WO 2010/014089PCT/US2008/071650 DATA TRANSLATION SYSTEM AND METHOD Background of
the Invention I. Field of the Invention 5The present invention relates to a data translation system and
method, and mor& ﬁ%‘l‘ﬁ?ﬂ?fﬂy, to a data translation system and method forB%TfB?Fﬁﬂ’fé?ﬂ n-linear data
translation. 2. Statement of the Problem 10An optocoupler is a device that communicates signals from a
first device to a second device usiPghllghil RANSptd TSNy XiddENMra NEWE TiH&M 0 provide electrical
isolation, such as between specific components or circuits. The electrical isolation advantageously can be
used to prevent a component or circuit from drawing excessive electrical current. The electrical isolation
can further be used to prevent a short-cirddachseruathef grobmienihoa device from affecting other devices.
Consequently, gn apipeoupler,is.pfign used for isolating electrical devices and/or electrical circuits.

One isolation application is employed where a device is located within an explosive or hazardous
environment. An optoColpIETERNTBEREEH Rl E <R AHALHE BEQI&YISEs MOt BRI LR ARBIEREY excessive

electrical currenfand.iharefore Lannehareaie¢dasRAK QEUES Ignitan: Hn eRiRGANRIGRHAas drawbacks.
An optocoupler has a relatively slow switching speed. As a result, an optocoupler has a limited signaling

bandwidth. Furtﬁé‘??]&ﬁ%tocoupler is a passive device and does not perform any signal transmission
control or regulation. 25Aspects of the Invention In one aspect of the invention, a data translation

system for performing a nonlinear data translation on a digitized AC signal comprises:
y P 2 Szagement of t eProb?em g g P

10 An optocoupler is a device that communicates signals from a first device to a
second device using light. The optocoupler therefore can be used to provide electrical
isolation, such as between specific components or circuits. The electrical isolation
advantageously can be used to prevent a component or circuit from drawing excessive
electrical current. The electrical isolation can further be used to prevent a short-circuit

15  or other problem in a device from affecting other devices. Consequently, an
optocoupler is often used for isolating electrical devices and/or electrical circuits.

One isolation application is employed where a device is located within an
explosive or hazardous environment. An optocoupler can be used to ensure that the
device does not and cannot draw excessive electrical current and therefore cannot create

20  aspark or cause ignition.

An optocoupler has drawbacks. An optocoupler has a relatively slow switching
speed. As aresult, an optocoupler has a limited signaling bandwidth. Further, an
optocoupler is a passive device and does not perform any signal transmission control or
regulation.

25 Aspects of the Invention

In one aspect of the invention, a data translation system for performing a non-
linear data translation on a digitized AC signal comprises:

an input for receiving the digitized AC signal;

an output for outputting a non-linearly translated signal; and

30 a processing system coupled to the input and to the output and configured to

receive the digitized AC signal, non-linearly translate the digitized AC signal using a



an input for receiving the digitized AC signal; an output for outputting a non-linearly translated signal; and
30a processing system coupled to the input and to the output and configured to receive the digitized AC
signal, non-line 9%?&%%13?&% digitized AC signal using a WO 2010/014089PCINIE250%/071650
predetermined transfer function to create the non-linearly translated signal, and transfer the non-linearly
translated signatiel theroungslittansfep fefistainlyo theaprdueteniinetlir arasféatédration, ersbtestfee non-linearly

translated signa&l@/ﬁgrﬁq}ﬁrggﬁgtgﬁspﬂaeq%ﬁ%iq@glé%tﬁﬁﬂ_ce point. SPreferably, the predetermined transfer

function is configured to alternatively compress or amplify digital values of the digitized AC signal.
Preferably, the predet8ffifiel] raispeedeisotidirstenniigdraditenaterative posoknpressiendatslify digital

values of the digjtizedAk =ignal ip felationima distarcs digpite predetermined reference point.
10Preferably, the non-linear data translation substantially preserves phase information in the non-linearly

translated signal.  Breferibyy ieeisdaUHEard e tFanSIatio preseaE #kid s8athg nformation in the

non-linearly tranglatadssignahplify dighielenaborthe H%'i‘n ga@aisntanslation substantially reduces a
signal 15bandwidth of the non-Iinear%y translated signal. In one aspect of the invention, a data

iR
translation method for A drgRREd KOS e mbdsder dutiny o Higitrrdd ot Srptiyely

compress or amplify digital values of the digitized AC signal in relation to a distance
from the predetermined reference point.

10 Preferably, the non-linear data translation substantially preserves phase
information in the non-linearly translated signal.

Preferably, the non-linear data translation preserves zero-crossing information in
the non-linearly translated signal.

Preferably, the non-linear data translation substantially reduces a signal

15  bandwidth of the non-linearly translated signal.

In one aspect of the invention, a data translation method for a digitized AC signal
comprises:

receiving the digitized AC signal;

non-linearly translating the digitized AC signal using a predetermined transfer

20  function to create a non-linearly translated signal; and

transferring the non-linearly translated signal.

Preferably, the predetermined transfer function creates the non-linearly translated
signal with respect to a predetermined reference point.

Preferably, the predetermined transfer function is configured to alternatively

25  compress or amplify digital values of the digitized AC signal.

Preferably, the predetermined transfer function is configured to alternatively
compress or amplify digital values of the digitized AC signal in relation to a distance
from the predetermined reference point.

Preferably, the non-linear data translation substantially preserves phase

30 information in the non-linearly translated signal.
Preferably, the non-linear data translation preserves zero-crossing information in

the non-linearly translated signal.



non-linearly translating the digitized AC signal using a predetermined transfer 20function to create a
non-linearly translated signal; and transferring the non-linearly translated signal. Preferably, the
predetermined t%%%?é?j?fﬁéﬁon creates the non-linearly translated signal w ﬁyggﬁ@éﬂggopredetermined
reference point. Preferably, the predetermined transfer function is configured to alternatively
25compress or amplify’ditgitah lyathe s of-theatiditiz édnaBtsignabstantiPlgfendusiss thegprédetermined transfer

function is CO”Wéﬁ@x@i[ﬂl?&%%’r@%%%}%%ﬁﬁﬁ%@@&qy digital values of the digitized AC signal in

relation to a distance from the predetermined reference point. Preferably, the non-linear data
translation substantiallj présspess Pibe & 3oitfsmativthEhBRLiNeSIRNthaFiSIated signal.

Preferably, the pgrlij n‘fﬁég |rRRSIAHOR PIBRRY, é%%i&f&! NGl eREARdR; e RansHaearly
translated signal. WO 2 102/1?14089PCT/U8200%%71 50 %%refzérably, the non-linea%%ata translation

substantially reduces a'sApHRABRHEWBEh of the non-linearly translated signal. In one aspect of the

invention, an optocouplesiFRRMISIHINRENSIETH a5 GRPIER Hng egnalansnissienthraugh an optocoupler
transmission medium comprises: 5an optocoupler; and a controller coupled to the ggtocoupler and

configured to reBRPhItRAMSHIPRiBHTSt ORI T4t tesierd devdrrimeirusdaoHd dandar already
transmitting thrangbfse pplecaepianitetermine irecaingihetttagsmivaitamptds.obisidigea steadband
period after a p_o¥ver-u}§) occurrence, and tr%gsmit from the Ehiirasrﬁ.d(tavice thror%%g t%optocoltf@:er 10if the
second device i& KoAPANSTHBRG AR tha S RS AR S BHE ALY SRypeeliroteishSePAOUN controller is
further configuréttiie fwelshafddhe dirshoevicefriam granbsinitiinge tldbaug pdlediptochyptdr until the second
device has completed grapomissign I e AR IRVICS R AGADLIRANS Rt device from
transmitting through the optocoupler until the second device has completed transmission
if the second device is already transmitting.
Preferably, the controller being is configured to hold off the first device from
15  transmitting through the optocoupler until the deadband period has elapsed if the
transmit attempt is within the deadband period.
Preferably, the optocoupler transmission system includes at least two devices
communicating through the optocoupler.
Preferably, the optocoupler transmission system implements a master-slave
20  communication scheme.
In one aspect of the invention, a transmission control method for controlling
signal transmission through an optocoupler transmission medium comprises:
receiving a transmit attempt from a first device;
determining if a second device is already transmitting through the optocoupler
25  transmission medium;
determining if receiving the transmit attempt is outside a deadband period after a
power-up occurrence; and
transmitting from the first device through the optocoupler transmission medium
if the second device is not transmitting and if the deadband period has elapsed.
30 Preferably, the method further comprises holding off the first device from
transmitting through the optocoupler transmission medium until the second device has

completed transmission if the second device is already transmitting.
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Preferably, the controller being is configured to hold off the first device from 15transmitting through the
optocoupler until the deadband period has elapsed if the transmit attempt is within the deadband period.
Preferably, the %Qﬁéﬁﬂé%ﬁansmission system includes at least two devicggTég%?%m:?fﬂng through the
optocoupler. Preferably, the optocoupler transmission system implements a master-slave 20
communication schenf&efelzbbnéhaspesbpdfithidénvemporncahwihsgigsiba tontrelineditvod for controlling

signal ransmissign g0 ONTOEURIRE UABSMIASION BRIV OIRTSES EgRINNg A fpnsmit atiempt

from a first device; determining if a second device is already transmitting through the optocoupler
25 transmissionhaedinpgd if thadtanmmivingapriceivie rtibetdeadhai@p@ingt is outside a deadband period

after a power-up occupRRGehRNthe optiROSHNIRG (AR The fride vice Mrosabdieapircaupler
transmission medium if the second device Is not transmitting and if the dcadband period has elapsed.

30Preferabfy, OB HIEHBIOBE NG R asOINISE G THE YileR A8AREY¥rom transmitting through the

optocoupler transmissigprepadiumuRitibe seoerd deviaafias CamRIsiptRASENSSIRMIE the second
device is already transmitting. WO 2010/014089PCT/US2008/071650 Preferably, the method further

comprises holding off the first device fromREsRERfteRGLEPs R MES ptocoupler transmission medium until
the deadband period hag ehapseddidhe ranseritpiiemnt isywihio thedeadbandmened. 1t Preferably,

the optocoupler gar&rpissﬁ%n med&%rﬁl@es_at least two devicefgS corgﬂﬁmunicating through the _
optocoupler tranSfSSRSREEINE PRSFBIY e HEhSd ifpRaMerts i aster-slave communication
scheme. Digscription aflibeBrawingdus lodheysamecetedence anmhesdepresends:the saime element on all
drawings. It should beyypdarstgod that, the A yings AR Mo A8es MY L8RS ocessor
according to an embodiment of the invention.
FIG. 3 shows a translation system for performing a data translation on a digitized
AC signal according to an embodiment of the invention.
15 FIG. 4 shows a transfer function according to an embodiment of the invention.
FIG. 5 shows an AC signal at the input of the translation system.
FIG. 6 shows the digitized AC signal after non-linear data translation according
to the invention.
FIG. 7 1s a flowchart of a data translation method for a digitized AC signal
20  according to an embodiment of the invention.
FIG. 8 shows a prior art optocoupler communication system that performs
duplex communications through an optocoupler transmission medium between device A
and device B.
FIG. 9 shows an optocoupler communication system according to an
25  embodiment of the invention.
FIG. 10 shows further detail of the optocoupler communication system according
to an embodiment of the invention.
FIG. 11 is a flowchart of a transmission control method for controlling signal
transmission through an optocoupler transmission medium according to an embodiment

30 of'the invention.



10FIG. 1 shows a bus loop system according to an embodiment of the invention. FIG. 2 shows

greater detail of an isolation feature of the signal processor according to an embodiment of the invention.
FIG. 3 shows awgr@lla?ﬂ)dﬁo%stem for performing a data translation on a dig?ﬂéﬁsﬁlﬁs@iﬂﬁﬁ according to
an embodiment of the invention. 15FIG. 4 shows a transfer function according to an embodiment of the

invention. FIG. 5 shows an AC signal E_?thiéemﬂfs_cﬁm@waﬁﬂmmmm. FIG. 6 shows the digitized
AC signal after non-linggiiaa raslalon ASanIelag IR RS NSO c exufifE: iR Afighspart of a data

translation method for a digitized AC signal 20according to an embodiment of the invention. FIG.

shows a prior afkdédotlsiertdsmumdstion sipstéin bt pettarBeduptasednipiumicatsesthrough an

optocoupler trangmissief Medivmn: B%%ﬁf&%ﬂf@c&@%igﬁﬁ%%cts_have ol sRifigwe @n optocoupler
communication system according to an 25 embodiment of the invention. FIG. 10 shows further detail

of the optocoupfrigsmnlinicatidhcsyatin UerElARBEs 1A ErmBEanhERTbIGS foemienthat fallFiG. 11 is a

flowchart of a trangmissiaRGRYFahaathad Jer eaptolinggignakiansmissipecthopahias optocoupler
transmission medium accor in%to an embodiment 300f the invention. WO

2010/014089P IS5 9655768 Detatds BRUBRISHIR WA NG iREPrM mufede Yaki3tigny the following

description depist spesifieexamplestouleanh ihase skiladin the-arbhpvs e dTakeangluse the best mode
of the invention. For the purpose of teaching inventive principles, some conventional aspects have been
simplified or 5ot .eﬁ%i‘gwslg% i ﬁ'Yetqf‘?tC?ﬂffF]ﬁﬁ‘Bpet dte %lr‘fgif’(?rtf’s from these examples that fall
within the $gope of theriuentigrowshasewskilted inythenart 0l @ppréiciatethat thebteatwes cdeskebed below

can be combined in ario%gv&)(s to folr6rd m&ltié)leélﬁ\riations of the ianntioll.a,%s a.result, the 'Hwention is

not limited to théngf)%tlz(i) iC examp (:}'%Oé’escrigledl @ ow,0 %tustyg%el?/l 6yatr‘?élsc aihs and'their e(r:]fhei{ll%l}ehts.

and a signal processor 30 coupling the bus instrument 10 to the bus loop 4. The host

system 1 generates a loop voltage Vi and a loop current I; over the bus loop 4. The host

system 1 may comprise a central control unit, a CPU, or some other processing system

15  used to process the signals received over the bus loop 4. According to one embodiment

of the invention, the bus loop 4 comprises a two-wire bus loop 4. However, it should be
understood that the bus loop 4 does not have to comprise a two-wire bus loop.

The bus instrument 10 can include any manner of sensor or meter, such as a flow

meter. In embodiments where the bus instrument 10 includes a flow meter, the flow

20 meter may comprise a vibratory flow meter, such as a Coriolis flow meter or a

densitometer. As shown in FIG. 1, the bus instrument 10 includes a sensor 13 and bus

instrument electronics 20. The bus instrument electronics 20 may comprise any manner

of CPU, processing system, or micro-processing system. According to an embodiment

of the invention, the sensor 13 is configured to generate first analog signals and input

25 the first analog signals to the bus instrument electronics 20. The bus instrument

electronics 20 can generate second analog signals that are in the form of a variable loop

current I; flowing in the bus loop 4. The bus instrument 10 can be configured to draw a

predetermined or limited amount of power when in use with the two-wire bus 4.

Because of the measurement communication protocol and the power limitations built

30 into the bus loop system 100, the bus instrument 10 may be isolated from the two-wire

bus loop 4 using a signal processor 30. In some embodiments, the signal processor 30

can comprise an intrinsically safe (I.S.) barrier (dashed line).
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10FIG. 1 shows a bus loop system 100 according to an embodiment of the invention. The bus loop 100
includes a host system 1, a bus loop 4, a bus instrument 10, and a signal processor 30 coupling the bus
instrument 10 to Ré%ﬂfglf@% 4. The host system 1 generates a loop voltaggqll_U%ﬂc?séof&)SB current IL
over the bus loop 4. The host system 1 may comprise a central control unit, a CPU, or some other
processing system 15Tbseshidiprdcess the dighadts! receivabioter the ibsisiioopt 40 Agedrdindrtarone
embodiment of fne iventan, 16,85 190P A LABPUSES A WOriLre DU AR HIOWE G| Shpuld be

understood that the bus loop 4 does not have to comprise a two-wire busloop. ~ The bus instrument
10 can include &¥i§-fianRes dfaehsod dherieerssivn spoficherieesr ahcarmptiimemyuhefdéihe bus

instrument 10 ingludes 3 Haw EE ae:iavindA01gien MAN:CRBRHES PIRAAAN flow FgiRTHRUCh as a
Coriolis flow meter or a densitometer. As shown in FIG. 1, the bus instrument 10 includes a sensor 13

and bus instrunfeht BAEEOHICE 90" The s ttimeRt e1ittrdaTasi2 0 BF CEhipHEELRY thaer of CPU,

processing systefpi RIVAE A:-RRRESIS INatSBEe M +RCGardiea Aot eraBadimeni.efthginvention, the sensor
13 is configured to generate first analog signals and input 25 the first analog signals to the bus

instrument electronics!26: ThhBUE #HEH ML edudhite atraafs Yurreriith S sidkd BINSRS§%ighals that are
in the form of a yaysadileslaopagusiaBbdikftowiog inctheRusdaop #hd Re:husprsiewpent B can be
configured to draw a redeé.ermine or limit %ramo nt of power when in use with the t o-w'r% bus 4.
Becatise of the ISRl OMRGAERHo BB o A HE B fmiABSALBuTk 3 HED Bhie bus loop
system 1000 theuhds-instduine niclOrmayalie; iseiatedbirono thevino -wyiggnatisitooptde Usintharsigoal processor
30. In some embodjments, the signal processor 30.can comprise an.intrinsically. safe (LS.) barrier
nshos Ty W0 S OO SS0OmE 1aE R st BBt Ber that the
bus instrument dtatansdnad fromstheztwoenoiethud hecpad cdgive trostvsysiem busTnstisolatior)prevents
damage to the two-wire, busJoaop 4 and the host system 1. upon the event Qf catastrophic failure of the bus
ratrament 10, 1 A D e e PR R D e 1o
eliminate an exgdigsieadhazaa endthpréventégritibndohany ekplosiveventileimtiablennlagerdadsgitathe

environmery of e RS INSEUMAREIQ s deif' FonSORWE-RICURLARIIRAL AR IRIRUQA.IRATUE Of the signal

processor 30 according to an embodiment of the invention. The signal processor IS shown as receiving a

first analog signgfrbraithetisaginstAgmierrr10t Howedebeitshistipoe o nderstaet atde wheifist analog
signal does not havee,oigigase iU he RS ASUMENt A0, Rutiaihet Jhe. SIgnAlArogsEas 30 may be
utilized in other environments where analog signal processing is required. The analog signal received
from bus instrurlietit the wese 1rGHs Premiireceived by an analog to digital converter 240 where the
signals are digitized. AccQyding @ ane.eBRRdReEDt afdhe vemtioR. tenanpietsitdigitahckriconverter

240 comprises a delta sigma converter, which converts the analog signal into a serial bit stream.
However, #%holitOBE ERIRETSIbbY Hiat HERBP SRSty saIyifa E¥PvErePaghe tbiaraag particular
analog-to-digitalcapenteiohsatshauld noklisptdhriseeps ofihe inneréon:Mecarding taragmsbodiment
of the invention, the signal.processor 30 includes ,[Zﬁoéan optocoupler 115 that is connected between the
two-wire bus lod{® #8hcPRHE rfgfga?&&fgé}é?t%ﬂ% r 5%.0???@06}5’?8536&8 TIEHIRY 8 b Feferred to
as an optoisolatars opticaheaupleroor pboteccyplan The opiapauplertid belactticalbpisolatemsne bus
instrument 10 frgm the hast system 1. Consequently _the bus instrument 10 canpot short out the two-wire
s loop 4. FurtSPhaHs, Dt OBIE RS Gt e b 8 g AP A8 KA o Choth hEelhve current
from the host syistemmienThé optocodiplerckt&compuisas drdrarnbmittaet ightisourcEht2@ndualeeceiver light
source 123. The fransmifter.and feceiverignt souces 122,123 can.somprise any mamaer qf,
light-reactive electronic l(’:om“ponents, Inclu |ﬁg |ager transmitter and receiver igﬂ sources, L b
transmitter and reoeiviiclightdsowoes; LED laserctrandmittes aral regwivasclighy 30smaced, kgbt-  The
transmitter light souree 122, ane the IS6RINE ISR G8. L2 AGSRP AN eformed ariasartlo each

other wherein light generated by the transmitter light Source
LED transmitter and receiver light sources, LED laser transmitter and receiver light

30 sources, etc.
The transmitter light source 122 and the receiver light source 123 are commonly

formed adjacent to each other wherein light generated by the transmitter light source

6



WO 2010/014089PCT/US2008/071650 122 is directly received by the receiver light source 123. In other
embodiments, the transmitter light source 122 and the receiver light source 123 are seearated by some
optical device, NOPUYYH 5 optic cable, for example. In some embodimeﬁ@?’ﬁﬁé({wg é?ﬁ?]ponents are
formed into a single package as shown in FIG. 2. However, it should be 5 understood that in other
embodiments thi@ fransimittdy lightisodifee the 2ened thdighteiverxtighBsolimcetl2 3 miaydooenprisbeseparate

components. . g anSiter it souge AR deneipieslatenseded signalthal cappises a

conversion of electrical current into emitted light. The receiver light source 123 receives the light-encoded
signal and converisthdyeeeiveehlight HRek s 2atdte doricapDIsighiatagt I518odistantialliciéEntical to the

original electrical,signabat the fansmitier ighbrowae 422 He prtaseyplerblais thetwirr well suited

for transferring digital signals. ~ In the embodiment shown in FIG. 2, the bus instrument 10 generates a
first analog Signétdairiesdisha i Ritfecaadies aititalr2orviitedighosorkes dridl 3gtdbaigiesives converter

240 outputs a digoj';glsgil%@l}mg%g{pﬁg@%' HRcebpsoly e transmitter light source 122 and sent to
the receiver light source 123. The recelver light source 123 can_ then transmit the received signal to a

signal conditioner 25011¢ trans@ifghiekbtfsnEr 288N B51H b E8RE e ARt PRI AR5 CRRRIF thay be in

the form of a sesialobitstieans fercexrmplarand eaoveriitha digial sigraldatn @ Jaaledqauise 120 width
modulation (PWM) signal. The PWM signal can then be copverted into.a second analog signal and output
oo bus loon e ok e e S B R ek analation
on a digitized AGgignalaadeaidingritadn ershidimenthefdtigiinyenttaricdlhadiianstatientsysteinet 00
includes one or more input 1.and one or more qutpyts 102. 25 The translation system.100 receives
the digitized AC1 lﬁ%{n%luaf?éegér)‘lplﬁj {04 %)ﬁglugmuetlbgtls% éit)r%eliﬁ% a reedvg%nsé}“ée@g%r 35 Iﬂ)%% %@frgll ﬁggllranslated
signal can be trargsidted into a form that is more efficient and usable for transmission over a transmission

medium, such as transmission through the optoco r115, for example, However, other transmission
media are contemplatz%l glﬁdegéoé?t |Httrs1ﬁoé)€:no[1)ré ﬁ?{%eiﬂé%%%gﬁolﬁégﬁgj gpém.%?&ﬁ#ee?rgn%g%on system
100 is configurethaty pedgive thieidigitived (G sigradgriordi iielaehnticats| 340 tHehdigitikedtiadigighal using a

predetermined yanSteL %6“&%5&&59 @ tiansiated, signal portion..apd faasie! e darsialed signal
portion. The WO 2010/014089PCT/US2008/071650 translation system 100 can'translate the digitized AC

signal with respbghtscaisretictanfisrad teferaned woinghT rautearsiatidmeyeteryen behéanuremsidte the
digitized AC sigpa| with fesRAALIR RdiNeRcEHaT @gg}{ﬁ%}g{m&%ﬁjﬁference point, such as a vertical
3 |

distance (i.e., voltage) from the reference point. 5The translation system 100 can comprise any manner of
system, including a palheftEekigREI RIS b BOECSHHAROAEIEY siehrle, Bhighadgwidigkal (A/D)
converter, a ProgRsser PLdNIEIAPLACESS P5: ARIBHN AREIAN R AligiRatively, iRsemaiempadiments the
translation system 100 can comprise a portion or subsystem of the bus instrument 10.
20" width modulation PPWM) signal. The PWM signal can then be converted into a second
analog signal and output to the bus loop 4.
FIG. 3 shows a translation system 100 for performing a non-linear data
translation on a digitized AC signal according to an embodiment of the invention. The
translation system 100 includes one or more inputs 101 and one or more outputs 102.
25  The translation system 100 receives the digitized AC signal at the input 101 and outputs
a translated signal at the output 102. The translated signal can be translated into a form
that is more efficient and usable for transmission over a transmission medium, such as
transmission through the optocoupler 115, for example. However, other transmission
media are contemplated and are within the scope of the description and claims.
30 The translation system 100 is configured to receive the digitized AC signal, non-

linearly translate the digitized AC signal using a predetermined transfer function to

create a translated signal portion, and transfer the translated signal portion. The
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10The translation system 100 can include a processing system 104 and storage (not shown). The
processing system 104 can include a translation routine 110, a digitized AC signal storage 111 (or
storage for at le¥d %{’][%%i‘gﬁ?of the digitized AC signal, such as a signal porﬁgﬁf%&s@ felietermined
transfer function 112. The predetermined transfer function 112 is employed to process the digitized AC
signal or signal partietiarGiheecot GhdapdrfosmitiéndigilinebAtranghationtbfthresigmal portion (see

discussion beloyoer iR SRS AARSTRIIAGUAN LSRRG 00 An SRAUImRNQfhgyinvention. The

transfer function is non-linear, including both compression and amplification. This is shown in the legends

above the grapt Feaigher viklserme s rpodiiiaatsihia Socoirfstessiopdasiewmislifeatondats dlso be

non-linear.  Thgitranglenfunction madifiesthendigitized-Afosignal, such as by adjusting specific values
or regions, yet without changing the overall shape of the input waveform. The transfer function can

comprise a-mathematitaf fHeiRsiPattrah a3 saengits ety A wighal sAtermdivkIinga Righsfer

function can compseigne PR Qképsosiiientsinrl ate wkiphed Jyythei gigitizedh Ao signal, essentially a
digital filter. The digitized AC signal is translated in order to improve the transfer of the digitized AC signal

and in order to IRYTOVETtHEBIFORIICS SP tePERETEr S Phectiata HARRIAITON Bhitdpces brdidisision by
limiting bandwidtf. tFhglgiasa tarstationdetainsphaseisiesmationapeadfantagedisiunedains the phase
information whilf decreasing 30 bandwidth. The data translation achieves this by both compressing and
amplifying the d 8'rtized AC signal. WO 2010/014089PCT/US2008/071650 In some embodiments, the
digitizationi 6an compribeearaligltaloocyurunicatiom piotodoh that ssimpesechondd andinserdaeying AC signal,

such as on an analo surement signal. For,example,.a HAR aﬁil‘i ital com ication protocol can be
superimposed os%l Oé’?ﬁgginaf ?ogegp\r/%?teasalél%?%"asﬁ%nflogaéucrarrér11 Csh}lgdr?eﬂ'_.![rlaﬁéi Eﬂ;‘P‘E}B‘%&Hg{? i%%gégé%éf embodiments
can employ a CAntisipmisstetrase FréquenaeShiftakeying (ORESK ) imodilatednA E eigeaerspithshould be

understood that gther, commpnicalion peiagels. and modulations.are pontamplated.and are within the

: |
scope of the degscrau:?tlf%r%1 an %:(fgjfns e transfer function performs amplification on input values that

are within a spetifietedfstatios bt 2irsfersnpelgoipto @nelreibmnoal pdintican besamA@eignal zero- 10
crossing peint, eyen where the 2ern:GrossingPainkhas Leemshilied alovs pLbalow &zgro voltage level.

However, other reference points are contemplated and are within the scope of the description and claims.
The amplificatidPetean-achieve a predetermined gain. The amplification can be substantially linear or can

be non-linear. in Someﬁwqos@mrE%erg%&%\é@&Pﬂﬁm to an embodiment of the invention.

The transfer function is non-linear, including both compression and amplification. This
is shown in the legends above the graph. Further, in some embodiments the
20  compression and amplification can also be non-linear.

The transfer function modifies the digitized AC signal, such as by adjusting
specific values or regions, yet without changing the overall shape of the input
waveform. The transfer function can comprise a mathematical function that translates
the digitized AC signal. Alternatively, the transfer function can comprise a series of

25  coefficients that are multiplied by the digitized AC signal, essentially a digital filter.
The digitized AC signal is translated in order to improve the transfer of the digitized AC
signal and in order to improve the efficiency of the transfer. The data translation
enhances transmission by limiting bandwidth. The data translation retains phase
information and advantageously retains the phase information while decreasing

30 bandwidth. The data translation achieves this by both compressing and amplifying the
digitized AC signal.



15distance from the reference point The amplification around the reference point preserves the
zero-crossing information. The amplification around the reference point can make zero-crossin
discrimination egé?ézto.m/o“&sgnversely, the transfer function performs compré’%ﬁ%zgﬂsﬁ’gg@ﬂal portion that
is more than the predetermined distance from the reference point, such as the previously 20discussed
zero-crossing point. Thescomprebsiomads e dubtratitalbpliceaposcadiggahonsiimearcafioe compression

can achieve a pEEAGISIMING GHDRIESHI HHIAMNS gﬂ%difgﬁﬂt%u%eag%WQﬁ%ﬁﬁ%ﬁ can vary with a

distance from the reference point. FIG. 5 shows an’AC signal at the input of the translation system 100.
The AC signal copapiisewat tirgeal afpingaiamal idihBiR¢ligHd sl aiapeivseror kenRe 25signal can

be already digiﬁ@ﬁ@%@&&’&‘@#‘éﬁ')ﬁﬂ@lé@%é‘g@QP%@_Q%&%&Q@HA@JWE@I@X &Gélﬁtfﬁn system 100
before translation. IG. 6 shows the digitized AC signal after non-linear data translation according to

the inventioh. ItARFISEBEBHFBCASHIGLTE AHtANRVBVE FARSEIeBepeaR Hifh BIRVIAE BF¥hESKC signal has
been significantyyaducsd ansheompressrtiwithautahsnoing ties0onavaipmothaee hdhiziexample,

the original AC signal has been compressed from an ariginal amplitude of about 250 down to an

amplitude of abBIRMHIIB G SPrAT RIS ARG R BB AYSIRERRS SFbimActssRErsrant s1HEHt, which here is

a zero-crossing point WQ 20640 :4Q39R Gz 00840 Tit656h (e aip theumh e samplitidea is not zero), has
been amplified. In contrast to the compressed regions where the djgital values are about one unit apart
vertically, in the BRIIFEE P EYSHOARIA TR RSB d6IREHE deﬁ%lf% WA éﬁgﬁf%ﬁ?%'e units apart.
This is done so thatihe pefierence phintshin the digitided fvG sigrdkdoehibtbasomerdansern together and

harder to discriminate, such as.if the sisgenal {he ior}s around. the reference f’?iﬁ't hgd beerhcomgressed.
.Z%rq voltage level. oaVﬁ T,.0 reference points areI conteilﬁlg ated and are within
Compressed digital valu&€s may’ be difficult to determine, especially in préesence of noise

superimposed cntpthe tigidatargities.and cTdmmsend result is that digital values away from the reference
point (such as near the-peaks) are [elAveN SI0%6, IR QL YEHIsR! dRiangs AR Ailgaul gL the
substantially linear or can be non-linear. In some embodiments, the gain can vary with
15  distance from the reference point. The amplification around the reference point
preserves the zero-crossing information. The amplification around the reference point
can make zero-crossing discrimination easier.
Conversely, the transfer function performs compression on a signal portion that
is more than the predetermined distance from the reference point, such as the previously
20  discussed zero-crossing point. The compression can be substantially linear or can be
non-linear. The compression can achieve a predetermined compression. In some
embodiments, the compression can vary with a distance from the reference point.
FIG. 5 shows an AC signal at the input of the translation system 100. The AC
signal comprises a time-varying signal including an amplitude and period. The AC
25  signal can be already digitized or alternatively in some embodiments can be digitized by
the translation system 100 before translation.
FIG. 6 shows the digitized AC signal after non-linear data translation according
to the invention. It can be seen from this figure that the overall peak-to-peak amplitude
of the AC signal has been significantly reduced and compressed without changing the
30  waveform shape. In this example, the original AC signal has been compressed from an
original amplitude of about 250 down to an amplitude of about 30. However, at the

same time the amplitude around the reference point, which here is a zero-crossing point

9



10compression. Conversely, the digital values around the reference point are moved vertically apart by

the amplification. The result is that the reference points are easier to discriminate while the overall AC
signal requires R Bandwidth. FIG. 7 is a flowchart 700 of a d&Q" tFaR&ENAK T hethod for a

digitized AC signal according to an embodiment of the invention. In step 701, the digitized AC signal is
15received.  (RverehorngR theeunigitizddi NO tsigral Isnbestinemiifindnklatedragsinghthe transfer function,

the signal awayJ(';R{B‘r@s{?é%ggbs?:s RO CATRLE SR ('2Fe-JBEHE AL VAIHES AR FRMRTgRSed)- The

compression can be of any ed amount and can employ any desired compression. The compression
of the signal poriaplificthissienate rdglsr douperates tohredigial trdusantimbenichipeuigitErsdtAC signal

and makes the taRSESHIOMehiPedigiizec AGoRIGNAlH aliah, tieePiasolRIRr fBPrecsfficient. Further
using the transfer function, the signal close to the reference point is amplified by a predetermined gain

(i.e., small digit&l AT HReTR AL, toKds eripiRtaty i 8 vy &Ry aeire dgam dfount. The

amplification presRrygset ﬁ%&%%@&&ﬁﬁ@@séﬂd@@ﬁﬁré@@@G@g’ﬁ%ﬂ@iﬁf&r malier previded,by zero
crossings of the digitized AC signal. Further, the amplification can make the zero crossing points easier to

discriminate in tHBiRCeT PR YR HRCtBCAIG A AP SGRRASASEES i digtnaldptocoupler.  In
step 703, after the sigmabpatiaRus comprEssetiamglifiedy thenhai-lineasy dresistatedisignabis transferred
to the optocoupl rforgfznsmission. After transmission, 30 the phase infor a(tﬂi%on can be determined from
the non-linearly A ASTSTAA S GAAT ViH¥G ﬁ’?g"?ﬁg%r%-é{l%ggiﬂglﬁli%i;ﬁﬁsti%ﬁ?sﬁ herCif desired, the

compressioh anshampiifioatiaivoasreptiohalysbel reiecsachafi¢ b ecfransmissicrrsuelvas by using a WO

2010/014089PCT/USﬁ008/0716 0 mlrr?g;l?ﬁe?%q%e (lLe revl?rigef\l)l %%les;gtrefunctlon. %ubse uently, the

method can Iooﬁeﬁté%? ﬁﬁ‘%ﬂs@p o1 Bn ive@er%eéglve an procesrgré(faﬁg npor ioris. FIE. 8 shows a

prior art optocodplencomimwhidationosysiém thappenformsedigetexy cothirundieatibns through an

medium includes an cplGbaamlbr L e B R B Ol memission
paths are includedsditizatodupisbedmenunichtionse(iten.commpriithtibadigiteth A etdions) can be
performed; s oceived.

In step 702, the digitized AC signal is non-linearly translated. Using the transfer
function, the signal away from a reference point is compressed (i.e., large digital values
are compressed). The compression can be of any desired amount and can employ any
desired compression. The compression of the signal portion in this voltage region
20  operates to reduce the bandwidth of the digitized AC signal and makes the transmission

of the digitized AC signal through the optocoupler more efficient. Further using the
transfer function, the signal close to the reference point is amplified by a predetermined
gain (i.e., small digital values are amplified). The amplification can be by any desired
gain amount. The amplification preserves the phase information, including the phase
25  information provided by zero crossings of the digitized AC signal. Further, the
amplification can make the zero crossing points easier to discriminate in the digitized
AC signal after the digitized AC signal passes through the optocoupler.
In step 703, after the signal portion is compressed/amplified, the non-linearly
translated signal is transferred to the optocoupler for transmission. After transmission,
30 the phase information can be determined from the non-linearly translated signal,

including the zero-crossing information. Further, if desired, the compression and

amplification can optionally be reversed after the transmission, such as by using a

10



In some embodiments, the communications comprise half-duplex communications wherein only one
device can transmit at a time. 10The prior art optocoupler communication system has drawbacks. Both
device A and dé@%éog)/gé‘}?%ttempt to communicate at the same time. Simultah&SEY 8 Hunication
attempts in a half-duplex communication system will result in a failure of transmission. Further, if a
transmission fromrdeviceg treatsscase eehosfradkndidevitebActhenidethiceleahcanisiniebordt the received

echo as a Iegitirgﬂg trianspissien ram Yj&‘éil‘?z%_ B p_mgégg.Sggﬁgplygﬁgﬂsqptocoupler communication

system 900 according to an embodiment of the invention. The optocoupler communication system 900
includes a controller 9PBtHatleyt B EarhARATIRBaRIeHS Hetia s it /el aIbat asefaievice B 907 through

a transmission mediumdnsieling e aRREAuRISh kLS. Jloe PRIORRUBIET-EAR. IR RQsemeemkosiments

performs half-duplex (or simplex) communication between devices, wherein only one device can transmit

atatime. O It 3OOfY 5 BindErstpirs HAlHEBTRIPSIRSY DOt earsE s At APPRAVAKT ! the optocoupler
communication systes-0Qra06ristaRoVARIIBE NightnfdheaptacerNeld baimenemiandddssation. In

some embodiments, the controller 920 can comprise a 25component of the signal processor 30. Further,
the controller 930RH¥BITE CORBBHITENES &af GOMPBHEECAI BRI EAE S ATREPSHAEDRE B 907,

wherein the devigepesaibsdikeaynasiaicomidnsativngevicealAtithesamedimeatishother device(s)
operates as a slave communication device%% . The optocoupler communication system 900 is
configured to pr‘é{\l}gﬁ%oél%’d?@%éﬁwgﬁ BPSEHEEY! AitePi%ively or in addition, the optocoupler
communication systermiadgrisreondigiotedieyeveniniatiethananédaitoeiiom. tRstariitiog At a time.

WO 2010/014089PCT/US2008/ 7165{(%0 co The og)toc% ler commun@atilﬁn%\sgstem 900 in some

. . and device an attem mmunicate a same fime.  Simultan . :
embodiments is configured to réceivB aranami aﬁemp rom a %II‘S% device %}g, determine if a second

device B 907 is @ineadyitransmittingtthiroa ghl thienpptocoupienitdthrdeteeminelifreeck ivingdhertransmit
attempt is OUtSi%? t?‘aggggsg%%q Pl%l:t edr,a} §HARMEIHRIRCHLGOCK: §05 ég%gse%“to back to device
A, then device A can misinterpret the received echo as a legitimate transmission from
15 device B.
FIG. 9 shows an optocoupler communication system 900 according to an
embodiment of the invention. The optocoupler communication system 900 includes a
controller 920 that regulates communications between device A 905 and device B 907
through a transmission medium including the optocoupler 115. The optocoupler 115 in
20  some embodiments performs half-duplex (or simplex) communication between devices,
wherein only one device can transmit at a time.
It should be understood that the controller 920 can be located anywhere in the
optocoupler communication system 900 and is shown at the right of the optocoupler 115
merely for illustration. In some embodiments, the controller 920 can comprise a
25  component of the signal processor 30. Further, the controller 920 in some embodiments
can comprise a component of device A 905 or device B 907, wherein the device
operates like a master communication device. At the same time, the other device(s)
operates as a slave communication device(s).
The optocoupler communication system 900 is configured to prevent the

30 reception of echoes. Alternatively or in addition, the optocoupler communication

system 900 is configured to prevent more than one device from transmitting at a time.
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5from the first device A 905 through the optocoupler 115 if the second device B 907 is not transmitting
and if the deadband period has elapsed. FIG. 10 shows further detail of the optocoupler
communication g’ﬁffm/gé?f%lccording to an embodiment of the invention. Irf {Hid 244 nt, the
controller 920 and the optocoupler 115 are combined into one device. The combined device can
10include additional capawilitiesanie adaitionalativounsye M ¢ onsrolie cOR0Gasiticitidendigitsides 931 and

932 that are switghed;y Ihe, CORIQUERB2R Jh Al ARY (R.{eQuIRtR SRMISHION frakgl Hig;opjpcoupler 115.

The switches can comprise any manner of switches. FIG. 11 is a flowchart 1100 of a transmission control
method for contP8flitgrIrsairettsansnissionghroggvtarooptecblipleetaansmissrsaiviadien according to

an embodimentof g AUERKRR: HSIgP1d Qb FSBULALEMPSIRFRERIVEEHERR AfleHiGR SHCh as device
A. It should be understood that the transmit attempt can be from a;]%ﬂéewce, but device A is used in this
[

figure and exampIE B SlirhesEs AR Steperneecatpcadier it dsvrdrisy 4a BB i already

transmitting. If deyigeRRRds alreadyiransaiting dhenihe.msthed proceeds to step 1103. if device B is
not already transmitting: then the method branches to step 1105. In step 1103, where device B is

already transmitting, & shoma ke Srtrtt i SrRiRigC oFRE hetdiny BiRAL Bona e Wevice B has

completed transmititaghg fosiepriBiinifie sretboshvbelds ofhathestipnemissiancaitamgis il the 25
transmission from device B is complete. The transmission can comprise g transmission from device B to
device A in sorESHBSAIRHLC AU SRR SO & A Lt IStEEP A SRS GG the scope of the
description @nd ialdirds additikm stepphbDbicwhet e ditiea B wasyot Bleeadyr tidnsimitiag itbridethod checks
to see if the attemRt IS o&g?iggdqg

then the metho&‘?’ogﬁlgsback up 8’35%%%gwgrcll%}’gﬁat:%%:%%%%%g%g%ﬁrg %I# %Ilhdel%%éggezzgaer?g k;)?arr]ig,d
has elapsed. If insteadiie ttansghitlattempbisptutside e deadbandnthemthecmethoghpeooéeds to step
1106. switches.
FIG. 11 is a flowchart 1100 of a transmission control method for controlling
15  signal transmission through an optocoupler transmission medium according to an
embodiment of the invention. In step 1101, a transmit attempt is received from a device
such as device A. It should be understood that the transmit attempt can be from any
device, but device A is used in this figure and example for purposes of clarity.
In step 1102, it is determined whether device B is already transmitting. If device
20 B is already transmitting, then the method proceeds to step 1103. If device B is not
already transmitting, then the method branches to step 1105.
In step 1103, where device B is already transmitting, device A is held off from
transmitting. The holding off is done until device B has completed transmitting.
In step 1104, the method holds off other transmission attempts until the
25  transmission from device B is complete. The transmission can comprise a transmission
from device B to device A in some embodiments, although other devices are
contemplated and are within the scope of the description and claims.
In step 1105, where device B was not already transmitting, the method checks to
see if the attempt is outside of a deadband. If the transmit attempt is not outside of the
30  deadband, then the method loops back up to step 1101 and all transmissions are held off
until the deadband period has elapsed. If instead the transmit attempt is outside the

deadband, then the method proceeds to step 1106.
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WO 2010/014089PCT/US2008/071650 For some bus instruments, during a power-up phase the
instrument may generate and put out measurements or other data that are not within specifications and
should not be trfSAHERE Bor this reason, the method can implement a dc&)ﬂéwﬂﬂglﬂ Yor a
predetermined time after power-up. Signals received during this deadband period can 5be judged
unreliable and can be fgneret: Bignalstardivinglaftes thedcaubatdshabearpireatarjadgettateceptable. In

step 1106, devige 8,15 Baldofl A ANSBIHNG. L%, CaR g Wﬁiﬂ%ﬁ@k‘?ﬁ@hﬂ%‘éiﬁﬁé § s gpat two

devices can transmit through the optocoupler transmission medium. 10In step 1107, device A is allowed

to transmit. In skegrangBittpd mMethod Ehevkshe Betidravicaraaevnaewivsnswieiiediaedice A is not

done transmittirpe&@%mﬁi@@@klk@@mep?em@&e_Fsﬂglvgﬁ- dfdandnen) davigedvis dopsdianasmitting, then
the method loops back up to steg{llo and waits for further transmit attempts. Claims: 1. A data

translation Syst&§ ey FoF P A G Rerehnesk daeatarsixtshedstahdigrisbanddasignal, the

translation syst%abﬁjegg}gﬁmgjﬁg@gé&mgnput for receiving the digitized AC signal; an output for
outputting a non-linearly translated signal; and a processing system (104) coupled to the input and to the

output and configured fbSfeR&MD & A5G B A digfram HERSIHED Y (FARstate RIS GEIEIRE signal

using a predetegaingd iranstemfiuneiartereatertir mpnhisearihd Opaosipted signalswherein the
predetermined transfer function creates the non-linearly translated signal with respect to a predetermined
reference point,tﬁ?gd%nsfer the non-linearly translated signal to the output.

10 In step 1107, device A is allowed to transmit.

In step 1108, the method checks to see if device A is done transmitting. If device A is
not done transmitting, the method loops back to step 1106. If (and when) device A is
done transmitting, then the method loops back up to step 1101 and waits for further

transmit attempts.
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2. The data translation system (100) of claim 1, wherein the predetermined transfer 15function is
configured to alternatively compress or amplify digital values of the digitized AC signal in relation to a
distance from the predetermined reference point. 3. The data translation system (100) of claim 2, wherein
an amplification gain can vary according to a distance from the predetermined reference point. 20 4. The
data translation&G\gimsh (100) of claim 2, wherein a compression level can vary according to a distance
from the predetermined reference point. 5. The data translation system (100) of claim 1, wherein the
non-linear data 25translation substantially preserves a phase information in the non-linearly translated

signal. 6. The data trahsiaiadrRagaiam e 61ePXiler PeipEhEe afoRdneM s ARSI 26ch preserves

a zero-crossingdryieiFBaian 4yhe fRriRgaibhispaslatede)HomtpdSng: The data translation system (100)
of claim 1, wherein the non-linear data translation substantially reduces a signal bandwidth of the

non-linearlytranslatecPSiia¥. fE feeRivANG AR AlaBi7 e o987 a digitized AC signal, the method
comprising: receiving Hieodipifizef dfpigiph memHiraayyrianaalisgife gigitized AC signal using a
predetermined transfer 5function to create a non-ILrégarlﬁganslated sigmal, Whereig the Predetermined
transfer function creat8& T M $AH<auRledithihe input and to'the output and conflgured

to receive the digitized AC signal, non-linearly trand ate the digitized AC

signal using a predetermined transfer function to create the non-linearly
10 trandated signal, wherein the predetermined transfer function creates the

non-linearly transated signal with respect to a predetermined reference

point, and transfer the non-linearly trandated signal to the output.

2. The data translation system (100) of claim 1, wherein the predetermined transfer
15 function is configured to alternatively compress or amplify digital values of the digitized

AC signal in relation to a distance from the predetermined reference point.

3. The data translation system (100) of claim 2, wherein an amplification gain can
vary according to a distance from the predetermined reference point.

20
4. The data translation system (100) of claim 2, wherein a compression level can

vary according to a distance from the predetermined reference point.

5. The data translation system (100) of claim 1, wherein the non-linear data
25 trandation substantially preserves a phase information in the non-linearly trand ated

signal.

6. The data trandation system (100) of claim 1, wherein the non-linear data

trand ation preserves a zero-crossing information in the non-linearly trandated signal.
30

7. The data translation system (100) of claim 1, wherein the non-linear data

trand ation substantially reduces a signal bandwidth of the non-linearly trandated signal.
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with respect to a predetermined reference point; and transferring the non-linearly translated signal. 10
9.The method of claim 8, wherein the predetermined transfer function is configured to alternatively
compress or amplify digital values of the digitized AC signal in relation to a distance from the
predetermined reference point. 10. The method of claim 9, wherein an amplification gain can vary
according to a 15distance from the predetermined reference point. 11. The method of claim 9, wherein a

compression legel canwvanuaceySling FRhdifianssi ez @ GyrierineHsIersRGERRNt: 2012.The

method of claim 8, wherein the non-linear data translation substantially preserves a phase information in
the non-linearly trans|&868 \4ihte A gitiTad AMef@of claim 8, wherein the non-linear data translation

preserves a zero-_crOSﬁBmiﬁéarm@ﬁéaamﬁgerﬁfa?ghwwga@ﬁatﬁgﬁ%iwb&%r%n@@m_od of claim 8,
wherein the non-linear data translation substantially reduces a signal bandwidth of the non-linearly
translated s'?gnal. function to create a non-linearly trandated signal, wherein the

predetermined transfer function creates the non-linearly trandated signal

with respect to a predetermined reference point; and

transferring the non-linearly trandated signal.

10 9. The method of claim 8, wherein the predetermined transfer function is
configured to alternatively compress or amplify digital values of the digitized AC signal
in relation to a distance from the predetermined reference point.

10.  The method of claim 9, wherein an amplification gain can vary according to a
15 distance from the predetermined reference point.

11.  Themethod of claim 9, wherein a compression level can vary according to a
distance from the predetermined reference point.

20 12. Themethod of claim 8, wherein the non-linear data trandation substantially

preserves a phase information in the non-linearly translated signal.

13.  The method of claim 8, wherein the non-linear data trandation preserves a zero-
crossing information in the non-linearly translated signal.

25
14.  The method of claim 8, wherein the non-linear data trandation substantially

reduces a signal bandwidth of the non-linearly translated signal.
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