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Abstract

Electronic clocks have predominantly replaced thechanical clocks. They are much
reliable, accurate, maintenance free and portabl€hanges in time keeping
technology have influenced the character of scidiati observation, aided the
development of other machine technologies and brbugignificant revisions in the

way people think about and behave in time. Unlikther clocks with 555 timers or
other digital control circuitry, this system used® microcontroller which is a more

advanced design, so unique and different from alther designs. The codes are
written on MPLAB programming environment and prognamed on the

microcontroller. The PIC16F877 accepts a low frequey crystal, which must be
added externally. Upon initializing the microcontller, the clock system must be
configured to take advantage of this clock. The sgeof instruction execution will

depend on the clock. The PIC16F877 microcontrolisrmanned on the hardware of
the clock. The microcontroller executes the insttions and display the resulting time
on the four Seven-Segment (7-Seg) displays.
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1.0 Introduction

Time is such a fundamental concept that is verfycdit to repeat itself at regular intervals. Thember of intervals counted
gives a quantitative measure of the duration. Tdrdiest references for the measurement of the tieee moon and sun.
When the sun and the moon were not visible, it wasossible to know the exact time. So, clocks weéegeloped to
measure out the hours between checks with the mtith®@ moon. The process of measuring time has¢ssiyely become
more accurate. Many centuries have been spentingviethod for the determination and measuremetitna. Historically,
clocks and watches of all sorts lie at an importaossroads of science, technology and societyn@sin time keeping
technology have influenced the character of sdierdgbservation, aided the development of otherhirectechnologies and
brought significant revisions in the way peoplenkhabout and behave in time [1].

Electronic clocks have predominantly replaced thectmanical clocks. They are much reliable, accumatgntenance free
and portable. In general, there are two kinds eftebnic clocks. They are analog clock and digitatk. But digital clocks
are more common and independent of external soAftteough peripherals do consume current, the Gklen running, is
in most cases the major offender. Current consumptsually varies linearly with clock speed anddifiere one way to keep
consumption to a minimum is to set the clock spasdow as possible (or turn it off completely wheot needed).
Microcontrollers generally use two categories afckk, fast and slow [2]. The fast clocks sourceGR&J and most modules
and vary usually from several hundred KHz to Sdvditdz.

There is strong need for communication betweenuer and the microcontroller. But the problem is¢rotontroller
doesn’t understand our language. So there is regeérterate codes (instruction sets) that the macrtooller understands,
the codes are programmed on the microcontrollehabupon initialization of the clock, the micro¢adler will begin to
execute the instructions[3].

The circuit of Figure 1 was implemented with PIC&8F microcontroller to execute the codes and instns.
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Figure 1: PIC16F877 Microcontroller-Based Timing System

2.0 Communication to a PIC16F877 Microcontroller and Instruction Set

The ability to communicate is of great importantieis only possible if both communication partndéasow the same

language (follow the same rules during communicétidhe communication between man and microcowrtrad defined.

The language that man and microcontrollers comnat@iés called “assembly language”. Programs writtemssembly

language must be translated into ‘0s’ and ‘1s’ ideo for the microcontroller to understand it [#4].program is written

according to the rules of the assembler to suitd®red effect. A translator interprets each utdton written as a series of
‘0s’ and ‘1s’ which have a meaning for the intertmjic of a microcontroller. The process of comnuation between man
and a microcontroller is illustrated in the Fig@re

Man

Figure 2: Process of communication between man and a miotaxter.

3.0 Instruction Sets

Each PIC16F877 instruction is a 14-bit word, diddeto an OPCODE which specifies the instructiopetyand one or more
operands which further specify the operation ofittstruction. The PIC16F877 instruction set summiarthe table below
lists mnemonics operands with their descriptiontekriented, bit-oriented, and literal and contoplerations. For byte-
oriented instructions, 'f' represents a file registiesignator and’d’ represents a destination dasig[5]. The file register
designator specifies which file register is to Isediby the instruction. The destination designspacifies where the result
of the operation is to be placed. If'd’ is zerce tfesult is placed in the W register. If‘'d’ is otiee result is placed in the file
register specified in the instruction.

For bit-oriented instructions, 'b’ represents a fild designator which selects the number of tliteaffected by the
operation, while 'f’ represents the address of filee in which the bit is located. For literal andrdrol operations, 'K’
represents an eight or eleven bit constant omlitealue.
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All instructions are executed within one singletinstion cycle, unless a conditional test is truehe program counter is
changed as a result of an instruction. In this chseexecution takes two instruction cycles with second cycle executed as
a NOP. One instruction cycle consists of four ¢st periods. Thus, for an oscillator frequency4oMHz, the normal
instruction execution time isds. If a conditional test is true, or the prograrumer is changed as a result of an instruction,
the instruction execution time isp3.

Table 1: PIC16F877 Instruction set [6]

Mnamonic, e 14-Bit Opcode
Cipmrnidt x MSh LSh
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWEF I d Add W and f an  A111 JdEEf f£fEE
ANDWF fd AND W with | oo 0101 dEEE EEEE
CLRF I Chear [ o0 0001 1EEF EEEE
CLAW - Clear W a0 0001 Jaxx  mxxw
CONF I d Complemesm T an f EfEE
DECF I, d Dacremsnt f oo f EfEE
DECF5Z i d Decrement f. Skip if 0 o0 101} 4dfEEf EEEE
INCF I d Incremsnt f a0 101D JdEEf f£fEE
INCF52 fd Increment f. Skip if 0 00 1111 dEEf EEfEE
WRWF fd Inclusive OR W with f an EEEE
MOV fd Mowe | oo EEEE
MOWWF [ Mowe W io [ an FEFE
NOP - No Oiperation 00 0000 Sxx0 0000
RLF i d Rotale Left f throwgh Carry oo 11a@ d4Eff fEfEF
RRF i, d Riotate Right [ through Carry 00 1100 JdEEE E£EE
SUBWTF fd Subtract W from f o0 -ODlD 4EEE fEfEE
SWAPF . d Swiap nibbbes im oo 111 EEEE
XOHRWF k. d Excluswe OF W with f a0 0110 dEEE EEEE
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF i, b B Clear § a1 a0kbk BEEE £fEE
B5F b B Set f o1 O0lbbk bEEE fE££EE
BTFSC I, b Bi Test f. Skip if Clear 01 10bb BEEE EE£EE
BTFS5 I b Bt Test £ Skip if Sat a1 ‘11bh bEEE EEEE
LITERAL AND CONTROL OPERATIONS

ADDLW k Add Freral and W 11 111z kkkk kkki
ANDLW k AND eral with W i1 1001 kkkk kkkk
CALL k Call subroutine 10 Okkk kkkk kkkk
CLEWDT - Chear Watchdog Timer ap apoo §I10 0100
GOTO k Go to address 10 1kkk kkkk kkkk
KIRLW k Inchusive O literal with W 11 1000 kkkk kkkk
MOVLW k Mowve Reral to W 11  Ofxx kkkk kkkk
RETFIE - Retum from imermupt an apon fopD 1901
RETLW k Returmn with Reral in W 11 0Dlxx kkkk kkkk
RETURN - Return from Subroutine oo Qpoo oooo 1900
SLEEP - G indo standby mode ao apoo §I10 0011
SUBLW k Subtract W from hteral 11 110z kkkk kkkk
XORLW k Exclusie O fiteral with W 11 1010 kkkk kkkk

4.0  Operation Procedures

a. Preset Procedure
The flowchart of Figure 3 describes the time pregsetedures. The description of how the push-busteitches for setting
the time is elaborated. The responds to the proesdand execute them.
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DECEMENT LSECOMDS PUT 0 INTO L SECONDS

PUT 0 INTO HSECONDS.
PUT O INTO L MINUTES

PUTSINTO LSECONDS

FUT 0 INTO HMINUTES L i
DECREMENT H SECONDS

OM BUZZER

DECIMAL TO SEVEN
SEGMENT

RETURM

FUT S INTO LMINUTES

DECREMENT HMINUTES

*+

Figure 3: Time update sub-routine flowchart

b. Display sub-routine flowchart

Whenever a particular time is set, the programritem in such a way that a microcontroller wilteatd a sub-routine and
pick a particular instruction to be displayed. &kie LEDs in the four 7-SEG displays are attached particular instruction
to set them according to desire. The flowchart igfuFe 4 illustrates the steps and procedures feplay on the 7-SEG
displays

PUTSEUSEG AINTD W REG. |

PUT SEVSEG B INTO W REG
PUT SEVSEG C INTO W REG

I5 DISP 4 5ETZ

| PUT SEVSEG D INTO W REG |
T

| COPY W REG INTD PORT B |

| COPY DISF REG INTO FORT D |

| ROTATE RIGTH DISP REG |

| SET DISP BIT NO 7 HIGH |

L

RETURMN

Figure 4: Display sub-routine flowchart

5.0 Timing System Operation Codes

As discussed earlier, there is need for commumindtetween man and the microcontroller. But the dwesn’'t understand
the language of each other. Codes are generateith vare translated and compiled by some componefitthe
microcontroller. These codes are the programminguages. In this system, C language codes writerM&LAB
programming environment are used for communicatiothhe microcontroller to execute the desired astiaccording to the
instructions contained in the codes.
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rhkkkkkkkkkkkkkkkkkkkkhkkkkkhkhkkkkkkhhkkhkkkkkhkkkkhkk kkkkkkkkkkkkkkkhkkkkhkkkkkkkk
1

;  Filename: Advancetimingsys.asm *
. Date: 12 December, 2015 *

;  File Version: 13/04 *

; Author: Auwal Mustapha Imam

; Institution: Federal university Birnin Kebbi *

* * * * *% *

;  Files required: list and include pic16f877A * *

rkkkkkkkkkkkkkkkkkkkkhkkkhkkhhkhkkkkhkkkhkkkkkhkkkkhkk Kkkkkkhkkkkkkkkkkhkkkkhkkkk

;  Notes: The following program is for Advanceiining System
*

*k%k * *% * *% * *k%k

*

; REMEMBER-=the radix is in hex, *

rkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkkkkhhkkhkkkkkkhkkkkkk kkkkkhkkkkkkkkkkhkkkkhkkkk

' #INCLUDE “P16F877A.inc"
__CONFIG  (_CP_ALL & DEBUG_OFF & WRT_OFF &_ I/ OFF & BODEN_OFF & WDT_OFF & XT_OSC)
RADIX  HEX

; (a). Initialization and Allocation of Componentsto Registers and execution
; The input and output components of the systenassegned some special function registers. The oasms are addressed
to the registers. The program mostly begins bydegnmentand initialization.

BEGIN

HDOT EQU 0X00 ; HDOT is allocated@ register
CNTR EQU 0X20 ;CNTR goes to 0X2Qister
CNTR1 EQU 0X21

CNTR2 EQU 0X22

FLAGS EQU 0X23

SEVSEG_A EQU 0X24

SEVSEG_B EQU 0X25

SEVSEG_C EQU 0X26 ;7-Seg C act based erntruction in 0X26 register
SEVSEG_D EQU 0x27

DISPLAY EQU 0X28

SEC_NTH EQU 0X29

L SECOND EQU 0X2A

H_SECOND EQU 0X2B

L_MINUTE EQU 0Xx2C

H_MINUTE EQU 0X2D

INPUTS EQU OX2E ;AnyINPUT goes to OXBEgister

; (b).Definition and allocation of ports to the conponents and execution
; The components need to be defined and allocatélaet ports of the microcontroller for effectivedagssing. The program
below summarizes the addressing of the ports.

#DEFINE ENTERBUT PORTC, 2 ; ENTER BUDN is put in port C of the MC
#DEFINE POWERBUT PORTC, 3
#DEFINE DOWNSECBUT PORTC, 4
#DEFINE UPSECBUT PORTC, 5
#DEFINE DOWNMINBUT PORTC, 6
#DEFINE  UPMINBUT PORTC, 7
#DEFINE SEGOUT_A PORTD, 7
#DEFINE SEGOUT_B PORTD, 6
#DEFINE SEGOUT_C PORTD, 5
#DEFINE SEGOUT_D PORTD, 4
#DEFINE LEDOUT PORTA, 1
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#DEFINE BUZZOUT PORTA, O
#DEFINE OVERFLOWFLAG  FLAGS, 6
#DEFINE POWSTATEFLAG  FLAGS, 6
#DEFINE ENTERFLAG FLAGS, 5
#DEFINE POWERFLAG FLAGS, 4
#DEFINE DOWNSECFLAG FLAGS, 3
#DEFINE UPSECFLAG FLAGS, 2
#DEFINE DOWNMINFLAG FLAGS, 1
#DEFINE UPMINFLAG FLAGS, 0

ORG 0X00

GOTO  START

Imam J of NAMP

; Origin of the progras 0X00

; Return to the bedirgnof the program

; (€).Routine for selection of memory registers anéxecution
Below is the macro routine for the selection of mepregisters on the microcontroller. The registmes named BANK, and
the programs are addressed to a particular red@sfeck the instruction for execution.

BANKO
BCF
BCF

MACRO

STATUS, RPO
STATUS, RP1

ENDM

BANK1
BSF
BCF

MACRO

STATUS, RPO
STATUS, RP1

ENDM

BANK2
BCF
BSF

MACRO

STATUS, RPO
STATUS, RP1

ENDM

BANKS3
BSF
BSF

MACRO

STATUS, RPO
STATUS, RP1

ENDM

; bank O selecaono routine

; bank 1 selecaono routine

; bank 2 selecaono routine

; bank O selecaono routine

; (d). Initialisation of the special function regigers and execution of instructions

START BANKO;========this is where the special  nétion registers are
initialized====

CLRF PORTB ; initialize POR by clearing output

CLRF PORTC ; initialize POR by clearing output

CLRF PORTD ; initialize POR by clearing output

BANK1

MOVLW  B'00000110' ; set all inpa#g digital not analog

MOVWF ADCON1

MOVLW  B'00000011" ; Prescale RTACL6

MOVWF OPTION_REG ; set optionistgr, transition on clock,

MOVLW B'11111111"' ; all PORTA pias input

MOVWF TRISC

MOVLW B'11111100

MOVWF  TRISA

MOVLW  B'00000000" ; PORTB, PORT@I&PORTD as outputs

MOVWF  TRISD

MOVWF TRISB

BANKO
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MOVLW  H'01'

MOVWF TMRO ; set RTCC above zero so initialitygeriod occurs
MOVLW  B'10000000' ; set displayiwhing

MOVWF DISPLAY
MOVLW  0X01 ; put 60 secorid® display
MOVWF L_SECONDS
MOVLW  0XO01
MOVWF H_SECONDS
MOVLW  0X01
MOVWF L_MINUTES
MOVLW  0X07
MOVWF  H_MINUTES

GOTO POWSUB

;(e). Sub-routine table for the representation of @ and 1s for ON/OFF of the LEDs in the display anéxecution

; This sub-routine shows the table for the repriegems of the LEDs on the 7-SEG display for thdigation of the numbers
0 -9 on the display. 0 represents ON while 1 reprssOFF.

TABLE ADDWF

RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

END

PCL, F

B'00000000'
B'00000011"
B'10011111"
B'00100101'
B'00001101'
B'10011001'
B'01001001
B'01000001
B'00011111
B'00000001"
B'00001001'

CO~NOURAWNRO !

GO TO MAIN PROGRAM

MATO which select

(). this
BANKO,1,2and3========

; bank 0 selecaono routine

is a routine,

BANKO MACRO

BCF
BCF
ENDM
BANK1
BSF
BCF
ENDM
BANK2
BCF
BSF
ENDM
BANKS3
BSF
BSF
ENDM

MACRO
STATUS, RPO
STATUS, RP1

MACRO
STATUS, RPO
STATUS, RP1

STATUS, RPO
STATUS, RP1

MACRO
STATUS, RPO
STATUS, RP1

; bank 1 selecaono routine

; bank 2 selecaono routine

; bank O sdl@sacro routine
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START BANKO;========this is where the special  nétion registers are
initialized====

CLRF PORTB ; initialize POR by clearing output

CLRF PORTC ; initialize POR by clearing output

CLRF  PORTD ; initialize POR by clearing output

BANK1

MOVLW  B'00000110" ; setall inpag digital not analog
MOVWF ADCON1

MOVLW B'00000011' ; Prescale RTACL6

MOVWF OPTION_REG ; set optionistgr, transition on clock,
MOVLW B'11111111" ;all PORTA pias input

MOVWF  TRISC

MOVLW B'11111100'

MOVWF  TRISA

MOVLW  B'00000000" ; PORTB, PORT@&PORTD as outputs
MOVWF  TRISD

MOVWF  TRISB

BANKO

MOVLW  H'01'

MOVWF TMRO ; set RTCC above zero sdiahiwait periods occurs

MOVLW  B'10000000' ; set displayiwling
MOVWF DISPLAY

MOVLW  0X01 ; put 60 secorid® display

MOVWF L_SECONDS

MOVLW  0X01

MOVWF H_SECONDS

MOVLW  0X01

MOVWF  L_MINUTES

MOVLW  0X07

MOVWF  H_MINUTES

GOTO POWSUB

DEBOUNCE

MOVLW  .10;;;2
MOVWF CNTR2

DEL1002 MOVLW .65
MOVWF CNTR1

DEL1001 MOVLW .255
MOVWF CNTR
CLRWDT

DEL100 DECFSZ CNTR,F
GOTO DEL100
DECFSZ CNTR1,F
GOTO DEL1001
DECFSZ CNTR2,F
GOTO DEL1002
NOP
RETURN

POWSUB CLRWDT
MOVLW B'11111111'
MOVWF PORTB
BTFSC POWERBUT; if power SWITCH is psed then
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GOTO POWSUB ; go and on kigp
CALL DEBOUNCE
GOTO POWON
DISP
BTFSC DISPLAY, 7 ;ifdisplay Bits low then
MOVF SEVSEG_A, W ;display infeetfirst 7 segment LED
BTFSC DISPLAY, 6 ;ifdisplay bits low then
MOVF SEVSEG_B,W ;display inteetsecond 7 segment LED
BTFSC DISPLAY,5 ;if display bits low then
MOVF SEVSEG_C,W ;display inteetthird 7 segment LED
BTFSC DISPLAY, 4 ;if display Bits low then
MOVF SEVSEG_D,W ;display inteetfourth 7 segment LED
MOVWF PORTB
; BTFSS SEC_NTH,7
; BSF PORTB,0
MOVF DISPLAY, W
MOVWF PORTD
RRF  DISPLAY, F
BCF DISPLAY, 7

BTFSC DISPLAY, 3 ;ifthe fourtlED is displayed then
BSF DISPLAY, 7 ; make first leghdy to display
GOTO RTCC_FILL

RTCC_FILL
CLRWDT
MOVF TMRO, W
BTFSS STATUS, Z; note, RTCC is le@tdrrunning to not lose clock cycles on writes
GOTO RTCC_FILL; DISP
RETURN

TIME_UPDATE
DECFSZ L_SECONDS, F
GOTO TUu1
MOVLW .10
MOVWF L_SECONDS

DECFSZ H_SECONDS, F
GOTO TU2

MOVLW .6

MOVWF H_SECONDS

DECFSZ L_MINUTES, F
GOTO Tu3

MOVLW .10

MOVWEF L_MINUTES

DECFSZ H_MINUTES, F

GOTO TU4

MOVLW .1

MOVWF L _SECONDS ;time s zeraitzeros in all segments
MOVWF H_SECONDS

MOVWF L_MINUTES

MOVWF H_MINUTES

BSF LEDOUT

BSF BUzZzZOUT
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TUl NOP
GOTO
NOP
GOTO
NOP

GOTO

TU2

TU3

Operating A PIC16F877...

HEXCON
HEXCON

HEXCON

Imam

J of NAMP

TU4 NOP

HEXCON
MOVF L_SECONDS, W
CALL TABLE
MOVWF SEVSEG_D
MOVF H_SECONDS, W
CALL TABLE
MOVWF SEVSEG_C
MOVF L_MINUTES, W
CALL TABLE
MOVWF SEVSEG_B
MOVF H_MINUTES, W
CALL TABLE
MOVWF SEVSEG_A
RETURN

R POWER ON
POWON
MAIN

MOVWF SEC_NTH

MAINLOOP
NOP

CALL DISP
INCFSZ SEC_NTH, F
GOTO MAINLOOP
MOVLW .12
MOVWF SEC_NTH
CALL TIME_UPDATE
NOP
BTFSS ENTERBUT,; if enter button is gsed then
GOTO SETTINGS ; go to settisgbroutine
NOP
BTFSC POWERBUT; if power SWITCH is psed then

SECIN ; send outputdisplay

; call and updaiene subroutine

GOTO SECIN ; go and on digpla
CALL DEBOUNCE
NOP

GOTO POWSUB
GOTO MAINLOOP

SETTINGS MOVLW .116
MOVWF SEC_NTH
CALL DEBOUNCE

BCF LEDOUT
BCF BUZzZOUT
STTLOOP
CALL DISP ; send outputdigplay

INCFSZ SEC_NTH, F
GOTO STTLOOP
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MOVLW .190 ; variable foutbon change speed
MOVWF SEC_NTH

CHECKUB BTFSC UPSECBUT ; if second uyitbn is not incremented then
GOTO CHECKDB ; go and cheekand down button
INCF L _SECONDS, F ; button presdacrement seconds
MOVF L_SECONDS, W
XORLW .11
BTFSS STATUS, Z
GOTO SETEND
MOVLW .1
MOVWF L_SECONDS

INCF H_SECONDS, F
MOVF H_SECONDS, W
XORLW .7

BTFSS STATUS, Z
GOTO SETEND
MOVLW .6

MOVWF H_SECONDS
MOVLW .10

MOVWF L_SECONDS
GOTO SETEND

CHECKDB BTFSC DOWNSECBUT ; if second dotwtton is not incremented then
GOTO CHECKUM ; go and chewinutes down button
DECFSZ L_SECONDS, F ; button prdsskecrement seconds
GOTO SETEND
MOVLW .10
MOVWF L_SECONDS
DECFSZ H_SECONDS, F
GOTO SETEND
MOVLW .1
MOVWF H_SECONDS
MOVLW .1
MOVWF L_SECONDS
GOTO SETEND

CHECKUM BTFSC UPMINBUT ; if minutes dquitton are not incremented then
GOTO CHECKDM ; go and checinates down button
INCF L _MINUTES, F ; button predséncrement minutes
MOVF L_MINUTES, W
XORLW .11
BTFSS STATUS, Z
GOTO SETEND
MOVLW .1
MOVWF L_MINUTES

INCF H_MINUTES, F
MOVF H_MINUTES, W
XORLW .7

BTFSS STATUS, Z
GOTO SETEND
MOVLW .6

MOVWF H_MINUTES
MOVLW .10

MOVWEF L_MINUTES
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GOTO SETEND

CHECKDM BTFSC DOWNMINBUT ; if a minutepubutton is not incremented then
GOTO SETEND ; go and chetgkutes up button
DECFSZ L_MINUTES, F ; button predsdecrement minutes
GOTO SETEND
MOVLW .10
MOVWF L_MINUTES

DECFSZ H_MINUTES, F
GOTO SETEND
MOVLW .1

MOVWF H_MINUTES
MOVLW .1

MOVWF L_MINUTES
GOTO SETEND

SETEND NOP

BTFSC ENTERBUT
GOTO STTLOOP
CALL DEBOUNCE
GOTO SECIN

END

6.0 Conclusion

As opposed to fixed digital circuitry, microcontiests can be programmed to perform many applicatams can be later
changed when improvement are required. This saptstime and money when a field upgrade is requirkmvever, these
codes can be altered to improve the operationefiftrocontroller. This paper therefore presentsoae advanced design
and implementation of timing system with a diffarerethod and approach of operation.
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