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INTRODUCTION

This project includes the design and implementation of the time schedule Controller.  The controller is designed to control an electric motor, which attached to a advanced entry system.  This controller provides user a option of scheduling the operation of the controller itself.  The design of the controller is mainly consisted of a keypad (input), LCD Display (Output) and the processing unit is design using the Altera chip.

MODULE and VHDL code

LCD Display Module

Display the clock, on screen menu and the schedule on a LCD display requires 14 I/O pins.

The code for this part has been generated and tested. Due to the leak of other code connection, it is hard to say it works properly with the whole system at this moment.

VHDL code: compiles without errors 

--lcd_init.vhd This program initialize the LCD display

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all; 

use ieee.std_logic_unsigned.all; 

entity lcd_init is


generic(width : positive := 8);


port(reset, clock, enable, done_ack : in std_logic;



 done, RW, rs, lcd_e : out std_logic;



 Qout : buffer std_logic_vector(width-1 downto 0)



);

end lcd_init;

architecture initial of lcd_init is

type state_type is (waiting, i0, i1, i2, i3, donestate);

signal state, next_state : state_type;

signal done_temp, lcd_e_temp : std_logic;

signal count,count_temp : std_logic_vector(1 downto 0);

signal Qout_temp : std_logic_vector(width-1 downto 0);

begin

running : process(state,enable,done_ack,count) is

begin

case state is

when waiting =>


done_temp <= '0';


lcd_e_temp <= '0';


RW <= '0';


rs <= '0';


Qout_temp <= "00000000";


if enable = '1' then



next_state <= i0;


else



next_state <= waiting;


end if;

when i0 =>


Qout_temp <= "00000001";


lcd_e_temp <= '1';


done_temp <= '0';


if count = "11" then



next_state <= i1;


else



next_state <= i0;


end if;

when i1 =>


Qout_temp <= "00000010";


lcd_e_temp <= '1';



done_temp <= '0';


if count = "11" then



next_state <= i2;


else



next_state <= i1;


end if;

when i2 =>


Qout_temp <= "00111000";


lcd_e_temp <= '1';


done_temp <= '0';


if count = "11" then



next_state <= i3;


else



next_state <= i2;


end if;

when i3 =>


Qout_temp <= "00001110";


lcd_e_temp <= '1';


done_temp <= '0';


if count = "11" then



next_state <= donestate;


else



next_state <= i3;


end if;

when donestate =>


done_temp <= '1';


lcd_e_temp <= '1';


Qout_temp <= ( others => '0' );


if done_ack = '1' then



next_state <= waiting;


else



next_state <= donestate;


end if;

end case;

end process running;

timing : process(clock,reset) is

begin

if rising_edge(clock) then


Qout <= Qout_temp;


count <= count_temp;


lcd_e <= lcd_e_temp;


done <= done_temp;


if reset = '1' then



state <= waiting;



count_temp <= "00";


else



state <= next_state;



count_temp <= count_temp + "01";


end if;

end if;

end process timing;

end initial;

Keypad Module

An interface for user to entry various functions of the controller. Since the keypad has 14-pin outputs, it needs 14 pins on the FPGA chip. 

Since the simulation of keypad has been limited, we can't test it with clock input. The code can be compiled but a complete testing will require an oscilloscope. Therefore, we need to access Labs on the 3rd floor to have it done.

VHDL code: compiles without errors

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity keypad is --princess auto keypad


port(



keyin: in std_logic_vector (6 downto 0); --pin 3 to pin 9 on keypad



a,b: out std_logic; --pin A and pin B on keypad



clock,reset: in std_logic;



keyout: out std_logic_vector (11 downto 0)); -- active low output

end entity;

--key: 0  1  2  3  4  5  6  7  8  9  up  down

--
   a6 b6 a5 b5 a4 b4 a3 b3 a2 b2 a1  a0

architecture structure of keypad is

signal deb_key: std_logic_vector (6 downto 0); --debounced keyin

signal a_detect,b_detect: std_logic; --row A detected a key, row B detected a key

signal deb_reset,keyPress: std_logic; --keyPress: a key is pressed, deb_reset: for resetting the debounce circuit

type statetype is (initialize,scan_a,scan_b);

signal state, next_state: statetype;

begin

--debounce circuit (combinational part)

--set/reset active low flipflop, use "keyin" to set, and "deb_reset" to reset the ff.

--with asychronous reset 

deb_key(6) <= ((deb_key(6) nand keyin(6)) nand deb_reset) or reset;

deb_key(5) <= ((deb_key(5) nand keyin(5)) nand deb_reset) or reset;

deb_key(4) <= ((deb_key(4) nand keyin(4)) nand deb_reset) or reset;

deb_key(3) <= ((deb_key(3) nand keyin(3)) nand deb_reset) or reset;

deb_key(2) <= ((deb_key(2) nand keyin(2)) nand deb_reset) or reset;

deb_key(1) <= ((deb_key(1) nand keyin(1)) nand deb_reset) or reset;

deb_key(0) <= ((deb_key(0) nand keyin(0)) nand deb_reset) or reset;

keyPress <= not ((((((deb_key(6) and deb_key(5)) and deb_key(4)) and deb_key(3)) and deb_key(2)) and deb_key(1)) and deb_key(0));

--debounce circuit (delay part)

--once a key is pressed ("KeyPress" = '1') then set "deb_reset" = '1', delay 1ms, then set "deb_reset" = '0'

delay: process(keyPress,clock,reset)

variable count: std_logic_vector(14 downto 0):=(others => '0');

begin


if reset = '1' then



deb_reset <= '1';


elsif rising_edge(clock) then



if keyPress = '1' then




if count = "110001001010111" then





deb_reset <= '0';





count:= "000000000000000";




else





deb_reset <= '1'; -- a key is being pressed





count := count + 1;




end if;



else




count:= "000000000000000";



end if;


end if;

end process;

--detect what key is being pressed---- a key on the "a" row or a key on the "b" row

--if an "a" row key is detected then "a_detect" = '1'

--if a "b" row key is detected then "b_detect" = '1'

detect_key: process (state,keyPress)

begin


case state is


when initialize =>



a <= '1';



b <= '1';



a_detect <= '1';



b_detect <= '1';



next_state <= scan_a;


when scan_a =>



b <= '1';



a <= '0';



if keyPress = '1' then




a_detect <= '0';




next_state <= scan_a;



else




a_detect <= '1';




next_state <= scan_b;



end if;


when scan_b =>



a <= '1';



b <= '0';



if keyPress = '1' then




b_detect <= '0';




next_state <= scan_b;



else




b_detect <= '1';




next_state <= scan_a;



end if;


end case;

end process;

clocking: process (clock,reset)

begin


if reset = '1' then



state <= initialize;


elsif rising_edge(clock) then



state <= next_state;


end if;

end process;

--key: 0  1  2  3  4  5  6  7  8  9  up  down

--
   a6 b6 a5 b5 a4 b4 a3 b3 a2 b2 a1  a0

-- determine which key is being pressed

keyout <= 
"011111111111" when (deb_key(6) nor a_detect) = '1' else --0




"101111111111" when (deb_key(6) nor b_detect) = '1' else --1




"110111111111" when (deb_key(5) nor a_detect) = '1' else --2




"111011111111" when (deb_key(5) nor b_detect) = '1' else --3




"111101111111" when (deb_key(4) nor a_detect) = '1' else --4




"111110111111" when (deb_key(4) nor b_detect) = '1' else --5




"111111011111" when (deb_key(3) nor a_detect) = '1' else --6




"111111101111" when (deb_key(3) nor b_detect) = '1' else --7




"111111110111" when (deb_key(2) nor a_detect) = '1' else --8




"111111111011" when (deb_key(2) nor b_detect) = '1' else --9




"111111111101" when (deb_key(1) nor a_detect) = '1' else --up




"111111111110" when (deb_key(0) nor a_detect) = '1' else --down




"111111111111";

end structure;

Clock Module

Display the time, day and provide the time of scheduling. Default is set to the actual time

VHDL code: compiles without errors

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_arith.all;

use ieee.std_logic_unsigned.all;

entity realtime is 


port(



clock: in std_logic; --25.175 MHz clock



reset: in std_logic;



--setclock: in std_logic_vector (15 downto 0); --hour:minute



time: out std_logic_vector (23 downto 0));--hour:minute:second

end realtime;

architecture structure of realtime is

signal oneKHzP: std_logic; -- 1 KHz pulse

signal oneHzP: std_logic; -- 1 Hz pulse

signal secondA,minuteA,hourA: integer range 9 downto 0 := 0;

signal secondB,minuteB: integer range 5 downto 0 := 0;

signal hourB: integer range 2 downto 0 := 0;

signal secA,secB,minA,minB,hoA,hoB: std_logic_vector ( 3 downto 0):=(others => '0');

begin

-- produce 1 KHz pulse

KHzClk: process(clock)

variable count: std_logic_vector (14 downto 0):=(others => '0');

begin


if rising_edge(clock) then



if count = "110001001010111" then




oneKHzP <= '1';




count := "000000000000000";



else




oneKHzP <= '0';




count := count + '1';



end if;


end if;

end process;

-- produce 1 Hz pulse

HzClk: process(oneKHzP)

variable count: std_logic_vector (9 downto 0):=(others => '0');

begin


if rising_edge(oneKHzP) then



if count = "1111101000" then




oneHzP <= '1';




count := "0000000000";



else




oneHzP <= '0';




count := count +'1';



end if;


end if;

end process;

-- produce second

sec_partA: process(oneHzP,reset)

begin


if reset = '1' then



secondA <= 0;


elsif rising_edge(oneHzP) then



secondA <= secondA + 1;


end if;

end process;

sec_partB: process(secondA,reset)

begin


if reset = '1' then



secondB <= 0;



elsif secondA = 0 then



secondB <= secondB + 1;


end if;

end process;

min_partA: process(secondB,reset)

begin


if reset = '1' then



minuteA <= 0;


elsif secondB = 0 then



minuteA <= minuteA + 1;


end if;

end process;

min_partB: process(minuteA,reset)

begin


if reset = '1' then



minuteB <= 0;


elsif minuteA = 0 then



minuteB <= minuteB + 1;


end if;

end process;

hour_partA: process(minuteB,hourB,reset)

begin


if reset = '1' then



hourA <= 0;



elsif minuteB = 0 then



hourA <= hourA + 1;


elsif hourB =0 then



hourA <= 0;


end if;

end process;

hour_partB: process(hourA,reset)

begin


if reset = '1' then



hourB <= 0;


elsif hourA = 0 then



hourB <= hourB + 1;


elsif hourB = 2 then



if hourA = 4 then




hourB <= 0;



end if;


end if;

end process;

secA <= conv_std_logic_vector(secondA,4);

secB <= conv_std_logic_vector(secondB,4);

minA <= conv_std_logic_vector(minuteA,4);

minB <= conv_std_logic_vector(minuteB,4);

hoA <= conv_std_logic_vector(hourA,4);

hoB <= conv_std_logic_vector(hourB,4);

time(3 downto 0) <= secA;

time(7 downto 4) <= secB;

time(11 downto 8) <= minA;

time(15 downto 12) <= minB;

time(19 downto 16) <= hoA;

time(23 downto 20) <= hoB;

end structure;

All other VHDL modules are still working.

Time Management

Last handed-in schedule

Task
Deadline
Person
Duration
Test/Debug
Completion date

Project Specification
Oct. 6
Group
6 hours
None
Oct 6

Design
Oct. 10
Group
18 hours
None
Oct 10

Resource Requirement
Oct. 27
Edward
5 hours
None
Oct 26

Application Notes
Oct. 29
Edgar
4 hours
None
Oct 27

Code Developing
Nov. 2
Group




          Clock VHDL


8 hours
4 hours
Processing

          I/O VHDL


16 hours
8 hours
Processing

          Controller VHDL


20 hours
10 hours
Processing

Optional VHDL


30 hours
15 hours
Processing

Code Testing
Nov. 3
Howard/Edgar
15 hours
15 hours
Processing

Simulation Documentation
Nov. 10


Patrick
10 hours
None
Processing

Hardware Connection
Nov. 13
Edward/Patrick
15 hours
5 hours
Processing

Device Testing
Nov. 20
Group
10 hours
5 hours
Processing

Final Report
Nov. 23
Group
10 hours
None
Processing

Oral Presentation
Nov. 24

Dec. 1, 3
Group
10 minutes
2 hours
Processing

Updated detail schedule

Task
Start Date
Proposed completion date
Person
Duration
Completion

Master program
October 31
November 7
Edward
10hrs
Processing

Keypad VHDL
October 15
October 25
Patrick
4hrs
Processing

Data Encryption VHDL
October 15
October 25
Howard
4hrs
Processing

Clock VHDL
October 15
October 25
Edgar
5hrs
Processing

LCD display connection VHDL
October 15
October 25
Edward
3hrs
Processing

LCD menu VHDL
October 31
November 6
Howard
3hrs
Pending

LCD initialization VHDL
October 15
October 25
Edward
2hrs
Processing

Stepper motor VHDL
October 31
November 6
Edgar
2hrs
Pending

RAM VHDL
October 31
November 6
Edgar
3hrs
Pending

Sensor VHDL
October 31
November 6
Patrick
2hrs
Pending

Get password VHDL
October 25
November 1
Edward
2hrs
Starting

Check password VHDL
October 25
November 1
Edgar
2hrs
Starting

RAM-password VHDL
October 25
November 1
Patrick
2hrs
Starting

Change password VHDL
October 25
November 1
Howard
2hrs
Starting

Cursor VHDL
October 25
November 1
Patrick
2hrs
Starting

Store-time (in-out record) VHDL
October 31
November 7
Howard
2hrs
Pending

Display log file VHDL
October 31
November 7
Edward
2hrs
Pending

Display current time VHDL
October 31
November 7
Patrick
2hrs
Pending

LCD connection
October 31
November 7
Howard
1hrs
Pending

Stepper motor connection
October 31
November 7
Howard
1hrs
Pending

Exit VHDL
October 31
November 7
Patrick
1hrs
Pending

Keypad buffer VHDL
October 31
November 7
Patrick
2hrs
Pending

Keypad connection
October 31
November 7
Howard
1hrs
Pending

Keypad decoder VHDL
October 31
November 7
Patrick
3hrs
Pending

Code testing
October 31
November 7
Edgar/

Edward
5hrs
Pending

Estimate the total number of logic blocks

We need 40 to 50 logic cells for each individual VHDL. Therefore, we have at least 15 individual VHDL programs.

Total cells are 750.

List of test cases

LCD

For the LCD, we perform the following test

· we first compile the code and see if anything display on the LCD

· we then test the LCD code by going into different stages of our design, for example, the LCD should Display the present time and the Text "Enter Password" when no key is entered.

· During the check for Admin or user stages, when the Admin input is high, the LCD should display a menu.

KeyPad

For the KeyPad, we perform the following test

· Initially, the KeyPad is at a waiting stage. It waits for any key input, it the key_input is high, it will jump to the key buffer stage, otherwise, it will stay in the waiting stage

· As the key pad is triggered by any key pressed, the keypad will send a signal correspond to the key pressed to the system

· Various of password is tried on the keypad and it passed correctly to the system

Stepper Motor

· As the User output at Check admin/user stage is high, a signal "1" will pass to the stepper motor and the stepper motor will start working

· Also, at the check input VHDL, once the button 1 is pressed.  The stepper will get a signal and then the stepper motor will also start working

Ram

· The Ram is being tested by checking its content directly.  

· Once a password is entered, it retrieves data from the RAM

· In the password checking stage, the desired password is passed to the check password program to do a comparison.
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