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Abstract

A sixleen-node geo-clectrie system 1s presented. The mult-clectrode switching array can be used
with any earth-resistivity meter and consists of a control unit which interfaces resistvily meter by means of four
wires (two current wires and two potential wires) with sixteen geo-glectric nodes, connected to the control urit
via a network of a seven-core cable. The control unit uses PIC16F877 interfaces with a telephone keypad to
sefect the wanted electric node, two seven-segment LED for display, four switches for line selection and four
LEDs tor line indicator. Each electric node has been designed by using PIC16F84 and four relays tor electrode
switching. Two wires are used for the RS-485 bus driver between the control unit and each electric node for

communication, The svstem can be expanded up to 32-electric nodes within a range of 3 kilometer.
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;This program is contain in Ul which use method of multiplex two 7 segment
;LED digits and a 3X4 keypad using a PIC16F877.

;The two digits will start as '00' and when a key is hit

;it is displayed on the 7, segment leds as a decimal value 0 to 9. The last
;digit hit is always displayed on the right most led with the rest of

;the digit shifted to the left. The left digit is deleted.

;The LEDs are updated every 20mS, the keypad is scanned at a rate of 20 mS.

;The TMRO timer is used in internal interrupt mode to generate the 5 mS.

IR EEEE R EEEREEEEEE S S i TP F e 1 M HV U E e S

% Program: ESWC.ASM

LIST P=16F877

. ERRORLEVEL -302
g #include <pl6F877.inc>

TempC equ 0x20 itemp general purpose regs
TempD eqgu 0x21
TempE equ 0x22
PABuf eqgu 0x23
PBBuf egu 0x24
Count equ 0x26 ; count
MsdTime equ 0x27 imost significant Timer
LsdTime equ 0x28 ;Least significant Timer
KeyFlag equ 0x29 ;flags related to key pad
keyhit equ 0 ;bit 0 --> key-press on
DebncelOn equ 1 ;bit 1 --> debounce on
Sflag equ 2 ;no key entry = 0
ServKey equ 3 ;bit 3 --> service key
NodeA equ 4
NodeB equ 5
NodeM equ &
NodeN equ i
Debnce egqu 0x30 ;debounce counter
NewKey equ 0x31
WBuffer equ 0x32
StatBuffer equ 0x33
OptionReg equ 1
ECL equ 2
XmtReg egu 36
Xcount equ 37
Delaycnt equ 38 ; delay for 104 us
mcount equ 39
ncount equ 41
Save byte egu 42
RO equ 43 ; RAM Assignments
Save temp equ 44 ; temporary register
Var equ 45
Digitl equ 0x50
Digit2 equ 0x51
Digit3 equ 0x52
Digit4 equ 0x53
ByteTemp equ 0x55
Adrtemp eqgu 0x56
NDTemp equ Ox58
NdCount equ 0x59
TempSplit equ Ox5A
BCD egu 0x5B
BCD1 equ 0x5C
BCD2 equ 0x5D
NodeCount equ 0x5E
VarA equ 0x5F
SendCount equ 0x60
LEDA equ 4

LEDB eqgu 3]
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LEDM
LEDN

pop

equ
equ

push
movwi
swapf
swapf
mnovwf
endm

macro
swapf
movwi
swapf
endm
org

goto

Srq

6

5
macro
WBuffer isave w reg in Buffer
WBuffer, F iswap it
STATUS, W jget status
StatBuffer ;save it
StatBuffer,w ;restore status
STATUS ; /
WBuffer,W ;restore W reg
O L 3
Start ;8kip over interrupt vector
4

;It i1s slways a good practice to save and restore the w regq,
;and the status reg during a interrupt.

m -
)
W
H
o

loop

push
calil
FOE
retfie

sald
call

call
btfsc
call
wtfsg
goto
call

goto

:ServiceKey, does
ithe ServKey flag is reset, to denote a completed cperation.

ServiceKey

WriteLED

CheckB

CheckM

CheckN

movf
movwf
swapf
andlw
movwf
iorwf
mevwl
zall
call
bct
return

cirf
btfss
scto
osf
goto
btfss
goto
bsf
goto
btfss
goto
bsf
sfoiel
fss
o

.

€ ot

e

w

E
GO
s i
rec

Servicelnterrupts

InitPorts
InitTimers

WriteLED

KeyFlag, ServKey ;key service pending
ServicekKey ;yes then service
PORTA, 3

loop

Send

loop

the software service for a keyhit. After a key servize,

NewKey, W ;get key value
TempE ;save in TempE
MsdTime, W ;move MSD out
B'11110000" ;clr lo nibble
MsdTime ;save back
TempE, W ;or with new lsd
MsdTime

BCDtoB

Cembine

KeyFlag, ServKey ;reset service flag

PCRTC
KeyFlag, Nodeh
CheckB

PORTC, LEDA
ExitLED
KeyFlag, NodeB
CheckM

PORTC, LEDB
ExitLED
KeyFlag, NodeM
CheckN

PORTC, LEDM
ExitLED
KeyFlag, Nodell
ExitLED
PORTC, LEDN

ExitLED eTurn
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Send

bef INTCON, 7
movE Save byte ,W
movwi XmtReqg
movlw «8 3
movwt ¥count ;8 data bits
bcf PORTA, 2 ;Send Start bit
call Delayl
X next bcf STATUS, C
B rif XmtReg, F ;Shift data bit
btfsc STATUS, C ;Test the bit to be transmitted
bsf PORTA, 2 ;Bit is one
btfss STATUS, C
bef PORTA, 2
call DelayX
decfsz Xcount,F ; If count = 0, then transmit a stop bit
* goto X next ; NO shift next bit ;
gy Dsf PORTA, 2 ; Send Stop Bit
call Delayl
bsf TNTCON, 7
return
DelayX movlw .64
goto save
Delayl moviw .65
goto save
save movwi Delaycnt
redo 1 decfsz Delaycnt, F
goto redo 1
return
InitPorts
bsf STATUS, RPC ;select pg 1

movlw 0x06
movwi ADCON1
movlw B'00O011000"

movwf TRISA ;RA3,RAd4 = input
Elaf TRISE jmake RBO-7 outputs
bsf TRISE, 3

movlw OxCF ;RCO-RC3 = iputs
movwi TRISC ;RC4-RC7 = outputs
bef STATUS, RPO iselect page 0

clrf FCORTRB

(gl PORTC

clirf Save byte

clrf KeyFlag

movlw .6
movwi PORTA

return

1

:The clock speed is 4.096Mhz. Dividing internal clk. by a 32 prescaler,
;the rtcec will be incremented every 3i.25uS. If rtce is preloaded

;with 96, it will take (256-96)*31.2515 to overflow i.e. 5mS. So the
;end result is that we get a rtcce interrupt every 5mS.

TnitTimers

clrf MsdTime ;clr timers

et KeyFlag ;cir all flags

bsf STATUS, RPO ;select pg 1

movlw B'10000100" ;assign ps to rtcc
movwi OptionReg ips = 32

bef STATUS, RPO ;se_ect pg O

moviw B'00100000° ;ensble rtecc interrupt
movwi INTCON 7

moviw .44 Jpre.oad rtecc

movwf TMRO ;start counter



F

Servicelnterrupts

retfie

btfsc
goto
clrf
bst
return

ServiceTMRO

v

’

; ScanKeys,
;NewKey (0O

moviw
movwi
bef
btfsc
call
call
call
return

INTCCN, TOIF
ServiceTMRO
INTCON

INTCON, TOIE

.44

TMRO
INTCON, TCIF
BPORTA, O
ScanKeys

UpdateDisplay

ReadSwitch

20
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;jrtec interrupt?
ryes then service
jelse clr all int

;initialize rtcc

;clr int flag

;1f msk on then do
;do a gquick key scan
;update display

scans the 4X4 keypad matrix and returns a key value in

- B)

if a key is pressed,

1f not it clears the keyhit flag.

; Debounce for a given kevhit is also taken care of.
;The rate of key scan is 20m$ with a 4.096Mhz clock.

ScanKeys

Scanl

ScanNext

2key

Done

SKreturn

NoKey

btfss
goto
decfsz
return
bcf
return

call
movlw
movwif

movf
Joles
rrf
btfss
goto
movi
movwt
nop
btfss
goto
btfsc
goto
bsf
movf
movwft
swapf
call
movwf
movlw
subwf
btfsc
gote
inct
goto

movlw
movwi
bsf
bst
movlw
movwi

call
return

pcf
goto

KeyFlag, DebnceOn ;debounce on?

Scanl
Debnce, F

KeyFlag, DebnceCn

SavePorts
B'111101131°
TempD

PORTE, W
INTCCN, RBIF
TempD, F
STATUS, C
NoKey
TempD, W
PCRTE

INTCON, RBIF
ScanNext

KeyFlag, keyhit

SKreturn

KeyFlag, keyhit

PORTB, W
TempE
TempE, F
GetKeyValue
NewKey
Ox0a
NewKey,w
STATUS, 2
Akey
NewKey, £
Done

0x00
NewKey

KeyFlag, ServKey ;set
KeyFlag, Debnceln ;set

2
Debnce

RestorePorts

KeyFlag, keyhit

SKreturn

:no then scan keypad
;else dec debounce time
;not over then return
;over, clr debounce flag
;and return

;save port values
;init TempD

;read to init port
;clr flag

;jget correct colunmn
;if carry set?

;no then end

;else output

low column scan line

~a

;flag set?

;no then next

;last key released?
;no then exit

;set new key hit
;read port

;save in TempE

iget key value 0 - B

;save as NewKey

service flag
flag
;load debounce time

;restore ports

;clr flag



;GetKeyValue gets the key as per the following layout

Coll Col2

LY T I 1Y

(RB2) {(RB1)
;Rowl {RB4) 0 4 1
iRow2{RBS} 3 1
iRowa(RBs)' 6 7
iRowq(RB7) 9 A

GetKeyValue
clrf TempC
btfss TempD, 2

. goto RowValEnd
* inef TempC, F
g btfss TempD, 1
goto RowValEnd
incft TempC, F
RowValEnd
btfss TempE, 0
goto GetValCom

btfss TempE, 1
goto Get345
btfss TempE, 2
goto Get678

Get9%ab

movlw 3

addwf TempC, F
Get 678

movliw ©

addwf TempC, F

goto GetValCom
Get 345

movlw 3

addwf TempC,F
GetValCom

movE TempC, W

addwf PCL, F

retlw 0

retlw 1

retlw 2

retlw 3

retlw 4

retlw 5

retlw 6

retlw 7

retlw 8

retlw Oa

retliw Oa
retliw Ca

:SavePorts, saves the porta and
;operation.

SavePorts
movf PORTA, W
movwi PABuf
bef PORTA, O
bcf PORTA, 1
movf PORTB, W

movwi PBBuf

moviw Oxt?

movwf PORTB

bsf STATUS, RPO
bef OptionReg, 7
movliw B'11110000"
movwi TRISE

bcf STATUS, RPO
return

i

Ccl3
{RBO)

T2

5

;first col.

;sqund col.

;last col

;top row?

iyes then get 0,1,2
;2nd row?

;yes the get 3,4,5,
;3rd row?

;yes then get 6,7,8

;do commoen part

peortb condition during a key scan

;Get sink walue
;save in buffer
;disable all sinks

;get port b
;save in buffer

;make all high

;on port b

;s5elect page 1

;enable pull ups

;port b hi nibble inputs
;1o nibble outputs

;page 0O

;RestorePorts, restores the condition of porta and portbh after a
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; key scan operation.

;get port b
;get port a value

;select page 1
;disable pull ups
;make port a outputs
;exept RA3 !

;as well as PORTB
:page 0O

;present sink value in w
;disable &ll digits sinks

L

;save sink value in tempC

;preset for lsd sink
;determine next sink wvalue
;C=17

;no then reset LSD sink
;else see if Msd

;yes then do Msd

;get Lsd in w
; /

;get Znd Lsd in w
;mask rest

;get digit output
;drive leds
;jget sink wvalue in w

radd to PC low
;led drive for
;led drive for
;led drive for
;led drive for
;led drive for
;letdi drive for
;led drive for
;iled drive for
;led drize for
;led drive for

WD -2 MU W= O

RestorePorts
movi FBRBuf W
movwf PORTB
movE FPABuf,W
movwi PORTA »
bsf STATUS, RP
bsf OptionReq,?
el ol TRISA
bsf TRISA, 3
clrf TRISB
bef STATUS, RPO
return
UpdateDisplay
movE PORTA, W
bef PORTA, O
¥ bef PORTA, 1
fandlw  0x03
movwi TempC
bst TempC, 2
rrf TempC, F
btfss  STATUS,C
bef TempC, 1
btisc TempC, O
goto UpdateMsd
UpdateLsd
movf MsdTime, W
andlw OxOf
goto DisplayOut
UpdateMsd
swapf MsdTime, W
andlw Ox0f
DisplayOut
call LedTable
movwt PORTB
movi TempC, W
iorwf PORTA, F
return
LedTable
addwf PCL, F
retlw B'01110111"
retlw B'00000110"
retlw B'10110011"
retlw B'10010111"°
retliw B'11000110"
retlw E'11010101"
retlw B*'11110101"
retlw B'00000111"
retlw B'11110111"
retlw B'11000111°
ReadSwitch
movt PORTA, W
movwf VarA
btfs VarA, 4
bsf KeyFlag,Sflag
movf PORTC, W
movwi Var
bt fsc Var, 0
goto SwB
bsf KeyFlag,NodeA
bcf KeyFlag, 5
bef KeyFlag, 6
bef KeyFlag, 7
goto SwExit
SwB btfsc Var, 1
goto SwiM
bsf KeyFlag, NodeB
becf KeyFlag, 4
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SwM

SwN

gwExit
r
Combine

CheckLEDRB

CheckLEDM

CheckLEDN

CheckExit

NodeDispl

BtoBCD

gtenth

over

BCDtoB

bcft
bcf
goto
btfsc
geto
kst
bcf
bcf
bcf
goto
btfsc
goto
bsf
bef
bcf
bef

return

btfss
goto
bsf
bcf
bcf
bef

btfss
goto
becf
bsf
bcf
bcf

btfss
goto
bef
ocf
psif
bet

btfss
goto
bef
bct
bef
bsf

return

ay

movlw
movwi
movf
andlw
call
movwE
bcf
return

clrf
movwf
movliw
subwf
BTFSS
goto
movwi
incf
goto

movi
swapf
iorwf
return

movi

KeyFlag, €
KeyFlag, 7
SwExit
Var, 2

Swi
KeyFlag, NodeM
KeyFlag, 4
KeyFlag, 5
KeyFlaqg, 7
SwExit
Var, 3
SwExit
KeyFlag, NodeN
KeyFlag, 4
KeyFlag, S
KeyFlag, 6

KeyFlag, LEDA
CheckLEDB
Save byte,4
Save _byte, 5
Save byte, 6
Save byte,’

KeyFlag, LEDB
CheckLEDM
Save byte,4
Save byte,5
Save byte, &
Save byte,7

KeyFlag,LEDM
CheckLEDN
Save byte,4
Save byte, 5
Save byte, 6
Save byte,7

KeyFlag, LECN
CheckExit
Save byte, 4
Save byte,5
Save byte, €
Save byte,?

0x52

FSR

INDF, W

O0xQF

Bt oBCD
MsdTime
KevFlag, Sflag

BCDZ2
BCD1

.10
BCD1, W
STATUS, C
over
BCD1
BCD2, F
gtenth

BCD1,W

BCD2,F
BCDZ, W

MsdTime, W



mpylOa

movwf
clrf
swapf
andlw
movwi
call
moviw
andlw
addwf
return

bcf
rlf
movwi
bcf
rlf
bcf
Tt
bef
rlf

movi
addwf
retlw
end

RO
Save byte
RO, W
OF
Save_byte
mpylla - ; result = 10a
RO
OF
Save byte,F

STATUS, C ; multiply by 2
Save byte,W

Save_ temp ;Save temp} = 2*N
STATUS, C ;i multiply by 2
Save byte, F

STATUS, C ; multiply by 2
Save byte, F

STATUS, C ; multiply by 2
Save byte, F i (Save_byte) = 8*N

Save temp,W
Save byte, F
0 ; {H_byte,L byte} =

10*N
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