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Finite State Machines (FSM) with delay

•On previous classes we learned about FSM

• FSM are machines that alternate between different states

• Today we are going to learn about FSM which change their states 
after some time.
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Traffic Light Controller (TLC)

•We are going to implement the 
control for a traffic light in a 
intersection.

• There are only two traffic lights 
(Red,Yellow and Green).

• There are three modes of operation: 
Regular, Test and Standby.

• In the regular mode, the FSM start 
when light#1=Red and light#2=Green. 
The machine remains in this state for 
30 seconds
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Traffic Light Controller (TLC)

• Then the state machine will change to 
light#1=Red and light#2=Yellow and 
remain there for 5 seconds.
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Traffic Light Controller (TLC)

• Then the state machine will change to 
light#1=Green and light#2=Red and 
stay there for 45 seconds 

• ... and so on
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Traffic Light Controller (TLC)

• If the machine is in TEST mode...

• All pre-programmed times are going to 
be overwritten (by a manual switch) 
with a small value, such that the system 
can be easily tested during 
maintenance (1 second per state). 
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Traffic Light Controller (TLC)

• If the machine is in STANDBY 
mode...

• Both traffic lights will be Yellow, until 
the machine gets out of standby mode.

• This will happen in a sensor detects 
some problem in the circuitry.
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Traffic Light Controller (TLC)
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VHDL implementation

• Next slide will show the full VHDL 
implementation of this FSM, which is 

based on the FSM template #1.

• Here is the entity part of the code

•The signal clk is a 60Hz clock (60 beats 
per second)

• ... So there will be 60 * 5 beats in 5 
seconds
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Declaring all 5 states
Defining different delays for each transition
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Otherwise, increment the counter. 
If the appropriate time has elapsed, 
then we proceed to next state.

If standby sensor is active, will 
immediately go to YY state
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If we are in the RG state:

1. We set the appropriate outputs 
(r1 becomes 1, r2 becomes 0 and 
so on...)

2. We specify what is going to be 
the next state (RY)

3. If we are in the TEST mode of 
operation, then we will not wait for 
the time that is defined in the 
REGULAR mode of operation.
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