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Convolutional codes

Outline of the lecture:

State Diagram
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State Diagram

Since a convolutional encoder is a sequential circuit, it can be
described by a state diagram.
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State Diagram

Since a convolutional encoder is a sequential circuit, it can be
described by a state diagram.

The state of the encoder is defined as its shift register contents. For
a (n, 1,m) code at time instant l , the state is defined by the
m−tuple

Sl = (xl−1, xl−2, · · · , xl−m)

where (xl−1, xl−2, · · · , xl−m) are the m bits stored in the shift
register.
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State Diagram

Since a convolutional encoder is a sequential circuit, it can be
described by a state diagram.

The state of the encoder is defined as its shift register contents. For
a (n, 1,m) code at time instant l , the state is defined by the
m−tuple

Sl = (xl−1, xl−2, · · · , xl−m)

where (xl−1, xl−2, · · · , xl−m) are the m bits stored in the shift
register.

There are 2m number of possible states for a (n, 1,m) convolutional
code.
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State Diagram

Since a convolutional encoder is a sequential circuit, it can be
described by a state diagram.

The state of the encoder is defined as its shift register contents. For
a (n, 1,m) code at time instant l , the state is defined by the
m−tuple

Sl = (xl−1, xl−2, · · · , xl−m)

where (xl−1, xl−2, · · · , xl−m) are the m bits stored in the shift
register.

There are 2m number of possible states for a (n, 1,m) convolutional
code.

The output of a convolutional code at each time instant l , depends
on the input and the current state.

vl = f (ul , Sl)
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State Diagram

The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder.

Time unit Message bit State
l ul Sl = (xl−1, xl−2, · · · , xl−m)

l + 1 ul+1 Sl+1 = (xl1, xl−1, · · · , xl−m+1)
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State Diagram

The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder.

Time unit Message bit State
l ul Sl = (xl−1, xl−2, · · · , xl−m)

l + 1 ul+1 Sl+1 = (xl1, xl−1, · · · , xl−m+1)

A state transition is represented by a directed edge connecting two
states, Sl and Sl+1.
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State Diagram

The convolutional encoder undergoes a state transition whenever a
new information bit is input to the encoder.

Time unit Message bit State
l ul Sl = (xl−1, xl−2, · · · , xl−m)

l + 1 ul+1 Sl+1 = (xl1, xl−1, · · · , xl−m+1)

A state transition is represented by a directed edge connecting two
states, Sl and Sl+1.

The state transitions are labeled with the information and coded bits
corresponding to that transition.
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State Diagram
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State Diagram
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State Table

Input Initial State Next State Output
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There are four states: (0,0), (0,1), (1,1), and (1,0) for the (2, 1, 2)
convolutional code.
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Trellis Diagram

The trellis diagram of a convolutional code includes a
time-dimension.
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Trellis Diagram

The trellis diagram of a convolutional code includes a
time-dimension.

In each trellis section, the states are represented twice, once at time
l , and another at time l + 1. There is a branch connecting the state
Sl at time l to the state Sl+1 at time l + 1 if there exists an input ul
at time l that drives the encoder to state Sl+1 from state Sl .
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Trellis Diagram

The trellis diagram of a convolutional code includes a
time-dimension.

In each trellis section, the states are represented twice, once at time
l , and another at time l + 1. There is a branch connecting the state
Sl at time l to the state Sl+1 at time l + 1 if there exists an input ul
at time l that drives the encoder to state Sl+1 from state Sl .

A trellis diagram for a convolutional code is obtained by joining the
trellis sections at different time units.
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Trellis Diagram

The trellis diagram of a convolutional code includes a
time-dimension.

In each trellis section, the states are represented twice, once at time
l , and another at time l + 1. There is a branch connecting the state
Sl at time l to the state Sl+1 at time l + 1 if there exists an input ul
at time l that drives the encoder to state Sl+1 from state Sl .

A trellis diagram for a convolutional code is obtained by joining the
trellis sections at different time units.

Each code word is made up of the labels on the trellis transitions
that correspond to a specific path through the trellis.
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Example: Convolutional Encoder
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Rate R=1/2 Systematic Feedback Convolutional Encoder
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Example: State Diagram
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Example: Trellis Diagram
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