TRANSM TTER W TH A RELATI VE-TI ME TI MER TECHNI CAL FI ELD The present
invention relates to data transmtters, and nore particularly, to data
transm t two0t005623g a rel ative-tinme tinmer for generati n@CraiSaeswnes4s: ne
timestanps for transmtted data. BACKGROUND OF THE | NVENTION Transm tters

are used in a varie of in [i their differ wdely. However,
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t ransm t tteshsindttéchédatg.ont r ol system w t hout a user/ oper at or actually

exam ning the information. There may be significant gaps in tinme before the
data transmtted to the control systemis exam ned. In sone situations, the
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Therefore, transmtters are tyg: cally equipped with a real-time clock so
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processing.

In certain situations, a vast amount of information may be transmitted to the
control system without a user/operator actually examining the information. There may
be significant gaps in time before the data transmitted to the control system is examined.
In some situations, the data may not be examined unless there is a detected problem in
20  the flow. Once a problem is detected, the operator may have to review the data and

correlate that data to an event that occurred at a specific time. Therefore, transmitters

are typically equipped with a real-time clock so that each piece of data sent to the
control system can be timestamped for later review.

The use of a real-time clock certainly has advantages in that the clock can

25  accurately monitor when certain events occur. The event may relate to certain flow

conditions, for example. One problem with the use of a real-time clock is that in order

to maintain an accurate time, the clock must be provided with power even during times

when the transmitter is not being used, i.e., the transmitter is not powered. Therefore,

prior art transmitters having real-time clocks have required a battery backup to power

30  the clock during periods of non-use. The use of battery backups may not be practical for

a number of reasons, including cost and space considerations. The alternative to having

a battery is to constantly provide power to the transmitter even during periods when the

transmitter is not transmitting information to the control system. This solution may not
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the cl ock during periods of non-use. The use of battery backups may not be
practical for a nunber of reasons, including cost and space consi derations.
The al t erwiat2owéssm@éhavi ng a battery is to constantly pr@eras2@smnesd32o the
transmtter even during periods when the transmtter is not transmtting
information to.the control system This sol yti, not be pract.ical for
various JHURCH@ASYRQTIoNs Pthek avpspas. For PREVIS i heh oy MeCTp OPSRHIRG UiAtter a
power co i LA i t !
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probl ens \apdogia@gdvance in the art is achieved. ASPECTS According to an
aspect of the invention, a transmtter conprises: a first conmuni cation
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Accordi ng to anot her aspect of the invention, a control system conprises:

15 ASPECTS
According to an aspect of the invention, a transmitter comprises:
a first communication interface for receiving data;
a timer for measuring a relative-time;
processing system for providing the data with a relative-time timestamp; and
20 a second communication interface for outputting the relative-time timestamped
data.
Preferably, the transmitter further comprises a transmitter memory for storing the
data along with the relative-time timestamp.
Preferably, the data comprises flow measurement information.
25 According to another aspect of the invention, a control system comprises:
a communication interface for receiving data including a relative-time
timestamp;
a real-time clock for measuring a real-time; and
a processing system for generating a real-time timestamp based on the relative-

30 time timestamp.



a conmuni cation interface for receiving data including a relative-tine
tinmestanp; a real-tine clock for neasuring a real-tinme; and a processing
system f owogerdisexdbng a real -time tinmestanp based on t heCraisasweissne

ti mestanp. Preferably, the control systemfurther conprises a control system
menory adapted. t tore data received by the control stemalong with the
real -time ti rrePsrﬁgi‘ﬁ%lbrt&Falétaolﬁyst@ﬁbﬁ'&hsﬁé%v%eswgﬁf %/W%Fé‘?eémly, the data
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i nvention, process control system conprises: a“transmtter, 1nc I'ng: a
first corpruvidedbi alc processiracssfopi. receiving data; a timer for neasuring a
relative-time; a processing systemfor providing the data with a

rel ative-ti ne Ripfesahlyrihe datagopyntset Bawunpasatqroentiimiosnaée f or out putti ng
the relative-t]ne . d o and zontrol s mqi.n pmuni cat i on
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real - ti myongdtbed Processing systemfor generating a real-tine tinestanp
based on the relative-tinme tinestanp. Preferably, the process control

syst em f urt hera cowpriteesmcdudingnsnmi tt er nenory for storing the data al ong

with the relative-ti ti mestanp. Preferapl t he process control system
further conprises a?ﬁ%ﬁ‘f‘?%{n IBWI?'FE%?@t%ﬁﬁéfﬁfVéﬁgB%tastore data transnmitted

to the control SyStaetri‘ﬂq@ﬁRRQné’éfsﬁﬂ?né Bech@@ltifdee timestanp provided by the
control system Preferably, the process contfol systemfurther conprises a
measufi ng devi ce i m mooersmgesyticonfonriprdviting the daanvith @relatint-achapinedstdnop;send

the data to the transmtter. L. . .
a second communication interface for outputting the relative-time

timestamped data; and
a control system in communication with the transmitter, including:
a real-time clock for measuring a real-time; and
15 a processing system for generating a real-time timestamp based on the
relative-time timestamp.
Preferably, the process control system further comprises a transmitter memory
for storing the data along with the relative-time timestamp.
Preferably, the process control system further comprises a control system
20  memory adapted to store data transmitted to the control system along with the real-time
timestamp provided by the control system.
Preferably, the process control system further comprises a measuring device in
communication with the transmitter and adapted to send the data to the transmitter.
According to another aspect of the invention, a method for generating a
25  timestamp for data comprises the steps of:
measuring a relative-time;
receiving data; and
generating a relative-time timestamp for the data based on the measured relative-
time.
30 Preferably, the step of measuring a relative-time comprises resetting a timer to a

baseline when power is provided to the timer.



According to another aspect of the invention, a nmethod for generating a
timestanp for data conprises the steps of: neasuring a relative-tine;

recei vi ngvoabwyoseasd generating a relative-tine tinmestampcCrans2eisesdata based
on the measured relativetinme. Preferably, the step of nmeasuring a

relative-tine copprises resetiing a tinmer to a baseline when power. is
provided to ¢ HECRFRRLY @?eéla%&thyt?ﬁef RUMRELGsShe F@Ppﬁéﬁor@sw falgdngiging; ep of
storing t - a4 el &gwg In%?ﬁg, =t fyjyestanp in a nenory of a
transm tttggrg%?%%@gg y,S t e!ihgetl{eﬂge 0 \réggtet%a\glﬁﬁgteggta conpri ses receivVving

f 1 ow nmeasur emdhtferatilorthaticprof r&efing dblayconipiBesiichding flowhacasammpntses t he
steps of: transmtting the data to a control system wherein the control
system neBEGMEY0R: real -ti me; and generating a real-time tinestanp based on

the reglative- t%r?ﬁe%ﬁl%ﬁ%%q@hoffuﬁh% g?brlﬁéﬁsetsh[ﬁe %ﬁoﬂgf Sgener ating the

real-tine tine rises rec a’rea tart tinme of the

relative-tine ipdnG@NRaRd A&ta tH8 chR@bI-dyk idhh, SHREIn thdBorite] k@emeh@isuMgat | me
timestanp. Preferably, the step of generating the real-tine tinmestanp

conpri ses: measuri ngalatimeranght el apsed tine, representing the | ength of
time a transmtter .has been powered: conpari e current elapsed tinme to
2 current 1 ealSTRHNGS TBUROPREEG PR o8 BT me e 18 s BsBhmar i ng e
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timestanp. Preferably, the nmethod further conprises the step of storing the
dat a lOnclragdithge ttaet tirwalof therelativoestaapd comparmenthe yeadftinae startttmod tosthst em
Preferably, the step of transmtting the data to the control system
conpri se Srefatlve-tlme timestamp.
Preferably, the step of generating the real-time timestamp comprises:
measuring a current elapsed time, representing the length of time a transmitter
has been powered;
15 comparing the current elapsed time to a current real-time to generate a real-time
start time; and
comparing the real-time start time to the relative-time timestamp to generate a
real-time timestamp.
Preferably, the method further comprises the step of storing the data including
20  the real-time timestamp in a memory of a control system.
Preferably, the step of transmitting the data to the control system comprises
transmitting the data from a transmitter.

Preferably, the method further comprises the step of compensating the real-time

timestamp for a transmission delay.

25
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows a data processing system 100 according to an embodiment of the
invention.
FIG. 2 shows a timestamp routine according to an embodiment of the invention.
30 FIG. 3 shows a timestamp routine according to another embodiment of the

invention.



transmtting the data froma transmtter. Preferably, the method further
conprises the step of conpensating the real-tinme tinmestanp for a

transm sswononiseass BRI EF DESCRI PTI ON OF THE DRAW NGS FPGI/uB2&is0ss3n dat a
processing system 100 according to an enbodinent of the invention. FIG 2
shows a ti J od| ment of the invention. FIG
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a measur i geded tiovt Wut @1§5@%@151heran%1qgelre valefRNt rol system 106. It
shoul d be understood that while the di scussion belowis directed to a fl ow
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of other devices and a flow neter is _shown qQnly as o xanpl e. Therefore
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A e e
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15  flow meter is shown only as one example. Therefore, the present invention should not
be limited to flow meters and flow measurements.

According to an embodiment of the invention, the transmitter 102 communicates
with both the flow meter 101 and the control system 106. Communication may occur
through wire leads, or alternatively, the devices may communicate using wireless

20  technology as is generally known in the art. According to an embodiment of the
invention, the transmitter 102 includes a first communication interface 112 and a second
communication interface 105. According to an embodiment of the invention, the
communication interface 112 can receive data, such as flow measurement information
from the flow meter 101. In some embodiments, the first communication interface 112

25 may be able to output information to the flow meter 101 as well. According to an
embodiment of the invention, the transmitter 102 also includes a second communication
interface 105. The second communication interface 105 can transmit data to the control
system 106 or similar device for further processing and/or storage.

According to an embodiment of the invention, the flow meter 101 may measure

30  mass flow rate, a volumetric flow rate, a fluid density, and the like along with other flow

characteristics. The flow meter 101 may also include a temperature measuring device

such as an RTD. The flow meter 101 can communicate the flow characteristics to the
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technol ogy as is generally known in the art. According to an enbodi nent of

the invention, the transmtter 102 includes a first conmnunication interface
112 and aweecwmdéxonmuni cation interface 105. Accor di ngPCo/Usno0sok3ad: nent of
the invention, the comunication interface 112 can receive data, such as

fl ow neasurenent jnformation fromthe flow nmeter 101. I n _sone enbodi nts,
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the transmtter I ncl udes cond comuni cation Interface
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106 or simlar device for further processing and/or storage. According to
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101 may doavelifroonthe ftavenfetani0d Ha tlae tramsnsitter $03. o Thé tranyraissinh weksy m@@need
subst anti al [ di atel y upon asurenent. Therefore,.the trgnsmtter 102
can r ocei0ebd HaRFT dtcRst b o ST aE. ST B it o FHeaRRGkYr Fifg ¢ he
flow charaflgfidsidd @8lay ARG BuBRadilE FRANMMRAGDES tHS §find e GANTHICEaLg20ON,
there may be a transmission delay. The delay may be caused by either the

f | owlfet ecccids dre floer thanswristiar cdiDde cimsiddeddayo mwaynpaks chbdaimausiesh e a

time required for the inlﬁgrwatio to travel fromthe flow neter 101 to the
transmi t tBgasytpmenthwers tghahby fiediouansdss My need to be taken into account
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be i nsubstanti a erefore etine ransm recei ves the

f1 ow charjadt @i isd étefedCiana hRntensiodasratle tlike bRt itRnd St ttd e vhrerl tshstem
measurenents were taken by the flow nmeter 101. According to an enbodi nment
of the i n\dénior dwthararacesbingi nde mewery A83 Mmaywngbdera tiper e Faedinaereld4i n a
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the amount of time since the transmitter 102 has been powered. According to another
embodiment of the invention, the elapsed time may indicate the amount of time the
transmitter 102 has been receiving data. The relative-time timer 104 may comprise a
20  quartz crystal, for example. However, the timer 104 does not have to comprise a quartz
crystal. The particular timer used for the timer 104 is not important for the purposes of
the present invention and therefore, should not limit the scope of the present invention.
According to an embodiment of the invention, the timer 104 may reset and begin
counting from a baseline time when power is provided to the transmitter 102. The
25 baseline time may be zero, or may comprise some other predetermined time. A
processing system 110 in the transmitter 102 may timestamp the incoming data with the
relative-time measured by the timer 104. According to an embodiment of the invention,
the relative-time is based on the elapsed time the transmitter 102 has been powered on
as calculated by the timer 104. In some embodiments, the timer 104 may provide the

30 timestamp as the data is being stored in the buffer memory 103 rather than when the

measurements are first received.



exanpl e. According to an enbodi nent of the invention, the elapsed tinme my
i ndicate the anmount of tine since the transmtter 102 has been powered.
Accor di ngvocosvissiaer enbodi ment of the invention, the elPapasdoosioss3ray
indicate the anount of tine the transmtter 102 has been receiving data.

The relative-tjne tinmer 104 y conprise a quartz crystal, for exanpl.e.
However, the tf}*?ﬁQFé@éﬁO a%s@bggﬁn%@g ﬂ%eomaelhtﬂm e ‘aart%ali@rzi(&%%wmp”u@%
parti cul k . the 1l i t f t es
ot he priaud iBHfdiE e Okt iEnte MRESARD tioui HeTRAY Bt 195, L B RUGRRO P

present idovantmiomion e fade 195 nvayacorepixedinyaninmet of heerfaveasnithiole fot seadirgrer
104 may reset and begin counting froma baseline tine when power i

IS
provi ded 4aé beiween Hissthanspraterl B anpfe saniEe] system heo. nlysasee stapedimentsydiie

conpri:se me, ot her pr LA N tinme,.; Apr i systemd10_ in kh
Cranom tCorop Py RAARE LTS T AR R AP il Reahg Biebloth I
nmeasur ed thy chbh@olt §y¥Rim 104. PeCQcehdGobPnidicRIBACHIIRBE 105 hie chmperd wafe t he
relative-tine is based on the elapsed tine the transmtter 102 has been

power ed deadss ot al wukkse domynurheationnpterfood. The panmeulenboidifaend 85 used maymer
104 may provide the ti.nestanp as e data is.being stor i.n.the buffer
reror y 1GSPFE RREK PIHOVAG A DR e g 4€ s analR & GF SR PLEer 10245 IRSARACBES ng
to an emqpdhRNwaf fohe HeWMBiol QstetnhfOd, WARS [Halil %{ag vERYo eibdidlvet B dat a
including the relative-tine tinmestanp through the data output® 105. The
secorld cqmaeativat alhanfdrataewiralees b faveymayobpmiosepmanticaitanner of interface

suitable for sending data between the transmtter 102 and the control
system 106. | nl Réofad SMayobs H@?@%S,egmsélgs JRtI¥em TS REW @rmlaqm%thé?&% may

I b VA 0 ' f t 6.1,.Th
Cecond communt st SEEh dhr el SL R g KAT A ER e, S T D eses

communi catia@iReltimbetimagamp ihe paal-tigiel tahedtathpr f ace 105 used nmay depend on
the particular situation. For exanple, if the transmtter 102 is | ocated a
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allow the transmitter 102 to operate in intrinsically safe environments as the total current
supplied to the transmitter 102 is generally limited to vary between approximately 4-20
mA. In embodiments where the control system 106 provides power to the transmitter
20 102, the control system 106 can easily determine when the timer 104 is powered and
therefore, can determine when the timer 104 begins counting. In other embodiments,
where the control system 106 does not provide power to the transmitter 102, the
transmitter 102 may send a signal to the control system 106 substantially immediately
upon powering. The signal sent to the control system 106 can provide the control
25 system 106 with a baseline or a start time. A processing system 111 in the control
system 106 can use the baseline time to convert the relative-time timestamp into a real-
time timestamp as provided below.
According to the embodiment shown in FIG. 1, the control system 106 includes a
communication interface 109, a processing system 111, a memory 107, and a real-time
30  clock 108. The control system 106 can comprise a general purpose computer, a micro-

processing system, a logic circuit, a digital signal processor, or some other general

purpose or customized processing device. The control system 106 can be distributed
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relative-time tinestanp into a real-tine tinmestanp. In some enbodi nents,
the communi cation interface 105 nay provide both comruni cati on and power to
t he transwDt20evosédg. For exanpl e, the communi cati on i nt @crase0080834any
conprise a two-wire bus |loop for exanple. Two-wire bus | oops may all ow t he
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102 y sdeersl(giri iQsFihgnaI to the control system 106 substantially inmediately
uponngowerl ng‘i e signal sent to the control system 106 can provide the
control systenrydalibR Aodkas®d inttudRd i ted 8drtrdlisfBen™ 0¥ OALSShPEseSy Sdagm 111
in the control system 106 can use the baseline tine to convert the
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According to..the enbodi nent shown.in FIG 1, .t ontrol system 106
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107, and a reghpdi MBHeWRCK (& tantP&oGRRE PL SCBEARY 48%arf 3HeAMRESSE he
general purpose conputer, a mcro processing system a logic circuit, a

di gi tl@l sihgeralonpr ddes siorestanrp soumEnco2h@r caye ber atlilizedr o peovade custlative-adhe
processi ng devi ce. (‘1|'he cont r%tﬁyst em 106 can Ee di stributedamng nultiple
I

processi tNeRINR dar daty gecebyigd oy the Fenmten dUé.ad he israstanmRuting 78 Cap ptart
pr ¢ Ry : . . .
monory. 108 SRS O R AP S AP T HE RN SiHE ol B G shATLIY

i ncl ude maAaYIn® o4, ROIRANFRE A dcbatingt®a®ebbeéighdnt ofmtchaveltn hgsiandl 04
di scussion for the purpose of sinplifying the description. The real-tinme
cl ock 10&anmeRidednting eheoabif POYersy pranda® the fravynicr $82.aAceending tgeanc| ock

o2 SR L il R Db STgall, KA sk e can
until power is removed from the transmitter 102. The timer 104 can therefore keep an
elapsed “on time” of the transmitter 102.

In step 202, the transmitter 102 can receive data. The transmitter may receive

data through the first communication interface 112, for example. In embodiments

20  where the transmitter 102 communicates with a flow meter, such as flow meter 101, the

data may comprise flow measurement information. However, it should be understood

that the data may comprise any type of data and the present invention should not be
limited to flow measurement data.

In step 203, the transmitter 102 and more specifically, the processing system 110

25  can generate a relative-time timestamp for the data. The relative-time timestamp can be

based on the relative-time measured by timer 104 in step 201. According to an

embodiment of the invention, the data is timestamped as it is being stored in the

memory 103. According to an embodiment of the invention, the time can be considered

a “relative” time because the timestamp is not measured as an absolute or “real” time. It

30  should be appreciated that “real-time” is meant to imply a time which is generally used

in the field or other related equipment and may vary depending on the particular time

zone the data processing system 100 is located. In contrast, “relative-time” is generated
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FIG 2 shows a tinmestanp routine 200 according to an enbodi ment of the
i nvention. The tinmestanp routine 200 can be utilized to provide a

rel ati ve-wormeioisemst anp for data received by the transmPCras2d8®8343he
timestanp routine 200 can start in step 201 where a reI ative-tine is

measured._The rel ative-tjnme can be neasured using tinmer. 104,
exanpl e. Mo} chaﬁglrteo Sé}ﬁfle%ba%rpn@m Tofmof e tﬁv%r&qnsw vt Heedk frtpe fjt?% an
begin co E’tﬁ‘T{\ﬁ rovided to the transmtter 102.

Accor di ngﬂt&ggger{ ni&od&}rlrglﬁltn E1?1gﬁlrﬁvent| on, the timer 104 can continue to
measure the rellat dme-ihitive ttamisiittgro Ve 1nc$udlﬁgmhedelht1@asrtlhfeeumeanﬁm tla@rbel 02.
The tinmer 104 can therefore keep an el apsed "on tine" of the transmtter
102. In g%téﬁeécvvzthouh@orwﬁatwﬁq%@a -tige. d9h cxaaploy i m%sﬂupﬁen%,rt%gqﬂﬂr@r nmay

recei e f ti i nterf 1 I n
errbodlgmanﬁélt whamgu%ﬁggetc arfs({r% n%;fg é% I?Oﬁlbcea% p%gfaﬁgas Fhfe t?mﬁg}e‘gg such
as flow mghesculiOd, pﬂeb& Qat éatﬂﬁy ﬂ%&bt&elrﬂ‘ |s@kMe”Eﬁrﬁ>@ﬂﬁﬁ&ﬂ§ Y QElaBY¢-Bithe
However, it shoul d be understood that t he data may conprise any type of

data and ttrh@tfpnpmmdwméﬁmeohlrsfhmﬂtwnnmthw dubsdquent procédsong. ndaweveneint

data. In step .203, the transmt re s eci

br ocessi ioreapirEminaRr Geurd s GiFef B fRFnRl Br e AhbiavP pilizedy o
The rel ath¥gr iHaABhE h%%ﬁ{cmogﬁﬂe bgp based on the rel atl ve-time neasured by
timer 104 1n step 201 rding to an enbodi nent of the invention, the
datal0s tinestiigped showista itindamp stoned00nadcoedingrtor an bﬁ&odﬂmmr@lﬁ te to

an enbodi rrent of the . invention, the ti can be considered a "rel ative"
time becdl¥@tiRe Therdaesiappiouting 3%%@%@@%@@@ BEYAIQ R Ecaditimg HEjestapiPg

It shoul ch is
general | ?/f ﬁgleedfpa'?nﬁe? h%%g;ﬂglttgé‘éomf&%gst&ﬁlﬁ gﬁ %H%rrlrst@ttﬂem%y fné IEIHESEMH
dependi ngoafind BEO pai kiagtinadtep B0 wine atrhl%ttldaitﬂn@fmeéﬁiré’tg 3¥i6 trelmnlélﬁmes

| ocated. In contrast, "relative-tinme" is generatedfroma baseline, such as
zero and a8 bfotne@mfed uBggiemer aP4.yfoiseampre. t Hecprding| twnuﬁs@qualménb@ﬁﬁ@ or
ot her |nsltr ra%é on. tlfg dat a,_i n t he Eransmtter 102 nlcl Urdl tet

rel atl ve-1Y Olnf %t 58 ‘Eﬁ%‘iﬁ%& e tH ot 8?1\?@?’%6%5 RISVE fieé)l -Ifei e
For exa”mﬁysndlﬂ?ersm SAéd@&lhgnt%y att RénYoRAhedt BB the invention, the timer 104 can

continue to measure the relative-time until power is removed from the transmitter 102.
The timer 104 can therefore keep an elapsed “on time” of the transmitter 102.
In step 302, the transmitter 102 can receive data. The transmitter may receive

20  data through the first communication interface 112, for example. In embodiments
where the transmitter 102 communicates with a flow meter, such as flow meter 101, the
data may comprise flow measurement information. However, it should be understood
that the data may comprise any type of data and the present invention should not be
limited to flow measurement data.

25 In step 303, the transmitter 102 and more specifically, the processing system 110
can generate a relative-time timestamp for the data. The relative-time timestamp can be
based on the relative-time measured by timer 104 in step 201. According to an
embodiment of the invention, the data is timestamped as it is being stored in the
memory 103.

30 In step 304, the data stored in the transmitter 102, which has been timestamped
with a relative-time can be sent to the control system 106. According to an embodiment

of the invention, the relative-time timestamp is sent along with each piece of data.
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that a particular piece of data is received may not be as inportant as the
ti me between consecutive pieces of data. Therefore, in sonme enbodi nents,

t he rel atwoeotooss24bi nest anp provi des sufficient i nformaPConUS2e08/083482
subsequent processing. However, if a real-time tinmestanp is required or

desired, the tinesta routi ne 300, may be utiljzed.rather than the

ti nes_tarrp%?%émaéo 209 eﬁ@ﬂ%ﬂ@ﬁ&ﬂgc HARYREISE APp CFLLETeNE egé'@cﬁté?%’rﬂarto an
erbodi MeNhicdlald.Nen IR O ndifl b RS URIRVIOHIOR AAh&RMERe THId tag 3k | O
provide a real-tine tinmestanp for the data received by the control system
106 frompgrheidat dmsexdnbsle, HfORe tldmentiftereBi2aneeiventthe@aOft amdtadtially régulst ep
301 where a relative-tine is nmeasured. The relative-tinme can be neasured

usi ng ti rdfervady, Acsprdingtpre enadbnentnef the inveipne diqEnesnaitter A82 jcAY a0 on,

e e sh R SRR S0P S oRAP PR Bt DAY el 104
can contifse b u¥BAGUIfe thdhelat£!iat hye-sbhiBubfthntial ROWRIiNddSatsI§TTORE detdndptet he
transmtter 102. The timer 104 can therefore keep an el apséd "on tinme" of

t he transhiditienallyd2he rwrrentepiaBo tinnhaatyrbengseifult i€ the oontedd rvysteoel e haanet.  The
transmtter recei ve data .thrqugh the first comunication interface 112,
f or exanﬂF%O.rH?‘xthé’ﬁBB‘a‘i ﬁ}?‘nﬁtﬁm go t%émtp?%nsm tter 102 comunicates with a
flow neter, sugh@s3dd, ke BEJREsi t&09 198hahfRYn A RLiRE 166 X% pERgMeaent

i nformation. Homee\?ﬁr, it shoulsé]q%;efysunder st ood th%t tm!é’gedat a nmay conprise

any tlype rofl-tilat atimastampe fqr teentcomvgndaton Abcardthgnad ane emboidinesht t f tHeow
nmeasurenent data. In step 303, the transmtter 102 and nore specifically,

the procdB¥SHigns e &eal1Hac CUPCSHERR Can P bpwadaph e crireRt ¢lppscd: Bms 3k thone
data. Th i ye-] ' Lt Ve
chur o0 EIE b BV IR STLUR qRRSARPOIO0", IELBIANE ' Mo

neasur ed ccor o0 an énbodi men
i nvent i orgmidimeat ¢f ths ithvoieish afipadalasme tinkestdd) bgh b¢ bawd dnntht helateepime 103.

In step 304, the data stored in the transnmitter 102, which has been
ti mest anpadesignp aad realdme gartitinge efthcenadid. tccording dhar embedianinof ge:
Accorlgii nqn\t/gntlao?l aecr:TlPr(r)ednit r?é?arf)tsed time can be provided by the timer 104 when the data is sent
from the transmitter 102 to the control system 106. According to an embodiment of the
invention, a current real-time can be provided by the real-time clock 108 included in the
control system 106. The real-time timestamp can be calculated by subtracting the
current elapsed time provided by the timer 104 from the current real-time as provided by
20  the real-time clock 108. This calculation can provide the real-time start time of the
timer 104. In other words, a real-time of when the timer 104 began counting can be
determined. From the start time and the relative-time timestamp provided by the timer
104, a real-time timestamp can be provided for each measurement by adding the real-
time start time to the relative-time timestamp. In other words, the start time can be
25  added to the elapsed time for each measurement, thus providing a real-time timestamp.
This gives the appearance that the transmitter 102 includes a real-time clock, such as the
real-time clock 108 provided in the control system 106 while the transmitter 102 only

includes a relative-time timer 104.

In some embodiments, the current elapsed time may not be available. For
30  example, the current elapsed time may not be sent by the transmitter 102. Therefore, as

mentioned above, the control system 106 may track the real-time start time of the timer

104. Therefore, the control system 106 may keep track of the real-time start time
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of the invention, the relative-tinme tinmestanp is sent along with each piece
of data. According to another enbodinent, the transmtter 102 can tinestanp
t he dat a WO 2083bm6 i ntervals. In other words, not all @CTiusecodass3n | |
include a tinmestanp. This may be practical for exanple, if the transmtter

102 receives the data at substantially regular jnteryals. Accordipg to an

enbodi nen\flﬂa%utthﬁ@migﬁgéﬁfqu e,alerﬁéarf Ransdhiers éycoamhnis i ihay %b%%mnfa_ﬁﬁe il ont
el apsed L e yARRRAVEANE Qiolified bhi! ol rebhige Bild GRbEhARAGGN IR iRy De
useful if the data’i1s not sent su stantlaIFy i me |ate?y, for exanple.

Addi t i onailtdry timeh@magrthe pdnted lagsech 10 camys e disefrom the ttahemaxantinlaleypst em

106 has not recorded the tinmer 104 start tinme, for exanple. In step 305,
t he proce¥ih rffe splatiumtimea tinpestarap.c Bigt eontralysisesm 10¥ cam sijapbr spapare the

real - i me_ti.nmest f he i,ncom ng d LAccordin ap e i ITe of
tho 1 AverelUNETREPleBferte i, WY R PEhn Thl 58 Sl S s P bt
time and foge TiRd @rhyRisohMBay toMpEigTRddIhe dRM]l-Bihet it tiha@thk r€latik&8ime
Accordi ng to another enbodinent of the invention, the real-time tinmestanp
can be bdseestanps foe exenatd. vBowewer, thenpartiantpr apiparsin- maywleperat on what thef t he

i e can BeROUMoH BG° FETTTEIS SOSHEN ' hd OUdRaTPLe e { PO e
transm t tesk02s 590bR Qo i 7/60:60) hOS theAShRpA1sBE ntd) @mAiRadbiRAinof ’

the invention, a current real-tine can be provided by the real-tine cloc
108 ilfcl ubedelativd-timeadondstahp $npsit drm ré@letimEseart gamk- tTheseforentst @menc alap e

cal cul ated by subtractjng the current el apsed tinme provided by the tiner
104 fromtme degt P@h?eﬁ?‘fe‘éﬂ be st B they Banaideny 07 i qr@% tor Gk g keakhigne Thi s
cal cul atit%quﬁ provide the real-tinme start tinme of the timer 104. In other
wor ds, a real-ti'me of when the tinmer 104 began counting can be determ ned.

From the startA¢don@ingn®d thenitldaheneof ithe ihvaneidhamie Roovoldegktdy 10e nidymer
104, a real-tine tinestanp can be provided for each neasurenent by addi ng
the real qoinmaensatefer thernsmisshn fiae gequieed: tonansiiethealgn fiom dreHéew wsters,

A T R T R R U
transm t tge thndife! WO StoatheeBbnthd1 By s&dRCH6. SUPKE @8nipBBsatidal mial "Eoripaek 108
provided in the control system 106 while the transmfter 102 ohly
subtracting a predetermined amount of time off from the current elapsed time as
provided by the timer 104, for example. According to another embodiment of the
invention, the compensation may comprise subtracting a predetermined amount of time
20  off from the real-time clock 108.

The method and apparatus described above provides an efficient and economical
approach to providing a relative-time timestamp to data received by a transmitter. In
some embodiments, the invention can then generate a real-time timestamp for data being
transmitted to a control system without the drawbacks associated with the systems of the

25  prior art. Although the invention has been described as including a flow meter, it should
be appreciated that the present invention is equally applicable to other data transmitting
systems and therefore should not be limited to the specific examples provided.

It should be appreciated that while the specific embodiments shown have
described the transmitter 102 being in communication with the control system 106, other

30  configurations are contemplated and within the scope of the claims. For example, the

control system 106 may receive data including a relative-time timestamp from various

other sources and not just a transmitter. Furthermore, the transmitter 102 may output
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includes a relative-tinme tiner 104. In sone enbodi nents, the current

el apsed tinme may not be avail able. For exanple, the current el apsed tine
may not bwoerwostaet he transmtter 102. Therefore, as meoTiusa@d/osiisve, the
control system 106 may track the real-time start tinme of the tinmer 104.
Therefore, the.control. system 106 nmay keep 1|t1rack of the real-tine start

ti mewi t hdli$ THAGYSEMeCRgHRIPSE dathie Grigs AhereCoBRRICNtS LR ! § GRS
enbodi e e i i . t .

rel ati verg ?Ftrerehp?(l) %?bgﬁ%&%ﬂ% Sﬁﬁlghr ea p(f)tiilélE rlrée}&'istq':la%ljrt tCe H%I?%ﬁﬂw%nﬁgtsc%ﬁgr#%ﬁd
syst em 1Qhovecar beasdddostadainfdoathitdint wahene tb@herl 02 al ong with the
relative-tinme tinmestanp, the control system 106 can sinply conpare the

rel ative-time thareletailed desaripsionsapt tthhrealavar enbiogemerys r aicomgé demipustive
ime S0 S TRIR oA R Ty PO IR P RITRAC SRR 1

conpar i sQRe i@ent6ReMHdRA, poabnd al1baseiHengt WillRe@gniRahhetctairy Blehidi® of
timestanp is. For exanple, if the baseline tinme conprises 24:00: 00 rather

t han 00: Gbe @bove-Hessribheé cothodanerts mayayateusty bs eosiitngdaot chigninated to create
relative-ti ti ta fromth eal -tine sta tipe.. Therefore, the
current - dEPSetbotRaBeahd St Behel anbudBuli b iR pe S fifteagifes,
order to ahgUh@lfiof. MEAVilll 108 bk iPRELAMR (HRE Y Ur@Rakosdn BrRedTBAL Rl the
invention, the control system 106 may conpensate for the transm ssion tine

r equilfed above+dastsitietl entteddatias fmaynbd tenbinodvimethete di0ih paot tohwredte addrtionhbler
102 as well as the transm ssion é{i me requiired to transmt data fromthe

transmi t tERbodyPeRts wiHun thyntcope aad &aehinge el theHBv@SifBensat i on may conpri se

subtracting a d ] i 0 f upr.es d
ime as provi by TR Shesfg pooflmbloebid oy aplea Tt ik Bl fidran
enbodi rrerdes@ﬁbddhleeréim%ﬁtilmmr,atitz@?umme RaAbIOBquiny etiompdifkatisndieaistibE a
predeterm ned amount of time off fromthe real-tinme clock 108. The net hod
and apparithis theseperd dhaiyvetign ¢vititess skiledfinities ehevaanart sabneeagsade. afpr oach
to prieviding.a relativertine tinestanp..to data . recei.ved by.a transmtter.
i Sdie arbgiftreRieddainhbiely it a8, R kRSB EFSEUNES, e Fot i S o
for data dgbhdiiments described above and shown in the accompanying figures. Accordingly,

the scope of the invention should be determined from the following claims.
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transmtted to a control systemw thout the drawbacks associated with the
systens of the prior art. Although the invention has been described as

i ncl udi ngwvea 2biooaca¥et er, it shoul d be appreciated that tReTArSe@SM8348NVvention
is equally applicable to other data transmtting systens and therefore
shoul d noi gﬁ limted to the specific exanples provided. It should be
appreci at t while the specific enbodi nents shown have descri bed the
transm t twi, 102 being in communication with the control system 106, ot her
configurations are contenplated and within the scope of the clains. For
exanpl e, 1the canbnahitky$t@) ddepridyg:r ecei ve data including a relative-tine
timestanp from various other sources and not just a transmtter.
Furthernore, thidrst peipswintcadpn 1gorfae/(ldat Purestavingdate ve-ti me ti mest anped

data t.o various.other mponent.s_and _pot ..just a control system 106.
Therefore, it %%%% @Oégﬁgﬁg?% #ﬁ g&g?ﬂgéuégéh of the conmponents descri bed

above can be Usigebs@in@R§stom (1M0FRFPrealingthdiath willea adQiVtefime tigeséghi | ed
descriptions of the above enbodi nents are not exhaustive descriptions of

al | enbodi nents corndnpl ated by the inventors to be within the scope of the
i nvention. Indeed ersons.skilled in rt will recogni.ze that certain
el oot o of ¢ bRt EotLBicen Bhiteth S BrinufPuind BEFRUEE EEbi ned o
elimnated to creaggn&y&ﬁﬁ&{dﬁgbodinents, and such further enbodinents fall
wi thin the scope and teachings of the invention. It will also be apparent
to tHOse of ordinary skill in the art that the above-described enbodi nents

may be caonbined in whqole or in part t reate additional  enbodi nents within
the scopé-and ﬂ‘é‘aféffﬂsﬁﬁ@erdflo%‘éf G1ANAR At f%étil.er qHURIISIAE AREHERItSs Segrpery (103)
embod mens  Bfing A4£X ARl Mool g kiERLLARYr e described herein for
illustrative purposes, various equivalent nodifications are possible within
the scope of the invention, as those skilled in the relevant art w |
recogni ze. The teachings provided herein can be applied to other

transm ttéers, Hmrmtnljt@rs(ﬁoilbOﬁﬁ@méilrbwherﬁﬁhtﬁl@ datsseomnpsesgs Alopviaeasygerseiswn i n
t he congﬁgﬁfﬁg figures. Accordingly, the scope of the invention should be
determn St he followng clains. CLAIMS W claim 1. Atransmtter
(102), conpri sing:

4, A control system (106), comprising:
a communication interface (109) for receiving data including a relative-time
timestamp;
20 a real-time clock (108) for measuring a real-time; and
a processing system (111) for generating a real-time timestamp based on the

relative-time timestamp.

5. The control system (106) of claim 4, further comprising a control system
25 memory (107) adapted to store data received by the control system (106) along with the

real-time timestamp provided by the processing system (111).
6. The control system (106) of claim 4, wherein the data comprises flow

measurement information.

30
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a first communication interface ( 112) for receiving data; a tinmer (104)
for measuring a relative-tinme; processing system( 110) for providing the
data wi t hwea 20s8lm@bise-ti ne timestanp; and a second commuRCTAIS2@S/ 083 IBEr f ace
(105) for outputting the relative-tinme tinestanped data. 2. The transmtter

(102) of clai , . further conprising a transmtter nenory (103) for storing
the data Al ong&\hﬂawrt)%smélsﬁ%t?@]eapp OMPHe¥¥anp. 3. The transmitter (102)

of claimi1, %%@iﬁ%@%%ﬁﬁﬂmy ses flow neasurenent infornation. 4. A
em , conp

control syst ising: -a comunication interface (109) for
recei vi ng data i nclafdisngoramuaidation énteifae (il dpfirasqeiviagideat -time cl ock (108)
for measuring a real-tine; and a processing system ( 111) for generating a
real -time ti nestamﬂ@a%@oéhfqrﬁéeasérlagw@angnﬁ; nmestanp. 5. The control

tem (106) of clajm 4, furth i si trol system. 107
Stapt 80 1o atore datAoreaiedh, CARERLERGPLOE AR IR ST TR ' re

real -time timestanp prouif@day; t he processing system( 111). 6. The
control system (106) of claim4, wherein the data conprises flow

measur ement i nf or met $egond connmuimicatipn attefséand 08y rr omiutidng thegolaprveginmy: a
transmtter (102), incl u[di%g: a%iars_t ommuni cation interface ( 112) for
receiving data; a timer {AOAIMPYLdqfR: ing arelative-time; a processing

system (- 110) Qe QecthB0d)NE cBaiRubdeondy e it rdRndifed 1 b2 BRIAdRE: 2
second comuni cation 1nterface (105) for outputting the relative-tine
10 a real-time clock (108) for measuring a real-time; and
a processing system (111) for generating a real-time timestamp based on

the relative-time timestamp.

8. The data processing system (100) of claim 7, further comprising a transmitter

15 memory (103) for storing the data along with the relative-time timestamp.

9. The data processing system (100) of claim 7, further comprising a control system
memory (107) adapted to store data transmitted to the control system (106) along with
the real-time timestamp provided by the control system (106).

20
10.  The data processing system (100) of claim 7, further comprising a measuring
device (101) in communication with the transmitter (102) and adapted to send the data

to the transmitter (102).

25 11. A method for generating a timestamp for data, comprising the steps of:
measuring a relative-time;
receiving data; and
generating a relative-time timestamp for the data based on the measured relative-
time.
30
12.  The method of claim 11, wherein the step of measuring a relative-time comprises

resetting a timer to a baseline when power is provided to the timer.
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ti mestanped data; and a control system (106) in conmunication with the
transmtter (102), including: a real-tinme clock (108) for nmeasuring a

real -ti newoang/@epsocessi ng system ( 111) for generat i n@CA/USC@ISAOBI4AE

ti mestanp based on the relative-tine timestanp. 8. The data processing
system (100) of claim?7, further conprising a transmtter nenory (103) for
storing the data along with the relative-tine tinmestanp. 9. The data

pr ocessi sy -clal f : | tem
ooy (107 aleprebrgloi ¥, Rirfher Llibiehy AAFRED B8 A BTN IndUERE T
al ong W tthe tdigtiveetilme ttindstdrhprizsd argmaey o adedsiiittdrhe control system (106).
10. The data processing system (100) of claim 7, further conprising a

measuri ng device (101) in comunication with the transmtter (102) and

sian 4 6 2o o 0TSSP o SRR

rel ati ve-fldwiBicak@erict mdordadtdn, and generating a relative-tine tinmestanp for
the data based on the neasured relativetine. 12. The nmethod of claim 11,

wherein the step of neasuring a relative-tinme conprises resetting a timner
to a baseld ne en power. | s provided to the tinmer.13. The nmethod of claim
12, ore et ot nehag oF aletollup RS cofeHgRenb  ¥pS3fnc udi ng ¢ he
relative-time i IRSiRgRNd Batd (68 TBAYoIysint, hiepdth thEEontrkt systiie HBAHRA 20f
claim 11, wherein the“step of receiving data conprises receiving flow
measuPfenent i nf or mataletime:lXmd The nmet hod of claim 11, further conprising the
steps of: transmtting the data to a control system wherein the control
syst em measur eNgrafigg R redlpgme Smeserebaed 9F the feaieriing e based on
the relative-tine tinmestanp. 16. The nethod of claim 15, wherein the step
of generating the real-tinme tinmestanp

16.  The method of claim 15, wherein the step of generating the real-time timestamp

comprises recording a real-time start time of the relative-time and comparing the real-

15 time start time to the relative-time timestamp.

17.  The method of claim 15, wherein the step of generating the real-time timestamp
comprises:
measuring a current elapsed time, representing the length of time a transmitter
20 has been powered;
comparing the current elapsed time to a current real-time to generate a real-time
start time; and
comparing the real-time start time to the relative-time timestamp to generate a
real-time timestamp.
25
18.  The method of claim 15, further comprising the step of storing the data including

the real-time timestamp in a memory of a control system.

19.  The method of claim 15, wherein the step of transmitting the data to the control

30  system comprises transmitting the data from a transmitter.
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conprises recording a real-time start tinme of the relative-tine and
conparing the realtine start tine to the relative-tine tinmestanp. 17. The
met hod ofwol2aiomséfs wherein the step of generating the PeaIUSRISOSI4BIEST anp
conprises: measuring a current el apsed tine, representing the | ength of

time a trgnsm tter has heen paowered; conparing the current elapsed finme to
a current?% ealLhe et 303@1%@?1&{52%51%5Pm1ﬁ@g§g%1?t@p9 ﬁ%r;npal?f&tlegﬁk&awfwg t he
real -ti mg; st ahd hﬁpfg i et tiyg-time timestanp to generate a real -tine
ti msstarrp? éig e?'trﬁe et ﬁocil g‘?%{oglldn% 5, further conprising the step of
storing the data including the real-tine tinestanp in a nenory of a control
system 19. The nethod of claim 15, wherein the step of transmtting the
data to the control systemconprises transmtting the data froma

transmtter.20. The nethod of claim 15, further conprising the step of
conpensating the real tinme tinmestanp for a transm ssion del ay.
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