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WO 2006/065677 PCTIUS2005/044741 DYNAMIC CUT-OFF

FREQUENCY VARYING FILTER BACKGROUND OF THE INVENTION

5 1. FIELD OF THE INVENTION The present invention pertains to
WErated¥antrol, and, more particularly, to signal quality in POKIGER®S/044741

control system. 2. DESCRIPTION OF THE RELATED ART to One

common process control technique is to sense some characteristic or

parameter of the process and adjust an ig%gt signal to alter the process
Param BN AT kel A H BB QRN Y S RV GhERE BER

particular process operation is performed at a specific temperature. When
the process operation begins, the temperature control is set to the desired
temperature. Howe: GRANINR ORI RBEEHENIION temperature to
vary from the 15 desired temperature during the process operation and for

1. SUM@MWWﬂble consequences. The actual
temperature 1S therefore monitored so that, if it deviates from the desired
tenﬁ@rﬁfﬁ@}ft%vmﬁeﬁﬁaﬁapééﬁ BECRTSH iFRstiTed, g Thascapagadularly, to signal

qualigmperpbiededheodesitad temperature. Note that this technique is used
not only for temperature, but also for other types of parameters, such as
pressure, flow rate, and volume. 20 In practice, the parameter is

;. ME RUiladiriperof sensor. The sensor typically
outputs an electrical si %‘%‘}Jﬂ%}; is representative of the sensed parameter.
qye.
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migﬁ@%@aﬁgﬂlﬁmﬁoﬁ&?tm?ea 'Baﬁk&%lﬁé‘t fOp&A %gnrsfcl':enario inF odu egc a specific

above, the temperature sensor might output ge‘)&rfgafmglaﬁmafwhose
temRBHEge (Vhen ﬁ%ﬂngepwﬁmmmﬁett@mmqsmw s€ve e desired

temgbRRirseCoRdEya: CANEohSy SiRaLMightisAmRIg hal %éﬁ{ﬂé&%@iréiqea‘l@ﬁom the
.cantrol system then determines from the voltage of that signal in tha

destg TP AT GL e BT REIRRSET ARFEHRSRE TieRTe IplensEéhSare Sodesirable

consequences. The actual temperature is therefore monitored so that, if it deviates from the

“desired temperature, the input signal can be modified to bring the actual temperature to the

desired temperature. Note that this technique is used not only for temperature, but also for

other types of parameters, such as pressurs, flow rate, and volume.

In practice, the pérametar is measured, or sensed, by a suitable type of sensor. The
sensor typically outputs an electrical signal that is representative of the sensed pargmetcr.' ..ifL
control system can then sample this signal at predetermined intervals and extrapolate the
sensed parameter from the pertinent characteristic of the sample. For instance, in tﬁe
temperature scenario introduced above, the temperature sensor might output an electrical
signal whose voltage (or current) is proportional to the temperature is sensed. Every 0.05
seconds, a conirol system gpight sample that elecirical signal. The control system then

~ determines from the voltage of that signal in that sample what the actual temperature was at

the time it was sensed,

This control technique relies on the accuracy of the information conveying the actual,
or measured, parameter. One probiem in this respect is electrical “noise” in the signal the

control system samples. The electrical noise alters the signal characteristics. If the noise is
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This control technique relies on the accuracy of the information conveying
the actual, or measured, parameter. One problem in this respect is
electrical "noise" in the signal the control system samples. The electrical
noise alters the signal characteristics. If the noise is severe enough, the
control system cannot accurately determine what the sensed parameter
is, thereby leading to degraded process control. Electrical noise arises
from many sources and is largely unavoidable. However, it can be

SeVERSIFHaNEE. SeTeRRtEchFYSHREGAIRY Seouratrlr d o pmitg vhas bssensadaiemmeter s,

ther€3Radaphriadediiers mub-wwiriad FRAUANERS 10 HNeSHMRIG SRR and is
1 %5:}(,9 Iﬁ%esu tlogz)that they are noise. More particularly, a low pass filter
BN H TR (U OB 5E) REMIERSEd to eliminate noise when the

noise frequency spectrum is beyond the specified cut-off frequency.

However, the nhoise signal.could have a wide and dynamic frequenc -
e N GRS B P e bt fers ou
unwaRigd @p@_meﬁm ﬁ_artge $anepleat tsignplrocetts:. fiesunniten shacitemacoisise. More
parRBRE AHIH SRl LIRE RANE BAGESR LI AAIBBEUPNON NI D:Rinate noise
located  in a different place. If the filter has a’very’low CUt-OIF requency, I
whep dhfonainimaeenss sresfory iphaventhbn epseifiedwaireff frepuieealstsover, the

noisd@w@&ﬁﬂrmerﬁsme%ﬁmﬁﬂ-ﬂﬁmﬁféaﬁ@ﬁyééﬁ%%%eﬁms it is very

.__significantly, 15 The present invention is directed to resolving, or at least
tme, SORTEID AR BEUR SPEnRepROle TREFHRM GRS dB v TR PioRessHE he noise

spectiNMEMTIONR B Idiffpeasantiia wembait ol 46Si VAL iS AR 8 RIS &N Bystem is located
One aspect of the

. _embodiments, includes,a method and, apparatys o

2 SaSER tirﬁi/aecre]tioqr? é%%\ﬁl(}%rs % dhpe allﬁé) 88???#@%‘.1?%0?5 U fligypate the

maj@ity pistofited sensorawersy i weid; Zsstolevol poteitalopsb:offsponse time in the

datafégﬁ’cﬂgiﬁ‘&'i?&rs%‘fgi%éﬁb% ial cut-off frequency being associated with a
respective potential difference between a sensor measurement and the
stored historical sensor measurement; and a filter having a cut- off

frequenexshnareieally iselgsteditom bR A0 6 é?%%‘ct@dﬁ%fgfom or, all of the

frequencies on the basis of a difference between the stored historical

P?Ob@ﬂ%a?ﬁﬁ?é’ﬁgﬁﬁém’ént and a current sensor

SUMMARY OF THE INVENTiON

The present invention, in its various aspects and embodiments, includes 2 method and

apparatus.

One aspect of the present invention provides an apparatus, comprising: a store of at

- least one historical sensor measurement; a store of potential cut-off frequencies, each
- potential cut-off frequency being associated with a respective potential difference between a

* sensor measurement and the stored historical sensor measurement; and a filter having a cut-

off frequency dynamically selected from the stored potential cut-off frequencies on the

basis of a difference between the stored historical sensor measurement and a current 5ensor

measurement,



measurement. 30 2 An alternate aspect of the present invention provides
a method. comprising: determining a current sensor measurement;
determining a difference between the current sensor measurement and a
historical sensor measurement; dynamically selecting a cut-off frequency
for a filter for the current sensor measurement from the difference; and
filtering the current sensor measurement using the dynamically selected
cut-off frequency. 2a WO 2006/065677 PCT/US2005/044741 BRIEF
DESCRIPTION OF THE DRAWINGS The invention may be understood
by referHC B ERATLN G HESEH B G CARE 6> TG SRt e
adeemiiainy ingpcteavsings, irasirichetik doeferpings: differeratsbideerifyhlikarrent
el mENIR 00BN E R GG Lol M&%&%&ﬁ@m@mﬁw@
illustr

in accordance with the present invention; FIG. g.t sa meth(;(ﬂ of
fiFFEAMRPSY B ihR=Et PETREHEM A SOBRYHREB iR tHE S EERTT: MYSHtBRE
iothel GinBhk seR$G . n3seemprrsitigehp dsfammisr beset aechathod femieapparatus
performed in accordance with the present invention to a conventional
filtering technique wherein the filter comprises a low pass filter; FIG. 4
illustrates one particular embodiment of the filtering technique first shown
in FIG. 1;is FIG. 5 is a functional block diagram of the embodiment of
FIG. 4; FIG. 6A and FIG. 6B conceptually illustrate a computing apparatus
as may be used in the implementation of one particular embodiment of
the present invention; and FIG. 7 and FIG. 8 conceptually illustrate one
particular cniitext in which the present
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invention may be employed. 20 While the invention is susceptible to

various modifications and alternative forms, the drawings illustrate

specific embodiments herein described in detail by way of example. It
welwedddse’anderstood, however, that the description herein BEBE@2#ig/044741

embodiments is not intended to limit the invention to the particular forms

disclosed, but on the contrary, the 25 intention is to cover all

modifications, eguivalents, and alternatives a‘ling within the spirit and

g R LY

scope of the inveRA EhHsdeited i iRdaprs

DESCRIPTION OF THE INVENTION lllustrative embodiments of the

invEREi Grvené dfesuiedibefsweds biverditeresst of 130 foldoinna desdtifsim ieken in
conjRhABAGHA! HERIGMGHIATAR AFRHESCTIRGHR IR RIB.SREGHICANIAN. Of ROUS iy tike

be appreciated that in the development of any such actual embodiment,
elenpsrihersti® R mentation-specific decisions must be made to achieve

the developers' specific goals, 3 WO 2006/065677 PCT/US2005/044741

Su s camplignce with system-related and husiness-relgted constraints,

T Covh Ty I A TS 5 SBHRGR RRGRBLRSE HUGHI B Plesen
inveafymeciated that such a development effort, even if complex and

timgs ing, would.be.a ine undertaking for those.of ordinary skil

i G e R R R e e
preseftanvapperatus implementing a filtering technique in accordance with the

PregRet yaventins. MAfliGiOn ﬁ%%@ffﬁﬁﬁ&éé%ﬁea%é@mﬁf%&a%s performed

. historical sensor measurement; a store 106 of potential cut-off” '

in agropirdei ety amREr IDeiavidy & expisRiienaliibktnsirehaiaur ebamen the

filterl QimaedL 3oy PaBEAfilter, a high pass 10 filter, or a band pass filter,
depending on the implementation. Each potential cut-off frequency in the
stofdtioh i I %

SR atEiGRE PR A STRe s F e M it ivchmiqur

FIGalsensor measurement 115 and the stored historical sensor

m rement 118, The filter.109 h cut-off freque 121 dynamically
selec¥é§ frso%ﬁfﬂceég g?egilf {f)o ertar cﬁ%ﬁﬁ ?%%Ouééﬁ‘?ggeyso %}Yé 41
FIG. 6A and FIG. 6B conceptually illustrate a computing apparatus as may be used

1 in

in the implementation of one particular embodiment of the present invention; and
- FIG. 7 and FIG. 8 conceptually illustrate one particularcotitext in' which the prasent

mmvention may be employed.

While the invention is suscepiible to various modifications and alternative féxms, the
drawings illustrate specific embodiments herein described in detail By way of exmiﬂe. It
should be understood, however, that the description herein of specific embodiments is not
intended to limit the invention to the particular forms disclosed, but on the contrary, the
mtention is to cover all modifications, equivalents, and alternatives falling within the spirit

and scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

Ilustrative embodiments of the invention are described below. In the interest of

clarity, not all features of an actual implementation are described in this specification.
of course be appreciated that in the development of any such actual embodiment, mumerous

implem’entatioﬁ-—speciﬁc decisions must be made to achieve the developers’ specific goals,
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106 on the basis of a difference 112 between the stored historical sensor
measurement 118 is and the current sensor measurement 115. FIG. 2
illustrates a method 200 of filtering a sensor measurement, e.g., the
W@UNBI656ENSor measurement 115, in accordance with the preEaisge03/044741
invention with, e.g., the apparatus 100 in FIG. 1. The method 200 begins
by determining (at 203) a difference 112 between a 20 current sensor
measurement 115 and a historical sensar measurement 118 and.then
st i GPFREA et YA B S B LSRG 54, FOPSFEG 86 Wl vy
FromCUHENhgAasefitaeasiy emethtsl 15Nevite, differdihces1 ifprEbietappheationch 2

f the m%hod 200.in FIG, 2 is_the filtered sensor surement 1270 . .
deve&’l@f’cﬂtﬁ s gcﬁ%gleeﬁtainnv n ?6%05?%%?&& Vémg%gwag?a %&?ﬁ%s%}lﬁiter g for
thosd 6Downdtimey diFiinimibe respavise e edetie ahtnsaisslisatee data acquisition

and control system (not shown) through which, e.g., the current sensor
measurement 115 may be conditioned. FIG, 3A - FIG. 3E compare the

peFBenAriceaoblonk sheseam inlantierpiebite paisaimaingn o SifrRB At iRAlvigue

accof@RKERRahiiltetna technigue. Mopepanicitaibridey anerebaineatsiéast one
which the filter "30 109 is a low pass filter: FIG. 3A compares, the

histOREAOPRERTCRRSIRE s it o f PAHd RASHIER SErRo SRR 2y tilter 109

havi¥¥Q 20066 IP SdfieaA0051044%41 1 69GadBreciipargadhditer, 2 high pass
performance duri steggé/é% te condlitions for th process parameter;

r
filters or 3COTPETeS e & Stapid procass change, and Shows gl out-off

freqeaies|iy ttastiesp06 e anctandqutilly popeSteauestaiedidsparse 53 thbveen a
Sensor %/%%%&%Inélfilﬁe%&: .ltgé %Qr%i) ﬁ%&?ﬁtg&gyﬁm&%ﬂéﬁ? NG% Veril8ier 109
“reésponse In a scaled view; an . 3E compares the dynamic frequency

has vanjiofj Ergadycstbie éggg@i@&ym@e@@é@mm_ﬁomd potential cui-off frequencies

106 on the basis of a differenc: 112 betWeen the stored historical sensor measurement 118

and fhe current sensor measurement 115,

FIG. 2 illustrates a method 200 of filtering a sensor measurement, e.g., the current
sensor measurement 115, in accordance with the present invention with, e.g., the apparatus
100 in FIG. 1. The method 200 begins by determining (at 203) a difference 112 betweer &
current sensor measurement 115 and a historical sensor measurement 118 and fhan

dynamically selects (at 206) a cut-off frequency 121 for a filter 109 for the current sensor

" measurement 115 from the difference 112. The application of the method 200 in FIG. 2 is

the filtered sensor measurement 127 in FIG. 1.

Thus, the present invention provides a general purpose filter 100 with a dynamic
response o reduce the noise in the data acquisition and control system (not shown) through
which, e.g., the current sensor measurement 115 may be conditioned. FIG. 3A - FIG. 3E
compare the performance of the present invention in one particular embodiment with a
cohventional filtering technique, More particularly, for an embodiments in which the ﬁltér
109 is 2 low pass ﬁlter:

FIG. 3A compares the performance in the presence of rapid change

sensor measurement,
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10 In each drawing, the response of the cut-off frequency varying filter is
represented by the' trace 300 and the response of the conventional filter
is represented by the trace 303. The sole exception is in FIG. 3C, in
wovbiodiogseTraces 300 and 303 overlay each to generate the PCOYIpm®R@44741
trace 306. is As FIG. 3A - FIG. 3E show, the dynamic cut-off frequency
varying filtering technique demonstrates better response either in rapid
process yariable change or jn the steady-state. More particularly,.the
filtering tﬁ nigte STRE B %2 MERRRARSS g%ﬁ’l%ﬁt?ﬁ?ég’s%{?ﬁ% %‘?B@(W%gtaﬁ%t the
responsepasad@araudieff frequency filter and same quick response nature
as_ a basedj Thus, the dynamic cut-off frequency yarying | ass filter
s e B e A el RS Sl
while mafeshinipgrasgancken rewpBnsodr sifedheirtzTemdesstan tingoithamional
present iﬁytgﬂtion, additional discussion regarding one particular
embodiment of the present invention will now be presented. FIG. 4
illustrate F16nS P LRTERREF RS QDamiERRer B0V IBESSsBPTBE IR 2 scaled view;
embodimggt of the filter 100 in FIG. 25 1, with like parts bearing like
numbers_In general, ,the current sensaor measurement 115'is sampled
into the datd-aty &%ﬁﬁﬁﬁ%ﬁiﬁeﬂé{m&%ﬁ?ﬁﬂﬁ&?&% ST etpaysg in 2
digital fosenlatilwethe analog-to-digital ("A/D") converter 403. A preliminary
law=pass filter 406 with a fast re e characteristic preliminarily 3
I o B R R G B Tzt by e
tracefi{r 200 8herrsiwypsccoiba stereotivwdf fdeue myrdsemeainy taritsadittddT eMadrsole
excefﬁ?tﬁ;u Fs_n&leﬁI@?gW,'”iR W&y"tﬂg Rk} t@&)p&{&' %@rd%’i %I&?%) rge-lzzgr%te the
preliminary low-pass filter 406 is optional from the standpoint of th
compawEHEess 3fifte, in some embodiments, the sensors (not shown) through.
5 WO 2006/065677 PCT/US2005/044741 which the measurements are
taken may be of sufficient quality that they produce minimally low levels
of OIS fhany P 1o 2B BeTn PRI Pt FSaRApsy BEiRg Blering
techritieh dthadiaauiseneretakipotaeslightin ot QbR SeREBRNEINEISHf in the
steadgg%?%t;&gf%%vi%%%%ﬁgz{%ﬁ? 55 lér?éc r'q{%\,\é %Sésljzlgs%zﬁ %gvxggo%eexhibits the
same steady state response as a low cut-off frequency filier and same quick response nature

as a base filter, Thus, the dynamic cut-off frequency varying low pass filter shifts its cut-6fF |

frequency dynamically in order to eliminate the noise while maintaining 2 guicker response.

To further an understanding of the present invention, additional discussion regarding
one particular embodiment of the present invention will now be presented. FIG. 4 illustrates
one particular filter 400. The filter 400 is one particular embodiment of the filter 100 in FIG.
1, with like parts bearing like numbers. In general, the current sensor measurement 115° is
sampled into the data acquisition system every 50 milliseconds and converted to a digital
format by the analog-to-digital (“A/D”) converter 403.

A preiiminary low-pass filter 406 with a fast response c;,haracteristic preliminarily
filters the ourrent sensor measurement 115°. The preliminary low-pass filter 406 employs a
constant cut-off frequency to preliminarily filter certain frequencies that will be know:
noise in the particular irnplemeptatioa. The preliminary low-pass filter 406 is optional from

the standpoint of the invention since, in some embodiments, the sensors (not shown) through

5
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A few historic sampling points in the store 103' are compared with the
current sensor measurement 115' to determine the rate of change of this
particular process variable represented by the current sensor
wozmsessment 115'. More particularly, as will be discussed REMES10e3044741
the historical sensor measurement 118’ is actually an average of four past
io sensor measurements 115'. Each filtered sample of the sensor
.measurement 115', is returned to the histarical sensor measurement . .
whigihe FTEPYFROTER HIdEBLEIC08 B BBE: SHENIore TeEY PrRGEr EuRmelly
low reglietityoiter Sfiktonias ringdachiatéiol changeater o smaptegd may be such
et "SOHERCIES S Heed 10 5816 Rl equeney LT oLiNe douaSS G e 1n
1097 IS In this particularembodiment, the decision making process of the
genwat-efffebopimy you -nasel Sl Mfriviildmotesizabisiimgyetierplisatinsie filtering
out the true sensor signal. More particularly, as those in the art having the

benefit of this disclosure will appreciate, the filtering technique is applied
ovet fiffehinidirgimnimp RoHEF RS HATTEDR URtS FOBMITEeS i JBE RaTTER sensor

meaddremeriamplet feaghnéerrdiantdhsr higtodeabsansohLeasHFepaeitsd Miriable
“is an 20 average of four past sensor measurements 115'. Periodically, a

repregeied PNS GHERRSPASE TSRO it ARISrPRHPHERAASTHY fifechiscussed
furlisépieslostake thetqtiace sehibe mensosmeandute menttublib’' awhichrdsethefour past

sendaPiged 10 tis way. when %i%fr Araple oF rEe%%rs%E?B{é?ﬁSs%%%%n%E%e is returned
current sensor measuremen IS in a steady state, high frequerncy
to timdnsisisshichsarameappanemiysitre hoisdercah flterddaokit4 Wy hempehelate the store

103Pr0g8ess pAraMeler is.in adynamic changs.zshtate:dher cutaffrequancy  os

121’ 1s shifted up to avoid filtering out the true S|?nal. Note that, in the
frequeRBaInIeE 8p richacre € diearenet it &f Fz1low BasddEmise linear
function of the difference 112'. In the illustrated embodiment, if the
" difference (d) is 3% _<d <10% (full scale), then the cutoff frequengy.is set
to G0 T6 BB R P88 fOmARAF AT SRHPE PRI AfriRsE trRdTdraarsaey is
updatateies ssaftiherrelbtiopshie will deid fileekhonoat ihplemesalionsignal. More
parREEIC SOBIdeTalons, SUch 86 e B of Bropess Moo e O, 1

. o
rapidly’itis expect ange? In‘the lustrate fent, Whi

| filtepign itevisdquroce spnbed watertiges Shiftgeaotitipin dereidotheriial current sensor

_ mea@%ﬁ{iwlmﬁ%ﬁg%ﬁfj i@[@aéﬂ%@%ﬁ?ﬁ% B&EA%E%%QQS%/IOI%éZEﬂI}GmGH’C 118’ 1san

average of four past. sensor measurements 1157, Periodically, a sensor measurement 115’- for
the current iteration is trgnsmitted io the store to take the place of the sensor measurement
115°, which is then purged. In this way, when the process parameter represented by ﬂ;e
current sensor‘ measurement 115’ is in a steady state, high frequency signals, which are
apparently the noises, are filiered out. When the process parémeter is in a dynamic change

state, the cut-off frequency 121" is shifted up to avoid filtering out the true signal.

~ Note that, in the embodiment of FIG. 4, the cut-off frequency 121° is 2 piecewise
limear function of the difference 112°. In the illustrated embodiment, if the difference (d) is
3% =d =10% (full scéls), then ’;he cutoff frequency is set to 0.01-0.2 (normalized Z-
domain). In such an embodiment, the precise parameters of the relatioﬂship will be a
function of implementation specific considerations, such as the type of process _
monitored and how rapidly it is expected to change. In the iliustrated embodiment, which the

monitored process is a water-gas shift reaction in an autothermal reformer, which is not

6
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expected to change rapidly during normal or steady state operations.

Some alternative embodiments might even choose to use some other

type of relationship. 5 FIG. 5 illustrates the functional components of the
WHIBPHBESH FIG. 4. More particularly, FIG. 5 illustrates in a BIGORHGa4741

the transfer function 500 of the Is™ order filter 400 in FIG. 4 in the

z-domain. Note that, in this embodiment, there are four flip-flops 503.

h st Qres the difference betwe nares ctl hlstorl al Sensar
eKpe'crl;;f1aea(::slsurem ftd® ﬁgy ul’fy%ne In calieg fa %1 Urrent e sensor e .altemame
smbafiezeir erigbheveShTee osislgeneaiings tﬂgﬁqﬁrﬂgﬁm@mﬂh@mdlcated) of the

differences 112' (only one indicated) are then averaged and the averaged
historical sensor measurement 118" is used to obtain the cut-off frequenc

181G shikhaate ol SirEaRs sorppneabicridbe RbteE A Mdfiite 4. More
partiélelays BOS. @@M@ﬁ%smgi@%dkf@@.ﬁa@ﬂ@ﬂ&%@%ﬁ&&a@ 'f@ﬁfk:e 1“ order
collecti hey store the, last four_ histor a S meagureme
St Lo TS S BB iEoTe Fdr 50 R R PR das gy tops
503. tfm&hmths@mﬁmmemmemt&ﬁ%hwthﬁtstmﬁ k%@hﬁﬂidxmmha&s 118
too close rrent sensor. measurement 509 ar
o e Rl T RS 11 A SRS v omly
one mdq@mdﬁeaﬂuﬁg JHifmered idtRcatesithenthitddenisdr meatheremismzd 1@5 the

averRJSLEAIBYING GHIE M ASHSA MRS oMk 1 Huel0 dicalesrtie el 121°

sensor measurement 115', preceding the current sensor measurement

from1 they cBOLT FEapsRFY dPNTEPaiiFalbut SHBlcRISe firdlndiarsstPihsemkie one

indidBisty ieathe ENS FoMESTRUBRME Nink 1BaiSAUEIE0K10Be atHIe B TRD FS NS fbrical
measurementii ', 25 'Returning to FIG. 1, as those in the art having the

SensQIREAGTIRS diStiosure will appreciate, the filter 100 may be
implemented in software, -in hardware, or both. Thus, either or both of the

cusefl equencyisiore 100 andibeistosienl senserreadina(ShSofe 103.vica
may be Imp men n Software as, 10r example, a ala tore i
sensenimezsiimentqlblieinotha denall&st shoukibifiitcred B0 cfidaGiodthh emﬂnbﬁensor

ﬁ%@%§t0r@né<2ﬁ1§g@9&6@@%@%@%@%\@@@%@@%&& t&ﬁ@'ﬁm%ez of

they may be implemented in hardware, €.g., stored in & memory device

readiggt e @ ths AIECRIENIRly BHISram %@%éﬁmm@mmwmw

1157 Qpreceding the current sensor measurement 1157, Z 7 indicates the tenth sensor
measurement 115°, preceding the cmrrent sensor measurement 115°, ete. The value of x is

arbitrary but should be large enough so that the historical sensor measurement 1157 is not too

.close o the current sensor measurement 1157,

Refurning to FIG. 1, as those in the art having the benefit of this disclosure will
appreciate, the filter 100 may be implemented in sofiware, in hardware, or both. Thus, either
or both of the cut-off frequency store 106 and the historical sensor reading(s) store 103 may
be impleme;r;ted in software as, for example, a data store such as a table, a lst, 2 quene, tr)r‘ a
database. In the filter 400 of FC{G. 4, the cut-off frequency store 106” is implemented in
software as a look-up table. Or they may be implemented in hardware, e.g., stored in 2
mermory device such as an erasable, elecirically programmable memory (“EEPROM”™), or 2
random access memory (“RAM”) of some kind. In the filter 400 of FIG. 4, the hi
sensor readings are stored in a plﬁxality of memory devices, i.e., thé flip-flops 503 shown in
FIG. 5.
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random access memory ("RAM") of some kind, In the filter 400 of FIG. 4,
the hi; sensor readings are stored in a plurality of memory devices, i.e.,
the flip-flops 503 shown in FIG. 5. 7 WO 2006/065677
WPBDROUGED05/044741 Thus, at least significant portions of BEIHEPR5(44741
200, shown in FIG. 2, may be computer-implemented on, e.g., a
computing apparatus 600, illustrated in FIG. 6A and FIG. 6B, in the form
of an application 602, written using, e.g., SIMULINK, from Matlab. s
Although the illustrated embodiment. is rack-mounted, the computing _
appamtas BAG sigdfisettbpodickanduine defhaf 2ABosheientsl (Rieed; Mgy be
c.omp%?é’r?&&gci‘é:%%%{t&iv&{] inpplementation isnot. matsyishtedheorasties ohthe: FIG.
iInvention. The computing apparatus 600 may be implemented_as a
6B, tedktofoparedran coRisaron £\VorRatigsnIS S tetfooR DF AT cTRTpubértiab-

Alth e MPeslded: JaresBsanheRl i dkendiihtbheco BaRLpinG @pRRatus d0need not
illustrated in FIG. 6A and FIG. 613 includes a  processor 605

be TaEKTICRRHT G T EPAHE 6 Y e FASHTR ) e A6 TS ot HERPREE SRS 2
matefaYo el ueiRtashardidiskvansher rerdermpnites apparntos 6 (RAM baimiidemented
removable storage such as a.fl magnetic disk:617 and I
5 & R DB ST R 1t B R T G et R o
procterataiselilacquired as discussed above, an operating system 630, user
interface software 635, and an application 602. The user interface
software 635, in conjunction with a display 640, implements a user

intHacoBaBtTh cpparimcbicdbataindyinElfee phrigke Bl G1GBeliciudes @

procéys%p &3 %Aﬁﬂﬁ%ﬂﬁé‘%@?ﬁ@a@é@& a W§@1§55§/§@5336Qy3mé &&an BE0 may
~_processor 605 runs under the control of the operating system 630, which N
inclydeg B aifaBfNIRFRIRFoBRIEITI TSR EREA TR TFROYRRIE Storege suc

- as 2 3RpGAHAENEER dssingokedbynilptionedRlirng Sy STmsGaagepint powreodp] with a

B
userlibesingdachinigeealfismatech inrBl@atiqr2 50PhuShat esrsinsenfaecasyformeof3s, in
conj%%tﬁﬁ?%v?&ta{ Vs%ﬂztai? Bﬁﬂ' Iwé%elgsbaeﬂggplﬁg}?mg gﬁ? The user interface 645 may
include peripheral /O devices such as a key pad or keyboard 630, 2 mouse 655, or a joystick
660. The processor 605 nms under the contro] of the operating system 630, which may be
practically any operating system known to the ari. The application 602 is invoked by the
operating system 630 upon power up, reset, or both, depending on the implemsntatiqn of the
operating system 630. In the illustrated emboﬁﬁmt, the application 602 mcludes the
filtering technique illustrated in FIG. 1.

Thus, at least some aspects of the present invention will typically be implemented as
software on an appropriately programmed computing device, e.g., the computing apparatus
600 in FIG. 6A ané FIG. 6B. The instructions may be encoded on, for example, the storage
610, the floppy disk 617, and/or the optical disk 620. The present invention therefore
includes, in one aspect, a computing apparatus programmed fo perform the method of the
invention. In another aspect, the invention inciudes a program storage device encoded with
instructions that, when executed by a2 computing apparatus, perform the method

invention.
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software on an appropriately programmed computing device, e.g., the
computing apparatus 600 in FIG. 6A and FIG. 6B. The instructions may
be encoded on, for example, the storage 610, the floppy disk 617, and/or
WEeeaT disk 620. The present invention therefore .includBSTHBHE/044741
aspect, a computing apparatus programmed to perform the method of the
30 invention. In another aspect, the invention includes a program storage
deyice encoded with jnstructions.that, when execute ing :
s e st e S A JRRU i tems
of 2 PETAKSROT SN IroSsHiavebrissyoitpbcderaterigberyipfioneraécaspn data

bits PHAGONSRAMEPTY PreReRieH ié}g&?éﬂi‘%@é@ ALEJEYRIE MENIROIRERGESSns and

involving symbolic representations of operations on data bjts within a
reprefeaiABIpSraEs bty B5RtelY dhessom liing iy B ST IREE ek L st the

subsi@hh aPIeseriatons siefhaimprans Used-pY those drobss arhdodp@stion require
effectively convey the s substance of theirélxﬁ/orli to gthers skilled in the.art
[

physippl PYSERLEUNT ReP RSPl BbATE Sy si PR E s BRSTSReT: s
quantitientilesiid Soatlyothingiosionngressanty ptiesk signalatitipatibkeftheifigrsored,
f electrical, magnetic, or optical signals_capa being. st .
e P R T A, S o o I i, onventent o
timeqrovienipaiy érertsanstiniemnpringipatgeororeeiors Grasoraigmsuda §éstaralues,

slem SIS {niBERe ARl AR IS alNes, fpalements, symbols, characters,
terms; numbers, or the like. It should be borne in mind, however, that all of
these and similar terms are to be associated with the appropriate physical
quantiting Bpe sradneralheORYRBIRA! lakelsianpling thasdiayantiiesse to be
Unless %)necifically stated or otherwise as may be apparent, throu'gihénft is lied
aSSOGHES LR PR R e R R SR AR ST S TR E RSB TG 1abels apphie
to thesecansEsal aumtiectnniacatyisaldhat mheipuiates may iramsiarens dataghout
represented as physical (electronic,.m tic, or_optical) guantities withi .
the pg§§ﬁg?§%§?gﬁ% e?/si%ég%s(csrtlgﬁé’élé i Sr(?t%g%d%“ta"éﬁm. arlf)r/g %e%’%s%% e gég%omc
devigh yhicahanipuititee svdithinsterstdeégespoesented ispissionl (aletigphy, magnetic, or
. devices. . Ex Iy e naQti C scriptiop.are (N Qitt 1.1
G e A S T =y

repregatefnin iy siaisprayiitigs' witbih@gileiorage, or in transmission or display devices.

Exemplary of the terms denoting such a description are, without Iimitation, the terms

“processing,” “computing,” “calculating,” “determining,” “displaying,” and the like.

Note also that the sofiware implemented aspects of the invention are typically
encoded on some form of program storage medium or implemented over some type of
transmission medium. .r The program storage medium may be magnetic (¢... a floppy disk or
a hard drive) or optical (e.g., é compact disk read enly memory, or “CD ROM™), and may be
réad only or random access. Similarly, the transmission medium may be twisted wire pairs,
coaxial cable, optical fiber, or .some other svitable transmission medium known to the art.

The invention is not limited by these aspects of any given implementation.

- The present invention will find application in 2 wide variety of contexts. Consider the
context illusirated in FIG. 7 — FIG. 8. FIG. 7 conceptually depicts one p:
implementation of an autothermal reformer (“ATR™) 700, which is employed as an integral

part of & fuel processor. A fuel processor converfs, or processes, one type of fuel into
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Note also that the software implemented aspects of the invention are

typically encoded on some form of program storage medium or

implemented over some type of transmission medium. The program
wemIaEesATEdium may be magnetic (e.g., a floppy disk or 25FCRAIRPHKHaF741

or optical (e.g., a compact disk read only memory, or "CD ROM"), and

may be read only or random access. Similarly, the transmission medium

may. be twist ire pairs, coaxial cable, optical fiber )
anctogh e Rt ST T e G o g geroon ol
(e.g., limatitedl Igpshhiose lnsipests (any Tiveh TR Fiimamntises sovviak pregedpfl — 705,
inciudYE DHAR L fnd. anmlicationsin. wige-yarehef onsidREiRRer shif
mcm%mlgﬁtg%(‘%ﬁ%vs%g?e% In F%%S?St $6ng|1(§6 %%gﬁéa%%%ﬁcg‘&%%&icts one g~er )
bed TidpleemehtatriaTar hutoiierReafFers i BRERgR TrBEeHHh jeat reduces CO

. concéiRRigyed Ax AR ltearrdintahadiee THOCESR oA ite bpragsiesented with any

~_converts, or processes, one type of fuel into 9 WQ,200Q6/06267 7. . B
st RE SO0 U A P anbIREFAH8 RFROTIY T Wi AT g2 i o e
in thPkREASERHIApaRessabAcydipcdtiarvfibt (dfgmaannaiges) into

hydrogen (H2). The ATR 700 comprises several stages 701 - 705,
including several heat exchangers 709 and electric heaters (not shown).
THenckfof the hskhiftx e §40 702 retivivse ttioper 0T cFOR0 s feisig(not shown)
‘water-gas.ghift reacti . ce5i GRG0 ti nd.i es
over \g[@e p%%%c]ﬁign ra?g.% T%%S%%@?%% f%%y be imp?gr;%?e{g%v%%gg:g tgﬁl‘?tablé) .UTB’

respedavign Kiewioro mie for thereopisst §o saehlBeriGratialivh the SFiRepLye 7aiable
spee&s(fef,aﬁés{ﬁ%@ Hhe watergasshiftreactinry anddhReeaposition akéhntrolied by

reformate produced. Each of the heat exchangers,??ﬁ? receives _.
e

an syRREETALPETEINTBIRE CORIABOTAY: B ol SOEN fe Ot LENTESIN, — 42
respd@RREEU TR SRStk ehitollifatstheshngs SdihbImel blib3]y st medyr Prussure

flow rate_for the_coolant.in each line is.controll a tespectjve variabl
over o et B0 VRS AR TR 6 PO AST S BHRS K o
the fRf@ cantodieivbyl an Fhdoraaied toreolisyxmwithior bhoivf) s si:g_tiates of ATR
700 SSEYEd, Qvel the NS i 3:}:&%9%@@%%5‘1%9&%&5& £oRbedimentss 709,
a single pump may supply coolant under pressure is over the lines INi- .
Note| NBaRHhE frovimptéieddyyibeomisirg Gyshow ehmestyales Sierks fifeheat

exchggﬂﬁ%g%io\ﬁ_?g %%%? IS IEA R IEMBE ARSI VDI h8SMEPLd05 have

sections of A ) ' _
been omitted for the sake of clarity and so 2s not to obscure the present invention.

The shift bed 712 also includes a piurélity of sensérs T — T4 disposed therem for
sensing the reaction temperature(s). The precise number of temperature sensors Ty is 1ot
ﬁateﬂﬂ although a greater number will typically enable a ﬁﬁez degree of conirol. In the
ilinstrated embodiment, the temperature sensors Ty — Tz are thermocouples, but other types of
temperature sensor may be used in alternative embodiments. The temperature sensors T; — T4
monitor actual temperatures at various locafions within the shift bed 712. Temperature
detection points are selected based upon the structure of the cooling/heating system and should
be selected so that the measured temperatures reflect true reacﬁén temperatures rather than

localized temperatures adjacent the heat exchange coils 709.

Note that the temperature sensors T and T, both measure temperature near ﬂ;e same

heat exchanger 709 in a detail that is implementation specific. That particular heat exchanger
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700 can be controlled by controlling the flow(s) of coolant through heat
exchangers 709. Note that FIG. 7 is simplified by the omission of some
elements. For example, the heat exchangers mentioned above and

W aedshPuts and outputs to the sections 703 - 705 have XS BHEEH05/044741
omitted for the sake of clarity and so as not to obscure the present
invention The shift bed 712 also includes a plurality of sensors T1 - T4

709 & %ése ,#%,:re rﬁé é@élﬁiﬂgiﬁg&rrﬁ@‘:“%& %t%r%%&ﬁ a% EE%E&%? T — T4

number o mperature senso IS hot materia greater

measiimiepwalunzpicaRsE Aeb | & i netatid yFe bast exntival cwm@% 3| |best feeahanger
709. eMRodimentdhe E@éﬁ&ﬁéﬂ%ﬁ%&%ﬁ@%&&éﬁ%%%E&%Oﬂeiﬁ%hb%pemost

other ty @%s of temperature sensor m élbe used in alternative
catalyshbRs AT e Ee e RIp onand SBiRRG Sl 4RIt bed 712 can
shift tem%tawée&@étvaﬂ@ueieeaﬂe@sﬁw&tyméﬁ@aei{trbeetﬂérzmmmmweeacﬁon

ct t lect the stryct f th
e e B S AFARG S T B A HGBILD L RS R0 6 e AT

700. téiipardtused Bflext mmgaﬁ:ﬁfmmmrtwamimssraﬂwdhm Stocdbpedhown)
takes ?hmBl Iu 5?%}1%%8%#}&?% %Qﬁ !rsé Ztgugall!\l ostseoi[sl:ll atthe or difference
temp ature Sensors e éure temper}o{ture Hear the same

betwh@skihe Ko ApigLPrEDYSH a detail that is implementation specific. That
particular heat exchanger 10 WO 2006/065677 PCT/US2005/044741
709 includes only a single coolant input IN1. Most of the temperature

seh¥r<of | they AoTRsEaiure fsRiSEYature dowridReEnt FsvRcstatBebdd: -
reprﬁeﬁ&mwmwyagsadheatﬁmw%nzﬁ&tﬂ}k is BupRaseeifreashtos T, -

o RN BRI SRS %%ﬁ%iq#g%%ﬁ%%%&%%%s -

Ms maomﬂmblfedahgl seﬂép&mtb\ﬁiﬂér m}m ahsuring ARG I’ditemiﬁierﬁtﬂl’ﬁ]laﬂ&ﬁfbodunem

n 0, seco n |s ad
e B S R R B dR S mey
be mylipdergdciné contdidenpe m@xbm@qﬁltsyét&mmn@w@nmm.

higher of the two temperatures. Typically, there usually is only a minor
difference between the two temperatures: 10 Each of the temperature
sehehrating agt Wﬁ%‘lﬁﬁ%%@@fﬁ@ By FrarReR Squperature in the shift bed 712

within a desired reaction temperature range. In order to achieve this objective in an enlarged

shift reactor, multiple heat exchange coils 709 provide localized temperatire confrol. In the
illustrated embodiment, the elongated shift bed 712 utthzes three dszerent heat exchange coils
709 for controlling the temperature of the shift bed 712. The flow of coolant through each of
coils 709 can be manually set and adjusted in response to the filtered temperature sensor
measurements. In an aliernative, the filtered temperature sensor measurements can be relayed
or communicated to a conirol system having a control loop capable of automaticeliy adjusting

the flows of coolant in coils 709 in response o the filtered sensor measurements. One such

- control loop may inciude a reaction temperature control strategy that varies as a combination

result of H; production rate, shift reaction stage, shift bed vertical temperature gradient and

the temperature detecting points in a manner described more fully below.

FIG. 8 conceptually iliustrates a confrol loop 800 empioyed by the il
embodiment in accordance with the present invention. The settings for each of the variable

speed pumps 715 - 717 1s conirolled by a respective control loop 800. The control technique of
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representative of the sensed, or measured, temperature. The temperature
sensors T1 - T4 operate in parallel, and so the signals M1 - M4 are output
in parallel. Each of the signals M1- M4 is conditioned by a respective filter
WaARMsLIsTN in FIG. 4. This particular embodiment 1s therefBfE &ifsf4741
four filters 400 in parallel. Note, however, that multiple signals M. may be
multiplexed and conditioned serially by a single filter 400 in alternative

embodiments. Preheating a ater, cogli infal ' .
00 DA R D 1% e o LLAIEE 8 modeling
effectr&hg_eefbamcdar mtdeiwelﬁdig@@@& 'ﬁg@ﬁnxa@@@ eGP, shifisretiercpspduction
rate, %gﬂ?.ﬁ'&ﬂs% d%g@?gﬂg@@'%%%m&agdﬁ lgcalizad EAE RROHOAR: are

ilMustra odiment, the elongated shift bed 712 utilizes three
used tifferaproiseiatiadedaleEeils Mmoot ST, thelbm BRI of the
shift bed 712. The flow of coolant through each of coils 709 can be

manually set and adjusted in response to the filtered temperature sensor.. ..

m &G PR Y YRS SRRAERRE FRESH ﬁ%@e??@ﬁ?ézggt%?@% s% %?gen prodhction
rate BRRASHAMERBCANDETS|aystan asraperutne naliidsioacontapigsy stérahift bed

having a ¢ontrol loop capable of aytomatically.adjusting 0fel £ 1
DB TS 08 TP T W G e £, el for cac
secticitiohiheahifobideprbeayinalaied for sctitione mgdacnditors irbpatrartepyreras the

varies as.a combinati ion ripde, shiftieaction stages, er.
geon%%ﬁsb%%%gr ca EZ %?a%%%ﬁa%ﬁ?? {ét%l%ﬁhe tegn%%erature detecting e

Varigysimodelingriasimiguse su ibisdtmerarsuimonel oy, o Ricd @By apithiRymodeing

twﬂﬁ@t%?%éwgﬂdoﬁ%mﬁﬁ thed/fh amheriseepsifts to be nsed for
accordance with the present invention, The settings for each of the ..

the gRREBRS FRSEP U RRFES A5 PO Tl BRI oG SSFERIR SRS HsBp o™

rate %}p.{‘%@ﬁgﬁg%@eﬁni%eﬁﬁr&g W EkRROBIOREE6 Thef CEHd 52 0DBIQARE Al stem
the-present invention employs, in.the, illustrated embodiment, ompl

ot AR G R, TR0l P T CHE AT s e

sensat® @; seTfomhshiftisactiodsitgdistiondnate,ete. hidevsiopsreeiinantts PBmple,
the %%%}é%@g eﬁ%ﬁthe gl%r%t %%&%@3%?%“%%&69&&3{9 Qéﬁsc}fs?eﬂ to T, and the H;

ensa e Model offset to improve robustness of the controller. 5
production rate of the ATR 700.

More particularly, the model (not shown) used by the illustrated embodim;:nt was

- developed using Asper Plus and Aspen Custom Modeler. These software packages are

coramercially available from:

Aspen Technology, Inc.

Ten Central Park
Cambridge, Massachusetts 02141-2201
USA
Phone: +1-617-945-1000

- Fax: +1-617-949-1030
Email: info@aspenteech.com

However, other suitable modeling software known to he art may be employed in alternative

embodiments.
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More particularly, system modeling takes into account the target hydrogen
production rate based upon current flow rates, upstream temperature
profiles, reaction stage and shift bed temperature gradient due to heat
wpH¥EsdsEXothermal reaction effect. A system model for ea@& TEEBHGHGH 741
the shift bed can be generated from reactions and conditions that occur
upstream, the 10 geometries of the reactor(s), the feed to the section of

th hift cat used, etc. Various modeling technigues of this
tySgB g?é‘ i%%%%s%%%?%% éﬁ%% gr?yl}%ﬁy abre ot g’%‘gggtgécgrgﬁsq%ee IAyApee of the

ATRe TP &y et Systesrmodeldhiony beseudlyoaysnaamerstip dintsteubicniseltsired

statelQE RS SRMPSLABUGGRNTH ﬂ?&?ﬁﬁémm&nﬂﬂggr&%ﬁ?%ﬁgi%t&gposiﬁans are

reformate composition, flow ‘rate and temperature that will be entering a

determained, BT fE kit Aateh it jadieratin oge ifgly drialeseactions or
estingfied pins atRiEts ’iﬁ@ﬁé@&)i@'&ﬁ%ﬁiﬁd : 8 'laﬁﬂ%ld%@@ by the %%%Pﬁf Eﬁ‘ﬁ#rﬁr specific
sensors Tl - T4, The system, modeling also produces a set of results
o R IR TSP R T LT BT oL TR e SR ABY e mods
calcibameperdtul sanfons it {164 dogdhietkt? bprbdustiomeatetahitie OTB 78RQ), and
0 rticularly, the model.(not shown).used by the illustrated
e B O B R S P e custom
Modeler. These software packages are commercially available from:

seroLanbielampelafor 10 SRRURbRRSANATIAYE, MaRarl Hotlitanre

. 02141-2201 USA "Phone; +1-617-949-1000 Fax: +1-61 -
Tise FRRMIREN TS MRpERiseentee fios shewsr obtherATRatsecHeadellng seftwesition of

reforkRgYNstaiberaiarn P pioyed faalernativedwmbndingn tadolY Qarameter
. 2006/065677 PCT/US2005/044741 The model has both steady-state and -
estma;gw 13&%8&6% ggm?ﬂgibcgﬁ&ﬁﬁﬁggigpﬁé;alculates t@cdesnedspeafi needed for

the end use from empirical correlations.

The control loop 800 shown in FIG. 8 controls the reaction temperature of the fuel
processor, ie., the temperature in the shift bed 712, shown in FIG. 7, where employed.
Multiple control loops 800 can be employed in serial or ﬁl parallel] to conirol the temperature
in a plurality of locations thioughout the shift bed 712 or elsewhere in the ATR 700. A first
component 803 for a setting adjustment 806 for an actuator governing a measured
temperature 809 in a reaction section of a reactor is determined from tﬁe measured
temparatm;e 309 and a setﬁoint 812 for the measured temperahwe. The setpoint 812 is
dctcrmiﬁed as a part of the modeled results discussed above. The measured temperature 309
is the temperature measured by the temperature sensor Ty, at the point of interest in the shift
bed 712, shoﬁm in FIG. 7, at Which the temperature sensor Ty is disposed, In the illustrated
embodiment, the difference 815 between the setpoint 812 and the measured temperature 809
is mput to a proportional-integral-derivative (“PID”) controller 818, such as is known in the
art. The output of the PID controller 818 is the first component 803.

‘A second component 821 for the seiting adjustment 806 is then determined from a H,
production rate 824 for ATR 700. in the illustrated embodiment, at least selected pos
the modeled resulis previously discussed are tabulaied in a form indexable by the H;

production rate. Thus, the modeled results 827 may be, for instance, 2 look-up table wherein
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ATR 700 is estimated by the model from thermodynamic parameters that
result in a desired state at the given temperature and pressure. Reaction
conversions and compositions are determined from either kinetic data
wazatksgs 1M literature for such typical reactions or s estimatdtCRaiPéfUed= 1
based on experiments conducted in the laboratory for specific reactions.
The desired H2 purity and flow rate for the reformate are specified and the
. model calgulates natur w, air fl W% C Blg bac om th
Vel OIECTER) A RS AT B St Whick
they (iedadChidie thaatic) miodBlvd resuiisi 3G Tempyrataly gramhearqmvﬂee Ty modeling
the of SEHARAAR O AR 0AGIAIPBRIAINES ASRlRRUANG L RAIBHERR Nore

ree energy R rea mposition of reformate is
also tHeltérervisicdyation aidhe |ferrom¢we¢m@d§rmm@aﬁ&9éa§%b%ﬂ%ﬁﬁe@med n
parali%?ﬂf@ﬁg%) Using this composition, the model then calculates
thedesiredspeed needed for the end use from empirical correlations. |5
The control loop 800 shown in FIG. 8 controls the reaction temperature of

theHuebtie Gﬁﬁﬁﬁfxeh@ sah@stemp aeadtrenin theshife ifest 42 ssbmrtdmponents

FIG. 7, wher em ultipl ol loo 5800 an be em
803, 82fial By % § B §%Eu?%8 R ura(frtnyp o??ocatir{g#’s 1 are
sumnibdowgdsimmmsmﬁuk@ddzmmIﬁéwmmmaﬁmﬂ'@&mbﬁr’sm@@ts may use
more SOURSAEIY 89%{ 251! g@%&%@&r&hﬁ% for, 20 AEUALRN IRNEINB s then

ure emper ture In a reaction section of a réactor Is
signatbdibyfimeduaismotre thelisardd Motpeithesstivaadeserpolittarsyee 0, Le.

1no cﬁﬁ%@%@%@@é%a@&%@ﬁﬂﬁm%@ Heteminedias PRt 812.

he modeled results discussed above. The measured temperature 809 is

Howsfiers&h#geraire msadh reeshynhahamp ermeizse At e fiReopmnermt 803,
the sdBIBIEIRdhanshift 2bded dhinshawamnii Sdoiwal vatich-Hectemperature

sensor T. is disposed. In the illustrated embodiment, the difference 815
 between the setpoint 812 and the measured temperature 809 is input to a
prmwt’tma&ﬂrm@mbﬂaﬁmﬁueeé"Rhla'ﬁmmmlkenm;wphmﬁs §0To\v8a incould

the art. tput o trall 8
work AD0pD & g et o%s efr% g%e%w?; a lﬂ:é#ﬁfﬁ%{éé%&@%%éQ&h%@ the

—+

PI
componen ort IS th
pumme:tem:nmd ﬂ@m ahB, probe ctiusiresné ezhor@mmﬂmq SOMPINgstrated, 821

are n%{néw&{@rﬁﬂtl’ '@Eﬂms%ﬁﬁ@ﬂr%qm coolant flow. Specifically, the H, production

rate and the information from the look up table, ie., the second component 821, is 'the

" dominant component. The first component 803 that is derived from sensed temperatures 809

and the setpoints 812, is used to fine tune the pump speed. By way of example, the second
component 821 might imstruct a given pump to operate at 80% of capacity, while the first

component focuses on the error and may adjust the pump speed by +5% of capacity.

Thus, the temperature in the shift bed 712 can be controlled more aceurately than in
conventional approaches. As is shown in FIG. 3A — FIG. 3E, the dynamic cut-off frequency
varying filtering technique demonstrates better response either in rapid process variable
change or in the steady-state. In addition to providing a betier conditioned signal to the
control leop 800, shown in FIG. 8, the quicker response helps re&uce delay therein. Note
also that the filtering technique of the present nvention can be used to control other :
of the operation of the ATR 700, such as pressures, fiow rates, seneed compositienal data

etc., and in contexts other than autothermal reforming and fuel processing generally.

14



the modeled results previously discussed are tabulated it a form indexable

by the H2 production rate. Thus, the modeled results 827 may be, for

instance, a look-up table wherein 13 WO 2006/065677

WP BTHISBOD5/044741 various setting adjustments for the aCiEds28i044741

indexed by the H2 production rate to which they correlate. Note that the

modeled results 827 are typically generate a priori by modeling the

operation of ATR 700 in a variety of operating scenarios to obtain this

information. Note also that the determination of the first and second

cofhjroremnis B30 SaRtatal descppriormEbeinasipaieal kebordimsakiafispinsed above
are iﬁ%%%%dwﬁg%tg%@%%éﬁﬁ&dﬂgr@@%ﬂéﬁ%&h&ar?ﬁmeﬁqanéiffem but

components 21. In the illustrated embodiment, the first and second
equivebiPhBERtS S0B218RY tarthosesliited d9 Shraar WayiBeipg) rteRtnE Hicstsachings

nereiftlthelsghealisroatly e piehpdimentsmaydse Henaeraisahistieaieton or design
techniques for the determinatign. The s_etti%gfléad'usimegg%o is the

hereigighaiay AR ERABIAR RTSENRIGHR e SRR SR MWar this SATHEFRAUSTRCRE: B
parti €08 Baydaenntedistiosehangedsmeadesbrdassebdifinteaslisgidsuch variations
temperature 809 suitable matches the setpoint 812. Howeyer, at any. .
oo CORRATHRC PTb AR S B AL R T Hhe fro Sammonant BB otos
sougth@semandscehipohéntiB2laimsdehersetting adjustment 806 will be
non-zero. 15 Note that, in some circumstances, the first and second
components 803, 821 could work in opposite directions with one telling a
pump to increase flow and the other telling the pump to decrease flow.
Thus, in the illustrated embodiment, the two components 803, 821 are not
given ;equal weight in controlling the coolant flow. Specifically, the FI2
production 20 rate and the information from the look up table, i.e., the
second component 821, is the dominant component. The first component
803 that is derived from sensed temperatures 809 and the setpoints 812,
is used to fine tune the pump speed. By way of example, the second
compohent 821 might instruct a given pump to operate at 80% of capacity,
while the first component focuses on the error and may adjust the pump
speed by i-5% of capacity. 25
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Thus, the temperature in the shift bed 712 ban be controlled more
accurately than in conventional approaches. As is shown in FIG. 3A -
FIG. 3E, the dynamic cut-off frequency varying filtering technique
Waeaesirites better response either in rapid process variab?e TEREaGoE06#741
in the steady-state. In addition to providing a better conditioned signal to
the 30 control loop 800, shown in FIG. 8, the quicker response helps
reduce delay therein. Note also that the filtering technique of the present
invention can be used to control‘—gﬂﬂ}w—,%f the operation of the ATR 700,
such as pressures, flow rates, sensed compositional data etc., and in
WHAD kS han autothermal reforming and fuel processing generally.
. 1ﬂvo aZI%(‘JJG/OGG561,@1I?CT/U82005/044741 This concludes the detailed
‘ desc?ﬁﬁlon.s’r%én%artlg'u!ar embodiments disclosed above are illustrative
orflyiosRsof 76 IRaFemE SHIARAY BRHBMEI S racticed in different but
eqUiMeT bakaREess-aff ieteaidastoserskilita inithe Getbavineetheetropiefid with
= resPLH® 1RGNS NRLURFUINCINQIR 10 IBLORR AR IBRANRCIAN Cronsor
etails’or construction or design herein shown, other than as described in
measyrFEERkifie below. It is therefore evident that the particular embodiments

disctise dabove maybaeglterad hnansdifiedaastbdifroucths adzafopaenel cut-off

frequ&%%iqgrﬁlg paLh %ﬁqedﬁfé?%@ggcﬁgﬁittﬁé gﬂ&é&“@ﬁ&@cﬁl RGEEN AHagretBht and 2
protection sought herein is as set forth in the claims below. 15 WO

e SRR EREFFPETIUS 20051044741 CLAIMS WHAT IS CLAIMED: 1. An
apparatus, comprising: a store, of at least ane historical.sensor

2 d TR S AR ST i

{
18T .
|aFrcchc{13l(§’fﬁ?seau°(§vr1%ltses, each potential

5. Cupeltlieeney beinaassociated il guasRarliveRaialial difference

£ & H
betwéen a'sensor measurement and the’store orical sensor

4 Megsurement and a filer having A suisafifieaneney.dyaamically selected

from the store potential cut-oft
3. The apperatus of claim 1, further comprising & preliminary filter capable of filiering the

curtent sensor measurement prior to taking the difference with the stored historical measurement.

6. The apparatus of claim 5, wherein the preliminary filter comprises a software-implemenied

filter, ‘

7. The apparatus of claim 5, wherein the preliminary filter comprises & hardware-implementied
. filter. '

& The epparatus of cleim 7, wherein the hardware~ﬁnplemented flter comprises a resistor-

capasitor circuit. .

9. The apparatus of claim 1, wherein at least one of the store of historical sensor
measurements and the store of potential cui-off frequencies comprises & sofiware-implemented store

or 2 hardware impiémented store.

16



frequencies on the basis of a difference between the stored historical
sensor measurement and a 10 current sensor measurement. 2. The
apparatus of claim 1, wherein the filter comprises a low pass filter. 3. The
apparatus of claim 1, wherein the filter comprises a high pass filter. 4.

10The appaippasa@l chatimtsdmwhersierthe filerea ises:arRand-pass AlRGrements
5. The agg{%ratus. of FI%W& ]a sft%;t{:her comprising a preliminary filter capable

O e5.8 Warc-1umpic & . .
gpﬂ?erlng e IS CU?I’GI’]? sensor measurement prior to taldng the

pdiffergpee it the $aigg elofsal MeAEMSHLC %Lé%&ﬂ?@fﬁéyé Amprises a
claim 5, wherein the preliminary filter comprises a sottware-imp emented.
pi‘?ﬂ?@ﬁ?ﬁ‘?’ﬁ’é‘%ﬁﬁﬁﬁﬁs of claim 5, wherein the preliminary filter comprises

a hardware-implemented, filter. 20 8. The apparatus of claim 7, wherein
e hCF G aéﬁ’téd‘???ﬁé?l&&lﬁp%ﬁ%@@g%gmr@lﬁ%meeﬁ*eaﬁ?@?nses .

sofiiverapppicatenstaf dainrdstmbierein at least one of the store of historical
'sensor measurements and the store of potential cut-off frequencies
13comphsasrarspinebelrdm rpibareintthd atr etrurturhcomlprins atgblemdistedqueue, or
2 SiRkasl6 10. The apparatus of claim 1, wherein the store of historical
sensgr measurements comprises a hardware-implemented store. 11. The
M ppal AAERSFES A Yoimn sy iR aNauFaraRTisasie sl Stpianented filter
1commisespardpis palidyiaf Inamety tlesitesodriiie REPREALISNEARIME] Kiter.
wherein the store of potential cut-off frequencies comprises a :
16softwihe-dppatenneofe diaimtal Strudirein 18e THastoppairapissmefiethifiitd, comprises 2
reMARSLEIR:IR,data, Riructure comprises a table, a list, a queue, or a |
database. 14. The apparatus of claim 1, wherein the filter comprises a :

: 17§0ftwﬁ{@émm%tagi@tﬁrwﬂe§eig l?ﬁeao[ﬁﬂ%ﬁ@géﬁsﬂ %@éﬂém‘éf@%%&%é?e% one of a
filter comprises a-hardware-implemented filter. 16. The apparatus of claim

TR TR FRTChy dr RS ISNE N SRR B o rhpfieWs Bite  measurement and a

compositional measarement.

,,,,,,
e

18 The apparatus of claim 1, wherein potentia.l'cut-off frequency is a piecewise linear
function of the potential difference.

19.  The apparatus of claim 1, wherein the historical measurement comprises an average of 2

plurality of historical measurements.

20. A method, comprising:

determining a cuITent Sensor measurement;

-determining & difference between the current sensor measurement and & historical
sensor measurement,

dynamically selecting a cut-off frequency for a filter for the current sensor measurement
from the difference; and

filtering the current sensor measurement using the dynamically selected cut-off
“frequency.
21, The method of clamm 20, wherein dynamically selecting a cut-off frequency for the filter
includes dyﬁamicaiiy selecting the cut-off frequency for a iow pass filter.

17
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resistor-capacitor circuit. 17. The apparatus of claim 1, wherein the current
sensor measurement comprises one of a temperature measurement, a
pressure measurement, a flow rate measurement and a compositional
WorReediréitient. 18. The apparatus of claim 1, wherein poterR{gI/ESeesf/044741
frequency is a piecewise linear function of the potential difference. 19.
The apparatus of claim 1, wherein the historical measurement comprises
an average of a plurality of historical measurements. 20. A method,
comprising: determining a current sensor measurement; determining a
difference between the current sensor measurement and a historical

22, semnamnmsufammnu(dywmiﬁadgmﬁimm&@%gqffcﬁg@@%m%J}'t&E filter
incinlRL &E)&ﬁgﬂwggg&%&w%@%ge ent_from cf %ldég%?r gnce; and filtering the
yramicaily s

current sensor measurement using the ected cut-off

23, freﬁ&eﬁ%%ﬂmh%ﬁ&‘%%ﬂﬁ&ﬁ@éﬂ%ns%ﬁﬂ ”% S%'e%%“tr%grf%e filter

ut-off frequency for the filter_inc amica

incly Fé Vit e 1’8%‘%)*5%
/118 09540% The method of clalm 20, wherein dynamically
ecting a cut élqz AR EREPTIRSE (REIRSEIEE AYFaRRICAIR %@F@Eﬂ’n@f stored

fnstomai susminhrsguwensly forkidiidghe patsififern2® Mdasuramtihod of claim 20,
wherein dynamically selecting a cut-off frequency for the filter s includes
25, dyRbrmetng seteing. fredvn cofpfidn Elhoynpiha dvamnt pass: filtesn@eihier noise

prior O@bResiehelaE2esfether comprising taking an average of a plurality of
stored historical sensor measurements to obtain the historical sensor

26. maasepemant oPSaii Rethedafsiain Aufkithes serpising fitstinaihe
current sensor measurement for noise prior to determining the difference.
27. The method of claim 20, further comprising storing the historical measurement.

28.  The method of claim 27, wherein storing the historical measureréenf ncludes storing the

historical measurement in-a hardware implemented store.

29_. The method of claim 28, wherein storing the historical measurement in the hardware
implemented store includes storing the historical measurement i 2 hardware store CoOmprising a

plurality of memory devices.

30, The method of ¢laim 27, wherein storing the historical measwrement includes storing  the

hisiorical measurement in: 2 sofiware implemented store.

31 The method of claim 30, wherein storing the historical measurement i the software
implemented store inciudes storing the historical messurement in one of & table, a lst, a queue, or
daiabase.

32. The method of claim 20, further comprising sampling the current sensor measurement.

33, 'I‘he method of claim 20, wherein dynamically selecting the cui-off frequency incindes
retnevmg the cut-off frequency from 2 software implemented store,

- 18



10 26. The apparatus of claim 20, further comprising obtaining the current
sensor measurement. 27. The method of claim 20, further comprising
storing the historical measurement. 28. The method of claim 27, wherein
storing the historical measurement includes storing the historical

34measumngRtitdcon SEAMYaE AR ARSI S8-cFNedRRigoReh I8 ofiware

.28 wherein storing the historical me ement in the hardware is
e B e ST S 8 RTARSTEA B 22 s  quee, o
& dagtebdgare store comprising a plurality of memory devices. 30. The method
350f clainmg? RreiDr SLRfRg A0 e -DIRtRlir AlyMeRS LS MSRERG YHES S Frequency
. the historical measurement in a software implemented store. 31. The
G RARS BBPGHREA RISE™INR BRETH LSRG the historical measurement in the

software 20 implemented store includes storing the historical
36meadfdRFENiRtsHim P TR dyspmaichll felestng dbs suisel Spaemey includes
reirethpthobelaiiif2udrihenc anprisag sasipliaghadsurrent sensor

measurement. 33. The method of claim 20, wherein dynamically selecting

the cut-off frequency includes retrieving the cut-off frequency from a

software implemented store. 18 34. The method of claim 33, wherein -

retrieving the cut-off frequency from the software implemented store

includes retrieving the cut-off frequency from one of a table, a list, a

queue, or a database. 35. The method of claim 20, wherein dynamically

selecting the cut-off frequency includes applying a piecewise linear

function. 36. The method of claim 20, wherein dynamically selecting the

cut-off frequency includes retrieving the cut-off frequency from a

hardware implemented store. 19
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