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Introduction

In this project, we designed and implemented a 4 way traffic light controller.

Consists of an FSM (Finite State Machine), a counter, and a gen pulse that display
signals on an external board with LED’s.

The simulated intersection has 8 seconds with the green light, 4 seconds with
yellow light.

All lights will be red for an additional 2 seconds concurrently for safety purposes.
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http://drive.google.com/file/d/1coV8RGoz92Gar1X59TsWCtmCL7D8kZYz/view

VHDL Code for Finite State Machine

21C) entity fsm is
22 | port (clock,resetn: in std legic?
23 . & b, ¢, d, g, £: in std logic:
24 rlN5, N5, gN3, rEW, yEW, gEW: out std logic):
25 L?J -— e,d,resetc: ont Std_logi-:'};
26 I'_i_‘l --dope: out std logic);
27 r;‘1 end fam;
28
29 , --struct is architecture name and can call it whatever you want a5 long a5 its the same for end 'struct’
30 L?J architecture struct of fsm is
31, type state is (50,51,52,53,54);
32 . signal v:state;
33
34 | begin
35 : --VHDL 15 concurrent, so order of f, %, and ¥ do not matter 50 r}j end if;
3620 Transitions: process (resetn,clock, a, b, c, d, &, f) g1 r:“| end process:
37 : begin 52 I:—_J Cutputs: process (¥)
382 if resetn = '0" then 53 | begin
38 : y<=50; --initial state 54 —-resetCe="0"; d«="0";; --default values
40 elsif (clock'svent and clock="1") then 55 ! NS <= "0'; yNS <= "0'; glS <= "0"; rEW <= '"0" ;yEW <= '0"; gEW <= '0';
4l LEJ case y is 56 L?J case ¥ is
a2 when 50 => if a = "1' then y <= 317 57 ! when 50 =»> rNS <= "1"; rEW <= "1"; --1f RL = '1' then resetC <= '1
43 ) elsif d = '1' then y <= 33; else y <= 30; 53 ) when 51 => gNS <= '1'; rEW <= "1"; --if GL = '1' then resstl <= '1°'
44 Fﬁ‘l end 1if; 59 when 52 => yN5 <= "1'; rEW <= "1'; --2 <= "17; d <= "17; if VL = '1
45 E when 51 => 1if b = "1"'" then ¥y <= 32; else y <= 51; end if; &0 ! when 53 =»> gEW <= "1': NS <= "1'; --if GL = '1' then resetl <= 117
48 : when 52 => 1if ¢ = "1"'" then ¥y <= 30; else y <= 52; end 1if; 61 when 54 =5 yEW <= "1'; rNS <= '1'; —-= <= '17: d <= '07; if VI ='1
47 when 53 => if e = "1" then y <= 54; else y <= 53; end if; &2 rj] end case:
48 : when 54 => if £ = "1"'" then y <= 50; else y <= 54; end if; &3 r;‘w end process;
LENS| end case; 64 E
] &5 r;‘w end atruct;




el el e e e e =
WL =

[
Lo

LY I T I R o TR O L 8 |

=,

F-- o

| ]

oo -1 & LA

VHDL Code for Gounter
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use IEEE.STD LOGIC 1164.RTLL;
use ieee.std logic arith.all;

entity counter is
port | clock, in std leogic;
Q: out std logic wector (3 downto 0);
g b, c, d, &, £: out std logic);
end counter;

regetn, =X

architecture Behavioral of counter is
s3ignal Qt: integer range 0 to 28;
kegin

process (resetn,
bkegin
if resetn = '0°
Qt <= 07
elsif (clock'event and clock = "1")

clock, =)
then
z = 11"

and then
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if Qt = 28 then
QT <= 0;
else
Qt <= Qt + 1;
end if;
end 1i£;
end process;
Q <= conv_std _logic_vector(Qt,4):

a <= "l'" when Qt = 2 else '0';
b <= '1' when Qt = 10 else '0';
c <= '1'" when Qt = 14 else '0';
d <= '1' when Qt = 16 else '0';
e <= '1' when Qt = 24 else '0';
f <= '"1' when Qt = 28 else '0";

end Behavioral;
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'VHDL Code for Genpulse

' library IEEE;

i use IEEE.STD LOGIC 1164.ALL;
use ieee.std logic unsigned.all;
use ieee.std logic arith.all;

| use ieee.math real.log2;

]
16 | use ieee.math real.ceil;
1 '
18 = entity my genpulse is
19 generic (COUNT: INTEGER:= (10*%*8)/2); -- (10448)/2 cycles of T = 10 ns --> 0.5 =
20 port (clock, resetn, EN: in std logic;
- 1 1K Q: out std logic vector ( integer(ceil(log2(real(COUNT)))) - 1 downto 0);
22 z: out std logic); 300 process (resetn, clock)
23 !T_] end my genpulse; 31 | begin
24 N 32 ‘_;'-'1 if resetn = '0' then
:5*.?' architecture Behavioral of my genpulse is 33 ! Qt <= (others => '0');
2¢ : constant nbits: INTEGER:= integer(ceil (log2(real (COUNT)))): 34 elsif (clock'event and clock = '1') then
27 ! signal Qt: std logic vector (nbits -1 downto 0); 35 Q if EN = '1' then
3 » begin 360 if Qu = conv_std logic_vector (COUNT-1,nbits) then
29 37 " Qt <= (others => '0");
3¢ else
39 ¢ Qt <= Qt + conv_std logic_vector (l,nbits);
4035 end if;
41 1_5 end if;
429 end if;
436 end process;
44 |
45 z <= '1' when Qt = conv_std logic vector (COUNI-1,nbits) else '0';
46 ! Q <= Qt;
48 ris end Behavioral;




VHDL Gode for Top Eile

1 library IEEE;
2 | use IEEE.STD_LOGIC 1164.RLL;
3 . use IEEE.STD_LOGIC ARITH.ALL;
4 | use IEEE.STD_ LOGIC UNSIGNED.RLL;
5 | use iees.math real.logl;
[ I use ieee.math real.ceil;
L
g7l entity top is
g . port( resetn, clk : in std logic;
|10 : gNs, gEW, yNS, vEW, rNS, rEW : out std logic):
|11 5 end tops
l12
13 L%J architecture struct of top is
14 )
15
16 E component f£sm -
17 port (clock,resetn: in std logic; B TJ compor.lent mY_g=npulss . . .
18 E a, b, c 4 e £ i; std logic; 24 . generic (COUNT: INTEGER:= {ll]'f*SJ,.-‘ZJ,' —-— (10448} /2 cycles of T = 10 ns --> 0.5 =5
g rNS, yNS, giiS, rEW, vEW, gEW: out std logic); |~ | port (clock, resstn, Ell: in std legics
20 é end component: - 31 ' Q: out std logic vector ( integer(ceil(log2(real (COUNT}))) - 1 downto 0);
21 ! 32 z: out std logic);:
22 ?J CONPONENt counter 33 @ end component;
23 ., port ( clock, resetn, z: in std logic; 34 | signal &, b, ¢ d, = I, = std legicy
24 E Q: ocut std logic_wvecter (3 downto 0); 35
25 a, b, ¢, d, &, £: out std logic); 38 E begin
26 (3 end component; 37
: 38 = al: fsm port map (clock => clk, resetn=rresetn,
39 : rN5 => rN5, yN5 => yN3, gN5 => gN5, rEW => rEW,
40 vEW => yEW, gEW => gEW,
1 a=>a b=>b, c=>c,d=>d, e8=>¢ £=>£;
42 | ai: counter port map (clock => clk, resetn => resetn, a =» &, b =>hb, c=>c, d =>d, & => &,
43 - -—z == "1"; -- only for simulations
44 ' a3: my_genpulse port map {cleck => clk, resetn => resetn, EN => 'l1', Q =» open, z => z);
45 .
| 46 (" END STRUCT:

£ =» £, q => open,

z =» Z);




VHDL Code for Testhench

9 ENTITY top_tb IS
10 (2 END top_tb;

[

11 .
120 ARCHITECTURE behavior OF top_tb IS
) &
14 -- Component Declaration for the Unit Under Test (UUT)
15 ¢
160 COMPONENT top
7 Port (resetn, clk : in std logic;
18 gNs, gEW, yNS, yEW, NS, rEW : out std logic
19 ! )i 1S
20!;:) END COMPONENT; 35
21 ¢ i
22 | signal clk, resetn : std logic; 40 4
23 | signal gNS, gEW, yNS, yEW, INS, rEW : std logic: e
24 ! 42 Gj
25 | BEGIN 43 |
26 | 44
27 . -- Instantiate the Unit Under Test (UUT) 45 =
28  uut: top PORT MAP ( =
29 | clk => clk, 46
30 | resetn => resetn, 47 |
31! gNS => gNs, g
32 . gEW => gEW, 49 @
33 ! yNS => yNS, 50 Eﬂ
34 yEW => yEW, i
35 | NS => NS, L |
360 rEW => rEW); 520
530

clock process: proceas
begin
clk <= "0'; wait for 5 na;
clk <= *"1%: wait for 5 na;
end process;

-- Stimulus process
Stim proc: process
begin
== hold reset state for
wait for 100 na;
--pegetn <= "1";
-- 1insert stimulus here
wait;
end process:;
END;

100 ns.




Thank you!




