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Project Abstract
Microcontrollers are widely used in homes, offices, cars, factories, etc., and they have been an essential component of electrical and computer engineering education. Microcontrollers and their applications normally involve both software and hardware. It means that in microcontroller related LABs and projects, students often need to test and troubleshoot the software they develop on hardware platforms they build. This is often a challenging task for students because of the nature of software/hardware co-design. In this project, we aim at using software simulation to improve students' learning experience in microcontroller LABs and projects. Specifically, we have the following objectives: i) to help the students complete their microcontroller related LABs and projects in a more manageable way; ii) to design simulation demos that can be used in lectures to help the students understand the course materials; and iii) to reach out to high school students with microcontroller simulations in order to promote their interests in studying STEM in college. 
Project Progress
1. Spring 2016: We will purchase the Proteus VSM software, install it on our LAB computers, and get familiar with it. (Proposal)
Proteus VSM software was purchased  and installed on our LAB computers at the end of Spring 2016. We started to work on the step 2 from June 2016. 
2. Summer 2016: the PI and co-PI will develop the LABs and demos using Proteus VSM software (Proposal)
We have developed 4 labs and demos to enhanced students learning experiences of Microcontrollers and Microprocessors. 
Lab1   Introduction to Software Tool of Proteus
Objectives
1. To be familiar with software tool of Proteus and MPLAB.
2. To understand how to make a project using MPLAB and then get the hex file of the software of the project.

3. How to simulate the hex file using Proteus.

Introduction
MPLAB and Proteus are the backbones of the microprocessor and microcontroller based systems, since using MPLAB we can build the software of the project using Assembly language, and then we can simulate the project virtually using Proteus, finally we can download the program on the microcontroller and see the result on hardware board.
Assignment
1. write a program in assembly language format to perform turning LED on. 
2. Simulate hex file in Proteus 8. 
Procedures

p1. Create a project named Lab_demo_1_intro in MPLAB:
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FIG 1

demo_1_intro. asm
;************************************************************************

; Filename: IITG Demo 1 Introduction for EET 418L
















; Function:
turn on LED.

; 








; Author: Marjaneh Ispour and Lijian Xu













; Date: July 8, 2016














;************************************************************************



#include <GENERAL.h>

; ================
EQUATES  =========================================

; File register EQUATES

; =======================================================================







__CONFIG
0X3FF2

;This is the control bits for CONFIG register



ORG


0X0000

;RESET or WDT reset vector



GOTO

START



ORG


0X0004

;Regular INT vector RESERVE THIS SPACE.  DON'T USE IT



RETFIE

START
;First prepare PORTA and PORTB



BSF


STATUS,RP0
;switch to bank 1



MOVLW 

0x00



MOVWF

TRISB    
;set all PORTB bins as output



BCF


STATUS,RP0
;switch back to bank0



MOVLW

0x80

; RB7 is on 



MOVWF

PORTB

;        



GOTO

$



END





; assembler directive, not an instruction
p2. run simulation in Proteus 8.
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FIG 2.
Important: R1 is 470 ohms. 
Lab2   Blink LED
Objectives
1. To get familiar with programming and using PIC16F84 microcontroller.
2. To know how to make a delay loop with certain value.

3. To realize how PIC16F84A microcontroller deals with timing issues.

4. To know how to simulate these delay functions using Proteus
Procedures

p1. create MPLAB project named: demo_2_blink_LED
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FIG 3.

The project includes following demo_2_blink_LED.asm
;************************************************************************

; Filename: IITG_demo_2_blink_LED
















; Function:
use three DIP switches to control 8 LEDs.

; ;







   










; Author: Professor Ispour and Professor Xu













; Date: July 12, 2016














;************************************************************************



#include <GENERAL.h>

; ================
EQUATES  =========================================

; File register EQUATES

TEMP1

EQU

0x0C ; picks a file register for TEMP

TEMP2

EQU

0x0D ; picks a file register for TEMP2

TEMP3

EQU

0x0E ; picks a file register for TEMP2

TEMP

EQU

0x0F

; =======================================================================







__CONFIG
0X3FF2

;This is the control bits for CONFIG register



ORG


0X0000

;RESET or WDT reset vector



GOTO

START



ORG


0X0004

;Regular INT vector RESERVE THIS SPACE.  DON'T USE IT



RETFIE

MOVLF
MACRO

DEST,LIT
;Macro for moving a literal to a file register



MOVLW

LIT



MOVWF

DEST



ENDM

MOVFF
MACRO

SRC,DEST
;Macro for moving a content of File Register 1 to a file register 2



MOVF

SRC,W



MOVWF

DEST



ENDM

SUBFF
MACRO

Reg1,Reg2
;Macro for File Reg1 - File Reg 2



MOVF

Reg2

;Move Reg2 to W



SUBWF

Reg1,W

;Reg1 - Reg2, save to W



ENDM

THREE_LOOP_DELAY



MOVLF      TEMP1, 0X2

LOOP1
MOVLF      TEMP2, 0X25

LOOP2   MOVLF      TEMP3, 0X255

LOOP3




DECF TEMP3, F



BTFSS STATUS,Z



GOTO LOOP3



DECF TEMP2, F



BTFSS STATUS,Z



GOTO LOOP2



DECF TEMP1



BTFSS STATUS, Z



GOTO LOOP1



RETURN

START
;First prepare PORTA and PORTB



BSF


STATUS,RP0
;switch to bank 1



MOVLF

TRISB,0x07
;Upper five bits are output PINs, lower three are input pins



BCF


STATUS,RP0
;switch back to bank0

LOOP




CLRF

TEMP

; clear TEMPB for PORTB



;Now we scan the input pins and turn on/off LEDs accordingly 



MOVLW

0x80

; 



MOVWF

TEMP

; update TEMPB        


    IORWF

TEMP,F

; update TEMPB



MOVFF

TEMP,PORTB
; udpate PORTB



call 

THREE_LOOP_DELAY


    MOVLW

0x00

; 



MOVWF

TEMP

; update TEMPB        


    IORWF

TEMP,F

; update TEMPB



MOVFF

TEMP,PORTB
; udpate PORTB



call 

THREE_LOOP_DELAY



GOTO

LOOP

; repeat



GOTO

$



END





; assembler directive, not an instruction
p2. simulate hex file at Proteus:
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FIG 4.
Important: delay time can be adjust at three_loop_delay. 
Lab3   LED Display
Objectives
1. To get know how to design some logic functions using microcontroller PIC16F84A.
2. To get familiar with interfacing LED display to PIC16F84A and make a flasher.
Procedures

p1. create a project in MPLAB named: demo_3_display_LED.
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FIG 5.
demo_3_display_LED.asp

;************************************************************************

; Filename: IITG Demo 3 Display LEDs












*

; Function: A program that demonstrates I/O procedures by lighting      *

; different LED configurations based on the position of switches        *

; Author:  Professor Ispour and Professor Xu











*

; Date: 07-16-2016













*

;************************************************************************


#include <GENERAL.H>

TEMPA
EQU

0X13

TEMPB
EQU

0X14


__CONFIG  0X3FF2





ORG

0X0000


GOTO
START




ORG

0X0004


RETFIE

START


BSF

STATUS,RP0
;Shift to bank 01 to change TRIS registers


MOVLW
0X00


MOVWF
TRISA

;Set RA0,RA1,RA2,RA3 as outputs


MOVLW 
0x07


MOVWF
TRISB

;Set upper five bits of PORTB as outputs


BCF

STATUS,RP0
;Shift to bank 00 for normal operation

LIGHT_LOOP


CLRF
TEMPA


CLRF
TEMPB


BTFSC
PORTB,0

;Check Switch 1


CALL
SWITCH1

;Call switch1 subroutine if switch is on


BTFSC
PORTB,1

;Check Switch 2


CALL
SWITCH2

;Call switch1 subroutine if switch is on


BTFSC
PORTB,2

;Check Switch 3


CALL
SWITCH3

;Call switch1 subroutine if switch is on


MOVF
TEMPA,W

;Move the TEMPA and TEMPB registers that


MOVWF
PORTA

; were constructed depending on swtich positions


MOVF
TEMPB,W

; to the PORTA and PORTB registers to display


MOVWF
PORTB

; on the LEDs


GOTO
LIGHT_LOOP
;Return to top of loop

SWITCH1

; Turns on LED 1 and 4


MOVLW
0X09

;0000 1001 on PORTA


IORWF
TEMPA,F


RETURN

SWITCH2

; Turns on LED 3, 5, 7 and 8


MOVLW
0X04

;0100 on PORTA


IORWF
TEMPA,F


MOVLW
0XD0

;1101 on PORTB


IORWF
TEMPB,F


RETURN

SWITCH3

; Turns on LED 2 and 6


MOVLW
0XFF

;1111 on both Ports


IORWF
TEMPA,F


IORWF
TEMPB,F


RETURN


END

p2. Simulated in Proteus 8:
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FIG 6.
Lab4   LCD Display
Objectives
1.  To get familiar with table lookup.

2. To know what is the Liquid Crystal Display (LCD), and how to interface it to the microcontroller in Proteus simulation. 
Procedures
p1. create MPLAB project named: demo_4_LCD. 
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FIG 7.

demo_4_LCD.asm

;***************************************************************************************

;Filename:  IITG Demo 4 LCD Display














   *

;Function:  Demonstrates parallel communications with 2*16 LCD module.

;Modified by  Professor Ispour and Professor Xu













   *

;Date:  07/23/2016
















   *

;***************************************************************************************

#include <General.H>

DELAY1

EQU
0X10

;Delay loop variable

DELAY2

EQU
0X11

;Delay loop variable

DELAY3

EQU
0X12

;Delay loop variable

MSGCOUNT
EQU
0X13

;Message counter variable

TMP


EQU
0x14

;Holds the table offset for the long table



__CONFIG
0X3FF2
;This is the control bits for CONFIG register



ORG

0X0000

;RESET or WDT reset vector



GOTO
START



ORG

0X0004

;Regular INT vector



RETFIE

LCDINIT



BCF

PORTA,1

;RA1=RS, Set RS line Lo for commands



MOVLW
0X30

;Sends reset command to LCD (3 times)



MOVWF
PORTB



CALL
LCDCOMMS



MOVLW
0X30



MOVWF
PORTB



CALL
LCDCOMMS



MOVLW
0X30



MOVWF
PORTB



CALL
LCDCOMMS



MOVLW
0X38

;Sets LCD to advance automatically with each data byte



MOVWF
PORTB



CALL
LCDCOMMS



MOVLW
0X0C



MOVWF
PORTB



CALL
LCDCOMMS



MOVLW
0X01



MOVWF
PORTB



CALL
LCDCOMMS



MOVLW
0X06



MOVWF
PORTB



CALL
LCDCOMMS



MOVLW
0X02






MOVWF
PORTB



CALL
LCDCOMMS



BSF

PORTA,1

;RA1=RS, Set RS line Hi for data






RETURN

LCDCOMMS



BCF

PORTA,0

;RA0=E, set E Lo



NOP



NOP




;3 Instruction cycle delay for LCD to recognize 'E' line being low



NOP



BSF

PORTA,0

;RA0=E, Set Hi



CALL
LCDDELAY




RETURN

LCDDELAY

; 20 mS time delay used for the LCD Module to update after presenting a byte



MOVLW
0X10



MOVWF
DELAY1

LOOP1



MOVLW
0X10



MOVWF
DELAY2

LOOP2



MOVLW
0XF0



MOVWF
DELAY3

LOOP3




DECFSZ
DELAY3,F



GOTO
LOOP3



DECFSZ
DELAY2,F



GOTO
LOOP2



DECFSZ
DELAY1,F



GOTO
LOOP1



RETURN

START



BSF

STATUS,RP0




MOVLW
0XFC

;Set RA0 & RA1 as outputs



MOVWF
TRISA




MOVLW
0X00

;Set all of PORTB as outputs



MOVWF
TRISB






BCF

STATUS,RP0



BSF

PORTA,0



BSF

PORTA,1



CALL
LCDINIT

;Initializing LCD



CLRF
MSGCOUNT
;Sets message counter to 0x00

DISPLAY



MOVF
MSGCOUNT,W
;Put message counter in W



MOVWF
TMP


; tore offset



INCF
MSGCOUNT,F
; ncrement message counter



CALL
SHORT_TABLE
;Call table routinue



MOVWF
PORTB 

;Place ASCII code on LCD Module Inputs



ADDLW
0X00



BTFSC
STATUS,Z
;Check to see if last byte was 0x00



GOTO
STOP

; f so, STOP



CALL
LCDCOMMS
;If not, send byte to LCD



GOTO
DISPLAY

; and retrieve next byte

STOP



GOTO
STOP

SHORT_TABLE



MOVF
TMP,W



ADDWF
PCL,F

;Go to the appropriate RETLW

MSG



DT

"IITG Demo 4"



RETLW
0X00



END
p2. Simulated in Proteus 8:
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FIG 8.
IMPORTANT:  Use 2*16 LCD module. 

Project Future Works

In future, we can develop other simulation models for Open SUNY such as:

1. logic function design:
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2.  Keypad and LCD combined applications:
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Also, we can design application for software and hardware co-simulation. 
1

