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Introduction 
 
Microcontrollers are low-cost, dedicated computer chips which are found in a wide variety of 
consumer products (e.g. automobiles, dishwashers, microwave ovens, cameras, etc.) and 
commercial applications (e.g. robots, vending equipment, etc.).  With the availability of low-cost 
development kits with easy-to-use programming interfaces, an introduction to the hardware 
interfacing and software development of microcontrollers for simple applications is feasible. 
 
One such kit is the Microchip Technology Incorporated PICkit™ 1 Flash Starter Kit [1], 
described in Appendix A.  The kit provides everything needed to develop applications using 
Microchip 8-/14-pin Flash PIC® family of microcontrollers.  Specifically, it includes MPLAB® 
Integrated Development Environment [2] to create, develop and organize project software on a 
personal computer; a freeware version of the industrial-strength C language compiler by HI-
TECH Software, called HI-TECH PICC™ LITE [3]; and PICkit™ 1 Circuit Board, PICkit™ 1 
Classic Software, and USB interface cable to import (i.e. load) compiled code (i.e. hex file) from 
the personal computer to the Flash PIC® microcontroller in the evaluation socket of the board.  
The board's evaluation area includes eight light-emitting diodes (LEDs), one potentiometer, one 
switch, a sample 8-pin PIC12F675 microcontroller, and a snap-off prototype board for connecting 
external circuitry to the microcontroller.  An important concern was the integrity of the holes of 
the evaluation socket on the PICkit™ 1 Circuit Board, since the microcontroller would frequently 
be inserted to and extracted from the socket.  A solution to this potential problem was to insert 
jumper wires at one end into the holes of the evaluation socket and solder them at the other end to 
the pins of a 14-pin Zero-Insertion-Force (ZIF) socket on the prototyping section of the PICkit™ 
1 Circuit Board, as shown in Fig. 1.  
 

 
 

Figure 1 - PICkit™ 1 Circuit Board 
 
The 8-pin PIC12F675 microcontroller [4] is more than adequate for this initiative.  Its features 
include 1024 bytes of Flash program memory, 64 bytes of RAM, 128 bytes of EEPROM with 
1,000,000 erase/write cycles, internal and external oscillator options, 6 I/O pins with individual 
direction control, 8-bit and 16-bit timer/counter with programmable prescaler, interrupt-on-pin 
change, analog comparator module with programmable on-chip voltage reference, and a 10-bit 
analog-to-digital converter (ADC). 
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The procedure to develop and implement a project is straightforward and quickly mastered by the 
reader.  Only a summary of the procedure is provided here, and the reader is directed to Appendix 
B for complete details.  First, the electronic circuitry (i.e. interfaces and drivers) of the I/O of the 
project are constructed (i.e. wired) on a solderless protoboard (i.e. breadboard) and tested.  
Second, Microchip MPLAB® Integrated Development Environment software is employed to 
create the project framework, create and edit the C language code of the project, add the C 
language file to the project, and compile the file into machine code (i.e. hex file) using the HI-
TECH PICC™ LITE software.  Third, the PICkit™ 1 Classic Software is used to import (i.e. 
load) the hex file from the personal computer to the Flash PIC® microcontroller in the evaluation 
socket of the PICkit™ 1 Circuit Board.  Fourth, the microcontroller is removed from the 
evaluation socket and inserted (i.e. embedded) into the breadboard with the electronic circuitry to 
control the I/O of the project.  If the I/O does not operate correctly, the student returns the 
microcontroller to the evaluation socket of the board and repeats the preceding steps to edit and 
recompile the code and import the hex file to the microcontroller. 

 

Project Overview 
 
The ultimate goal of this effort is to control the Electrobot - a simple, low-cost, easy-to-build 
robot.  (A photograph and the circuit diagram of the Electrobot are provided in Fig. 2.)  The I/O 
of the Electrobot are two DC drive motors, a light-emitting diode (LED), 8-ohm speaker, and 
infrared sensor.  Your job will be to program the microcontroller in the C programming language 
to control the Electrobot I/O such that it operates as a siren-sounding, obstacle-avoidance vehicle.  
Specifically, under the control of your program, the Electrobot shall sound a siren while traveling 
unobstructed and successfully execute an obstacle-avoidance maneuver for any obstacle that it 
encounters.  Please note that the time to detect and avoid an obstacle is brief if the Electrobot 
travels at the full speed of the DC drive motors, and this limitation will affect the ability of the 
Electrobot to navigate around tight corners. 
 
To achieve this goal, first you will construct and test the electronic interface and driver circuits of 
the Electrobot I/O on your protoboard in five steps.  This first part of the project counts for 50% 
of the project grade.  (The culmination of this effort is shown in Fig. 3.)  Next, you will write 
your Electrobot program in the C programming language and test it on the protoboard prototype.  
Once your program appears to work on the prototype, you will be allowed to test it on the actual 
robot.  Your Electrobot program must work on the actual robot, besides the prototype, to 
successfully complete the project.  This second part of the project is worth the remaining 50% of 
the project grade. 
 
Please be advised that you are to work by yourself on both the hardware and software parts 
of the project, and you are not permitted to receive help of any kind from anyone other 
than the course instructors and teaching assistant.  This policy will be strictly enforced, in 
accord with the Academic Integrity Policy of the university. 
 
Finally, prizes will be awarded in the following categories: The Time is Money Award - 
awarded to the student who first completes the project, The Waste Not Want Not Award - 
awarded to the student who completes the project with the most efficient code, and The No 
Business Like Show Business Award - awarded to the student who completes the project and 
operates the robot in the most entertaining fashion.  The course instructors will serve as the 
judges, and there will be only one winner per award.  The winners will receive a certificate, be 
featured in the Villanova College of Engineering newsletter, and receive an invitation to the 
fabulous ECE Dept. end-of-year dinner. 
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Figure 2 - Photograph and Circuit Diagram of Electrobot 
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Figure 3 – Protoboard Prototype of Electrobot 
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Step 1 - Distributing DC Power to Protoboard Power Supply Buses 
 
The figure below shows how to distribute dc power from the power supply to the power 
supply buses on the right side of the protoboard.  (The power supply buses on the left side 
are not connected to dc power from the power supply, since they are not used to wire the 
circuitry of the Electrobot.) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 - Distributing DC Power to Protoboard Power Supply Buses 
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Step 2 - Visual Warning Hardware 
 
Construct the interface circuit for the normally open, momentary pushbutton (PB) and the 
drive circuit for the light-emitting diode (LED).  The figures below show the circuit 
diagram and the physical layout of the visual warning hardware on the protoboard. 
 

 
 

 
 

Figure 5 - Circuit Diagram and Physical Layout of Visual Warning Hardware 
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Sample Code to Test Visual Warning Hardware 
 
Below is a program that flashes the LED on and off at an approximate rate of 1 second once the 
momentary pushbutton is pressed.  As you can see below, the flash rate is produced by the nested 
for loops.  Note that the number of iterations for the innermost and middlemost loops is 0xFF in 
hexadecimal or 0b11111111 in binary or 2

8
 = 256 in decimal and that of the outermost loop is 

0x01 in hexadecimal or 0b00000001 in binary or 2
0
 = 1 in decimal.  As you can imagine, I had to 

use trial-and-error to determine the total number of iterations to achieve an approximate flash rate 
of 1 second.  Appendix H provides a program that turns the LED on and off at a precise flash rate. 
 
The project management procedures to create the project framework, create and edit the C 
language code of the project, add the C language file to the project, compile the file into machine 
code (i.e. hex file), and import (i.e. load) the hex file from the personal computer to the Flash 
PIC® microcontroller in the evaluation socket of the PICkit™ 1 Circuit Board are provided in 
Appendix B. 
 
#include <pic.h> 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int led_status, button_flag = 0; 
int outermost, middlemost, innermost; 
main() 
{ 
 TRISIO = 0b11111011; 
// Config GP2 LED output & GP3 PB input. 
 GPIO2 = 0;   // Initially turn off LED. 
 while(1)     // while looping forever 
 { 
  if (GPIO3 == 0 || button_flag == 1) 
  // if button newly pressed or previously pressed 
  { 
   button_flag = 1;          // Raise flag when button pressed. 
   led_status = !led_status; // Flip LED status flag. 
   for (outermost = 0x01; outermost != 0; outermost--) 
   { 
    for (middlemost = 0xFF; middlemost != 0; middlemost--) 
    { 
     for (innermost = 0xFF; innermost != 0; innermost--) 
     { 
      if (led_status == 1)   // if LED status on 
      { 
       GPIO2 = 1;            // Turn LED on. 
      } 
      else                   // else LED status off 
      { 
       GPIO2 = 0;            // Turn LED off. 
      } 
     } // for innermost loop 
    } // for middlemost loop 
   } // for outermost loop                       
  } // if button pressed 
 } // while looping forever 
} // main loop

Appendix C briefly describes how the 
TRISIO register is used to configure the I/O 
pins of the microcontroller, how the GPIO 
register is used to "fire" on or off those I/O 
pins that have been configured outputs, and 
the roles of the CONFIG parameters.  If 
interested, see Refs. 4 and 5 for complete 
details. 
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Step 3 - Audible Warning Hardware 
 

Construct the drive circuit for an 8-ohm speaker.  DO NOT DISCONNECT THE 
WIRING OF THE VISUAL WARNING HARDWARE OF STEP 2, since it will be 
utilized later by the Electrobot.  The figures below show the circuit diagram and physical 
layout of the audible warning hardware. 
 

 
 

 
 

Figure 6 - Circuit Diagram and Physical Layout of Audible Warning Hardware 
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The OPTION register below is used to 
configure 8-bit timer TMR0.  There are 2

8
 = 

256 "ticks" for this timer before it 
"overflows."  The right-most three bits of 
this register establish the prescaler or 
weighting of the "ticks."  In this case, the 
right-most three bits of 000 correspond to a 
1:2 prescaler, meaning that each tick is 
worth 2 clock cycles of the internal clock 
(i.e. 2 microseconds).  See Ref. 4 for 
information on how to select the three right-
most bits of the OPTION register for other 
prescalers. 

The initial value of 
TMR0, from the 
formula below, is 
time_step / 2 = 75 
"ticks" below the 
upper limit of 256, 
since each "tick" is 
worth 2 clock cycles 
or 2 microseconds 
(µs).  Thus, the 
duration of the timer 
before "overflow" is 
150 µs. 

 

Sample Code to Test Audible Warning Hardware 
 
Below is a program to sound a tone once the momentary pushbutton is pressed.  This program 
creates the tone by turning on and off the GP5 output pin of the speaker driver circuit at the 
frequency of the tone.  In other words, once the pushbutton is pressed, the on or off status of the 
GP5 output pin is flipped once the preset duration of 8-bit timer TMR0 has elapsed.  The duration 
of TMR0 is the half-period of the tone.  Appendix H provides a program that plays the opening 
three notes of Three Blind Mice once the pushbutton is pressed. 
 
#include <pic.h> 
/* 
Program Title: cSoundTone 
Author: Frank Mercede 
Version / Date: Version 0 / March 2, 2010 
Course: ECE 1620 (Spring 2010) 
*/ 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int button_flag = 0; 
int up_dn = 0; 
int outer, inner; 
int time_step = 150; 
/* Value of time_step represents 
   half-period of tone and is equal to 
   150 x 2µs per clock cycle prescaler 
   or 300µs.  Thus, frequency of tone is 
   1/(2*300µs) = 1670 cycles per second. 
*/ 
main() 
{ 
 OPTION = 0b10000000; // Config TMR0 with 1:2 prescaler. 
 TRISIO = 0b11011111; // Config GP5 speaker output and 
                      // GP3 pushbutton input. 
 GPIO5 = 0;           // Initially turn off speaker. 
 while(1)             // while looping forever 
 { 
  if (GPIO3 == 0 || button_flag == 1) 
  { 
   button_flag = 1; // Raise flag when button pressed. 
   up_dn = !up_dn;  // Flip flag after time_step timed out. 
   if (up_dn == 1) 
   { 
    GPIO5 = 1;      // Turn on speaker bit GP5. 
   } 
   else 
   { 
    GPIO5 = 0;      // Turn off speaker bit GP5. 
   }   
   TMR0 = (256 - (time_step / 2)) & 0xFF; 
                // Initial value based on time_step & 2x prescaler. 
   T0IF = 0;    // Reset TMR0 overflow interrupt flag bit.             
   T0IE = 1;    // Enables TMR0 interrupt to commence timing.      
   while(!T0IF) // No operation while waiting for TMR0 overflow. 
   { 
    NOP(); 
   } // while timer counting 
  } // if pushbutton pressed 
 } // while looping forever 
} // main loop 
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Step 4 - Motion Control Hardware 
 
Construct the drive circuits of the dc motors.  DO NOT DISCONNECT THE WIRING 
OF THE VISUAL WARNING AND AUDIBLE WARNING HARDWARE, since it will 
be utilized later by the Electrobot.  The figure below shows the circuit diagram of the 
motion control hardware. 
 

 
 

 
 

Figure 7 - Circuit Diagram and Physical Layout of Motion Control Hardware 
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Sample Code to Test Motion Control Hardware 
 
This program employs pulse-width modulation to vary the speed of the dc drive motors.  
Specifically, it delivers a rectangular waveform of logic high and low pulses to the GP0 and GP4 
output pins of the driver circuits of the motors. Since the dc motors respond to the average value 
of the rectangular waveform, varying the duty cycle of the waveform varies their speed of 
operation.  [Duty cycle is the percentage of the waveform period that is logic high, and this 
program delivers a 25% duty cycle waveform (i.e. {2500 / (2500 + 7500)} * 100%) of frequency 
100 cycles per second (i.e. 1 / {2500 µs + 7500 µs}) to the motors.]  Appendix H provides a 
program that achieves the same outcome by using the 16-bit timer TMR1, instead of the 8-bit 
timer TMR0, and the interested reader is directed to [4] and [5] for the details regarding the use of 
the 16-bit timer TMR1 in this program. 
 
#include <pic.h> 
/* 
Program Title: cMotorSpeedControl_NoButtons 
Author: Frank Mercede 
Version / Date: Version 0 / Jan. 25, 2009 
Course: ECE 1620 (Spring 2009) 
*/ 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int up_time_step = 2500; 
int dn_time_step = 7500; 
int on_off = 1; 
int up_dn = 0; 
int time_step; 
main() 
{ 
 CMCON = 0b00000111;      // Disable comparator. 
 ANSEL = 0b00000000;      // Disable ADC. 
 OPTION = 0b10000101;     // Config TMR0 with 1:64 prescaler. 
 TRISIO = 0b11101110;     // Config GP0 and GP4 motor outputs. 
 GPIO = 0b00000000;       // Initially turn off motors. 
 while(on_off == 1) // on_off flag always raised for this program. Useful 
 {                  // flag if button added to initiate motor operation. 
   up_dn = !up_dn;  // up_dn flag flipped after every 
                    // time_step timed out in order to 
                    // alternate high and low levels of waveform. 
   if (up_dn == 1)            // Generate high level of period. 
   { 
    time_step = up_time_step; 
    GPIO0 = GPIO4 = 1;        // Turn on GP0 and GP4 pins. 
   } 
   else                       // Generate low level of period. 
   { 
    time_step = dn_time_step; 
    GPIO0 = GPIO4 = 0;        // Turn off GP0 and GP4 pins. 
   } 
   TMR0 = (256 - (time_step / 64)) & 0xFF; 
                // Initial value based on time_step & 64x prescaler. 
   T0IF = 0;    // Reset TMR0 overflow interrupt flag bit.             
   T0IE = 1;    // Enables TMR0 interrupt to commence timing.      
   while(!T0IF) // No operation while wating for TMR0 overflow. 
   { 
    NOP(); 
   } 
 } 
}
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Step 5 - Sensor Interface Hardware 
 
Construct the sensor interface circuit.  DO NOT DISCONNECT THE WIRING OF THE 
VISUAL WARNING, AUDIBLE WARNING AND MOTION CONTROL 
HARDWARE, since it will be utilized by the Electrobot.  The figure below shows the 
circuit diagram of the sensor interface hardware. 
 

 
 
 

 
 

Figure 8 - Circuit Diagram and Physical Layout of Sensor Interface Hardware 
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Sample Code to Test Sensor Interface Hardware 

 

Program the microcontroller to turn on the red LED when the photocell senses darkness and 
sound an alarm if the pushbutton is pressed.  The red LED is lit to indicate that the burglar alarm 
is "armed" at nighttime.  Depression of the pushbutton is meant to simulate the opening of a 
window.  The microcontroller sounds the alarm only during nighttime if the window is opened.  
Once opened, the alarm cannot be turned off by closing the window (i.e. releasing the 
pushbutton).  Appendix H provides another program to test the sensor interface hardware that 
illustrates the operation of an interrupt. 
 
#include <pic.h> 
/* 
Program Title: Primitive Burglar Alarm 
Author: Frank Mercede 
Version / Date: Version 0 / January 28, 2008 
Course: ECE 1620 (Spring 2008) 
*/  
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int freq; 
main() 
{  
 CMCON = 0b00000111;   // Disable comparator. 
 ANSEL = 0b00000000;   // Disable ADC. 
 OPTION = 0b10000101;  // Config TMR0 with 1:64 prescaler. 
 TRISIO = 0b11011011;  // Config GP1 sensor input, 
                       // GP2 red LED output, 
                       // GP3 pushbutton input, and 
                       // GP5 speaker output. 
 GPIO = 0b00000000;    // Initially, turn off outputs. 
 { 
  while(1) 
  { 
   if (GPIO1 == 1)     // nighttime 
   { 
    GPIO2 = 1;         // red LED lit 
    if (GPIO3 == 0)    // window opened 
    { 
     while(1)          // Sound alarm. 
     { 
    for (freq = 100; freq !=0; freq--) 
     { 
    NOP(); 
   } 
      GPIO5=!GPIO5; 
     } 
    } 
    else 
    { 
     GPIO=0b00000000; 
    } 
   }    
  } 
 } 
} 



Richard Perry and Frank Mercede 16 ECE 1620 
Villanova University  Spring 2010 
Electrical and Computer Engineering  Electrobot User's Guide 
 

ADDITIONAL PROJECTS UTILIZING PIC12F675 MICROCONTROLLER 
 
Appendix H provides the following programs in C that utilize the Microchip PIC12F675 
microcontroller. 
 
"Watch the Tram Car, Please." 
 
This program is designed to simulate the operation of a tram car.  The microcontroller outputs 
appropriate control signals to "send" the tram to a particular station.  The stations are numbered 
from 0 to 9, with the central station numbered 0.  A seven-segment display shows where the tram 
is located at any time.  Two pushbuttons, labeled start and reset, work as follows.  Depressing the 
reset pushbutton causes the tram to return to the central station (i.e. display number 0), regardless 
of the station location before the reset.  Depressing the start pushbutton causes the tram to visit 
specific stations along a prescribed route, eventually returning to the central station. 

 
Primitive Traffic Light Controller 
 
The purpose of this program is to control a primitive traffic light.  The "traffic light" consists of 
red, green, and yellow LEDs.  A toggle switch dictates two modes of operation: automatic and 
manual.  In the automatic mode, the LEDs are lit in the same sequence as an ordinary traffic light 
(i.e. red, green, yellow, red, green, etc.) for predefined durations in seconds.  In the manual mode, 
only depressing a pushbutton dictates when the next LED of the sequence is lit. 
 
Primitive Process Controller 
 
The purpose of this program is to implement a primitive process controller.  The I/O connected to 
the microcontroller are a normally-open, momentary pushbutton to start the controller, a flashing 
yellow LED to alert personnel that the start sequence of the process has been initiated, a warning 
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tone to warn personnel of an impending start-up of the process machinery, a dc motor to drive the 
process machinery, a red LED to be lit while the motor is running, and a normally-open, 
momentary stop pushbutton that immediately (i.e. program interrupt) initiates "shut-down" when 
pressed.  The sequence of operation is the following. Once the start pushbutton is pressed, the 
yellow LED flashes on and off at a rate of 0.5 second for a duration of 5 seconds.  Next, an 
audible warning tone is enabled for a duration of 5 seconds.  Finally, both the dc motor and red 
LED are turned on and remain on until the stop pushbutton is pressed.  When the stop pushbutton 
is pressed, immediately all outputs are turned off and remain so until the start pushbutton is 
pressed to restart the sequence. 
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APPENDIX A 
MICROCONTROLLER DEVELOPMENT KIT & C COMPILER 

 
PICkit 1 Flash Starter Kit    
Cost: $36.00 
Part Number: DV164101 
http://www.microchipdirect.com/productsearch.aspx?Keywords=DV164101 
 

 
The PICkit™ 1 Flash Starter Kit is a low-cost development kit with an easy-to-use 
interface for programming Microchip’s 8-/14-pin Flash family of microcontrollers. This 
starter kit is designed to help you get up to speed quickly using PIC® microcontrollers.  
The kit provides everything needed to program, evaluate and develop applications using 
Microchip’s powerful 8-/14-pin Flash family of microcontrollers. Instructions are 
provided in a series of seven tutorials that cover I/O, Interrupts, A/D Converters, 
Comparators, Data Tables and Timers. All source code files for the tutorials are 
furnished. 
 
Package Contents: 
• PICkit 1 Circuit Board with 8-pin PIC12F675 
• PICkit 1 Flash Starter Kit CD-ROM, including HI-TECH PICC™ LITE C Compiler 
• MPLAB® Integrated Development Environment CD-ROM 
• Software and Hardware "Tips 'n Tricks" for 8-pin Flash PIC Microcontrollers Booklet 
• USB Interface Cable 
 
PICkit Classic V1.74 supports these mid-range Flash PIC® microcontrollers: 
- PIC12F629, 635, 675, 683,  
- PIC16F630, 636, 676,  
- PIC16F684, 685, 687, 688, 689, 690, 785 
- PIC16F913, 914, 916, 917, 946 

http://www.microchipdirect.com/productsearch.aspx?Keywords=DV164101�
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APPENDIX B 

PROJECT MANAGEMENT PROCEDURES 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Creating the Project 

Open MPLAB IDE v7.40. 
Select Project Wizard from the Project dropdown menu. 
Select Next. 
Select PIC12F675 and then Next. 
In the Active Toolsuite Menu select HI-TECH PICC Toolsuite. 
 Be sure that there is no red X next to the Compiler, Assembler, and Linker. 
Select Next. 
Create a Project Name and select the desired Directory. 
Select Next. 
Since we have no file to add to the project just yet, select Next. 
Select Finish. 
 

 
Creating the C File 

Select New from the File dropdown menu. 
Select Save As… from the File dropdown menu. 
 Be sure that the file will be located in the same folder as the project. 
Enter the desired name for the file followed by ‘.c’ 
 Example:  SeqLED.c 

Line # of C File 

Output Window Project Workspace 

Build All Shortcut 

C File 
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Adding C File to Project 

Select Add Files to Project… from the Project dropdown menu. 
Locate the desired ‘.c’ file and select Open. 
 

 
Building the Project 

Select Build All from the Project dropdown menu. 
 You may also use the Build All shortcut or use Ctrl+F10. 
The Output window will display any error or warning. 
 
Example of a successful build: 
 

Clean: Deleting intermediary and output files. 
Clean: Done. 
Executing: "C:\PICCLITE\BIN\PICL.EXE" -C -E"Example.cce" "Example.c" -O"Example.obj" -Zg9 -O -
ASMLIST -Q -MPLAB -12F675 
Executing: "C:\PICCLITE\BIN\PICL.EXE" -E"Example.lde" "C: \Example\Example.obj" -M"Example.map" -
O"Example.cof" -O"Example.hex" -Q -MPLAB -12F675 
 
Memory Usage Map: 
 
Program ROM   $0000 - $0005  $0006 (     6) words 
Program ROM   $03F0 - $03FE  $000F (    15) words 
                             $0015 (    21) words total Program ROM  
 
Config Data   $2007 - $2007  $0001 (     1) words total Config Data  
 
Program statistics: 
 
Total ROM used       21 words (2.1%) 
Total RAM used        0 bytes (0.0%) 
 
Loaded C:\ Example\Example.cof. 
BUILD SUCCEEDED: Mon Jun 26 11:34:22 2006 

 

 
Installing the Program 

When a project is built in MPLAB, a ‘.hex’ file is produced and resides in the project 
directory.  This file is utilized by the PICkit 1 Classic Software to “burn” the project onto 
the microcontroller chip. 
 
Open PICkit 1 Classic Software. 
Select Import under the File dropdown menu. 
Locate the ‘.hex’ file inside the project directory.   
Select Open. 
Ensure that the PICkit programmer board is connected via the USB cable to your PC and 
 that your PIC microcontroller chip is inserted into the socket on the board. 
Select Write Device. 
The software will burn the project onto the chip. 
 
DO NOT remove the chip until the software states the project was successfully written. 
Remove the chip from the socket on the board. 
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Errors 

Any error will be displayed in the Output window. 
The error will list the line number as well as the type of error. 
 
 Example: 
 Error[000] C:\Example\Example.c 41 : undefined identifier: GPI0 
  
 The error is on line 41. 
 The letter O should have been used instead of the number 0. 
 (GPIO is the I/O register of the PIC12F675 microcontroller.) 
 
To locate the error, select the ‘.c’ file window. 
The line number is listed in the status bar at the bottom of the MPLAB window. 
Starting with the first error, fix one error at a time and rebuild the project, since the first 
error may have created the subsequent ones. 
 

 
Common Errors 

Error:    Error[000]   : No file arguments 
Solution:
 

     Source files not added. 

Error:    File listed under Other Files in the workspace window  
Solution:
 

    Resave the file with ‘.c’ at the end of the name. 

Error:    Error[000] C:\Example\Example.c 35 : undefined identifier 
Solution:
 

    The variable on line 35 was not declared at beginning of program. 

 
Warnings 

Warnings will also be listed in the Output window.  A warning will not stop the 
compilation of your program; however, the program may not execute as desired. 
 
For example, the following warning was caused because the numeric value of timer 
exceeded the upper limit of its declared variable type. 

 
for (timer=100000; timer!=0; timer--) 
{ 

NOP(); 
} 

 
Warning[000] C:\Example\Example.c 22 : arithmetic overflow in constant expression
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APPENDIX C 
CONFIGURING MICROCONTROLLER CAPABILITIES 

 

TRISIO = 0b00000000 
TRISIO Register 

 
 

TRIS5  TRIS4  TRIS3  TRIS2  TRIS1  TRIS0 
(GP5)    (GP4)  (GP3)  (GP2)  (GP1)  (GP0) 

 
TRISIO is used to configure the I/O pins as inputs or outputs.  If a bit of TRISIO is set to 
a 1, the corresponding I/O pin of the microcontroller chip will be configured as an input; 
if a bit of TRISIO is cleared to a 0, the corresponding I/O pin is configured as an output.  
Any GP I/O pin can be configured as an input or output except for GP3 which can only 
be configured as an input. 
 
 Example: 
  
 TRISIO = 0b000011001; 
 
 Microcontroller I/O pins GP4, GP3, and GP0 are configured inputs; pins GP5, GP2, 

and GP1 are configured outputs.  (Note that the 8-pin PIC12F675 microcontroller 
only has 6 available I/O pins.  Bits 6 and 7 of the TRISIO register are ignored.) 

 

GPIO = 0b00000000 
GPIO Register 

 
 

GP5      GP4  GP3  GP2  GP1  GP0 
 
GPIO is used to "fire" on or off only those GP I/O pins that have been configured outputs 
via the TRISIO register.  Setting a GPIO bit to 1 causes a logic high voltage (i.e. about +5 
volts) to appear at the corresponding GP output-configured pin of the microcontroller 
chip; clearing a GPIO bit to 0 causes a logic low voltage (i.e. 0 volt) to appear at the 
corresponding GP output-configured pin of the microcontroller chip. 
 
 Example: 
 
 GPIO = 0b00100010;  
 
 +5 volts will appear at output-configured GP1 and GP5 pins; 0 volt will appear at all 

other output-configured pins. 
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Input-configured Pins 

If an I/O pin is configured via the TRISIO register as an input and the corresponding 
input device supplies a logic high voltage to it then the corresponding bit of the GPIO 
register will be set to 1; the bit is cleared to 0 if the input device supplies a logic low 
voltage to the input-configured pin. 
 
 Example: 
 
 if (GPIO4 == 1) 
 {  
 … 
 } 
 
The statements within the if braces are executed if input-configured pin GP4 has logic 
high voltage supplied to it by the input device at the time of execution of the if statement. 
 

 
Configuration Fuse Parameter Specifications 

The configuration fuse parameter specifications of the 8-pin Microchip PIC12F675 
microcontroller chip used in the basic and advanced projects are as follows: 
 
UNPROTECT - program memory protection disabled 
BORDIS - brownout detect/reset control disabled 
MCLRDIS - external master clear reset disabled 
PWRTEN - power-up delay timer enabled 
WDTDIS - watchdog timer disabled 
INTIO - internal oscillator to derive clock 
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APPENDIX D 

COMMON C LANGUAGE COMMANDS 
 
What follows are common C language commands that you will see throughout the 
programs of the basic and advanced projects. 
 
 while(1) 
 { 
 … 
 } 
 
This is a loop that will run forever. 
 
 while (state>0) 
 { 
 … 
 } 
 
This is a loop that will run as long as the variable ‘state’ is greater than zero. 
 
 int state, timer; 
 
“int” is the declaration used for variables whose value are signed integers.  Any variable 
used within a program should be declared. 
 
 for (timer = 500; timer != 0; timer--) 
 { 
 … 
 } 
 
 for (timer = 0; timer != 500; timer++) 
 { 
 … 
 } 
 
These are ‘for’ loops that will perform the operations contained within their braces a total 
of 500 times.  The first one decrements from 500 to 1; the second increments from 0 to 
499. 
 
 for (timer1 = 50; timer != 0; timer1--) 
 { 
 for (timer2 = 100; timer != 0; timer2--) 
 { 
 … 
 } 
 } 
 
These are nested ‘for’ loops.  The innermost statements will be executed a total of 5000 
times (i.e. 100 x 50 times).  This construct is useful if one wishes to avoid using a single 
loop with an extremely high number of iterations. 
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 if (GPIO3 == 1) 
 { 
 … 
 } 
 
This ‘if’ loop will execute its innermost statements only if GPIO3 is equal to 1. 
Note that there are two consecutive equal signs for the equal condition of the conditional 
statement. 
 
 if (GPIO3 == 0) 
 { 
 … 
 } 
 else 
 { 
 … 
 } 
 
The program will execute the statements within the if braces if GPIO3 is equal to 0; 
otherwise, the statements within the else braces are executed. 
 
 if (state == 1) 
 { 
 … 
 } 
 else if (state == 2) 
 { 
 … 
 } 
 else 
 { 
 … 
 } 
 
The program will execute the statements within the if braces if state is equal to 0, the 
statements within the else if braces if state is equal to 2, or the statements within the else 
braces if the value of state is other than 1 or 2.  This is a very useful construct to account 
for several possible courses of action that depend on the value of a variable. 
 
 for (timer = 50; timer != 0; timer--) 
 { 
 NOP(); 
 } 
 
NOP(); is the ‘No Operation’ command.  It can be used within a delay loop to not 
perform any type of operation during the delay period. 
 
 // Single Comment Line 
 
 /* 
 Multiple Comment Lines 
 */ 
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APPENDIX E 

LEGEND OF SCHEMATIC DIAGRAM SYMBOLS 
 

 
         light-emitting diode 
         (LED) 
 
  Reference or Ground 
         
 
 
 
  Resistor 
 
         8-ohm Speaker 
 
  Pushbutton 
 
 
 
  Ceramic Capacitor 
 
         DC Motor 
 
  Electrolytic Capacitor 
 
       
          
 
  Transistor       Photocell 
          
 
 

+ 

C 

B 

E 

K 

A 
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APPENDIX F 

IDENTIFICATION OF LED, TRANSISTOR & MICROCONTROLLER LEADS 
 

 
LED 

 
 
 
 

 
Transistor 

 
 2N3904 
 
 
 
 
 

Emitter     Base     Collector 
 

 
Microcontroller Chip 

 
 
 
 
 
 
 
 
 
 
 
 

Flat 

Cathode (K)/- 
Anode (A)/+ 

1 

2 
3 

4 
5 

6 
7 

14 

13 
12 

11 
10 

9 
8 

12
F6

75
 

+5 Volts 

GP5 
GP4 
GP3 

GP0 
GP1 
GP2 

1 

5 
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APPENDIX G 

UNIT PREFIXES & RESISTOR COLOR CODE 
 

k = kilo = 103 = 1000 
Unit Prefixes 

(e.g. 2 kΩ = 2 kilohms = 2 x 103 ohms = 2000 ohms) 
m = milli = 10−3 = 0.001 
(e.g. 4 mA = 4 milliamperes = 4 x 10−3 amperes = 0.004 amperes) 
μ = micro = 10−6 = 0.000001 
(e.g. 2 µF = 2 microfarads = 2 x 10−6 farad = 0.000002 farad)  
 

 
Resistor Color Code 

 
 
 
 1st Band 2nd Band Multiplier Tolerance 
 
        
 
  

 
Starting with first band, record color band value. 
Follow by second color band value. 
Multiply pair by 10 raised to the power dictated by third color band value. 
Final color band dictates tolerance range of nominal value. 
 

Example: 
Red Black Orange         Gold 
2 0 103 = 1000   Tolerance: ±5% of 20000 ohms 
 

Nominal Value: R = 20 x 103 ohms = 20000 ohms 
Tolerance Range: 19000 ohms < R < 21000 ohms 

Value Color 
0 Black 
1 Brown 
2 Red 
3 Orange 
4 Yellow 
5 Green 
6 Blue 
7 Violet 
8 Gray 
9 White 

Tolerance Color 
5% Gold 
10% Silver 
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APPENDIX H - PROGRAMS OF ADDITIONAL PROJECTS 

 

Sample Code to Test Visual Warning Hardware 
 
#include <pic.h> 
/* 
Program Title: cFlashLED 
Author: Frank Mercede 
Version / Date: Version 1 / Jan. 25, 2009 
Course: ECE 1620 (Spring 2009) 
 
The purpose of this program is to 
turn on and off the light-emitting diode (LED) 
at a precise rate of one second rate once 
the momentary pushbutton is pressed. 
 
The algorithm used in this program 
to generate a delay of one (1) second was provided 
by Mr. Shane Tolmie in response to a FAQ 
(i.e. "Q. How do I time exact intervals?") 
at his MicrochipC.com website at 
http://www.microchipc.com/HiTechCFAQ/#exactint 
"My favorite way to handle this 'non-commensurate' 
interval problem is to steal a concept from the 
Bresenham line drawing algorithm. Using the current case:  
 
4.00 MHz Crystal 
1MHz Instruction Cycle 
256 Cycles Per 8-bit Timer Overflow 
Timer Prescaler of 64 
Each timer overflow represents 256*64 us or 16384 us. 
 
You start with a counter set to 1000000. 
On each timer interrupt [overflow] 
subtract 16384 from the counter. 
When counter goes negative, update elapsed time 
by 1 second and then reinitialize counter to 1000000 
to count the next 1 second interval. 
This technique will work for any interval. It can be made 
perfect for intervals that have a rational relationship to the 
instruction cycle time and can be made arbitrarily close 
for irrational ratios, say, a SQRT(2) MHz crystal." 
 
Another helpful reference for this program is 
123 PIC Microcontroller Experiments for the Evil Genius 
by Myke Predko [5].  Specifically, Experiment 18 was helpful 
to learn how to turn on an individual LED on the 
PICkit 1 Starter Kit and Experiments 36 and 37 were 
helpful to learn how to use TMR0 (or Timer 0) 
of the PIC device. 
 
Configuration Fuse Parameter Specifications: 
UNPROTECT - program memory protection disabled, 
BORDIS - brownout detect/reset control disabled, 
MCLRDIS - external master clear reset disabled, 
PWRTEN - power-up delay timer enabled, 
WDTDIS - watchdog timer disabled, 
INTIO - internal oscillator to derive clock 
*/ 
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__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int led_status, button_flag = 0; 
long count; 
main() 
{ 
 CMCON = 0b00000111;      // Disable comparator. 
 ANSEL = 0b00000000;      // Disable ADC. 
 OPTION = 0b10000101;     // Config TMR0 with 1:64 prescaler. 
 TRISIO = 0b11111011;     // Config GP2 LED output and 
                          // GP3 pushbutton input. 
 GPIO2 = 0;               // Initially turn off LED. 
 while(1)                 // Loop forever. 
 { 
  if (GPIO3 == 0 || button_flag == 1) 
  // Button newly pressed or previously pressed? 
  { 
   button_flag = 1;          // Raise flag when button pressed? 
   led_status = !led_status; // Flip LED status flag. 
   if (led_status == 1)      // LED status on? 
   { 
    GPIO2 = 1;               // Turn LED on. 
   } 
   else                      // LED status off? 
   { 
    GPIO2 = 0;               // Turn LED off. 
   } 
    count = 1000000; // 1 sec = 1000000 us 
    while(count > 0) 
    { 
     TMR0 = 0;      // TMR0 Initial Value 
     T0IF = 0;      // Reset TMR0 overflow interrupt flag bit. 
     T0IE = 1;      // Enables TMR0 interrupt to commence timing. 
     while(!T0IF)   // While waiting for TMR0 to overflow, 
     {              // perform "no operation." 
      NOP(); 
     } 
     count = count - 16384; 
    } // while count positive                        
  } // if button pressed 
 } // while looping forever 
} // main loop 
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Sample Code to Test Audible Warning Hardware 
 
#include <pic.h> 
/* 
Program Title: cThreeBlindMice 
Author: Frank Mercede 
Version / Date: Version 0 / Jan. 25, 2009 
Course: ECE 1620 (Spring 2009) 
 
The purpose of this program is to play 
the opening three notes of Three Blind 
Mice once the pushbutton is pressed. 
 
Configuration Fuse Parameter Specifications: 
UNPROTECT - program memory protection disabled, 
BORDIS - brownout detect/reset control disabled, 
MCLRDIS - external master clear reset disabled, 
PWRTEN - power-up delay timer enabled, 
WDTDIS - watchdog timer disabled, 
INTIO - internal oscillator to derive clock 
*/ 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int note; 
int note_duration_factor = 5; 
int time_step; 
// 
int time_step_three = 50; 
/* Value of time_step_three corresponds roughly 
   to 50us x 2 time prescaler = 100us half period 
   or frequency of 1/(2*100us) = 5kHz. 
*/ 
int time_step_blind = 100; 
/* Value of time_step_blind corresponds roughly 
   to 100us x 2 time prescaler = 200us half period 
   or frequency of 1/(2*200us) = 2.5kHz. 
*/ 
int time_step_mice = 150; 
/* Value of time_step_mice corresponds roughly 
   to 150us x 2 time prescaler = 300us half period 
   or frequency of 1/(2*300us) = 1.67kHz. 
*/ 
int up_dn = 0; 
int outer, inner; 
long count; 
main() 
{ 
 CMCON = 0b00000111;      // Disable comparator. 
 ANSEL = 0b00000000;      // Disable ADC. 
 OPTION = 0b10000000;     // Config TMR0 with 1:2 prescaler. 
 TRISIO = 0b11011111;     // Config GP5 speaker output and 
                          // GP3 pushbutton input. 
 GPIO5 = 0;               // Initially turn off speaker. 
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 while(1)                 // Loop forever. 
 { 
  if (GPIO3 == 0)         // Pushbutton pressed? 
  { 
   for (note = 1; note <= 3; note++) 
   { 
    switch (note) { 
    case 1: 
      time_step = time_step_three; 
      break; 
    case 2: 
      time_step = time_step_blind; 
      break; 
    case 3: 
      time_step = time_step_mice; 
      break; 
     } // switch statement 
/* 
  Nested for loops generate note duration. 
  up_dn flag determines logic level of speaker waveform. 
*/ 
    for (outer = note_duration_factor; outer != 0; outer--) 
    { 
     for (inner = 0xFF; inner != 0; inner--) 
     {  
      up_dn = !up_dn; // Flip flag after time_step timed out. 
      if (up_dn == 1) 
      { 
       GPIO5 = 1;     // Turn on speaker bit GP5. 
      } 
      else 
      { 
       GPIO5 = 0;     // Turn off speaker bit GP5. 
      }   
      TMR0 = (256 - (time_step / 2)) & 0xFF; 
                   // Initial value based on time_step & 2x prescaler. 
      T0IF = 0;    // Reset TMR0 overflow interrupt flag bit.             
      T0IE = 1;    // Enables TMR0 interrupt to commence timing.      
      while(!T0IF) // No operation while waiting for TMR0 overflow. 
      { 
       NOP(); 
      } // while timer counting 
     } // for inner loop 
    } // for outer loop 
   } // for note sequencing 
  } // if pushbutton pressed 
 } // while looping forever 
} // main loop 
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Sample Code to Test Motion Control Hardware Using 16-bit Timer TMR1 
 
#include <pic.h> 
/* 
Program Title: cMotorSpeedControl_NoButtons 
Author: Frank Mercede 
Version / Date: Version 0 / Jan. 25, 2009 
Course: ECE 1620 (Spring 2009) 
 
Program uses pulse-width modulation to vary speed of 
dc motors according specified duty cycle.  It generates a 
rectangular waveform of logic high and logic low pulses that are 
applied to driver circuits of motors.  Duty cycle is percentage 
of period that is logic high. A 25% duty cycle 
(i.e. {10000 / (10000 + 30000)} * 100%) has been chosen. 
*/ 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int up_time_step = 10000;  // Duration high level per period. 
int dn_time_step = 30000;  // Duration low level per period. 
int on_off = 1; 
int up_dn = 0; 
int time_step; 
main() 
{ 
 CMCON = 0b00000111;      // Disable comparator. 
 ANSEL = 0b00000000;      // Disable ADC. 
 T1CON = 0b00110001;      // Enable TMR1 with 1:8 prescaler. 
 PEIE = 1;                // Enables unmasked peripheral inputs.   
 TRISIO = 0b11101110;     // Config GP0 and GP4 motor outputs. 
 GPIO = 0b00000000;       // Initially turn off motors. 
 while(on_off == 1) // on_off flag always raised for 
 {                  // this program. Useful flag if button 
                    // added to initiate motor operation. 
   up_dn = !up_dn;  // up_dn flag flipped after every 
                    // time_step timed out in order to 
                    // alternate high and low levels of waveform. 
   if (up_dn == 1)            // Generate high level of period. 
   { 
    time_step = up_time_step; 
    GPIO0 = GPIO4 = 1;        // Turn on GP0 and GP4 pins. 
   } 
   else                       // Generate low level of period. 
   { 
    time_step = dn_time_step; 
    GPIO0 = GPIO4 = 0;        // Turn off GP0 and GP4 pins. 
   } 
   TMR1H = (65536 - (time_step / 8)) >> 8; 
   TMR1L = (65536 - (time_step / 8)) & 0xFF; 
   TMR1IF = 0;     // Reset TMR1 overflow interrupt flag bit. 
   TMR1IE = 1;     // Enables TMR1 interrupt to commence timing. 
   while (!TMR1IF) // No operation while waiting for TMR1 overflow. 
   { 
    NOP(); 
   } 
 } 
} 
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Sample Code to Test Sensor Interface Hardware 

 
#include <pic.h> 
/* 
Program Title: Sensor & Interrupt Test Code 
Author: Frank Mercede 
Version / Date: Version 0 / Jan. 25, 2009 
Course: ECE 1620 (Spring 2009) 
 
The purpose of this program is to illustrate 
the operation of an interrupt.  Once the 
pushbutton is pressed, 8 tones are sounded in 
sequence in the main program without interruption, 
so long as the sensor is unblocked. 
If the sensor becomes blocked at any time 
during the sequence, the interrupt routine is serviced. 
(In this example, the interrupt routine 
sounds an alarm tone while the sensor is blocked.) 
Once the sensor returns to the unblocked condition, 
execution returns to the place in the main program 
where the interrupt was initiated, so as not to disrupt 
the remainder of the sequence.  
 
Configuration Fuse Parameter Specifications: 
UNPROTECT - program memory protection disabled, 
BORDIS - brownout detect/reset control disabled, 
MCLRDIS - external master clear reset disabled, 
PWRTEN - power-up delay timer enabled, 
WDTDIS - watchdog timer disabled, 
INTIO - internal oscillator to derive clock 
*/ 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int note; 
int note_duration_factor = 10; 
int time_step; 
int time_step_note1 = 400; 
int time_step_note2 = 360; 
int time_step_note3 = 320; 
int time_step_note4 = 280; 
int time_step_note5 = 240; 
int time_step_note6 = 200; 
int time_step_note7 = 160; 
int time_step_note8 = 120; 
int up_dn = 0; 
int outer, inner; 
int freq; 
long count; 
main() 
{ 
 CMCON = 0b00000111;      // Disable comparator. 
 VRCON = 0b00100000;      // Disable internal voltage reference. 
 ANSEL = 0b00000000;      // Disable ADC. 
 OPTION = 0b10000000;     // Config TMR0 with 1:2 prescaler. 
 TRISIO = 0b11011111;     // Config GP5 speaker output, 
                          // GP3 pushbutton input, and 
                          // GP1 sensor input. 
 INTCON = 0b10001000;     // Configure INTCON register. 
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            // INTCON<7> - GIE: Global Interrupt Enable 
            // INTCON<6> - PEIE: Peripheral Interrupt Enable 
            // INTCON<5> - T0IE: TMR0 Overflow Interrupt Enable 
            // INTCON<4> - INTE: GP2/INT External Interrupt Enable 
            // INTCON<3> - GPIE: Port Change Interrupt Enable 
            // INTCON<2> - T0IF: TMR0 Overflow Interrupt Flag 
            // INTCON<1> - INTF: GP2/INT External Interrupt Flag 
            // INTCON<0> - GPIF: Port Change Interrupt Flag 
 IOCB1 = 1;               // Enable interrupt on change for GP1 pin. 
 GPIO5 = 0;               // Initially turn off speaker. 
 while(1)                 // Loop forever. 
 { 
  if (GPIO3 == 0)         // Pushbutton pressed? 
  { 
   for (note = 1; note <= 8; note++) 
   { 
    switch (note) { 
    case 1: 
      time_step = time_step_note1; 
      break; 
    case 2: 
      time_step = time_step_note2; 
      break; 
    case 3: 
      time_step = time_step_note3; 
      break; 
    case 4: 
      time_step = time_step_note4; 
      break; 
    case 5: 
      time_step = time_step_note5; 
      break; 
    case 6: 
      time_step = time_step_note6; 
      break; 
    case 7: 
      time_step = time_step_note7; 
      break; 
    case 8: 
      time_step = time_step_note8; 
      break; 
     } // switch statement 
/* 
  Nested for loops generate note duration. 
  up_dn flag determines logic level of speaker waveform. 
*/ 
    for (outer = note_duration_factor; outer != 0; outer--) 
    { 
     for (inner = 0xFF; inner != 0; inner--) 
     {  
      up_dn = !up_dn; // Flip flag after time_step timed out. 
      if (up_dn == 1) 
      { 
       GPIO5 = 1;     // Turn on speaker bit GP5. 
      } 
      else 
      { 
       GPIO5 = 0;     // Turn off speaker bit GP5. 
      } 
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      TMR0 = (256 - (time_step / 2)) & 0xFF; 
                   // Initial value based on time_step & 2x prescaler. 
      T0IF = 0;    // Reset TMR0 overflow interrupt flag bit.             
      T0IE = 1;    // Enables TMR0 interrupt to commence timing.      
      while(!T0IF) // No operation while waiting for TMR0 overflow. 
      { 
       NOP(); 
      } // while timer counting 
     } // for inner loop 
    } // for outer loop 
   } // for note sequencing 
  } // if pushbutton pressed 
 } // while looping forever 
} // main loop 
/* 
******************************************************** 
Isr() - Interrupt Service Routine 
      - Timer0 overflow and GP1 pin change are serviced. 
******************************************************** 
*/ 
void interrupt Isr() 
{ 
  if ((T0IE & T0IF) == 1)  // Timer0 Interrupt 
  { 
    T0IF = 0; // Clear Timer0 interrupt flag to reenable this interrupt. 
    T0IE = 0; // Mask Timer0 interrupt by clearing T0IE bit. 
  }                            // that timer overflow occurred. 
  else if ((GPIE & GPIF) == 1) // GP1 pin-change interrupt 
                               // initiated when sensor blocked. 
  { 
    while (GPIO1 == 1) // Sound alarm tone while sensor blocked. 
    { 
    for (freq = 150; freq !=0; freq--) 
     { 
    NOP(); 
   } 
      GPIO5=!GPIO5; 
    } 
    GPIF = 0;         // Clear interrupt on pin change flag. 
  } 
  return; 
} 
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"Watch the Tram Car, Please." 
 
This program is designed to simulate the operation of a tram car.  The microcontroller outputs 
appropriate control signals to "send" the tram to a particular station.  The stations are numbered 
from 0 to 9, with the central station numbered 0.  A seven-segment display shows where the tram 
is located at any time.  Two pushbuttons, labeled start and reset, work as follows.  Depressing the 
start pushbutton causes the tram to visit stations 1, 2, 4, 8 and 9 before returning to the central 
station 0.  Depressing the reset pushbutton at any time during the journey causes the tram to 
return to central station 0, regardless of the station location before the reset. 
 
#include <pic.h> 
/* 
Program Title: "Watch the Tram Car, Please." 
Author: Michael Breckenridge 
Version / Date: Version 0 / Aug. 11, 2006 
*/ 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int outer, inner, state, start; 
main() 
{ 
 CMCON = 0b00000111;  // Disable comparator. 
 ANSEL = 0b00000000;  // Disable ADC. 
 OPTION = 0b10000101; // Config TMR0 with 1:64 prescaler. 
 TRISIO = 0b00101000; // Config tram control signals GPIO0 (LSB), 
                      // GPIO1, GPIO2, GPIO4 (MSB) as outputs. 
                      // Config GPIO3 (start) & GPIO5 (reset) inputs. 
 GPIO = 0b00000000;   // Initialize display to central station 0. 
 start = 0; 
 state = 0; 
 while(1)             // while looping forever 
 { 
  if (GPIO3 == 0)      // if start button pressed 
  { 
   start = 1; 
  } 
  if (start == 1) 
  { 
   state = 500; 
   while (state > 0) 
   { 
    if (GPIO5 == 0) 
    { 
     state = 0; 
    } 
    if (state < 501 & state > 400) 
    { 
     GPIO = 0b00000001; // Display station 1 on 7-segment display. 
     state--; 
    } 
    else if (state < 401 & state > 300) 
    { 
     GPIO = 0b00000010; // Display station 2 on 7-segment display. 
     state--; 
    } 
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    else if (state < 301 & state > 200) 
    { 
     GPIO = 0b00000100; // Display station 4 on 7-segment display. 
     state--; 
    } 
    else if (state < 201 & state> 100) 
    { 
     GPIO = 0b00010000; // Display station 8 on 7-segment display. 
     state--; 
    } 
    else if (state < 101 & state> 0) 
    { 
     GPIO = 0b00010001; // Display station 9 on 7-segment display. 
     state--; 
    } 
    for (outer = 50; outer !=0; outer--)   // Short delay  
    {                                      // so reset can be 
     for (inner = 10; inner !=0; inner--)  // be quickly realized. 
     { 
      NOP(); 
     } 
    } 
    start = 0; 
   } // while (state > 0) 
  } // if (start == 1) 
  else // else start != 1 (i.e. start = 0) 
  { 
   GPIO = 0b00000000; // Display station 0 on 7-segment display. 
  } 
 } // while looping forever 
} // main 
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Primitive Traffic Light Controller 
 
#include <pic.h> 
/* 
The purpose of this program is to control 
a primitive traffic light.  The "traffic light" 
consists of red, green, and yellow LEDs. 
A toggle switch dictates two modes of operation: 
automatic and manual.  In the automatic mode, 
the LEDs are lit in the same sequence as an 
ordinary traffic light (i.e. red, green, yellow, 
red, green, etc.).  The durations of the LEDs 
have been programmed to be: red - 6 seconds, 
green - 6 seconds, and yellow - 2 seconds. 
In the manual mode, only depressing a pushbutton 
dictates when the next LED of the sequence is lit. 
 
Program Title: cTrafficLight.c 
Author: Frank Mercede 
Version / Date: Version 0 / August 20, 2005 
Course: ECE 2900 (Fall 2005) 
Assignment: Week 3 - Primitive Traffic Light 
*/ 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int state, color; 
int delay_factor = 150, outer, inner; 
int number_states = 14; // There are 6 red states, 
                        // 6 green states, and 2 yellow 
                        // states, each one "on" for a 
                        // duration of 1 second. 
long count; 
main() 
{ 
  CMCON = 0b00000111;   // Disable comparator. 
  ANSEL = 0b00000000;   // Disable ADC. 
  OPTION = 0b10000101;  // Config TMR0 with 1:64 prescaler. 
  TRISIO = 0b00011000;  // Configure I/O as follows: 
                        // TRISIO<2:0> - Outputs for LEDs, 
                        // TRISIO<3> - Pushbutton Input, 
                        // TRISIO<4> - Toggle Switch Input. 
  state = 1;            // Initialize value of state. 
  while(1) 
  { 
    if ((state >= 1) && (state <= 6)) 
    { 
      color = 0;        // Value color signifies red LED. 
    } 
    else if ((state >= 7) && (state <= 12)) 
    { 
      color = 1;        // Value color signifies green LED. 
    } 
    else if ((state >= 13) && (state <= 14)) 
    { 
      color = 2;        // Value color signifies yellow LED. 
    } 
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    switch (color) 
    { 
    case 0: // Turn on red LED. 
      GPIO = 0b00000100; 
      break; 
    case 1: // Turn on green LED. 
      GPIO = 0b00000010; 
      break; 
    case 2: // Turn on yellow LED. 
      GPIO = 0b00000001; 
      break; 
    } 
    if (GPIO4 == 0)     // Manual mode if GPIO4 == 0. 
    { 
      if (GPIO3 == 0)   // Button pressed if GPIO3 == 0. 
      { 
/* 
        Prevent pushbutton "bouncing" from causing 
        "skipping" of LEDs, by imposing a delay at this 
        point before updating value of state to next 
        LED color. 
   
        The delay code was taken from the Delay function 
        in the intlib.c file of Lesson 3 of Appendix C: 
        PIC12F675 Programming Projects.  The total delay 
        is about 2.3 * delay_factor in milliseconds for OSC = 4 MHz. 
        The value of delay_factor was initialized in the declaration 
        statement at the beginning of the program. 
*/ 
        for (outer = delay_factor; outer != 0; outer--) 
        { 
          for (inner = 0xFF; inner != 0; inner--) 
          { 
            NOP(); 
          } 
        } 
        if ((state >= 1) && (state <= 6)) 
        { 
          state = 7;    // Update to first green state. 
        } 
        else if ((state >= 7) && (state <= 12)) 
        { 
          state = 13;   // Update to first yellow state. 
        } 
        else if ((state >= 13) && (state <= 14)) 
        { 
          state = 1;    // Update to first red state. 
        } 
      } 
    } 
    else 
    { 
      count = 1000000;  // 1000000 microseconds per second. 
      while(count > 0)  // Countdown loop for each state 
                        // in the automatic mode. 
      { 
        TMR0 = 0;       // TMR0 Initial Value 
        T0IF = 0;       // Reset TMR0 overflow interrupt flag bit. 
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        T0IE = 1;       // Enables TMR0 interrupt to commence timing. 
        while(!T0IF)    // While waiting for TMR0 to overflow, 
        {               // perform "no operation." 
          NOP(); 
        } 
        count = count - 16384;  // Reduce count by 256 x 64 = 16384 
                                // to account for one overflow 
                                // of TMR0 register. 
      } 
      state = state + 1; 
      if (state > number_states) 
      { 
        state = 1; 
      } 
    }       
  } 
} 
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Primitive Process Controller 
 
The purpose of this program is to implement a primitive process controller.  The I/O connected to 
the microcontroller are a normally-open, momentary pushbutton to start the controller, a flashing 
yellow LED to alert personnel that the start sequence of the process has been initiated, a warning 
tone to warn personnel of an impending start-up of the process machinery, a dc motor to drive the 
process machinery, a red LED to be lit while the motor is running, and a normally-open, 
momentary stop pushbutton that immediately (i.e. program interrupt) initiates "shut-down" when 
pressed.  The sequence of operation is the following. Once the start pushbutton is pressed, the 
yellow LED flashes on and off at a rate of 0.5 second for a duration of 5 seconds.  Next, an 
audible warning tone is enabled for duration of 5 seconds.  Finally, both the dc motor and red 
LED are turned on and remain on until the stop pushbutton is pressed.  When the stop pushbutton 
is pressed, immediately all outputs are turned off and remain so until the start pushbutton is 
pressed to restart the sequence. 
 
#include <pic.h> 
/* 
Program Title: cMotorControl.c 
Author: Frank Mercede 
Version / Date: Version 0 / September 18, 2005 
Course: ECE 2900 (Fall 2005) 
Assignment 3 - Primitive Process Controller 
*/ 
__CONFIG(UNPROTECT & BORDIS & MCLRDIS \ 
  & PWRTEN & WDTDIS & INTIO); 
int state; 
int start_motor_on = 21;   // Value of start_motor_on is 
                           // the number of 0.5 second steps 
                           // of the motor controller sequence; 
                           // namely, ten 0.5 second steps to 
                           // flash the yellow LED and ten 
                           // 0.5 second steps to sound the 
                           // warning tone.  (The motor and 
                           // red LED are turned on at the 
                           // twenty-first step. 
int start_button_flag, stop_button_flag; 
int timer_overflow_flag; 
int outer, inner; 
long count; 
main() 
{ 
  CMCON = 0b00000111;   // Disable comparator. 
  VRCON = 0b00100000;   // Disable internal voltage reference. 
  ANSEL = 0b00000000;   // Disable ADC. 
  OPTION = 0b10000101;  // Config Timer0 with 1:64 prescaler. 
  TRISIO = 0b00001001;  // Configure I/O pins as follows: 
                        // TRISIO<0> - Input Start Button 
                        // TRISIO<1> - Output Yellow LED 
                        // TRISIO<2> - Output Warning Tone 
                        // TRISIO<3> - Input Stop Button 
                        // TRISIO<4> - Output Red LED 
                        // TRISIO<5> - Output DC Motor 
  GPIO = 0b00000000;    // Initially, shut off all outputs. 
  INTCON = 0b10001000;  // Configure INTCON register. 
            // INTCON<7> - GIE: Global Interrupt Enable 
            // INTCON<6> - PEIE: Peripheral Interrupt Enable 
            // INTCON<5> - T0IE: TMR0 Overflow Interrupt Enable 
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            // INTCON<4> - INTE: GP2/INT External Interrupt Enable 
            // INTCON<3> - GPIE: Port Change Interrupt Enable 
            // INTCON<2> - T0IF: TMR0 Overflow Interrupt Flag 
            // INTCON<1> - INTF: GP2/INT External Interrupt Flag 
            // INTCON<0> - GPIF: Port Change Interrupt Flag 
  IOCB3 = 1;             // Enable interrupt on change for GP3 pin. 
  state = 0;             // Initialize value of state. 
  start_button_flag = 0; // Initialize start button flag. 
  stop_button_flag = 0;  // Initialize stop button flag. 
  while(1)               // Loop forever. 
  { 
    if (GPIO0 == 0)          // Start pushbutton pressed? 
    { 
      start_button_flag = 1; // Set start_button_flag 
                             // to notify program that 
                             // start button been pressed. 
/* 
      The following delay is necessary to prevent start 
      pushbutton "bouncing."  The delay code was taken 
      from the Delay function in the intlib.c file of Lesson 3 
      of Appendix C: PIC12F675 Programming Projects. 
*/  
      for (outer = 300; outer != 0; outer--) 
      { 
        for (inner = 0xFF; inner != 0; inner--) 
        { 
          NOP(); 
        } 
      } 
    } 
    if (start_button_flag == 1)     // start_button_flag set signifies 
                                    // that start pushbutton has 
                                    // been pressed. 
    { 
      if (stop_button_flag == 0)    // stop_button_flag clear 
                                    // signifies that stop pushbutton 
                                    // has not been pressed. 
      { 
        state = state + 1;          // Increment to next state. 
        if (state > start_motor_on) // Value of state not allowed to 
        {                           // exceed start_motor_on. Motor 
          state = start_motor_on;   // and red LED remain on thereafter 
        }                           // until stop button pressed. 
      } 
      else            // Stop button must have been pressed. 
      { 
        state = 0;    // Set value of state to shut off all outputs. 
      } 
                      // 500000 microseconds is the time interval  
      count = 500000; // of each step (i.e. state) of the sequence. 
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      while(count>0)  // During 0.5 sec. countdown, activate appro- 
      {               // priate output(s) depending on value of state. 
        if (state == 0) 
        { 
          GPIO = 0b00000000;     // Shut off all outputs. 
        } 
        else if ((state >= 1) && (state <= 10)) // Flash yellow LED. 
        { 
          if ((state % 2) == 0) 
          { 
            GPIO = 0b00000000;  // If value of state is even, 
          }                     // shut off all outputs. 
          else 
          { 
            GPIO = 0b00000010;  // If value of state is odd, 
          }                     // turn on yellow LED. 
        } 
        else if ((state >= 11) && (state <= 20)) 
        {         
          GPIO = 0b00000100;    // Enable an audible warning tone. 
        } 
        else if (state >= 21) 
        { 
          GPIO = 0b00110000;    // Turn on dc motor and red LED. 
        } 
        timer_overflow_flag = 0;    // Clear Timer0 overflow flag. 
        TMR0 = 0; // Timer0 Initial Value 
        T0IF = 0; // Reset Timer0 overflow interrupt flag bit. 
        T0IE = 1; // Set Timer0 Overflow Interrupt Enable to start timing. 
        while(!timer_overflow_flag) // While waiting for Timer0 to overflow, 
        {                           // perform "no operation." 
          NOP(); 
        } 
        count = count - 16384; // Reduce count by 256 x 64 = 16384 
      }                        // to account for one overflow 
                               // of Timer0 register. 
      stop_button_flag = 0;    // Clear stop_button_flag bit as the 
                               // last instruction of 
                               // if (start_button_flag == 1) list.       
    } 
  } 
} 
/* 
******************************************************** 
Isr() - Interrupt Service Routine 
      - Timer0 overflow and GP3 pin change are serviced. 
******************************************************** 
*/ 
void interrupt Isr() 
{ 
  if ((T0IE & T0IF) == 1)  // Timer0 Interrupt 
  { 
    T0IF = 0; // Clear Timer0 interrupt flag to reenable this interrupt. 
    T0IE = 0; // Mask Timer0 interrupt by clearing T0IE bit. 
    timer_overflow_flag = 1;   // Set flag to alert main program 
  }                            // that timer overflow occurred. 
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  else if ((GPIE & GPIF) == 1) // GP3 pin-change interrupt 
                               // initiated when stop 
                               // pushbutton has been pressed. 
  { 
    GPIO = 0b00000000;      // Immediately turn off all outputs. 
    stop_button_flag = 1;   // Set stop_button_flag to 
                            // alert main program that stop 
                            // pushbutton has been pressed. 
    start_button_flag = 0;  // Alert main program that start 
                            // pushbutton must be pressed to 
                            // restart the sequence. 
    state = 0;              // Reinitialize value of state. 
/* 
    The following delay is necessary to prevent stop pushbutton 
    "bouncing" from causing repeated interrupts.  The delay code 
    was taken from the Delay function in the intlib.c file of 
    Lesson 3 of Appendix C: PIC12F675 Programming Projects. 
*/  
    for (outer = 300; outer != 0; outer--) 
    { 
      for (inner = 0xFF; inner != 0; inner--) 
      { 
        NOP(); 
      } 
    } 
    GPIF = 0;             // Clear interrupt on pin change flag. 
  } 
  return; 
} 
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APPENDIX I 
SOFTWARE  INSTALLATION  INSTRUCTIONS 

 
Contact Dr. Mercede for compatible versions of Microchip's MPLAB and Hi-Tech's 
PICC Lite C Compiler.  The PICKit 1 Classic software is contained on the disc that is 
included with the kit. 
 
Follow these instructions from top to bottom in order. 
 
Install MPLab as follow: 
1. Open MPLab 740 folder. 
2. Select Install_MPLAB_v740. 
3. Follow on screen instructions. 
4. Once completed, restart computer. 
 
Install Hi-Tech PICC Compiler as follow: 
1. Select Hi-Tech PICC Compiler. 
2. Follow on screen instructions. 
3. Locate the Hi-Tech Software folder in the start menu. 
4. Open the 'Configure for MPLab 6' setup inside the PICC Lite folder. 
5. Follow on screen instructions. 
 
Install PICkit 1 Classic Software as follow: 
1. Select PICkit1 Classic Setup. 
2. Follow the on screen setup. 
3. Once completed, restart computer. 
 


