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Introduction

The goal of Computer Engineering Lab II, was to build a miniature scale model elevator controller; which would be accomplished by using IR sensors, buttons, and seven segment LED’s to display the floor number. Two PIC18 microcontrollers was used to control all of the sensors and the motor that would power the elevator and allow it to travel up and down.


In order to demonstrate the elevator correctly, a miniature model was created. This was a 1/20th scale model of an actual elevator. A 5V motor was used to control the elevator and move the elevator up and down the shaft. Three different IR sensors were placed on each floor to know when the elevator was correctly lined up with the floor. IR sensors were also be positioned on the elevator doors. If broken, i.e. a passenger is entering or exiting the elevator; the elevator will not move and enter into a standby waiting for the door to be clear. This is to ensure that the elevator has a safety mechanism so no one is injured while boarding or exiting. 


Once the elevator is in motion the seven segment LED’s would show which floor the elevator on. For example, if the elevator is leaving floor two heading to floor three, the seven segment LED’s would display two until it arrives at floor three where it would then change to display three. On the outside of each floor, one or two buttons were available for the user to press. These buttons would call the elevator to that floor to pick the user up. Three different buttons also lined the inside of the elevator. This allowed the user that was within the elevator to decide which floor he/she wished to travel to. 


For demonstration all of the wiring and seven segment LED’s was placed on a breadboard down on the floor. This is done to ensure no wiring got tangled when the elevator was moving up or down the shaft.  


Two PIC18 microcontroller were programmed using C language. The PIC18 microcontrollers are the heart of the system. It controlled all of the sensors and the motor. It was also responsible for optimizing the operation of the elevator and ensuring that it does not leave anyone stranded on a floor. Optimization means that the elevator will move in an intelligent way. If people are on floors two and three; however they all press the respected button out of order, the elevator will know to pick them up from floors two to three. 

Chapter 1: Hardware Operation


The different hardware components are what control the elevator; without them the software would not know what action to take without them. These different hardware components include seven segment and standard LED’s, IR transmitter and receiver, push buttons, and two PIC18 microcontrollers. These components interacted with each other via both of the PIC18 microcontrollers, and had no real interaction between each other. The software interpreted each of components responses and translated that data into useful information. Below shows a high level hardware diagram how each different component interacted with one another.
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Figure 1: Hardware Diagram
Chapter 2: Push Buttons


The project required different push buttons to be used to interpret where exactly the user wants to travel to. There was two sets of buttons that would be controlled by the first PIC18 microcontroller. The first set was the outside buttons. These buttons controlled where exactly the user was calling the elevator from. For instance if the user pressed the outside button on floor 2 to go down, the elevator would respond to this and if not already traveling, would go to floor 2 and pick up the user. However if the elevator is already traveling to a certain floor, it would add the call to its traveling queue. If the floor is within the way of its destination and the call was in the same direction as the elevator was traveling; it would stop at that floor and pick up the user. These decisions are all controlled via the software which will be described later.

There was also outside buttons which controlled where the user wanted to travel to. Once the elevator picks up a user, they will then have to select the floor they wished to travel it. Also the elevator would only travel in the direction that it was called in. For instance, if the user selected that they want to travel down they must select an inside button that is below their current floor. 


If we denote a HIGH as 5V and a LOW as 0V, then the buttons will be broadcasting a HIGH at all times. Once the button is pressed the terminal is connected to ground and will broadcast a LOW to the PIC18’s pin. The software is looking for this voltage edge to initiate a hardware interrupt. This hardware interrupt would then check what button was pressed and return that value within the software. 


All of the buttons are interpreted by one of the interrupt pins. This is done by using an AND gate to connect the different buttons together for both the inside and outside buttons. Since the buttons are always HIGH when not pushed, the AND gates output would be HIGH; however when one of the buttons is pushed its output changes to a LOW sending the final AND gate to a LOW. This can be seen in the figures below. 
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Figure 2: Inside Button Circuit Diagram
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Figure 3: Outside Button Circuit Diagram


Upon receiving this LOW at either pin 38 or 37, depending whether it is the inside or outside buttons, the first PIC18 microcontroller would then set different variables accordingly so the elevator can travel to the correct floor.  

Chapter 3: Seven Segment/Standard LED’s

The elevator also has different signaling devices to allow the user to visibly see where and what the elevator is doing. There are two different colored LED’s that signify whether or not the elevator is traveling up, down, or not moving at all. A green LED lights up when the elevator is traveling upwards, a red LED lights up when it is traveling down, and neither LED lights up if the elevator is stationary. 


A seven segment LED is also on the main breadboard to display exactly what floor the elevator is currently on. This is being controlled by the IR sensors which will be discussed within the next section. The seven segment LED is controlled by data being sent from the second PIC18 microcontroller by setting different pins to either a HIGH or a LOW. Depending what the value of the pin is set to, each time the function is called it will read the values of the pins. If a pin reads high it means that the elevator is on that floor and will display that floor number. The seven segment LED will only change floor numbers once the elevator is on the floor. The circuit diagram of the seven segment LED and the standard LED’s can be seen below.
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Figure 4: Seven Segment LED Circuit Diagram

Chapter 4: IR Receiver/Transmitter


In order for the elevator to know where exactly within the elevator shaft it is at, IR sensors were present. These IR sensors where placed at the top of every floor and would act like a stopper for the elevator. Attached to the top of the elevator was an IR Transmitter. This transmitter would continuously pulse at 38kHz. Each of the receivers had a response frequency of 38kHz. In the presence of IR light their output would be set to a LOW, and if no IR light was present it would be set to a HIGH. The IR receivers output was received by pins 8 through 10 on the second PIC18 microcontroller. Depending on which floor the LED was on different pins on the second PIC18 microcontroller would be set accordingly. These pins would be read then by the first PIC18 microcontroller. Depending on what floor the elevator, the first PIC18 would interpret the different pin values and set the seven segment LED to the correct floor. A circuit diagram of the IR sensors can be seen below.
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Figure 5: IR Transmitter/Receiver Circuit Diagram
Chapter 5: PIC18 Microcontroller

The PIC18 microcontroller is the bridge between the hardware and software. Each of the different hardware components rely on the different responses that are generated by the PIC18 microcontroller from other events that occur during execution of the program. Depending on what button is pushed to travel to a certain floor, the PIC18 will respond and set a specific combination of pins to certain values depending the commands; either a HIGH or a LOW. 


The PIC18 also handles the different interrupts that occur during certain events. For instance when any of the push buttons are pressed the PIC18 would read this hardware interrupt on a certain pin. The main program would be placed on the stack and the high priority interrupt will execute. When the interrupt is finished executing the main program would resume from where it left off. This is useful for if a user is traveling up the elevator and there is user who wants to travel down. The elevator would continue to move because the movement is controlled on the second PIC18, while the interrupt executed on the first PIC18 and stored request within a queue. This process will be explained in greater detail within the next few chapters which will discuss the software execution and flow of the program.

Chapter 6: Software Execution on First PIC18

The software is responsible for all interpretations of the different responses from the hardware components. The main.c file contains all of the different functions which control the elevator. Each of the different functions will be explained later on in this chapter. The main.c program will begin execution by declaring all of the necessary global variables that will be used by the different functions and the hardware enabled interrupts. From here the program will start the interrupt service routine by declaring which pins are activated and which are high or low priority. For the purpose of this project all of the interrupts will be high priority. Below is the code snippet of how the interrupts are being set. Since the project is using multiple interrupts, they must all be declared within one INTSET command. The project is using pins 38 and 37 and in order to configure this correctly they must be called by their bit position. The binary number to initiate pins 38 and 37 is 11000000; which is 0xC0 in hexadecimal. 
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Figure 6: Instantiation of Interrupts


After initiating the interrupts, a LED will be lit to signify that the program is operational and ready. The program will enter into its main loop. Within this loop, the program will constantly check whether a floor was called or not. It will then check whether the current floor the elevator is on is equal to its destination floor. The destination floor, if the elevator has not been called, will be equal to the current floor. The elevator will wait for either an outside button call or inside button call. If either of these events occurs, a hardware interrupt will be created by the act of pressing on of the buttons. 

Interrupt


Within the interrupt service routine (ISR), the interrupt will check which pin the interrupt was called from. Depending on whether it was called from the outside buttons or inside buttons a different pin would have been set. The interrupt will check each of the different pins that the button is connected to. Depending on the value present at the different pins, the software will know what button was pressed and what floor the elevator was called from. This will be done by setting a matrix location to HIGH depending on what button was pressed. For instance if the button and floor three was pressed to go down, the matrices last data location will be set to a high.

Within the ISR, a function will be called to get the location of where that variable was set. This data will then be set to equal to the destination floor. A final statement will check to see if the destination floor is still equal to the current floor. Since they are now not equal a variable will be set which will allow the elevator to move.


Another function will be executed which will interpret whether the elevator has to travel downwards or upwards from its current position. This will be done by checking the matrix again. The current matrix location is simply set by what floor the elevator is currently on minus one. For instance, if the elevator is on floor 1, and was called from floor three; then at matrix[2] it will equal a 1. Checking if a position was set the program would first check downwards within the matrix by checking matrix[currentFloor – 1]. Since the elevator is on the first floor, the program will stop here and set the value to 5. Next it will check upwards incrementing a counter for each location that is equal to 0. When it comes upon the 1 within the matrix, it will stop and set the destination variable to where it currently is within the matrix. The program will then compare the two values. Depending on which value was higher or lower the program will set a current direction variable to a 1 if traveling upwards or 0 if traveling down. For this example that specific variable will be set to a 1. 

Main Program while traveling to destination floor


After the program returns from the ISR, it will check to see whether or not the current floor is equal to the destination floor. Since the destination floor was changed during the ISR, the program will enter into another while loop which will execute until the current floor and destination floor are once again equal. The elevator will start to move in the correct direction and a green LED will light up to signify that the elevator is moving upwards.

 Within this loop the program will continually update the seven segment LED, check whether any changes occurred to the current floor, and check if any changes in the course have changed. However, an ISR can still occur within this loop and will occur if another user presses an outside or inside button which the elevator is traveling. This is beneficial because it will allow the elevator to change the destination floor. For example, if a user is on floor one and wants to travel to floor three; they will pressed the inside button corresponding to floor three. While they are traveling upwards there is another user who is on floor two yet also wants to travel to floor three. If the elevator is in between floors one and two when the second user pressed the call button, the elevator will enter into an ISR and change the destination floor from 3 to 2 to pick up the second user. The elevator will also not forget that its original destination was to go to floor three. After waiting until the user enters the elevator, it will continue to travel to floor three.

Program Execution upon Arrival at Destination


Once the elevator finally reaches its destination the program will turn the direction LED off and begin to check the destination matrix to see if any floors were requested that are below the destination floor. If there was a request that was called fro ma bottom floor while the elevator was traveling up, it will wait until the doors are cleared and check whether any inside button was pressed. If no button was pressed after a certain time period, the elevator will begin to travel downwards towards the floor in which the call came from. Otherwise if the elevator was not called from a specific floor, the elevator will remain stationary on its current floor. It will now enter a busy wait and constantly check whether there was a new call on any floor; and until it receives this call it will wait at its current floor. 

The program relies heavily on multiple iterations of the same function or loop to constantly check for any changes that have occurred in the status of the elevator. Below are flow charts which show the execution of the program on the first PIC18 and the ISR.
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Figure 7: Flow Chart of main program on first PIC18
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Figure 8: ISR Flow Chart

Chapter 7: Software Execution on Second PIC18

The second PIC18 microcontroller is used to control the motors and to gather the data from the IR sensors. One of the reasons in using two; is so one PIC18 could be worried about gathering button data, and setting up queues for where the elevator has to travel to; while the other handles moving the elevator and gathering IR data. This will allow for a much faster response time and less chance that the program will get stuck within different loops. 


The second PIC18 will always be running parallel to the first PIC18. Different pins are connected together and read from one another to communicate in a very rudimentary way. For example, depending on what floor the IR sensor is being picked up from, a certain pin will be set to either a HIGH or a LOW to signify the elevator is at that floor or not. Within the first program this pin will be read when it is time to set the seven segment LED’s. In doing this it reduces the number of interrupts the program has to use. 


The second PIC18’s program will begin by declaring its local variables and then entering a never ending ‘while’ loop. Here the program will constantly be doing three different things. First off it will be checking pins 1 and 2 to see if the elevator has to move. Secondly, it will be checking each of the different IR sensors to know what floor the elevator is on. Lastly, it will be setting pins 10-12 to either a HIGH or a LOW depending on whether the elevator is on a certain floor or not. The program is able to complete on cycle of this loop within about 3.3mS. This means it will be able to detect nearly the exact moment when the elevator reaches the floor.
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Figure 9: Stopwatch debugging tool showing the execution time of 1 loop within second program
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Figure 10: Flow Chart of main program on second PIC18
Chapter 8: Results

During simulation of the elevator the program works as expected. If floors are called during the initialization of the program, once the program enters into the main ‘while’; it will being by calling the first function. This function will sort through the matrix and find where exactly the floor was called from. All of the variables will be successfully set and the elevator will be able to being moving. If the movement is also simulated, one can view via the watch window within MPLabs that the elevator did travel to the destination floor and now it is waiting to receive another command. 


When simulating a floor being called during the execution of the second ‘while’ loop the program will place that new floor within the queue; and if it is in the path the elevator is currently traveling it will stop on that floor. 


The seven segment LED also correctly displays the current floor the elevator is on. When the IR receivers ‘see’ the IR light, they will correctly and change the floor number that is displayed on the seven segment LED. However there is an anomaly that does occur around 25%. The elevator will begin off on floor one. If the elevator tries to move up to the next floor, the seven segment LED will display a 3 even though the elevator is not on floor three. This was resolved by programming the IR receiver/transmitter onto the second PIC18. 

The main problem of the project was getting the motors to work correctly to pull the elevator up the shaft. Since one of the purchased motors did not supply enough torque another motor needed to be purchased. With two motors there was enough torque applied to lift the elevator, however the spindle was not correctly collecting the extra cable and would begin to wrap around the axle. 

The elevator is working correctly when moved manually exact for when the program randomly freezes or halts. This is an anomaly that needs to be examined within future implementations. This problem only occurs when the elevator is clear to travel as well.


Also polling of the different hardware components was used originally however this method was not efficient and did not always work as expected. For example, within the main program if the user pressed a button to go to a certain floor the elevator would respond about half of the time while the user is held down the button for a short period of time. Seeing as how this system needed to be a real time system, interrupts were the solution to this problem. Now whenever a button was pressed, the result from multiple AND gates would drop to a LOW, and ISR would be initiated to gather the data at the different pins and find quickly and efficiently what button was pressed and relate that button to a specific floor.

Chapter 9: Conclusion


The elevator works is working correctly electrically and software wise. The only main issue that still needs to be resolved is implementing the motors into the system, and resolving the anomaly that occurs within the main program. The project was a success and very helpful in the end in terms of learning new programming techniques. For instance, one of the main issues was achieving a real time system. This was done by implementing hardware interrupts into the software and learning how to incorporate multiple interrupts within the same program. Even though the elevator is not moving up and down the shaft on its own, the functionality is still present within the system.  The IR sensors are sending responses to the PIC18 on the elevators current position; this data is then being translated to light the correct segments of the LED to display the current floor; and when the buttons are pressed this data is being translated to know what floor the elevator must travel to. 
Appendix A: Gantt Chart
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Appendix B: First PIC18 Source Code

#include
"CS110000.h"

void outsideButtonControl(int outsideButton[][2],int insideButton[], int currentFloor, int currentDirection,int* clearToMoveToNextFloor,int* destinationFloor,int* wantedDirection,int* atOutsideCall);

int checkcurrentFloor();

void toggleUpOrDown(int currentDirection);

int elevatorController(int currentDirection,int currentFloor,int insideButton[],int outsideButton[][2],int* clearToMoveToNextFloor,int* destinationFloor);

void checkFloor(int currentFloor, int insideButton[], int clearToMoveToNextFloor, int* currentDirection);

void swtichFloor(int* currentFloor);

//DECLARE GLOBAL VARIABLES

int counter;

int currentDirection;  //1 == UP; 0 == DOWN 

int currentFloor;

int clearToMoveToNextFloor;

int insideButton[5];

int outsideButton[5][2];

int i = 0;

int reset;

int floorCalledFrom;

int moving;

int destinationFloor;

int wantedDirection;

int atOutsideCall;

void main(void)

{


int directionVariable = 0; // IF NEG DOWN / IF POS UP


destinationFloor = 1;


atOutsideCall = 0;


counter = 0;


currentDirection = 2;


currentFloor = 1;


clearToMoveToNextFloor = 0;


moving = 0;


STPIND(40,HIGH);


INTSET(0xC0, 0x00, 0xC0, INTOTHER);


STPIND(3,LOW);


PWM(3,512,15);


STPIND(27,LOW);


STPIND(29,LOW);

//CLEAR BUTTON VARAIBLES TO PREVENT ANOMALIES


for(i = 0; i < 5; i++)


{



insideButton[i] = 0;



outsideButton[i][0] = 0;



outsideButton[i][1] = 0;


}

//DISPLAY ONE ON THE 7 SEG LED



STPIND(1,LOW);



STPIND(2,LOW);



STPIND(18,LOW);



STPIND(4,LOW);



STPIND(8,HIGH);



STPIND(9,HIGH);



STPIND(10,LOW);



STPIND(11,HIGH);


while(TRUE)


{

//CHECK IF THE ELEVATOR NEEDS TO MOVE



elevatorController(currentDirection,currentFloor,insideButton,outsideButton,&clearToMoveToNextFloor,&destinationFloor);

//CHECK IF THE CURRENT DIRECTION CHANGED TO LIGHT THE UP/DOWN LED





toggleUpOrDown(currentDirection);

//CHECK IF CURRENT FLOOR CHANGED



swtichFloor(&currentFloor);


//IF CURRENT FLOOR IS NOT THE SAME AS DESINTATION FLOOR ENTER LOOP



while(!(destinationFloor == currentFloor))



{




moving = 1;




STPIND(43,LOW);




TOGGLE(39);




elevatorController(currentDirection,currentFloor,insideButton,outsideButton,&clearToMoveToNextFloor,&destinationFloor);




swtichFloor(&currentFloor);





if(destinationFloor == currentFloor)




{





moving = 0;





STPIND(43,HIGH);





//ELEVATOR WILL STOP MOVING AND HAS REACHED DESTINATION





clearToMoveToNextFloor = 1;





if(atOutsideCall)





{






currentDirection = wantedDirection;






atOutsideCall = 0;





}





else





{






currentDirection = 2;





}





swtichFloor(&currentFloor);





//CHECK IF ANOTHER CALL WAS MADE





outsideButtonControl(outsideButton,insideButton,currentFloor,currentDirection,&clearToMoveToNextFloor,&destinationFloor,&wantedDirection,&atOutsideCall);





checkFloor(currentFloor, insideButton, clearToMoveToNextFloor, &currentDirection);





elevatorController(currentDirection,currentFloor,insideButton,outsideButton,&clearToMoveToNextFloor,&destinationFloor);





//CHECK TO SEE IF ANYONE IS IN THE DOORWAY





while(!GTPIND(22))





{






PAUSE(1000);





}




}




//CHANGE THE DIRECTION LED ON/OFF




toggleUpOrDown(currentDirection);



}


}

}

//*****************************************************************************

//FUNCTION FOR CHANGING THE DIRECTION LED ON/OFF

//*****************************************************************************

void toggleUpOrDown(int currentDirection)

{


if(currentDirection == 0)


{



STPIND(16,HIGH);



STPIND(17,LOW);


}


else if(currentDirection == 1)


{



STPIND(16,LOW);



STPIND(17,HIGH);


}


else if(currentDirection == 2)


{



STPIND(16,LOW);



STPIND(17,LOW);


}

}

void swtichFloor(int* currentFloor)

//***************************************************************************

//SEVEN SEGMENT LED CODE WILL DISPLAY NUMBER THAT ELEVATOR IS ON

//THE FOLLOWING PINS ARE USED:

//1,2,3,4,8,9,10,11

//***************************************************************************

{


if(GTPIND(19))


{



STPIND(1,LOW);



STPIND(2,LOW);



STPIND(18,LOW);



STPIND(4,LOW);



STPIND(8,HIGH);



STPIND(9,HIGH);



STPIND(10,LOW);



STPIND(11,HIGH);



*currentFloor = 1;



insideButton[0] = 0;



return(0);


}


//TWO


if(GTPIND(20))


{



STPIND(1,HIGH);



STPIND(2,HIGH);



STPIND(18,LOW);



STPIND(4,HIGH);



STPIND(8,HIGH);



STPIND(9,LOW);



STPIND(10,HIGH);



STPIND(11,HIGH);



*currentFloor = 2;



insideButton[1] = 0;



return(0);


}


//THREE


if(GTPIND(21))


{



STPIND(1,HIGH);



STPIND(2,LOW);



STPIND(18,LOW);



STPIND(4,HIGH);



STPIND(8,HIGH);



STPIND(9,HIGH);



STPIND(10,HIGH);



STPIND(11,HIGH);



*currentFloor = 3;



insideButton[2] = 0;



return(0);


}

/*
//FOUR


case 4 :



STPIND(1,LOW);



STPIND(2,LOW);



STPIND(18,HIGH);



STPIND(4,LOW);



STPIND(8,HIGH);



STPIND(9,HIGH);



STPIND(10,HIGH);



STPIND(11,HIGH);



return(0);


//FIVE


case 5 :



STPIND(1,HIGH);



STPIND(2,LOW);



STPIND(18,HIGH);



STPIND(4,HIGH);



STPIND(8,HIGH);



STPIND(9,HIGH);



STPIND(10,HIGH);



STPIND(11,LOW);



return(0);



*/


else


{



STPIND(1,HIGH);



STPIND(2,HIGH);



STPIND(18,HIGH);



STPIND(4,HIGH);



STPIND(8,HIGH);



STPIND(9,HIGH);



STPIND(10,HIGH);



STPIND(11,HIGH);



return(0);




}

}

//***************************************************************************

//OUSIDE BUTTON CONTROL

//THE FOLLOWING PINS ARE USED:

//12,13,14,15,16,17,18,19

//***************************************************************************

void outsideButtonControl(int outsideButton[][2],int insideButton[], int currentFloor, int currentDirection,int* clearToMoveToNextFloor,int* destinationFloor,int* wantedDirection,int* atOutsideCall)

{


int i = 0;


int j = 0;


int whereTo = 0;


int upOrdown = 2; // 0 == DOWN  1 == UP


int direction = 0;


for(i = 0; i < 3; i++)


{



if(outsideButton[i][0] == 1)



{




whereTo = i + 1;




upOrdown = outsideButton[i][1];




*wantedDirection = upOrdown;




*atOutsideCall = 1;




outsideButton[i][0] = 0;




outsideButton[i][1] = 0;




if(upOrdown == 1)




{





direction = 1;




}




else if(upOrdown == 0)




{





direction = -1;




}




break;



}


}


if(whereTo > 0)


{





if(currentDirection == upOrdown) //SAME DIRECTION SET DESTINATION FLOOR TO NEW VALUE



{




for(i = currentFloor; i >= 1 && i <= 3; i += direction)




{



 

if(whereTo == i)





{






insideButton[i-1] = 1;






*destinationFloor = i;






break;





}




}



}




else if(currentDirection != upOrdown) //OPOSITE DIRECTION 



{




if(currentDirection == 2)




{





insideButton[whereTo-1] = 1;





*clearToMoveToNextFloor = 1;




}




else




{





for(i = currentFloor; i >= 1 && i <= 3; i += direction)





{






if(whereTo == i)






{







insideButton[i-1] = 1;







break;






}





}




}



}


}

}

//***************************************************************************

//ELEVATOR CONTROLLER

//RETURNS THE FLOOR THAT IS CLOSEST TO YOU AND IN THE DIRECTION YOUR HEADING

//***************************************************************************

int elevatorController(int currentDirection,int currentFloor,int insideButton[],int outsideButton[][2],int* clearToMoveToNextFloor,int* destinationFloor)

{


int currentFloorCheck = 0;


//Get current floor


currentFloorCheck = currentFloor;

//***************************************************************************

//ELEVATOR GOING DOWN

//***************************************************************************


if(*clearToMoveToNextFloor == 1)


{



if(currentDirection == 0)



{




for(currentFloorCheck; currentFloorCheck > 0; currentFloorCheck--)




{





if(insideButton[currentFloorCheck-1] == 1)





{






*destinationFloor = currentFloorCheck;






*clearToMoveToNextFloor = 0;






return(0);





}




}



}

//***************************************************************************

//ELEVATOR GOING UP

//***************************************************************************



else if(currentDirection == 1)



{




for(currentFloorCheck; currentFloorCheck < 4; currentFloorCheck++)




{





if(insideButton[currentFloorCheck-1] == 1)





{






*destinationFloor = currentFloorCheck;






*clearToMoveToNextFloor = 0;






return(0);





}




}



}



else if(currentDirection == 2)



{




*destinationFloor = currentFloor;




return(0);



}


}


return(0);


}

//***************************************************************************

//CHECK FLOOR

//IF A BUTTON WAS PRESSED CHECK WHICH DIRECTION IS NEEDED TO TRAVEL

//***************************************************************************

void checkFloor(int currentFloor, int insideButton[], int clearToMoveToNextFloor,int* currentDirection)

{


int i = 0;


int value1 = 0;


int value2 = 0;


int tempV1 = 0;


int tempV2 = 0;


if(*currentDirection == 2 && clearToMoveToNextFloor == 1)


{


//
TOGGLE(43);



PAUSE(100);


//
TOGGLE(43);



for(i = currentFloor - 1; i < 3; i++)



{




if(insideButton[i] == 1)




{





value1 = tempV1;





break;




}




tempV1++;



}



for(i = currentFloor - 1; i > 0; i--)



{




if(insideButton[i] == 1)




{





value2 = tempV2;





break;




}





tempV2++;



}



if(value2 < value1 && currentFloor != 1)



{




*currentDirection = 0;



}



else if(value2 >= value1 && currentFloor != 3)



{




*currentDirection = 1;



}



else if(currentFloor == 1)



{




*currentDirection = 1;



}



else if(currentFloor == 3)



{




*currentDirection = 0;



}



if(value1 == 0 && value2 == 0)



{




*currentDirection = 2;



}


}

} 
Appendix C: Interrupt Source Code 

#include
"CS110000.h"

// RESTATE GLOBAL VARIABLES HERE

extern int counter; //Counter from Main

extern int currentDirection;

extern int currentFloor;

extern int clearToMoveToNextFloor;

extern int insideButton[5];

extern int outsideButton[5][2]; //3 = number of floors; 2 = number of cases (1 == UP/0 == DOWN)

extern int floorCalledFrom;

extern int moving;

extern int destinationFloor;

extern int wantedDirection;

extern int atOutsideCall;

int previousFloor;

//******************************************************************************************

//CURRENT FLOOR = The floor you are on; INSIDEBUTTON = checking what button inside was pressed; CLEARTOMOVE = Checks whether the elevator is moving or not;

//CURDIR = the direction the elevator is traveling currently

extern void checkFloor(int currentFloor, int insideButton[], int clearToMoveToNextFloor, int* currentDirection);

//******************************************************************************************

//******************************************************************************************

//OUTSIDE = Button pressed outside; INSIDE = Button pressed inside; CURFLOR = where you currently are; CURDIR = way you are currently moving

//CLEARTOMOVE = Checks whether the elevator is moving or not; DESFLOR= where you are going

extern void outsideButtonControl(int outsideButton[][2],int insideButton[], int currentFloor, int currentDirection,int* clearToMoveToNextFloor,int* destinationFloor,int* wantedDirection,int* atOutsideCall);

//******************************************************************************************

#pragma code

#pragma interrupt InterruptHandlerHigh

void InterruptHandlerHigh(void)

{

// TYPE YOUR CODE HERE AFTER THIS LINE


int i = 0;

//THIS IS TO SET THE INSIDE BUTTONS


if(INTSOURCE(INTHIGH) & 0x80)


{



if(!GTPIND(46) && currentFloor != 1)



{




insideButton[0] = 1;




clearToMoveToNextFloor = 1;



}



if(!GTPIND(45) && currentFloor != 2)



{




insideButton[1] = 1;




clearToMoveToNextFloor = 1;



}



if(!GTPIND(44) && currentFloor != 3)



{




insideButton[2] = 1;




clearToMoveToNextFloor = 1;



}



if(moving == 0)



{




STPIND(41,HIGH);




checkFloor(currentFloor,insideButton,clearToMoveToNextFloor,&currentDirection);



}


}

//THIS IS TO SET THE OUTSIDE BUTTONS


if(INTSOURCE(INTHIGH) & 0x40)


{



if(!GTPIND(12) && currentFloor != 1) // FLOOR ONE



{




outsideButton[0][0] = 1; // YES ITS CALLED




outsideButton[0][1] = 1; // GOING UP




floorCalledFrom = 1;



}



if(!GTPIND(13) && currentFloor != 2) // FLOOR TWO



{




outsideButton[1][0] = 1; // YES ITS CALLED




outsideButton[1][1] = 0; // GOING DOWN




floorCalledFrom = 2;



}



if(!GTPIND(14) && currentFloor != 2) // FLOOR TWO



{




outsideButton[1][0] = 1; // YES ITS CALLED




outsideButton[1][1] = 1; // GOING UP




floorCalledFrom = 2;



}



if(!GTPIND(15) && currentFloor != 3) // FLOOR THREE



{




outsideButton[2][0] = 1; // YES ITS CALLED




outsideButton[2][1] = 0; // GOING DOWN




floorCalledFrom = 3;



}



if(moving == 0)



{




outsideButtonControl(outsideButton,insideButton,currentFloor,currentDirection,&clearToMoveToNextFloor,&destinationFloor,&wantedDirection,&atOutsideCall);




checkFloor(currentFloor,insideButton,clearToMoveToNextFloor,&currentDirection);



}


}


STPIND(41,LOW);


//INSTANTIATE INTERRUPTS


INTSET(0xC0, 0x00, 0xC0, INTHIGH);

}

Appendix D: Second PIC18 Source Code

#include
"CS110000.h"

void main(void)

{


int curDir;


int clear;


int floorOne = 2;


int floorTwo = 2;


int floorThree = 2;


STPIND(46,HIGH);


STPIND(3,LOW);


PWM(3,512,15);


while(1)


{



curDir = GTPIND(1); //THIS IS CURRENTDIRECTION FOMR PIN 30



clear = GTPIND(2); //THIS IS FROM PIN 29



if(curDir == 1 && clear)



{




PULSOUT(19,800,1,1);




PULSOUT(18,400,1,1);



}



else if(curDir == 0 && clear)



{




PULSOUT(19,400,1,1);




PULSOUT(18,800,1,1);



}



else



{




PULSOUT(19,600,1,1);




PULSOUT(18,600,1,1);



}



floorThree = GTPIND(8);



floorTwo = GTPIND(9);



floorOne = GTPIND(10);



if(floorThree == 0)



{




STPIND(13,HIGH);




STPIND(12,LOW);




STPIND(11,LOW);



}



else if(floorTwo == 0)



{




STPIND(13,LOW);




STPIND(12,HIGH);




STPIND(11,LOW);



}



else if(floorOne == 0)



{




STPIND(13,LOW);




STPIND(12,LOW);




STPIND(11,HIGH);



}


}

}

Appendix F: BOM

	PART NUMBER
	LOCATION
	DESCRIPTION
	QUANTITY
	PRICE EA.
	COST
	 

	PNA4602M-ND
	www.digikey.com
	IR Recievers for Doors and Walls
	12
	$1.28
	$15.36
	 

	160-1575-5-ND
	www.digikey.com
	7 Segment LED's
	5
	$0.66
	$3.30
	 

	160-1715-ND
	www.digikey.com
	Green Light Emitting Diode
	5
	$0.35
	$1.75
	 

	08 OP501SW
	www.elexp.com
	IR Transmitter
	12
	$0.30
	$3.60
	 

	CS215001
	www.c-stamp.com
	C Stamp and BOL
	1
	$113.79
	$113.79
	 

	C2065A-12-01
	www.digikey.com
	100' of 16 gauge wire
	1
	$31.70
	$31.70
	 

	 
	HomeDepot
	10' plywood
	2
	$7.59
	$15.18
	 

	IL-SAN50 
	RobotCombat.com
	Micro Geared Motor 50:1
	2
	$18.99
	$37.98
	 

	97820A600
	www.mcmaster.com
	Nails
	1
	$5.62
	$5.62
	 

	P12348S-ND
	www.digikey.com
	Push Button
	15
	$1.70
	$25.50
	 

	 
	 
	 
	TOTAL COST
	$253.78
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