METHOD AND APPARATUS FOR PULSE W DTH MODULATI ON SI GNAL PROCESSI NG TECHNI CAL
FI ELD The present invention relates to a signal processor, and nore

parti cul awbypiow4@ssi gnal processor with a scal ed anal og@C3iuse@is/07BACKGROUND
OF THE I NVENTION Certain electrical circuits require data transm ssion

bet ween el ectrical . instrunment t are e rically isala f rom one

anot ner . - e HER AT SRHERAG G RO BN IR ER MQPETAL NSNS s

| oop. Because bus | oops provi de coRRQAGESSING between el ectri cal
instrunments in addition to power, a problemcan exist if the signal

encodi ng BeQHMEC ABeFMAdN t he el ectrical instrunment and the bus | oop are not
substantially the sane. Electrical instrunents utilizing bus |oops, such as
a twodwi re buslheopigsenddayeionoigtatesaifa Sisnsl Rresesr: Ard titc raeiglaly, do

usi ng anal o .gnal s by controlling.either the voltage or current draw.
This fi rgtlgrg‘}\gf%gegss??%gﬂa??ﬁ? aenr?hoéoﬁgnsﬁg%arlt ed into a digital signal,

processed, converted back into a second anal og signal, and transmtted to
anot her instrunent or a host system This method of conmunicating is
adequat e BACK&IRORR ' THESINVMBN TE@Nond si gnal s are based on the sane
scal e. Typi cal .in wo-W re bus | oop, the instrunent ,varies the current
between Appr o B! §AIIGhAICYer PR (B cLABNRETR Do SHtuREHE and
20mA 1901 NiRSRRAES LtRaRalB b AN i¥Slatel RORPLEENHBtheR | Bfic NOWRMAE »is IWhane of
the electrical Instrunents is operating on a different current range, for
exanpl e idledthealanstragiesisgnat ¢aiplddnitd ead bus HedmeeBapprcosburaioepy AvAGMA.
Using this current range, 12mA would correspog,d- to a mninmum val ue and 20MA
woul d corSOBYPYHEtQ BEtRESH RISRiriFa] tnstrumsnis ip 3AdiHRD te PeMeT. & PIoRISA R st
signal r Y r i i r g i

scale i sqgg[%et %ggélaér%{ggﬁg%t sﬁ::n%@%E :b%s ereh@%\teﬁj%%géaéﬁ ?ﬁg&%énlﬂgmgq E%Pkgg?:éqqg& Thi s
error camdeulsseanpupdedsdmic. SEledaidabistrohene dtheingdisds l0ops) kectadisea two-wire
electrically isolated fromone another. Al though there are various

conf il§ur dwisdaep eeagiis! ROVeTr asidctongavzicate dhewich shohus ted worgrdrplepaicnalirtat i on

utilizes c%%%r'oﬁlarlllgl itheP Hpel \(Iaoqta(éle o lfl:{nt“r%nt draw. This first analog signal is then converted
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into a digital signal, processed, converted back into a second analog signal, and

transmitted to another instrument or a host system. This method of communicating is

adequate so long as the first and second signals are based on the same scale. Typically,

20 in a two-wire bus loop, the instrument varies the current between approximately 4-

20mA, where 4mA corresponds to a minimum value and 20mA corresponds to a

maximum value. A problem can arise however, if one of the electrical instruments is

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

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 electrical 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 common 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



Typically, one instrunment of the optically coupled circuit generates a
first analog data signal, which is converted to a digital signal using an
anal og-t owdi2gioveahossonverter. Thedi gital signal nay conpPCcIasaceserisad bit
stream val ue, which is transmtted using an optocoupler. One problemwth
prior art optically coupled circuits.is that they are limted in their

abi ity tHeddayignalaay cPEPrise ghagtial Piheehodiice Wlh@hrlar%%@lt@ﬁcf IPIRgE 7

di fferent, 6&)@1@&%”9 In other words, the transmtted signal generally
corresponds to the first anal og signal encoding and not to the second
anal og si gnal @mnepebibign wilth prioRyrthtiacitepbapibe cirouitd i thad tigiyt dratlingigst in
however, it nmay be desirable to scale the first signal to accommbdate a
di f f er enttheir gpalityptoosede thedirstesignpll 10, apgorpmedye npaumerts ruttizms different

optically.coupl ed,to..a bus |o hat rates on a.scale differe fy omthe
"hot r arer S B e ey Sis” SR brdfip A LR, MRt Bpfebohgn s the e
corresponghatdy §iBRals&c@OhgSAENabt tol iR §&dhl %a@siﬁﬁ'ﬂ%ﬂo@@i@ﬂy TRRNARY 1

| i near or non-linear scaling to the signal such that the signal changes to
acconmmodaitcecnthide ontliputedasipiabgns ihgmalv e ncody hg desiralds pondilegha brsanignhkro

el ectrical instru Thﬁiefor the prior art li i

t.. , | its t first |
avai | abl AEYNMdaea di([RERE SIEAT PROEEST b PRMING 1 8 IMYEEnly ™ ne

el ectricg ti:gQﬁ}tl w%l@a to BBuP[RPERht bPMERL 0PN QUAL COFESnE Rbfh ARdinQkBSknt

probl ens 5% an advance 1n the art 1's achieved by performng runtinme

scal il0g afsetth& by -bsteeaswaiyntooschds theofipt cignde taanom@espondtite theseruthdsdigned! i n
situations where the first signaling does not substantially match the
second si gaiRHBE MSPIAMMSISE AR HAMIET 106 TRgaQR-lipgar spalng (petheistgnal gudy gnal
processor, | nf j e . recej i rstaan Si ; e
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across arcogleesdrdigto hasthéeélectgiRieindtréments CThe@df@y) &R pridit dit Madtsl b ifast
signal based on the digital signal; and convert the scal ed pul se width

modul at i ohensilgmedilapletto the destomacnanad deersfogndimitpiher eapabilijies oheheetleetrichlcal

barrilgr C ri ses an optocoupler.
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The present invention overcomes this and other problems and an advance in the
art is achieved by performing runtime scaling of the bit-stream in order to provide an
accurate second signal in situations where the first signaling does 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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Preferably, the signal processor is further configured to scale the pul se
wi dt h nodul ati on signal based on a difference between a first anal og signal
encodi ng wWOi2biczagosby a bus i nstrument coupl ed to an i npeCTafS2008878bgnal
processor and a second anal og signal encoding utilized by a bus | oop
coupled to an oufput of the signal processor.Preferably, the digital signal
conprises a sé%?%?a Yﬂngﬁﬁﬁiﬁgﬂ THES e sCUM ek pect of the

e L 2 DA AR SRR APEL iR el ISKINIP i h BRAGIRRL bls

i solated froma bus Foop wth si gnal processor conprises: an

anal og- t dngthghéralelaomoatiytieslad dpired bug lespweh ta ségrfal psicessdakogpskgnal
received by the bus instrunent into a digital signal; a signal transmtter
adapt ed to tr amsiiatogtoedigityl coavedergdapteddo gorygyha firs appleg signakraseryed

signa% sealer is aqﬁgéﬁggﬁguﬁgﬂygﬁéa?ﬂgmgggi&al signal into a scal ed pul se

wi dt h“nodul ati on signh nver sealed pul se wi dt h nodul ati on

signal into a SGahfraneeand aannt@e shdt theRTigharsadiay to 4 Eﬁ?n@i @aRt;
transmtter conprises an optocoupler adapted to electrically isolate the

bus i nst r umentwhaerem théeighalsschlso s adaptsideo abhyert thefdigikal sagnal ogo sisgalad
encoding is different froma second anal og, si gnal. encodj ng. According to
another Caspect  of (LSS HBh T1OgH 041 S AR b SRELLBE STO<LOT BUFBd 1 o
receive a first an%Q&I%i&ﬂﬁghaIQ%Va%&aléd%c%ﬂd éﬁ{alé’g‘;ﬁgﬁﬂi signal into a

digital signal; generate a pul se wi dth nodul ati on si gnal based on the
di gi tlél si gnalBreferarignthe sighel paissstten cttrhprsed ah aptazouplegaddptatooss an
O bV BT b ene s o7 5
First Janal og SToar EnEiat Al s Rhddp IR S Rty 3 ROGR RPN
i nput of dnbediaggnal processor and a second anal og signal encoding utilized
by a bus | oop coupled to an output of the signal processor. According to
anot her aspectAefording to agethen aspectapiike Haanfier, arsigid fraoes 598 is¢urgused Pom an
gpglqg signallgggggg H§a%%0%%nggﬂlog signal receiver, conprising the steps
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.



generating a first anal og signal; converting the first analog signal into a
digital signal; transmtting the digital signal across an electrical

barri er; woneroatitsg a scal ed pul se wi dt h nodul ati on si gralr/usaesa71364 t he
digital signal; and converting the scal ed pul se wi dth nodul ati on si gnal
into a scal ed sego anal og sjgnal.Preferably, the nethod further conprises
usi ng an opt ocPdﬁfW%ﬁY’t emegwﬁm?@hgorap@ﬁsgsng Yratocauplgrde FRNYMItiR scal ed
second aqﬁ%&? S;é'é%pal is based on a difference between a first anal og signal
encodi ng utili ‘by the anal og signal generator and a second anal og si gnal
encodi ng uti | iPreférdblytthe sedled ogoad ghalbg kmeal eased et adififergndcobaweémher

aspect of _the invention, a nethod for transm tting signals froman anal og

si gnal gdist &g tisnadwngedins ytifreshby theemalagesignal gapsp®r apd recandamnslags ;

recei v ng. i.r st,.anal i | nverting the first analog signal into a
di gi t§| éﬁlé}%F?goéiér?%&é]?%g}ygtﬂg&P%légvsml‘%]tatreﬁgaﬁf‘ati on signal based on the
digital signalAcdor@ngid bhdther ?Is'tf)@ctmﬂtﬁ@in%ﬁlﬁdih, nadethal fetraiseifingaedass an

el ectrical barrier; and converting the pulse wi dth nodul ation signal into a
scal ed sdeondnanaloggigiaygencratpr &f @ abilyg sighel metihadcdmprtihieg thostpps efes usi ng
an optocoupler to .tranfirnL%r?ghe digital signal. Preferably, the scal ed
second anal og "§YYHEL 4145 ¥ UG di f ference between a first anal og signal

encoding util ic%%der@%gttﬂ@ﬁ?s@%ﬂgg%ig%ﬁﬁint&&@?gﬁﬁﬁ QiEgnﬂnd a second anal og si gnal
encoding utilized by the anal og” signal receiver. BRI EF DESCRI PTION OF THE

DRAWINGS FI G gknstatwmg agpullseswiddomoslybtiemsamabbaticd @nttbe digitehdagdalprent of t he
invention. FIG 2 shows a sjgnal processor according to an odi nent of
the i nventi on.T3oQIttEE A& PRlAC WIYBMQHHRtHIY Fighatearasy 2R ﬁ@cgicéﬁgfl?“@éa%“gr

26c0101 10 0, 30yFERELREL L SN A LG L RRSURAP i k.
Preferably, the method further comprises using an optocoupler to transmit the
digital signal.
15 Preferably, 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 receiver.

BRIEF DESCRIPTION OF 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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i nvention. DETAILED DESCRI PTION OF THE I NVENTION FIGS. 1 - 4 and the
follow ng description depict specific exanples to teach those skilled in
the art hwor2ow/oma8e and use the best node of the invent PCm/USE@S8/0T1564 pur pose
of teaching inventive principles, sone conventional aspects have been

simplified or omtted Those skilled in.the art wll reciate varjations
fromt hesfga@% sgrdbgdhbglowagan RG ¢phingd dn yagpes wAYvs Hﬁf? BRHERIR vafippns

skilled gy gRenatlio | Iaapneani ahe ikhakiohe! At iase d6SAL i Bedrbelamaan be

conmbi ned 1 n various ways t r’mrru t|p e vari ations of I nventl

resul t, tdeecmbbddjﬁlmwnbutS)nnOby thergldiad dnd théle cgpieaichtsc exarrpl es descri bed
bel ow, but onld% by the clainms and their uivalents. FIG 1 shows a bus
| oop system 1 GacbcﬁhQWﬁga t'Q}lSa}PO@nﬁ@@?fﬁem GECAREG F St P@hOde%lt tﬂfsthreoop

ot priESulsr M3k ASIAFTdo iRuRlS o PR ied L0 Bt RRDUNTBN i 16,

host SySte@l@als@ﬁQle;Br@b@s%oﬁw%ﬁpl\{@ tROSusVins@idert | @aP ticubiseopld: T¥ehokhe
bus | oop 4. The host system 1 may conprise a central control un|t a CPU,

or sonme olykem pgeoowsisk a@ocsymlmgel}émn a)lq@pcm;lwgt Idwest@dalsslomeéeifhedhostver
the bus | o0 Accordin the invention, the bus | oop
o Conpr i SRR 1 BSGHEPSS PUBRT SoTREuER CPU. onSuif OB R SG oo Eay
the bus 'L{%@H’t&gﬁﬁ@% AL }éereéélvé&ﬂpéﬂtﬁébﬁsi WA%cclﬁ‘dﬁqg' ?Q%he e%d?ﬁh%nt
instrunment 10 can I nclude any manner of sensor or neter,” such as a
net erl0 | rofehbodieneot, shavhes bopHecdmigiscrattworeire biid ldapct. uHeweaert itcs@vouhlt‘t&r

a vi brat ry flow npter, such as a Coriolis flow

the fl t
mcf er 8%%%&&%%%@5% i@ops‘h%% 194 m;to COMRIS AfPO-MHEIS AR 10 i ncl udes
a sensor 13 ang, bys lh&%&&{{%'btcaﬁ' lﬁahaggféfﬁqégﬁje Jé’g%n?&s P AGEE lé{mfn&s a flow

el ectronics 20 may conprise ocessi ng Sys

M cro- pr oaewsi iy e&mﬁﬁmmé\@ﬂwf@l it bt iraerugidaod rrﬁahd@sf atflgy lnlib\t@ntﬂileoﬂowt he
sensor 13 is configured to generate first anal og signals and input the

first andhelgr Sngha0s1prise theiyatory ndew umstar, eherap ohileyiadp. flgne mmtey or a
T ST B TR RS R o
i nst r unenhgthin&aelReoarAMi0g Ul‘lfédbliSQnMIﬁ e@éc@ﬂﬁ‘id@@l) R8¢ cOfmplikérhhe thagiBUNt
of power when in use with the two-wire bus 4.
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
the first analog signals to the bus instrument electronics 20. The bus instrument
20  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
into the bus loop system 100, the bus instrument 10 may be isolated from the two-wire
25  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).

The isolation limits the electrical power that the bus instrument 10 can draw from
the two-wire bus loop 4 and the host system 1. The isolation prevents damage to the
two-wire bus loop 4 and the host system 1 upon the event of catastrophic failure of the

30  bus instrument 10. In addition, the isolation limits electrical power transfer through the

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.
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Because of the nmeasurenment communication protocol and the power limtations
built into the bus | oop system 100, the bus instrunment 10 nmay be isol ated
fromthe waaew/reossus | oop 4 using a signal processor 3@CTIUS2@S/E1564

enbodi nents, the signal processor 30 can conprise an intrinsically safe

(LS.) barrier ashed line) e.jsolation limts th el ectri cal t hat
the bus instrd—‘(nlg;ht &@V&Sa&rea% eFarﬂlérﬁ %189%61 %tuffhg thsopienalapracess Wﬁés

system 1. TUE?g g)lrr]@ée's&i} 19%&&%'%&&%{%9 Itofﬁ *%a,%“jgféﬂl{ﬁmmﬁeh QORsttu AR t he

host system the event of catast t he bus 1 nstrunent

10. | n adid. tlfmmvfehatlshohmt bomnléemidod hedia fieal anaaesighsiladsdserott llim@ugh t he
LS. barrier .in order to elimnate an expl osion hazard and revent gnltl on

of any exJ3ieate dropt the @maﬁr@nwﬁtlé)r bat ithas, ﬂlﬁél@%pmﬁf»ﬁ@ﬁ cmax beub

i nstrymen Fl G. 25h n. | onf eat
o L R S L R L

anal og sigaaled FRM bhe @mmmtlrouwtleé& 22 WRY Bdceiviel ‘t%hgﬁ'bﬂai@% ﬂén@ﬁgftélt ood
that the first anal og signal does not have to originate fromt

i nst r umertonyexterh2A0 rethe sigealsiagnaligiprat eswsording rﬁ@wnbeemhodlmz@tdOf theot her
envi ronment s _where an 1 | praoce IS req ed. The arn; | o gna
Focel ved Gl ot iheoDsRer 2k Etopdcrds ket Fongt Thiog o
di gital CQRVERd fe #toRNS S aséegi'aﬁbﬁ Hegmdi Blole&d it Hitfudd BpNGhdbRLIe
embodi ment of the invention, the anal og-to-digital converter 240 conprises
a dellDa sthgrmheroan/eémg-m-dlga\ﬁal conoerentay Hehased radohe pagiailar atatogatoseigital  bi t

stream However, éj e.understood that other anal og-to-digital
conver t erONNEReTIsed shey ﬁﬂt R the seqnefdhe HySNBRR-t o- di gi tal converter used

shoul d not i € t c in it of
t he inventi on%é‘}%’té&gﬁg %P ;%%&églggir 8%8{% 1'119{5'nt1 éqgénglg gloléou 8r EI%@&F(E i's
connect ecinbgitveRipldrhiel 5t that M dodnbetsd Ibeticch @O dwbhelr@r@aé qxgip04 adt ghd éﬂlalog-
converter 240. The optocoupler 115 may al so be referred to as an

opt oi sol devhgitdpranyartercddpl efhe @pt%h’é}ﬂé&déélféﬂy atipe be pelseigdplioens an zpto-

el ect,r.i cal | sol. at e hus,instr 10 fromth 0ost, system

ComedguoiorefiREERodls: Bt biBRbATE Tt SnlesPRISE F1 1 REbe R INAg 09 o0
4. Furt heyydah@&rurkétast fr&Rhthe hba dydfetn Of Adhediently NGbryiRBMA ik et 30NQhnélr aw
excessive current fromthe host system 1. The op ocoupl er 115 conprises a

t ransmi t tsbortl pghthe dwpoeird Aisaldpadr edeitherméricglvataswoploe hisre Dethe bus

instrument 10 cannot draw excessive current from the host system 1. The optocoupler

115 comprises a transmitter light source 122 and a receiver light source 123. The

20  transmitter and receiver light sources 122, 123 can comprise any manner of light-

reactive electronic components, including laser transmitter and receiver light sources,

LED transmitter and receiver light sources, LED laser transmitter and receiver light
sources, etc.

The transmitter light source 122 and the receiver light source 123 are commonly

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

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 separated by some

optical device, such as a fiber optic cable, for example. In some embodiments, the two

components are formed into a single package as shown in FIG. 2. However, it should be

30  understood that in other embodiments the transmitter light source 122 and the receiver

light source 123 may comprise separate components.



transmtter and receiver |light sources 122, 123 can conprise any manner of
| i ghtreactive el ectronic conponents, including |aser transmtter and

recei ver woghto/ganssces, LED transmitter and receiver |i gotr/usoesoesss LED

| aser transmitter and receiver light sources, etc. The transmitter |ight

source 122 and_the receiver light sgurce 123 conmp rmed adj.acent
to each other WerdIsmitPighehtgotiEcatedeBirraified ikt qdfarslgriag Hat sgPEiEes1 22

i's direct] y,recaby et Q¥ctips Elﬁ?&%vﬁfo Iehﬂt!?édlg H{ c }gezgécellvgr ?? SPurCﬁt123

enbodi ments, the transmtter Iight source the recei g source
123 are sepdavat thd liylt@ﬁdsmiedmﬁg@alandewh@ats meqlacasechhghtbﬁrckopﬁol an clabdieal f or
exanple. I n sone enbodi nents, the t conponents are fornmed into a single

package aignghdb#t isrsubptantiglly Hifw@v@r to thte amgnpldclserigalsigstlodfdthensnspttiel her
nbod th dt h
oo e T s AT bbbk T 6B BRI b e o

gener at essjgnald. ght - encoded signal that conprises a conversion of electrical
current into emtted light. The receiver light source 123 receives the
| i ght - encoded Isi @naﬂmmﬁjmr)ﬁvl@@wn mhl“eIGr & ethy duis| ingfrembaic kO i genoratgs a first

el ectrical na S ant| tical t he.original .. .

ol ect ri cam Bl oy R d® s itraer ot sohderardo” THE ilationdiens! 115
IS therefhgong! 14(%&!14)&@ f@irgltar ﬁgﬁélerfﬂen@lgﬁm@lgﬁél i§ 8RN R by thel (Rhsmitter
enbodi nent shown in FIG he Dus instrunment 10 generates a first anal og
si gndl, viightkourse d@Atand eemtrte thmadcegret tighti giutad 12B0nTler teeeivedlightMoarce 123

anal og-t o- dlﬁjl tal canverter 240 o tputs a digital signal. The digital
si gnal i Lapden Gy theHeceyehdama tt‘éasrgn@hﬁc #le 122 and sent to the

receiver lighty &Oﬁg&aﬁ A3 25-'6‘5%16 sea Sg%ezégg%gg §q,9m[}1gs rlhgﬁgf&ﬁ?&sm t

the received signaf to a signa si’gha can

process taheerfdl Bittstlcas, goad:aunplbiagll coByerbehd mgltﬂﬁlFﬂa’lﬂhﬁ)fa @ce&@d palse bvitith
stream for exanple and convert the digital si into a scal ed pul se

wi dt h nndm)@lﬂﬂfclml (M) %grgﬂluaffhe ?N%Nnmzﬂucgnéhe aiyerich ente enoedndedalagt o a

l o | or dj
enbodemente gy af 30 Ehthe P Phe' L ARGroltE pdrPatle AGRR0R PR hLafs. B
the Incorghg}ﬁﬂ Qbéleﬁ?ﬂﬁ?s%cfrff%‘ﬂ&éd‘@ {c@areihkahcdrhBidt bif StéHE fmtheTf&eisJ@ahgﬁtg nay

conpri se any manner of linear or non-linear scaling. The
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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scaling can occur before or during the conversion of the digital signal

into the pulse width nodul ation signal. In other enbodi nents, the scaling
can occurweaf20avo14i36 conversi on of the digital signal inPoTAISPABHEISG dt h
nodul ati on signal. This can be hel pful in situations where the signal
processor is receiving fir anal og signals that are encoded different from
the encodi ng G i e, 20 Pwﬁ&&g te-ah caleadpnent qf he nyieption SERFTaiReHE t he

signal pr i S C : ' . .
retor, ¢ SR Hob ek AT WhiR AT ANTEA pl e HC R B L0 o,
and 20mA Tieprgsantssalvxaorurdifig oy, theutprédeat Husedtioap cdn cxate itlse pudsct widthi r e

bus operati(%g on a 4-20MA scal e where 4nmA represents zero flow and 20MA
r epr esentBoG IR MgnlodRsedvonnb diffasenge; ingthe raceding o tba mignahesedeo e Bital og

signal. woul.d represent . anal Sjgral s rangi ng £rom 12-2 .. The sec

ana o8 sipnarnEBURERLEBR b SR R e e B RT BTS¢ v
flow Thersef ergy oWnigiet seflalg ng e Rilde StideRMnodagbh Ofigh@y iPeoficPPRYat ed
t hroughout the 'system It should be understood that the particul ar val ues

used abowecamgoderecthy spgnel/sadaiussl ynthextmspbystemd . showdrdingdd ani amhodimeniscope
f the i ti. t ti I d di th
apect 11 o AtrBF dnesntian B SaelscgirstdaeraBahe sttt ialh oot dntdheBar e o

the i nve%k&gngﬁg%rﬁﬁ§et%gpbwh§§u%g&honodul ation signal while
si mul taneously scaling the incomng bit stream The signal seal er according

to tHé presentAé¢covéngitorancambaimbnt dhihepulaaion dichsipgmd wealer @00 Fegerateskased
on a difference in the encqding of the signal used by the bus instrument 10
and t he BGsleddopMisigrabbasee 08 CHUABORTWNICHG CPEFHANE1BY ¢ hr Bigieal “Sel er
250 may [ cafk] f ' At i s [ ek to
accomdgﬁgéthszﬁgﬁgﬁ% %gleghgtgoégt%?/%te wggﬁggi%gg{sl@#e%%%d éﬂgcg:@ér)%lbnrbge?c{vg gtn
enbodi menhooald bdepprovierdi thax, cduadond gnald = el @eredp Oxaaples aal &thdrecqauliss

wi dt h nmodul ati on signal to acconmpdate a variety of bus instrunments 10.
Accor di ngoull A wsizedifpe genanting ghg pulsatwidkh madalaiogngpna ewiteutagparting
genergt es,.a §ﬁealced Ig A es.i ﬂnr?tl based on equations which represent a | ogical
"0 afféai At P R PRE™H stream Exanpl e equations are depicted as
equation 1 and eqgaii 2 | ow. 1t shoul d be  appreciated that equations 1
and 2 are rrereJely&H 2 *aﬁ%e?ﬁortl e g 1_p'l%jbe utilized (fipr
generating the pul sb.,wi dt h H98ul %t 8 sil§P@l Wi tHout departing

B= R, * Dig,,, o Dotoo MY _ Dy gy o My )
Vi 2 1000 m, —m, 1000 m, —m,
where:
_ [17100% % R1 *DigPer _ Dl‘gOﬁ‘fl (3)
1000 Vi1 * Digry  Digpy
20 — 1) 1000, * R, * Dig,,, B Dl‘gOﬁ‘fl (4)

> 1000 ¥, *Dig,,, Dig,,,

and where the constants are:

R, = first impedance

R, = second impedance

V.1 = first reference voltage
25 V.r2 = second reference voltage

Dig.g1 = first digital offset

Dig,., = periodic time

Digpp.; = feedback value



fromthe scope of the invention. where: 1-100% R1' g Per ig off i /W (3)
1000 ref-\ *DigFB ig FBi _ ' 1-100% *Di gPer Digoff i B, 2 1000 V 1

*Di gFB_ DVOEBlIznaosdher e the constants are: R = first i mpedseas/oRZ6+ second
I npedance V1Bf-1 = first reference voltage Vref_2 = second reference
voltage Digoff-i = first digital offset Digper = periodic time D gFB-i =
feedback val udiT EsEGWENtcurrent 12 = second current It shoul d be

appr eci at ed tgat: S%gﬁﬁa&é%tl and 2 can be adjusted by changing the
constants used’in the equations. The constants can be changed in order to
scal e the pul deshédd berap@tdcadted thas iegiiations o aad 0 roan datljwktdd By ehaggnddieneen
the first and second analog signal. Specifically, the constants nma

be
changed t@nsi@esnisdandhe eqrgednspel i sAnstAts Gagrida clangediinPraer tonecalg the

current and the second current. The equati re ed h ysi cal
penavior 1o RS FERARE R 1o A rREORHE ADRRLE BEE L e S PSR o
to a two-adaldy Hidhald SP&IiALAING theWRAANtARAAY ¥e NEHagbdd 4o A6¥BMMBdSe At ges
current |2 of approxi matel i; 4mA corresponds to 0% while a second current

val ue of teppeaxiheigia) ca gof thesfindsrrent a0 sThend ¢urstnt.c diheequatiansues
(L ey bedlic SAI 5 AU SPRONluP e SO of RN E 5,5 Hhoent
scal e andylhg, $86@BGHIEERH @ W Rwire bus 4 operating between approximately 4-20mA, a
10 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
15 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

20 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

25  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

30  scaling of the signal. Rather any required scaling of the signal is already accomplished

by the signal scaler 250.



different, the constant values can be adjusted to conpensate for the
difference and therefore generate a scal ed pul se wi dth nodul ati on signal
corr espormiDregloim4@sie anal og signaling used by the bus | @op/us2008f07e64i t i on
to adjusting the constants to accommopdate for differences between the first

and second signal ing, the constan may. al sp, be, adj ust ed. t ccompdat e

different bus |I?Jst3r t%lalgﬂ%@ﬂ@?éff%pe 9@%64) by thiosigna %Cﬁk@{%é £OINGI0 t he
host syst AN Si i i I cal e
the. st o Godtttnchest b0 fnaEn S rPallofhmi i h 4B 30TRPAGE WOt GASE B
the sane wtgnal fiphodes sptocdlplony 16 Ifsthd bit tshreiml vdlid @qaelRsiQrile ialgdrithin pl e

envi ronnents sinply by changing the constants in&ut into equations 1 and 2.
The constaotes taeerha0d wherethediscotidih [vabie igsalcamted by pddiag An vahug foey nal

or external 0 t f e.Sli l- .Dr Q sQr o} Ll y .input by
o users opdrafly T T FUTHEMaRRy (AN LRLRIBr SR IEENSPUpE s L SRR RS 1 EE

w dt h fTPddcié il QFeahd gaak eﬁﬂﬂgd), QRe hlg%rilﬂlrh AoV R stéﬂ190§ Gl ced tHiBJb§I§e widthh
nodul ation signal is converted to a second anal og signal that corresponds

to the analeygissiajmddtedyusldihghiB’t vrduchfrom egstiom?21to the ashwmiititdre Hppr 86 at ed
t hat the host stem 1 s _not .required erfor ny .addi,ti on scal i .ng of
the si gndtccuruPHar ey pEUG PU SAdbiaga Galioh s R Aiea g Ly @ifger S A
aCCO”D"%&ﬁdeMaH@§h§ﬂﬁﬁﬁiMﬁ%ﬁiefhgéﬂkﬁhﬁWhﬁsﬁﬂﬁ%@mﬁ%eﬁ%@%ﬁﬁﬁ@ﬂl§Q 404.
performed by the signal sealer 250 according to an enbodi ment of the

i nvernDi orOnckhtheadigor i1$ kents ther dlgotithns reuriB0tb stbe3611 hidaded tonstheedh arsl ‘B’

received fromthe optocoupler 115. If the bit stream value equals 1, the
al gori t hnfahsvethe %g%%léﬁalgeéﬁmpegepﬁ@tepa|S§@ewp@§%¢ ngﬂaénq%ﬂ%qncﬂg%% dhatyy

adai N9 Rork@bfis o0 Meodnd Aaibal QoA ACGHIY| AIRE APt SHMRT: (R

signal sea stream val ue eq

al gori t hrenopdiag. Thust ¥heBO} el 8cilbe fubssyovs dhd piBe wadihsmoahlatibatigdaby
adding 'B" value fromequation 2 to the accunul ator. Thus, the accunul ator
gener at esntohthepsfcond winglog sedall shd eorrestgrrdne baseestachs herbroongfanalpg and

"B val ues | ' he .scal ed 1 si gnal b i
step 504 Tedle 1R Tole, S Athg BIE i8Rl M e Ploe e 2E RS sl Mg e
on the ' Aul@ndidtB myd@iaesh sigﬁ;ﬁt%?g?fh@éd A POndOR GRMU-IGNA dafe BsRCH) etk

pul se wi dt h nodul ati on si gnal
host system 1 and the bus loop 4. The scaling substantially prevents an error from

occurring due to a difference in signaling between the bus instrument 10 and the host
system 1.

20 FIG. 4 shows the signal processor 30 according to another embodiment of the
invention. The signal processor 30 shown in FIG. 4 is configured to receive a first
analog signal, convert the analog signal to a digital representation, generate a PWM
signal based on the digital signal, transmit the PWM signal through the optocoupler,
scale the PWM signal using a PWM decoder 442, and convert the scaled signal back

25 into a second analog signal, wherein the first and second analog signal may or may not
comprise the same value. In addition to the components shown in FIG. 2, the signal
processor 30 of FIG. 5 also includes a pulse width generator 241 and a pulse width
decoder 242. According to an embodiment of the invention, the pulse width generator
241 generates a PWM signal based on the serial bit stream received from the analog-to-

30  digital converter 240. The PWM signal can then be transmitted via the optocoupler 115.
According to an embodiment of the invention, the pulse width decoder 242 scales the

PWM signal received from the receiver light source 123 into a signal useable by the bus

10



corresponds to the second anal og signal encoding rather than the first
anal og signal encodi ng. Thus, when the signal sealer 250 converts the pul se
wi dt h noowbabican4asgnal into the second anal og signal, Phe/usesosectseval ue is
represented in the second anal og signal. Therefore, even if the bus

instrunent 10 i s operating on a 12-20MA scal e, pul se h nodu] at |

si gnal gefeR At é@‘ec%ra{egs%wg\@@&n&l FHEt ni”@rﬁ&@%%?‘ie“ﬁ%éé%@‘%ﬁ@%%%n% m 1
and the al

occurr ngbc**%rzd.et Wing oyl Mo &2 19 i HPERARNL ) W BLEUSTREGE SAM il BT 2.
and the holsich sycateemhd. sibh&bh whils hgsmerdting dieg ﬂ?Wl\/Iprs%@laBsoTh&@foa@cﬂredmggalt 0

anot her enbodi nent of the invention. The signal processor 30 shown in FIG
4 is confirgeasser 3Gof EKai 4 scainep ﬁataddﬂamébstgp GHdrquisiBa e pulspavidiadesgdesi gnal

t | t
10 o S0 SRLSREPAFA] Sy OS0GRS AL AR B0, L0
si gnal  usirheessoPUVb EERDAETs sfifiZoapabld oFRBMEHL! 2 tiBalSSArad oﬁt;ﬁmhg hasknd Bi© a

second anal og signal, wherein the first and second anal og signal may or may
not conprlpew 4t fEhesefioee, Wb bes lrlstrumdt 10 end tlee hort syetapohemysst8hopwatierisFIgs. 2,

the sign ro ess r 30 al so includes a pulse w dth generator 241
and a puldégg(ﬁingflﬁn e‘ﬁgfﬁ Eis9§if(",sord| ng to an embodi nent of the invention,

the pul se wi dt&c&)@&iﬁf@%%no% GRAAERS o W vehandl thbasgg: %th%n%ﬁitb@'
bit streamreceived fromthe anal og-todigital converter 240. The PWM si gnal

can tlen Xa scadess thiet PRAVIvsignahes ajfesatmdphleovel phior A«tcsendhmggthbos@malenb&ch ment
scal es the P gnal

f th h th d d
(r)ectm Sehnqyp?%}#ug%é ];[’légeli; %Pneg ¢ %@ﬁ? gﬂﬁélzéeqq%%%q%mee E‘hBPléV@(SS/ﬂte’ne
busl P I
o gnal " ang TR T O SR BRI 18 YK Rh iy RERTELAN 09

processorloslthvm in FIG 2, V\/m ch scal es the signal while generating the PWM

signal. Therefore, the signal processor 30 of FIG 4 requires an additi onal
step by requi rAliepughe thaulabeveu diseripéeodes deseribed sbal @gnﬁepmms%frgﬁgl as It

h | b d h | 1 h
Py Do B et Shar D B b YRl insifed 89t RIS BRI e Ros e
bus | oop tﬂat iNShRf @hBodihleatsbute dipsdl rﬁﬂ&?é@&orl@ @@qpﬁm éﬁoiﬁﬁeg%’l%ﬂfﬁo%emf

still operate using different signaling or different scales.
the bus instrument 10. Therefore, according to an embodiment of the invention, the bus

instrument electronics 20 can generate a scaled PWM signal and convert the scaled
PWM signal into a second analog signal prior outputting a signal. Furthermore,
20  although the above description has discussed the signal processor 30 in combination
with a bus instrument 10, it should be appreciated that the scaling that occurs within the
signal processor 30 is equally applicable to any input analog signal. Furthermore, the
signal processor 30 does not need to be connected to a bus loop 4. The discussion of the
invention in relation to those components is merely for the purpose of aiding in the

25 understanding of the invention and should in no way limit the scope of the invention.
The claimed invention as described above provides a signal processing system
100 capable of transmitting a signal between two or more loop systems that may be
operating under different encoding schemes. The signal processing system 100 is
configured to scale the input digital signal into a signal that corresponds to the encoding
30 scheme of the second analog signal rather than the first analog signal. Thus, the
delivered digital signal can be converted back into an analog signal without further

processing.
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Accordi ng to anot her enbodi nent of the invention, the Pul se wi dth generator
241 scal es the PWM signal as descri bed above prior to sending the signal to
t he opt ocwopb®r014B5. Therefore, the pul se wi dth decoder p2FAISeonsp7r5e€ds t o
convert the scaled PWM signal into a second anal og signal prior to
outputting the_sigpal,to the bus |loop 4. Al though the above description has
described the E}egrf%ralbﬁoéé%ww% ok BENPRISi FTOQAUBAHO NSt NOE PRI om
the bus inStEMIRALELA. o Rgntitd ik ord RERRdLERNGS:
the o gna Rl ot RO SoRRHIAEE By 2Rk eRlord 1 RERRHREME SLARS

i nst r unerthe Iibvenfiber éhdded, pasoy ¢iilgd irothenarewhib desoenizeahat ddtaimenicnanef t he
bus instrunent electronics 20 can generate a scal ed PWM signal and convert

t he scal ¢bic PhRvesHegsesibed wrbodingents mapyamai o bg rrambingdopr elibinted Frycrpate
si gnal.. FRurthermr th h.t ve descri ption h di.scusse h

21 gnab” proRhOcGRBGmeRl, 38 ke RERRERERRERL PGPRuR: SR TRty be
appr eci atgfthb hadentidf. SEatillndsd BatappsieHt o MosBiof drias) 9aalinRheGesear th0 i s
equal l'y applicable to any input analog signal. Furthernore, the signal

pr ocessorabgge-doswibedtentwaamemnss hanyclomemobindd tiw whobuer inqupt @, cr¥dte adidigionslsi on
of the inventjon in.relation to thosg co nents is nerely for the purpose
of ai di ngTaPREN SR M oRy ¢ IERENEROERETBYCLIR shoul 8 i n no way |1 mt
the scope of tfigl Bl’[ﬁd;ﬁgtpfs"pecﬁi@ eRIbRUTR HYeRtd %Qaﬁ?le@%ﬁ_r {HReRhvBRAKE are
provi des a signal processing system 100 capable of transmtting a signal
bet wdén tdescrirednimarein! foopllhsyatiearputgoats, vayobe eqpealatt mgdifredeondarkfpossibte
encodi ng schenes. The sjgnal processing system 100 is confjgured.to scale
the i nputwmlg{{?%w%e@féhle fyeption. & dhese Skﬂféfi ip g %ﬁagrttvehtrﬁ@g@m?oﬂ
schene of ' : r t £ i .
Trus, ¢ nou S RaN R IR hanort Bl IE o ihe P8 kb RIPARNS: el

si gnal withbogibbuihdigs pPeREBSSI ABoviCartiet dioved mhestbei pte@npadiing héigalkoyve
enbodi nents are not exhaustive descriptions of all enbodi mnents contenpl at ed
by the i nyeserdnglys sheescape Hifnthehmveatagre sbouldhee jdetesiinaeshn frophdbe dollpwingons
skillgd kpithe art will recognize that certain elenments of the
abové-desé%pged enbodi nents may variously be conbined or elimnated to
create further enmbodi ments, and such further enbodiments fall within the
scope and teachings
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of the invention. It will also be apparent to those of ordinary skill in
the art that the above-descri bed enbodi nents may be conbined in whole or in
part to cweoabw/mdussti onal enbodi ments within the scope ana/usea@shirsgs of the
i nvention. Thus, although specific enbodi nents of, and exanples for, the

i nvention rﬁ gescribed herein for illustrative purposes, various

equi val e Pfications are possible within the scope of the invention, as
t hose skiyl.eghijj2 the relevant art will recognize. The teachings provided
herein can be applied to other bus |oop electronics, and not just to the
enbodi ment.s deseidnbesroabue(3Ndosfigwod tan t he acconpanyi ng figures.
Accordingly, the scope of the_ invention should be determ ned fromthe

fol |l ow ng cl airgecic A apalogisigngl: 1. A signal processor (30) configured to:

recei§$ a fir§%n?$ h&gﬁﬁig%%$%?%ﬁ$éﬁﬁi%éﬁgﬁfLrg&,analog signal into a

. . . S1 . .
digit si gnal ansm deross an electrical barrier;

generate a scalfdmmuhs QigMalltin AR anWledtti€ darrkased on the digital
signal; and convert the scal ed pul se width nodul ation signal into a second

anal og si gnal .geRerakhe s&ilefhpulspwodth seatuldtBo)sigial brsadntheWhgtad signahend

el ectrical barrier conprjses.an optocaqupl.er 115). 3. The sjgnal processor
(30) of el at mepnvi FGAI G RGuRB o BLEh sterb Rl p Sto oo canddt | on
signal based on a difference between a first anal og signal encoding
utilized by a bus instrument (10) coupled to an input of the signal

pr ocd®sor2. ( 30)Thendgeal peamercbr 3R afgclsing havh@omade nipctridal baredr bymarifrssanl oop
(4) coupled to an ouséput of the signal processor (30). 4. The signal
processorOP(t%Iﬂlpg’F I Aim 1, whereinthe digital signal conprises a serial
bit stream 5. A bus |oop system (100) including a bus instrunment (10)
electrically isolated froma bus loop (4) with a signal processor (30),
conprisirgy:  The signal processor (30) of claim 1, further configured to scale the pulse width

modulation signal based on a difference between a first analog signal encoding utilized
15 by abus instrument (10) coupled to an input of the signal processor (30) and a second
analog signal encoding utilized by a bus loop (4) coupled to an output of the signal

processor (30).

4. The signal processor (30) of claim 1, wherein the digital signal comprises a serial

20  bit stream.

5. A bus loop system (100) including a bus instrument (10) electrically isolated
from a bus loop (4) with a signal processor (30), comprising:
an analog-to-digital converter (240) adapted to convert a first analog signal
25 received by the bus instrument into a digital signal;
a signal transmitter (115) adapted to transmit the digital signal to a signal scaler
(250);
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

30 modulation signal into a scaled second analog signal.

13



an anal og-to-digital converter (240) adapted to convert a first anal og
signal received by the bus instrunent into a digital signal; a signal
transm t two 2010l01%985adapt ed to transmt the digital signhaCTius2@887n4al
seal er (250); wherein the signal sealer (250) is adapted to convert the

digital sjignal_into . a scal ed se. wi.dth dul ati on si gnal .and nvert the
slcg: ed plﬁ'ge vwliﬁ%vsr%e%ﬁsasﬁraﬁ?@d)gqf&ﬁlmaav ré@é\t‘flé%ilgg%fégaﬁ]émétﬁ%rl(6g§))s;lgnal . 6.

The bus | | woet.sl . . 115
Lot e SRR AT B MOl R HOR i afefe B BRrubcAI) Foff e, 25)
(10) frorbusheodp@s. | oop (4). 7. The bus | oop system (100) of claimb5

wherein a first analog signal encoding is different froma second anal og
signal encoding. 8. A signal processor (30), configured to: receive a first

anal og signal ;wcanvert the fi nal. signal _int digital signal;
Gener at e pul BEGN<Tbtp wsfian K00 PERIRE a8y B FebQenSh B
transmt differepttirdm Mdtohd aRsleL tdn@Neifdodital,. across an el ectrical barrier;
and convert the pulse wi dth nodul ation signal into a scal ed second anal og

signal. 9. The signal processor (30) of claim@8, further configured to
scale the, digital si nal ba&gg on . difference between a first anal og

si gnal erftodi dé)slﬂlia PEeFSBY CR P HE 0irent  (10) coupled to an i nput of
the signal praqgessos firdQhaRRdighapecond anal og signal encoding utilized by a
bus | oop (4) coupled to an Output of the signal processor (30). 10. A

met hd@ for tr aoasert thefyrss agprlag sighalamcend@nal ignai gnal generator to an
anal og signal receiver, conprising the steps of: generating first anal og
signal ; converdSAGE Haule tha%qhﬂeﬂgr} galaqlpqaﬁ% 0%9&%@%%8@ inal :
transmtting t I O [ | n. el [ her:. g rating a
scal ed pul se V&thltsﬁ’ll%%%klastﬁ i“%ﬁ%s?gﬁgﬁﬁﬁ%ggﬁﬁo%ﬁﬁ%éﬁ |egc?1?%2{1 Ibglltrberrl’a ; and
converting theoacal &tk pubseidvh aiddutmibul sadriad ihts iagoaled sedondanaal eghasecond

anal og
15 9. The signal processor (30) of claim &, further configured to scale the digital signal
based on a difference between a first analog signal encoding utilized by a bus instrument
(10) coupled to an input of the signal processor (30) and a second analog signal

encoding utilized by a bus loop (4) coupled to an output of the signal processor (30).

20 10. A method for transmitting signals 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;
25 generating a scaled pulse width modulation signal based on the digital signal; and
converting the scaled pulse width modulation signal into a scaled second analog

signal.

11.  The method of claim 10, further comprising using an optocoupler to transmit the

30  digital signal.
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signal. 11. The nethod of claim 10, further conprising using an optocoupler
to transmt the digital signal.12. The nethod of claim 10, wherein the

scal ed sewondiemaissg si gnal is based on a di fference betragars2@sirrsst anal og
signal encoding utilized by the anal og signal generator and a second anal og

signal encoding utili nal.og Ssi recelv r met hod for
transmtthing s F@Oépgﬁf) gnéﬂ ael%ﬂgmgpe Shet qgoSl&l?ﬁlaﬁ‘a 568 %8idgnal
receiver,

Conver | FARRC, Bueh 1St AR pndIREthy .93?%54 b5 e ARloR il P Bcrator

pul se W dinld avedohdhnadeg sicgaladncbdingaitidined be tieh gial@d sighgnradeivdrr ansm tting the

pul se wi dth nodul ati on signal across an electrical barrier; and converting
t he pulse wi dt h nodul ation signal into a scaled second anal og signal 14.

the orgi (o °2#§L Ao o b SR R 50 R LB RFRLP U AL C0ng

anal og si Il récRiRasRehpiid Ghefstpk@fce between a first anal og signa
encoding utilized by the anal og signal generator and a second anal og signal

encodi ng uti | ircedviny a fivst anvdd®sigsalgnal recei ver.

converting the first analog signal into a digital signal;
generating a pulse width modulation signal based on the digital signal;
10 transmitting the pulse width modulation signal across an electrical barrier; and

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

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

15
15.  The method of claim 13, wherein 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 receiver.

15



