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1
ELECTRONIC ODOMETER

This is a continsation of application Ser. Mo, 656,626,
filed Ot 1, 1984 ULE, Par. No. 4,710,588,

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present myvention i directed to the fleld of elec-
tronks storage of data and more pacticolarly to that field
applied to the ares of messuring and storing data re-
flecting the distance traveled by o vehicle over s Life.

I, Descoption of the Proor Art

Conventional odometars, as used in motor vehichas,
have conadently emploved mechanical accumulators
guch s are disclosed in LS, Pat. Mos. 13010035 and
4,254 BE2, In each of thoss odometers, a gearing mecha-
nism provides o sczled relationship betwesn the linear
distance traveled by a rotating vehdele wheel and the
vigwable number whesls. The odomefer gear irain is
conmscied o drive s pluralisy of number whesls that are
imterredated fo coont and permanently record the nem-
bar of units (miles or kilameters) of distance rraveled by
the vehicle.

In more recent years, the trend has been to provide
electronically activated digital readouts of critical infor-
mation in o vehicle in the form of vacewm flusrescent o
liguid crysial display systems. A digital speedometer is
disclosedd in US. Pat. Moo 4,158,172 in which a pualse
gepefatar is emploved to provide a known nomber of
pulees per wnit of distance traveled by the vehicle. Asso-
ciated circuitry analyzes the rate at which the pulses are
produced and provides appropricts Sgnals 1o 8 vacoem
floorescent display to provide a visible digital indication
ol the speed of the vehicle. Continuoas sampling allows
for the speedometer to update the display when a new
speed valoe is detected and mersored over a plurality of
COnSeCutive mepsurements.

Im LS. Pat. No. 4,317,106 an elsctromic device i
indicated in which a smilar speed sensing device is
amplayed For measascing the wheel rotatbonal speed of a
vehicle and providing information which can be dis-
played in terms of distance that the vehicle has travelsd
since the system was reset. However, such a device is
galy mtended ag an suxiiary distance mesdurng device
and would not be suitable for use as an odometer that
permanently stores the nccumulnted distance the vehi-
cle has traveled owver its life, since there is o facibity for
permanently socing the distance values ag they are
accumulated.

SUMMARY OF THE INVENTION

The present mvention uhilizes 2 onigoe configeration
o achleve the desired condition of providing the pee-
manent siorage of accomulated distance measurements,
while providing the desirable display features associ-
ated with conventional electronic mil=age mensuring
devices,

A pon-volaiile memory device is used which has the
alility of storing charge in sddresssble bit cell locations
that are prremged in o repentohle seqoentinl loop. A
microprocessor 1% al the heart of the system and func-
tions to read a spesd sensor inpuot, provide frequent
upddates of distance increments o a digital display and
provide lzss frequent updates to the non-velasile mem-
ary device at periodic accumulations of distance incre-
menis, In additlon, a power control cirowil is asociated
with the microprocessor which . provides power to the
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microprocsssor when the vehicle ignithon 3 switched
from an to off In ths manner, the micropfocessor &
allowred time to update the non-volatile memory with
any aoccumuolated mensurement values since the lnst
update.

In aorder b0 obdan the correct value From the nons
volatile memary that indicates the accumulated dis-
tance iraveled by the vehicle each time the vehicle i
turned on, the microprocessor 5 programmed 50 a5 (o
read the detn vnlpes confmined in ench of the storage
locations of the non-volatile memory. Each read valee
it assested o first determine I the read walue has cod-
reat parity and 1o secondly defermine the quantity rels-
ttonahtp of the sead value to other values read from
ather locations in the non-volatile memory, Once the
correct valee is resd from the non-volatile memory and
mesets all the criteria, it s used a & base valoe for subse-
guent adding of measured distance increments and dis-
play of the sccumulated cdometer valoe In the present
invention, the display of the base cdometer value i
incremented for each predetsrmined portion of o wmt
(0.1 klometer or “0.17 mule) afier the ditanece sensor
has provided a sufficient number of pulses to indicats
the increment has besn measured.

In order to preserve the life of the non-volatile mem-
ory, the namber of the eraseswrite cyeles has been
minimized by providing updates 1o the son-volatile
memary that correspond 1o ncreases of 13,36 km (ap-
proximately [0 miles) through a write method which
will be described in detail lnter. The write method is
structured so ns to avoid erasing the valws of data sbored
m the ponevalatile memory location cocresponding Lo
that bocation from which the base value was read, In
additlan, the wiite method provides for error checking
whereby each new cdometer value written to the non-
volatile memory is rezd and compared with that which
was written into that storage location. In the event the
comparison indicates an megualidy, and the assoctated
parity value indicates an equality, the method atempis
b0 write an erroneous value and an erronecus panty into
that lecation so thar it will not be mistakenly read as o
walid value during the rend method.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illusirating the relationship
of the varioes elements employed m the pressnt inven-
Hon.

FIG. 2 is a concepiional dizgram tllusteatiag the sor-
ge location boop of the non-volatile memory employved
in the present invention,

FIGS. 37 and 38 together form & flow disgram illus-
trating the sub-routine wsed bto resd the odometer base
value from the non-volatile memory (N%5M) in the
present inventkon.

FIi, 4 is a flow disgram illustrating the sub-roatine
nsed (oowrite 2ach mew, odometer videe © the NV m
the present invenison.

FIG. § is a flow diagram illostrating the main pro-
gram as uiilized in the microprocsssor of the present
mventian,

DETAILED DESCRIPTION OF THE PRESENT
MW EMTION

The electronic odometer of the present inwention is
ilhestrated im FIG. 1 as incleding 2 spesd sensor 12
which s implemsented a% 4 conventional ransmission
mounted variable reluctancs snsor tat prodeces a sine
wang calibrated o be approximately B O cycles per
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mibe (1.6 km). Ths = eguivalent to approximately one
cyele for every sight inches (20.3 em) of vehicle travel.
The sine wave output from the speed sensor 12 is con-
nected toop zere orossover detector 14 which convens
the sing wave o2 sguare wave of approximately 16,000
cycles per mile (1.6 km). A microprocessor 16 s pro-
grammed o provide output data woa display driver 22
thar formats the data to activate specific elemments of an
odometer display 24, The odometer display 24 inclsdss
sux T-segmented digits awd one I-scgmented digit to
provide a display of accumuolated disstance up fo
199999 9 units (klometess or miles). The odometer dis-
ploy 24 also meludes indbcia to reflect the measurement
units being displaved. A servics symbol of an 5" sur-
rouwmnded by a rectangle s also provided fo indicate a
subsrinatbon of the non-volatile memory element 18 for
that which accompanied the vehicle from the manufac-
L.

The aon-volatile memory (MY M) element employesd
in the described praferred cmbodiment is a metal-nitrids
anbde semicosductor (MMOS) designated a5 an NCT033
EAROM by its manufactursr —NCR Corporation.
Drata reteniion i defined as the fime data will remaim
valid in the NVM between eraseSwrite cycles. Tt has
been found that the data retention is ivversely relnted to
the member of erase/write cycles performed and thatan
cxcassive number of such eycles will oversiress the
attride laver and diminish this particular BV M ability
o patain data,

Drana retention is cvpleally 8 to 12 years when ernses-
wilte eyvcles are Jes than 30000 With less than 12,000
erasaSwribe cycles, the retention is typically 4 to 6 years
Drata retention is not predictable when erase arite cy-
cles encesd 10,000,

Given the considerations of the particular BV ased
in the preferred embodiment, the present invention is
contrsied to minimize the nomber of erpseswrite oy-
cles over the life of the vehicle in order to maximize the
datn retention. This also insures that even with failare of
some other component in the electronic cdometer, the
miensured distance between ernseSwrite cycles will not
be 50 excessive as 1o loss a significant messarement of
distance.

The microprocsiser 16 & implemented in the pre-
ferred embodiment in the form of an MOAE05/RI avail-
able from Motorola, Inc. The microprocessor 16 =
programmed to process the mput signals from the zero
crossover detector 14, b0 compute the scoumualated
mepsuremsnt values for the ocdometer display and pro-
vide measurement wpdates to the non-volatile memory
at predetermined increments. The mictoprocessor 16 &
also programmed to wtilize the non-wolatile memory 18
s & backup device with respect Lo its internal random
acoess memory (FLAaM),

A desdman tmer 20 B atillzed w0 resel the mdero-
processor 16 in the cvent & long parkod of time elapses
hetwesn microprocessor functions that indicats errone-
ous operation of the microprocessor. The funciion of
the desdman timer 200 B comventionally ncheded o
provide a reset 1o all the microprocessor functions and
allow it v restart bis operaibons,

The display driver 22 functions bo receive the cutpat
data signals of the microprocessor and o energize the
appropriate display segments in the odometer display
4. The disploy driver X2 acts ns o decoder and in the
praferred embodiment is implemented as 3 2-hic micro-
precessor desprated as HMOS43 by Hitachi, Led.
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The addressing sequence for the cight 32-Bit stornge
locationg in the pon-wolatile memory {NWH) 18 is
shown in F1G. 2 The layvout indicates that the individu-
ally addressable locations @WO0=-#7 are sequenbial and
form a koop whereby location #0 lollows locarion #7.
The purposs of the loop arrangement (8 10 minimize the
number of eraseSwrite cycles to any pariicular location
in the W%, and thus maxmmize the length of data reten-
iron, Therefore, o multiple number of cdometer values
will be stored in the NWVM ot vacous bocations. The
rend metlod has to deteemine which value is the appro-
priate one 10 be used as the base odomster value for
display and subsequent sccumulation of dissance mea-
SUTEME s

The main program for the microprocessor 16 is ilus-
trated i FIG. 5 and commences after the vehicle igni-
thon (8 tormed on at O, Immediarely, the sub-roatine
method is called at (02 to read the base odometer value
from the WY,

FIGS. 34 and 3B illustrate the sub=-rouwhine called at

002 for resding the odometer base valoe from the non-
volatbe memory, In thar sub-rowtine, & start resd loca-
tiom {SREL) is set to the 0 location of the WVM in in-
struction 221, A current read location (CRL) is set to
muich the start read location in ingtruction 222, The
odometer value ot the corrent resd location is read ar
223 and i1 three pacity bl of the 32 b0 word are com-
pared at 234 with the correct parity to determine if the
adometer value read at the current read location has
correct parity. If the parity is not correct, the current
read locafion is advanced at 225 fo the pext storags
location of the MWK If the advanced custenl read
locabion & oot equal {0 the dar fesd location when
compared at 226, the odometer value s then read at that
adwvarced current read location at 223 and the panty is
agaln compared at 224 If no parity correct values are
read from the MY M over the entire loop, an ermor lag
is 52t nt 227 when the current read location agam equals
the start read location at 226. The sub-routine then
returns at 228 to the calling rowtise 002 in the main
progranm.
On the other hand, when a value at a particular cur-
rent read location & read at 233 and its pority at 234 is
correct, that odometer value and the location of the
current value (CVL) are stored at 230 in the micro-
processor’s imtecnal BAM (lemporary atorage). The
cirreal read location B advanced ag 231 and then com-
pared at 232, If the current read locntion is compared at
232 i5 not vet equal again to the start resd locaton, at
240 (Refer f0 path “B” from 232 in FIG. 3A Lo 280 i
FICk. 34}, the odometer's value ls read at the corrent
fead location. If the parity 5 oot correct ot 241, the
current rend location in the NWM is again advanced at
231 (Refer to path “A” from 241 in FIG. 38 to 231 in
FIC3. 3A), the current read locatlon 18 compared at 233,
the value is read at 240 and the parity i compared at 241
until the current read location is apain equal o the start
read location or o second odometer value is read that
hos correct parity.

If the current read location is advanced o the san
read location and so determined at 231, the flag is s=t for
“noverror’ at 234 and the sub-routine then returns at 238
to the calling roatine 002 in the main progrom (FIG. 3).

If 2 secomd odometer value 15 repd at 28 that has
carrect parily at 241, its selationship o the odometer
value stored in the microprocsssor RAM is checked at
2431, The predetermined relationship must be such thai
the most recent gdometer valoe resd af the current rend
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location minns the odometer vales stored in the micro-

FAD must be less than 25 miles (38 km) but
preater than O Io the present invention. the N is
updated or written with new odometer values &t scou-
mulated increments of approximately 10 miless or when-
evar the ignitios is switched off. Therefore, if a particu-
bar locatdon In the WM conteing faulty data, the rela-
tionship established in the read sub-rowtine method
allows for the system (o obialn an odometer valee that
is g0l within an accoptable degres of accuracy,

In FIG. 3B, after the relationship is checked ar 342, a
determination is made s to whether the relationship is
correct aor not &t 243, If the relationship is correct, (Le.,
the sscond odometer voloe read af the carrent read
location & ot more than 25 mles grester than the pre-
vious valoe stored in the microprocessor BLAM) the
socond odometsr valus and its location value are substi-
tuted at 280 into the microprocsssor RAM for the value
that was esarlier stored. Until the current resd location
has heen advanced 1o the start resd locatloa and verified
at 252, the steps of advanctig a1 251, reading the valse
&t 255 and parity checking at 256 as well as checking
the relationships of validly read cdometer valees at 257,
are repested throogh the *BN0O° path of 158, If subse-
quent odometer valoes are read at 255 which have cog-
fecl pacty al 256 and acceptable relationships at
267/258 1w the walues stored in the micTroprocessor
RAM, then each of those valaes are substituted for the
one previously siored at 250 When the carrent read
lpcation is advanced at 51 1o the start résd locanion as
determined at 252, the erpor Nag i sei to “po error™ ai
2% and the read routine returns at 254 1o the calling
routine 002 in the main program (FIG. 5 At that time,
the vnlue stored v the microprocessor BAM oorme-
sponds to the corrent base odometer value used for
subsequent caleulations asd dsplay.

It should be polsted ouwt thar If the sscond parity
correct odometer walue resd at 240 is owtside the rela-
tionship determination at 2427243 the read sub-Toutine,
will cause the current resd location 0 be advanced at
244 and the valws read at 248 for ench location until the
current read location is determined at 245 fo be egual bo
the start read docation or another correct valoe is read
with correct parity &t 249, The relationship of that par-
ity correct wvalue is then checked agninst the wvaloe
stored in RAM ot 242 to determins if the stored valoe
should be replaced, I the corpent fead location, a3 ad-
wanced ai 244, is found to equal the stan read location at
248 before a second value is read that has the correct
relationship a5 determined at 241,343, the program
advances the start read location ot 246 (refer to path
2 from 245 in F1G. 3B wo 246 m FIG. 3A). In this
mianper, the read sobroutine searches through the
BWH, but staris at the nexst location and again sequen-

ces through the steps described above from 221 This is 2

continsed until the secomd read odometsr value de-
scribed above becomes the first valae then stored (n the
microprocessor RAM and the first read odometer waliss
described above becomes that which has its relationship
compared with the value then stored in the micro-
processs RAM., IF ai that dime, the relationships are
correct, the substitoted value &5 accepted as the base
cdometer value and the read routine is resurned to the
main program at 235, However, if even after the routine
has be=n repeated ontil sech tme a8 the start read loca-
tion i again fesd at 247 to be equoal 1o ils initial zero
lncation and no cormect relationship comprrisons have
been made, an error flag s set at 227 to modicate 2 maols

i
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function. Otherwise an srronsoes rending would be
dasplaved by the odometer.

Beferring again 1o FIG. 5, after the base odometer
valae has been read from the WV ar 002, 5 precount
register 15 et 1o 15 counts (0005 km) at 003 and the
odometar morement register is clenred o zero af 004,

{The precoant register is initialized at 003 oo 0.005 km
b compensale for any loss of distance widch may have
occwrred due §o the dropping of the least significant
data bits when valuss are written into the NV M subse-
quent ¢ when the vehicle was previously tarned off.}

If the error flag is not st af 05, the increment vaizs
s added to the base odometer valwe at 008 to oblain 2
summation value that 5 dmsplaved as the odometer
valoe. Howewver, If the efror flag is set at 003, an “ER-
ROR" signal is displayed at 018 and the routine contin-
ues,

Whenever a pulse 18 received from fhe crossowver
detector 14, that ocourrence i alfirmed al 007 amd a
simgle count is added o the odometer precoant at 008,
If nio pules is peceived. no count is added to the pre-
count regisier and the routine advances to 012, When
the precount register nccumulntes 50 counts {0.01 kmij
and it is affirmed at 039 a single count is added 1o the
increment fegter at 010, The precount reglster 4 then
cleared 1o zero at 011, IF the precount register has accu-
mulated less than &) coomnts, no count & added to the
increment register and the routine advances to D02,
Untrl the increment register reads 1536 counts as
checked ar 012, the routine bypasses the Write routine
which updates the BIVM. When the increment register
accumulates 1836 counes (15.36) km or approximotely
L meibes) at 012 the sub-routine is called at 013 which
wriles o new odomeder valoe o the non-volatile mem-
ary.

The write routine called at 013 and sheown in the flow
diagram in FIG. 4 begins at 301 and M2 by calling up
the read odometer base valoe From MY M read sub-rou-
time described abowe. IF it is determined at 303 that an
error Mag B 4ol the welle subsoutine 8 returned at 315
e the Mam Program st 013, However, if the resd sub-
routine did mor retorn an error, as determined ac 303,
and the odomater increment register is not egual to 0, as
determined at 308, the odometer merement = added to
the hase odometer value at 305 o ged a new odometer
valoe. (If the odometer Increment was determined at
3 o be 0, of course o increment is added o the base
valae and the sebroating retums fo the Mam Program at
013.) The increment register 5 then cleared 1o fero at
6. A write locadion is ser &@ 307 w be egual o the
current vales locaton thal {8 wosed i the mbceoproces-
sor BAM with the base cdometer valuee, In order o
make sure that the value stored in that lecation is nod
destroved, the write location is advanced at 309 o the
next storage location in the loop of the MWAL IF the
advanced write location does not egual the currenn
valse location at 309, the new odometer valoe is then
wpiiten at 310 into the WM at that advanced write
location by performing an erase/write cycle. The valee
written into the MWM is then read back at 311 and
checked for accurscy. IF the valee is correct at 312 as
written, the write rowting retwrns back to the main pro-
gram at 315 In the event thot the read back value is not
correct ab 303, its parity is checked at 313 o determome
if that portion corresponds. IF the pariiy s Incorrect and
walies written ls Incorrect the write location is advanced
i the nexi storage location at 308 and the write se-
quence is agnin performed. IF the parity & correct bat
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the value written is incorrect, an srase write oycle at
314 is performed at that becation in order o destroy e
value present in that kocasion and to write an ermoneous
parity. Following that sequence, the write location is
advanced at 308 to the next storage locztion in the loop
of the MW and the series of steps J0%-312 viilized 10
write the adometer valoe ® again attempied. These
attempis continue until the write location becomes
equal to the current value location at 309 Al that point
the write sub-routine retoens (o the maln progeam at 315
and the read routine 014 is entered in order @0 updare
the microprocessor RAM with the odometer base value
from the RVHM. IF the ignition switch @ stll on when
checked ar step 015, the odometer base value read from
the MWM at 014 & displayed at 004,

When the vehicle ignition is tumed off, power is
maintained to the microprocessor 16 through the power
contred 10, At such time, step 015 cansss the write rou-
iing to be recalled at 016 and snvthing stored in the
increment register s sdded to the base cdometer value,
The sum becomes the aew odometer value that s amit-
ten into the MWVM, When the ignition is off and the
write routing is completed, step 017 causes the power
coniral 10 @0 extinguish power to the system. The bit
size of the data stored in this NVM does not allow for
storage of values that give a resolution greater tham 0.1
km, Therefore, when the ignition & tumed off, the pre-
count accumalation is lost. Accordingly, the precount is
sef to 23 or an eguivalent of 0.005 km when the vehicls
ignition is turned back on to previde a compensation for
what is deemed 1o be the average valoe that is lost owver
the life of the vehicle. Tt is expected thai a random
normal dissribution for the loss of distancs measure-
ments st power down will cancel over the lifes of the
vehicle

Tt will bz apparent that many modifications and waria-
tions may be implemented without departing from the
scope of the novel coscepi of this invention. Therefore,
it &5 intended by the appended claims o cover all such
modifications and variations which fall within the frue
apirit and soope of the invention.

We claim:

1. An electronie odomeber for an automoative vehicls
comprising:

sensT means on said vehicle for detecing movement

of said vehicle and providing an ouatpar signal in-
dicative of predetermined portions of distance
trnveled;

computer means connected to said sensor means for

sccumulating sawd output signaks from said sensor
gmeans mbo predetermined increments of distance
and outputting an odometer data valwe a5 the sum-
eation of all increments of dstance sad vehicle
has traveled;

mEmOry means, copnected (0 sakd compaler means,

having a plurslity of non-wolatile and individizally
adcressabis locations each one having the capacity
for storing an odometer data velue corresponding
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to 2 summation of all predetermined increments of &0

distance traveled by sid vehicle along with prede-
termined parity codes; and
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means connected (o sakd computer means for display-

ing the odometer data valee for visual cbhsercation
within said wehicle,

spid compuier means programmed fo read the most

recently written parily correct odometer data
valus stored in one ol the scparately addressabls
locations of sakd non-volatile memory means as a
base wvalue, o accumuolaie date walwes from sasd
Semsr means oulpul Sgmal until ench Gme an scsn-
mulaiexd data valuz equals a predetermined incre-
ment of distasce valwe to accomulate the occuar-
rences of sald sccumalaied dafa wvalues equaling
eaid predetermined increment of distance valoe, 1o
sum the value of said sccumulated increment oc-
currences angd the base valoe resd from said non-
volatile memory means as the newest cdometer
data value, 10 witte sald mewest odometer data
valee and & predetermined pariy code io one of
the individually addressable locations of said non-
volatile memory menms having an address that is
different from that of the locabon contaming the
meadd recenily stored odometer data valuse, whes-
ever sald newest odometer data value encesds sakd
base walug by A predetermined amount that s
greater tham said predetermined increment, and
whenpever szid newest cdometer data valee excesds
the most recently written adometer data valoe by
il predetermined amount.

2 An electronic odometer &8 in claim 1 wherein said
wehicle incledes an igmition switch that is tarned on
during the operation of said vehicle and said computer
means is also programmed to wrte said newest odome-
ter data value and a predetermined partly code 1o one of
the Individually addressable locations of said non-
volatile memory means having an sddrass that & differ-
ent from that of the location containing the most re-
cently stored odometsr data valee, when said ignition
switch & turned off.

3. An elecirome odometer as in claim 1, whenzn sawd
addressable storage locations in non-volarile memory
mpeans Are arranged in & repeatable ordered sequence so
thnt when the kast location in a sequence & addressed,
the next locotion is the first location in that sequence.

4 An electronbs odometer a8 In clalm 3, wherein sid
computer meeans also performs said summing funcrion
whenever the vehicle i turmed off,

5. An electronic odometer &5 in claim 4, wherein said
computer means parforms sail read function and pro-
vides an error signal wo sald display means, in e event
it canmet determine the most recenily siored parity
correct odometer data wvalws stored in said non-wolatile
MeEmoTY means, 1o indicate malfonction in sid odomes-
te=r.

6. An eleciromic odometer as in claim 5, wiereln sad
compater means porforms said read function by ad-
dressing each stornge location in said non-volasile mem-
ory means and comparing ench rend data vales having
correst parny with previously read data valees bo deter-
mine the highest value, within a predetermined mazi-
mum difference, as the most recemily stored odometer
data walue for sald base valoe,
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