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Project 1 
Traffic Light Controller 

 
Objectives  
 
Upon completion of this laboratory exercise, you should be able to: 
 

• Design, simulate, and program a traffic-light controller using VHDL. 
Lab 
Reference 
 
Equipment Required 
 

• Dueck, Robert K., Digital Design with CPLD Applications and VHDL, 2/e 
•  

o Chapter 10: State Machine Design 
 

� 10.3 State Machines With Control Inputs 
 
� 10.6 Traffic Light Controller 

 
 

• CPLD Trainer: 
 
 
Experimental Notes 
 

A state machine is a synchronous sequential circuit whose states progress 
according to the inherent design of the machine and possibly according to the states of 
one or more control inputs. 
 

A common state machine application is that of a traffic light controller. A state 
diagram and a description of the operation of this machine are given in section 10.6 of 
Digital Design with CPLD Applications and VHDL, 2/e. 

 
 

Procedure  
 
Traffic Light Controller 
 

A simple traffic light controller can be implemented by a state machine that has a 
state diagram such as the one shown in Figure 30.1. 
 

The circuit has control over a North-South road and an East-West road. The 
North-South lights are controlled by outputs called nsr, nsy, and nsg (North-South red, 



ELCTEC-131 Advanced Digital Electronics MATC 
Richard Lokken Adapted for the DE1 board 

yellow, green). The East-West road is controlled by similar outputs called ewr, ewy, ewg. 
The cycle is controlled by an input called TIMER which controls the length of the two 
greenlight cycles (s0 represents the EW green; s2 represents the NS green.) When 
TIMER = 1, a transition from s0 to s1 or from s2 to s3 is possible. This accompanies a 
change from green to yellow on the active road. The light on the other road stays red. An 
unconditional transition follows, changing the yellow light to red on one road and the red 
light to green on the other. 
 

 
 

Figure 30.1 State Diagram for a Traffic Light Controller 
 
 

The outputs in the state diagram of Figure 30.1 are indicated as active-LOW. For 
the Altera DE-1 board, you must use active- HIGH outputs instead. 
 

The cycle can be set to any length by changing the signal on the TIMER input. 
(The yellow light will always be on for one clock pulse.) For ease of observation, we will 
use a cycle of ten clock pulses for any one road: 4 clocks GREEN, 1 clock YELLOW, 5 
clocks RED. This can be generated by a mod-5 counter, as shown in Figure 30.2. 
 

The clock divider brings the on-board oscillator frequency down to the range of 
visible observation for our CPLD board. A 22-bit counter is suitable for the Altera DE-1. 
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Calculate the frequency of the state machine clock for your CPLD board. 

f = __________ 
 
 
 

Creating a Traffic Light Controller in VHDL 
1. Create a VHDL file to implement the traffic controller state diagram shown in 

Figure 30.1, combined with the mod-5 cycle timer, but not the clock divider. The 
individual modules and the top-level of the hierarchy must all be done in VHDL. 

 
2. Create a simulation that shows the combined operation of the output controller 

and cycle timer.  
 

3. Add a clock divider to the VHDL file for the traffic controller, as shown on the 
logic diagram of Figure 30.2. Set the clock divider width to 22 Assign pins to the 
design so that the North-South lights correspond to LED1—LED3 on the CPLD 
board and the East-West lights correspond to LED9—LED11. 

 
4. Assign a pin to the state machine clock (so that it can be observed directly) and 

make it correspond to LED16. Disable all other LEDs. Make sure that the 
controller outputs are at the correct active level for the LEDs on your CPLD 
board. 

 
5. Download the file to the CPLD board. 

 
 
Traffic Controller with Walk Signal 
 

1. Modify the VHDL files of the previous section to implement a traffic light 
controller with a walk signal, as shown in the logic diagram of Figure 30.3. 

 
The walk signal goes on for one green cycle of the direction related to the switch. 
For example, when you press the NS switch, the North-South walk signal goes on 
for the next North-South green cycle. On the next NS green cycle, the walk signal 
is off unless the NS switch has been pressed again. 
 
The switches can be pressed at any time, as their states are stored in a pair of flip-
flops. The status of the flip-flop determines the transition to a state for which the 
walk signal is (or is not) active. The flip-flop is asynchronously reset by the state 
machine at the end of its active cycle. 
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Figure 30.2 Logic Diagram for a Traffic Light Controller 
 

The state diagram of Figure 30.1 forms the core of the new state diagram. The machine 
operates as follows: 
 

• The machine resets to North-South red and East-West green (s0) and remains in 
this state until the TIMER input goes HIGH. Both walk signals are off. 

 
• The machine transitions to s1 when TIMER = 1. East-West goes yellow. 

 
• If the machine is in s1 and the North-South walk switch has not been pressed, the 

machine goes to s2. North-South is green for four clocks, until Timer = 1. East-
West is red and both walk signals are off. The machine goes to s3 when TIMER = 
1. Outputs are NS yellow and EW red. Walk signals are off. 

 
• If the machine is in s1 and the North-South walk switch has been pressed, the 

machine goes to a new state, s4, which behaves exactly the same as s2, except that 
the NS walk signal is now on. As long as TIMER = 0, the machine remains in s4, 
with North-South light green and East-West light red. When TIMER = 1, s4 
makes a transition to s3. In this transition, the walk signal turns off and the latch 
reset output (NS_WALK_RESET) goes LOW for one clock pulse. Outputs are 
NS yellow and EW red. 

 
• If the machine is in s3 and the EW walk switch has not been pressed, the machine 

makes a transition to s0. Outputs are NS red and EW green. Walk signals are off. 
• If the machine is in s3 and the EW walk switch has been pressed, this is stored as 

the HIGH state of a latch output. This is sensed at input EW_WALK_SW on the 
state machine and there is a transition to s5. This behaves the same as s0, except 
that the EW walk signal is on. As long as TIMER = 0, the machine stays in s5, 
with outputs North-South red and East-West green. When TIMER = 1, the 
machine makes a transition to s1. The walk signal turns off and a LOW pulse on 



ELCTEC-131 Advanced Digital Electronics MATC 
Richard Lokken Adapted for the DE1 board 

EW_WALK_RESET resets the EW latch. The outputs are now NS red and EW 
yellow. 

 
2. Draw the modified state diagram for the controller, as previously described, in the 

space provided on this page. 
 
3. Implement the modified design entirely in VHDL. For the D flip-flops, use the 

DFF component in Quartus II primitives library. In order to use the DFF 
primitives, the file requires the following two lines at the beginning: 

 
LIBRARY altera; 
USE altera.maxplus2.ALL; 
 

A VHDL component declaration for the latch can be found in the Quartus II Help 
menu under Primitives. 

 
4. Assign additional pins for the walk signals: NS walk on LED4 and EW walk on 

LED12. 
 
 

Compile and download the file to the CPLD test board.  
 
 

 
 

Figure 30.3 Logic Diagram for a Traffic Light Controller with a Walk Signal 
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Figure 30.4  State Diagram for Walk Signal 


