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1
ELECTRONIC ODNMETER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to the field of slec-
tronic storage of data and more particulacly vo that feld
applied to the ares of measusing and storng data e
flecting the distance traveled by a vebicle over s life,

2. Description of the Prior At

Conventional odometers, as used in motor vehicles,
have consistently emploved mechanbzal accumualators
such as are disclosed in U5 Par, Mos. 3,801,00F and
4,284 £ Im each of those cdometers, & gearing mecha-
nism provides a scaled relatiorship betaesn the linear
distance traveled by a rotating vehicle whesl and the
vierwable number wheels, The odometer gear train is
connected to drive a plurality of number wheels that are
interrefzted fo count and permanently record the mum-
ber of undls (miles ar kilometers) of distance traveled by
the wehichs,

In more recent years, the trend has beea to provide
electronically activated digital resdoats of critical infor-
mation in 2 vehicle in the form of vacuam fludrescent of
]i.qm'l:] crystal display systems. A digital speedomeder is
disclesed in ULS. Pat. Mo, 4,158,172 in which a pulse
generator is employed to provide a known number of
pualses per unit of distance travelsd by the vehicle Asso-
clated cireuliry analyzes the rate at which the poises are
produced and provides approprizte signals 1o 2 vacuam
flourescent display to provide o visible digital mdscation
of the speed of the vehicle. Continuouws sampling allows
for the speedometer to update the display when o new
speed value is detected and measured over a plurality of
consecutive MeERsarements,

In U5 Pat. No. 4317106 an electronde devies iz
indlcated 18 which a similar speed semsing device is
employed for measoring the wheel rodational speed of 2
vehicle and providing information which can be dis.
played in terms of distance that the vehicle has traveled
since the system was reset. However, such a device is
only imtended as an suxilinry distance messuring device
and woubd not be sultable for use 25 an odometer that
permanently stores the accumulated distance the vehi-
cle has traveled over its lifs, since these is mo fecility for
permanently storing the distamce valies as they are
socamialated.

SUMMARY OF THE INVENTION

The present invention wiilizes 4 anigue configuration
1 achieve the desired condition of providing the pee-
manent siorage of accumulated distance menpsurements,
while providing the desirable display features nssooi-
ated with conventional electronic mileage mesuring
devices

A non-wolatile memory device is wed which has the
ability of storing chargs in addressabibe bit cell locations
that are arranged in o repeatable sequential boop. A
micropracessor is at the heart of the svstem and famsc-
tions 1o read & spesd semsor input, provide frequent
updates of distance increments to a digital display and
provide less frequent apdats o the non-volatile mem-
ory device at pericdic aceumulations of dstance incre-
ments. In additicn, a power conirol circull & associated
with the microprocessor which provides power o the
microprocessar when the vehicle ignition & switchsd
from on to off. In ths mammer, the microprocessor is
allowed time 10 update the non-valatile memory with

i
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5
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any accumulated measurement valpes since the last
uplate.

In order o obtoin the correct value from the non-
wolatile memory that indicates the accumulated dis-
tance fravel=d by the vehicls each time the vehicle is
turned o, the microprocessor is programmed 30 as o
read the data valwes contained in each of the storage
locations of the non-volatile memory. Esch resd valoe
is assesspd to (st determine if the read vales has cor-
fecl panty and to secomdly determine the quantiiy rels-
tionship of the read valu= to other values read from
ather bocations in the non-volatile memory. Once the
correct value is read from the non-volatils memory and
meets all e criterda, it 3 used =5 2 base vales for subse-
queenl addmg of measured distnnce merements and dis-
play of the accumulated odometer value. [n U present
invention, the display of the base odometer value is
incremented for each predetermdmed poriion of a unit
(01" kilomeser or 0,1 mdle) after the distance semor
has provided a sufficient namber of pulses 1o indicate
the imcrement has besn messared.

In order 1o preserve the life of the nopvaluile mem-
ory, the number of the srase/write cycles has been
minimized by providing epdates o the nos-eolatile
memary that correspond to increases of 1356 km (ap-
proxmsately 10 miles) throwgh o write method which
will be deseribed in dedndl later, The write method is
slouctured 30 as to avoid erasing the value of data stored
i the non-volatile memory location corresponding o
that location from which the base waloe was read. In
addition, the write method provides lor error checking
wherehy esch new odometer valoe weltten b the non-
volatile memory is resd and compared with that which
was writhen into that storage location. In the event the
comparison indicates an inpguallty, and the associated
parity valoe indicates an squality, the method atempis
to write nn erronesus valee and an erronesas pariny ato
that location so that it will not be mistakenly resd as
vialid value doring the read method.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is o block dingram illustrating the relationship
ol the variows elements employed in the present inven-
tion,

FIG. Iis a conceptional dizgram illestrating the stor-
age location kap of tbe nonsvolatile memory |:|:|1_;|;|I|:5n::d.
in the present invention.

F1G5. 30 and 3k together form a fow dizgram illus-
trating the sob-rowtine wed woessd the edometer base
valoe from the non-volatile memory (WVBM) in the
present imvention,

FIG. 4 is a flow diagram illesteating the subsoutme
used in write each new odometer value to the BV
the present invention.

FIG. 5 is a flow diagram illostrating the main pro-
gram as wtilized in the microprocssor of the present
Inveniion.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The electranic odometer of the preseat invention is
illustrated in FIG. 1 as including a speed sensor 12
wihich s implemented as 2 conventional transmission
mounled vanable reluctance ssnsor that produces a sine
wave calibrated o be approximately 8,000 cycbes per
mile {1.6 k) This s equivalent 1o approximately one
cycle for every elght mehes (2003 em) of vehicle traved,
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‘The sine wave output from the speed seasor 12 is con-
nected o a zero crossover detector 14 which converts
the sine wawe o a sguare wave of approximasely 16,000
cycles per mile (1.6 km). A microprocessor 16 is pro-
grammid o provide owtput data bo a display driver 22
that formats the data to activate specific slements of an
adomeder display 24. The odometer display 24 inchudes
sin Tepmgmented dights and one 2-segmentsd digit o
provide a display of sccumulsted distance up 0
1999098 % ynits (kilometers or milesk The odomeder dis-
play 34 also includes indicia to reflect the measurement
units being displayed. A service symbol of an “5" sur-
rounded by a rectangle = also provided 1o indicate 8
substitation of the non-volatile memory element 18 for
that which sccompanied the viehicle from the monufac.
furer.

The noa-wolatile memary (WY M) slement employed
in the described preferred embodiment s 2 metal-mirsde
nxide sembcondocior (MNOS) designated as an NCT033
EAROM by its manafactarer—MCE  Corporation.
[Crata retention is defined as the tme data will remain
walid in the NVM betwesn ersseswribe cyches. It has
been foond that the data retention is inversely related o
the number of sraseSwrite eyeles performed and that an
gxcessive number of such cycles will overstress the
nitride bayer and dimdmich this particalar MVM's ability
to retain data.

Diata retention s iyplcally 3 to [2 vears when erase/-
write cycles are less than 5,000, With less than 12,000
eraseswrite cycles, the retention is typoially 4 1o 6
yeare. Dafa retention & mot predictable when erases-
write oycbes exceed 10,000,

Given the considerations of Lhe partcalar N% M used
in the preferred emnbodiment, the present nvention is
constrocied 1o mindmize the number of emsedwrite
cycbes over the life of the vehicls in order to maximize
the dats retention, This also insares that even with [all-
urs of some other component in the electronle odome-
ter, the measured distance berwesn efases write cvcles
will not be so excessive &3 1o lose a significant measore.
ment of distance,

The microprocessor 16 is implemented in the pre-
ferred embadiment in the form of an MCeSDE/H 2 avaidl-
able from Motorols, Inc. The microprocesor 16 is pro-
grammed 1o process the input signals from the zero
crossover defector 14, to computs the accumulated
measurement values for the odometer deplay and pro-
vide measurement wpdates bo the nop-volatle memory
at predetermined [perements. The microprocessor 146 i
also programmeed to urilize the non-volanle memory 18
a5 & backup device with respect to its intermal random
acces memory (RAM

A deadman timer 20 s atllized (0 peser the micro-
processor 16 m the event a long pericd of time alapsss
between microprocessor functions that indicate errones
ous operation of the microprocessar, The function of
the deadmean fimer 200 is conventionally mecluded i
provide o resed o all the microprocessar funetions and
allow it 1o restart 18 operations.

The display driver 33 functions to receive the owrput
data signals of the microprocessor and to energize the
appropriate display segments in the cdometer display
M. The display driwer 22 acts a5 a decoder and in the
preferred embodiment & implemented a8 a 4-bit micro-
procetsor designated as HMCS43 by Hitaeli, Lid

The addressing sequence fof the sight 33-bit stornge
lgcations in the son-valatils memory (NWYM) 18 =
shown in FIG. 2, The layout indicates that the individu-

I3
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ally azddressable locations #0-#7 are sequential and
form a loop wherehy location #0 follows location #7.
The purpose of the loop arrangement is to mimamize the
namber of erpseSwrite oycles 0 any pariscular location
i the: WM and thos maxmmize te length of dats reten-
tiom. Therefore, a multiple aumber of odometer valoes
will be stored in the NYM st varmous locations. The
read method has o determing which vales is the appro-
priate one 1o ke used as the hase odomeder value for
display and subsequent sccumulation of distance mea-
SUrEments.

The main program for the microprocessor 16 is illas-
trated in FIG. 5 and commences after the vehicle igni-
tiom is turned on at 001, Immediately, the sub-routine
methad s called at 002 to read the base cdometer value
froan the NWM,

FIGS, 3A and 3B illustrate the sub-routine called ar
002 for reading the odometer hoss valoe from the mon-
volatile memory. In that sub-routine, a start read loca-
tion {SRL) is set to the 0 location of the NVM in in-
strpction X3, A current read logaon (CRL) is set to
match the start read Bocation in mstruction 222 The
odometer value at the current read location is resd as
223 and i thres parity bits of the 32 bit word are com-
pored ot 224 with the correct parity to determine if the
odometer value read at the carreat read location hes
correct parity. If the party s not correct, the current
read location s adwamced at 225 to the next storage
locatlon of the MWW, If the advanced corrent read
focation is not equal to the start read location when
compared at 226, the odometer valee is then read at that
advanced current resd bocation at 233 and the party &5
agaim compared at 224, I no parity correct valuss ars
repd from the WM over the eatire loop, an error flag
is st at 227 when the current rexd location again equalks
the starm eesd location at 236, The sub.routme then
peturns to the main program ot 2268

On the other hand, when 2 valoe at & particular cer-
rent read location i resd at 223 and bts parity at 224 is
correct, that odometer valoe and the location of the
current value (CYL) are stored at X300 in the micro-
processors intermal RAM (temporary storage). The
carrent read location is advanced at 131 asd then com-
pared at 232, If the current read kecation as comparsd At
232 ix not yet equal sgads o the start resd location, at
240 (F1G. 3B}, the odometer’s value is read at the cur-
reqit pead bocation. IF the parity is not correct at 241, tha
current read location i the NWM = again sdvanced at
2 (FTG. A, the current read locatibon i compared at
232, the valws = read ai 240 and the parity s compared
at 241 unil the curreat resd location is ngnin equal o
the start read bocation or & second odometer value @
read that has cormect paraty.

If the current read location s advanced 1o the start
read becntion and 5o determined at 232, the flap is set for
“mierror” at 234 and the sub-roatine then returns to the
main prografm at 235,

[f & secomd odometer vales is resd at 240 that has
correct parity af 241, its relafionship 1o the adameter
value stored i the microprocessor BAM s checked at
242, The predetermined relationshap musi be such thar
the most recent odometer value read &t the curnent read
location minus the cdometer walue stored in the micro-
processor BAM must be less than 25 miles (38 km) bot
preater than O In the present invention, the NWM =
updated or written with new odometer values at secu-
mulated increments of approximately 10 miles or when-
ewer the ignition i switched off. Therefose, if a particu-
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lar locwtion in the NV'M contains faulty data, the rela-
tinnship established in the read suh-routine method
allows for the system o ablain an odometer valwe that
is g1l within an scceplable degree of accarscy,

In FIG. 3B, after the relationship is checlked ar 242 a
determination is made as to whether the relationship is
cormect or not at 243, If the relationship B cormect, (ie,
the second odometer value read at the cusrent read
location is not more than 15 miles greater than the pre-
vipus wvalue stored in the microprocessor RAM) the
second odometer value and ks locaton valise are substi-
tated at 250 into the microprocessor RAM for the valee
that was carfier stored. Uneil the corrent read bscation
has been advanced bo the start resd locatbon and verfied
at 152, the steps of advascing at 251, reading the valss
at 255 and parity checking ag 256, a8 well as checking
the relationships of valkily resd odometer valwes at 257,
are repeated. [F subsequent odometer values are read at
255 which have correct parity ar 356 and sccepiable
relationships at 2577258 to the valeed slored 1o the ma-
croprocessor BAM, then each of those walues are sub-
stituted fog the one previowsly stored at 2500 When the
current resd location s advanced b the start resd [oca-
tlom af 252, the error flag is set 0 “no error'® at 253 and
the resd routing returmns oo the main program. At that
time, the value stored in the microprocessor RAM cor-
responds b the correct base odometer value used for
subseguent caleulations and display.

It should be poimted our that if the second parity
correcs odometer valee read at 240 is outside the rela-
tonship determination ar 2427243 the read sub-routine,
will cause the carrear read location 1o be advanced at
244 and the value resd at cach bocation until another
parity correct walue is read at 248,249, The relaticaship
of that parity correct value i then checked against the
wvaloe stored in BRAM at 242 to determine if the stored
value should be replaced. Howsver, in the event that
oaly rwo parity correct odometer values are read fram
the M¥M and the second valoe read B not within the
predetermined relationship, the read sob-routine ad-
vancss the start read location st 246 to the next location
and again sequences through the steps described above
lrom 222, Thas 18 continosed undil the second resd odomes
efer value described above becomes the first value then
stored in the microprocessor BAM and the first read
adometer valus described aboove becomes that which
has irs relstionship compared with the vales then stored
in the miceoprocessor BRAM. IF 2t that e, the rela-
ttomships are correct, the cobstituted value is sccepted
a5 the base odomeser walue and the read rowting is re-
torned i the main program at 235 However, if even
afier the routine has been repeated until such time as the
start read location is agam read at 247 o be egual to its
initial zero location and no correct relationship compar-
isons have been made, o error fag is seat 227 to indi-
cate 2 malfunction. Ctherwise an erroneéous reading
wiould be displayed by the odometer.

Referring agam to FIG. 5 after the hase odomester
valee 3 been read from the MWW at 002, a precount
register is set to 23 couwnts (005 km) ar 003 and the
adometer increment register is cleared to zeso at i, I
the arror flag is not set at S, the bese odometer value
i displaysd at 006 pius any mcrement vale.

The precount register i inimalzed to 55 km {0 com-
pemsate for any loss of distance which may have oc.
curred dwe to the dropping of the least significant data
bits when walues are written inta the NVM sabseguent
o when the vehicle was previously umed off.
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If the error flag is not set at 003, the increment value
is added o the base odometer valoe at 006 1o obtain a
summation valuwe that is displayed s the odometer
valae,

Whenever a pulss is received from the crossowver
detector 14, a single count i added to the odometer
precount at B0B. When the precount regisier accumu-
lates 50 counts (000 km) ar 009 & single counl & added
io the increment regsster at 010, The precount regisler i
then cleared 1o pero at §11. When the increment register
accamialates 1536 counts (15.34) km (of approximately
10 miles) ar 012 the rowtine is called st 003 which writes
a new odometer value to the non-volatile memory.

‘The write roatine shown in the flow dagram m FIG.
4 bepdng at 300 and 302 by calling up the read odometer
base valoe from NVM qub-routine deseribed abowve, [
the resd sub-roatine did oot retiern an eror ab 303 and
the odometer increment regpister 4 pol equal 1o 0 at 304,
the odometer increment is sdded o the bese odometer
valuwe al #F 1o get a new odometer walue. The incre-
ment register i then cleared o zero at 36 A write
location B set at 307 10 be equal to the current valuwe
bocation that is stoeed in the microprocessor BAM with
the base odometer walue. In order to make sure that the
value stored in thar location is not destroyed, the write
location is advanced at 308 to the next storage location
in the loap of the MVM. I the advanced write location
does pol egual the cwrrent valus locabion at M9, the
new odometer valse 1 then written at 310 mio the
NWM at that advaneed write location by performdng an
erameSwrile cycle. The value written nbo the NVM s
then read back at 311 and checked for accuracy. IF the
value 8 correct ar 312 as written, the wribe rooline
returns beck to the main program at 313, In the event
that the resd back value is not correct at 312, it pacity
is checked at 313 to determine if that portion corme-
sponmds. IF the parity is correct bt the valoe written is
incorrect, an eraseSwrite cycle 2t 314 is performed al
that location in ofder 10 desteoy the valoe present in
that location and to write an erronesus parity, Follow-
ing that sequences, the write location is advanced at 308
b0 the next storages location in the loop of the VM and
the secies of sbeps 309-312 utilized to write the odome-
ter walue is agadn attempied. These sttempls continue
until the write location becomes equal o the current
walue bocation ot 309, At thas point the write sub-routine
refurns to the main program at 315 and the read routine
4 15 entered in order o update the ma DoEsSOr
BAM with the odometer base valuwe from the NVM. If
the Egnition switch is still on when checked at step 05,
the odometer base value read from the MVM at 014 is
displayed at 006

When the wvehicle ignition is turned off, power is
maintained o the microprocessor 16 through the power
ool 10, AL such tme, step 0L canses the wrile fou-
tinz to Be recalled at 016 and anvthing stored in the
increment register i sdded o the base odometer value,
The sum hecomes the new odometer value that & writ-
t=n ity the WM. When the ignition is off and the
wrile routine 15 completed, step 017 causes the power
control 10 to extingunish power 1o the system. The bil
sipe of the data stored in this MWVM does nod allow for
storage of valees that give a resolution greates than .1
km. Therefore, when the ignition & turmed off, the pre-
count accumulation i lost. Acoordingly, the precount is
sef i 25 or an equivalent of 0005 km when the vehicle
igndtion is turned back an o provide 3 compensation for
whiat is deemed o be the averape value that s lost over
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the kLife of the vehicle. It 8 expected that a random
normal distribation for the los of distance measure-
ments 2t power down will canced aver the lifs of the
wahicle.
Tt will be apparent that many modifications and varia-
tions may be implemented without departing from the
scope of the novel concept of this invention. Therefore,
it is mtended by the appended claims (o cover all such
maodificatsons and variations which fall within the troe
spirit and seope of the nvention,
We clamm:
i A mebod of measuring, displaying ond perma-
nently recording the accumulated distance traveled by
an automalive vehicle comprising:
providing a means for sensing the movemeant of sxid
weklele and pmuidi,rq:un owtput signal indicative aff
predetermined portions of distance traveled,

mondtarkng sakd owtput signal from sensor means and
sccumnulsting data values corresponding io sud
portions of distance traveled until a predetermined
increment of distance is sensed;
providing a memory means having a plerality of
non-volatile and individually addressable locations
each one of which is capable of storing daca corre-
sponding to a summation of all predetermined in-
cremenids of distance traveled by sabd vehiche;

reading the most recently stored summaiion data
stored in said MV memory means 25 o base value;

sccumulating each occurrence of said accumualated
dafa walues equaling said predetermined increment
of distanee until a predetermined namber of incre-
ments B accumulated;

susmming the data value corresponding 1o cach oocur-

rence of sakl sccumulared data valwes equaling sasd
increment and the base value read from zaid non-
volatile memory meand 1o derive a new valoe of
acowmulated distance rraveled;

wiitlng sumimation data 10 & location of said non-

wilalile meand having an addeess thao is
different from that of the location containing the
most recently stored summartion dats, when said
summation data value cxceeds the most recently
writben sumemation dats value or said base value by
a predetermined amount that is grester than said
predesermined increment; and

providing a means for visanlly displaying the scou-

mulnted distance valus; and

displaying the larger of szid base value and said sum-

mation data value as the accumulated distance said
vehicle has travebed.

2. A method as in claim 1, wherein sald sveps of accu-
mualating, summing, resling and writing are performed
by a microprocessor programmed to perform the re-
cited functions with respect to said sensor means, said
nom-wolatile memory means and =id display means

3. A method = m claim X, whersin sad addressable
storage locations in sadd noa-volatile memory means are
arranged in a repeatable ordered seguence so that when
the last location in & sequence ls addressed, the next
sebectable locatbon is the fest location in that sequence.

4. A method &8 in claim 3, wherein said summing step
is also performed whenever the vehicls is torned off,

5. A method as im claim 4, wherein said reading step
provides an error signal to said display means, in the
event it canneot determine the correct most recently
stored semmation data stored i said non=volatibs mem-
ary means, o indicate 3 malfunction.
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6. A method as in claim 5, wherein said step of read-
ing sddresses each storage bocation in said non-volatibe
memary means and compares each read datn value
having correcd parity with previously resd data walues
ber determine the highest valoe, within a predetermined
maximum difference, 48 the most recently stored sum-
mation data [or sasd base valoe

7. In an elecironic odometer, 8 method of resding

data fram a noa-wolatile memory (WY M) device having
dats stored in one of more of & predeterminsd nomber
of seguentially ordered storage locations including the
fallowang ardered steps of:

(a) selecting a storage location in sasd NWM as a
starting read bocation;

(b) reading the data valae present in the selected read
location;

() comparing parity coded portions of the rexd dota
walue with predesermined correct parity valoes to
determine if sadd read data value is parity correet or
il

(d) advancing the reading location to the nexi sequen-
tind bocation in sasd NV M and repeating steps (B}
and (c} only until the sslecied reading location is
again equal fo sid starting reacing locatsn wien
said compared parity in step (o) = incorrecl;

(g} providing a data error indication and ending said
method when said compared parity in step (o)
imcorrect and said reading location is again equal to
sakd searing resd location:

(F) temporsarily storing the read data valus in another
memory device when the compared parity of step
[g) is cormect;

(g ndvancing the selection of the reading becation o
the next sequential location in saxd MNV3;

(h) providing said temporarily stored data value a5 a
correct base odometer value and ending sald
method onky when said selected resd location &
again agqual to said starting resd location;

{i) reading the dofa valoe presemt m the advanced
read Iocation;

{i} comparing the parity coded portions of the read
data value with predetermined cocreci parity val-
ues {0 determine if said resd data valoe ls pariny
oorrect or ool

{k} repeating sequential steps of (g) theough (j) whea
said compared parily in step () B Incoroect;

{1} comparing the data value fead in scep (i) with the
valwe temporarily stored in said other memory
device when said compared parity in step () is
cofrect o deberming if said valoe read is within a
predetermined relationship established with re-
spect to the temporanly stored valoe;

(m} replacing the previowsly temporanly sooned dats
in step (F) with the read data valee compared in
step (1) when that read dats value ls within the
predetermimed  relationship cstablished with re-
spect 1o the previously wemporarily stored walue;

(m) repeating steps (gh through (mk

(o) repeating step £g) when the read dagn value com-
pared in step (1) is withoot the predetermined rela-
tionship established with respect to the previously
temporarily stored vilue,

{p) repeating steps (1) throogh {m} only until the se-
legted resd location is again equal bo dasd starting
read hocation;

(g} advancing the selection of the stanmg read loca-
ton i the next sequential locaton in sakd NWM;
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(r} repeat steps (b) throwugh (g) only wneil the sarting
read locntion & agnin =goal to the darting resd
location selected in step {a); and

{s) providing a data error indication and ending sasd
method when sald starting resd location is again
eqaal to the starting read location selecied in step
{a)

8. A method as in claim 7, wherein each step of tem-
porarily storing 8 read data walve includes the step of
contemporansously storing the corresponding selected
read kocation for that valwe.

9. A method as in claim 8, incorporated In & method
of writing new odometer data valees to said MWM
device inclading the following steps:

{2} reading the base odometer walue and cormespond-
ing selected read location from the NWM device
according to the steps recited in claim 8

(h") ending said method if an error indicstion & pres-
ent;

(=) sebecting a sioeapge location im sabd WNWM a3 a
write Jocation squal to the selegted read location
read in step (a7

(d") advancing the selection of the stornge location to
the next seguential location in said MWM;

(e} adding a walve of messured distance valuee data 1o
snid base odometer data value resd from s=id
WM, wherein the sum of values is within the
established predetermined relasonship to dedve a
neaw base adometer valoe; and

(") writing the new base odomober value daca derived
in step (e7) to the advanced selected storage loca-
tion in the BIVM.

10 A method as in claim 9, whersin said writing step

() is accampanied by the sleps of

adding predeapermined pasily data o sid new base
aodometer valee data and writing both o the ad-
vanced storage location selected in step (d”),

11. A method as in claim 10, wherein said writing step

(7} is followed by the steps of:

{g') reading the data stored in the storage boecation
salecied in step (d

(h') comparing =add value data read in step (27 with
the new base odometer value data written in step
() to determine equality or inequality and ending
sxid methad if they are egual;

{i") seleciing the mest storage locabon by sdvancing
to the next sequential location of the MWM;

(i} repeating steps () through (§') oaly until the stor-
age location is agein equal to the storage location
telecte=d m step (o) and

(k') ending sald method when said storage location in
step (17 is equeal o the storage location selected in
step (),

12, A me=thad = in claim 11, wherein ﬂi.d.;:-:lmpnﬁn]
atep (b') additiomally includes the sobsequent step of
comparing e read parity data, when the preceding
comparison resulis in an mequality, o delermine parity
equality or inequality and is followed by the step of
writing an incorrect data walue with incorrect parity
data i the selected stotnge location of the MVM prior
te step ().

13. A method of resding data from 2 nonsvolatile
memory (MVM) device having dals stored in ome ar
more of & predetermined number of squentially or-
dered storage locations including the following ordered
steps oft

o} selecting a storage location in ssid NVM as a
starting read bocation;

1o
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(b} reading the data walue present in the sslected resd
Incation;

{2) comparing parity coded portions of the read data
valus with predetermined correct parity values and
determining if sabd read dats vales is parity correct
ar nat;

{d} advancing the reading location bo the next sequen-
tial location im said MVM and repeating steps (B)
and {c) anly until the selected reading location is
agnin equal to said starting reading location when
said compared parity in step (c) & incorrect;

(e} providing a data error indication and ending said
method when sxid compared parity in step (o) &
incorrect and said reading kocation is again equal to
said starting read locations

(7} temporarily storing the read data valus in apother
memary device when the compared parity of step
(ch s correct;

(2] sdvancing the sclection of the resding location o
the mext sequential location in said BV

(h} providing said temporarly stored data vales &
the correct read data and ending said method only
when said selected read location is again egqual o
saud starting read locationg

(1) reading the data value present in the sdvanced
read location;

(i) comparing the parity coded portions of the read
datn valus with predetermined correct parity val-
wes and determining if said read data walue is parity
COFTect Of oty

(k) repeating sequential steps of (g) through () when
sadd compared parity 1a step (J) B ncorrect;

(1) comparing the data valee read in step (1) with the
value temporarly stored in said other memory
devics when sald compared parity in step () ia
correct 1o determine if said walue read B within a
predetermined relationship established with re-
spect {0 the temporarily stored value;

{m} replacing the previously temporarily stored data
im step () with the read dats value compared in
step (1) when that read dotn valus s within the
predeiermined relationship establshed with re-
spect to the previoosly temporanly stored values

(m) repeating #eps (2) through (m);

(o) repeating dtep (g} when the read dats value com-
pared in stap () B without the predetermined rela-
tionship established with pespect 1o the previoasly
temporarily stosed waloe;

{p) repeating steps (1) through (m) only until the se-
lected read location is again equal to said starting
read location;

(q) advancing the selected starting rend location to
the next sequential location in said MW

[r} repeat sleps (B) through (g) only until the starting
read locateom 18 again equal o the sarting read
location selecbed in step (a); and

(2] providing a data error indicstion and ending sud
mthod when sadd staring resd localom 8 again
equal o the stapting fead location selected in step
{a).

14, A method as in clalm 13, wherein each siep of
temnporarily storing a read daca value includes e step
of contemporancously sioring the corresponding se-
lected read locatson for that value.

15 A method & in claim 14, incorposated o a method
of writing new data walucs to said MVM devics includ-
ing the following steps:
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{a) reading the data valoe and comesponding se- 17. A method a3 i claim 16, whergin said writing step
lected read location from the NVM device accord. () 8 Tollowed by the steps of: :
ing to the steps recited in claim 7, (") reading the data stored in the storage location of

) ; s A the MVM selected in step (d:
(%) ending said method if an error indication s pres- ('} comparing swic value data read in siep (2) with

Lr, )

ah L the summed value data written mn step () to deter-
(e} selecting & storage location in said NVM 23 a mine equality or inequality and ending said method
write location egual to the selected read locatson if they are egual;
resd in step {2'); (1 sedecting the next write location by advancing to
(d'} sdvancing the selection of the write location o g the mext sequential storage location of the NVM;
the next sequeniial siorage location in said WV, (i'} repeating steps (F) throwgh (7 only until the se-
(e} adding a wvalue of dota o sid dats value read lected write loceiion is apsin equal bo e storge
from sid NVM. wherein the sum of valees is location selected in step (c7); and _
within the established predetermined relationship; (k') ending said methed when said storage location
and i3 selected n step (17 is eqoal 1o the storags location

(") writing the summed value data derived in step {¢') selecind in siep (). L :
to the advanced write location selected in step (d) sh:?l]#l ﬂhﬁfﬁa?ﬂﬂ;‘fmﬁﬁlﬂmﬁ
16. A method &s in claim 15, wherein said writing step parity data, when the preceding comparison results
([} is accompanied by the steps of: _ 20 in=n ineguality, to determine parity equality or inequal-
combining predetermined parity data with sakd 4y and writing an incorrect data value with incorrect
summed value data and writing both the summed  parity data to the selected storage location of the NVM
value duta and parity data to the sdvanced write prior to step (i
Epcntion seiected m step (d'L
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