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Objetivo

Objetivo Principal
Apresentar projetos baseados em maquinas de estados.

Objetivos Especificos
@ Detector de palavras.
@ Gerador universal de sinais.

@ Alarme para carro.
@ Drive para LCD.
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Detector de Palavras

@ Projetar um circuito que examina caracteres ASCII, produzindo 1’

na saida quando ocorre a sequencia "mp3”.

ASCIl_in m—

clk —>

‘mp3’
detector

Figura 1: Detector de Palavra ("mp3”).
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Detector de Palavras - Codigo em VHDL

1

2 LIBRARY ieee;

3 USE jeee.std_logic_1164.al11;

A m el
5 ENTITY string_detector is

6 PORT (clk, rst: IN STD_LOGIC:

7 ascii_in: IN CHARACTER; --8 bits

8 string_detected: OQUT STD_LOGIC);

9 END string_detector;

10 ---mmmmmmmmm e
11 ARCHITECTURE fsm OF string_detector IS

12 TYPE detector_state IS (waiting, first_char,
13 second_char, third_char);

14 SIGNAL pr_state, nx_state: detector_state;
15 BEGIN

L Lower section: --------------------
17 PROCESS (clk, rst)

18 BEGIN

19 IF (rst="1") THEN

20 pr_state <= waiting;

21 ELSIF (c1k"EVENT AND clk="1") THEN

22 pr_state <= nx_state;

23 END IF;

24 END PROCESS:

Figura 2: Cédigo Detector de Palavras.

(DEPEL/UFSJ) 4/20



Detector de Palavras - Codigo em VHDL

25 -eeee- Upper section:----====-====--------
26 PROCESS (pr_state, ascii_IN)

27 BEGIN

28 CASE pr_state IS

29 WHEN waiting=>

30 string_detected <= '0";

31 IF (ascii_in="m") THEN --detect 'm’
32 nx_state <= first_char;

33 ELSE

34 nx_state <= waiting;

35 END IF;

36 WHEN first_char =>

37 string_detected <= '0";

38 IF (ascii_in="p") THEN --detect 'p’

39 nx_state second_char;

40 ELSIF (ascii_in="m') THEN --detect 'm’
41 nx_state <= first_char;

42 ELSE

43 nx_state <= waiting;

44 END IF;

45 WHEN second_char =>

46 string_detected <= '0';

47 IF (ascii_in="3") THEN --detect '3’
48 nx_state third_char;

49 ELSIF (ascii ‘m') THEN --detect 'm’
50 nx_state first_char;

51 ELSE

52 nx_state <= waiting;

53 END IF;

54 WHEN third_char =>

55 string_detected <= '1';

56 IF (ascii_in="m") THEN --detect 'm’
57 nx_state <= first_char;

58 ELSE

59 nx_state <= waiting;

60 END IF;

61 END CASE;

62 END PROCESS:

5/20



Gerador Universal de Sinais

@ Abordagem genérica para a construcao de qualquer forma de
onda binaria.

@ Consiste em dois multiplexadores, controlados por duas FSMs.

Waveform Glitch
generator remover Signal
ck—>  generator [V
"3 P 5 8 P i ) O U O
Lo ok 1T
¥y | l _J
(b) 2

Figura 4: Gerador de Sinais
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Gerador Universal de Sinais - Codigo em VHDL

2 ENTITY signal_generator IS

3 PORT (clk: IN BIT;

4 x: BUFFER BIT;

5 y: OUT BIT):

6 END signal_generator;

8 ARCHITECTURE fsm OF signal_generator IS
9 TYPE state IS (A, B, C):

10 SIGNAL pr_statel, nx_statel: state:
11 SIGNAL pr_state2, nx_state?: state:
12 BEGIN

3 - Lower section of FSM1: ---------------------------
14 PROCESS (clk)

15 BEGIN

16 IF (c1k"EVENT AND clk="0") THEN
17 pr_statel <= nx_statel;

18 END IF:

19 END PROCESS;

20 ----- Upper section of FSM1: (MUX1 included): ---------------------
21 PROCESS (pr_statel, clk)

22 BEGIN

23 CASE pr_statel IS

24 WHEN A =>

25 x &= "1";

26 nx_statel <= B;

27 WHEN B =>

28 x <= clk;

29 nx_statel <= C;

30 WHEN C =>

31 x <= "1";

32 nx_statel <= A;

33 END CASE;

34 END PROCESS:

Figura 5: Codigo para Gerador Universal de Sinais.
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Gerador Universal de Sinais - Codigo em VHDL

35 ----- Lower section of FSM2: ------------------"-"-"-"-"-"-"-"-"-"-"-"-"-"---—-—-
36 PROCESS (clk)

37 BEGIN

38 IF (c1k'EVENT AND clk="1"') THEN

39 pr_state? <= nx_state2;

40 END IF;

11 END PROCESS:

42 ----- Upper section of FSM2: (MUX2 included): ---------------------
43 PROCESS (pr_statel, pr_state2, x)

44 BEGIN

45 nx_state?2 <= pr_statel; --synchronism

46 CASE pr_state2 IS

47 WHEN A =>

48 y <= x;

49 WHEN B =>

50 y <="1";

51 WHEN C =>

52 y <= x;

53 END CASE;

54 END PROCESS;

55 END fsm;

BB oo

Figura 6: Cédigo para Gerador Universal de Sinais.
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Alarme para Carro

@ 4 entradas, remote, sensors, rst, clk, e 1 saida, siren.
@ FSM deve ter no minimo 3 estados, disarmed, armed e intrusion

disarmed
(siren=0)
rst

(a) (b)

remote=1

remote —{

armed sensors=1

sensors — (siren=0)

FSM — siren remote=1

rst—

clk — remote=1

Figura 7: Alarme para carro
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Alarme para Carro

1
2 LIBRARY ieee;
USE ieee.std logic_1164.al11;
5 ENTITY car_alarm IS
6 PORT (clk, rst, remote, sensors: IN STD_LOGIC;
7 siren: OUT STD_LOGIC);
8 END car_alar

10 ARCHITECTURE fsm OF car_alarm IS

11 TYPE alarm_state IS (disarmed, armed, intrusion);

12 ATTRIBUTE enum_encoding: STRING:

13 ATTRIBUTE enum_encoding OF alarm_state: TYPE IS "sequential™;
14 SIGNAL pr_state, nx_state: alarm_state;

15 SIGNAL flag: STD_LOGIC;

16 BEGIN

17 - Flag: ~----r-mmmmmmmm s
18 PROCESS (remote, rst)

19 BEGIN

20 IF (rst="1") THEN

21 flag <= "0';

22 ELSIF (remote'EVENT AND remote="0") THEN

23 flag <= NOT flag:

24 END IF;

25 END PROCESS;

26 ----- Lower section: ----------------------o--ooooooooooooooo
27 PROCESS (clk, rst)

28 BEGIN

29 IF (rst="1") THEN

30 pr_state <= disarmed;

31 ELSIF (c1k'EVENT AND cTk="1") THEN

32 pr_state <= nx_state;

33 END IF;

34 END PROCESS:

Figura 8: Sinalizador Flag e Secao Inferior da FSM.
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Alarme para Carro

3B - Upper section: -----------------------ooooo oo
36 PROCESS (pr state, flag, remote, sensors)

37 BEGIN

38 CASE pr_state IS

39 WHEN disarmed —=>

40 siren <=

41 IF (remote: AND flag="0") THEN
42 nx_state <— armed;

43 ELSE

44 nx_state <= disarmed;

45 END IF;

46 WHEN armed —>

47 siren <= '0";

48 IF (sensors="1") THEN

49 nx_state <= intrusion;

50 ELSIF (remote= AND flag="1") THEN
51 nx_state <= disarmed;

52 ELSE

53 nx_state <= armed;

54 END IF;

55 WHEN intrusion =>

56 siren <= "17;

57 IF (remote= AND flag="1") THEN
58 nx_state <= disarmed;

59 ELSE

60 nx_state <= intrusion:

61 END IF:

62 END CASE;

63 END PROCESS:

64 END fsm;

65 oo ooooooooooooooooooo

Figura 9: Segao Superior da FSM
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LCD

(a)

(b)

Pin | Name | Direction Function

1 Vss Ground ov

2 Vee Power in +5V

3 Vo Analog in Contrast (0V to 5V)

4 RS Input Register Select (0: Instruction register, 1: Data register)
S R/W- Input Read/Write (1: Read from display, 0: Write to display)
6 & Input Enable read/write

7 | DBO | In-Out Data (LSB)

8 DB1 In-Out Data

9 DB2 In-Out Data

10 DB3 In-Out Data

1 DB4 In-Out Data

12 DBS In-Out Data

13 DB6 In-Out Data

14 DB7 In-Out Data (MSB) and BF (busy flag)

15 A Power in Backlight anode (+) (optional)

16 K Power in Backlight cathode (-) (optional)

Figura 10: (a) 16 x 2 LCD. (b) Pinagem Correspondente de Saida (Pinos 15 e

16 sao opcionais).
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LCD

@ RS (selecao de registro): ‘0’ seleciona o registro de instrucao do
controlador, enquanto ’1’ seleciona seu registro de dados (o0
ultimo é para caracteres a serem exibidos no LCD).

@ R/W: Se '0’, o proximo pulso E (habilitar) fara com que a instrugao
ou os dados atuais sejam gravados no registrador do controlador
selecionado por RS, enquanto 1’ faz com que os dados sejam
lidos do registro do controlador.

@ DB (barramento de dados): barramento de 8 bits cujo conteddo
(dados ou instrugao) é gravado no registrador do controlador no
pulso seguinte de E, se R/W ='0’, ou através do qual os dados
sdo lidos do registrador do controlador, se R/W ="1".
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LCD

@ E (habilitar): Deve ter pulso alto para gravar qualquer coisa no
registro do controlador (a gravagao real ocorre na borda negativa
de E).

@ BusyFlag: Este sinal é fornecido pelo controlador através do bit
DB (7) do barramento de dados, com "1’ indicando que o
controlador esta ocupado.
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LCD

Instruction RS | RW- DB7 ... DBO Description Max exec.
time ()}
1) Clear Display 0 0 00000001 Clears display and sets DD RAM 1.52ms
address to zero.
2) Return Home 0 0 0000001X Returns display to origin and sets DD 1.52ms
(X=don't care) RAM address to zero,
3) Entry Mode Set 0 0 0000011DS Sets cursor direction and display shift 37us
during read and write.
/D=1 increment DD RAM address,
=0 decrement
S=1 shift display. =0 do not shift
4) Display ON/OFF 0 0 00001DCB D=1 display on, 37us
Control C=1 cursor on, =0 off
B=1 blink char., =0 do not blink
5) Cursor or Display Shift | 0 0 0001S/CRLXX | Moves cursor or display without 37us
changing DD RAM contents
S/C=1 shift display, =0 shift cursor
RIL=1 shift to right, =0 shift to left
6) Function Set 0 0 001DLNFXX Sets bus size, number of lines, and 37us
digit size (font)
DL=1 8-bit bus, =0 4-bit bus
N=0 1-line operation, =1 2-line
F=0 5x8 dots. =1 5x10 dots
7) Set CG RAM Address | 0 0 01AAAAAA Sets CG RAM address to AAAAAA 37us
8) Set DD RAM Address | 0 0 1AAAAAAA Sets DD RAM address to AAAAAAA 37us
9) Read Busy Flag and 0 1 BFAAAAAAA Reads busy flag and address counter Ous
Address
10) Write Data to CG or 1 0 DbDDDDDD Writes data into DD RAM or CG RAM 41us
DD RAM (defined by last DD or CG RAM
address set)
11) Read Data from CG 1 1 DDDDDDDD Reads data from DD RAM or CG 41us

or DD RAM

RAM (defined by last DD or CG RAM
address set]

(*) For 270 kHz internal oscillator; for other frequencies (100 to 500 kHz), multiply time given by 270 kHz/foscillator.

Figura 11: Controle do LCD (HD44780U or KS0066U) conjunto de instrugdes.
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LCD

RS

,7‘3,

ts

Data Data valid

teycle

Parameter
t

Minimum

40 ns

tz

10ns

t3

80ns

tq

10ns

tw

230ns

teycle

500 ns

(a)

RS

RW-

Data

Al

ts 4

Data valid

teycte

Parameter

]

40ns

Minimum

t2

10 ns

ts

160 ns (max)

ty

5ns

tr

230 ns

teycie

500 ns

(b)

Figura 12: Controle Simplificado do LCD (HD44780U or KS0066U) diagrama
de tempo para as operacgodes (a) write e (b) read.

(DEPEL/UFSJ)

16/20



LCD - Codigo em FPGA

1o
Z ENTITY lcd_driver IS

3 GENERIC (clk_divider: INTEGER := 50000); --25MHz to b0OHz

4 PORT (clk, rst: IN BIT;

& RS, RW: OUT BIT:

& E: BUFFER BIT:

7 DB: DUT BIT_VECTORCY DOWNTO 0

6 END Ted_driver:

B e il
10 ARCHITECTURE lcd_driver OF lcd_driver IS

11 TYPE state IS {FunctionSetl, FunctianSet?, FunctionSet3,

12 FunctionSetd, ClearDisplay. DisplayControl. EntryMode,

13 WriteDatal, WriteDataZ, WriteData3, WriteDatad, ReturnHome);
14 SIGHAL pr_state, nx_state: state:

15 BEGIN

6 -e--- Clock generator (E->B00HZ)p: -----------n-

17 PROCESS (cTk)

8 VARIABLE count: INTEBER RANGE 0 TO clk_divider;
149 BEGIN

20 IF (CTK'EVENT AND clk="1") THEN

21 count. := count + 1;

22 IF {count=clk_divider) THEN

23 E <= NOT E;

24 count := 0;

25 END TF;

26 3

27 END PROCESS;

28 ----- Lower section of FSM: ---------oononoonnno-
29 PROCESS (E)

a0 BEGIN

31 IF (E'EVENT AND E-'1') THEH

32 IF (rst="1") THEN

33 pr_state <= FumctionSetl;

34 ELSE

35 pr_state <= nx_state:

36 END IF;

kn

END IF;
38 END PROCESS:

Figura 13: Gerador de Clock e a Secéao FSM Inferior.
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LCD - Codigo em FPGA

39 - Upper section of FSM: --------------------
40 PROCESS (pr_state)

41 BEGIN

42 CASE pr_state IS

43 WHEN FunctionSetl =>

44 RS<="0"; RW<="0";

45 DB <= "00111000";

46 nx_state <= FunctionSet2;
47 WHEN FunctionSet2 =>

48 RS<="0"; RW<="0";

49 DB <= "00111000";

50 nx_state <= FunctionSet3;
51 WHEN FunctionSet3 =>

52 RS<="0"; RW<="0";

53 DB <= "00111000";

54 nx_state <= FunctionSet4;
55 WHEN FunctionSet4 =>

56 RS<="0"; RW<="0";

57 DB <= "00111000";

58 nx_state <= ClearDisplay;
59 WHEN ClearDisplay =>

60 RS<="0"; RW<="0";

61 DB <= "00000001";

62 nx_state <= DisplayControl;
63 WHEN DisplayControl =>

64 RS<="0"; RW<="0";

65 DB <= "00001100";

66 nx_state <= EntryMode;

67 WHEN EntryMode =>

68 RS<="0"; RW<="0";

69 DB <= "00000110";

70 nx_state <= WriteDatal;

Figura 14: Segdo FSM Inferior.
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LCD - Cédigo em VHDL

WHEN WriteDatal =>

RS<="1"; RW<="0";

DB <= "01010110™; --'V°'

nx_state <= WriteData2;
WHEN WriteData2 =>

RS<="1"; RW<="0";

DB <= "01001000™; --'H'

nx_state <= WriteData3;
WHEN WriteData3d =>

RS<="1"; RW<="0";

DB <= "01000100"; --'D*

nx_state <= WriteData4;
WHEN WriteDatad4 =>

RS<="1"; RW<="0";

DB <= "01001100™; --'L"

nx_state <= ReturnHome;
WHEN ReturnHome =>

RS<="0"; RW<="0";

DB <= "10000000";

nx_state <= WriteDatal;

END CASE;
END PROCESS;

93 END Tcd_driver;

94
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Figura 15: Secado FSM Superior.
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