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Lecture 9

Finite State Machines (FSM)

Traffic Light Controller (TLC)
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Objectives of this Lecture
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• To implement the example of Traffic Light Controller (TLC),

using FSM method by FPGA technique.

• To understand the FSM method.



Contents of this Lecture
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• FSM introduction.  (Review)

• TLC example



FSM introduction
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• FSM can be very helpful in the design of certain types of systems, particularly
those whose tasks form a well-defined sequence (digital controllers, for
example).



FSM introduction
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• Figure 8.1 shows the block diagram of a single-phase state machine. As
indicated in the figure, the lower section contains the sequential logic (flip-
flops), while the upper section contains the combinational logic (parallel
VHDL).



FSM introduction
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• The combinational (upper) section has two inputs, being one pr_state (present
state) and the other the external input proper. It has also two outputs, nx_state
(next state) and the external output proper.



FSM introduction
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• The sequential (lower) section has three inputs (clock, reset, and nx_state),
and one output (pr_state). Since all flip-flops are in this part of the system,
clock and reset must be connected to it.



FSM introduction
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• From a VHDL perspective, it is clear that the lower part, being sequential, will
require a PROCESS, while the upper part, being combinational, will not.

• However, it is also possible to use PROCESS inside the upper part to
implement combinational (parallel) design.



FSM introduction
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• One important aspect related to the FSM approach is that, though any
sequential circuit can in principle be modeled as a state machine, this is not
always advantageous. The reason is that the code might become longer, more
complex, and more error prone than in a conventional approach. This is often
the case with simple registered circuits, like counters.

• The FSM approach is advisable in systems whose tasks constitute a well -
structured list so all states can be easily enumerated. That is, in a typical state
machine implementation, we will encounter, at the beginning of the
ARCHITECTURE, a user-defined enumerated data type, containing a list of
all possible system states.



TLC Example
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TLC Example
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TLC Example
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Street 1

Street 2



TLC Example
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4500;         -- 45 sec

3000;         -- 30 sec

500;          -- 5 sec

4500;          -- 45 sec

100;      -- 1 sec

500;            -- 5 sec

web
Pencil



TLC Example
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TLC Example
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Assignments
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• The assignments will be attached to your class room.



End of lecture 9

Any Questions ?
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