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Receiver Side

 𝑦 𝑛 = 𝑥[𝑛] = 𝐼𝑘cos(2𝜋𝑓n − 𝑄𝑘sin(2𝜋𝑓𝑛Without noise,

𝐼𝑘: followed by a lowpass filter, 𝑦[𝑛]𝑐𝑜𝑠(2𝜋𝑓𝑛 = [𝐼𝑘𝑐𝑜𝑠(2𝜋𝑓𝑛 − 𝑄𝑘𝑠𝑖𝑛(2𝜋𝑓𝑛 ]𝑐𝑜𝑠(2𝜋𝑓𝑛

 𝑄𝑘: 𝑦[𝑛]𝑠𝑖𝑛(2𝜋𝑓𝑛 = [𝐼𝑘𝑐𝑜𝑠(2𝜋𝑓𝑛 − 𝑄𝑘𝑠𝑖𝑛(2𝜋𝑓𝑛 ]sin(2𝜋𝑓𝑛 followed by a lowpass filter,

Can you find out why you can get           and         in this way?𝐼𝑘 𝑄𝑘

You can find useful formula in http://en.wikipedia.org/wiki/List_of_trigonometric_identities



Matched Filter

 Properties:

1. Filter the doubled frequency component (any low pass filter)

2. Get the optimal Signal-to-Noise ratio (SNR) at the receiver (flip version of the 
pulse shaped signal: Matched Filter)

3. Without losing the ISI-free property (make the transmitter pulse shaping filter 
and received matched filter  both to be root raised cosine in frequency domain 
such that the cascaded frequency response is still a raised cosine)

 Task: Follow the instructions on the web page. Add the matched filter and 
modify your pulse shaping filter. Observe the waveforms.



Carrier Recovery

 Problems: Any delay at the transmitter side may cause the carrier 
frequency shifting from the agreed center frequency.

 Solutions: 

1. Add a pilot tone (a sin or cosine signal) at the transmitter whose phase 
and frequency are directly related to the modulated transmit signal. 

2. Isolate the tone by a filter at the receiver and use a PLL block (Phase 
Lock Loop) to track the frequency and recover the transmitted carrier.

 Task: Add the corresponding Simulink blocks and observe the waveform.

(You will learn more and program the PLL block yourself in the later labs)



Symbol Time Recovery (STR)

 Problem: Where to sample the symbol?

 Solution: 

1. Multiplying the baseband signal with a copy of itself shifted by half of the 
symbol time

2. Using a PLL block to generate a sine wave locked to this carrier

3. Checking for a positive zero crossing of the sine wave, which is where we 
should sample.

 Task: Add the corresponding Simulink blocks and check the waveform.

(You will learn more and program the STR block yourself in the later labs)



Tasks

 Complete the receiver chain: matched filter, pilot tone, carrier recovery, 

symbol recovery as mentioned before for BPSK.

 Add noise and observe the waveforms.

 Extra Task: Repeat the whole procedure for QPSK.


