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Introduction to Spread Spectrum Communications
Objectives

· An introduction to Spread Spectrum systems.

· Studying effect of spreading on signal bandwidth.

· Studying robustness of spread spectrum to interference.

Introduction
All the modulation/demodulation techniques you saw in class this term are designed to operate in AWGN. However, in real applications, there are factors which make these techniques highly suboptimal.
Consider a military environment for example, where the desired signal is jammed by an enemy source (a jammer) operating at the same center frequency. The system is not AWGN anymore. Traditional systems do not have inherent ability to mitigate this jammer. 
Also consider a commercial cellular application, where multiple users transmit and receiver messages simultaneously. If all users were to use the communication channel at the same time, interference occurs, and performance suffers. 

Finally, consider a multipath communication channel, where the received signal is formed of the sum of delayed and attenuated versions of the transmit signal, due to the presence of scatters and reflectors in the environment. A traditional system would only be able to resolve the first multipath component, and most of the received signal energy is lost.

Spread spectrum communications provides solutions to all those problems. In this lab, we provide a brief introduction to spread spectrum. If you are interested, you may study spread spectrum in full depth in the course given in the spring term. 
We concentrate today on direct-sequence (DS) spread spectrum. In DS, the modulated data signal is multiplied by (or spread) a spreading sequence of shorter period (as shown in Figure 1. The TIMS equivalent circuit is shown in Figure 2). At the demodulator (Figure 3), the signal is despread by multiplying by the spreading sequence again. The spreading operation is illustrated in Figure 4. As we will soon see, the effect of spreading is to increase the transmitted signal’s bandwidth. This increase in bandwidth may be used to our advantage. 
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Figure 1: Basic Spread Spectrum System.
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Figure 2: Spread Spectrum modulator.
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Figure 3: Spread Spectrum demodulator.
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Figure 4: Basic spreading operation for a BPSK system (Figure taken from Simon et al.)

Experiment

The data message is generated using a sequence generator, as was done in previous experiments. Set the generator to a short sequence (to get stable oscilloscope displays). We will use another sequence generator to produce the PN sequence. The period of the PN sequence Tc must be shorter than the period of the data sequence Td. Let N = Td/Tc. N is called the spreading gain of the spread spectrum system. We will use the 2 KHz message from the master signals module as the data clock.
Q1. Connect the transmitter model in Figure 5. The adder is used to inject noise into the system. Select the short message for the first generator (both switches up), and the long message for the second (PN) generator (both switches down). The PN generator clock must be set to 8.33 KHz. Obtain the 8.33 KHz clock using the 100 KHz clock and the digital utilities module. You may not obtain the 8.33 KHz from any other source. Read the digital utilities data sheet, and explain your procedure. 
Q2. Note that the 2 KHz source does not exactly give a wave of 2 KHz. What frequency does it give? What system spreading gain do you expect then?
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Figure 5: Transmitter model.

Q3. What is the function of the first multiplier?

Q4. Observe the signal at the output of the first multiplier. What kind of modulation is achieved? Paste plot. 

Q5. Add the output of the second multiplier to the oscilloscope display.  What happened to the original sine wave? Paste plot. 

Q6. Observe the output of both multipliers in the frequency domain. Set the oscilloscope bandwidth to 625 KHz. Where is the spectrum centered? What is the difference between the two spectrums? Can you explain the difference? Paste plot. 

Q7. Now add noise. Adjust the noise level so that, while observing the spectrum of the ADDER output, the DSSS signal can be seen above the noise level. Paste plot. 
Q8. Modify the connections of the digital utilities module, such that the PN sequence frequency is now 25 KHz instead of 8.333 KHz. Explain your procedure. How did the frequency spectrum of the spread spectrum wave change? Paste plot.

Q9. Modify connections again to get a PN frequency of 50 KHz. Observe the spectrum. It should sink deeper and disappear into the noise? Why is that? Paste plot. 

Q10. Based on the previous two questions, what could be an advantage of increasing the spreading gain (think about a military application)?

Q11. Reset the PN sequence to 8.333kHz then connect the receiver as shown in Figure 6. Note that the clocks are stolen from the transmitter. The bandwidth of the output filter is chosen to suit the message. Use a

TUNEABLE LPF, or the 3 kHz LPF in the HEADPHONE AMPLIFIER. For restoration of the output to a TTL format a DECISION MAKER would be included, but this is not necessary for this experiment. Visual comparison of the sent and received sequences is adequate.
If you are out of multipliers, use the multipliers included on the quadrature utilities module. 
Q12. Observe the output, when the transmitter is connected to the input. Probably there will be ‘nothing’ - or nothing resembling the expected output sequence. Varying the phase of the 100 kHz carrier should not change things. The problem is that the receiver PN sequence, although synchronized with that at the transmitter, is not correctly aligned in time. With no transmission delay it is a simple matter to achieve this.
Q13. Bring the two sequences into alignment by momentarily connecting the start of sequence SYNC output of the transmitter SEQUENCE GENERATOR to the RESET input of the receiver SEQUENCE GENERATOR. Make sure the sequence are aligned (be careful which sequences you’re viewing). Paste plot. 
Q14. Re-examine the output from the demodulator. The message should have been recovered (being a short sequence, this is easy to confirm visually). If any of the multiplier constants were negative, the sequence may be inverted.
Adjust the bandwidth of the demodulator output filter for minimum bandwidth consistent with reasonable waveshape. Remember, a DECISION MAKER could be used to regenerate a perfect copy of the original, but this is not necessary for our present purpose. Paste plot of output of the LPF.
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Figure 6: Receiver Model.
Q15. We will now look at another property of spread spectrum systems. Replace the noise with a 100 kHz sinusoid from a VCO. This represents an interfering signal (a very elementary form of jamming). 
Q16. Set the VCO frequency to 100 KHz. Is this a narrowband or a wideband signal? 
Q17. Remove the desired signal from the adder. The transmitted signal is now formed of the interferer. Observe the spectrum of the interferer at the input of the receiver, and after dispreading (multiplication by the PN sequence).  What happened to the spectrum? Paste plot. 

Q18. Restore the desired signal, and remove the interferer from the adder input. Observe the spectrum of the desired signal before and after dispreading. What happened to the spectrum? How does that compare to the interferer case? Paste plot.
Q19. Reconnect the interferer. Maximize the interference power. Observe the output of the LPF and the original message signal. Paste plot. Now, change the PN frequency to 50 KHz instead of 8.33 KHz. Observe the two signals again. Did the output signal become ‘better” or “worse”? Explain. What property of spread spectrum systems did we just illustrate?

