EXPERIMENT 16: BER Measurement in the Noisy Channel
New Modules: ERROR COUNTING UTILITIES
Background: This experiment models a digital communication system transmitting binary data over a noisy, bandlimited channel. A complete instrumentation setup is included, that allows measurement of BER as a function of signal-to-noise ration (SNR).
Pre-Lab: 
1) Advanced Modules Manual pages: 22-24.

2) Student Text Vol-D2 pages: 1-5.

In-Lab:
1) Build the model in Figure 1.
Choose the TUNEABLE LPF module for the filter in the NOISY CHANNEL model. Set the corner frequency of the filter to highest value (fully CW). This will be adjusted later.
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2) Sequence generators: adjust both toggles of on-board switch SW2 to ON (high) to generate a short sequence (32 bits). Make sure that the on-board switch SW2 of the DECISION MAKER is set to INT and SW1 is set to NRZ-L. Adjust the amplifier gains so that the gain through the channel is unity. Set the noise level to maximum (NOISE GEN. output = +22dB, adder gain 'g' fully CW). The adjust the signal level (other adder input) to have the same RMS level as the noise.
3) Screen shots (2): (a) channel input and output, (b)‘data in’ and ‘data out’ 
4) To trigger the ERROR COUNTING UTILITIES, the front panel TRIG button will be used in this experiment. To allow this, TRIG toggle of on-board SW1 switch should be set to HI. The GATE toggle of the same switch should be set to LO. Under these conditions, four GATE times are available: 1e3, 1e4, 1e5 and 1e6 clock pulses which can be selected by the front panel PULSE COUNT switch.

5) Check that the line from the X-OR output of the ERROR COUNTING UTILITIES to the second SEQUENCE GENERATOR RESET is still open. Make sure that both SEQUENCE GENERATORS are generating same-length sequences. Observe the two inputs to the X-OR gate simultaneously. It is unlikely that they are aligned, but they should be synchronized. 

6) Momentarily close the line that is mentioned in the previous task. Confirm that the two sequences, already synchronized, are now aligned.
7) Set the FREQUENCY GENERATOR to its COUNT mode. Set the ERROR COUNTING UTILITIES front panel PULSE COUNT switch to be active for 1e5 bit clock periods. To make an error count reset the FREQUENCY COUNTER. Start the error count by pressing the TRIG button of the ERROR COUNTING UTILITIES module.

8) The ACTIVE LED on the ERROR COUNTING UTILITIES will be light, and remain alight until 90% of the count is completed. After this it will start blinking before finally extinguishing, indicating the count has concluded. With no noise, there will be no errors but you will see 1 on the counter. The reason of this is, every time a count is initiated, one count will be recorded immediately. This means that you should always subtract one from the number on the counter to get the exact number of errors. 

9) Take out the line from the X-OR output to the RESET of the second SEQUENCE GENERATOR. Confirm that the two sequences are still aligned. The reason for this is, once you align the sequences, even if you take the line they will still remain aligned. To break this alignment, press the RESET button of the SEQUENCE GENERATOR and confirm that the two sequences are no more aligned. Repeat the error counting task in this condition and observe the difference. (Do not forget to reset the FREQUENCY COUNTER before every new count.)
10) Starting with this task, the signal level will be reduced in steps. Re-establish sequence alignment by pressing all the reset buttons, and then again momentarily connect the line. For the first step, reduce the TUNEABLE LPF bandwidth until the error rate suddenly increases. Record this 3-dB frequency. Now increase the filter bandwidth gradually just back to the point at which the error rate suddenly drops. Patch both the Picoscope and the WIDEBAND TRUE RMS METER to observe the signal at the output of the NOISY CHANNEL MODEL. Take out the noise from the first ADDER and look at the CHANNEL output and also measure the output with RMS METER. This will give the signal level, S. Now take out the signal and plug in noise and look again at the output of the channel. This gives the noise level, N.   The calculation for SNR is:
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11)  Take five (5) data points as follows.  Reduce the signal level (by reducing the adder gain) until the BER obviously increases from the last measurement. This is most easily observed by looking at the rate at which the count changes on the TIMS PULSE COUNTER while the gate is active. For each new signal level, measure the signal  RMS voltage, the noise RMS voltage, and the BER. 

You should get a plot similar to the theoretical expectation as in Figure 3. If alignment is ever lost, the noise must be removed before attempting re-alignment (Include the experimented SNR versus BER figure in your report).
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Figure 3
Figure 1.





Use Buffer Amp





See note below








