WO 20101014085PCT1US20081071564 METHOD AND APPARATUS FOR PULSE W DTH
MODULATI ON SI GNAL PROCESSI NG TECHNI CAL FI ELD 5The present invention
rel ates t owe 28iognfks processor, and nore particul arly, tr@eTAusS08inalses
processor with a scal ed anal og signal. BACKGROUND OF THE | NVENTI ON
Certain electrical circuits require data transm ssion between

el ectri cal NMETHADANPABPARATES FOR BULSEWIRTH MONIATIQN YGNAL
another. One exanple is when el ect PROSSESHNG unents are coupled to a
bus | oop. Because bus | oops provide conmunication between el ectri cal
i nst runmentBECHN&IAILIEIBAD o power, a problem can exist if the signal

encodi ng scherre% bet ween t he el ?ctri cal .instrunment and the bus_ | oop
are not> subst antiCATFSFNE RYCBURRRIelaP A 7 SHERP! PIOSESSOimSRE INQIFiRAFLSI Y i 2

| oops, SUGH:AFrRcbWBr With & sdacdhsid diecei ve power and conmmuni cate
t hr ough t%qleg%ug Icoop usflné a%a og éS)éI} nals by controlling either the
voltage or current draw. This first analog signal is then converted
into a digl j r [ verted back into a second anal og
si gnal , a%&%be@ptﬁﬁ? .g.:[‘?(sg[strunent or a host system This
met hod of commgninGat | Higcthisalade@uad ereﬁ_@}iréP'agtaastrén@ﬁisfsiohs'[be@sﬂ&n_seél&ﬂﬁcal
signal s are based on the sane scale. yhgl cally, 20 in a two-wire bus
| oop, l0he instgmpante tat \aae iedsstridaly ciselpiedt (rorat ense anaibgsr oneegx@implet is when
20mA, where 4mA corresponds to a,m ni num value a 20mA .cor
Co s max RO GBS ETE e PRI b b T nA: * BhABE 5
el ectri calcohiisidi¢hiRAbetvden QRRErftal RStrAReds th Ad@iie o forFel eNprobRADEN dxit
exanple if the analog signal is [imted to between approxi mat el 3;3

op are

12-20mA.  Ubihegsigndl gneeriing pehopmgn detwepnrhe alsolrigacipsiresperandttbe bgs

m nimim Vahlorg tﬁpdqtiglﬁ) nﬁie%ﬂﬂle.dE e%&gc%fﬁg&gm%lﬁs ﬁtl?%éé g'l’ﬁo}é?é,"ét th ébs‘r%l fWo-Pre
may occur | Thednal 0g "signal "recelved fromthe 8leCtrca

i nst r ugentbue peopatckeige power dndt cotfiinisaaligough gRrustifopukind eefléd Sighals by
i nstrunent o&er,ati ng on a 4-20mA scal e. . This erraor can_be
conpoundedontioling §Rerdhe Valiagedr charent sty u b fdrshanaleq wgnal icien gonverted
| sol at ed fiﬁt%”hodlgiéﬂnﬁgiﬂaqr rdeld30YFBn Rl Sk CinkR Qéﬁ?n&%faloi%ugi@ﬁél?%ﬁd
capabl e of such dafa trpansm ssion, one commobn configuration
utilizes apmsmatedyto @oothkee thstimenti drsa hdyy piystainl yThio methodsdfr comananiodtinghie

S conver eaPe 1 et die SGHA ot el R dRo-Targne afele. Typioaly
converer . Tyo VRHOHaS SHESRETHERONBD 1SSl ickaberslgnokiiy 4+

conprise a serial bit streamva wh is transmtted using

opt ocoupl e0mA, whereGheApraidspondsi toh apmiramuar valpptandadmAcoupdspends to a
circuits is that the re ljmted in their apility.,to,scale.the first
Sl o et P Sebleh St Hervh TEped &F s eiehital fslfinionts St

operating on a different current range, for example if the analog signal is limited to

esponds.
{088 provide

between approximately 12-20mA. Using this current range, 12mA would correspond to

25  a minimum value and 20mA would correspond to a maximum value. An error may

occur if the analog signal received from the electrical instrument operating on a 12-
20mA scale is sent to an ¢lectrical instrument operating on a 4-20mA scale.

This error can be compounded in situations where the instruments are electrically

isolated from one another. Although there are various configurations capable of such

30 data transmission, one cominon configuration utilizes optically coupled circuits.

Typically, one instrument of the optically coupled circuit generates a first analog data

signal, which is converted to a digital signal using an analog-to-digital converter. The



5 signaling. In other words, the transmtted signal generally
corresponds to the first anal og signal encoding and not to the second
anal og si gwalzemaedsng. This may be acceptable in |im tw\esdrhagatisens;
however, it may be desirable to scale the first signal to acconmodate
a different, signal process. For exanple, if one of the instrunents is
opti cal | y €l denal gnay s8rIisop serat bibsipdn aglusn whide iy Baniyitied gppg an
fromthe i(%fi&éolf.‘[m’eﬁt 10 itself, it may be necessary to scale the
first sign to correspond to the second signal. The scaling may
conpri se any nebmeprobfen witagiricorartnemichilneanplsd alréwuig it ohdt hkeysargrifmhited in

such that the signal changes_to accommodate the qutput anal 0g signal
encodi ng ??@Hgﬁdpnﬁa@o%an%@hélgnék iR PFQEHPOGAL CRNEIRNT THIERRS é?fgérent
t he prizor L m - fiStihsi val t i

and Lher er g SibplT 1P olEE oS in® iAGnReadl efialafly (Bl Rt HTRAE first
15i nst r uneamialog signal Eneoging seditnok M élnd samond\werlogreemal kheodimgl dhisemay be

probl enrs and advance .in the art is achieyed hy,perform runti

ol ng. ofeEHUMHIF £ STTEL s Hnos ey e o oY H6 dsnieeior Gr e Beathaena to

signal in fbbMalodass WiRientt fgndl igisdess IRl dxBBpROES oROtof THO Thstbiels! ¥

match the second si ginal ing. 20 ASPECTS According to an aspect of the
P

i nvent i on,opsicsllypeuplet tceduypdodpsthebapdraies ed a exaler difkerane feonf thesinstrument

anal og si gnals ..convert the first anal signal into a .digital si.gnal;
5t r 2 CRRIRitRRY Phmolitihrh 16 SboB0R Al Sl lo doicSa fodht YRl
a scal ed priesgahdingy Rogglisd LGNSR lindgest moR-1inder fabhd & theisginal such
and convert the scal ed pul se wdth nodul ation signal into a second _

anal og si ghafl .ther ‘@g@%lab‘ﬁ%geﬁ héo edcsemymogdate Bhe r pepuic giglogs signgh encoding

opt ocoupl e f.er abl t i I S 1S f 2 f.
(o scal o rREeRPAEetB ARl eSh O b BB e B G AT PR e
bet ween a sigrast availablogo seginsthuesie add tigerefotd, liade thy capabifick RS thcdledttical

coupled tao an input of the signal processor and a second anal og
si gnall>endBHWEDGt i 1§ zed by a bus | oop coupled to an output of the

si gnal process@f, %y&@ﬁ%g{t%ll&%ﬁ%&%s WU52008 /0917@%\?%]015{15(951% b Lﬂvan%ée]ﬁl the

digital signal conprises a seria stream cording to anot
aspect of arths dchiceed bpmperfarhbing riodpe sydingnofi the Ibitekitregmain barder togirovidenh
el ectricall isolate&ifro]ma bus, | oo vvith:%si nal, propcessor

signal m situatio 1rst 1ng

conpri ses:a¢ urate secon ns where the signal oes not substantially
match the second signaling.
20
ASPECTS
According to an aspect of the invention, a signal processor is configured to:
receive a first analog signal;
convert the first analog signal into a digital signal;
25 transmit the digital signal across an electrical barrier;

generate a scaled pulse width modulation signal based on the digital signal; and
convert the scaled pulse width modulation signal into a second analog signal.
Preferably, the electrical barrier comprises an optocoupler.
Preferably, the signal processor is further configured to scale the pulse width
30  modulation signal based on a difference between a first analog signal encoding utilized
by a bus instrument coupled to an input of the signal processor and a second analog

signal encoding utilized by a bus loop coupled to an output of the signal processor.
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an anal og-to-digital converter adapted to convert a first anal og
signal received by 5the bus instrunent into a digital signal; a

si gnal trawsmikmyosadapted to transmt the digital sigmdrtmosisgnal
scal er; wherein the signal scaler is adapted to convert the digital

signal into a scale | se width dul ati on signal and convert the
scal ed pul se wi d?%?ra??ﬁggmea ‘gﬁﬂ Sing %HmPrl‘ﬁe%aéeréaégltéH%Econd anal og

si gnal . 10Pref %&Ql‘cﬁn% %eﬁi&ﬁ?ﬂec%ﬁﬁé[ﬂv&:ﬁ@&n,9%HPIdo§%§stéﬂ 19&%&9@9%@
adapted to electricalTy 1solate the bus instrunment fromthe bus™I oop.

Pr ef er abl yipstanrhént stectirally gobitghfad mertes déapgwitls a dighflaresessdrrcompaisssecond
anal og signal encoding. ... cording tg anot her aspect of e
venti on - a s aarogiiaiial porertenARPRH b AT SIS B [oceed by
anal og ssignal ; conveid bushBsthunficht A9 aldRgtabignal into a digital signal;
generate a pul se wi dth nodul ation signal based on the digital signal,;
transmit the pdlsgnahiransmirechdanted dotrensggrinthealigitabsignal tehsgnal saler;

barrier; and convert .t he | se width dul atio ignal. intg a scal ed
second anal og STM tegmpls@Fenit odabieo &pRiesy e Adbugnl o spiifas
configured to scal epiiewitllirhdlulficanadnabasebnosrt thedichlbe pere &Rt ween
a first analog signal encoding utilized by a bus instrunment coupl ed

to an input of the $iogutatiopsigpekigira saledscenndanalognignaly si gnal
encodllra]g utili L c%ib&tﬁi%g a?Bhn IEME)II @oqn ergfé%f g}t{hgolﬁﬁylc?fad%ﬁgd Y gnal

processor. CCO 0 anotnher as nvention, a

met hod f oreldatrdcadipi§dlata theSh@nadtsimzbt from thebankdbpg si gnal generator to
an anal og signal receiver, conprising the s_te_E)s of ; generating. a .
first anal og sitgearably Ay anpleg signal fucpding andiffspns frgwa seeprdbanglog signal

di gi tal Sieﬁi@@dihg.
According to another aspect of the invention, a signal processor is configured to:

15 receive a first analog signal;

convert the first analog signal into a digital signal;

generate a pulse width modulation signal based on the digital signal;
transmit the pulse width modulation signal across an electrical barrier; and
convert the pulse width modulation signal into a scaled second analog signal.

20 Preferably, the signal processor is further configured to scale the digital signal
based on a difference between a first analog signal encoding utilized by a bus instrument
coupled to an input of the signal processor and a second analog signal encoding utilized
by a bus loop coupled to an output of the signal processor.

According to another aspect of the invention, a method for transmitting signals

25 from an analog signal generator to an analog signal receiver, comprising the steps of:

generating a first analog signal;

converting the first analog signal into a digital signal;

transmitting the digital signal across an electrical barrier;

generating a scaled pulse width modulation signal based on the digital signal; and
30 converting the scaled pulse width modulation signal into a scaled second analog

signal.



transmtting the digital signal across an electrical barrier;
generating a scaled pul se w dth nodul ati on signal based on the

di gital siynabiooawds 30converting the scal ed pul se w dt lPOTHSH080 71564
signal into a scaled second anal og signal. WO

2010/ 014085PCT/ US2008/ 071564 Preferably, the nethod further
conpr 1 ses usi g TR ULE Qenped Fer FORRAEE S PGP QA he

Pref er abl yijgit18igaer! ed second anal og signal is based on a difference
between a frrst anal og signal encoding utilized by the anal og signal
generator and referbbd thetaled sewngdantlog pigodi 1nhasgd onjazedersyee beswemad og

et nod | or ity AR o e A PR e a R RGeS g R ey,

anal og 5si gi@lal reoeingariliz60BPHeSnigg sh@abiceg@serof : receiving a first
anal og signal; converting the first analog signal into a di'%iiﬂt al
si gnal ; 10generscPiinsioRPEeT gipaet el Hptiny eitionna siediod fontansimibing sigaals
digital si : M. ft i ' S5 anal 0SS
an el ectri cai la%g{ga{rl?%%ghggrggﬂ%gfﬁegor %?%n}??%!égiﬁuf%%g%’gpﬁgﬁ%ﬂgl at |t%]%%rf'
signal into a seamivng s@ewadalapeiecng; si gnal . Preferably, the nethod

further conprises using an optocoupler to transmt the digital
si gnal . 15Pr ef SPAYAYNE g’ﬁéir%t@&P]@a sigalatp afigitelgiaegnal is based on a

di ffergnce bet Weghadnd 4 hike AR BR4EI 98&‘%@65&%9@&1&1 #b idiéité?& . the
anal og signal generator and a seconé‘ana og signal encoding utilized
by the anal og siagsmittingetheipube wiBRInkrduDEBCRIgAR] b SN EHE RDRAMINGS and

20FIG 1 shows a bus |00 st. according to. an enbodi nent of the
i nventi on. ﬁP@?f@%ﬁ‘Sg’Hﬁg“E&gﬁ%? L%’rttﬁ’é‘ég%“&fm&b%ﬁggﬁdﬁ@“?’@ agflog'signal.
enbodi ment of - gl BNl AlthoF hiAheSEONGH0 1 8hgR bR BRSO ARG Pihe! he
signal scaler accordi'ng to an enbodi nent of the invention.
FI G 4 shalagital bignsli gnal processor according to another enbodi ment of
t he Z!ii nvent i on, . i . I .
5 referably, the scaled second analog signal is based on a difference between a
first analog signal encoding utilized by the analog signal generator and a second analog

signal encoding utilized by the analog signal recetver.

BRIEF DESCRIPTION OQF THE DRAWINGS
20 FIG. 1 shows a bus loop system according to an embodiment of the invention.
FIG. 2 shows a signal processor according to an embodiment of the invention.
FIG. shows an algorithm performed by the signal scaler according to an
embodiment of the invention.
FIG. 4 shows the signal processor according to another embodiment of the

25  invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 — 4 and the following description depict specific examples to teach those

skilled in the art how to make and use the best mode of the invention. For the purpose

30 of teaching inventive principles, some conventional aspects have been simplified or
omitted. Those skilled in the art will appreciate variations from these examples that fall

within the scope of the invention. Those skilled in the art will appreciate that the
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON FIGS. 1 - 4 and the
foll ow ng description depict specific exanples to teach those skilled
in the artwiemwo40stke and use the best node of the i nVETITSANSOFAGEY
the purpose 30 of teaching inventive principles, sonme conventi onal
aspects hayve bee i ed o omited. Those s

aopect s Nae, RSB yOhe SALbEST i FHOSE Shl S8t B Fukpgons
scope of tdfetheMu@dHtiodN. AJORGuIS Kiht | igfertidnt B&108imivdd! fo MBRIPBSIFiB X ahipids
the WD 2010/ 014085PCT/ US2008/ 071564 features descri bed bel ow can be
conbi ned |¢¢svd?erddw§wv\é?y§0mlm bbfcbhwlnrmaaqdltbelr/@qulmlwm of the

i nvention. u t entlon |s i d to

exanpl s deser 10 belO ot Ry et piotheroRhE A hpBaRREE of fr
equi valsentigvedtio& The $howpa Obllh‘ﬁc]lhd?:@@. hoyisdyeiimlDQ ke ¢eupd, Adbuk éhs@fiment 10,
enbodi nent of the 5 invention. The bus [ oop 100 i ncl udes a host
system 1, adpusignalapoessa Muepuphing entrst ingtpimenid Ododheyhuy lagpde edbo host
30 coupll e tg S

1 gener at a3 5L SR LUBTBhack e S LRoR Bt pilr iR B 40450 BB
4. The hosdysteyst emykompyise arpiitra oatrolentit, al CRIONG 1 soinelsthdr, proceSithly sjastem
sone ot her proce55|n systé% m used, to process the signals received

over the Bi§ed fup9cess Frgewed 81 tetBeuloRR it ARORKNG Repnernedimaent
the bug e

nder sPood RGO RRin BESE 1000 ek iR o Barous DU Phiowicler iSlibila B8
bus 1 oop. understooﬂ!hhaatblmsbusr]edm 4 deefstnolﬁaweam comprisd e teoryiredun dsopof

sensor or neter ch as a t1(‘)ww neter. |In enbodi.nents where the bUﬁow

Chstrument 10 {THEPHaASTIED ABBFINAG ALY RRRET OF BRSOy MEEmBRsas

vi bratory héigw If?El%B@dlﬁiéﬁQ \;’v‘l§er@ tl@Bﬂlsoirfsﬁlufnlﬂ?cV‘l 0hicBide®h fﬁ)w']-‘lxsneter the flow
densi t onet er. shown in the bus instrunent 10 includes a
sensor 13 ragfdr mas/ pmpmasnrren\nb@tmtﬂ@mmstcmsuchfh@ bu@omahst flowenteter or a

i o7 o-1br ocRRar R, SREMORCa To s e RRRTTERS Eibs™eR arbe s

t he sensoringkdment eRBkdOey B Tl lﬂ%ﬁﬁﬁtﬁhﬁ’enft elettroBAL® fha§ icBMBtiSe #0manner
input the first analog signals to the bus instrument el ectronics 20.

The bus i edtGlAEReCRDNS BEEROM BIFTQOIasassinbsisicat eAsexrding taraalewodlment
signal s thgt { [ I C I L. f n
t he bus Ig)g th@{nqlﬁ:hpo Ql?e 99] rgjrrgn nﬁgu%?nt%b%egg%ﬁaf ﬁrqurgeéio & 3]g3€ri]g an%%lpm

pr edet er mth’@dirﬂ:l’ atdlag Egﬂal@%ufhﬁe s ﬁﬁtll@ﬂheﬁ‘h@l&cﬂrdihluﬁ e0W The € instrument
two-wi re bus 4. Because of the neasurenent conmunj cation protocol and
the pofler al§ctniss LB§an Beneryte perogd epglop signpls dipt sysinehe oo of eariplle loop
I nstrument, 10,/ 38/‘?11% I%QE@Bﬁsd]o%gm'[thQ%uE W Rt ?@c%ﬁ U AR ul%dL@ 8% g
si gnal processo n sone enbodi nents, the si proceSsor can
conpri se amederdrmiredi cralinited adreoi(nt . &F. poxbar whet if da;s heith [theeyo-wire buﬂ'hle
isolation Jimts e electrical power that the buittl nstrunment 10 ¢

draw fromAaHe FREABNFEMERL P IMYRF e POGRGO! @pd thepawerrigitations uite
i sol ati on jprLeNe Bﬁ@lo@ﬁﬁ?&@mtl@Ot e bttg'(?%éﬂlﬁ nP 6 nldQOR i %191@9 fLda¢ tHeASo-wire

system 1 upon the eve of catastr ure“of the 30 bus
i nst r @dentbud doopl Husidg |atsugnal pltohessmsbﬂl ain emnd: enmbb@mh@scthemgjal poeessor 30

transfer through.the. rrler orde nate an expl osi on
hazar d anc‘fa'E)F%‘gBﬂ?e einglﬁ r{“iS’&ﬁ f%lyé EQ‘BTISE %heg m‘e anmabl e material s
in the envir Onmﬁﬁsomtlohhﬁfhﬂliﬁe b]@éﬁ'l'i:h'lrﬁmer 1ht theWhds instrument 10 can draw from
2010/ 014085PCT/ US2008/ 071564 2 shows greater details of an

i sol at i on thetwuweredfustlpep 4iagddhe basicsestsmrl 30 he Tendatmingpraventy duezgeco the
shown as recej.vi F%IB fi,rst

Coover FOSHL P Bad Uit BT BoS Gy ithd Winerd B ErOT o R i st e

not hage tas MishrdinRat 8. f ToMmditd, MeSisdIRSed 1HRE bled@icalptiwer dalgfer thrd\&h the
signal processor 30 nmay be utilized
LS. barrier in order to eliminate an explosion hazard and prevent ignition of any

explosive or flammable materials in the environment of the bus instrument 10.

5



5 in other environnments where anal og signal processing is required.
The anal og signal received frombus instrunent 10 over |eads 220 are
recei ved bwoamitanaisdg to digital converter 240 where thETSUQNRIS156¢ €
digitized. According to one enbodi nent of the invention, the

anal og-to-digit onverter 240 c i ses. a delta si converter,
whi chgconver tg s I‘talheaaWQWSggrgﬁtﬁ'n‘gqtalﬁﬁfganalsQE‘FIP%E‘G%“F st?tggé}%na grapr 30.
it should b M%{?&?Eﬁic@%r isldhotviiats r@éeli\ﬁi_iffv g@fﬂét%al‘b sfindl #r8h (ROBYLhEBESent

may be used an e particul ar anal og -digital converter used
shoul d notlQ.i doweviie it sloped bk understapdethai the. first analogstamebidogs 0 lave to

enbodi nent_of. the invention, the sjgnal .processor, 30 includes an ..
opt ocoupl eV E{E %ﬂg& ‘Xlle DUL H-B.l@fegtdﬁib gi‘é\l‘@gﬁr 1 tﬁ‘é S%—RXP?%S%L@ 11’%@‘3 wtilized
the ana oghauthdrdnvabn@eity &Ficed aZAfs sibhe MREASRYNL GEquida. Nt Alafs) Hignal
referred to as an opto-. 15 isolator, optical coupler, or o
phot ocoupl@eeivethEogpbesc Bapnaent1 s oegrdetdsi TH) #rp reedyest by anhaalegsto digital

 nat 1 unent 0 R VEREAR SBRHAR H SRR SRR 15" 0% Bifedmpniopt e

cat ast r ophingerftioh) the @nstogithdiditab corvetterPaNéondftiseaaielta dicay RNCEES] WRich
current fromthe host system 1. The og_t ocoupl er 115 c,on&ri ses a
transmitt &onveghtesgalogs1anmd injp @ wrinbbiisiesmy igwevenf skouid he upderstpgd
t ransnint t L Vierq: ki 7 ' Ny 4o
enorht S SRRAELOL Ay S 85y a2 IGERTHY B8N dg
t ransm t t esoneertkr neakshoeld dat Gintit the scopeof theBvéntmasm tter and recei ver

| i ght sources, LED ] aser trags itter and receiver ligﬂt sources, etc.
The transmi tter*PyHEe Kot 68 adiinenfrof {anteaben.ée S1gghproseipc el ypoudes
are Commrhlnyopt&%uPQF Ted 130 QE8REE bERRRN Qﬁ@ﬁﬁq-%&%ﬁﬁ's @0+ﬂ A8hd the anél]ol%—/

generated by the transmtter light source 122 1s directly receive
t he recei werdigitayitpnewier 2401 23Bhe loptostiger éhbaotiynelse de refeerct rtanssnint efto-

Looe" d3e e prE ol 56 SRl RS 3 R £ e
sone enbodugeiitGimehh €0 ok HRMRONSRlefk Ar @oﬁggﬁﬁiﬁl | oA iBdcRdhedt PACKARR

as shown in FIG 2. However, it Should be nderstood that in other
enbodi mentsbott heutt thanve-witer busi iep 4ouFssharp@ranehtashephie cailursr of jthhtbus

2010/ 914008 PCPRDORsFoT S R SRR T na st pygm 1 heceptqgmle

gener at es 1d5! dopijirise aog@@nstgniadht tsoatce CIIPPEAS 8 Sredei GONNEHt Sdo@RkeOf23.  The
electrical current into emtted light. The receiver |ight source 123
recei Vs tifsesnitightand yeeieer Helgnsiureendl Zorlvdreas edeprisscaly B¥nnergefk light-
back into : Leal | si t i bal ly i At e
ori gi nal é?%g'? 'lr: i%ggﬁbgl?gcr??fp%g?ﬁt%hlglg%lgiél sl%gt?ﬁaa?&%g&# iaéﬁtrgge%érr gghi%gurtcgs,
The opt oc I erandihfitet ant recedteorigshivabliresy i LED Jh@r ttahanikice rand ngcadveayi lighk
signals. In the enbodi ment shown in FIG 2, the bus instrunent
10 gener at’8%&: £i% st anal og signal, which is sent to the

anal og-to-di gi @k (CRANEEE B5ht ~di0a Ak G t

out puts a digi taF s?gn{ﬁe. élth%gll‘cai ? glaﬂg?légérzlgféligeslqﬁég%g@ygg?%%{ehcg{nl&%y
t r ans@t t dormetiOadjagght tes canhcathd2®hemih Bgintgeheratedeby geetraramittdrdhght source
source 12 The.receiver |ight source 123 can n_transmt the

ecei ved: a7 RIEGAEERAIETObs TR iEh sGitce 1AL I g Skberdpersshe
can procesgnihRtedilight 8ursd 9PBLAd i ieBivERY gRCsdued B3 GRS sf@PQtfate@ BeEbRb
bit stream for exanple and convert the digital signal into a scaled
pul se wi doptieal dlavise. wah @Pwiibes ppfitatableT ier ERWMpSs. gihnadonaembdudémenss, the two
converted into a,second anal og.15 signal and out o.,the bus |lo

2. hocor ditRGPORS G A SR MAEE ReKR SR I EhG- &7 HRMPYSoh Furiok
is conbi guneestoad 38 ie ofRe chibeQiMcns b traflhRAMIEROMutdE] 284RI M8 keceiver
l'ight source 123. The scaling may conprise any nmanner of |inear or
non- | i neadighbesOiureegl 23 Thay ereririsagenaagtc eewpendnést ore or during the



30 be propagated throughout the system It should be understood that
the particul ar val ues used above are nerely provided as an exanple
and shoul dwoabid/dimss t he scope of the invention as the g@Ertszougloarsss
val ues may vary depending on the specific inplenmentation. WO

2010/ 014085PCT/.1JS2008/ 071564 The signal. scal er 250 accordi ng
to an enmbodi ment"“of RIS, {EBhBoUsEe b%zn%"r“&faé‘g“'ﬁ ghtp‘ﬁllc_%ed\/\ﬁlé‘laﬁ that comprises
modul at i ong gb@readioNer| dfectlidlllchABROMSS ¥ukEad 1iD8L, t The IrBEHE: NEhPisburce 123

stream The signal scaler according to the present invention can
scal e t he 1sctives the dight-ensgdédisigoa] and goavertsabe decoived light baskentean eledthieal

di f i by th 5 | t .10 and the bus,
Coop 4 1okt S ¥ ARk BBy ensidRl B Recorta ot e el o iingy
conpri se sigait isbere®f 2 herheUWpssconb Rt N 1 5edHeadebiRnwell ghigdd fob n%ﬁﬁ@ﬁin%%i%iéal

acconmodat e the signal scale used by the host system 1. According
an enbodi rfdgRalsef the invention, the signal scaler 250 can scale the

pul se wi dt h nodul af i | | £ 0 _ac e.a variet bus , ]
Pstrunents 10180 BhoRRaR b n BT amant b8 "nebieh dh Rfrates o irs
si gnal scainelogdhthallevigelaisesntao sieadnalboRYWdigit-0 dahvepRs 240, OThEdRigl 8 gital
which represent a logical 'O or a_logical '1 in the bit stream

Exanpl e edifBY &R 4Ar@miEp?R diedal signalquliei Gaital signg) sgeaivahby thsdrapsmitier

Shouldghe JABSESLAl oy GUELLORS My oes. THEFL SRt
nodul at i orcasitigmattangimititbeteceiepdsithalgo aSTghamca]@ezgnope of the

I( gglen'z |3;) n ( ig) él\'hz s:%%afsc%e?%g czgn plr’ofe(%g ¥h% c;iéi-taltsing’naﬁ,( \E.rklfgljl’;na%r be i% %I}elfogl%)of

a serial bit stream, for example and convert the digital signal into a scaled pulse width

modulation (PWM) signal. The PWM signal can then be converted into a second analog

15 signal and output to the bus loop 4. According to an embodiment of the invention, the

signal scaler 250 is configured to scale the incoming bit stream from the receiver light

source 123. The scaling may comprise any manner of linear or non-linear scaling. The

scaling can occur before or during the conversion of the digital signal into the pulse

width modulation signal. In other embodiments, the scaling can occur after the

20  conversion of the digital signal into a pulse width modulation signal. This can be

helpful in situations where the signal processor is receiving first analog signals that are

encoded different from the encoding used by the bus loop 4. For example, in a situation

where the signal processor 30 is coupled to a bus instrument 10, such as a flow meter,

that sends signals based on 12-20mA where 12mA represents zero flow and 20mA

25  represents maximum flow, but the bus loop 4 comprises a two-wire bus operating on a

4-20mA scale where 4mA represents zero flow and 20mA represents maximum flow.

Without scaling the bit stream, the second analog signal would represent analog signals

ranging from 12-20mA. The second analog signal would represent flow in the system

when in fact there is zero flow. Therefore, without scaling the bit stream, an error may

30 be propagated throughout the system. It should be understood that the particular values

used above are merely provided as an example and should not limit the scope of the

invention as the particular values may vary depending on the specific implementation.
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The signal scaler 250 according to an embodiment of the invention generates the
puise width modulation signal while simultaneously scaling the incoming bit stream.
The signal scaler according to the present invention can scale the pulse width
modulation signal based on a difference in the encoding of the signal used by the bus
instrument 10 and the bus loop 4. Thercfore, the scaling perforimed by the signal scaler
250 may comprise scaling of the pulse width modulation signal in order to
accommodate the signal scale used by the host system 1. According to an embodiment
of the invention, the signal scaler 250 can scale the pulse width modulation signal to
accommodate a variety of bus instruments 10.

According to an embodiment of the invention, the signal scaler 250 gencrates a
scaled PWM signal based on equations which represent a logical ‘0” or a logical ‘1° in
the bit stream. Example equations are depicted as equation 1 and equation 2 below. It
should be appreciated that equations 1 and 2 are merely examples and other equations
could be utilized for generating the pulse width modulation signal without departing

from the scope of the invention.

4 Ra*Digy, *{12_0% JLmme L 1=y ] 0

Vra 1000wy —m, 1000 m; —m,
B= R, * Digp,, *(12—100% L {5 g, % J (2)
Vs 1000 my —m, 1000 oy —m,
where:
m, = Iy o 4 R *Dig.}’er _ Dligoﬂ-l (3)
1000 Viera *Dig., Digp,
_ Loy « R * Digp,, _ Digoy @)

1000 V. *Dign,  Digg,

and where the constants are:

R, = first impedance

R; = second impedance

Vet = first reference voltage
V.2 = second reference voltage
Dig,s., = first digital offset
Dig,,., = periodic time

Ding_l = feedback Va]ue



= 1000v'f* Dig,Dg and where the constants are: R = first

| npedance R2 = second i npedance Vrem = first reference
vol t age 25w0eniipidis§econd reference vol tage = first di giQrAUS2008f03E64
Di go" = periodic time = feedback value WO

2010/014085PCT/IU§2f10rOB/ 071564 Tl = first current 12 = second current
o2

10

15

20

25

30

stcurrent

I, = second current

It should be appreciated that equations 1 and 2 can be adjusted by changing the
constants used in the equations. The constants can be changed in order to scale the
pulse width modulation signal to accommodate diffcrences between the first and second
analog signal. Specifically, the constants may be changed to accommodate changes
between the signal encoding of the first current and the second current. The equations
are based on the physical behavior of the system. In embodiments where the host
system 1 is coupled to a two-wire bus 4 operating between approximately 4-20mA, a
second current I, of approximately 4mA corresponds to 0% while a second current value
of approximately 20mA corresponds to 100%. The first current values I, may be the
same as the second, i.e., 4mA-20mA, or may be a different scale, for example 12mA—
20mA. Therefore, in embodiments where the first scale and the second scale are
different, the constant values can be adjusted to compensate for the difference and
therefore generate a scaled pulse width modulation signal corresponding to the analog
signaling used by the bus loop 4.

In addition to adjusting the constants to accommodate for differences between
the first and second signaling, the constants may also be adjusted to accommodate
different bus instruments. Therefore, even if the bus instrument 10 and the host system
1 utilize the same signaling, the signal scaler 250 can scale the signal to adjust the signal
for differences among the sensors 13. Thus, the same signal processor 30 may be used
with multiple sensors in multiple environments simply by changing the constants input
into equations 1 and 2. The constants may be in the form of a look up table, stored in an
internal or external storage system of the signal processor 30, or manually input by a
user/operator.

Once the signal scaler 250 generates the scaled pulse width modulation signal
based on the bit stream, the scaled pulse width modulation signal is converted to a
second analog signal that corresponds to the analog signaling used by the host system 1.
It should be appreciated that the host system 1 is not required to perform any additional
scaling of the signal. Rather any required scaling of the signal is already accomplished

by the signal scaler 250.



It should be appreciated that equations 1 and 2 can be adjusted by
changi ng the constants used in the equations. The constants can be
changed i nweraggvoiggsscal e the 5 pul se wi dt h nodul at i on EITyUs2bostue1564
accomodat e di fferences between the first and second anal og signal.

Specifically, t onstant s, may, b hanged CCO dat e anges,.
bet ween t he si glﬂgi Sesﬁgglaiaﬂé‘l%fquﬁéoﬁiﬂﬁg@“ﬁﬁ _5% e%gmﬁ?ﬁﬁgeré@cﬁ‘f ording to
current. TheerSbdHineMT i RvaRRAd THR AdWRitRAYEHS M stBe DAV iREreGhe bidSiream is
system In enbodi ments where the host systeml1l is coupled to a

two-wi re bigseined Fornathengptpeauntasnl 1gppHoshienkit sirgent vaterequals1h the cdgadithm

current 1 ' - esponds _t % whi | e @ secon
current Vglpgxgesg@%gegﬁdﬁ% éﬁ%gﬁwa@g rvgglgd% ﬁ%&glf%%éfcf%odmﬁh f‘fa?léet from
currents vadquator | toray ad@niv@orS@oestasvn) RE tiRas@nlscalores0. 4 #RWher®hand,
may be a different scale, for exanple 12nl A20mA. Therefore, in )
enbodi nent®e fifeitisainealys eqalss®ohe g&?@ﬂtlﬁéﬁ%‘@é daatepc¥Bevkare the prlee sndth
t he const val | ust 0 t i.fferenc
and 15t noty S URSLEANPEAN ) e BpECURRRRER e S8 skl By TR e
cor r espondicogmtilatdr hgenemtek e pulgn atidthomoddsatidoysiphed taskl boeR dumber of ‘A’

In addition taq,adjusti the constants to accommodate for differences
bet ween t H&f gr é’gﬂ”%@ tgg@é ﬁ@eaé’?'-gﬁg? poapd RWM gl cam then bgyputnus én gep 404.

adj ustied tonRCHeWRERIescHlt fheh hﬂﬁy%ﬁlﬂéttg%@nﬁ@. BOGKESPRG: <AV 4
the bus instrument 10 and 't he host system 20 utilize the sane

si gnal i ng,valuee, Siegnaial seddrel50250 geapragcakenlédpulse gridth hoddatjonsdigniabehat
signal for diffeﬁencgé am)ng t% sensors 13. Thus, the sane sif;nal_
processor SHCHHEY O (R §oR1 HOfPEtT§1%e COEMEDE LAthet 'il?ﬁi_lttb‘b st analog signal
envir 0”m3an@ocﬁh%{p|I‘Mu§?)(zvlﬁ:ﬁQl'ik%i@&ltseﬁexcmécﬁ&%ﬁs thaHdise Wik REMALE S gral
and 2. The constants may be in the formof a look up table, stored”in
an i nt er ndhtoofheesec@nchanaleg sigagle thy sement ofahtehis sprgseited i des swond@palog

manuallzy i user l.pper.at or . Once the si |,.scal er. 250
Caner obs iRt RHeBeR URER IORE IR Mimiment 40 TpGra e L A 3Rghi A sodp e
stream t helssoaldetdmpuhisgombighsl genetatet dodresSddRad theS4-00mUesdatduded ¥ the
second anal og signal that corresponds to the anal og signaling used by

the host d\sk systen 1) andshsiug lpep dppilbeisealog subsientidlly prowents v tesror frare
not requir ‘ f.orm:. i 10 I lin f th i ghal .

ot her anycutil REE Qa0 LERTRE 68! Bl sl 2 Aud e g
the signalsysealler 250. WO 2010/ 014085PCT/ US2008/ 071564 FIG 3

shows §n al gori tgm 300 perfarned by the signal. scal er 250 acc,:ordigg_g
to an28nbodi medtCof shaws iheuapdl grocessps 30 yeprdingriesenathe qrepogiapntfithe

wher e t he ;Ridntish! A@ 4; ' o .
stream vallueetn(talgﬁ'al S 1%15?%11??2‘%%%?%0{1%213?% 43:?%8&%%5} %aefc?lﬁ{gea Bt
pul se wi dzhaleglsignal, sconmtrt theatwdop yigaaldiong digital vepresenfation) gémeenp at Wi

1t t t,.sh f the.si al 250 f th
ot her - handiERhBagH (onsBR Y oyl desuans e T S ikt o eptoceupier,
step 303 whgs end PWM%[%‘(%I Widh B e Rlebstlef AL UL AT &HvBY tRAC nc%[ éoigﬁal back

val ue from equation 2 the accumul ator. Thus, the accunu
gener dbes intha ysadrslbanglap Hignabdwhartinghe Sirgnal stasddnaog sippahmaper maf not

"A" and '13' values in the bit .J.eam .The scal ed PWM si | _can the
be out put CPWPQF%H]%SGH"F vafp. &ﬁgg‘{l{\%n 19 {isagonRong iy shoyp an %Ego?i &'ﬁn‘%‘gnai‘|
returns t grsdegdr 301of BEnerlaRp ihdl8des paARE width goRlaS241t Bgd ai MRl width
scal er 250 can generate a scal ed pul se wi dth nodul ati on signal that

cor r espondscadsr ehd dseddngananognindiment ofribo divagtionatieepulschwirth igenerator

conver (5 CRESBITRE AFAUR YORLPREER LTS SR aFeAe Ree-LER it Bichralpe o

si gnaBo t giabedeiteNAOU e HePWERPEigSA @hie theh belthBsfiRe@Rth BBApRGouptsr 115.
signal. Therefore, even if the bus instrunent 10 is operating on a

12-20mA ségrerdingnle upwbodimgethoindadnention, b gutse widtedenoder 242 scales the

PWM signal received from the receiver light source 123 into a signal useable by the bus
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25 into a second anal og signal, wherein the first and second anal og
signal may or may not conprise the same value. In addition to the

conponent SWORBWWI#UES F| G 2, the signal processor 30 of HOTQEIS28847K564
i ncludes a pul se width generator 241 and a pul se wi dth decoder 242.

Accor di ng n i . T he | nv [ e pu ' .
generat o 151 2 GRS PR plipt! S el Gyt a5t fhdlog el gnd
recei ved foupntttbeh@bad agptH- TBR idigcomtast eniterdigial pAkessdhehdWibViis Funat,

can then be transmtted via the optocoupler_115. According to an |
embodi mentWich t3¢ales fe riignsh Whilse genratinaniher AWM coawal 24heigfosp.cthet fignal

PWM si gnal i t : i - L : i i

useal o by PeSt 2o R T 6Bt bel i, B0 it R v deBter
scal ed 5SPVW24gi tgrsedle tleenP WM nignel. dosivmild bd apprtdated hewond, taadwagalkitgnsibnal
P ocessor ERGHPT TG 21 o] eipadlel sealitha SEgharoum TR gebrde fighus
otk THORIBEE Pl PROREARL o fep! B e
scal e t he d¥iftesi ggadling lor dgfeoeritdecddes. appr eci at ed however, that overall,

the signal - 30 of FIG 4 js sti l e qof lin
i gnal Cpri of ¢ CGaRnA £ Aethir abadiBof et ihgpveitiony o e widih eepprator
i nstrument2430sand thBepWastsidus a8 MederiRM fovk | prRetoad@ditgi e H%ﬁeﬁ%eﬂ%

signaling or different scales. Accordi r_lg to anot her enbodi nent of the
i nvent i on,opteveupigr dé5.wi Therefgesn dheapelse p0dth4decoder] 28 oy Rwdd & gersertathe

descri bed abo ior.to.sending the si.gnal .to. th tocoupl er  115.
Thoret or o SSERY BYRI Shnah Gk SRR A DS GRT priist Ao QRAS T Far p i bus
scal ed PWibgpgnal into a second anal og signal prior to outputting the

signal to the bus |oop 4. Al though the above description has

descri bed the <itheagh phecehoyerdesoripfion has desgritiedi Hy sigeelnpensessor 30 as
separ ate f 1. j | eIl . N

L ohe” B5EodtABEbIE PURSLITEAL: Ko bt 130G, YOIELRH R0 LhRknoRd
conponent thdt ih Rembwsnbiod Bhdntyyelnd sidihl pfhwessi G0eonpeieey 4 ingkgk4) cdmponent of
enbodi nent. of the invention, the bus jnstrunment electronics 20 can

generat e 4nsBw Berppgatdg lderelorg, acsarding torameemabogingentpfighesingention; thedug
second an j 1.0 0L, P, j i h

al t hough f} Sgﬁlé g\g/giaéétergféllrcf)gto i %&?11 %Egrgh I g?ﬁglsegw %gﬁglnﬁﬁgé@ggségrsc%d
i n conbi n@&WNh signth igto baiseconsdt anaensighd] pribr ohquiktthgbe dgpal.ecFattleaimore,
t hat e scaling that occurs w thin. the signal ocessor 30 is .. .
equal )" agibpedtims Tova s gt "ndisyseigha e R PORER A8, iRbination
si gnal prGeiassBhs SOreiaes 1001 sHE@E bk ApPRcRRANBALRE sdaPind Y chRPORitin the
The discussion of the invention in relation to those Conponents is
merel y forsignabprogessor a0 df equiadly agplicabichte &5 npdeansicensigned dlurtheranore, the
i nvention and, should in,no l.imt the e,of . the invention,

The ol ai e FHISRTT 8 AR BETISeat 8 SRUECiSH GUF bk logpd: ghhiai s ef the
syst em 10GneapaRlig refhtidd an$sk tdoRPpoderid ERlerd?VERR futBosel ofMAER ! A0Re
systens that may be operating under different encoding schenmes. The
si gnal25pr sadersiapging ps thenniantion gnd shirfuildyuy mwepligidighe sqope of theunvagtign.t al

signal into a s . he _encodi ng 30 schene of
The second. anat 5y ighd SR A RRREeh S0t o UERE el ghSR g Sstom
t he del i vanectagilge ofltraphighahg e aiprae bewvrdertivetorbaste lobp GyaBmandtaday be
signal w thout further processing. W 2010/014085PCT/ US2008/ 071564
The det ai [OBEragBS diodpt ﬂaﬁgerﬁf encpding pwhemenbodientighd poeesyvg wxieaud PP vie
descripti E . | t

i thi nt neSLig el i s RIREHIRE B IERRRTRIE s S bl ot VR % foe lePine
W || Bécogohiene: bfiahe serdndi anablgemignilsratier tthen aloViestdaalig Higehl. Thus, the

enbodi nents._ may_ variously be conbined or elimnated to create 5
further efBUr#e ﬁf@t,a?é}galak Gih bf oPHaIdehAsE it SnlaE | Sigfjal AYifoph urther

processing.
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Thus, al though specific enbodi nents of, and exanples for, the
invention are 10 described herein for illustrative purposes, various
equi val ent WeD1d14086| ons are possible within the scope ROIT/YI1808/071564
invention, as those skilled in the relevant art wll recogni ze. The

t eachi ngs proviged L€l n e a ed t Q ot her ,bus

el ectronics, and nd %ﬂgtsltd%%q?tf?o S ﬁ‘got Fndhe §a g’ggmbe&? \bet afitpaustive
shown in tditscﬁptﬁmmﬁllleﬁ@oﬂin@iﬂt&ﬁ@nteﬁﬁ{ﬂﬂédb?%d/mvét’ﬁ@rs&@@@@w@ﬁn the&cope of
i nvention should be determined fromthe follow ng 15cl ai ns CLAI

We clai m HheAvengan Ilegdarcssns skidipd i e agtivalli recognipe et gertain £lements of
anal og si gt'ﬁ@'aboéé: %\éﬁf)éd Ellﬁﬁ?(il T{BEES f}%akrﬁ)@olﬁ'lyggglci)llng{n%i%5%'11 ét},lerﬁ%:de I’go_ create

signal; transmt t acCr oss an e

char actser i fnetlcr mhdthﬂqcmh airﬁll sgoia If'urﬂrcr) c@bsdimen B0 ivsitHin 'tlichsebpdlﬁﬂif ﬁ:@.ﬂlﬂi@i
to: generate a scal.ed q ? i/vl dt h nodul ati on signal based o
digital siYn&f pgadgn. It will also be apparegptoythepg pépgha?éyﬁlstlw@eﬁheﬂ thagthe

anal og si gfiphe %@&?@b@gmﬁagli ‘r% ﬁqﬁ%ng? ARt esh ‘»svhﬁl@%lr it Pa? & &gataﬁaﬂiltlfm%]

convert the scaled pul se w ation signal into"a second anal o
si gnal . 2.emMrelisenn alithpr the ssqperand 3@chings of thie invkptiomer ei n t he

el ectrical barr'er C ses .an optaqcou Ier 15). . The .
signal process ’36“%%5}1&1’5?1%? ’Hwﬂ % of hé""]af ?’%aélﬂpl%ﬁng?r g’lsingﬁ%non are
encodimg i gessitiddi Hegdn Bor ﬂ’lu%lv’e halgddae '%rl&;soéqu?\%‘}%lt %dﬁ@caﬁﬂné 1R Yos@ble

the signal processor (30) and the 'second analog signal encoding is

utilized byithinhessdopepf (he)inotiphed thase akillod fpthe rofevartt ertsvitimatognize. The
processor tf:ac 2ngs provided herein can be applied to other bus loop electronics, and not just to
the embodiments described above and shown in the accompanying figures.
Accordingly, the scope of the invention should be determined from the following

15 claims.
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4. The signal processor (30) of claim1l, wherein the digital signal
conprises a serial bit stream 5. The signal processor (30) of claim
1, further conprising: 25an anal og-to-digital converter (240) adapted
to convert the first anal og signal received by a bus instrunment (10)
electrically isolated froma bus |oop (4) by the signal processor
(30) into iﬂ&ﬁgital signal; and a signal transmitter (115) adapted
to transm vaé& ; digital signal to a signal scaler (250); 30wherein

t he signal 'sta er (250) is adapted to convert the digital signal into
a scal ed pul se )q/is(iélmﬁ@dggs@lt@gpc@j@ﬂpéd tgnd convert the scal ed pul se
wi dt h nodul ati on signal into a scal'ed second anal og signal. 6. The

si gnal processoicc¢i3o} fioft agalag mighal; wherei n the signal transmtter

(115) nprises tocoupl er adapted to.electrically isolate the
bus ingjgr ument ?0%8?8?}60%#%@?%‘138 o?ﬂ)gltaLSIQI?alThe si gnal processor
(30) of clai m liranehertlé Bigial igsll 2808 A1&d8RAbagRe0dI Ng is different
froma second anal og _sigg_nal encoding. 8. A signal ‘processor (30),
configured to: cheraciesized indhet the signalpnedessyr Q) nafurthevonrdianradite: i r st

rodul ot on o griaheiaebisishBukg ARG ol Riaha v 35ke il sianatpasea
wi dt h nodul ati on si gnaldiffesen&ShetRed] £61F arfa@é(%dg@dl ieﬁéddix?%:élld a sec?nd

char acltoeri zed in that the signal processor is further configured
to . analog signal encoding; and

convert the scaled pulse width modulation signal into a second analog signal.

2. The signal processor (30) of claim 1, wherein the electrical barrier comprises an
optocoupler (115).

15
3. The signal processor (30) of claim 1, wherein the first analog signal encoding is
utilized by a bus instrument (10) coupled to an input of the signal processor (30) and the
second anaJog signal encoding is utilized by a bus loop (4) coupled to an output of the
signal processor (30).

20
4. The signal processor (30} of claim 1, wherein the digital signal comprises a serial
bit stream.
3. The signal processor (30) of claim 1, further comprising:

25 an apalog-to-digital converter (240) adapted to convert the first analog signal
received by a bus instrument (10) electrically isolated from a bus loop 4
by the signal processor (30) into the digital signal; and

a signal transmitter (115) adapted to transmit the digital signal to a signal scaler
(250);
30 wherein the signal scaler (250) is adapted to convert the digital signal into a

scaled pulse width modulation signal and convert the scaled pulse width

modulation signal into a scaled second analog signal.

13



15convert the pul se width nodul ation signal into a scal ed second
anal og signal based on a difference between a first anal og signal
encodi ng and a second anal og signal encoding. 9. The signal processor
(30) of claim8, wherein the first anal og signal encoding is 20
utilized by a bus instrument (10) coupled to an input of the signal
processor (30) and the second anal og signal encoding is utilized by a

bus | 00D (8)  COURL SudiG QU B0 Ol 1o AL AR RIBGETARRNCEN) 15)10- A

met hod for transmitting signal's’from an’anal 0g Si ( (
anal og 25stgmptises@a@btoeoupleradapicditt glesiriepity Rblatede Blidinkt@mant(( )tom the

anal og si gEaI ; cg&verti ng the first analog signal into a digital
signal ; travsiPP{Png the digital signal across an electrical barrier;

characterized by: 30generating a scal ed pul se width nodul ation signal
based on the digital signal based on a difference between a first
anal og si ghal eHousigmad peovdssar 63 ofidiaand) whersingnfédst afatqoiingil eAdvding is

converting,the scal ed pul(fe i dt.h azodul ation signal into a scale
second anafdg* é’ﬂg}gsecgq_a S HBAHGACHUNE| ai m 10, further conpri sing

usi ng an optocoupler to transmt the 5digital signal. 12. The nethod
of claim 10, wherein the scal ed second anal og signal is based on a
8. A signal processor (30), configured to:

10 . receive a first analog signal;
convert the first analog signal into a digital signal;
generate a pulse width modulation signal based on the digital signal;
transmit the pulse width modulation signal across an electrical barrier; and
characterized in that the signal processor (30) is further configured to:
15 convert the pulse width modulation signal into a scaled second analog signal
based on a difference between a first analog signal encoding and a second

analog signal encoding.

9. The signal processor (30) of claim 8, wherein the first analog signal encoding is
20  utilized by a bus instrument (10) coupled to an input of the signal processor (30) and the
second analog signal encoding is utilized by a bus loop (4) coupled to an output of the

signal processor (30).

10, A method for transmitting signals from an analog signal generator to an analog
25  signal receiver, comprising steps of:
generating a first analog signal;
converting the first analog signal into a digital signal;
transmitting the digital signal across an electrical barrier;
characterized by:
30 generating a scaled pulse width modulation signal based on the digital signal
based on a difference between a first analog signal encoding and a second

analog signal encoding; and

14



di fference between the first anal og signal encoding utilized by the
anal og signal generator and the second anal og signal encoding
utilized by the anal og signal receiver. 10 13. A nethod for
transmtting signals froman anal og signal generator to an anal og
signal receiver, conprising steps of: receiving a first anal og

si gnal ; conver t FHY g the scaledpilseoyidih mednlation 8zmal ditgiatsahled sepoatl analog
15generating a pulseggﬁgth nodul ati on signal based on the digital
signal; transmtting e pul se wi dth nodul ation signal across an

el ectrical barrier; and characterized by: converting the pul se

wi dt h nDduH tiaﬂ sug%%l i.nfo a scal ed second anal og signal based on a
di f f er ence ! bet wtBnmithod of clagp d 0 ofjribenemamprisineenitganonioepuplee tmigansmit the
20anal og sighal sighgodi ng. 14. The nmethod of claim 13, further
conprising uUsing an optocoupler to transmt the digital signal.

2515. The nethod of claim 13, wherein the scal ed second anal og si gnal

is based op, a ifference between the first anal og signal encoding
utilized byt heﬂ’frfﬂ?%ad Qfaﬁ%ﬂi \f@em'apdhe Hatedisneonsesaled signal is gassidgmad
encodi ng UdikfeichBeib et NtheE 108! s edcB8Hl(Hized by the analog signal

generator and the second analog signal encoding utilized by the analog signal receiver.
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13, Amethod for‘transmitting signals from an analog signal generator to an analog
signal receiver, comprising steps of:

receiving a first analog signal;

converting the first analog signal into a digital signal;

15 generating a pulse width modulation signal based on the digital signal;
transmitting the pulse width modulation signal across an electrical barrier; and
characterized by:
converting the pulse width modulation signal into a scaled second analog signal

based on a difference between a first analog signal encoding and a second

20 analog signal encoding.

14.  The method of claim 13, further comprising using an optocoupler to transmit the

digital signal.
25 15, Themethod of claim 13, wherein the scaled second analog signal is based on a

difference between the first analog signal encoding utilized by the analog signal

generator and the second analog signal encoding utilized by the analog signal receiver.
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