How | Made An Electric Vehicle Battery
Monitoring System
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EV Battery Monitor

| decided | wanted a system to measure and display each
batteries voltage. | found that nobody made a production
system, so | decide to build my own. | found Gordon
Stalling's outstanding system, which | used as a starting
point for my system. Superficially mine is very simmilar
to his. Gordon's system is extremely well isolated by
using opto isolators on the input. If I didn't want decimal
voltage measurement, his would have been the way to
go! See his system here:

| decided to make a system that would be able to
accurately measure the voltage of each batter
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EV Battery Monitor
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Solder to pigtails of Sense Box Panel Mounted DB1S5 MALE
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" {$STAWP BS2p} ', Char Definitions.bsp}
" {$PBASI C 2.5}
"Char Definitions.bsp

V" hhkhkhhhdhhhhhhhhhhhhhhhhhhhhhhhdhhhdhhhhhhhhhhhhhhhhhhhhhhhdhhhdhdhdhdhkhdhkrrhkrkhkx*

This is a programused with a Parallax Basic Stanp 2sx

nmodul e. The BS2sx is the control conputer for an electric vehicle

battery monitoring system This systems function is to read battery vol tage
and display it to the vehicle driver. The system supports 18 6Volt batteries.
LI SRRk S I S S S S kb S I kS R R Sk R Sk kS S S

' CHANGES

' version 4

* added 5x averaging to voltage display

version 5
* make bargraph scal e adj ustabl e: 2v-8v, 3v-8v, 4v-8v, 5v- 8v

" hhkhkhhhhhhhhhhhhhhhkhhhhhhhhhhhdhhhdhhhdhdhhhhhhhkhhhhhhhhhhhdhhhdhhhdhdhkrdhkrdhkrkkhk*x*

Vari abl e definition and Constants

V" hhkhhhhdhhhhhhhhhhhhkhhhhhhhhhhhdhhhdhhhhhhhhhhhhkhhhhhhhhhhhdhhhdhhhdhdhkrdhkrdkhrkkdkx*

sone counters
i VAR Byte
k VAR Byte
p VAR Byte
| VAR Byte
' global state constants
BARGRAPHSTATE CON 1
BATTVOLTSTATE CON 2
DATAAQSTATE CON 3

data aquisition state
DATAAQCFF CON 0
DATAAQONLOW CON 2
DATAAQONHI GH CON 3
' DATa aqui sition node/state
dat aagmode VAR Ni b
' data collection freq vars
dat aagcout VAR Byte
' global state variable
gl obal state VAR Byte
' battery selected for display in battvoltstate
Batt Sel ected VAR Byte

vari abl es used by read ADC function - used as argunents (set before running func)
vol t age VAR Word
channel VAR Byte
chi psel ecti on VAR Byte
' EPROM position of character for argunent to Drawlitem
i temrenpos VAR Byte
' tenp vars
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templ VAR Word

temp2 VAR Word

col mpos VAR Byt e

tenp VAR Byte

nbl ow VAR Wrd

nbhi gh VAR Word

' variables used internally by Stanmp for Button command
bt nwor k1 VAR Byt e

bt nwor k2 VAR Byt e

' var to indicate battery voltage scale
bar graphscal e VAR Byte

L R R I R R I I O I R S R I S R

" hhkkhkkkhkkk 1 1 1 1 1 EIE IR R I I b I I I I I I I I I I I I I I I I I I
initialize variables

initialize vars used internally by Button conmand - don't use otherw se
bt nworkl = 0

bt nwork2 = 0

"init the selected batter to battery 0

Batt Sel ected = 0

" init global state to bar graph node

gl obal st at e = BARGRAPHSTATE

' set bar graph scale to 5 volts to 8 volts scale

bar graphscale = 4

LI R I R S I I I R S I R I I S R R I R S R S S S I R I R S R R S R

mai n program function

" hhhkhhkhkhhkdhhhhkhhkhhkhdhhkdhhkdhhdhhkhkhhhhkdhhkdhhdhhdhkhdhhkhhhhhkdhdhhdhkhhokhhhdhdhdkdxddkhxkx*x
Mai n:

' set main io to 1 or O as needed - io layout is: 1111111100111101 = OxFF3D
MAI NI O

DI RS = $FF3D

' set all aux io to outputs - 1 corrosponds to output in D RS
AUXI O

DI RS = $FFFF

" first initialize the LCD

"initialize the LCD - first set lcd reset low, wait 100nms, then go high
LOW 1

PAUSE 100

HGH 1

' reset display - ao_rd w _d7_d6... _dO

LOW O

QUTS = $1C52

H GH O

' set LCD bias

LOW O

QUTS = $1452

HGH O

' set ADC to reverse
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LOW O
QUTS = $1432
H GH 0
' set to normal conmon out put
LOW O
QuTS = $1812
H GH 0
' set built in resistance - values 0x20 to Ox27. it sets contrast ratio base val ue
LOW O
QUTS = $492
H GH 0
' set LCD contrast. this is a two conmand operation - first send Vol ume Mbde Set Cnd
LOW O
QuUTS = $1032
H GH 0
' now send contrast value, the second part of the LCD contrast operation
LOW O
original, medium contrast
' QUTS = $592
' higher contrast
QuUTS = $592
" maxi num cont r ast
' QUTS = $592
H GH 0

set power node - turn on internal pw supply features -
" Volt Regulator, Volt follower, booster circuit
LOW O
QUTS = $5F2
H GH 0
turn on displ ay
LOW O
QUTS = $15F2
H GH 0
"initialize first state
GOSUB | ni t Bar gr aphLCD

'oxxkk MAIN PROGRAM LOOP: Loop forever! *xx**x
DO WHI LE 1
' case statement to select and run current programstate
SELECT gl obal state
CASE BARGRAPHSTATE
" run bar graph "funcitonality"
read each voltage then display to LCD
FOR chi pselection = 3 TO5
FOR channel = 0 TO5
" run function to get one battery voltage, with channel and chi psel ecti on as argunents
GOSUB Read_ADC
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"display current battery voltage bar on LCD, with channel and chip selection as input

GOSUB LCD_Bar gr aph
NEXT
' check node button and call function to change state if button pressed
MAI NI O
BUTTON 7, 1, 100, 50, btnworkl, 1, MddeButtonFn
BUTTON 6, 1, 100, 50, btnwork2, 1, FunctionButtonFn
NEXT
CASE BATTVOLTSTATE
' single battery voltage state - read and display selected battery voltage
read sel ected batteries voltage then display to LCD
sel ect ACD chip and channe
chi psel ection = (BattSelected / 6) + 3
channel = BattSelected // 6
' average 4 readings for noise rejection - good el ectronics design?!
tenpl = O
FORI =0 TO 4

GOSUB Read_ADC
templ = voltage + tenpl
NEXT
' divid to get average
voltage = tenmpl / 5
"display current battery voltage nunmerically on LCD
send one batteries voltage to LCD in decimal fornat
change voltage to deci mal and send out serial port
this is a deci mal approxi mati on but accruate for 0-1024 to two deci mal pl aces

run function to get one battery voltage, with channel and chi psel ecti on as argunents

" | have to convert back to voltages based on a 10 bit 1024 count ADC, 3V voltage span

' 10K / 6.04K resistor voltage divider .3765586x gain

I nstrument anp gain = 100, 0000hm 60400hm + 1

formula is

' Display V = (Counts * 3)*(10,000 + 6040) / (1024 * 6040)
simplified:

' Di splay V = Counts * 30 / 3856

To get voltage in a fixed point systemdo in this order
' V = Counts * 30

t hen go

' V =V / 3856

" first get the integer part of the nunber

templ = voltage * 30

' draw - battery voltage, first set draw | ocation page
AUXI O

LOWO

QuUTS = $1692

H CGH O

' set high colum nib

LOWO

aQuTS = $252
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H CGH O

' set low colum nib

LOWO

auTsS = $1B2

H CGH O

" print the whole part of voltage |left of decinal point

i temrenpos = (tenmpl / 3856)

GOSUB Drawl t em

" print decinmal point

i temrenpos = 30

GOSUB Drawl t em

" drwa nunbers after decimal point. this is done by taking the nunber you want
to devide, tenmpl, and taking the nmodulus of it with the dividor, 3856, then
"multiplying by 10. this nunmber, call it X is saved for the next digit. the current digit

'"is X/ 3856.

' So IF 1 wanted TO GET the first digit of 2/3, Co:

' 21/1 3=2

' 2 * 10 = 20

' 20/ 3 =6 (.66667, but this isn't here in fixed point)

since 2/3 = .6666666667, the first digit is, correctly, 6
FORp =0 TO1

" first digit remai nder of desired dividor * 10

templ = (tenpl // 3856) * 10

' display just created digit on LCD of this val ue:

i temrenpos = (tenmpl / 3856)

GOSUB Drawl t em
NEXT

CASE DATAAQSTATE
" run data aquisition setup fun
GOSUB Dat aAqui si onSet up
CASE ELSE
' unrecogni zed state - set to default
gl obal st at e = BARGRAPHSTATE
ENDSELECT
' 'switch to mainio
MAI NI O
' check node button and call function to change state if button pressed
BUTTON 7, 1, 100, 50, btnworkl, 1, MdeButtonFn
' check function button and call function to change data if button pressed
BUTTON 6, 1, 100, 50, btnwork2, 1, FunctionButtonFn
' put a "label" marker to allow for returning fromfunctions called by Button
return_to_nmain_| abel
' continue main | oop
LOOP
" end of main - programdone. don't get here ever..
END

L R R I R R I I I I O R I O I R I R I I R
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L R R R R R I I I R I I S R I I L

funciton update state when node button pressed
' ONLY FOR USE FROM MODE BUTTON | NSTRUCTI ON FROM NAI N
LR R IR b I b I I I I I I R S b R I I I I R I I S I b S R I R S I I S b b I S O
ModeBut t onFn:
" node button pressed - clear |cd
GOSUB d ear LCD
' now update state TO NEXT state
I F (gl obal state = BARGRAPHSTATE) THEN
' set flag to go to new state
gl obal state = BATTVOLTSTATE
'"init new state
GOSUB | nitBatt Vol t
ELSEI F (gl obal state = BATTVOLTSTATE) THEN
gl obal st ate = DATAAQSTATE
' set data aquisition node to off
dat aagnmode = DATAAQOFF
' **x*ypdate LCD for this state/function change
GOSUB LCD_Dat aset up
' reset the counter for high or |low frequency data collection
nblow = 0
ELSE
' in dataaq state - set state flag to bargraph
gl obal st at e = BARGRAPHSTATE
"initialze new state
GOSUB | ni t Bar gr aphLCD
ENDI F
" return to maain - Return command doesn't work when called from button..
GOTO return_to_nai n_| abe
RETURN

L R R I R R I I I I O R I O I R I R I I R

LI R I R S I I I R S I R I I S R R I R S R S S S I R I R S R R S R

function updatae vari abl es accordi ngly when fucntion button pressed
' ONLY FOR USE FROM FUNCTI ON BUTTON | NSTRUCTI ON FROM MAI N
" hhhkhhkhkhhkdhhhhkhhkhhkhdhhkdhhkdhhdhhkhkhhhhkdhhkdhhdhhdhkhdhhkhhhhhkdhdhhdhkhhokhhhdhdhdkdxddkhxkx*x
Functi onBut t onFn:
" function button pressed- change data accordi ng to node
| F (gl obal state = BARGRAPHSTATE) THEN
" increnent scal e counter
bar graphscal e = bargraphscale + 1
| F (bargraphscal e >= 6) THEN
bar graphscale = 3
ENDI F
ELSEI F (gl obal state = BATTVOLTSTATE) THEN
" in battery nonitor state - increnment the battery selected for display
Batt Sel ected = Battselected + 1
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" roll over the number when at max battery
|F (BattSel ected > 17) THEN
Batt Sel ected = 0
ENDI F
' functio button hit and data updated
' redraw - Battery Label (or 1-6 or A-L)
AUXI O
LOWO
QUTS = $1652
H CGH O
' set high colum nib
LOWO
auTs = $2B2
H CGH O
' set low colum nib
LOWO
aQuTS = $152
H CGH O
' draw sel ected battery label 1-6 AL
|F (BattSel ected < 6) THEN
i temrenpos = BattSelected + 1
ELSE
i temrenpos = Battselected + 4
ENDI F
GOSUB Drawl tem
ELSEI F (gl obal state = DATAAQSTATE) THEN
' in data aquistiion state - increment data aquisition node
| F (dat aagmode = DATAAQOFF) THEN
' switch to low data aquisition rate
dat aagmode = DATAAQONLOW
' set the frequency counter to |low freq data collection
nbhi gh = 10000 ' LOADATAQUTPUTLOOPS
ELSEI F (dat aagnode = DATAAQONLOW THEN
' switch to high data aquisitoin rate
dat aagmode = DATAAQONHI GH
' set the frequency counter to high freq data collection
nbhi gh = 0' H GHDATAQUTPUTLCOOPS
ELSEI F (dat aagnode = DATAAQONHI GH) THEN
dat aagmode = DATAAQOFF
' reset the counter for high or |ow frequency data collection

nblow = 0
ENDI F
' update |cd
GOSUB LCD Dat aset up
ENDI F

GOTO return_to_mai n_| abel
RETURN
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V" hhkhkhhhhhhdhhhdhhhhhhhhhhhhhhhhhhhhhhhdhhhdhhhdhhhdhhhdhdhddhrdhrdhrrhrkhrx*

L R R R R R I I I R I I S R I I L

" INitialize Bar Graph LCD
LR R IR b I b I I I I I I R S b R I I I I R I I S I b S R I R S I I S b b I S O
this function will initialize the bar graph display by drawing hte
battery | abels, scale markers, and over/under voltage |ines
I ni t Bar gr aphLCD
' clear LCD
GOSUB d ear LCD
' draw dotted "range" lines at
' 5.25V (675 counts) AND 7.45V (958 counts)--- or 4.8V (617) like M. Oba of Soleq said?
' should | also draw voltage scale? or both? scale may take up too nuch space..
AUXI O
' page
LOWO
QUTS = $16F2
H GH O
' set high colum nib
LOWO
QUTS = $212
H GH O
' set low colum nib
LOWO
QUTS = $12
H GH O
' print the battery | abels along bottom 1-6
FORp =1 TOG6
itenmenpos = p
GOSUB Drawlt em
NEXT
" BATTS A-L
FOR p = 10 TO 21
i tenmenpos = p
GOSUB Drawlt em
NEXT
RETURN

LI R I R S I I I R S I R I I S R R I R S R S S S I R I R S R R S R

function/state initlization of Batteries Voltage state

LI R I R S I I I R S I R I I S R R I R S R S S S I R I R S R R S R

InitBattVolt:
' draw - battery label (or 1-6 or A-L)
LOW O
QUTS = $1652
HGH O
' set high colum nib
LOW O
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QUTS = $252

HGHO

' set low colum nib
LOWO

QUTS = $52

HGHO

" print "BATTERY" in mddle of screen

itemrenpos = 11 'B

GOSUB Drawl t em

itemrenpos = 10 'A

GOSUB Drawl tem

itemrenpos = 26 'T

GOSUB Drawl tem

itemrenpos = 26 'T

GOSUB Drawl tem

itemrenpos = 14 'E

GOSUB Drawl tem

itemrenpos = 25 'R

GOSUB Drawl tem

itemrenpos = 28 'Y

GOSUB Drawl tem

i temrenpos = 29 ' BLANK SPACE

GOSUB Drawl tem

|F (BattSel ected < 6) THEN
i temrenpos = BattSelected + 1
GOSUB Drawl tem

ELSE
i temrenpos = Battselected + 4
GOSUB Drawl tem

ENDI F

" draw "V' for voltage after nunmbers to be printed |ater

' draw - battery label (or 1-6 or A-L)

LOWO
QUTS = $1692
HGHO
set high colum nib
LOWO
QUTS = $2B2
HGHO
' set low colum nib
LOWO
QuUTS = $12
HGHO

i temrenpos = 27 'V char

GOSUB Drawl tem

' draw deci mal point
RETURN

V" hhkhkhhhhhhhhhdhhhdhdhhhdhhhhhhhhhhhhhhhhdhhhdhhhdhhhdhdhdhdhdhdhrdhkrdhrrkdrrhrx*k
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L R R R R R I I I R I I S R I I L

subroutine to read ADC
LR R IR S I b I I I I I R S S I I I R I I S b S R I S S A b b I b O
Read_ADC.
" this function has argunments - chipselection, for the ADC to sel ect,
and channel, for the channel on the selected ADC to be sl ected
the args are set outside, so care has to be take when calling this funciton
set to use main IO
MAI NI O
' set chip select output to enable Front, Rearl or Rear2 ADC
LOW chi psel ecti on
' create command - 11000 binary 0x18, setting start bit and the single ended bit
channel is the channel that is to be converted and nuxed - it is zero based
wite to select channel and convert
SH FTQUT 0, 2, MSBFIRST, [($18 | channel) \6]
' read channel 1 voltage: pins - 2=cl ock, O=dout, 1=din
SH FTIN 1, 2, MSBPOST, [voltage \11]
' set chip select back high
Hl GH chi psel ecti on
' RANDOM vol t age
' voltage = voltage / 64
return to call fucntion

RETURN
" hhhkhhkhkhhkdhhhhkhhkhhkhdhhkdhhkdhhdhhkhkhhhhkdhhkdhhdhhdhkhdhhkhhhhhkdhdhhdhkhhokhhhdhdhdkdxddkhxkx*x
' Clear LCD
" hhhkhhkhkhhkdhhhhkhhkhhkhdhhkdhhkdhhdhhkhkhhhhkdhhkdhhdhhdhkhdhhkhhhhhkdhdhhdhkhhokhhhdhdhdkdxddkhxkx*x
C ear LCD:
FORp =7 TOO
AUXI O
' set to page
LONVO
QUTS = $1612 + (p << b)
H GH O

set colum back to zero
set high colum nib
LONV O

QUTS = $212

HGHO

' set low colum nib
LONV O

QUTS = $12

HGHO

FORi =0 TO 127
LONV O

QUTS = $16

HGHO
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NEXT
NEXT
RETURN

L R R R R I I S I R I I S I O I R S R I I R

Di splay current voltages in a bar graph on LCD

L R R R R R I I S I I R I I I I I R I R R R I L

LCD_Bar gr aph:
' display this nmany pixels: voltage count * (full scale #pixels) / 1024
AUXI O
' subtract off the equivalent of 3 volts fromadc counts read to
set scale to 3 volt minimuminstead of 0 volt mininmum- also set to O if
it will be negative. 3 volts is 385 counts
**if you want to use 2 volts instead use 257 counts.
** also could just cut off at 5.25 volts?!
subtract off the desired scale positoin - the scale count bargrpahscale
ranges from3 to 5, and is user selectable with the fucnction switch
128 counts is about 1 volt, so go bargraphscale x 128 and rescal e based on
" that.
first nake sure i don't geT A negative nunber (it rolls over to 65535)
| F (voltage > (bargraphscale * 128)) THEN
' I F (vol tage > 385) THEN
' voltage not less than min scale, subtract off scale
tenmpl = voltage - (bargraphscale * 128)
tenmpl = voltage - 385
ELSE
tenpl = 0
ENDI F
' calc pixels (tenpl) = voltage in counts * full scale pixels / full scale ADC counts
" full scale adc counts varies based on bargraphscal e
templ = (tenpl * 56) / (1024 - (bargraphscale * 128))
" templ = tenmpl * 56 / (1024 - 385)

V" hhkhhhhdhhhhhhhhhhhhhhhhhhhhhhhhhhdhhhdhhhdhhhdhhhdhhhhhhhhhhhhhhhhhhhhdhhhdhhhdhdhdhdhrdhrrhrrkdrkx*

' o*x*xx%xx% ghould | round pixels based on the first deciml place...? TAKES Tl ME
see function LCD OneBattery conments for roundi ng/decimal place cal cul ati on explination
"' IF ((((voltage * 56) // 1024) * 10 / 1024) >= 5) THEN
" IF ((((voltage * 56) // (1024 - (128 * bargraphscale))) * 10 / (1024 - (128 * bargraphscale))) >= 5) THEN
' IF (templ < 55) THEN
round pi xel up one
tenpl = tenpl + 1
' ENDI F
' ENDIF

V" hhkhhhhdhhhhhhhhhhhhhhhhhhhhhhhdhhhdhhhdhhhdhhhdhhhhhhhhhhhhkhhhhhhhhhhhdhhhdhhhdhhhdhhrdhkrdhrrhrkdx*

calculate colum for this battery
col mpos = ((((chipselection - 3) * 6) + channel) * 7)
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' calculate the solid page incnrent
i =7 - (templ / 8)
" make the high and low nib colum addres to wite to display - which requires two crmds for this
nbl ow = $12 + (col mpos. LOANI B << 5)
nbhi gh = $212 + (col mpos. H GHNI B << 5)
IF (i <> 7) THEN
' wite solid pages
FORp =6 TOI
set page, columm to start
LOW O
QUTS = $1612 | (p << b)
set high colum nib based on the battery currently printing
H GH 0
LOW O
QUTS = nbhi gh
H GH 0
LOW O
' set low colum nib
QUTS = nbl ow
H GH 0
"wite $00
LOW O
aQuTS = $16
H GH 0
" wite colum
FORk =0 TO 4
LOW O
QUTS = $1FF6
H GH 0
NEXT
"wite $00
LOW O
aQuTS = $16
H GH 0
NEXT
ENDI F

' draw partial page that isn't whole solid page - it will be the I ast one on top
' set page, columm to start

LOWO

QUTS = $1612 | ((i - 1) << b)

' set high columm nib based on the battery currently printing
H GH O

LOWO

QUTS = nbhi gh

H GH O

LOWO

' set low colum nib

http://home.earthlink.net/~evtkw/Batt Mon Main 7.bsx (12 of 18) [1/23/2007 12:12:40 PM]



http://home.earthlink.net/~evtkw/Batt Mon Main 7.bsx
QUTS = nbl ow

H GH 0

" first columm is always bl ank
LOW O

aQuTS = $16

H GH 0

' figure out how nmany pixels to wite on top of full pages just witten
' pixels extra are remai nder of tenpl/8 pages. tenpl is total pixels.
' since we are unfortunately drawing frombottomof Icd, do flip bits
' by taking FF and shifting it by the ammount of hte remnai nder. since
' storing in p, a byte, it should shift off end
p = $FF << (8 - (templ // 8))
' p is data, so shift to data section of 10 then use tenp2 to send to io in for |oop
temp2 = $16 + (p << 5)
FOR k 0 TO4
LOW O
QUTS = tenp2
H GH 0
NEXT
"wite $00
LOW O
aQuTS = $16
H GH 0
' now clear the pages above the pages witten with a bar
IF (i <> 1) THEN
=1 - 2
FORp =i TOO
' set page, columm to start
LOW O
QUTS = $1612 | (p << 5)
' set high columm nib based on the battery currently printing
H GH 0
LOW O
QUTS = nbhi gh
H GH 0
LOW O
' set low colum nib
QUTS = nbl ow
H GH 0
' draw spaces to blank out if colum gets snaller
FORk =0 TO 7

LOW O
aQuTS = $16
H GH 0
NEXT
NEXT
ENDI F
' draw 5.25 low voltage line. 5.25Vis 674.8 counts, so | wll use
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675 counts as the cutoff. also must subtract offset (128 counts x bargraphscal e)
set page, columm to start
if page is 5.25v page, wite $xx, for 675 - (128 * bargraphscal e) count line
cal cul ate page of 5.25v lowlimt |ine
first get total pixels
templ = ( (675 - (128 * bargraphscale)) * 56) / (1024 - (128 * bargraphscal e))
' get page #: page zero is on top, so have to invert nunmber accordingly
temp2 = 6 - (templ / 7)
' get extra pixels. pixel 7 is at bottom so have to convert
templ = 8 - (templ // 8)
' go to desired page just cal cul ated
LOW O
QUTS = ($1612 | (tenmp2 << 5))
' set columm in var nbhigh
set high colum nib based on the battery currently printing
H GH 0
LOW O
QUTS = nbhi gh
H GH 0
LOW O
' set low colum nib
QUTS = nbl ow

H GH 0

"'wite line

LOW O

' this is a potential bug if changed - shift 4 will overwite data if tenpl is O
however, a "1" will be overwiten with a "1", and tenpl is, coicedentally, O

QUTS = ($16 | (1 << (tenpl + 4)))
' done witing LCD - set the chip select to on, disabled
H GH 0
'"'return to main | oop
RETURN

V" hhkhkhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhhhdhhhdhhhdhhhdhdhrhdhrdhrdhrrdrrhrx*

L R R I R R I I I I O R I O I R I R I I R

Draw an item on di sl pay:
' 0-6,AL,NOPRSTUVWY,:, 5x8 fill
" this information will be witten into the epromw th the DATA comand
in the consecutive order above, and is in the file "Char Definitions.bsp"
LR R R b I b I I I I I I R S b I I I I R A A b S O I I I b b I I O
Draw tem
FORk =0 TO 6

AUXI O

LOWO

READ ((itemmenpos * 7) + k), tenp

QUTS = $16 + (tenp << b)

H GH O
NEXT
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RETURN

L R R R R R I I I R I I S R I I L

" function/state that selects data collection state
LR R IR b I b I I I I I I R S b R I I I I R I I S I b S R I R S I I S b b I S O
Dat aAqui si onSet up:
| F (dat aagnmode = DATAAQOFF) THEN
' data aquision is off - do nothing
ELSE
' in data aquisition state
' read adcs and send data out serial port if frequency count is reached
| F (nbl ow >= nbhi gh) THEN
nblow = 0
' read each voltage then send out the serial port for data collection
' for each ADC, 6 batteries per ADC - chip selects are on 1O points 3-5
FOR chi pselection = 3 TO5
' for each batter neasured by each adc
FOR channel = 0 TO5
" run function to get one battery voltage, with channel and chi psel ection as argunents
GOSUB Read_ADC
' send voltage to serial port 115200 baud rate
' for 155200 use 16385. Fornmula is int(2,500,00/baud) - 20 +16384
" for 19200 use 16494
" this will just send out the current battery nunber to the serial port...

change voltage to deci mal and send out serial port
" this is a decimal approxinmation but accruate for 0-1024 to two decimal places
' ** check function LCD OneBattery comments for nore info
" first get the integer part of the nunber
templ = voltage * 30
SERQUT 16, 16494, [DEC (tenmpl / 3856), "."]
FORk =0 TO 1
" renmai nder * 10
templ = (tenpl // 3856) * 10
" display just created digit
SERQUT 16, 16494, [DECl (tenpl / 3856)]
NEXT
SERQUT 16, 16494, [" "]
NEXT
NEXT
' done sending 18 batteries - send carriage return to serial port
SERQUT 16, 16494, [CR]

ENDI F
' we are in data collection node - increment data count for |ow high freq control
nbl ow = nblow + 1
ENDI F
RETURN
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V" hhkhkhhhhhhdhhhdhhhhhhhhhhhhhhhhhhhhhhhdhhhdhhhdhhhdhhhdhdhddhrdhrdhrrhrkhrx*

L R R R R R I I I R I I S R I I L

Di spl ay data aquisition setup on LCD

L R R R R I I S I R I I S I O I R S R I I R

LCD_Dat aset up:
' send newtitle to LCD
' draw - battery label (or 1-6 or A-L)
AUXI O
LOWO
QUTS = $1652
H GH O
' set high colum nib
LOWO
QUTS = $272
H GH O
' set LOWcolum Nib
LOWO
QUTS = $92
H GH O
" print "DATA SETUP' in middle of screen
itemmenpos = 13 'D
GOSUB Drawlt em
itemmrenpos = 10 'A
GOSUB Drawlt em
itenmmenpos = 26 'T
GOSUB Drawlt em
itemmrenpos = 10 'A
GOSUB Drawlt em

SELECT dat aagnode
CASE DATAAQOFF

LOWO

QUTS = $1692

H GH O
' set high colum nib
LOWO

QUTS = $272

H GH O

' set LOWcolum N b
LOWO

QUTS = $12

H GH O

itemrenpos = 29 '
GOSUB Drawl t em
i temrenpos = 23
GOSUB Drawl t em

0
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i temrenpos = 15 'f
GOSUB Draw t em
i temrenpos = 15 'f
GOSUB Draw t em
itemrenpos = 29 '
GOSUB Draw t em

CASE DATAAQONLOW

' set page
LOWO
QuUTS = $1692
H CGH O
' set high colum nib
LOWO
auTs = $272
H CGH O
' set LOWcolum N b
LOWO
auTs = $12
H CGH O

i temmenpos = 23
GOSUB Drawlt em
itemrenpos = 22 'n
GOSUB Drawlt em
i tenmmenpos = 29
GOSUB Drawlt em
itemrenpos = 21 'L
GOSUB Drawlt em

itemrenpos = 23 'o0
GOSUB Drawlt em
CASE DATAAQONHI GH
' page
LOWO
QUTS = $1692
H GH O
' set high colum nib
LOWO
QUTS = $272
H GH O
' set LOWcolum N b
LOWO
QuUTS = $12
H GH O
itemrenpos = 23 'o0

GOSUB Drawl t em
i temrenpos = 22
GOSUB Drawl t em
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itemrenpos = 29 '
GOSUB Draw t em
itemrenpos = 17 'H
GOSUB Draw t em
i temrenpos = 18 |
GOSUB Draw t em
ENDSELECT
RETURN
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' {$STAWP BS2p}
' {$PBASI C 2. 5}

this file defines the LCD characters needed in the program
' and stores theminto EPROM

' characters are:

" 0-9,ALNOPRSTUV,WY,:, K 5x8 fill,"dashed |ine segnment"
Zchar DATA $00, $7C, $A2, $92, $8A, $7C, $00 ‘0
Onechar DATA $00, $00, $84, $FE, $80, $00, $00

Twochar DATA $00, $84, $C2, $A2, $92, $8C, $00

Thr eechar DATA $00, $42, $82, $8A, $96, $62, $00

Four char DATA $00, $30, $28, $24, $FE, $20, $00

Fi vechar DATA $00, $4E, $8A, $8A, $8A, $72, $00 '5

Si xchar DATA $00, $78, $94, $92, $92, $60, $00

Sevnchar DATA $00, $02, $E2, $12, $0A, $06, $00

Ei ght char DATA $00, $6C, $92, $92, $92, $6C, $00

Ni nechar DATA $00, $0C, $92, $92, $52, $3C, $00

Achar DATA $00, $FC, $22, $22, $22, $FC, $00 "10
Bchar DATA $00, $FE, $92, $92, $92, $6C, $00

Cchar DATA $00, $7C, $82, $82, $82, $44, $00

Dchar DATA $00, $FE, $82, $82, $44, $38, $00

Echar DATA $00, $FE, $92, $92, $92, $82, $00

Fchar DATA $00, $FE, $12, $12, $12, $02, $00 '15
Gchar DATA $00, $7C, $82, $92, $92, $F4, $00

Hchar DATA $00, $FE, $10, $10, $10, $FE, $00

| char DATA $00, $00, $82, $FE, $82, $00, $00

Jchar DATA $00, $40, $80, $82, $7E, $02, $00

Kchar DATA $00, $FE, $10, $28, $44, $82, $00 ' 20
Lchar DATA $00, $FE, $80, $80, $80, $80, $00

Nchar DATA $00, $FE, $08, $10, $20, $FE, $00

Cchar DATA $00, $7C, $82, $82, $82, $7C, $00

Pchar DATA $00, $FE, $12, $12, $12, $0C, $00

Rchar DATA $00, $FE, $12, $32, $52, $8C, $00 '25
Schar DATA $00, $8C, $92, $92, $92, $62, $00 ' **

Tchar DATA $00, $02, $02, $FE, $02, $02, $00

Uchar DATA $00, $7E, $80, $80, $80, $7E, $00 ' **

Vchar DATA $00, $3E, $40, $80, $40, $3E, $00

Whar DATA $00, $7E, $80, $70, $80, $7E, $00 ' ** '30
Ychar DATA $00, $0E, $10, $EO, $10, $0E, $00

Fi I Il char DATA $FF, $FF, $FF, $FF, $FF, $FF, $FF ' **

Enpt ychar DATA $00, $00, $00, $00, $00, $00, $00

Decpt DATA $00, $00, $00, $C0, $C0, $00, $00

Bar gr aph DATA $00, $FF, $FF, $FF, $FF, $FF, $00 ' ** '35
"l ow dash char at 5.25V (675 counts, 37 pixels on 56 pix scale) OR 4.8V (617, 34pix) like M. oha of Sol eq sai d?
" high dash char 7.45V (958 counts, 52 pix on 56 pix full scale)
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