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12.1 Overview

Figure 12.1. Communication channel.

Today’s lecture will wrap up our unit in classical communications. Since the transmitter and receiver
are not the same system – i.e. there are separated in time and space – we have discrepancies between the
transmitted signal X(t) and received signal Y(t). Up to now, we have assumed this to be additive noise but
another common reason is a clock mismatch between the two machines.

Clock mismatch happens when the oscillator in the receiver is different from the reference clock. This
can happen because

• there is a mismatch in frequency between the two clocks

• there is a difference in absolute time (e.g. 11:15 and 11:16)

• movements in frequencies causes absolute time to move around

• Doppler shifts lead to frequency offsets because the speed of light is traveling at 3·108 m/s, but modern
clocks are sampling on the orders of a gigasecond.

Figure 12.2. Channel modeled as a LT(I) system.

In Figure ?? we have modeled the channel as a LT(I) system. The LT(I) system is how we model effects
from nature, hardware variations, and echos. The effects may be non-linear and incorporate frequency shifts
due to the Doppler effect mentioned above. This LT(I) system is random, thus any error-correcting code
rates are dependent on the channel, and the channel quality is variant. Equalization refers to taking care of
the effects of the LT(I) channel.
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12.2 Synchronization

Some important aspects of synchronization:

1. the job is to find the “start” of communication

2. we always synchronize first

3. we want to synchronize often since we already know how to do it (tracking synchronization throughout
is called tracking)

Responsibilities of 1 and 2 are with the transmitter, where it sends special signals that carry no data.
Since the synchronization signals carry no data, this often kills the data rate. The job of the receiver is to
learn (1,2) and adapt (2,3). For example, in Figure ?? we see in the above graph a pulse train of 0 and 1’s
that are being sent from the transmitter. In order to adjust for frequency shifts the receiver squares the
received signal and extracts the appropriate frequency.

Figure 12.3. Sample pulse train denoting 0 and 1’s (above) and squared signal in the receiver (bottom).

12.3 Equalization

For the LTI system in Figure ??, the impulse response looks something like Figure ?? due to echos, etc.

Figure 12.4. Sample pulse train denoting 0 and 1’s (above) and squared signal in the receiver (bottom).

At the receiver end, you will see a convolution of this impulse response and the transmitted signal x[n].
If we sample at 1 sample/pulse, the output will be a combination of not just the current transmitted signal
but also the previous ones. This is shown in Figure ??. We have shown the first 4 samples of x[n]. After
this signal is transmitted through the LTI channel, the output y[n] contains a combination of not only the
current x[n] value but also all the other samples before it depending on how long the impulse response is.
This is called inter-symbol interference (ISI) and equalization mainly concerns itself with getting rid of these
effects.
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Figure 12.5. Sample transmitted signal x[n] (above) and output response (bottom) y[n] after the LTI channel with a finite
impulse response.

One way to solve ISI is to invert the LTI system response, shown in Figure ??. One problem with this
is H−1 might end up amplifying the noise N(t). If H does not like some frequency f0, H−1 will amplify f0.
This is why engineers have resorted to MMSE-style ideas rather than inverting systems.

Figure 12.6. Inverting the LTI response to eliminate ISI effects.

There are two approaches to equalization:
1) Signal using only complex exponentials (sinusoids) since they are eigenfunctions (response is a scaled

sinusoid) to all LTI systems. FSK style modulation.
2) Learn H at the receiver end, meaning

• transmitter sends special signals to sound-out channel

• receiver learns the channel

• receiver compensates for the channel (like H−1)
or alternatively, feed back H, meaning before you send x(t), run the signal through H−1

• track changes in H during data stream

12-3


