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Introduction

In this second mini-project, you are required to modify a C program to implement the functions of a clock and an electronic stop watch. The C program will run on the micro-controller card you built earlier in the Project 1 module. In the first instance, the stop watch and clock will be controlled by characters typed on a standard PC. When you have done this, you will further modify the program so that the stop watch is controlled by the button on the micro-controller card. 

To do this task you will again work in pairs. You are required to first understand the sample program included in this document and produce a pseudo code description of its functionality. To see the program operate, you will compile the program on a standard PC using a cross compiler which produces code which will run on the micro-controller card.

Having understood how it works, you will do the first modification to turn it into a stop watch. Then you will modify it again so that it works as a clock where you can set the time of day. Having completed both, you will merge them into a single program that works as both clock and stop watch. Finally, you will modify the stop watch so that it is  controlled using the push button on the board, not the PC keyboard.

What does the Sample Program do?

The sample program included in this document is a program that behaves as a simple clock. It generates the time of day as a text string and sends it to the serial port of the micro-controller. This is one of the test programs you have used while testing your circuit board.

The program has limited functions. For example, you cannot change the time displayed. However, it does have the necessary code to update the time and transmit this as a text string via the serial interface.

To see the time, you must connect the micro-controller card to the com port of the PC. By using a terminal emulator program, you can display the time on the PC screen.

Initial Documentation and Testing
To start with, you need to understand how the program works. We suggest you begin by testing your board again with a programmed device supplied by the technician. Once it is fully working, you can compile the program and test it on the micro-controller card. The following section describes how to compile the program on the PC and transfer the code to the micro-controller card.

The next page gives the source of the C program. You can continue to use VisualC to input the program and check it for syntax errors. Do not try to link the program. Also, don’t forget to add the functions to drive the serial interface found on page 5.

/* Sample Clock Program*/

#include c:\mc\8051io.h

#include c:\mc\8051reg.h

extern register char cputick;

unsigned register char sec100, sec, min, hour, flag1;

void main( void )

{

   flag1 = 0;

   hour = 17;

   min = 59;

   sec = 0;

   setup_serial;

   /*     */

   while( 1 )

    {

        while (cputick < 10)

        ;

        cputick = 0;

        time ();

        printtime ();

     }

}

time ()

{

    sec100++;

    if (sec100 >= 10)

    {

        sec100 = 0;

        flag1 |= 0x01;

        sec++;

        if (sec >= 60)

        {

              sec = 0;

              flag1 |= 0x02;

              min++;

              if (min >= 60)

              {

                    min = 0;

                    hour++;

                    if (hour >= 24)

                    {

                           hour = 0;

                    }

              }

       }            

}

printtime ()

{

     if ((flag1 & 0x01) != 0)

     {

           printf(“/n %02u:%02u:%02u”, hour, min, sec);

          flag1 &= ~0x01;

     }

}

Notice that this program uses the printf() function. We could have used the send_char() function to transmit the time string, but it is easier to use the formatting provided by C. The variable cputick is a special register which automatically increments every 10ms.

Once you have seen what the clock does, you must study the code and produce documentation for it. We expect you to:

1. add comments to the program

2. produce Pseudocode describing its operation.

Compiling using CC51
The overall process to produce code for the micro-controller is:

1. edit the source C program with any text editor – you can use the VisualC editor (save it in text format with .c file extension)

2. use cc51 to compile source program into hex file

3. download hex file to 2051 chip using programmer

4. insert programmed 2051 chip into micro-controller board

5. connect serial cable to PC

6. connect DC power to board

1. When writing your program, create a home directory on the hard disk to hold your files. This is referred to as <home>. The source should have the extension .c – here will assume it is <prog_name>.c

2. To use the cross compiler, create an MS-DOS window and switch to the directory
c:\MC

To start the compiler, use the command line:





CC51 <prog_name> -il h=<home> m=t

Note the switches –il. This will cause the compiler to generate a list file and a hex file. The list is a description of the machine level code that will be programmed into the micro-controller and the hex file defines the actual bit pattern to be programmed in it.

3. When the compiler has run successfully, it will generate a file with the 


.hex
extension. The bit pattern is written in hex notation, hence the .hex extension. This is the format that the programmer will understand.

The file with the .lst extension is produced by the compiler and it details all the actual machine code to be downloaded to the micro-controller. You do not need to look at this.

Take the .hex file on a floppy disk to the programming station. Follow the instructions provided for programming the 2051 controller at the end of this document.

4. Make sure the power is off before inserting the IC in your circuit board. Check which is pin 1 so that you insert it the right way round.

5. Connect the 3-way serial cable to the lead attached to the com1 port of your PC.

6. Turn the power on and test the functionality of the software. You will need to use the terminal emulator on the PC  – check it is set to 9600bps, 8-bit, no parity and 1 stop bit.

Modifying the Program to Act as a Clock and Stop Watch

Having understood the program, you must now modify it so that it can be controlled via the serial interface. This means you will be able to type commands on the PC keyboard to control the clock.

The next section gives you the source code for a number of functions to control the serial interface. Calling the functions is similar to calling those used in your previous program to create a dice. The actual functions are different because they are designed to work with the micro-controller rather than the com port of the PC. The functions are:

void setup_serial(void);

Function to initialize the interface to 9600bps, 8bit, no parity, 1 stop bit.

void send_char(int ch);

Function to send the character ch via the serial interface. Note that you can also use printf() in the normal way.

int get_char(void);

Function to return a character read from the serial interface.

int test_char(void);

Function to check to see if a character has been received.

Use these functions to extend the programs functionality to:

Phase 1

The first phase is to make the program work as a stop watch. This means that your program will need to monitor the serial interface for valid commands being entered on the PC keyboard. Having detected a valid command, it should take the appropriate action. The actions for the stop watch are:

<SPACE>
Hitting the space bar on the keyboard should start and stop the stopwatch

R
Typing R on the keyboard should cause the displayed time to be reset to zero, i.e. 00:00:00

Phase 2

In the second phase of development, you must modify the program so that it works as a normal clock. This means it continues to run until you want to adjust the time. The actions for the clock are:

A
Adjust the time. First the clock stops running and the user inputs the time of day in hhddss format (a 6 digit string).

<BACKSPACE>
If the clock is running, this character has no effect. When it is in adjust mode, it is used to delete the last character (digit) entered.

<ENTER>
Hitting the enter key will cause the clock to start running at the time entered using the A command. If the clock is already running, it has no effect.

Note that this specification does not say what is displayed on the PC screen when it is adjust mode, this is up to you to specify.

Phase 3

You now need to combine the operations of Phase 1 and Phase 2. The two new command are:

C
If the device is in stopwatch mode, it switches to being a clock

S
If the device is in clock mode, it switches to being a stopwatch.

Note that the clock continue to update when the device is in stopwatch mode. Similarly, the stopwatch will continue to run (only if it is already running) when you switch to clock mode.

Programming the Serial Interface

The following code provides the 4 functions necessary for controlling the serial interface on the micro-controller. Note that you must include the8051reg.h and 8051io.h header files.

/* Serial i/o Functions */

#include c:\mc\8051io.h

#include c:\mc\8051reg.h

void setup_serial ();

void send_char (byte char);

byte get_char ();

byte test_char ();

void main( void )

{

   setup_serial();

   /* main body of program */

}

setup_serial ()

/* 
Initializes the Serial Port to 9600bps

   
No parameters are passed to the routine, none are returned */

{

       serinit (9600);

}

send_char (byte char)

/* 
Transmits a character to the serial port and waits until


it has been sent.


The argument is the character to be transmitted.


No value is returned. */

{

     SBUF = char;

     while (!(SCON & 0x02)); /* wait for character to be sent */

     SCON = SCON & 0xFD;
/* clear flag */

}

byte get_char ()

/* Waits for a character to be erceived and returns the character */

{

     while (!(SCON & 0x01))
/* wait for a Rx character */

     continue;

     get_char  = SBUF;
/* get character from received buffer */

     SCON = SCON & 0xFE; 
/* clear received character flag bit */

}

byte test_char ()

/*
Returns the value 1 if a character is in the buffer, 


otherwise it returns 0 */

{

     test_char = (SCON & 0x01);

}

For some of the earlier parts of the exercise, you may find it easier to use the printf() function. This is supported on the micro-controller using CC51. However, you will not be able to use this for later stages of the project (it can not handle the non-printing control characters).

Making the Program Work with the Push Button

Having completed the integrated clock and stop watch, you should now return to your first stop watch only program. This was controlled by characters received via the serial interface. You must now modify the program so that the stop watch is controlled by the button on the micro-controller card instead of the serial interface. 

The following page shows a function which will return the status of the button. You should include this in your program together with the functions to control the serial interface. 

Your program should function so that pressing the button will toggle the stop watch on and off, just like using the space bar. However, if you want to reset the stop watch, you should hold the button down for at least one second. In writing this part of the program, a library function that may prove useful is delay(int n). This causes a time delay of nmsec before executing the next instruction.

byte test_button ()

/* returns true if button is pushed, otherwise it is false */

{

     test_button = (!(P3 & 0x04);

}

What you must do.

In completing this part of Project 1 you need to:

1. Take time to read this document and plan your project work.

2. Understand how ASCII characters can be received and transmitted using the micro-controller.

3. Understand how the sample program works. Comment the program and produce a pseudocode description of its function. Hand this in.

4. Develop a stop watch version of the program

a. Understand the requirement and produce pseudocode for the program

b. Code (including comments) and test/debug your program 

5. Develop a clock version of the program

a. Understand the requirement and produce pseudocode for the program

b. Code (including comments) and test/debug your program 

6. Combine the programs to form an integrated clock and stopwatch.

a. Understand the requirement, produce pseudocode for the combined program

b. Code (including comments) and test/debug your program 

7. Develop a stop watch version which uses the push butten

a. Understand the requirement and produce pseudocode for the program

b. Code (including comments) and test/debug your program 

What you have to Submit

Before the end of the allocated period (4 laboratory sessions, generally wk 24), you must demonstrate your working programs to the supervisor. He will have a check list to mark off each program as you finish it. You should also submit the following documentation before moving to the next program :

1. A pseudocode description of the program

2. A listing of the program. The listing must include comments. At the beginning of each subroutine, you should state the function of the subroutine, the data (variables) passed to it and the data it returns.

3. A brief description of how the program works.

For the Better Groups

It is expected that the better groups will be able to finish this sequence of tasks within 4 weeks. If you do, don’t bother about trying to improve the product. Talk to your supervisor and he will brief you on the next task to be done – this is writing the code to implement a simple network protocol. 

The network protocol software will allow you to link the PCs together over a simple serial interface. This network will only use the com port of the PC, but it will make use of the same techniques employed within the Ethernet standard to share a common communications channel. This task will have a lot of scope for groups to develop their own application after finishing the basic protocol. This is where the better groups can demonstrate their achievements.

Basic operation of Brightek WH-200B Eprom Programmer
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Double click the program “WH200” and the above window will appear

1. Select ChipType > Chip > MPU/MCI > ATMEL > AT89C2051 .  This will select the type of device we are going to program.

2. Select File > Open Intel Hex > Driver a “xxxxx.hex”.   Select the Hex file you want to program ( xxxxx is the name of your file )

3. Put the chip in the IC socket

4. Select Program > Autoprogram > press “OK”

5. After you hear a “Beep” sound , the process is completed.

The following EProm or Micro controller can be used in this Model :

Micro controller: 89C51, AT89C52, AT89C1051, AT89C2051, AT89C55

        AT89S8252, 8751／H , 8751BH, 8752BH, 87C51, 87C52

        87C51FA, 87C51FB, 97C51, 97C52, 97C1051, 97C2051 AT90S1200, AT90S2313.
EPROM ：2764, 2764A, 27C64, 27128, 27128A, 27C128, 
        27256, 27256A,  27C256, 27512, 27512A,  27C512, 27C010, 27C020, 27C040.

EEPROM：2817A, 2864A, 28C64, 28C256.
Parallel EEPROM: AT24C01A/02/04/08/16, 93C46/56/66,
          24LC01/02/04/08/16/32/64, 93LC46/56/66/76/86

FLASH R0M：28F256, 28F512, 28F010, 28F020, 29C256/512/010/010A/020/040/040A.
NVRAM: NV6264, NV62256, NV628128, NV628512.
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