycle
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and block length=300-1400 bits).

Figure 5.8 further proves that when no interleavers are used, same performances are obtained for all block sizes and hence hardware cost, accomplishment and system delays could be reduced.   


Figure 5.8 Performance of DS-SS system with and without interleaving for various block lengths (same parameters as in Figure 5.7).
Table 5.1 Table showing which interleaver gives a better performance at different values of SIR and with various block lengths. R= with random interleaver, B= with block interleaver, black squares= no interleavers (SNR=10 dB, 
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Table 5.1 summarizes the performance results of the DS-SS system described at SIR from 1 to 6 dB, and block length of 300 to 1400 bits. Squares with R in them indicate a better performance with a pseudo random interleaver, squares with B in them indicate a better performance with a block interleaver, and black filled squares indicate the best performance is obtained when no interleavers are used.
With over 40% of the best performance obtained with no interleavers others showing only slight differences in performances between the two interleaver types (see Appendix c for detailed results) and with the fact that no significant improvement is obtained with the inclusion of either of the interleavers, we can conclude that these two interleavers can be excluded from such a system design. There will be less delay, cost will be reduced and convolutional encoding alone would result in the same performance. 
5.5 Summary
This chapter presents the DS-SS system with convolutional encoding and interleaving. It is shown that adding convolutional encoding and decoding in the presence of pulsed jamming improves the performance but having additional block or random interleaving has no further effects. Therefore, it is concluded that by removing block and random interleaving from this system, same performance could be obtained with reductions in hardware cost and delay.  
� EMBED Equation.3  ���
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