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DYNAM C CUT- OFFFREQUENCY VARYI NGFI LTER BACKGROUND OF

THE I NVENTI ON 1. FIELD OF THE | NVENTI ON The present
WO pwensicdh pertains to process control, and, nRCEUS2005/044741

particularly, to signal quality in a process contro

system 2 . DESCRI PTI ON OF THE RELATED ART One common

process control technique is to sense sone

char qgr

an T A QY N Y VAR T ING IR

instance, a process night be designed such that a

particul ar process o.eratlon i S oerforned at a

speci fic tenmpcBatitlaROWN) O EHL EXYVENTION at i on

begi ns, the tenperature control is set to the desired

tenperature. However, it is not uncommon for the

1. adﬂl&ﬂlégﬁﬂﬁﬂ%ﬂﬁzEﬁﬂggmbry fron1the desi red
1%tséﬂ't qn@#ﬁloﬂ %ef‘t s % Ss ORI LN 1%9%&%011 e#f}glto signal

varla ion to have “un eS|r conseqhené e ac
qualityeinperratass eontsol kystaref or e rmnl tored so that, if it
devi ates fromthe desired tenperature, the input
signal can be nodified to bring the actual tenperature
2.t oDEBERIPTHORCOFSRE RIEIUASEDNRRE that this techni que
i s used not onty for tenperature, but also for other
t ypescaimpa prvesseosiroldadniqes iptoesassr me dhavacteaists oapatameter of
h voluneatln ractiﬁe, HQe Ear neter is ne%§u;ﬁd“ or
the pigieratd e <8 frmlgienal 1 pETGRe Datt Dardgios ef@gpstance, a process
mlght Wi 8&dignedOslicRUhSt @npRtiQaht bfRbssS bdatiord hﬁtpeffﬁrmed at a specific
resentative of the sensed paraneter. A contro
temp?s gtf@mv‘@%?ﬁ theipiecess oprratiethbeging, fivaemaerapire dentenl s srédo the desired
v h ns ranet rom
temp%%éﬁ% er (?\ﬁ%% 1?:; ﬁgr g{g t%él%n%{l 1) Efo? ﬁ‘tehac%ﬁateﬁngeraﬁg? to vary from the

desire ssngpeeyrei duringehd pripess atpefatios QRN &6 Sich ﬂzfaﬁ@l@bipﬁﬂhave undesirable
above, the tenperature sensor. m ght output an

consugRqesi daP 2§ighimnRryEe 1y Heredeye n@ttosst seethet, 1f i deviates from the
a r
o 2y 0 SR I Uy
desired tpngleratiiee I‘écctattllab tthis Y@hmqué etsed @ioe baiynfes témpdratube but also for
vol t age of hat gnal néhat sanple what the actua
other t@%@?a?@w i SUch AR HIENROW FelpBASEHERR,  Thi s
control technique relies on the accuracy of t he

i nformation conveying the actua
In practice, the parameter is measured, or sensed, by a suitable type of sensor. The

sensor typically outputs an electrical signal that is representative of the sensed parameter. A
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 the
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 control system might sample that electrical 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 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
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or neasured, paranmeter. One problemin this respect is
el ectrical "noise" in the signal the control system

w@ a09pl0ex77 The el ectrical noise alters the signedT/US2005/044741
characteristics. If the noise issevere enough, the
control system cannot accurately determ ne what the
sensed parameter is, thereby |eading to degraded

seveﬂ%reﬁh@ﬁgﬁ tige0dtinrol sys’c_elne €4rino€ @dcufb@élg QeRfrthH@Svifat @B JBRERA parameter is,
our ces and is largely unavoid However, it can be

t]flefe‘r%h‘/ {sagimede degradsderrapess ﬁ@tﬁgplm&ta@trtcal RQigReEseR from mpggasaaces and is
largef)lt?t&%fdﬁﬁls BQRfer, g heRliAjAue filters out unwanted
requenci es In the sanp i'ghal on the presunption
that t hey are noi se. Nbre particularly, a | ow pass
fi%ter with a fixed cut-off frequency can be used t

BRI ACDHYT S&/SAEFIUCRET H%tl&aée Fleaitiaamases g eepiq fiters out

fd f
o P PR Py hE RO N R ark dise. More
pam@p@bt, rulawapeds Sidie wiithees fiked CLEt Qfﬁfryqltantm cambs uum:(hg) éltrmnate noise

ut the noise spectr n a rtain
when 8 8a8e Henlnt§ PG BT b Boupertard et Bpaftabuntiopypver, e
noisd $§18n ROBIdH6 @SWidef arld! @yrﬂ@ﬁ@ﬁ@é[?( @Hﬁbﬁ sbédt’x'ﬂur? %84 88hbtmes it is very
|l ocated in a different place e filter has a very
time |coppuEing ¢¢ figure qutett@ynmsq sm@_trum mingeriinat ecrtaie pn@qe@sr i fihe noise
spectfth ool o0k e AP KRR picke SRS AllfhdisfgrtSBm is ocated
in a diffdfrempddcgni I Ith‘eatﬁiﬂtbly hasTheepr BSeBht-ofiVRRALERY, itScould eliminate the
directed to resol ving, or at |east redu0|ng one or
majogy| Pk o the DRISEHINSYAY Chihequishalge slesidowisionsRspT OFspPRRe time in the
data 3 & invention, in its various
aElaggggﬁgggﬁdg%éghgﬁﬁg%t |ncludes a met hod and
apparatus The apparatus conprises a store of at |east

hlsto i cal .sen asure tore of
oL HrEaE BYCRLH or PieGHa 6 FEe VIBh et Brlbcingeamgor all of the
proble®k @thtighedGbv®f f frequency is associated with a
respective potential difference between a sensor
nmeasur enent and the stored historical sensor

measurenent. Th ' - frequency
dynam cal ly sel @M@@M&é@ﬁm ial cut-off
f regueaRhEisvatiohhe ikariiduPispdetsbhd 61,86&RARL M@Rt@e§ Dénethod and
stored historical sensor neasurement and a current
appargRigs gihe ppparaiue sermpriserifestaist dfed lesshp lgletgndaitsenmr miqagurament, a
rrent §ensop measure
sore bt S EERRS Dt BB B o A O RRHREHT P reuency is

assocmdacbwtt]hn@ réspectttveopdtedtiad qligaeyce Bstwaed ial E&Eoﬁ %aéu'ﬂﬁnent and the

c%” rent. sensor
stored historical sensor measurement. The filter has 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 sensor measurement. The method comprises
determining a difference between a current sensor measurement and a historical sensor
measurement; and dynamically selecting a cut-off frequency for a filter for the current sensor

measurement from the difference.
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nmeasurenent fromthe difference. BRI EF DESCRI PTI ON OF
THE DRAW NGS The i nvention may be understood by
Wwo efoeessce to the fol | owing description taken PEI/US2005/044741
conjunction with the acconpanying draw ngs, in which
like reference nunerals identify like elenments, and in
which: FIG 1 is a block diagramof a filtering
t echni que | BREIODESTRIPFION OFerPrasRAWINESNt i on;
FIG 2 illustrates a nethod of fiTtering a sensor

measurenent in accordance with the present invention;
FI Eie gxentiqn may BE vadersiere byHefopace de Mimodowinmdessripioen taken in
r A8 filhutify Ll
coni RS RRRRY B 8- AL Il AR MAATES WA b B8 il i
dmnwﬁanadnnvﬂmﬂfllter conprises a low pass filter; FIG 4
illustrates one particular enbodi nent of the filtering
technique first shown in FIG 1; FIG 5 is a
fuppgi PRgla RbAC KiabiA06AM Siferk :%ete&HP(?fy FEMcoRfankd Rithhe present
FIG 6A and FIG 6B conceptually 1lfustrate a
invewmput i ng appar at us as may be used in the

i.on ticul ar enbodi ment K of the
or Bt TRERT » Gret o R inih e Ao GegeagpRsp with the
present invehitigi; @ one particul ar context in which the present
i nvention may be enployed. Wiile the invention is
s uEKapiA b BIG- 3K eemppe theopirformandeorfs: mathod|and apparkipe performed

in acchrdgﬁce gﬂﬁ tgé gf@aé}g%n{éér{n%ﬁttg %t gon%gr‘iat&%n%i ﬁgﬁ%ﬁﬁ?@g@cﬁﬁque wherein the

escri
ﬁltershnmhdestnelowrpiesfﬁltﬁpd hovvever that t he descri pt| on

h n specific enbodlnents is not _intended
Fﬁﬁ ‘tﬁ{é‘ f%é-‘e?ﬁq Btean R sapent o ithe ﬁhmrr&te@b@@meoﬁ@a shown in
FH}QUt on the contrary, the intentionis to cover al
"~ modi fications, equivalents, and alternatives falling
wi F¥G.r 18 héummuonaltblaﬂmﬂlwarp@f dfe dolterdimsre o FOG. &S

b ende nms. DETAI LED DESCRI PTI ON
YR YRR RB PPt ) st GBI pats o may be used
in thd MYREhERRIH & A8 ParticBRF eiaBd BMent &F thd'Srelddt BIveRfiorR and
FIG. 7 and FIG. 8 conceptually illustrate one particular context in which the present

invention may be employed.

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
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
intention 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

Hlustrative 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, numerous

implementation-specific decisions must be made to achieve the developers’ specific goals,
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clarity, not all features of an actual inplenentation
are described in this specification. of course be
wappeoeicat ed that in the devel opment of any surtT/asio0x044741

enbodi ment, nunerous inplenmentation-specific decisions

must be nmade to achieve the devel opers' specific

goal s, such as conpliance with systemrel ated and
suchb&ésécﬁ‘lﬁﬁﬁnéee hathed seaneddted Ah® budiesshieMidd! cordf¥ints! @i ill vary

i npl enentation to another. Mreover, it wll be
froma ppe deiplanesdtatioat tos gepther. deleoreyee nt wilf het aprreeiateilf that such a
devefoggg f e):(fﬁ devt 1I%) ?%Pﬁ‘g’g%%gfl t%l? dvvou |11%1n§k| WO Qo%tfjt {%)%tlne Pndertakm0 for
thosd‘l@ﬁbrﬂlgaﬁyl”&ﬂbﬁ}ﬂ’tﬁé bt hefing ﬂie&eﬁtﬁt@f@lﬁﬂ dBcloklies 1 is a

bl ock di agram of an apparatus inplenenting a filtering

techni que i n accordance mﬁth t he present i nvention. A

fi r r S

i ST 3 GO IAAEI DO LRt BBk GRT), @ing tochnique in
accopiahentvital the yiresefitf 1nﬁ/emtqme nAi Blserl @h dompfisdstaestof SBOEh aYiahdeast one

ynam c cut-off fre The filter

hlStOFI&% 585 I]qusklrgplenta AHtYR @ésoé ppfqnflglr cut; &ff ew&y E’a@g a filter 109

havifld b ldhamRCRRIH ﬁqu%ﬁcyt henht miep q@ﬁ‘tn%}’ Bda lg@ ss filter, a high pass
potential cut-off frequency in the store 106 is

ﬁlterasvsoazlban@d)aw tfiiten depspding i ore theotnepleinghtatipif.f eFeshc potedizal cut-off

et ween a, sen neas t 115 nd t.he
reaiey B e € R b Srasat Fib i e etV nsoRial i Ss 1adetween o
sens@ @bdsufdent N1€54BMENe didrkd di it dbdsyr BRhaGEM@ehtT 118M THE filter 109
stored potential cut-off frequencies 106 on the basis

has agfut-gfififuenenicd dynamisellyisdectedhiomithe garedipstaptiplat-off frequencies
106 3§ PRChasEHSYH ?1?%?&1'9? él_;r% é)%‘%e{iq Stdldd elﬂ%toﬁ?eﬂ Ssgﬁsgj 6nea]§urement 118

measur enent rates

and the biuesrt Bghsar peMmeImdeassir ement, e. g. , the current
sensor mneasurenent 115, in accordance with the present
invention with, e.g., the apparatus 100 in FIG 1. The

11 fkgdz %@L%tlgl%g 'a%et}ﬁ)fd %@5 oF rﬁlfghﬁg a(s%hsog%gaf%gleﬁ{ eeracf NG current

etween a current sensor sur ement
sensdri meonrenaint § &fsiaracomdsice enieinthelfr8seat thvehtéom dythaerp ¢ dlhd ypparatus

100 obE o Effmithion o Reeind by drisiaitnamniah0rs HfdieeriaS between o

curréiiﬂt fsfeﬁ&ﬁ'nﬁl%aéld%&nen-gh e1 8RRk £atikBAcAl sdils IRLERdmER0 1'1@ and then

is the filtered sensor neasurenent 127 in
dynaimcdtm,@lectsh(et BO@se nui-off irenuinoy 12 doi dedica 1§8fer aie current sensor

e YRS 1 A i B B YRR L SSPORRE 0L LEES, G 2
the fIRI sSh¥MMeabiltbabeth 2 ¥0G. £. 9., the current sensor
measur enent 115 may be conditioned. FIG 3A - FIG 3E

Thus, the present invention provides a general purpose filter 100 with a dynamic
response to 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
conventional filtering technique. More particularly, for an embodiments in which the filter
109 is a low pass filter:

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

sensor measurement;
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conpare the performance of the present invention in
one particul ar enbodi nent with a conventi onal

wo pdobeeieny t echni que. More particul arly, for aPCT/US2005/044741
enbodi ments in which the filter 109 is a | ow pass
filter: FIG 3A conpares the performance in the
presence of rapid change sensor neasurenent; FIG 3B
conpar g5a. hsB pefnperes e &etfdfrhiige Shgddysteddgt ®ate conditions for' the
conditions for the process paraneter; FIG 3C conpares
a r espdheess PATAMFEHI d process ‘change, and shows an:
equal | ) eady.

T espond GG RN ARE ER £ R Yo r e b cqualy
t he dynfastiresgongqaehey eyadlly supdr esydgrstete irespansecal #hd conventional
Vi ew, d FIG 3E conpares the dynam c frequency
varyi ngﬂ?i‘?eady-st ate response in a scaled view. In
each driy f = -
T yi e oy 1o 07 bt S BB i view
responsedof the conventional filter is represented by

the tr . The spole exception is in. Fl 3C, in .
wht ch UG CPatutP S0 P05 ByPPe; valoR Y5yt oaonse in o
the conpgsd tRwtrace 306. As FIG 3A - FIG 3E show,
the dynam c cut-off frequency varying filtering
In eagle diTingethe aprpaBter off e O@épffe%‘aqué@%h@wnéi filtaeris irepresgpled by the
i .abl ' eady - te.
ace BR8P SRS Rl BULIE S SO BRSNS, e core
exceptionentinORI@XIC birdt s/hidheths araes Boadyid I8t 6verRSPRI0E &o &fendrate the
| ow cut-off frequency filter and same qui ck response
composits Faeea80a base filter. Thus, the dynanic cut- of f
frequency varying |low pass filter shifts its cut-off
frequency dynamcally in order to elimnate the noise
whh$ &FIGaidX ai HlGg 3X ghowkére dpspoosmi-offofibgudnhervaaying filtering
under st andi ng.of the present jnvenfion, addi 'onﬁl ,
technie AT RPR faeti 1P SPAT INCUAPA} PEAFBYAT LS BRangRepr in the

steadPIs@SE NMdrOI Y SAEHIRY, Whb Hi1RAKE RRIRIGES 8P HRpreddnBinvEntion e)éhibits the
Illustrates one particular filter 400. The filter 40

samej sécady etafranespangt as a éom cui-off ftequéncy HBtef iahd exmd QOick medpbGse nature

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

frequency dynamically in order to eliminate the noise while maintaining a quicker 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 preliminary low-pass filter 406 with a fast response characteristic preliminarily
filters the current 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 implemeptation. The preliminary low-pass filter 406 is optional from

the standpoint of the invention since, in some embodiments, the sensors (not shown) through
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1, with like parts bearing |like nunbers. In general,
the current sensor neasurenent 115 is sanpled into
W0 b@omietoar acqui sition systemevery 50 m || i seceeidBESENH044741
converted to a digital format by the anal og-to-digital
("A/D') converter 403. A prelimnary |ow pass filter
406 with a fast response characteristic prelimnarily
whichitht @fessirbifergs bfeaitenSIBRE B8 offe@Fidlcangidlitt &t theli®oduce minimally

elimnary |owpass filter 406 _enpl oys a constant
low [&yels of poRFe éuéﬁ%rﬁv tlep st i by tye fepEen ieqppipyed may be such

that eﬁﬁ 'taqsfaétgﬁt lnoPQnM\é'e ny ca'n[] léﬁfs P?Eﬁ)fsgu' ﬁBwever in
enment ati on. prelimnary Tow pass ter 406
genew@,t a pebiirfary lowt-pass ﬁﬂtaln/éilﬁowﬁl beodesirhide umesttalpphcaekuons e,
in sone enbodi nents, the sensors (not shown)
t hroughwhi ch the neasurenments are taken may be of

SUAF e 18&bri @11 fné ﬂo'ﬁiﬁ mt ﬂﬁ@léto@é 0681 GEe B ATEd vathltﬁ’é’\burrent sensor

| evel s of noise. Simlarly, the context in which
meagupgraenti bld’ |t9 é@tpmgy@dhmytebef shatget hﬁﬁhlemam)rhmmoabss variable

represer‘fteg {Jy I-]ig] sepﬁéraat%%ggr%ﬁleen %j ﬁ\f[cﬁ:ﬁ%%tg}:tvuraa S?)sag/gl be discussed
furthfat bél@ﬁv ‘ﬂl%hl‘éﬂohhal%nﬁﬁﬁhéa@ﬁﬂeﬁlehﬂ 1109k RpRlY GaldveRse of four past

few historic sang points in the store 103" are
SensQIGRpAEHESECRISt H 51 hdachfy h&e@?ﬁ sagede of thasenrsqr Bweswremay 11§ is returned

to th&‘—iiI %s%rmapgeng&erg%ﬁﬁl%m% nt &&%nlg)g %oé@ & fé%ﬂﬂéc'k%d)'f?atg é)oPulate the store

rocess varl abl e represente current sSe
103’ rreﬁﬁla renefif fitdkency Misre 108" t ctoﬁ:ltdnang Ythe aatewbf |chheges versus cut-off

di d furth hi st |
eaifien FOREAID STUe CPSo KAFUMIEY 1ah ehbs R9Lrdt BIBul0%ast

sensor mneasurenments 115'. Each filtered sanple of the
" sensor neasurenent 115', is returned to the historical
sehstbrs paticilar embadingng tiee d@Riont meking Iprm:eﬁaﬁdhacm - Srequency is

opul at t he..store 3'. The cut-off uenc
wpaalh BRI BIE Soipifbtirgod fE ovaiicRifite Sitgbe B ST sienal. More
parti€UiriPf {s foSIueie 88 HaSingsSBed HeReMebs e di%‘éfo‘sﬁ&fe will apprec1ate the
frequency 121' of the Iow pass filter 109'. In thi

filterpgr tockuinag ieApRIdneter tinnd éhrd@gh mlkﬁltplﬁat@ir&t@np ra@dlas s:ument sensor

sy 8 LN BB SR ST

averd‘gercﬁ" f@(ﬁfﬁalstcséhm|n3/ea31&8mbl|it@5&$5 1 rPeIrﬂ@ﬂlcaﬂy dRMédFandab@rement 115° for
benefit of this disclosure will appreciate, the
the cppPRighSrafEon: ScFRFRLiedite thpplorete e e plaee ethibe usgmsor measurement

115° ”Whidhplls Qi n_gF.%Eél Ons RS JSE v&ﬁéﬁrtﬁgaor&i%gss 8% aﬂx??e% YESH en%ed by the

is sa neac Pterati o
curresle Iemsor measwernEnt 151 18" ini s steadyaviatea Gegto frefipumey ps@ials which are
measurenents, 115 Peri odically, a sensor

apPafFRHY dhe ARG BEutere} OfthVRER ferrofese PREMGHL SN  dynamic change
state! tha 08103 £ feGudney M‘P iSbiafi&d hPtd AR ARG R TheFfuelsihal.

sensor nmeasur enen

Note that, in the embodiment of FIG. 4, the cut-off frequency 121° is a piecewise
linear function of the difference 112°. In the illustrated embodiment, if the difference (d) is
3% =d =10% (full scale), then the cutoff frequency is set to 0.01-0.2 (normalized Z-
domain). In such an embodiment, the precise parameters of the relationship 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 illustrated embodiment, which the

monitored process is a water-gas shift reaction in an autothermal reformer, which is not
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115", which is then purged. In this way, when the

process paraneter represented by the current sensor
wore@siesnent 115 is in a steady state, high frPenuswey044741

signals, which are apparently the noises, are filtered

out. Wien the process paraneter is in a dynam c change

state, the cut-off .frequency 121 ' is shifted up to

expeo@éép tdd chadgkeral chﬂgy Quting herhiluer sicghalktatNep&atitvat , Somet Hiesmative
nbodi nent of FIG 4, the cut-off frequency 121' is a

emboén@%wgeét PYaReAPOTeUASET mmeo@th@qféped?ﬁlﬁ@ﬁeﬁ%vép 112" . In
the illustrated enbodinent, if the difference (d) is
3% d 10% (full scale), then the cutoff frequency is
SHIG & AlBirafds Zhg rfmutﬁnhilzaﬂn@emmiat)thhi filsarc40lam FIG. 4. More

B L B s oL, St N Ph b B o

filter Qf@@%i PRGAA 1DRS 2 aNotd al YPRILEMPS RE8SS tHEPJ‘hI%%ﬁdﬂlp flops
and how rapidly it is expectéd to change. (n the

503. i Bdchstaoret 8t dffbrdierbeiwcembi resperiie h:et@m:@lr @dsgrm@@ssem@ts 118

conty e e Wi vt ke Pl Ay i Fisgl o AR 306 Coly

one BHicalERAY tht aliferoR@sat 120NGnlySene 1@1&£éd)a§ﬁeVﬁlen averaged and the
enbodi ments m ght even choose to use sone other t

averagﬁd h@t%ﬁbﬁ@ﬁ@rpm%suﬁf@mélﬁ’l iy gtadaioeebtpinghe GHERHE 1ency 121°

from ‘iﬁé‘B& q?/tgnc:}hl(éofc él&)t 4156%" Ntk Giso? gj'a{\@k& gelays 309 (only one

artlc ates 1n
mdlcitbd?) for ﬂxl@SfflﬁJﬂobu 603 didfer, 200 tiof, doﬂiectik&:ly, tieyestort ithet lest féﬁ)LOhlstoncal
in FIG 4 |n t he z-domain. Note ‘that, in this
sensop psaHHRFRtS Lere are four flip-flops 503. Each stores
the difference between a respective historical sensor
measur enents 118' (only one indicated) and the current
s éttdlorefameas tor Bigefif bet e theT. ﬁhaera%)@db tﬂkdng\/lahdiegs §0Bst, tirel lyistorical

sensor ﬁ%%glgﬁlglg%lt%alrlgd gl{.ﬁ %\tg%r Egﬁa ;tggrc otg tﬁe current sensor

meastiefleft 1 TR BRNGDAysBIBSIHE @H&Oﬁ il &R’ fohﬁ disﬁfj Hefe Q1S MeNnumber of
the cut-off frequency 121' fromthe cut- of f frequency

readlmgﬁonxm@ﬁghrtgﬂieecmt reaslmge Bhuso Zt hiatlicatse the rtlayct s@PQr measurement

) n |nd|c for the fl.i | Op® i ffer
115° ety T SRra: b Mephllobieo PO £B°) Bes B vt semsor
meastﬂﬂeﬁieﬁw 113 pReadng tﬁm@ﬁﬁhﬁﬁﬁl@éﬁmééﬁrem@t 51, lerd. eTEé VARG of X is
5, because the filter 400 is taklng readi n

arbltf%’ tfuléss,houl@ he lagsensuek 80 thae Rwdiisterieas senspremeasulepsent il %5 is not too
closettgﬁlesc'ﬁﬁgﬁt S%Qs?br rr?eta?ﬂ%x%gﬁqtl%be too close to the current ‘

ensor neasur enen he del ays 509 are shown in
the formof Z x, here x is the nunber of

Returning to FIG. 1, as those in the art having the benefit of this disclosure will
appreciate, the filter 100 may be implemented in software, 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 implemented in software as, for example, a data store such as a table, a list, a queue, or a
database. In the filter 400 of FIG. 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 a
memory device such as an erasable, electrically programmable memory (“EEPROM”), or a
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.
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readi ngs preceding the current reading. Thus, Z 3
indicates the third sensor neasurenent Q 115
w@e@eodiony t he current sensor neasurenent 115' PCRUSIN0S/044741
i ndicates the tenth sensor neasurenent 115', preceding
the current sensor neasurenent 115", etc. The val ue of
X is arbitrary but should be | arge enough so that the
hi stori cal sensor neasurenent 115" is not too close to
the current sensor neasurenent 11 urnln%ﬂ&?h%snﬂﬂ’be

FIhus at Jegst ERECHH ROFEONEr of Fisgving ofi O GHEYR i
r I
comp%'te?q}nﬁgﬂ{eﬁgw dd e. %f’ {% V\%ﬁéﬁhﬁ% #ﬁﬁ&%&%@ 11(1)1%5@1%6'@1%1 1*1@; 6A and FIG.
6B, Bi tHeeformr obanhapplicstives 602,- wiitted rstpge recys, §M&IM®B ﬁwm Matlab.

JUSLLNIE E 00 TR O R T T

be raéﬂ%uﬁéd@n bA Qhﬁodlﬁqéntsgtlnd&dqw e@ rof anyl @@l asplenlditation is not
he filter 400 of FIG 4, the cu? frequency store

matemaetb thespnawmeafélm mdemtmno Bwfqomménagpmrm@QOijlamsll@plemented

as a %?ktgp %WBP%;\ 088‘{}) ashfe ttgglof&ﬂ 12% bsoa <|0é ’1ap%i>pqc Jltgl{ gﬁl embedded
mpcaggg&aﬁgﬁpée menory ("EEPROM'), or a randon1access
rrermry ("RAM') of sone kind. In the filter 400 of FIG
4, the hi; sensor readings are stored in a plurality
of e evi P AD h N
o WP IR 45yl 00, AL HOPR NS R b e «
procéﬁEdil’fﬁﬁ)d cAMhursdating with sdréke @0 ovry albes system 615. The storage 610 may

ter-inpl enented on, t|n rat us

inclugdeg hayd figs PRPLEIH pmECEEss getit (RN ¢ ndoR Fahey Bl Hprage such
n

o YR O 3 M) g LB i

data stckuraB0f sedng tiredao spurquigedgs phscassed ABOC, ABederating bgstem 630

C ted| al | errb01rrent I S
user GREHEE HRUGH Pol et A0TSALGS Ot THGLGFT SRRy jEare 635, in
conJIH{CﬁGﬁ W&@ actflsﬁliﬁ%élmﬁﬁﬂl'éh@ﬁts a LR&r {GRFRLE b4 'ﬁlﬁ@@sre@hﬂ&fa@@%% may
may be i npl enented as a desktop personal conputer,

inclugde prisheral 3i6) devisestsetivaska kyy paalmrdcpylwm«i) 02 ® ra meyse 655, or a joystick

( ssor, .or.the Kk The co
660, o PE S 05 TR quef b ante oF e WerSRP P 30, which may be
practidd@lly Wee operafih © ¢ §SeAknoVa t6aR¥URI CEHd ﬁ}g)h‘dhtid'h 60D Esaﬂleoked by the
610 over a bus system 615. The storage 610 may i ncl ude
opergfingaaysferi 630 wneE/POR CF HhdesRh.aE bels d @Mtgﬂsﬁ qu haimplegtegtagion of the

oper&tﬁxgo é%l?eln? 63hor fd (t;."hek ﬁggggt%q.aerﬁﬂogﬂﬁé(m 1 gﬁﬂlf‘cam)r? k68§ (]j'lzxcludes the

trcal he st or age enco
filterihgd @c}ﬂnque 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 and 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 to perform the method of the
invention. In another aspect, the invention includes a program storage device encoded with
instructions that, when executed by a computing apparatus, perform the method

invention.
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data structure 625 storing the data set acquired as
di scussed above, an operating system 630, user

WO nicenésmce sof tware 635, and an applicati on 602CT/Ukm®05/044741
user interface software 635, in conjunction with a
di splay 640, inplenents a user interface 645. The user
interface 645 may i nclude peripheral |/0O devices such

asSomKportip@ofahe HeyidaodedcBiidns Aeitlige cobsequaitlydpresented in terms
Joystlck 660. The praocessor 605 runs under. the contro

of a foftviarre TR emERtFh oS G35t IBYRIBIBE, SYIP i rapisFeBatiphsaRftqpergtiops on data
bits v@gﬁn %%&R&Jg 3?%&%@2?@ g}%gl]%\%? a tgchgxggt{h%grﬁlé(@% apRké 8&dctiBRons and

I's 1nv upon powe
represgdtations edre tha nimahh ,usete ﬁ»gnﬂhlor;\@ imnhd e torrpiosheﬁbal\{e@n cofivey the

the operatin ysS n163 In the il ustrat
substghfsoRh FisHt orh e af.hﬁm dalichir e itnciiResteRoard PPERHify require
physib&C mlng}ﬁ@adohé Uit é@sﬁ;% | uafihtas, 1-Ushbies. tRhgh elﬂfet néee§W\rily, these

aspects of the ésent Tnvention will typrcally be
quantitigsl ke ﬁteeﬂmasofss}éqmml,emagneam appptopet sighels waprbdy abewg stored,

N I LN I TR

times) rbnnf:f?)’éll )f@ﬂ@a%nstcﬁec&ﬁrﬁbﬁgﬁaﬁl% réBe td hepp\ighBkadbils, values,
/of the optical disk 620. The present I nvention

elem@rhsrsermbolé ¢h@tﬂ0tﬂlj%§el’msnn@m@r$a§p§@t tkea conputi ng
apparatus programed to performthe method of the
i nvention. In another aspect, the invention includes a

Pr®gheul Heocrgke ird 8Mhd; ehotvened ekt Wil &f thesd and tingils tédnat are to be
when executed by a corrputl ng. apparatus, performthe
assoqigiedh Bth tho EPRTPDRAISBHES (7 At 65 N pfsemaRehpqreguient Tabels applied

to th Scﬁ%ahﬁt?éso NSnl P% V\%e@iﬂ@ﬁ GLa & 3)%%}@6 RS Qﬁ%%f \g/ﬁ)ﬂ dfent, throughout

a so re 1 npl emented process
the psmbﬂmdomgrthmrﬁeammms oéfenrethatdctios and pdatewemdf s electronic
hin a

mor yt in em_or ut J
L T Ao Sl S8 COMPL T
optlcgga Santisied Withih NQRce 'é?ecttﬂ&ﬁlcard‘évké’ sRstagef fRs tdiMsd )datda similarly

ey the substance of their work to others skill
representéhes physical feanitios estimtie wpegatorom trapgissien piyigiptat devices.

I MM IR TR e .

pro@sﬁﬁé Pk %hputﬁlég’nﬁﬁlbﬂau@g » odtéiGahing " FoRpRyRRpakldenofike.
bei ng stored, transferred, conbi néed, conpar ed, and

othermnse nanlpulated It has proven conveni ent at
55 B8 EL DL LIRS DY SRR P e
enco&&d"’@ﬁ' omeC fzmact ch%rarﬁ aftdtege Risahed or iopldnetdd keer some type of
transmission medium. The program storage medium may be magnetic (e.g., a floppy disk or
a hard drive) or optical (e.g., é compact disk read only memory, or “CD ROM?”), and may be
read only or random access. Si}nilarly, the transmission medium may be twisted wire pairs,

coaxial cable, optical fiber, or some other suitable 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 a wide variety of contexts. Consider the
context illustrated in FIG. 7 — FIG. 8. FIG. 7 conceptually depicts one ps
implementation of an autothermal reformer (“ATR”) 700, which is employed as an integral

part of a fuel processor. A fuel processor converts, or processes, one type of fuel into
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It should be borne in m nd, however, that all of these

and simlar terns are to be associated with the
wappsoesiat e physi cal quantities and are mner el BCT/US2005/044741

convenient | abels applied to these quantities. Unless

specifically stated or otherwi se as may be apparent,

t hroughout the present disclosure, these descriptions

anotht€f €he AR N60 acbinpRdyad ¢h prioegasess@f thanpretasés ®hydrocarbon fuel
devi ce, that manipul ates and transforns data

(c.g., mepreEp), Bl agdrsa% (RBal The &R, Bl eomprisgheeyesal sges 701 — 705,
t

1nclucﬂ{2% sg@e@ll ngta& %]%g"%ﬁs dm%&g@%g@ L F‘@Atr%g p(%lggéé}%tng V'Tq'l% reformer shift

bed 7Dy sé. ;:ﬂde gaiortsi 10les 7GR} peérfortnhen wakar—ggeshlﬂrreaqmon that reduces CO

transm ssion or _di sp|ay devic | a of t he
concengAn M@ﬁ%@s;ﬂ Rt B p}el%ﬁ%% Piotspletmented with any
sultaﬂlé Ht]‘:stlﬁlt Rn tEriﬁe ir@ ke reﬁét%%ﬁpagture whRHRHE 5@ bed 712 is a factor
“cal cul ati ng det erm ni ng, di spl aying,” and the
in thel witer, gablohidt Iaacgmntahétthetdmmmenhbmf theirefolmante mrt@hilcai; pects
of the invention are typically encoded on sone form of
program storage nedi umor inplenented over some type
ofEakh N eH¥ 1eai @&hﬁ@é&éﬂm Ebgvaeapantust esRaslciREbMM @Y shown)
be magnetic (e.g., a floppy disk or_a hard drlv%é or
over ¢ ilivas Ne.y.IN3a respapively, dindkrateragl ibravpr eergings QT cp OUTs,
respegl%e“ I]\? TI?QHO\U%X’[@ RICA 1{111§ %Q%@HJO% A fl@%od&ﬁéﬁ&fl?g a Iresgective variable
speedd@kel, @omﬁ@e&&ispﬂaceﬁfﬁé@ﬁ)epunqpﬂiawwI & punips So5E 747 hl&t controlled by
suitabl e transm ssjon nedium known to the art.

an ayteRpalet | GRIPL sydem | (uaY sy by wemalsarsseived ayer é‘?ﬁ/ h@%e‘h As,
t f

ol TR 8 RSBS00l g s

over thedires AN extINg lahdi ﬁterﬂdive date mdf?llﬁ co‘ﬁtrollﬁl by fdw ¢dnGol Valves such as

t t t" f ]
e S E R AR, A0S Bl TSP AL 00 1 B0 o o ATR

700 &R BESRHoREd BY dondbliRtHE |ﬂoW(90@fSé:d?)'lant Adlouish h@ito&&ﬁﬁﬁgers 709.
converts, or processes, one type of fuel intoanother.

Note Thes BIGR 77 30simpliet by yleel oissionf efedonpy d@msf@r Kdiagxample, the heat

oce droc rbon fuel nat
exeh e aRaor R o< Aig A oo oprirel todhpaRal 2t ros bave
been Ritted féPMe sbl&cdfld:qjdrfﬂﬁ afBMPAsHot REHsc@¥ ¢NANeams inteRiand
el ectric heaters (not shown). The refornmer shift bed
712, i.e., the sections 701 - 702, perforns a
o A 358 Pt BT s B SRS CoRE b Y Bcin

sensmgTﬂieemﬂIcﬁdtempbﬂatL&é(y) S Tht plpdoiseRmmtegn dfrtem/perhmret b@lsalfst TX is not
- The reaction tenperature within the shift bed 712 is
matefa) Alipughna igeteraieoey X4l Shpieallyr ensble Anghdegire of Gontrol. In the

111ush%&ﬁ%ﬂ§doﬁin9&tﬁfle Eéﬁﬁjefa%g sORb& ’Plr—oﬂj Qx%qhermocouples, but other types of

temperature sensor may be used in alternative embodiments. The temperature sensors T; — T4

monitor actual temperatures at various locations 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 reaction temperatures rather than

localized temperatures adjacent the heat exchange coils 709.

Note that the temperature sensors Ty and T, both measure temperature near the same

heat exchanger 709 in a detail that is implementation specific. That particular heat exchanger

10
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Each of the heat exchangers 709 receives tenperature
control |l ed cool ant (not shown) over the lines INL
WO bidB/o6Isespecti vel y, and returns it over the |PCEESIONN044741
- QUT3, respectively. The flowrate for the coolant in
each line is controlled by a respective variable speed
{i.e., positive displacenent) punp 715 -717. The punps
709 ihthudes Gy @aimgtoaddlait! @gutoPN,anMust offalie tenamardtine! sensors T; — Ty

system (not shown) b gnal s recei ved over .the |jnes
measpje lempgratye SGEREY %roml A cafobst st SeRoBroFEHRR Asheap exchanger
s+ ngl I
709 5 EpRUER R HER, BB NG RUGBRUER YR s
catalydt bed Coottshotvny aﬁwwvgu dhn% 1rtstaé1aﬁd>mancb simppiok thakvé bed 712 can

.. 718. t t he .shift bed .

st 938 sl oo Rt B RRT Dt oy eharrae Bytgt fiof [t eaction

tempbfAgird.| PMAsS b s€ong QBAAAT, tdabt MEAkoraNs BFMEY 86 0ATD of the ATR
Note that FIG 7 is sinplified by the om ssion of sone

700. eMéwaritisandrér ar@xﬂ@nﬁmﬁ diffs ﬁenth@@pe@mmm@ee pentrad rwsf@me@ot shown)
0 ari oy usto hesct
rakeS3BEHEH GRS UE L S TP SRR o Piof AL koIS oG BT diforence

baw&ﬁmﬁéhmﬂkmﬁQHQQSQUTG the present invention. The shift

bed 712 also includes a plurality of sensors Ti - T

di sposed therein for sensing the reaction

L epRaT G }IH egeﬁlperaﬂi]x% @'ng&ﬂs Sg N EJD %s b cﬁ%”s al M; - My
.~ sensors IX s not matertal ‘althbu a gre
repregéritdtive i thalsblgseénalbhﬁ'aamréd nanpdetgreeeThé tempdna‘mke hensbllseTl

|Ilustr ede odlme the tenperature
Oper#ﬁmaqaéa é’lniirﬁ% M@Jt— 1\&?}?{ tﬂ}b’é‘é’%uséf glai?g‘rogtﬂﬁﬁ* Ségnals M; —~
M, i$ @d’iﬁﬁfon@@%yk%erekféégvé ﬁlt@xl A&, BRSWY $n BTG4 MBRY Sartidi1 embodiment
t enperaturé sensors Ti T4 monitor actual
therefaserpmployarfey ftery 400 ngarhld)@atNajnsmmetvbn that maulgple fsignblsdVly may

be i ecf SRR Pitiohe L SRy g 2551 M RGeS RUSEy S et

shoul d be selected so that the neasured tenperatures

reflect true reaction tenperatures rather than

| ahgasing and fsear spoakieg magjtaie dhe rqahteorh@mpe@t@n andlee shift bed 712
w1’th1§oat 413§1rgc919eactmjt t%%}%gr?tg r% ?egngéggfg{ L Szgcpr%%ﬁzkgr %lé] %thvaeﬁg élgizenlarged

shift Fé8tor,Maltigiet it exdhaige Gilk IMOD pi@idalocsliyed ﬂﬁﬁpérht@re a'diﬂbl In the
particul ar heat exchanger 709 i ncl udes only

llust3ge OO hF RIEHENBL o8 AL lss Frpa i iesh b exchpnge coils
709 %)r E%ltl%ﬁ FhI%gtﬁg tetnﬁﬁpﬁ @tolﬂﬁe & '7 M § 1%%; 8)5 %Qéllgxlltytﬁlough each of

cont al ni ng eat ex anger
coils sl@ﬁmatadda tranwadlydset htedtadmstedah Lre@onm’rmdt}ﬁt Bltgred temperature sensor

downstream fromthe _up t cat al yst bed (not
measTIRBERY: TR PR e P EPF AR ot DB SHMBBIoRG Cehge relayed
or cobfiininicab@do 41AnféNsystem having a control loop capable of automatically adjusting

the flows of coolant in coils 709 in response to the filtered sensor measurements. One such
control loop may include a reaction temperature control strategy that varies as a combination
result of Hy 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 illustrates a control loop 800 employed by the ilh
embodiment in accordance with the present invention. The settings for each of the variable

speed pumps 715 - 717 is controlled by a respective control loop 800. The control technique of
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shift and settle so that Ti is neasuring an air
tenperature rather than a bed or reaction tenperature.
wabws/o6m75econd sensor T2 is added to nonitor PEEUSIPH044741

section 701 of the ATR 700. Wien T1 and T2 are sensing
di fferent tenperatures, the control system (not shown)
takes the higher of the two tenperatures. Typically,

the piicke@it ervesticH bniplogs, anlkhe illusiaet ebédimennde deatpleesysibe modeling
wo t enper at ures. ‘Eaiﬁh' of the tenperature s

t ors. T1 - .
effectiithegatosuesass vealpdaelpdive 4 ghsactivg -%S?&B?e@ﬁf%ﬁf’%@mdﬂﬁmn
" & ) E3f14H: Sespbh&, and testing dat
rafe, ?%"pr%?g g?% %@ggﬁ%&g@%@f{g@ ;’:Bn pa?sgl I el ,ananeolS 1;1% e o

used folensiegssd the Model dschtodmpudysuhe rabugtaessiolf e coBtroHerof
the signals M - M4 is conditioned by a respective
filter 400, shown in FIG 4. This particul ar
eaodiJaRRLI D RlA Ro8MoaYSeslifterackdint EleStaf@Phidiogen production
par al Iﬂglﬁ. I\b?’e,}@heomm?er, that mul t i ple si Sﬁ% s Mk mag _
rate bagedmplonicpirent dtbvaratbscupsitiear deraperature ripfilps,tigachios iskage @nd shift bed

filter 40Q in ternative enbodi nents. eheat. |
oD SR ST A RSTRRRT P RO SSEr af Qpich P ROpRor cch
sectichltiffifie $@flbddlehnWeldehdtated G@8i fegslions aed toaditiopSTHat atdur apstream, the
range hi order to achieve this objective in g

geomeftleaogdler waptpT(s) decfesd to ik sohipR ofidlg bed, éh%ﬁla% adalyst used, efe.
. 709 i acal j I .
varclf B P S50, OSPREY SAEE O B8 gl ot

technitfue maAa% dntpl@ed diThé eysesmt nivdelingeix oty @ewwate set7oOt$ rbe used for
controlling the tenperature_of the shift hed 712. The.

the tqopRsiptee BEPlanthesnFguRgNiE Mdﬁf&‘% Bﬁd?tef’o@?%fﬁﬁt@p“eomposﬁwn’ flow

rate ﬂﬁ%ﬂl&)k%ﬁﬁ@&ha@@glla@ et é{@aﬁi‘é&ﬁp 858 B debford. i IThas, e system
tenperature sensor nmeasurenents hi an alternative, the

moddling teenerdtet angrewmbfiseipsiatssor thretespemeet s1ceamed by the temperature

rel ay communi cated to a .contro st.em havi.n
sensckoRt 1 o 11965 AaSE ot pRHTR et 97 e BeR s ipR D cxample
the t&hﬁé‘i@m&“s 200 el MesRkdds b? QRe itBnpRSRRNERs6® The T, and the Hy

fiTtered sensor neasurenents. One such control | oop
produrtiyn ratedlile Ad R E8ct i on tenperature control strategy

that varies as a conbination result of H2 production

rate, shift reaction stage, shift bed vertical ‘ .

t eNBRyS pirtEgarly, alé enddetbtt Shewhp opel By Wicciletrated ienhodiment wa

oints in a manner described nore fully below, FIG 8

deveg@nd: apingahsppniRnsi gnd Arpsn Lustom ModalgopThee ifpiary egckages are

by the il.li di ment in accordance with the present
Coml}l%r\(/:leaﬁ ialéiﬁiabolﬁwe%&g'etti ngs for each of the vari ab}oe speed

punps 715 - 717 is controlled by a respective control

| oop 800. The control technjique oft pr esent

i nvention enploys, in t@e?WFa?Pﬁ)éV Cenmbodi nent, the

conpl et e syst em nodel i ng Ten Central Park

Cambridge, Massachusetts 02141-2201
USA
Phone: +1-617-949-1000
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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effect (the refornmer as a whole, including ATR

section, ZnO section, shift section, production rate,
wer@spesedevel ops a dynamic PID control | oop toP€T®S2005/044741

pl ant response, and testing data are used to

conpensate the nodel offset to inprove the robustness

of the controller. s Mire particularly, system

nmotied mogel Rdsesth seadiagawunt dyiemicacgabilifiydr @86 performance of the

et d—
stateSHI the RY feﬁgﬁ%ﬁﬁé W FEAHCNRAY RN &n'@%@-{on% And @Mbositions are
reac e or eac

exot her nal tion effect. A systemno _
detergured dlonofeithdrekiobiif dabedvatlablebia Hermuat fod fuchnypical reactions or

e T
reactths! Mhe edredtiepaity fahd E8kakSthr HRedforfhfe: ard/ %écﬁﬁ&l andt the model

nmodel i ng techniques of this type are known to the art,
calcudgigs afyrad gas dlove atroflewi (sglctletenbagk eftoraythb epmpioPells ratio), and

watel By A ARABRE gl SEaPROTOORGEE B poinis

include the predicted reformate conposition, flowrate
an?htenperature that will be entering a particul ar
sh

& repEEng derapespureTef s ATHe 749 it ealsusatad de Hierafliabatic temperature
. N ! i S epgper res fe
s SSQSEELES i Re She SELRALALS, 00 AR LRI A o of
reforgpt esndetabairiedgbal the modelu (e atieahodhaits uin::]is reaction bparameter
. | at i. i le, the tenperatures that may be
RECTHGTETIME A TER R L G R P

the efdl QeUSsh @phdaBec@feldtffs ATR 700. Q Mre particularly,
t he nodel (not shown) used by the illustrated

enbodi nent was devel oped usi ng Aspen Plus and Aspen

corteruraf Rrbang RaRRaAIEY sulilR GErmaos gmpanere of the fue
procekdt, Cenih@keniirdtmeambint dae bbRSgacsE! (S FIel41vArPd employed.

USA Phone: +1-617-949-1000 Fax: +1-617-949-1030
Multiple control loops 800 can be employed in serial or in parallel to control the temperature

in a plurality of locations throughout 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 the measured
temperatufe 809 and a setﬁoint 812 for the measured temperature. The setpoint 812 is
determined as a part of the modeled results discussed above. The measured temperature 809
is the temperature measured by the temperature sensor Ty at the point of interest in the shift
bed 712, shown in FIG. 7, at wﬁich the temperature sensor Ty is disposed. In the illustrated
embodiment, the difference 815 between the setpoint 812 and the measured temperature 809
1s input 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 setting adjustment 806 is then determined from a Hy
production rate 824 for ATR 700. In the illustrated embodiment, at least selected po
the modeled results previously discussed are tabulated in a form indexable by the Hj,

production rate. Thus, the modeled results 827 may be, for instance, a look-up table wherein
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O Email: info@spenteech. com However, other suitable

nodel i ng software known to he art may be enpl oyed in
w@bdoenesstrT ve enbodi nents. The nodel has both  PCT/US2005/044741

st eady-state and dynanic capabilities. The performance

of the ATR 700 is estimated by the nodel from

t hernodynam ¢ paraneters that result in a desired

variout s’%ttﬁlgaidjﬁshﬁerg;k Ya@rthé ecpeoabie @dened W s Hy grodivgmnt datento which
conversi ons and conp05|t|ons are determ ned from

they correlets: Netgdlat sheqapgeleh Leenlintd ars b aaea‘?féteffbé’”%@ﬂ modeling
the op}e}{zﬂfoﬁ%lf A188564 fﬁgas\éa?fggﬁ&t dﬂ@ﬁ}tﬁg E SRBLERAS 1 8inGS %ﬁ“oﬁﬁatlon Note

experi nents con oratory for specif
also tlnaealmet dedersninafioe of disi fiwmtand2sepond ¢ommments I863v §2dtreay be pcrtﬁ@med in
reformate are specified and the nodel cal cul ates
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control” the tehperature ina plurality of locations
t hroughout the shift bed 712 or el sewhere in the ATR
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o6t Bt LRG0y dhen ok R Sl oR T pes21 could
work @P8ppdiite dir&deht YithoRe kd1BA 8hupte Htd&ie ﬂ%wd@ﬂeth@bﬂl%ﬂ telling the
fromthe neasured tenperature g09 and a setpoint 812
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rate NGB IGbrRANtidH Eolif FREIBk UL t:B&1SQI, the &cdudecqbdendB21, is the
interest in the shift bed 712, shown in FIG 7,
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component 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 £5% of capacity.

Thus, the temperature in the shift bed 712 can be controlled more acéurately 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 better conditioned signal to the
control loop 800, shown in FIG. 8, the quickér response helps reduce delay therein. Note
also that the filtering technique of the present invention can be used to control other :
of the operation of the ATR 700, such as pressures, flow rates, senéed compositional data

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

14



IS input to a proportional-integral-derivative ("PID")

controller 818, such as is known in the art. The
woiop6560f the PID controller 818 is the firstPCT/US2005/044741

conmponent 803. A second conponent 821 for the setting

adj ustnment 806 is then determ ned froma H2 production

rate 824 for ATR 700. In the illustrated enbodi nent,

at | east selected poi the nodel ed results previously

di scussed are tabulated.in a formindexahle.b
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soughtitetésd fsak a6t ek adiheenims béiewf i rst and second
conponents 803, 821 are summed to obtain the setting

adj ust nent 806, although alternative enbodi nents nay
use nore sophisticated techniques for the

determi nation. The setting adjustnment 806 is then
signaled to the actuator over the line Ay. Note that
the setting adjustnent 806 may be O, i.e., no change

i s needed because the neasured tenperature 809

sui tabl e matches the setpoint 812. However, at any
given tinme, at |east one of, and sonetines all of, the
first conponent 803, the second conponent 821, and the
setting adjustnent 806 will be non-zero. Note that, in
some circunstances, the first and second conponents
803, 821 could work in opposite directions with one
telling a punp to increase flow and the other telling
the punp to decrease flow. Thus, in the illustrated
enbodi nent, the two conponents 803, 821 are not given
equal weight in controlling the coolant flow
Specifically, the H2 production rate and the
information fromthe | ook up table, i.e., the second
conponent 821, is the dom nant conponent. The first
conponent 803 that is derived from sensed tenperatures
809 and the setpoints 812, is used to fine tune the
punp speed. By way of exanple, the second conponent
821 might instruct a given punp to operate at 80% of
capacity, while the first
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conmponent focuses on the error and may adjust the punp
speed by 5% of capacity. Thus, the tenperature in the
wabkiohoedsed 712 can be control |l ed nore accur at ePgT/URRINS/044741
in conventional approaches. As is shown in FIG 3A-
FIG 3E, the dynami c cut-off frequency varying
filtering techni que denonstrates better response
either in rapid process gpnijyd € change or in the
steady-state hi addition To providing a better
ey signal to the control |oop 800, shown in
VVHAéﬁggbgéfpﬁﬂ)quicker response hel ps reduce del ay
therein. Note also that the filtering technique of the
L pfBIERNSHRPIRIFB% can be used to control other i of
tBan@nEMﬁ&QOeaﬁmhhﬂsﬁﬁ&r&ﬁﬁnmﬁmch as pressures fl ow

rates, .sense osi ti.onal i n Xt
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a respg@iverpalchial TiffGeconetwdes dcher debairdmxat ded; ctltel goicd hlstoiﬁhzé sensor

Fartlgﬁ]ar enbodi nents di scl osed above are
measuiqmeple #4931 i ve only, as the invention may be nodified

andilier astrigcedutigif dediesdyedhatictilye spldcted| feomt theasiored potential cut-off
frequeB‘g%ar ent &{asol.?:? Osngfégé(ﬂl, lﬁlglz)ggnﬁg? g}ehs%or El E)relgarlrggns%r ﬁqgasurement and a
current defdok alcdsorementt € | Nt ended to the detalls of

construction or design herein shown, other than as

2. d?ﬁg ;{p%ﬂs bﬂ:liulﬁq Ghatifehe Ik OMWmptitesaSob PRE BfiQr e evi dent
that the particuflar enbodi nents discl osed above may be

altered d|f| hi re
5. 2 rhEhg ko R ﬁ??ﬁ%“ SheBiier GHENU AL e
i nventi on. ord| the protection sou herein
4. j dhepraaps P%‘i(i"tlﬁl K f‘rfﬁ they e MR P &maﬁ%ﬂ%mﬂ S
CLAIMED: 1. An apparatus, conprising: a store of at
5. | @heeprerustif sieimi lg Airthse peyenising ssprelpianny : filigr sansple bffiltering  the
curren?&'h&)ﬂﬂe% g‘l‘éﬁt fof‘ toftil&%ﬁgﬁﬁﬁ%mce%ﬁlnheos@’(yr@dqﬂﬁt@x]lcaPMEastfefnent

requency g assoclated wth a respective potenti al
6. d }Ttlé SipaRts R ELWEE Neierdf %%reﬂ?ﬁﬁ'cﬁy 'f@c&eébﬁnp%é% { Q)@tw%;eqlfn%fémented
hi st orlcal sensor neasurenent; and a filter haV|ng a
filter. cut - of f frequency dynamically sel ected fromthe stored
potential cut-off frequencies on the basis of a
7.  diThé efpanae of elhine &nwhichen ghe redithiticrg fidri combrise A h@rdware-implemented
filiey, TEASUN enent and a current sensor neasurenent. 2. The
apparatus of claiml1, wherein the filter conprises a

| ow pass filter.
8. The ‘apparatus of claim 7, wherein the hardware-implemented filter comprises a resistor-

capacitor circuit. .

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

or a hardware implémented store.
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3. The apparatus of claim1, wherein the filter
conprises a high pass filter. 4. The apparatus of
W@ b@isivsb77 wherein the filter conprises a band PEBEES2005/044741
filter. 5. The apparatus of claim1, further
conprising a prelimnary filter capable of filtering
the current sensor neasurenent prior to taking the
10. diThkepeinaes off ddimtihevhstenr e sthiestf Gista bl wwrms nreeswemientsGomprises a
g The afpngra ys of claimb5, wherein the prelimnary
hardvwpperPRICERE P Ses a software-inpl enented filter. 7. The
apparatus of claimb, wherein the preli rH nary filter )
11 ¢ orhsepreEauspf Ship W dersipihe harAvarg-implpmaried gore pppaprises a plurality of
memA@PRAARL.US of claim 7, wherein the hardware-inpl emented
filter conprises a resistorcapacitor circuit. 9. The
a r | al [ : .
L2 e B T Fe e A R g e g
softwgt-ippewertddadatacstrvctgff frequenci es conprises a
sof tware-i npl emented store or a hardware inplenented
13. StTeepddatusléteslappanatids b dad ahiltlude compeicsi dtablaga Bétod gueue, or a
of historical sensor neasurenments conprises a
datab$3§y qwar e- i npl ement ed store. 11. The apparatus of claim
10, wherein the hardware-inplemented store conprises a
14.  pl Yheabnarapusef clamnbripeginihe Blier comprizes artofwarspapemgatedfilter.
claim1, wherein the store of potential cut-off
15. f regugpeitesf cloipl,ivdesiraths Hitdr wangistsrilaedvennd-aaplchadnged filter.
structure. 13. The apparatus of claim1l, wherein the
16. datR HbArked bf Sa@PMNVIRES felldfivdse-idipledited HBUEIASris@ a resistor-

a database. 14. The apparatus of claim1, wherein the
capacgtpn QreWt. conpri ses a software-inpl emented filter o 15.

The apparatus of claim1l, wherein the filter conprises
17.  a Harawpares iofglaemdntvédrefn the equrert Giensph encapypameat wemptfises one of a

tempegz!.ot%g ere]ag.!rer}M?l‘Erae @ss%em&%rgﬁlx\@?ﬁeé h&p lrﬁ?%%@?erﬁf#e 51%{ a compositional

rises a res#stor capacl tor circul
measigppentat us of claim 1, wherein the current sensor
measur enent conprises one of a tenperature

18. NMEHSBUpRI@BL cRIND [ 88BtHEpdiREsLESTE REquetyfid OWiededliR linear function of
neasudr.&nent and a conpositional
the potential difference.

19. The apparatus of claim 1,7 wherein the historical measurement comprises an average of a

plurality of historical measurements.

20. A method, comprising:

determining a difference between a current sensor measurement and a historical sensor
measurement; and

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

the difference.

21. The method of claim 20, wherein dynamically selecting a cut-off frequency for the filter
includes dynamically selecting the cut-off frequency for a filter. B

17



10

15

20

s nmeasurenent. 18. The apparatus of claim1, wherein
potential cut-off frequency is a piecew se |inear

wo eoveemm? of the potential difference. 19. ThePCT/US2005/044741
apparatus of claim1,- wherein the historica
measur enent conprises an average of a plurality of
hi storical neasurenents. 0 20. A nethod, conprising:
determining a difference between a current sensor
nmeasurenent and a historical sensor measurenent; and
dynam cally selecting a cut-off frequency for a filter

22. f ofTht hethod rof efim QeNwhereineRsaiiegelcb i@ b frequency for the filter

21 Th thod f i m mhereln
1nchgﬂ=.J %ﬁ]grgw selsct eI CHgO ncg]gc T @P%hﬁ?éﬁ%frf or the
5 1N Iudes d nan1ca||y sel ecting the cut-off
. ¢y 51% 81’?3’59 fobclagn f2?§4 Vasreip slyhappjeallyeselseithacd cwtosf freqency for the filter
includbedy@iricalyRamiBa kebus & 86hbRS & aoo%d pisk rifdequency for
the filter includes dynamcally sel ectlng the cut off

24 fr GHY G Va% rcla{i'nlhiOg '%ux‘&%? 20 f }:)rllstin%gakm% Iaﬁ Clag% tf] & ?Iurahty of stored

cl arm 20, erein dynam ca
histofipsd gunedreneasiormentsgo phthin dre hnstmicaldasoﬂymmmait] y
sel ecting the cut-off frequency for a band pass

25. f i TI‘heExﬁeth&i‘lof cleie 20etirktRelc Mprigin g AR thef dﬁfr@tﬁ%&ns&%@ﬁr@rh&g for noise
) E %?1 g ggﬁge of a plurality of stored historical
p”mg% SPWRAAG PEFEREs to obtain the historical sensor
nmeasurenent. 25. The nethod of claim 20, further
26 cofp aPirAls #1 dlaiim 20.rfyrthen eorenising nbtaiming Slor curreES TS@MBESUrement.
for noise prior to determning the difference. 26. The

27. apphama¢tisl diclach 20, fur2By coipribing sto@QTpd hisibi@l RblsticRend
the current sensor neasurenent. 27. The met hod of

28. ¢l @hdinéflod bHELRALD7 CORPLL SHoR8e ﬁkq{ﬁt&%af Hl@as\t/]\i:]e%gtr {nEkes storing the

sur enment The net hod of claim
hmw%?@??ﬁﬁmFﬁ@“ﬁPé?@Wﬂéﬁmﬂﬁﬁﬁgﬁﬁ@ﬁbnt i ncl udes storing
the historical neasurenent in a hardware inplenented
29. st breemethod of hidaimrel®) oghendin GlogingntRB hiswkied] eehsGrieMent n@ thBehardware

1mplé§ﬁe§{reg Iio%%}(ncgﬁgssa§r?n{£e@1% }%shoncallexg?ag{;rgl\é\g}tel nﬁ%&%% ﬁ‘iorq fomprising a
pluraliyod wemerysievices. conprising a plurality of nenory

devi ces.
30. The method of claim 27, wherein storing the historical measurement includes storing the

historical measurement in a software implemented store.

31. The method of claim 30, wherein storing the historical measurement in the software
implemented store includes storing the historical measurement in one of a table, a list, a queue, or

database.
32. The method of claim 20, further comprising sampling the current 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.
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30. The nethod of claim27, wherein storing the
hi st ori cal nmeasurenent includes storing the historica
wore@sswment in a software inplemented store. BAT/UIINE5/044741
met hod of claim 30, wherein storing the historica
measurenent in the software inplenented store includes
storing the historical neasurenent in one of a table,
a list, a queue, or database. 32. The nethod of claim
20, further conprising sanpling the current sensor
measurenent. 33. The nethod of claim 20, wherein
34.  d{ffhametialdl yf sleinedsi mieremerctisvingf the faukeffi efrayencnclrameebe software
. retrieving, the cut.-off f f r.e;
e ET e g ot (L SRHENE SAEDR S SIRIRL & quove, ore
databaset ri eving the cut-off frequency fromthe software
i npl emented store includes retrieving the cut-off
35. freagueney §ff @amone Wheréin t@hlGically deledfing ehe(tiB0E, frajueiy includes
dat abase. 35. -The nmethod of claim 20, wherein
applyigg ARG AP 86 ng the cut-off frequency incl udes
applying a piecewi se |linear function. 36. The nmethod
36. offhe|naithmd2¢), cloitve P@i whetgin adyharaipdlly sebacing thegoutnel Bequerspt includes

ievi . bV e g of f f
retne\{nl{gggnéjcgl@-ﬁ%f rf%&%h%&n L ek S e b aGibte. O requency

re 1 nplemented store. 37. The nethod of

cl.aim 20, rth C rising filterjing the current .
37, SRt R oL b SRR e N bR O i e i
the dy@athiefyfselb¢talue st frequency.
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