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An Effective Assembly Language Routine of 8051 Microcontroller to Convert Hexadecimal Number to Decimal Number and Displaying the Decimal Digits at 8255 PPI Ports Dr. D. Chinni Krishna1, U. Sridevi2, B. Anjaiah3 Department of Physics1, 3, Department of Mathematics2 Bhavan’s New Science College, Narayanaguda, Hyderabad, Telangana State, India1, 3 Govt. City College, Hyderabad, Telangana State, India2 [email protected] Abstract: The most convenient number system for microprocessors / microcontrollers is hexadecimal number system. But, the human beings are routinely practiced to use decimal number systems. Therefore, there is a need of conversion of Hex numbers in to its equivalent decimal numbers to display on seven segment displays. The 8051 microcontroller is an 8 bit microprocessor and its instruction DA A will convert Hex digit in Accumulator in to its equivalent BCD format, but it may not give the decimal equivalent. The 8051 Assembly language program written by us will conveniently convert Hexadecimal numbers 00 – 7FH to their equivalent Decimal numbers 00 to 12710, which are used to display timer values in Traffic lights, Digital Balances etc.; In our program, the lower digit is converted in to its equivalent decimal value by using DA A instruction to get BCD1, the higher digit is shifted to lower digit position then multiplied by 6 and added it to 06 if one carry generated or added it to 1210 if two carries generated to get BCD2. The third BCD code (BCD3) is generated by decimal adjustment of the higher digit of hex data by DA A instruction. Enhancement of the program can be done by checking fourth and Fifth digits (ACC.4 and ACC.5) of the product of higher digit of hex data with 6 will produce more decimal digits. In the present work three different color LEDs (Green, Yellow and Red) were displayed at Port A of 8255 PPI through 8051 microcontroller and Time intervals in down counter mode is displayed on two seven segment displays after displaying each color at port B of 8255 PPI through 8051 microcontroller. The delay routine will produce the approximate time delay of 1 second at a time. It is possible to change the delay value by changing the values in R0, R1 and R2 register values. Key Words: Hexadecimal numbers, Decimal numbers, Microcontrollers, Registers, Time delays, interfacing, Assembly language programs. 1.



Introduction The Intel 8051, generally referred as MCS-51 is an 8-bit microcontroller. It has 128 bytes of RAM, 4K bytes of on chip ROM, two timers, one serial port and four ports (each 8 bits wide) all on a single chip. The 8051 is an 8-bit processor, meaning that the CPU can work on only 8 bits of data at a time. Data larger than 8 bits has to be broken in to 8 bit pieces to be processed by the CPU(1). The microcontroller used in the present work is the SDA 51-MEL is a system design aid for operation of microcontroller devices(2). It uses 8031/51 as the controller. It is a powerful microcontroller trainer for the INTEL 8051 microcontroller and it is operating at 11.0592 MHz. The most widely used registers of the 8051 are A (Accumulator), B, R0, R1, R2, R3, R4, R5, R6, R7, DPTR (Data pointer) and PC (Program Counter). All of the above registers are 8-bits except DPTR and PC. The four conditional flags Cy (Carry), AC (Auxiliary Carry), P (Parity) and OV (Overflow) are available in an 8-bit PSW (Program status word) register. There are 128 bytes of RAM in 8051 are assigned addresses 00 – 7FH. First 32 bytes of RAM are set aside for the register banks and the stack. It has four banks of registers in which each bank has eight registers R0-R7. Data bits D4 and D3 of PSW are used to select the desired register bank.
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In the 8051, registers A, B, PSW and DPTR are part of the group of registers commonly referred as SFRs (Special function registers). The SFRs can be accessed by their names or by their addresses. Some of the SFRs have the capability of single bit accessibility. For example, register A has addresses E0H and data bits of Accumulator ACC.0 – ACC.7 can be accessed as E0H – E7H. The register B has been designated as the address F0H. The four ports P0, P1, P2 and P3 each use 8 pins, making them 8-bit ports. A powerful feature of 8051 I/O ports is their capability to access individual bits of the port without altering the rest of the bits in that port. 2. Hexadecimal number System Hexadecimal number system is used as a convenient representation of binary numbers. It is more convenient to store or to transfer an hex code than the binary information (0 for GND and 1 for VCC) through microprocessors. In hexadecimal base is 16 and it has 16 digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E and F. The Table 1 shows the equivalent binary decimal and hexadecimal numbers. The byte is an 8 bit data and it is represented by two hex digits (00 - FF H), each digit is referred as a nibble. The conversion of data from hex to decimal can be approached in two ways:
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(i) (ii)



Convert from hex to binary and then to decimal Convert directly from hex to decimal by summing the weightage of all digits.



3.



Results and Discussions 3.1. Circuit design In the present work, SDA 51-MEL microcontroller ports are connected at bread board through 8255 PPI (Programmable peripheral Interface) IC and through flat cable. Port A pins are connected to color LEDs (Green, Yellow and Red) via 1KΩ resistors and port B is connected to common anode seven segment displays via 7447 decoder IC(3). The Figure 1 shows the connection diagram from 8051 through 8255 PPI ports through color LEDs and seven segment displays. The ground wire is connected to common to LEDs and seven segment displays. This type of connections are used to control the traffic lights with input / output option(4). In an 8 bit port A, first three bits are connected to Green LEDs and the data required to glow these LEDs is 1110 0000 = E0H and the time taken to display green LEDs is 30 seconds. The middle two bits are taken as yellow and the required data is 0001 1000 = 18H and the time assigned to display yellow lights is 5 seconds. The last 3 bits are taken as Red and the required data is 0000 0111 = 07H and the time to display these lights is 50 seconds. The Table 2 gives the 8051 assembly language program to transfer E0H, 18H and 07H systematically with the time delays 30 seconds, 5 seconds and 50 seconds respectively and these data’s will be repeatedly transferred in a systematic manner. After displaying green LEDs at port A, display the time on seven segment displays through port B, the delay value (1EH) in hex number format is loaded in R4 register and called the subroutine program labeled with HEX_BCD to convert hex number in decimal format. The Table 3 shows the assembly language subroutine to convert Hexadecimal number to decimal number. After returning from this routine the time value is displayed on seven segment display. Once it displayed, it appears for a second by calling delay routine as shown in Table 4. After one second delay R4 value is decremented by one and again it moved to HEX_BCD routine and the decremented value is displayed on seven segment displays. This process will be repeated until R4 value becomes 0 until then green lights will be displayed on LEDs at port A for a period of 30 seconds. In the similar way, yellow color LEDs will be displayed for a period of 5 seconds and Red color LEDs will be displayed for a period of 50 seconds. This process will be continuously repeated. If we want to display longer time for any color LEDs, the higher time value to be loaded in R4 register. 3.2 Procedure for Hex to Decimal conversion The process of conversion of Hexadecimal number to Decimal number can be explained with below examples: Example 1: 1EH to its equivalent decimal value 3010 1EH = 10H + 0EH =1610 + 1410 = 3010 can be written in a form as given below
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1010 + 0610 + 1410 = BCD3 + BCD2 + BCD1 = 3010 Here, there is no axiallary carry generated to obtain BCD2 Example 2: 5FH to its equivalent decimal value 9510 5FH = 50H + 0FH = 8010 + 1510 = 9510 can be written in a form as given below 5 x 1010 + (5x6)H + 1510 = 5010 + 1EH + 1510 = 5010 + (10 +14 +01x06)10 + 1510 =5010 + (24+ 06)10 + 1510 = 5010 + 3010 + 1510 = BCD3 + BCD2 + BCD1 = 9510 In this example, axiallary carry generated in the product of higher digit with 06. Therefore an additional 6 will be added Accumulator contents to obtain BCD2 Example 3: 6FH to 11110 6FH = 60H + 0FH = 9610 + 1510 = 11110 can be written in a form 6x1010 + (6x6)H + 1510 = 6010 + 24H + 1510 6010 + (20 + 04 + 2x6)10 + 1510 = 6010 + (24 + 12)10 + 1510 = 6010 + (36)10 + 1510 = BCD3 + BCD2 + BCD1 = 11110 In this example, axiallary carry generated twice in the product of higher digit with 06. Therefore an additional two 6s will be added to Accumulator to obtain BCD2. The single bit accessibility of 8051’s accumulator can made it possible to check the condition of axiallary carry bit. It is not possible with conventional microprocessors like 8085 to check the axiallary carry condition in the product. The flow chart for the entire process can be shown in Figure 2. 3.3 Components required 8051 microcontroller trainer kits with power supply; Common Anode Seven Segment displays to display time; 1KΩ resistors; Flat Cable to connect controller ports; Color LEDs to display lights; Connecting wires etc.; 3.4 Note on Hex_BCD Conversion routine 1. This program conveniently displays the maximum time delay up to 99 seconds. Set the R0, R1 and R2 register values to get the appropriate time delay. 2. To display the third digit, the carry bit condition is transferred through port C to third seven segment display which is not shown in the connection diagram. 3.4 Conclusions 1. The Hex_BCD subroutine will successfully converting Hex digits up to 7FH in to its equivalent Decimal values. 2. To enhance this conversion check higher bits in the product of 06 with higher digit of the hex data and if more digits are set to 1, then add more sixes to Accumulator to get BCD2. 3. The time values in Decimal format will be displayed on seven segment displays at port B of 8255 PPI. The colour LEDs will glow until time value becomes zero
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4. Three colours of LEDs successfully displayed with sufficient time delays at 8255 ports through 8051 microcontroller.
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Binary 0000 0000 0000 0001 0000 0010 0000 0011 0000 0100 0000 0101 0000 0110 0000 0111 0000 1000 00001001 0000 1010 0000 1011 0000 1100 00001101 0000 1110 0000 1111 0001 0000 0001 0001 0001 0010 0001 0011 0001 0100 0001 0101 0001 0110 0001 0111 0001 1000 0001 1001 0001 1010 0001 1011 0001 1100 0001 1101 0001 1110 0001 1111 0010 0000 “ 1111 1111
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Table 2: Assembly language program for 8051 microcontroller to display color lights (Green, Yellow and Red) at Port A and timings on seven segment displays at Port B of 8255 PPI ORG 8000; Initial address of the main program Address



Label field



Mnemonic field



Comments field



MOV DPTR,#2023 MOV A,#80



; Load DPTR with Control port Address ; Load Accumulator with 80H to 8255 control word to consider the ports (P0, P1 and P3) as output ports



MOVX @DPTR,A MOV A,#E0



; Transfer the control word to control port ; Load A with E0H, i.e. 1110 0000B; the first 3 MSB bits are taken as green lights



MOV R4,#1E MOV DPTR,#2020 MOVX @DPTR,A MOV DPTR.#2021 MOV A,R4 ACALL HEX_BCD



; Load R4 register with 1EH, i.e. 3010 for 30 seconds delay ; Load DPTR with Port 0 Address to display lights ; Display Green lights at port A ; Load DPTR with Port 1 Address to display timer value ; Transfer R4 value to Accumulator ; Call Hex to BCD conversion routine written from the memory location 8050H



8014 8015



MOVX @DPTR,A LCALL DELAY



; Timer value is displayed at port 1 ; Call delay routine written from the memory location FF00H to provide time delay



8018



DJNZ R4,BACK



; Decrement timer value by 1 and it it is not equal to 0, transfer it to port 1



801A



MOV A,#18



; Load A with 18H, i.e. 0001 1000B; the middle 2 bits are taken as yellow lights



MOV R4,#05 MOV DPTR,#2020 MOVX @DPTR,A MOV DPTR.#2021 MOV A,R4 ACALL HEX_BCD



; Load R4 register with 05, for 05 seconds delay ; Load DPTR with Port 0 Address to display lights ; Display Yellow lights at port A ; Load DPTR with Port 1 Address to display timer value ; Transfer R4 value to Accumulator ; Call Hex to BCD conversion routine written from the memory location 8050H



8028 8029



MOVX @DPTR,A LCALL DELAY



; Timer value is displayed at port 1 ; Call delay routine written from the memory location FF00H to provide time delay



802C



DJNZ R4,BACK1



; Decrement timer value by 1 and it it is not equal to 0, transfer it to port 1



802E



MOV A,#07



; Load A with 07, i.e. 0000 0111B; the last 3 bits are taken as Red lights



MOV R4,#33 MOV DPTR,#2020 MOVX @DPTR,A MOV DPTR.#2021 MOV A,R4 ACALL HEX_BCD



; Load R4 register with 32H, for 50 seconds delay ; Load DPTR with Port 0 Address to display lights ; Display Red lights at port A ; Load DPTR with Port 1 Address to display timer value ; Transfer R4 value to Accumulator ; Call Hex to BCD conversion routine written from the memory location 8050H



803C 803D



MOVX @DPTR,A LCALL DELAY



; Timer value is displayed at port 1 ; Call delay routine written from the memory location FF00H to provide time delay



8040



DJNZ R4,BACK2



; Decrement timer value by 1 and it it is not equal to 0, transfer it to port 1



8042



SJMP REPEAT



; Jump to the address labeled by REPEAT to display all the lights systematically



8000 8003 8005 8006 8008 800A 800D 800E 8011 8012



801C 801E 8021 8022 8025 8026



8030 8032 8035 8036 8039 803A



REPEAT:



AGAIN:



BACK:



BACK1:



BACK2:
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Table 3: Hexadecimal to Decimal Conversion Routine Address 8050 8051 8053 8054 8055 8056



Label field HEX_BCD:



Mnemonic field MOV R5,A ANL A,#0F DA A MOV R6,A MOV A,R5 SWAP A



8057



ANL A,#0F



8059 805C 805D 8060



MOV F0,#06 MUL AB JNB E4,NEXT ADD A,#06



8062 8064 8067 8069 806A 806B 806C 806D 806E 8070 8071 8072 8073



NEXT:



NEXT1:



Table 4: The Delay Routine Address Label field FF00 DELAY: FF02 LOOP3: FF04 LOOP2: FF06 LOOP1:



SJMP NEXT1 JNB E5,NEXT1 ADD A,#12 DA A ADD A,R6 DA A MOV R6,A MOV A,R5 ANL A,#0F0 DA A ADD A,R6 DA A RET



Mnemonic field MOV R0,#01 MOV R1,#0FF MOV R2,#0FF DJNZ R2,LOOP1



FF08



DJNZ R1,LOOP2



FF0A



DJNZ R0,LOOP3



FF0C



RET



Comments field ; Move the Hex value in to R5 register ; Logically AND the hex code with 0FH to get lower digit ; Accumulator has the lower digit equivalent BCD code = BCD1 ; Lower BCD1 is stored in R6 register ; Reload Accumulaotr with Hex code ; Swaping the Accumulator contents to get higher hex digit in to lower digit position ; Logically AND the hex code with 0FH to get lower digit and its value is multiples of 16 ; Register B is loaded with 06, the excess value in hex ; Accumulator has the product ; If ACC.4 = 0, product has decimal value ; If ACC.4 = 1, 1 decimal 16 moved to higher position, therefore add 6 to get decimal equivalent ; Jump to the location labeled with NEXT1 ; If ACC.5 = 0, product has decimal value ; If ACC.5 = 1, 2 decimal 16s moved to higher position, therefore add 1210 to get decimal equivalent ; Convert the product in BCD format = BCD2 ; Add two BCD codes = BCD1 + BCD2 ; Get the final BCD code in Accumulator ; R6 = BCD1 + BCD2 ; A = Hex value ; A has the higher digit of the hex ; A has the decimal equivalent higher digit, A = BCD3 ; A = BCD1 + BCD2 + BCD3 ; A has the final decimal value ; Return to the main program



Comments field ; Load R0 register with 01 ; Load R1 register with FFH ; Load R2 register with FFH ; Decrement R2 by 1 and if it is not equal to 0 jump to LOOP1 (inner loop) ; Decrement R1 by 1 and if it is not equal to 0 jump to LOOP2 (middle loop) ; Decrement R0 by 1 and if it is not equal to 0 jump to LOOP3 (outer loop) ; Return to the main program



Fig. 1. Interfacing diagram of 8051 microcontroller with 8255 PPI and the 8255 port A is connected to Colour LEDs and Seven segment displays are connected to port B through Hex_BCD converter International Journal of Engineering Science and Computing, April 2016
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Main Program



Hex_BCD routine Transfer A to R5 and mask off higher digits and decimal adjust A to get BCD1 and store it in R6



ORG 8000 Load DPTR with control port address 2023H, Accumulator with control word. Transfer control word to control port



Load Accumulator with E0H, R4 with 1EH to display Green lights at port A and time value at port B for 30 seconds



Reload Accumulator with hex data and mask off lower digits and swap A to get higher digit in lower digit position and multiply it by 6



No



Is Acc.4 = 1?



Yes Add 06 to Accumulator



Load DPTR with port A address 2020H and Transfer A to port A.



Short jump to decimal adjust Accumulator



Load DPTR with port B address 2021H and Call Hex_BCD routine



Is Acc.5 = 1?



Yes



No



Add 12 to Accumulator



Transfer decimal value to port B to display time on seven segment displays at port B



No



Decimal adjust A and Add it to BCD1 to get BCD2 and store it in R6



Call delay routine to display time for 1 second



Reload Accumulator with hex data and mask off lower digits and decimal adjust to get BCD3



Decrement R4, Is R4 = 0?



Add BCD2 and BCD3 and decimal adjust A to get decimal value and return to main program



Yes



Delay routine



Load Accumulator with 18H, R4 with 06H to display Yellow lights at port A and time value at port B for 5 seconds



Load R0 with the value 02, R1 with FFH and R2 with FFH



Decrement R2



Above 5 blocks will be repeated



Is R2 = 0?



Load Accumulator with 07H, R4 with 33H to display Red lights at port A and time value at port B for 50 seconds



Decrement R1 Is R1 = 0?



Above 5 blocks will be repeated



Decrement R0



jump to start



Is R0 = 0?



Fig. 2. Flow chart to display colour LEDs at port A and Time values at port B
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Return to main program
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