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| NVENTI ONwaosidmebd of Invention This invention rel ates trol of
hybrid el ectric vehicles and nore particularly to procgg:g{aé ?g’g"g’g{;r at us,
medi a and signals for controlling 10 operating conditions of a hybrid

el ectric vehicle to optim ze operating characteristics thereof. 2.
Description of Related Art Generally all hybrid electric vehicles have
ener gy nmanagenBROGESS,rAPPARATUS; MERIA AND SIBNALS FORDONTEROLURES Of

i gnal s to cont ITERALRG ERNGHTONS GR A HYRRIB S ECHRICARHIGIE TR ¢ o
control ' the anDurOPTIMIZEORERATING CHARACTERISTRY SEFHE Vi gEEby the prime

nmover. 20 The production of these signals however, tends to be based on
I nstant energy denmands on the electrical systemof the vehicle. Thus, when

a certgin Summ{GRblﬂ*ﬁ@#TﬂﬁllWﬂéBﬂfs requi red, demand on the generator

is increased while the current spee the prinme nover is usually held
constant. This can result in inefficient operation of the vehicle, because

at certain sqeeds . Eivﬁﬁicl 25 may emt nore pollutants, be |ess
confortable to drf'\el‘ ah@VRBY°Rave hi gh fuel consunption, for exanple. In

other wor ds, Thigeino@itiont idkios ' te! BRI ; ep] be
optim zed. The present invention ad@?tgﬂs@zhﬁﬁ&sg&r‘%& gﬁ%‘%mﬁéfﬁp THE
| NVENTI ON  Particularly to processes, apparatus, media and signals for controlling

10 - operating conditions of a hybrid electric vehicle to optimize operating

characteristics thereof.

2, Description of Related Art

Generally ali hybrid electric vehicles have energy management controllers
15_ that control the supply and use of electrical energy in the vehicle. Such

controllers normally provide signals to control the speed of a prime mover of

the vehicle and to control the amount of energy demanded from a generator

driven by the prime mover.

20 - The production of these signals however, tends to be based on instant energy
. demands on the electrical system of the vehicle. Thus, when a certain supply
. of electrical energy is required, demand on the generator is increased while
: the current speed of the prime mover is usuaily held constant. This c¢an result
_ ~in inefficient operatidn of the vehicle, because at certain speeds, a vehicle
25 ~ may emit more pollutants, be less comfortable to drive and may have high fuel
consumption, for example. In other words, the operating characleristics of the

vehicle may not be optimized. The present invention addresses this problem.

' SUMMARY OF THE INVENTION |
30 - in accordance with one aspect of the invention, there is provided a process for
- controlling operating conditions of a hybrid electric vehicle to optimize

operating characteristics of the vehicle, the process comprising: locating, from




30 In accordance with one aspect of the invention, there is provided a
process for controlling operating conditions of a hybri d3éiugustrd066vehi cl e
to optim ze operating characteristics of the vehicle, the process
conprising: locating, from 18 August 2006 -2 anpong a plurality of sets of
vehi cl e operating conditions associated wth a requested generator power
val ue, an optinal set of operating nditions that optim zes operating
characteristics of the vehicle, wher€in locating conprises |locating a set
of vehicle operating characteristics associated wth the requested

generator power value and |ocating a vehicle performance record having a
field contaidMIg d RErgibnofsate 9f ﬁ%’ﬁ@'?é—‘tpﬁfat‘ﬁg\ﬁ@ﬂd't'vfa‘? aesogifted WEh @ cont ai ni ng

val ues i dentddudsitd §aRIrAbt %BWEPQQI'UB' ? gﬁﬂ?get‘"@f Sﬁera{ufngcf)ﬁﬂh@%t ed
generator power can be produced and S contal ni ng l'ues 1 dentifying
operating cliataptierizes operating mhararwiséuce ofiitle vehisley avtiereia Iosatlrlgperat ed at
t he operati i a primer
* rover of ‘theoyERRGY I92lie L8 B OGS MRS Rt AT ShovaR § Dherate
"t he vehi cl ewith the reguestad gemereforopewerc magieccamﬂi tloecxting andehiglecause the

ay. | nvol ve PPTRAR RRAT) Bk el G iaED 465 g Brdn aBfefRbocbone™ 007111

- associ ated walubang felds malﬁmgdaIthmnﬁfﬁlﬁQﬁp&hﬁ@ ddridhiohdiender anRst ed power

val ue, that I{)row des m ni mal val ue, a function of the operating

char acter i sti&€aug g@rgeraptg%gowqqé:ﬁn\pg RE%@‘-‘CSF’ Gad dields pnigining valuess  of
~operating cwnwr bpérafify ahaRktasfel Wfttﬁe Ofelhflie %?érﬁtth@%ﬁ%dlst I ons

associated wt e requested power val ue. Locati nc}; i nvol ve appl yi ng
t he oper at i ABeratedrah diecpparatingscangiians; |and produgingf signi $fQ£rQ§th0|bMﬁat| ng

condi tions asmerhidvEdottht Vehitfe 4P GRhELtRUEEN B HE prime mover to

operate the vehicle at the optimal set of operating conditions, and to cause
* the generator to supply power at the requested generator power value.

Locating may involve finding an optimal set of operating characteristics,
associated with operating conditions associated with the requested power
value, that provides a minimal value, of a function of the operating
. characteristics, that is less than values produced by other sets of
operating characteristics associated with other operating conditions

- associated with the requested power value.

Locating may involve applying the operating characteristics of a plurality of
different operating conditions associated with the requested power value
- to the function. Applying may involve subjecting the operating
characteristics to a weighted function and the process may involve
- selecting weights used in the function according to operating mode of the
vehicle,

Producing signals for controlling the prime mover and the generator may
involve producing the signals in response to a set of operating conditions
associated with. the optimal set of operating characteristics.




to the function. Applying may involve subjecting the operating
characteristics to a weighted function and the process ndy Aupnsi 2086

sel ecting weights used in the function according to operating node of the
vehicle. Producing signals for controlling the prinme nover and the
generator may involve producing the signals in response to a set of
operating conditions associated with the optinmal set of operating
characteristics. 18 August 2006 -2a $cat | ng may involve cal cul ating an
optim zation index for each set of vehicle operating characteristics
associated wth the reguested generator power value. 18 August 2006 -3
Locati ng nay-9%pY00 imayinyeiveasalenliatinggn mtlapﬁatwnzlaﬂ%rﬁor gk Sethet may

i nvol ve cal Sum of

normal i zed %gle(?éa?%gﬁrgﬁgﬁgﬁ%ﬁ%@ﬁ%??@&[ﬁ“ hg e@e\é\@d%e I'n cal cul ating
t he wei ght ePOWsliNgly8y be sel ected in response to an operating node of the
vehicle. Locating may al so involve identifying the best optimzation index
fromanong the optim zation indexes cal culated for each set of operating
conditions and this may involve finding the optimzation index with the

| owest nunber. Locating may further involve identifying a set of operating
. conditions associated with vehicle operating characteristics that produced
the best optimzation index. Producing signals for controlling the prine
nover and the generator may involve producing a speed signal for setting
an angul ar speed of the prine '




nover and producing a torque signal for setting a torque burden on the
generator. In accordance with another aspect of the invedBifmgusit2be is
provi ded an apparatus for controlling operating conditions of a hybrid

el ectric vehicle to optimze operating characteristics of the vehicle, the
apparatus conprising: a power request processor operable to |locate, from
anong a plurality of sets of vehicle operatlng conditions associated with
a requested generator power value, andoptimal set of operating conditions
that optim zes operating characteristics of the vehicle, the processor

bei ng conf i ducating mayctsd iavelve eslcaliating ahioplithi2ien AdeRGhafaapaiveniest | cs
associ ated with the requested generator Pomer val ue and to | ocate a

vehi cl e per RO 3 Ok YRlHG\ASHR THNEtiQN 8T acwrighied agm: plenerstalzsted

gener at or pfﬁﬁérra!\’ﬁ]'éﬁar%&@néﬂc%ﬂ%scWél@ht@'fﬂg u¥é i BSiculbftR) iHe! WhightedPer ati ng
condi tions under he requested generator power can be produced and
fields cont &Uml rﬂi\ay@msa@teﬂ@émspp@qedg apprpenatinggnodarefthe vehislet i cs of the
vehi cl e when the vehicle is operated at the operating conditions; and a
control signal generator operable 18 August 2006 -3a to produce si gnal s
for control ILiosgling pay @iso inwmhe ideftifying the best! aptisnimhtian i@mefrom amodgi ven by

the prine e at th pting of operating
conditi onsmwg @@az@@%@%ﬁ ﬁés gae!?\%%ﬁé r %crg (% pp e %’E‘dt"ﬂas aﬁgquest ed
gener at or pcblmermnﬁlmmiveﬂﬁadlpgvme mﬁtumieaﬂiorplin:daswmhi th@Ylowestopemabt.e to
| ocate an optinal set of opera racteristics, associated with

operating c ﬂ?tfqgoﬁga%sfgﬁti fry(? Vf8 éﬂg FogEt of4 operaling ~conditions

associated with vehicle operating charactenstrcs that produced the best

=t

optimization index.

Producing signals for controlling the prime mover and the generator may
involve producing a speed signal for setting an angular speed of the prime
mover and producing a torque signal for setting a torque burden on the
generator.

In accordance with another aspect of the invention, there is provided an
apparatus for controlling operating conditions of a hybrid electric vehicle to
optimize operating characteristics of the vehicle, the apparatus comprising: a
power request processor operable to locate, from among a plurality of sets of
vehicle operating conditions associated with a requested generator power
- value, an optimal set of operating conditions that optimizes operating
characteristics of the vehicle, the processor being configured to locate a set of
. vehicle operating characteristics associated with the requested generator
' power value and to locate a vehicle periormance record having a field
containing the requested generator power value and fields containing values
- identifying operating conditions under which the requested generator power
~can be produced and fields containing values identifying operating
- characteristics of the vehicle when the vehicle is operated at the operating
conditions; and a control signal generator operable




wi th the requested power value, that provides a mninmal value of a function
of the operating characteristics, that is |ess than val d8\ygusidkfded by

ot her sets of operating characteristics associated with other operating
conditions associated wth the requested power value. The apparatus may
further include a device operable to apply the operating characteristics
associated with a plurality of different operating conditions associated
with the requested power value to theskunction. The function nmay be a

wei ghted function and the apparatus may further include a selector

operable to select weights used in the function according to the operating

m)dg of theto'lembdlhce. srgha:scmntmitroaingnalgmﬂ@ermtver dﬁ&hegﬁmeraﬂhﬂ gto g
produce signals in response to a set of operating conditions associate
with the optgfeﬂﬁrla&qgéﬁw‘c?‘?%)ﬂgﬁ BEMRINOVER LT 8@?‘%&? @nﬁvggt_c el'ﬂ*eth%’d?ﬂ $&)r ocessor
may be inpl efrepeeting RoadifoRs efRiol Eduseltht -gehBRitGPIRMMPHEpdRYr Atltheher

i ncl ude a conputatijon d%vice operable to calculate an optim zation index
for each sef® S&‘éjll"ﬁe@F@ YR VAl Schar act eri stics associated with the
request ed generator power value. The conputation device may be inpl enented
in a processor circuit and may be operable to 18 August 2006 -5 calculate

a cost val ughapowver t8GIdsP PretessorBiag e Bp&rHBleb 1BE4EBIH 886maloRirat | ng
characteristic values. The apparatus may further include a selector

oper abl e t 0°B®RHBY Chpgietistigso assaciated withiopgratinorgneifiensvasspsiated sum i n
response to an operating node of the vehicle. The selector may be

i npl enented in a processor circuit. The apparatus nmay further include an
identifier operable to identify the best




optim zation index fromanong.the optim zation indexes cal cul ated for each
set of operating conditions. The identifier nmay al so be ilfplugwsii2086 in a
processor circuit and nay be operable to find the optim zation index with
the |owestvalue. The apparatus may further include a device operable to
identify a set of operating conditions associated with the vehicle
operating characteristics that produced the best optim zation index. The
control signal generator nay be operabﬁe to produce a speed signal for

setting an angul ar speed of the prinme nover and to produce a torque signal
for setting With heqaauestedipewervaluee thad peavidesra mmlmels\rﬁiu%@fawnpm efet of

oper ati ng congidpl iR SRLIALAES il Ide WANLAIE, BRALBLA BYfloLaRt or st os

that produce st optimzation In ntr al “gener at or
may be i npleheperating mlmrmtensissoasanraiad tw:tﬁl’tmdahexppaemtmg oanditfamst her

i nclude a daés%&ﬁj?%g nfhetﬁai?ﬂiﬁgﬁe@p'g'ﬁg?t' n conmuni cati on _bet ween t he

request processo ‘the sets of vehicle operating
conditions. In accordance WI th anot her aspect of the invention, there is

provi ded an arat.us for ntro i ng o erating conditions of _a hybri d
el ectric vehl I*tquo%a tug MY eb‘ﬁ'&é“'&?l%%e FRapRrralleite@pely e apeeatipghi cl e, the

~appar at us CQmQI‘acﬁeriéﬂcs a8Bausted QlitH aCaliFNg) of ammrﬁlr@ soliidng of sets
of vehicle oaperatl conditions associated with a %péSt ed generat or

power val ue,@SSRCIBIEE Wi thedequestepewert Vahip t@dhauftmqyﬁ@ fungtien mayes _
oper ating char aGkaghishitiacttn BRE e BbEABIus g IRABSIGRIS #58IdoRg | nc! uding

nmeans for 18 Au | ocatin set i cl e operating
char act er i staresaie o splgckweighthusekin E@cfuegtmdag@m@ngttorth@mratmal ue and

nmeans for Iqﬁ@&é&%@vmé_cl e

The control signal generator may be operable to produce signals in response
to a set of operating conditions associated with the optimal set of operating
characteristics.

The request processor may be implemented in a processor circuit.

The apparatus may further include a computation device operable to calculate
an optimization index for each set of vehicle operating characteristics
associated with the requested generator power value. The computation

- device may be implemented in a processor circuit and may be operable to




performance record having a field containing the requested power val ue and
fields containing values identifying operating conditionggungast 2ge5ch t he
request ed generator power can be produced and fields containing val ues

i dentifying operating characteristics of the vehicle when the vehicle is
operated at the operating conditions; and nmeans for producing signals for
controlling a priner nover of the vehicle and a generator to operate the
vehicle at the 18 August 2006 -6 calctlate a cost value as a function of a
wei ghted sum of normalized operating characteristic values. The apparatus
may further ¢alcllatieaacestaltoms ®penciitineot a weightdd wamngbt sofnadlizede i n

calculating the weighted sum |n esponse, to an, operat]| node of the
Vehi ol 0. ThedRErlEl Srsels™IE vl T oot Tadi 1BB8E Bhdg arseifar The
appar at us meypdrbleN®y seleet Wigge forlaBé iihi Rlc R e wWeighite@¥uhf,Yint he best

optim zation index from armng[_ the optim zation indexes cal cul ated for each
set of oper AE&ERENEDARI AN SREratinge Magenef the vehigle.allbe sRlestapmaveReed in a

processor Cijpfpidrheft8dim®yroe8ssdPer@l € to find the optim zation index wth
the - | owestval ve. The apparatus nmay further include a device operable to

Identify a set of operating conditions associated with the vehicle

: _ e . ;o : . Th
cont rol 9 gne Faah oy flr RCALUERIb P BRraB L TugRlry ¥t P o
setting an apjnizatiopgedek bémtameony thewpiimizatioariddéxespatmlisted forteachue si gnal

for setting g,ter rden,.on t nerator in, response to the set of
operating cos%(tzliogipg#gat% sg%ﬁdé‘{"é‘a- aﬁ?ﬂg?'ﬁg‘e{/é’ﬁ?yc ?l?oglb‘gfra?IFH‘.&”WaWaﬁt eristics
that produgedcdsser tesiit apitrhay babpermbiaiddindg the@ptimitation irkiegmih thener at or
may be lowestvalue. The apparatus may further include a device operable to
identify a set of operating conditions associated with the vehicle

operating characteristics that produced the best optimization index.

The control signal generator may be operable to produce a speed signal for
setting an angular speed of the prime mover and to produce a torque signal
- for setting a torque burden on the generator in response to the set of
operating conditions associated with the vehicle operating characteristics that
produced the best optimization index. The control signal generator may be

implemented in a processor circuit.

The apparatus may further include a database interface facilitating
communication between the request processor and a database storing the

sets of vehicle operating conditions.

In accordance with another aspect of the invention, there is provided an
épparatus for controlling operating conditions of a hybrid electric vehicle to
optimize operating characteristics of the vehicle, the apparatus comprising:
means for locating, from among a plurality of sets of vehicle operating
conditions associated with a requested generator power value, an optimal set
of operating conditions that optimizes operating characteristics of the vehicle,

the means -~ for locating including means for




i npl enented in a processor circuit. The apparatus may further include a

dat abase interface facilitating comunication between thg Apd%eRbe
processor and a database storing the sets of vehicle operating conditions.
In accordance with another aspect of the invention, there is provided an
apparatus for controlling operating conditions of a hybrid electric vehicle
to optimze operating characteristics of the vehicle, the apparatus
conprising: neans for locating, fromgpong a plurality of sets of vehicle
operating conditions associated with a requested generator power val ue, an
optimal set of operating conditions that optim zes operating

char act eri stihestirafl at I SH ; : : S rqecontrolling
18 August 2()18%%@7aoggtr\a6?m%ﬁ§%noﬁ?%ﬁqc@ rgac%l-?gérkl gﬂg e[%t%gl ‘grtf\?eﬁl:écl eto
opti m ze opdeauesied aenaralor epoveari yeluef ande mesimisclfer, ladatingppavehicle

conpri si ng: e o) | ural it f.sets af vehicle
operating conditl 8&1‘2& lggggtg*%\{ﬂ&ja%E{dhégngé]ﬁggﬁ%Fegglegtgﬂﬁygayglﬂgm val ue, an
opti mal set fefldsogentatning valesli idéntifigng tdyerativgt condttehst edeppwhiehi the
characteristics of ,the vehicle, the, neans for cating, i.ncludi ng neans for
| ocating a srggu%sge@gﬁpgrlaaoro%\‘éétﬁgb%ﬁ?‘i‘&egr ?‘1‘{ ?‘3@3 %S?&EP%W@HJ ith the

request ed gdadentiing ¢pEMEingv sharacfistid¥e ah Sthk OVeHifle alvhéld the Vaidie! 8
per f or mance recogg\?ga%w n% a field containing the requested power value and
I

fields cont dAf% B2 SPPERNRG iPPAignS RNk Mergs deBrodieRg signals forwhi ch t he
request ed geptraling aPOREr Blers tﬁé%ﬁﬁ?@aﬁa‘da Qbﬁéﬁﬁorﬁ bBkfi@%neVal ues
identifying operating characteristics of the véhicle en t he veﬁl cleis
oper at ed at vehclegétht i ng conditions; and neans for producing signals for
controlling a prinme nover of the vehicle and a generator to operate the




vehicle at the optinmal set of operating conditions to supply power at the
requested generator power value. and nmeans for producing 18 ghake2dosr
controlling a prinmer nover of the vehicle and a generator to operate the
vehicle at the 18 August 2006 -8 optinmal set of operating conditions to
supply power at the requested generator power value. |In accordance wth
yet anot her aspect of the invention, there is provided a process for
control ling operating conditions of a fybrid electric vehicle to optinze
operating characteristics of the vehicle, the process conprising:

| ocating, f r%‘FHﬁEﬁIQ goss| valug iasya dunetians obe W@llﬂhtﬂdesblpi'eﬂbnpﬁ‘gmmﬁdl t i ons
associ ated Wybdy, ﬁ&érﬁ‘i‘ic%ﬂ%&aﬁ‘ﬁ’é agﬂﬁ@fus‘fﬁéc\ﬁﬁmh@ﬂngﬂ%%el 0‘1%

operating condi f | ons t timzes op aracteristics
vehi cl e, whepeiahle m:aehentgwamfﬁs|fseslseooa¢almgamgsﬁ’ue efeighdhd dum ,oiper at i ng

carculati ng. eonSE 18 AR oPErlrdcldtR, pPINE VBT b Seter 8P Sy 48 ng ™

char act eri st ingdernsrsted ined prbcesdor Birédtle r equest ed generat or power val ue,
identifying a best optimzation index, identifying a set of operating
condi tions associated with vehicle operating characteristics that produced

the best optTHhg apﬁara@slnﬁaiﬁmnhanmcluaécmﬁbﬁmleﬁloge@bfe {eR@PRObEitng a prine
nover of the vehicle and a generator driven by the prinme imver to operate

the vehicle %H“"i'?@'o&ﬂf‘qj%fm@éim%‘?g tr@dﬁ?"ﬁi‘?ﬁi@”dﬁ‘?ﬂieﬁl%'at%éprt‘?@cbause t he
gener ator tOse‘il&FHdérﬂmgeéorﬁtldn@eThéeﬂéﬁtﬁfe?% BRbABLS B@Wmé@lryg the

signal s including a speed signal for settind an angu ar speed of the prine
mover and priRIEERSSAYCiECUt@NgUIBaY bgeakrable to finsk the wgtimizaden indexuwithetheon t he

generator. |owestvalve. The apparatus may further include a device operable to
identify a set of operating conditions associated with the vehicle
operating characteristics that produced the best optimization index.

The control signal generator may be operable to produce a speed signal for
setting an angular speed of the prime mover and to produce a torque signal
for setting a torque burden on the generator in response to the set of
operating conditions associated with the vehicle operating characteristics that
produced the best optimization index. The control signal generator may be

implemented in & processor circuit.

The apparatus may further include a database interface facilitating
communication between the request processor and a database storing the
sets of vehicle operating conditions.

In accordance with another aspect of the invention, there is provided an
apparatus for controlling operating conditions of a hybrid electric vehicle to
optimize operating characteristics of the vehicle, the apparatus comprising:
means for locating, from among a plurality of sets of vehicle operating
| _conditions associated with a requested generator power value, an optimal set
- of operating conditions that optimizes operating characteristics of the vehicle,

. the means for an apparatus for controlling




I n accordance with another aspect of the invention, there is provided an
apparatus for controlling operating conditions of a hybril8 Aslgesit200é vehicle
to optimze operating characteristics of the vehicle, the apparatus
conprising: a power request processor configured to | ocate, from anong a
plurality of sets of vehicle operating conditions associated wth a
request ed generator power value, an optinmal set of operating conditions
that optim zes operating characteristfcs of the vehicle, wherein the power
request processor is configured to |ocate a set of vehicle operating
characteristics associated with the requested generator power value, and

| ocat e a vehoperatingecooditiascof 4 eloybirid kRirieg vehitleets opliniizd ropetisgi d

Values. | dentTEYRIEISUBR P e PR dnE Re ARG AR oS PElialid

gener at or pay#h afdigReplrAtsTedtsPetchich] ifers@iy cinditdas basetiated WitRNt 1 fyi ng
operating characteristics of the vehicle when the vehicle is operated at

the operat i rR)"Rgaied; GNSraint Paner ¥alke. are optiel seteefuenarating: epnelifioss i s
configured !fal Gftthizey tho RpBatAB! drilldinsRbs R 46¥ VRIS dnb 48NS Yora  sel Of

operating conditions associate h the vehicle operating characteristics
t hat pr oducédecating inmtudindmeans Kiateesting adekof wahitleoperatingtharagiagsticsgener at or
operable to i I j i f vehicl e
and & gener Asooefel alhRElrpd e G BbL ey aRic AR HRAEE 3ipdito .t " e
opti mal set atehige patfomgareneconddeying a fieldusatdifiag gies esquiestedt ppowsanppl y

power at the equeéte generatoragower. l.ue, the contro gener at or

bei ng oper abP¥& gn%, i contating, IEF’E)HQ%/&%?Q LPEf3tNG 8%@@6?@?‘4%%(1 of

the - prime rEhier thendqRened genératop paer 8ardBalprédiced @inlli fRfisAcdn@diniig bur den on
the generator in response tqQ the set of operating conditions associated

with the veR{UesdIpiBg Pﬂ%{aﬁm&%ﬁf@@tﬁr@@é@%wi e ydigodbe yehiglegsst
optim zati orypeRfl€X at the operating conditions; and means for producing signals for
| controlling a prime mover of the vehicle and a generator to operate the
vehicle at the optimal set of operating conditions to supply power at the
- requested generator power value. and means for producing signals for
controlling a primer mover of the vehicle and a generator to operate the
vehicle at the




The control signal generator nmay conprise a processor circuit. 18 August
2006 -10 BRI EF DESCRI PTI ON OF THE DRAW NGS I n draw ngs JBiZdpust 2006t r at e
enbodi ments of the invention, Figure 1 is a schematic representation of a
hybrid el ectric vehicle containing an apparatus according to a first

enbodi mrent of they invention; Figure 2 is a tabular representation of a
vehi cl e performance record produced in accordance with a nmethod according
to one aspect of the invention; Figureg.3 is a schematic diagram of a
conput er used to produce vehicle performance records of the type shown in

Figure 2; Fi gptirRal%et 8f dpdrh ditioRS tPsOEPY SovierRR IHOraRaGEd HESRhEr

production routine executed by the conmputer shown Iin Figuré 3; 18 August
2006 WD 03/ BPEEINRIYECT/ CA03100358 -11- Figure 5 is a flowchart illustrating
a nethod according to one aspect of the invention; Figure 6 is a block

CFi: agram of ajPaespdiRe Wit Goi hndthér 4dPeCBEHe RYeitldR, tr'fieré‘ﬁ’@ggﬁtdéﬁ iho""“ in
gure 1; Figure 7 1s a flowhart of 'a nain routine execut y the
processor ci POGFES fhemrallingrerasatings conditigrisgol e ytirid eleetriowshiole tof a bl ock
g;teic%t ed by biifine ishattio Ehdiatietisthh of 1 EniBle! e HROGYL AdIfisY:
: locating, from among a plurality of sets of vehicle operating conditions

associated with a requested generator power value, an optimal set of

operating conditions that optimizes operating characteristics of the vehicle,

wherein locating comprises locating a set of vehicle operating characteristics

associated with the requested generator power value and calculating an

optimization index for each set of vehicle operating characteristics associated

with the requested generator power value, identifying a best optimization |

index, identifying a set of operating conditions associated with vehicle

operating characteristics that produced the best optimization index; and

producing signals for controlling a prime mover of the vehicle and a generator

driven by the prime mover to operate the vehicle at the optimal set of

operating conditions, and to cause the generator to supply power at the

requested generator power value the signals including a speed signal for

setting an angular speed of the prime mover and producing a torque signal for

setting a torque burden on the generator.

in accordance with another aspect of the invention, there is provided an
apparatus for controlling operating conditions of a hybrid electric vehicle to

- optimize operating characteristics of the vehicle, the apparatus comprising: a
power request processor configured to locate, from among a plurality of sets
of vehicle operating conditions associated with a requested generator power
value, an optimal set of operating conditions that optimizes operating
characteristics of the vehicle, wherein the power request processor is |
configured to locate a set of vehicle operating characteristics associated with
the requested generator power value, and locate a vehicle performance
record having a field containing said requested generator power value and




Figure 9 is a flowhart representing a bl ock executed by the processor
circuit showmn in Figure 6 to produce a set of weights fon8useust2dbe 15
calculation of the optimzation index shown in Figure 8, in response to an
operating node of the vehicle. DETAILED DESCRI PTION Referring to Figure 1,
an apparatus for controlling operating.conditions of a 20 hybrid electric
vehicle 8 to optim ze operating charact’eristics of the vehicle is shown
generally at 10. The apparatus conprises a power request processor 12
operable to } t L 0; al.J . 4 Js perating
condi tions aﬁtgg%i%pgégqlﬂ t Ia r%’%ﬂ@@l‘édl’%&éﬁ‘é’?@at‘%ﬁ&@%&mﬁ‘er““@%’?’ﬁ@"%! ?%ér)\ opti mal
set 16 of opeaquested ganedhton powen han beppiodiugerdt ant cfialdse cantaiomgofaluée vehi cl e
8. 25 The ap r ] S .(2,.C0N Lapa t 18
operable to ﬂ?éﬁfgﬁgcéggr%gﬁ%@afdg?é% !:S(H)gfr%l fhl%ng\fgéﬂﬁ"r ?\}nht%ﬂngw\;egﬁgﬁircgef ?‘{ he

vehi cl e and epeyatedr at othe dpehating ncdmgitione and nehereinethe opavperr atqueshe vehicl e

8 at th t] N i f . -t ly. electri
s i e L L e
t he gener at oset7 afayopeeatingd dondifibns peyeiatbdis withot the hawhicleo peperhtireg t 0 suppl y
t ' . i cal ts of .the hybrid electric.vehicl h
Pe St or age biEr S PUTRE A Prre RTREPS brbinitsin PHBkinde BRp U SiorE Al st
: zo?rg WO 031gertaor Bedrabkit fodod: sibRalsTioe conirolingraveime niavgr loé tlaen i nt er nal
conbustion en

i.ne _sych as soline,. or.diesel powere ngi ne, for

e 1t YRHIE gBY st taP B %an F therPrrhe Fier B O6ergts: P ehists Afc
vehi cl es, suihk aptipal nget rorveser&ingasoriitioms] tolchese e gpasratdretot sugply ecei ve a
speed control ' siaqr}ﬁl i ndi cati nr9e at desi red eng{' ne sha{t, sgeed. A

power e requested generator power value,”the control signal generator

being operable to produce a speed signal for setting an angular speed of the

prime mover and produce a torque signal for setting a torque burden on the

generator in response to the set of operating conditions associated with the

vehicle operating characteristics that produced said best optimization index.

The control signal generator may comprise a processor circuit.




shaft 22 of the prinme nover 9 is in nmechanical communication such as by a
direct drive through a shaft or gearbox 24, for exanple, MiAdguat 2i0aft 26 of
the generator 7 to permt the prine nover to inpart mechanical energy to
the generator. The generator 7 is operable to receive signals representing
a 10 torque |oad or burden to be placed on the generator to deliver energy
to the power bus at a rate determned as a function of the generator shaft
26 speed and torque load. Typically,_{his torque load is varied by
changi ng the anobunt of current supplied to a field (not shown) of the
generator 7. The generator 7 has a generator interface 28 that controls
the field strength to adjust the 15 torque |load on the generator in

response to BRIEFRESEBHITION OFgHAE DRAWINGS from a control device. In the
enbodi nment s . evi,.ce.is . th apparatus 10. The apparatus 10
produces a szlgé%wé@%te‘?@&%pgt%gW%HE@",‘%W%"?I'{B%E@QRW ol ler 20 of the prime

nmover 9 for controlling the speed of the shaft 22 prine nover 9 and hence

control s the speed of the shaft 26 of theagenerator 7 20 as a result of the
transfer of @i cal 'Seﬁersﬁse'ﬂ’ﬁP‘bu@ﬁrQﬁ?Bt aaf of or ldsidb slectrizs velnisle

apparatus 10 al so proqQ?ﬁﬁ At t .gpa r i t he
generator interface 28 orn@gﬁ$¥gpﬁ?ﬁggf#%bgﬁkggﬁh”%gﬂaéﬁ&ﬁhéhbgﬁgF%tor 7
to cause energy to bdngensiohi ed to the power bus of the vehicle 8 at a rate
that optimzes operating characteristics of the vehicle. The speed of the
shaft 22 of 25 the prime nover 9 and the torque burden on the generator 7 -
represent ‘a Figure ®f ofisrat fabglaf ORBrdseA@Eon nstea WHIGE péfontRREE! Bobrd
operated. In the enbodi nents described herein optimzation of the operating
characteristics of theérajuseddn eceerdance witha ceth@l agcouding tohene agpeckafi ng 30
conditions are set S“QHepﬂ@ﬁﬁ .cost function providing a neasure of
tradeoffs; between operating cHaracteristics of the vehicle such as fuel
consunption, pollutant em ssions, battery life, generator efficiency and

dri veab Hh tyF‘gﬁPeC:p 35 is a schematic diagram of a computer used to produce vehicle
performance records of the type shown in Figure 2;

Figure 4 is a flowchart of a vehicle performance record production routine
executed by the computer shown in Figure 3;




18 August 2006 WD 03/078190 PCT/ CA03100358 -13- m ni mal noi se and

har shness due to generator burden) is mnimzed. |In otherl8 Awgus200&n
optimal set of operating conditions is established by the apparatus 10 to
provi de the best operating characteristics of the vehicle 8, thereby

optim zing the operation of the vehicle. 5 In order to use the apparatus

10, the appsAk#sy "ust include or have access to a pl u?eh&%mg;sssets 14 of
vehi cl e operating conditions and associ ated neasures of operating

characteristics for various possible requested power values. These
operating conditions, operating characiqgri stics and requested 10 power
val ues may be pre-established through enpirical neasurenents taken on a

representati i cl f " ' Brdfiil Pl Shelasoebt &t
enbodi nment , rﬂq@t‘ﬁe{ee%cll ur'z? F‘tf@wgﬁérzg@éﬁngﬁ ﬁ]\%{ed??%ég rd('? er a(ﬁ ngSp(k?on [ tiéons are
stored in vehicl e perfioventioge records, one of which 15 is shown at 30 in
Figure 2. Each vehicle performance record 30 has a power field 32,

operating conditions fields including a torque field 34 and an angul ar
speed field kEgredP, ang a2bRIcKIdiddram 6f a qREEstebN girelifarGrldnidriting fthe! ds,
which, in thi's enbodi ment, include _a fuel consunption field 38, a

hydr o®ar bon eni ssi on apparaiusghowd iniFguRid; oxi de enission field 42, a carbon
monoxi de em'ssion field 20 44, a particulate matter em ssion field 46 and a
driveability field 48. The vehicle performance record 30 defines a

dat abase strEigurer? ands adfonehatt of aanaincodiine eacttedfbyt the prontissat eiduiti el ds

wi th each other. The power .field 32 is wused to store a value representing
a possi bl e request ed ﬁ@ﬂﬂ"@EPUEf’such as 10 kilowatts, for exanple. The
torque field 34 is used to store a val ue

- 10 Figure 8 is a flowchart of a block executed by the processor circuit of
Figure 6 for calculating an optimization index;

Figure 9 is a flowchart representing a block executed by the processor

circuit shown in Figure 6 to produce a set of weights for use in the

15 | -~ calculation of the optimization index shown in Figure 8, in
| response o an operating mode of the vehicle.

DETAILED DESCRIPTION

Referring to Figure 1, an apparatus for controlling operating conditions of a

20 | hybrid electric vehicle 8 o optimize operating characteristics of the vehicle is

shown generally at 10. The apparatus comprises a power request processor

12 operable to locate, from among a plurality of sets 14 of vehicle operating

conditions associated with a requested generator power value P, an optimal

set 16 of operating conditions that optimizes the operation of the vehicle 8.

25 The apparatus 10 further includes a control signal generator 18 operable to

produce signals for controlling a prime mover 9 of the vehicle and a generator

7 driven by the prime mover to operate the vehicle 8 at the optimal set 16 of

operating conditions, to supply electric power at the requested generator

 power value_P. The electric power produced by the generator 7 may be fed to

30 - a power bus (not shown) operable fo supply power to various electrical
N - components of the hybrid electric vehicle such as stor_ag_e_ batteries and

electrical accessories, for example.




25 representing a specific torque burden on the generator 7 such as 100Nm
for exanple, produced by electric current produced by tHe genet2006r to
neet the requested power demand. The angul ar speed field 36 is used to
store a value representing an angul ar speed w in radi ans per second, for
exanple, of the shaft 22 of the prine nover 9. The torque and angul ar
speed fi avalesn3vand 36 30 hol d val ues representing a&cgeiospdssoperati ng
conditions of the vehicle 8, the set of operating conditions being the
nunber pair conprising the value 18 ﬁ?gust 2006 WD 03/078190

PCT/ CAO3/ 00358 -14- representing thé'forque burden and the angul ar speed
val ue stored in the torque and angul ar speed fields 34 and 36,
respectively. The fuel consunption field 38 is used to hold a value
representi nghé b&mélmdver 5 mrtewmmeml cdmbbustion engile sucheds aBgaSDIind iters per

hour, for exa enera nd operated at
e operat + el ror P eno e S a5yt I et B e 85 Rt Pord 34
anddt he anghylardfa@?gdvéhlcﬂaés;ls@ﬁtapﬂ'm@nhyetrmhasb@mtmuesm aperdbletod 40, nitrous
oxi de_em ssion, fie e.em ssion field 44 nd
1 Bl 't oratBvE T SBsReLeariRl Potal gty & 6T roe HERFPEEs LAl
regr ese?_tl nlghe:fhzz a{mﬂerﬂnnmf mbwl?mm ebisaniaal t?mmnmmiaﬁle?ucnas lbgra nonoxi fle
and particula er. .re ctive part s m exanpl e
emtted wheff i@r%‘? Fl'}[r%u Qrpgabé&.?& é”tgsas%]@h%?eoﬁ operating
-condi ti ons. gdieatdr i?\/leadidrrhitttbe bnrabdne%r (e wqmﬂrrtechdmdadeaergyaltmme representing
a neasure of the confort ex enc g’étﬁ of, the vehicle 15 8 at

r

the associ aP¥F&GEr & qen%en@ '%ﬁgera rgaﬂ}(’ee S@Eﬁ'arfagfe%?"t'f‘%@ type shown

in Figure 2tor@m0|lorau@ﬁbumﬁwb@maé@omme arratbi bHeliarencigens e ¢ val ues may

be made whi | gwglpb%rsaatt Ianrgtetcié?err\ﬁ%réld %ls% fgné%!ton of the generator shaft 26 speed

and torque load. Typically, this torque load is varied by changing the amount
of current supplied to a field (not shown) of the generator 7. The generator 7
has a generator interface 28 that controls the field strength to adjust the
15 torque load on the generator in response fo a torque control signal received
from a control device. In the embodiment shown, the control device is the
apparatus 10. The apparatus 10 produces a speed conirol signal for use by
the controller 20 of the prime mover 9 for controlling the speed of the shaft 22
prime mover 9 and hence controls the speed of the shaft 26 of the generator 7
20 as a result of the transfer of mechanical energy through the shaft or gearbox
24. The apparatus 10 also produces a torque confrol signal for receipt by the

generator interface 28 for controlling the torque load on the generator 7 to
cause energy to be supplied to the power bus of the vehicle 8 at a rate that
optimizes operating characteristics of the vehicle. The speed of the shaft 22 of
25 the prime mover 9 and the torque burden on the generator 7 represent a set
| of operating conditions under which the vehicle is operated.

In the embodiments described herein optimization of the operating
characteristics of the hybrid electric vehicle 8 occurs when operating
30 conditions are set such that a cost function providing a measure of tradeoffs
‘between operating characteristics of the vehicle such as fuel consumption,
pollutant emissions, battery life, generator efficiency and driveability (such as




various sets of operating conditions. For exanple, the prime nover 9 in the
20 hybrid electric vehicle 8 nay be a Vol kswagen gas- powdBexbgasig096 and t he
generator may be an SR-218 generator, nmanufactured by Unique Mbility Inc.
of Gol den, Col orado, U.S. A The range of angul ar speed settings of the
prime nover shaft 22 at which operating characteristic values are neasured
may be fweewiatigut 150 radi ans per second to about BOfQcimdésans per second
while the 25 range of torque burden for each angul ar speed setting may
range fromabout 13 Nmto about 150Nn The resol ution of operating
condition values is preferably kept 'To as fine a resolution as possible

whi ch be . - h . of di nd - h of

i CTor ol 885 AREhapTikshadk ohenatid bR BHFBRReE G 818 oot tain
ga; es a_nd p@rdgld!s; ah apmalngst bf;operairgrdoméiﬁhrid iiste;tabwheéfbyrﬂ)e aEpadatter m gedhby
subl oot 1 ve, WBBelle S A5y oh 5380 LB M e MR 70001 °,

dri veabi | i t wpfimizind tH8operalicaef theagbickrent s may be considered in naking this
subj egtive j udgenent, for exanple, or noise neasurenent values nmay act as

anot héer operating characteristic of the vehicle, for exanple. 51t will be
appr eci at ed It bader td usegbaeppdratus 10 itie appanaisymiet inolede at hange actlss act eri stics

-~ including, ' f .t perat tj St ] | bed herein
my be 1 nel dudt AL oty P ARl BBaha AebtorL e A RERER o o T
gener al any nepsswdes fof apbrtiog eharbetadstich foracdrions pbssihleregqubsted molveded in the
set of operating.characteristigs associated with | ven se f operating
cond ti one. VakeS ISR Bid Bippr SR Chntclofbs N RRORe S s and
respdoti ve sgetver @ilues may be pre-established through empirical measurements taken
on a representative vehicle, for example.

Referring to Figure 2, in this embodiment, the plurality of sets 14 of vehicle

operating conditions are stored in vehicle performance records, one of which

156~ is shown at 30 in Figure 2. Each vehicle performance record 30 has a power
- field 32, operating conditions fields including a torque field 34 and an angular

speed field (w) 36, and a plurality of operating characteristic fields, which, in

this embodiment, include a fuel consumption field 38, a hydrocarbon emission

field 40, a nitrous oxide emission field 42, a carbon monoxide emission field

20 44, a particulate matter emission field 46 and a driveability field 48. The
vehicle performance record 30 defines a database structure and serves to

- associate each of the indicated fields with each other. The power field 32 is

used to store a value representing a possible requested power value, such as

10 kilowatts, for example. The torque field 34 is used to store a value

. 25 representing a specific torque burden on the generator 7 such as 100Nm, for
example, produced by electric current produced by the generator to meet the

requested power demand. The angular speed field 36 is used to store a value
representing an angular speed w in radians per second, for example, of the

. shait 22 of the prime mover 9, The torque and angular speed fields 34 and 36

30 hold values representing a set of operating conditions of the vehicle 8, the set

of operating conditions being the number pair comprising the value




operating characteristic values neasured at such operating condition nunber
pairs may be initially stored in raw data records havi ng 18 Awgfastl 2006
arrangenment simlar to that shown in Figure 2, without the power field 32,
for exanple. To 15 associate the power field 32 with the operating
condition nunber pairs and their associated sets of operating ,
charact erW@e30e890 it i s necessary to establish the petarizoesshi p bet ween
generator torque |oad, generator shaft speed and actual generator power
output. This takes into account any %@sses in the generator. This may be
provi ded by the manufacturer of the génerator but 20 may alternatively be

bli shed b i rjcal _In eff L ur al | f
Chr ee- 1 upl el eSeBMSL AP SHEGH Pt s harls Roed MBBPEIORR e cach 1 hr e

t upl e conpr ises andgageleatpmeddickip 3 apd 36/ res@ctively.a generator  torque val ue,
and a generator shaft speed value (P, T, W9 . The generator shaft speed
value is then preferably converted to a prinme nover shaft speed 25 val ue
usi ng t he dihw duel abnsumplion field3Baktused tgdaldomxaldd reprdsdnking tire fuel nover shaft

speedsval ueci susuﬁc')sti th ed for thg gheﬁerat or shaft s e§d ){)al e in the
t hr ee’t upl e SBUMF! %§.eﬂ95¥éﬂ?¥?f s 1 i3S cRer Bipr. CHB?(@@'B 5 M erred to
herein. as gemsatat @rardpdmae tmpleed akDopdratet| 4t the apepstiagi ahditioshat t he
operating condition,val ues, at. whjch t erating . chara Li,stics are
roasur e magPitPaRs Mo EREbt it ke aERH 6 ook BRaTHED i cr
gener at or oUThphidipcabsn emissien fiidc4Qr sirdideskidel 8mbgign Seld?8D,6carbako
Consequent | It..1S necessar,y to, adiust the neasure ratin
char acteri stiepblqsfmBSSS BOR A, it Sitictie ppferravat faf BB KR voul d be
expecped if id huid vaimasusresaitng thef arhdumt of1§/dAICkIbInS Mitroue ofide Stairsch had been
tpg\l;:p \G/I;I ngoaggge a%Beég&i(I:uqaqtecr%g ért, Irgggecti\g)erly,ml %Qrtss hp%r gr%m%rn?tfgrr OUF put

: example, emitted when the prime mover 9 is operated at the associated
operating conditions. The driveability field 48 is -used to hold a value
representing a measure of the comfort experienced by a driver of the vehicle

15 8 at the associated operating conditions.

To produce records of the type shown in Figure 2, empirical measurements of
operating characteristic values may be made while operating the vehicle 8 at
various sets of operating conditions. For example, the prime mover 9 in the
20 hybrid electric vehicle 8 may be a Volkswagen gas-powered engine and the
generator may be an SR-218 generator, manufactured by Unique Mability Inc.
of Golden, Colorado, U.S.A. The range of angular speed settings of the prime
mover shaft 22 at which operating characteristic values are measured may be
from about 150 radians per second to about 500 radians per second while the
25 ‘range of torque burden for each angular speed setting may range from about
13 Nm to about 150Nm. The resolution of operating condition values is
preferably kept to as fine a resolution as possible which may be perhaps one-
~ tenth of a radian per second and one-tenth of a Nm, for example.

30 In addition to measuring emission levels of cerfain gases and particulate
matter, a driveability value may be determined by subjecfive judgement
provided by a test operator, for example, and this value may be stored in the




5 provided. Gven the raw data records and a plurality of three tuples of
the type described above, records having a format sim | a8 Aagush2006shown in
Figure 2 may be produced by associating sets of raw operating '
characteristics of the 10 vehicle known to occur when the vehicle is
operated under certain operating conditions with respective power val ues
appr oxi mav@eprgual to the actual power produced byctibsuzgeser at or when the
generator is operated under a set aof operating conditions approxi mately
equal to said certain operating conditions. 15 Referring to Figure 3, this
associ ation may be perforned by a conmputer, such as a personal conputer 50

conpri si ng pr ssar, ,Girncuit 52 suitabl rogr, d with caodes
representin r'?ﬁﬁ'ﬁ%ﬁ%ﬁéﬁs %%ﬁma?%%?eft%%ﬁ%@c@g@@%dm F"@jﬁ‘i”ﬂ 9 {0 perform
the tasks d@?bpebmgudr@n?nnifoﬁé)@g@mgmée ﬁﬁagﬁumbm @gjeg%bd@%m gsthe vehicle
8 or renmote fromthe vehicle, The codes, e provide y a conputer
readabl e ned"dlFEoRaYY %a@gﬁm@%‘?@'@%ﬁﬁ@gpiﬁr may be provided in a
conput er data signal 56 received froma source such as an external source
accessi bl e through the jnternet for exanple. The conputer

such. as a serve h [ )

dat a gi gnal ?{Sé"’" bF chprgiated ath@bdg' Setgraht aswidgaverely 95 apsERlingit i on

repr esent i ngharaetefistite $nclifding, exinsihe of, ta dpisting ThadteRgics dbdgibe@des direct

t he processqQr circuit .5%{%@.associ ate :%\ set of ,opera@i ng, characteristics

‘of the vehi g'leée'mwgmet"?)c 4P aRREST QPrEalpe pharpeteristics ghibe yERECUMder certain

operating coedérhl anysquaniifiddle’ pRRABY icHEraBeMEic YA BERcldfedin ifoxdtdrt el y equal
nerator when the generator is

to the actual duced by 1 _
oger at(:a egcuﬁ?fg?’%g'\!ﬁ{’l}ﬁ%‘gﬁ% gﬁﬁﬁ F'Bli"?g “&Eﬁr%%"r?&l%flcﬁpe@&'ﬂ%mfi%oﬁﬁi d certain

oper &d0i ng condi tions.

In general, the operating condition number pairs and respective sets of

operating characteristic values measured at such operating condition number

pairs may be initially stored in raw data records having a tabular arrangement

similar to that shown in Figure 2, without the power field 32, for example. To

15 associate the power field 32 with the operating condition number pairs and
their associated sets of operating characteristics, it is necessary to estabiish

the relationship between generator torque load, generator shaft speed and

-actual generator power output. This takes into account any losses in the
generator. This may be provided by the manufacturer of the generator but

20 may alternatively be established by empirical measurements. In effect, a
plurality of three-tuples is produced or acquired or made available, where

each three tuple comprises a generator output power value, a generator

torque value, and a generator shaft speed value (P, T, wg). The generator

- shaft speed value is then preferably converted fo a prime mover shaft speed

25 value using the drive ratio of the shaft or gearbox 24 and the prime mover

' shaft speed value is substituted for the generator shaft speed value in the
three tuple (P, T, wg). These three tuples are subsequently referred to herein
as generator three-tuples. '

30 It will be appreciated that the operating condition values at which the
~ operating characteristics are measured may not be the same operating
- condition values for which generator output power values are provided.




18 August 2006 WD 03/078190 PCT/ CA03/00358 -17- Referring to Figure 4, in
this enbodi nent, the processor circuit 52 of Figure 3 pdsfiougust 2006
function of associating by executing a vehicle performance record
production routi ne shown generally at 60. It is assuned the processor 5
circuit 52 is provided with or has access to the plurality of generator
three tuples (P, T, wp) representing & ier at or out put power, generator
shaft torque and prine nover shaft speed, and has access to raw data
records ha\@ﬂ@S%guemVnﬁﬂs BeeRasary inadivst thenmpasuiedprRIAting chafadterigtict he

power fiel %a?ﬁes 18 Fé‘?le‘éf fn‘?&re Eﬁgro‘rb‘?g'tél\%hpeeg L TRIAGR rb%c%&ﬁ%&%gsl? I%O'?he

routi ne 60 codes rocessor circuirt 5

function ofmaasmanaetnts]@f lthe Iapfémtlr@ Ehairactavistick had hdwai takehe@tt thet b&ne
power val ues

rocessor circu 52 t uanti ze the actual ener at or out

8f each of Q%ag%gme?%(ﬁﬁ’o% Shrige “l’u‘ﬁ“e&he RNSRIOF nGUiPYT 2P d@“i'%oﬁre

resag ution.pl5Qide@xanpl e, the generator output 15 power values may be

guanti zed |nto increments of | WThus, for exanple, 1in any generator three
tupl e having a generator output power raw val ue of 10.4 W the generator

. | dj d |
%:Jtnprgr F; Wéﬁlg ee\ri\'%fldog %ﬁ(@%‘wggﬁd %ﬁH%ﬁl n@f‘%‘? \c/;ﬁp ﬁt B{Jtt%evéfweval ue

of 10. 5kW vagceibba\dbovbs raiines mraorngoatfahhapgmrarwaltﬁat Q%Wﬁﬁﬁq:iberezﬁ a
guanti zed val ue of 11 M The renai ni ng val ues of the three-tuple, that is,

t he tor que "BAY bengipdbiced pyeasspgialing sats éﬁdammea'etlmwheraﬁt@maﬂcseﬁetha
oreliinge”, Reniaylohh Bkt Shoh i AR EERRbA Y SBbiCbndRlb, "
three tupl e&ndﬁ@n&oﬂltiﬁlredped:thret pewertvallRas hppioxirogtess atjaal @/ tRsitacagier
val ues 25 thereof are quantized. Three tuples having quantized generator
out put powdlower produced by the generator when the generator is operated under a set
of operating conditions approximately equal to said certain operating
conditions.
15
Referring to Figure 3, this association may be performed by a computer, such
as a personal computer 50 comprising a processor circuit 52 suitably
programmed with codes representing instructions that direct the processor
circuit 52 to perform the tasks described herein. The computer 50 may be on
20 board the vehicle 8 or remote from the vehicle. The codes may be provided by
a computer readable medium such as a CD-ROM 54 for example, or may be
provided in a computer data signal 56 received from a source such as an
external source such as a server accessible through the internet for example.
The computer data signal 56 may comprise a code segment 58 having

25 modulation representing the codes, for example.

In this embodiment, the codes direct the processor circuit 52 to associate a
set of operating characteristics of the vehicle known to occur when the vehicle
is operated under certain operating conditions, with respective power values
30 approximately equal to the actual power produced by the generator when the
- generator is operated under operating conditions approximately equal to said
~ certain operating conditions. -




val ues are hereafter referred to as quantized three tuples (PQ T, wp).
Next, block 64 directs the processor circuit 52 to group 1igheugierioszed
three tuples according to their quantized generator output power val ues
(PO. Thus 30 all quantized three tuples having a generator output val ue
of 10kw for exanple, wll be grouped together. This may be done by sorting
the threewobpbies by their quantized generator outpwireawabsyal ues. 18
August 2006 WD 03/078190 PCT/ CA03/00358 -18- Bl ock 66 then directs the
processor circuit 52 to address each_ﬁyantized three tuple in each group
and for each quantized three tuple look in the raw data records to find a
set of operating characteristics associated with a set of 5 operating
conditions that is closest to the set of operating conditions specified in
t he quant i zdRefeming éo Eigpiedt, irBlhiscdmigslirdént cbe prachssop ciconii S2arf Figure8it 52 to

determ ne wg% ch. v [ erati ondi. tions. of the closest
raw data recor ﬁlﬁss?l?me t ”lcﬁ‘l"*;%'{)r""g?" ?a%iﬁﬂcel@ e’ﬁ?”ﬁ'& ér \é%%cie (916%?rﬁ'éa"8ﬁer ating
condi ti ons gpewi praskiction routinecphawn igeeeraliyhatdi®. tiLip laesursenidthé bravesdon cause bl ock

navi g he. gt B df Rl ol feseckSs LB Gafly o Soheriltr iierc 2. “oner
the el e{rent duplés (Hd, qm)arap'r%e[iirtgi'gfe@eal'atmp:lumu( E?erIgengém?rSﬂfaa tsrrqo?gad : nt hed
power, torq ' an respectively, an
Phe r aw vl dngHhe B YhaP B, B e pcess X i Gord Fedhrag BARECS

cor r espondi rigrmp eirmilel ladhat ishowt indtiguwe 2owithionl the pd8®er fibld 3212, 44, 46 and 48
respectively. If at block 68 the operating conditions in the closest raw:

data record are not 20 within the pre-defined tol erance of the operating
condi0i ons dweeffect b shitl@erformance record production routine 60, the codes

directing the processor circuit 52 to perform the function of associating include

a first block 62 that directs the processor circuit 52 to quantize the actual

generator output power values of each of the generator three tuples,

according to a pre-defined resolution. For example, the generator output

15 power values may be quantized into increments of 1 kW. Thus, for example,

- in any generator three tuple having a generator output power raw value of

10.4 kW, the generator output power value would be adjusted to a quantized

value of 10kW. Similarly, any generator three tuple having a generator output

raw value of 10.5kW would have its generator output power value adjusted to

20 a quantized value of 11 kW. The remaining values of the three-tuple, that is,

the torque and anguiar speed values of each three tuple couid remain

unchanged or could be adjusted by interpolation to values that would have

produced the corresponding quantized power value. Thus, the generator

three tuples are modified, in that at least the generator output power values

.25 thereof are quantized. Three fuples having quantized generator output power
values are hereafter referred to as quantized three tuples {Po, T, wg).

Next, block 64 directs the processor circuit 52 to group the quantized three -
tuples according to their quantized generator output power values (Pq). Thus

30 - - all quantized three tuples having a generator output value of 10kW, for
example, will be grouped together. This may be done by sorting the three’
tuples by their quantized generator output power vaiues. '




gquanti zed three tuple, block 72 directs the processor circuit 52 to
interpolate the raw operating characteristic data, to esigabhdusinmeset of

i nterpol ated operating characteristics corresponding to the actual
operating conditions specified by the T and wp conponents of the quantized
three tuple (PQ T, 25 wp). This is effectively a two dinensional |inear

I nt er pol a¥6 @i obtain a set of nost probabl e opereticagoekar acteri stic
val ues between two other nmeasured operating characteristic val ues at
relatively near operating conditions, This interpolated set of operating
characteristic values and the operafﬁ%g conditions of the three tuple may
be associated with each other by storing themin a 30 derived raw data
record having the sane fields as shown in the vehicle performance record

30 shown i NRBLPEE thed dirkkrs tR ﬂrb&s@érﬂﬂ@mim@fadﬂf"e%s egttnfgidntigst thhsece tupl e
under consideration are stored in the r tor ue and 18 ﬁu ust 2006 WO

031078190 PEPIECAGILDOWD aslier sacfsw@@azﬂ fe@stuelz OBuInAe 3% s pect i vel y,

and the i nt gicekabafhd’ 2 Wet ap@babt.ﬁgpcmaétaﬁ@ ia8ddcfatedMitRSa 8ot ored in
corresponding operating characteristic fields 38, 40, 42, 44, 46 and 48

respe?ti vel 9P9r§t'“Ef®8€¢'?ﬂﬁéh?t is glogest {0 b5 seb opprptiag gondliong skecsde processor
circuit to hithelqmntgdd thRfe tgper ating characteristic values closest to a s et
of operating condltlons associated with a quanti zed generator output power
val.ue. After producing a derived raw data record at block 70 or block 72,

bl ock 74 18106k b8 alrscté B ROEGRESAFCUR 52 Gl dbteRriné Q;h@ﬂfeﬁ%bttti@allﬁdﬂﬁh operating
characteristics anong each other within the record. n}a‘%/edbe done

‘accor di ng ttgletqﬁgratm@p%qtt@ﬁs otsheflgpestyaw data record is W|th|n a pre-d
' 10 tolerance of the operating conditions specified by the quantized three tuple,

and if so to cause block 70 to cause the processor circuit 52 to produce a

derived raw data record having the same fields as shown in the record 30

shown in Figure 2, where the elements of the quantized three tuple (Pq, T,

wp) are stored in the power, torque and angular speed fields 32, 34 and 36

15 respectively, and the raw values from the derived raw data record stored are
~in corresponding operating characteristic fields 38, 40, 42, 44, 46 and 48

respectively.

if at block 68 the operating conditions in the closest raw data record are not

20 - within the pre-defined tolerance of the operating conditions specified by the
quantized three tuple, block 72 directs the processor circuit 52 to interpolate

the raw operating characteristic data, to establish a set of interpolated

- operating characteristics corresponding to the actual operating conditions
specified by the T and wp components of the quantized three tuple (Po, T,

25 wp). This is effectively a two dimensional linear interpolation to obtain a set of
most probable operating characteristic values between two other measured

operating characteristic values at relatively near operating conditions. This
interpolated set of operating characteristic values and the operating conditions

of the three tuple may be associated with each other by storing them in a

30 derived raw data record having the same fields as shown in the vehicle
- performance record 30 shown in Figure 2, where the elements of the

quantized three tuple under consideration are stored in the power, torque and




G nax-Gm 15 Where Nis a normalized val ue which replaces a raw val ue G
Gis the raw value that is to be nornalized; 20 Grin is tBeAupusti 2006 r aw
val ue anong the set of operating characteristics; and Grax i s the maxi num
raw val ue anong the set of operating characteristics. 25 Block 76 then
directs the processor circuit 52 to create vehicle performance records by
repl aci ngv@esomief t he operating characteristic val uesricaseassh of the
derived raw data records with a respective normalized val ue such that the
sum of all normalized values in the ngcord is one. Thus, the normalized 30
val ues represent the relative contribltions to the set of operating

characteristics for ed operating
18 August v s s padls o Sglf%%%%a%%éﬁﬁgﬁ%h} %d%@%gﬁ% l‘é{ﬁﬁ?{a}ﬂé val ues is
associ at ed wgpdritingp ehatsctegstiondiues oas atsedi iat edrresgondiag opexatiigzed gener at or
out put power, val ue 6- a each quanti zed three
tuple to pr%%cé FETIC e'ﬁ?gg 1{3 ?%gg’fi‘g%%eﬁl%g% Ct'pagl'mance records of the type
shown at 30 in Figure 2. Each vehicle perfornance record represents a set
of vehicle ratl d o] quest ed

generat or p‘g&%cil qﬂ%‘*ﬁ% bé\'nthanga?s?aug gpg%ssg?mﬁcﬁgfdﬁr&e” |cs Thi s
plurality obf um?amigecmaétaﬁsmanm&les rcﬁmsﬁm aasethﬁ crpecmmg\mndiimirlse to the

power T equeasésogla%%es orquemtrzec!O genera?or output power value.

After producing a derived raw data record at block 70 or block 72, block 74
10 directs the processor circuit 52 fo normalize the operating characteristics
-among each other within the record. This may be done according to the

relation:
- _G-Gmin
Gmaz— G'min
15
Where N is @ hormalized value which replaces a raw value G;
G is the raw value that is to be normalized;
20 Gmin is the minimum raw value among the set of operating
characteristics; and
Gmax is the maximum raw value among the set of operating
characteristics.
25
Block 76 then directs the processor circuit 52 {o create vehicle performance
- records by replacing each of the operating characteristic values in each of the
derived raw data records with a respective normalized value such that the
sum of all normalized values in the record is one. Thus, the normalized
- 30 - values represent the relative contributions fo the set of operating

characteristics for a given power value and the set of normalized operating




10 Figure 1, through a nedium such as a conmmuni cati ons nmedi umor a

conput er readabl e nedium for exanple. The communi cati ond gnegkudn2006ght

i nclude a server accessible by the power request processor 12 through an

i nternet connection and such connection may be provided by a | andline or by
awreless link. It is not necessary to provide renpte access to the

pl uralitywobsoifiswehi cl e performance records on a comrti/oumisngsPasis. It is
sufficient to sinply download into the vehicle 8 a plurality of vehicle
performance records 30 that can be de avail able at the vehicle, to the
power request processor 12 therein' T will be appreciated that the
plurality of ve e rf or manc rds cont | Il dated by a
anu act ur PO vBDen BT aaned P pbSans terdfiofs o lre it i Ve of e
per f or mance quartized gemagtobautpri pewanailleabl e for different vehicle
configurations, such as with or without air conditioning, for exanple. In
addition, raw data can be continually acquired by a data acquisition system
25 (not shO\Bmcksiaﬁbm et mpetied foeleach e:uﬁnﬁzed ﬂhm timteatcnpqlalhsé ta on system

T B B SRS L R SRR A S B T
~routine sho&ach meﬁic@uperf@irmtancqorr@mmﬂ:eeprepém & |s'ety obfvenielei operafiey f or mance
A B T L R
eni ssi ons dafta sase of bparsting characteridtitsn This pluselity ef vehinteparfdoinencd a t he
o TeL SRR Rl Be BRRRA RS Rl Bl BBRARF T el L "
serveéd nay &Elgueset, i thaufly a ecefione duck @ @uicomchudizationandedium or a
. computer readable medium, for example. The communications medium might
inciude a server accessible by the power request processor 12 through an
internet connection and such connection may be provided by a landline or by
a wireless link. Itis not necessary to provide remote access to the plurality of
15 vehicle performance records on a continuing basis. It is sufficient to simply
+ download into the vehicle 8 a plurality of vehicle performance records 30 that
can be made available at the vehicle, to the power request processor 12
therein. It will be appreciated that the plurality of vehicle performance records
may be continually updated by a manufacturer or service provider and
20 - different pluralities of vehicle performance records may be made available for
different vehicle configurations, such as with or without air conditioning, for

example.

- In addition, raw data can be continually acquired by a data acquisition system

25 (not shown) situated on the vehicle 8 and the data acquisition system may
' have the computing resources or may have access to the computing
resources required to execute the vehicle performance record production

routine shown in Figure 4 to produce a plurality of vehicle performance

" records that can be used by the power request processor 12 shown in Figure

30 1. For example, the data acquisition system may continually acquire raw
" - emissions data and transmit this data to a server accessible via the internet,
~whenever a compufer on the vehicle is placed in communication with the




automatically operate on it to produce a new plurality of vehicle
performance records. This new plurality of vehicle perfamg t 2060r ds may
then be automatically comunicated to the conputer on the vehicle 8 during
the sane 5 comruni cation session or during a | ater comunicati on session.
This use of the acquired data may all ow hybrid vehicle manufacturers to
devel op aeneswramef ul i n designi ng new vehi cl es and por/desigss Ng

i nprovenents to existing vehicles, whereby such inprovenents may be
reflected in changes to the pluraliygy of vehicle performance records. It

may al so all ow vehicle 10 manufactuiers to adjust operating conditions of

exi sting vehicles_as the vehicle eg, to.prolong the life of the vehicle,
for exanpl €M&&f e 13nﬁe%edcwayoatgp@gﬁ:@ﬁ)i,reﬁw%%pq ‘%8”’ %tdg{,al Qﬁgd that the
appar at us Ildutdriatichiyt speektd ohat toyseduica aandwy pluratityedf @ehitle erfetmamice 8 havi ng an
energy managenent _ 15 controller 100 that controls fhe s I use, and
st orage of rgF‘g&?'r j T n%‘ﬁe‘?"@'ﬁ"w Wftwg'cl?eﬂ?'iqr@?ncﬁnéecﬂ iad g'ﬁeg} é@ management
control | er saitematieaiyr comnyunieztdd to Kirooumnpautest ohhiee wehinde & duinglifie darser i bed herein
may he used with. any type of ener managenent controller that produces a
sign repr@%‘?ﬂ’ﬁ'%ﬂxﬁs%%@roédmmﬂﬂﬂger&? mc@ﬂ%’h’?“?ﬁ?@“giﬁ@rlﬁeooﬁ 7.
- Effecti vel yiné heqiirgadsasd wiayldiousBybritl hiehicROmangfactirets todediopedata opt i mum set
of operatin ndi.ti.ons, which, in thi .enbodi nent ., [ ncludes signals
representi H%eﬁ’?ghg?sﬂg"é@e%‘ﬂ” SPNIEIAR aB‘B i"hée%m 'mPé°"e?H1?“§ @n%'szmgepr esenting a
torque | oadvefitlcsNwhei@be satp imgrovdriidits ORlyi b8 Feflecteé rih Thangaebathe ng
characteri stli cs of_ the !veh}?rﬁl e 8 which, in this enbodinent hi Ii ncl ude fuel
consunpt i orPWAlr ¢fc YRR BRFQEBRR TeRPHS-oudt JW it eV o NENICIS S a1 hon
rm][low' de ervhamnifsifrersp®y hiriljatﬂ aperatirf b@ﬁditﬁiﬁisfs@fi minlgnabrme;sveabméi ty.
Referring to Fjgure 5, e rafus 10 effectively perforns two main
oper at i ons.Veﬁﬁlefgﬁﬁftgpr%%tagﬁfgﬁ?&\?é’eﬁ’ﬁ@’%’{)B’éﬁ"éc\fi%s 10 | ocates from anong a
plurality of sets of vehicle operating conditions associated with a
requested Referring back to Figure 1, it will be appreciated that the apparatus 10 is
intended for use in a hybrid electric vehicle 8 having an energy management
16 controller 100 that controls the supply, use, and storage of electrical energy in
‘ the vehicle. The use of energy management conirollers is generally well
known and the apparatus 10 described herein may be used with any type of
energy management coniroller that produces a signal representing a desired
power output from the generator 7. Effectively the apparatus 10 uses this
20 signal to produce an optimum set of operating conditions, which, in this
embodiment, includes signals representing a shaft speed of the prime mover
9 and signals representing a torque load on the generator 7, that optimize
" certain operating characteristics of the vehicle 8 which, in this embodiment,
include fuel consumption, hydrocarbon emissions, nifrous oxide emissions,

25 carbon monoxide emissions, particulate matter emissions and driveability.

Referring to Figure 5, the apparatus 10 effectively performs two main
operations. In a first operation 102 the apparatus 10 locates from among a

plurality of sets of vehicle operating conditions associated with a requested

30 generator power value, an optimal set of operating conditions that optimizes
 certain operating characteristics of the vehicle. in a second operation 104 the
apparatus 10 produces signals for controlling the prime mover 9 and the




30 generator power value, an optinmal set of operating conditions that
optim zes certain operating characteristics of the vehi diReAugust 2006econd
operation 104 the apparatus 10 produces signals for controlling the prine
nover 9 and the 18 August 2006 WD 03/078190 PCT/ CA03/00358 -22- generator
7 to operate the vehicle at the optinmal set of operating conditions while
causi ng tweoyesier ator to supply power at the requestret/camwesss val ue.
Referring to Figure 6, to achieve the above two main operations, the 5
apparatus 10 includes a processor ciz(gguit 120 conprising a mcroprocessor
122, program nenory 124, a vehicle r 'ord dat abase interface 126, an input

port 128, an ou 3 a,.co ns, Lnter e nd a nedi a
interface 19A4¢f al‘ﬁru‘}@fgﬂf’%@é tB%cYSIPﬁle(ﬂ 803%55%? ﬁ?%??é&:eéét%éfgoﬁéé? itates the

M cr opr oceswhile datiding @ee§siertordo ¥@iphCpever atibe deglasmdaewedBdfieccont ai ning a 10
plurality of vehicle records of the type described in Figure 2. The vehicle
record dat abase may be maintai ned by the m croprocessor 122 itself, in

whi ch caseR‘eﬂ@mngetmrFtrgnrm ®i agHigvebthes kbovad twe main- eperations,etheenory (not
shown formn rocessor (};'_I cle record

dat ab3se ma?tpp 1@%95”491’? %B‘?E%%?Péf'écuﬁ‘:a ?Pnzﬂﬁlngs%givﬁ%p ?%esg serves as
part of anoumprob@arprnwmamca vehidld recoit dasdbasa intenfabevii2bedm inputaccessi bl e to

\he Proeessgin AbE Al bund i M0 Mol e 5 AL RO e
nai n- procesp@ifacé 134l t Taé vehizle veebid: detaBasenthi@faogr #1265 fastiitatesdthen t he program
T 12, b RLTERL o Rt AP e BB 1 BRARRTY £l o 220
menmony 124 pl&rdht?aéfafbhmd Recards nafithe pypegdesoritiddain Fijfrec2.i Tebwebigleses t he
processor Ctlfercgrlfjcl c}ata ase may%e malnstameg by the microprocessor 122 itself, in which

case the records may simply be stored in non-volatile memory (not shown)

forming part of the processor circuit 120. Or, the vehicle record database may

‘be stored in a separate memory (not shown) that serves as part of another
15 . processor circuit (not shown) and which is accessible fo the processor circuit

120 through the vehicle record database interface 126. It is expected that the

processor circuit 120, however would be a main processor circuit of the

vehicle 8 and programs stored in the program memory 124 will implement

routines for directing the processor circuit 120 to carry out the functions
20 . ‘described herein. In particular, the program memory 124 is loaded with a

-~ main program that effectively causes the processor circuit 120 to act as the

power request processor 12 shown in Figure 1 and is further loaded with &,

control signal generator program that causes the processor circuit 120 to act

as the control signal generator 18 shown in Figure 1.

25
 The programs stored in the program memory 124 may be received from a
“plurality of sources. For example, the programs may be programmed into an
-Electrically Programmable Read Only Memory (EPROM) that forms part of
~ the program memory 124. Alternatively, the program memory 124 may
30 . include flash memory operable to be programmed with codes received from

“the communications interface 132 and/or the media interface 134. Codes

representing instructions for directing the processor circuit to carry out the




power request processor 12 shown in Figure | and is further |oaded with a,
control signal generator programthat causes the processag Aigusid06120 to
act as the control signal generator 18 shown in Figure 1. 25 The prograns
stored in the programnenory 124 may be received froma plurality of
sources. For exanple, the prograns may be programred into an Electrically
Programmad enfasd Only Menory (EPROM) that forns paktroleswiste program
menory 124. Alternatively, the program nmenory 124 may 30 include flash
menory operable to be progranmed with codes received from the

communi cations interface 132 and/or e nedia interface 134. Codes

representing instructions for directing.the processor cirguijf..,to carry out
Lhe. 18 Auguinciely esstbacoRereBompEita s 1006 HAET T 3ote GRRTH ofR [ty

descri bed hgiceived MR Ythalcs@mbdRicationyi idefatd 182t ongrgingl codd egmeatsei ved at the
conmuni cations interface 132, cog;s)[ri sin c;}de se% nts cont e%i ning the

rel evant cofYaiging ¢ the releuantherdss i HigY BAY Poc BINHELOn AcSHIHYY medi um 140

readabl e byrdahgnigBtbican MeEekbesie Bythe itrficintarfage 134. Fi gure 7 bl ocks
representing codes inplementing a main routine are shown generally at 150.

A fir3t block 152 directs the processor circuit 120 to address the vehicle

rﬁcords dg? R@féﬁﬁg%fﬁét@e I OoRke reprdsevBiy €ddes papibeEmgcEmanaoainds of the type
shown in Figur

in whjc e, Co n f.the power field.1Q 32 is equal
to the powef® WBQ?E%faIé\Vsaqi"%E'i é&!%’?%%s"ég ﬂl‘i@@? MEPRESFUGYLGHY P fromthe
ener gy nanageimRifdss il Ricoril QaRbasd €36/ @hbcliealBvehittk peeorhamtad at  the
I.nput port 128 of _the l%r/ocess_or . Ci I’EUI t 1%3] sho ure 6/ Locating the

. i n Fi [
records may GCARASIOH Ehectys shayn g Eigufrs 2 iyfig W”MQ@IQM o ia to a

10 32 is equal to the power requested as indicated by a power requested signal
P from the energy management controlier 100 of the vehicle 8 and received at
the input port 128 of the processor circuit 120 shown in Figure 6. Locating the
records may involve copying records satisfying the above criteria to a
temporary memory area or simply identifying addresses or pointers in the

15 database where the contents of the located records can be found and read.

- Block 154 then directs the processor circuit 120 to calculate an optimization
index for each located record and associate optimization indices with
respective records. Referring to Figure 8, block 154 of Figure 7 méy be

20 comprised of block 156 which directs the processor circuit 120 to compute the
optimization index as the weighted sum of the contents of the operating

. characteristic fields 38-48. In this embodiment, the calculation of the
optimization index may involve the calculation of a cost value as a function of

- .a weighted sum of normalized operating characteristic values, according to

25 ~ the relation: |

g I - Wxe FC + thHC + WnoxNox + Wcoco + mePM + Wd\,rDV

This cost function effectively provides a measure of the "cost" of producing
30  power at the requested level for a given set of operating conditions. [n one
- embodiment, the weights We, Whe, Waox, Woo, Wom, Wy may be fixed. In




tenporary nenory area or sinply identifying addresses or pointers in the 15
database where the contents of the |ocated records can bag8fAigust 2004 r ead.

Bl ock 154 then directs the processor circuit 120 to cal cul ate an

optim zation index for each |ocated record and associate optim zation
indices wwth respective records. Referring to Figure 8, block 154 of

Fi gure 7 wongs/iolmee20 conpri sed of bl ock 156 whi ch di r pct/caddsgpr ocessor
circuit 120 to conpute the optimzation index as the weighted sum of the
contents of the operating characterjstic fields 38-48. In this embodi nent,
the calculation of the optimzation index may involve the calculation of a

char act er | oy areaely 2 whighB G BEsFHES by Y GRABIEREE 110 e
w, , XNOX + wvih@G@hiclewh v examiiBy/ Tmsscrcafstemchﬂtmen*olbloekﬁéétqfﬁgwe grovi des a
oo et g furfi8P ha 8 LBEOTHE LN if iRV in BlafdiCtor A ffelsBig PYe! fOT @

given set o condi t10ns hts W, ,
Wio, W ~x, Mbck 159wf Figlive Bpwhich ;irowéeja blopk 186 mgmsenob@elgm l03/ 078190

O 03! 00 Borisp 1o AR 18 & SRS HofEb crbhif MElaBBEn Whifer Socct 0 by the

operati ng s or “exa an enbodi ment, bl ock
154 of Fi gumducitlngrmayop{emtmglmodermtthmdehbleocﬂepaﬁaa stooiweightEngybe 9, in

addition to ar%aeif? gﬁ%@% %ﬂg %&ké)s%melig? o r%h&éé&?c%u:t‘“ﬂn%r Q%qu\r/tloqes bl ock 156

“with a set %tP esponse PO romthe energy
managenent gdepehdiag loathel Ghicla qn:bratatgl mq;lalaucdwmld stgrt nmtm glarttdle vehicle.

or ooeasor el FoR 48 ey St BE RN oFR e DERFRRML e f ng

node10 such @l ttnd, dr sélectéd basedmondhaopegratitgonode of the vehicle 8.

Referring back to Figure 7, after calculating and associating an optimization
index with each located vehicle performance record, block 160 directs the
processor circuit 120 to find or identify the best optimization index. Where the
15 above cost function is used to calculate the optimization index values it is
desirable to find the minimum cost to produce the requested power. This may
be done by sorting the optimization indices produced by block 156, in
- ascending order such that the lowest optimization index value is at the top of
the iist. in this embodiment, the lowest optimization index value is the best
20 one.

Block 162 then directs the processor circuit 120 to locate the vehicle
performance record associated with the lowest optimization index value and

. to extract from that performance record the operating conditions associated

25 - therewith from the contents of the torque and angular speed fields 34 and 36
respectively to obtain torque and speed values representing an optimum set

of operating conditions at which the generator 7 and prime mover 9,
respectively, should be operated to cause the generator to produce the

requested power while optimizing the operating characteristics of the vehicle.

- 30 These torque and speed values are provided to the control signal generator
program which directs the processor circuit 120 fo cause the output port to

- produce signals in the form of command files, words, bytes, or bits




Thus, the weights used in calculating the weighted sum can be changed in
10 real time, or selected based on the operating node of 18haugustiioobe 8.
Referring back to Figure 7, after calculating and associ ating an

optim zation index with each |ocated vehicle performnce record, block 160
directs the processor circuit 120 to find or identify the best

opt i m zatweesrnsiex. \Where the 15 above cost functi orcireasssess t o cal cul ate
the optim zation index values it is desirable to find the m ninumcost to
produce the requested power. This rr_?g_ be done by sorting the optim zation
i ndi ces produced by block 156, in cendi ng ord6r such that the | owest

optim zation ,index value is.at th f ot i i nbodi nent ,

t he | onest ‘HHFESE’F\"%‘E‘?8H%E‘%Bfé'§290iﬂ"§fe‘g‘?c}§r°ﬁ)‘ﬂe2 Ob"ﬂg.'?ttl‘lé ;%n%r%t'ea-r ‘FE%%(? 162 then
directs t he2gob eaessthémtd bperate at #@ dptimuocszt ef dpeeting lepdiionsper f or mance record
associated wth the | owest optim zation index value and to extract from
that perfornmance record the operating conditions associated 25 therewith

from the conhenihe poifnetrhever Orandegeanciton Tgué aperateded tHis eptimsurdsetoid 36

respectively to obtaip torque an e val u renr t] I opti mum set
of operati n%Peé'H@Iicf’P@ﬁ%"Sat‘t ngﬁ&gighagg%eelagttugfvaﬁangfs%? idr%ga@ger 9,
respecti \ée| c\hara%hﬁﬁﬂicfi dxeociped &ﬁtﬁdhfsﬁet:a‘tmratihg cgeditonst will rrj(ahcfpithedu;:e L he
requested power ile opt zing t operat.i c of the

vehi cle. 302¥hElues @Pﬁ%&eiﬁlﬂr'@p&%”@gi] L?gg]ea‘feil'%ber g%?%@éﬁ{éo%%hggcont rol

si gnal genefrittRis the bpGatNg Waradteridticsuftise vehizlqowitl be sptimized.r cuit 120 to cause
the output port to produce signals in the formof conmand files, words,

bytes, or bits 18 August 2006 WD 03/078190 PCUCA03/00358 - 25-
undefgst andabptrnbiy, bbeitigial reutiney ey be pravideddo d2raind & Suecessivereit or i nterface

operating conditions for a corresponding succession of possible power
requests, to minimize the cost of providing the succession of possible power

requests.

16 While specific embodiments of the invention have been described and
_illustrated, such embodiments should be considered illustrative of the
invention only and not as limiting the invention as construed in accordance

with the accompanying claims.




28 to cause themto operate at the opti mum set of operating conditions.
When the prime nover 9 and generator 7 are operated at tHBAwpsti2006) set of
5 operating conditions, it is expected that the actual values of the
operating characteristics associated-ggth this set of operating conditions
will match the raw values, nmeasured during production of the vehicle
performance records and thus the operating characteristics of the vehicle

will be opwmtzigqﬂai}.qegpgf:i onal Iy, additional routines may be provided to
determ ne a succession of operating conditions for a correspondi ng

successi on of possible power requests, to mnimze the cost of providing

t he succesgi on Qf possible power requests. 15 I le specific odi nent s
of the i mvinti oft HESEE foRle atsfttactonditons £ 2 BNt Rar<CHEBHS font <
shoul d be consi dptireide iobkratihg elidractendtict betheivenie! irerprosdsy comgrising: as

i m'5ti ng the invention as construed in accordance wth the acconpanying
clanms. 18 August 2006 -26 What is clainmed is: 1. A process for

cont r;)! | i nghoper?ti _ngatcgatixrg;lifmnmm' n omg‘?]_aldlralw dt)fﬁb@ efCiehiale mﬁﬂ“rhmjgeqdrﬂitiogpti mze
operating characteristics,o e vehi rocess, conprising:

| ocating, from armngaﬁsoﬂaﬁ?cgmtﬂfﬁ rS‘Fue?getdgg%}er%@EP%W% VBIve: § ioﬁé'"éloﬁ?&iofi ons
associ ated wi th a reqpearstirgl cgeditorat that ppthalzey adpeeatingnchapddteristics of tiod
operating conditions timzes operat.ing characteristi.cs of the

vohi ol e Cwherei n | ookt SRMIEEEng BB e SR T GLINFE Bl ng 10
chdlact eri stics assochatetdristics lassavialed edfhaaidedqgested abagrateopewenvadiue and

locating a vehicle pgﬁé ?c{cgﬁrrl]é:% veniale (;j)e c‘;ir\r/rian earecf:oirglh%vﬁ:'agng ﬁ:iaigic%ﬂtaining

said requested generator power value and fields containing values

identifying operating conditions under which said requested generator

7 power can be produced and fields containing values identifyihg

15 | operating characteristics of the vehicle when the vehicle is operated at
said operating conditions; and

producing signals for controlling a prime mover of the vehicle and a
generator driven by the prime mover to operate the vehicle at said

20 _ optimal set of operating conditions, and to cause the generator to
supply power at said requested generator power value.

2. The process of claim 1 wherein locating comprises finding an optimal set of
operating characteristics, associated with operating conditions associated
25 with said requested power value, that provides a minimal value of a function
of said operating characteristics that is less than values produced by other
sets of operating characteristics associated with other operating conditions
associated with said requested power value

30 3. The process of claim 2 wherein locating further comprises applying the
operating characteristics of a plurality of different operating conditions
associated with said requested power value to said function.

4. The process of claim 3 wherein applying comprises subjecting said operating
35 ~ characteristics to a weighted function. |




sai d requested generator power value and fields containing val ues
identifying operating conditions under which said requestB8dupascs0asor

power can be produced and fields containing values identifying 15 operating
characteristics of the vehicle when the vehicle is operated at said
operating conditions; and producing si4fmals for controlling a prinme nover
of the vehicle and a generator driven by the prine nover to operate the
vehicl e at _53ai d The (progsss nadl clajmt 4_dﬂrthgreccambr'r@gceeield:thgomsightarmbeﬁoincme t he
generator to fSHR%{ié/ Q&%nqatto oigFaqinQ?WEs&?}ge ‘9%%%% ator power value. 2. The
process of claim whereln g o¢ Irng@conprises Tinding an optimal set of
operating characteristics, associated with operating conditions associ ated
25 with sapd re - V3l : V] . gy a
function OF " sai g”% Yédr‘:\cg%; ?ﬁgﬁé rﬁé?ac e?'b}t?{)%@hﬁhgot%ﬁgg? g}ssupﬁgns\é\eda# %és?g
pro8uced by ot herresgetse tofa sgdef apenating lbanditiarsrassodiated adthosaicdhopiimaliseh ot her
operating condi }j ; jated wth said requested power value 30 3. The
process of clali H@J&\?\ﬂg@?ﬁﬂcﬁetgg |Shg further conprises applying the
operating characteristics of a plurality of different operating conditions
associ atedsw th I . i lQn. : process
o ol ai m 37 aher oGP SRR BRUE BT cbifphBe catdiib AR opfmizHif

char act eri st i csindex forweaahset df fvehiclel operall®) thagacieristios @sso@gted withhsaigpr ocess

of 4gl aim 4 f“rtfb‘ﬁﬁ &QHBQ‘%EB?,P&?%%MGEQ wei ghts used in said function

according to opera?lng no e vehicle. 6. The process of claim?2
wher ei n produci ng conprises producing said signals 5 in response to a set
of operating conditions associated with said optinal set

8. . The process of claim 7 wherein calculating an optimization index comprises
15 calculating a cost value as a function of a weighted sum of normalized

operating characteristic values.

9. The process of claim 8 further comprising selecting weights for use in
calculating said weighted sum, in response to an operating mode of the
20 vehicle.

10. The process of claim 7 wherein locating comprises identifying the best
optimization index from among the optimization indexes calculated for each
set of operating conditions.

25

11.  The process of claim 10 wherein identifying the best optimization index

comprises finding the optimization index with the lowest number.




of operating characteristics. 7. The process of claim1 wherein |ocating
conprises calculating an optim zation index for each sel8a@fugusl?006e
operating characteristics associated with said 10 requested generator

power value. 8. The process of claim7 wherein calculating an optim zation

i ndex conprises 15 calculating a cost?8value as a function of a weighted
sum of nornmalized operating characteristic values. 9. The process of claim
8 further conprising selecting weights for use in calculating said

wei ghted s i etq. . P i n e .20 vehi cl 0. The
process of I'I%q ai 4r?nhéiep\?\ﬁ(‘(%rg?éic’r‘; ﬁ%@gt"lan‘gﬁ%%ir?pg’f%@g’ F%H{'%%y'udég“f 'ﬁg efcaé?gt 011

opti m zati on i ndescatingoporitiong assocafEd with atehiwle bpelaiieg cbatacteriatiesdthiabr each
set of operatin | 3k 11. T rocess of claim 10 wherein

i denti fying thegﬁgg{wo%alffsr?sztgﬁl n3Erllz;'hF?lnd'gge”gcorrpri ses finding the optim zation
indéx with the | owest nunmber. 18 August 2006 -28 12. The process of claim

10 wher ei \ : : e o : o
255001 at ed i hTUSAICEREY 81 A 12 BhtrelnirdBudhd i Sionn GREMBHSACHERAG | D0
opti m zati on i ndepeedsigrial fortsetting anengulaf spded ahtlie2prithe meivar amcbpladiising sai d

signals conpris r | : [ ' an angul ar speed of
the prine m)vergzorqguegggrgéd?&nsgﬁm;%e@r L%eb%g(fégncg\%?ér%és%Wi ng a torque burden
on the generator. 10 14. A conputer readabl e nedium encoded with codes for

di hgct ing f4.Pr Oﬂ%ﬁ{%ter readable medium encoded with codes for directing a processor
circuit to execute the method recited in claim 1.

15. A computer data signal encoded with codes for directing a processor circuit to
execute the method recited in claim 1.
15
16. An apparatus for controlling operating conditions of a hybrid electric vehicle to
optimize operating characteristics of the vehicle, the apparatus comprising:

a power request processor operable to locate, from-among a plurality

20 of sets of vehicle operating conditions associated with a requested
generator power value, an optimal set of operating conditions that

optimizes operating characteristics of the vehicle, said processor

being configured to locate a set of vehicle operating characteristics

associated with said requested generator power value and to locate a

25 vehicle performance record having a field containing said requested
generator power value and fields containing values identifying

operating conditions ‘under which said requested generator power can

be produced and fields containing values identifying operating

characteristics of the vehicle when the vehicle is operated at said

- 30 : operating conditions; and a control signal generator operable to
' produce signals for controlling a prime mover of the vehicle and a

generator driven by the prime mover to operate the vehicle at said

optimal set of operating conditions, and to cause said generator to

supply power at said requested generator power value.




circuit to execute the nethod recited in claim1l. 15. A conputer data
signal encoded with codes for directing a processor circugtAdgast 20écute the
method recited in claim1l. 15 16. An apparatus for controlling operating
conditions of a hybrid electric vehicle to optimze operating
characteristics of the vehicle, the apd@ratus conprising: a power request
processor operable to |ocate, fromanong a plurality 20 of sets of vehicle
operating conditions associated with a requested generator power val ue, an
opti mal set-of i
characteri g | cs?o E%Argﬂxs 09%'%&' 123%5}&&%3'& sg“femr (gfeﬁggrg)g%s%%r%)&@b&el ocate
a set of vehicl tploqmeanlqmgmahwtatormram’tg charachsrintics, atssatiated its aperatimgjuest ed
generator power a I r e d, havi ng
AT el d cont ai nPgtis GAob il BRh oy TBa ouB LR FERG o
con®ai ni ng val umdinimdeyalig pf a@mohpepésaid@pemhdg tchanastetiatdmrthaﬁiscbé’ssstham
requested gener 1 val ues
identifying ope?éa Sng%\@hgfggtoeﬂ??ers%%?‘% ﬁgg\?é %ﬁsﬁﬁ%eélsagoﬁ'g[ége‘ﬁﬁl eis
oper at ed at sai tthgaOopsgyalirg ¢amgitioonassociates]; w:&nshldirequasted lpowegvadlie. gener at or
operable to produce signals for controlling a prinme nover of the vehicle
and a generator driven by the prinme nover to operate the vehicle at said
opti mal sef8.of Ohrerappdratyscfsliinil@fortherdntpisingsdedes dpayeblertarpplyttite suppl y
. powmr at said r r \% e S 7. The
'ap\ggr atus of C|§%+§@£em%§§§h&8cgl %5%%@\,\%9 g"é” e?t aﬁg%gs%g%gﬁtso %éﬁn le to
| ocate an opti nmndﬁwnsassanmethwnmga!dllﬁqt&stedrer udue fossaid fuattah. wi t h
operating

19, The apparatus of claim 18 wherein said device is operable to apply said
operating characteristics to a weighted function.

15
20.  The apparatus of claim 19 further comprising a selector operable to select
weights used in said function according to the operating mode of the vehicle.
21, The apparatus of claim 17 wherein said control signal generator is operable to
20 produce said signals in response to a set of operating conditions associated

with said optimal set of operating characteristics.

22. The apparatus of claim 14 wherein said request processor comprises a
processor circuit.
25




conditions associated with said requested power value, that provides a 5

m ni mal value of a function of said operating characteri ggigGgpubiaisi s | ess
than val ues produced by other sets of operating characteristics associated
with other operating conditions associated with said requested power

val ue. 18. The apparatus of claim 17 f-3Pther conprising a device operable
to apply the 10 operating characteristics associated with a plurality of
different operating conditions associated with said requested power val ue
to said function. 19. The apparatus of claim 18 wherein said device is
operable to apply said operating characteristics to a weighted functi on.
15 20. TheZ23ppaiThe @ppaatus cficlaim 4 furthéreconqispnyl & corgpatatie el ompalabl e to

The veni ci o 212 CHitdle 8 ConlEoRTIRERT Y, Rlloloek O SBRER: bRgnal

gene@rator is opeh%tbbterlstmsaéswaieﬂjwdh saiddequegteal generatorggpensaué.o a set of
operating conditions associated wth said optinmal set of operating
characteristics. 22. The apparatus of claim 14 wherein said request
processor &énpr Thesappargiwsoobskon 23 wheisin saif ddnpigfiont dRA0@6compised3a The

apparatus of cl ?l’d&és%rc%t}n.her conprising a conputation device operable to
cal cul ate an optimzation index for each set of vehicle operating 5

characteristics associated with said requested generator power val ue. 24.
Thggappar apels o I o | a
processor C|5I'r cufr{]& a?Bg']fﬁE %‘g&g{ ?)%r aeg%ﬁ%)gw%%bw%?q’m%eﬁ% % @% %5513%

- conput at i on devi@deulate apeashblaluet @s a function of a weighted sum of normalized
operating characteristic values. '

26. The apparatus of claim 25 further comprising a selector operable to select
15 weights for use in calculating said weighted sum, in response to an operating
mode of the vehicle.

27. The apparatus of claim 26 wherein said selector comprises a processor
circuit.
20
28. The apparatus of claim 23 further comprising an identifier operable to identify
the best optimization index from among the optimization indexes calculated
for each set of operating conditions.




cal culate a cost value as a function of a weighted sum of nornalized
operating characteristic values. 26. The apparatus of clagmuastanosher
conprising a selector operable to select 15 weights for use in cal cul ating
said weighted sum in response to an operating node of the vehicle. 27.
The apparatus of claim 26 wherein sai d3%el ector conprises a processor
circuit. 20 28. The apparatus of claim 23 further conprising an identifier
operable to identify the best optinization i ndex from anong the

apti m zatl t erati.ng conditions. 18
August 200 Tﬁégﬂ%p e apparg?us gPSPq‘f%s%% qu?f%f)e‘i"wpé'agm BRSBTSl er
conprises a procle&uttor circuit. 5 30. The apparatus of claim 28 wherein
said identifier is operable to find the optimzation index with the | owest
val ue.. 31. The apparatus of claim28 further conprising a device operable
to Pdentif$0a Ibe apbamper of chgn @hdhereim saidsientifiet éxi opetabld ke findhhel e

operating 10 c ri duced sai d best optim zation index.
Q@l rﬁi?étﬁn |§éé)§@th V\sﬂgtlovpes? 21

32. The apparatu B8l h $ardg device corrprl ses a processor
circuit. 33. The apparatus of claim31 wherein said control signal

dpoed of tBE prha Shfafls ot 2oth 24 ifind SRS Pl B Kby Torque.
burden on the geeterczit @peiating r espditises t asseaiateds ewithof thep evedtidlerg openatind | ons
asqgel ated W tholReerlfRkE It pRRGER LIPnEAIRLAIbTHLEY that produced said

best optim zation I'n

32. The apparatus of claim 31 wherein said device comprises a processor circuit.

33.  The apparatus of claim 31 wherein said control signal generator is operable to
16 produce a speed signal for setting an angular speed of the prime mover and
produce a torque signal for setting a torque burden on the generator in
response to said set of operating conditions associated with the vehicle
operating characteristics that produced said best optimization index.

20 34.  The apparatus of claim 33 wherein said control signal generator comprises a
processor circuit.

35.  The apparatus of claim 14 further comprising a database interface facilitating
communication between said request processor and a database storing said
25 sets of vehicle operating conditions.

36.  An apparatus for controlling operating conditions of a hybrid elecfric vehicle to
optimize operating characteristics of the vehicle, the apparatus comprising:




20 34. The apparatus of claim 33 wherein said control signal generator
conprises a processor circuit. 35. The apparatus of cl ail®AigutPodber
conprising a database interface facilitating comunication between said
request processor and a dat abase stori ng said 25 sets of vehicle operating
conditions. 36. An apparatus for contrd#iing operating conditions of a
hybrid electric vehicle to optimze operating characteristics of the

vehi cl e, the appar at eao®fasidcsting: froh8 amoge stpl@elilg of s&2 ofreehige bperaling at i ng,
fromanong a plurali Eéfndﬁfon§eé§oggte\ée\mtﬁl re%ggt@B n@erﬁﬁpg#&ép{)ﬁu Sgﬁ) ci at ed
with a requested generator va opera 'I'ng
conditions that opti @pties 5¢te06mesﬁtlnggcortdlit@nacﬂlat i apfimizesofhet loperatihg cl e,

sai d neans for |ocat b@a&t@ﬁétﬁg'opﬁer%ﬂﬂﬁ %alﬁ%eé&%q&t I'o@:ﬂ g dr?cffﬁdlrggi m\égﬁ'é cle
operating characteristics assocl a ator- power
val 8e and neans for foomt!n@ aaset\pérvebibb q;@ratmgmca;terstlcﬁ dsslma!ateubwnh field
containing said requ Baﬂ i_pi

~identifying operati ng‘%% | TTons e\ﬁ@ l(tjiﬂ 1 ckah @?}‘%@gt@g %Cgalrtllﬁa% or
power can be 10 pr odmemdommcesrewdtfmvmwfeul mlmld@maldflyeqn@terper ating
characteristics of t h e e e p

operating conditi onsa&%éln'g \)rar@gng\b@ lﬂeﬂdg %c?hﬁbs%ﬁjgg ﬁeg{rﬁqg BP&?H%

prime nover of the qfﬁldﬁ@ﬁﬁcu@aﬁn‘dhlah gﬁaﬂérraqmsted) gsperaiare power vemild e at
~sakg optimal set of %t‘aaﬁéé%“ 8fd C%Q@St | QRBirdiRg SYARKY ROMRKiAY SpLdufFauest ed

generator power val 18 Aug
charactenstlcs of the vehicle when the vehicle is operated at said

operating conditions; and

means for producing signals for controlling a prime mover of the

15 - vehicle and a generator to operate the vehicle at said optimal set of
operating conditions to supply power at said requested generator
power value.




-33 37. A process for controlling operating conditions of a hybrid electric
vehi c! eto optim ze operating characteri stics of the vehgqi@.ustthGproce.ss
conprising: 5 locating, fromanong a plurality of sets of vehicle operating
conditions associated with a requested generator power value, an optinmal
set of operating conditions that opti-#Bzes operating characteristics of
the vehicle, wherein |ocating conprises |ocating a set of vehicle
oplerat |lgg char iact eristics associated with sai df request ed ge(r;erat or Ipgwer
val ue ap4d calyc n I . vehi
operating g?:i'har Qcépg?‘lgéss?@ Eggrgg@ygr&ﬁe Z%t\n%% n@iﬂ@ﬁ(sj o?@q@%@? eEﬁ cg%cng?rgﬁ%rtgpomr
val ue, identi fybigngiza opa@tin@marmte@ﬁticanf ihedekiclel therprodass cgmarisieg: of
operating conditions associated with vehicle operating characteristics
that produced said best optim zation index; and 15 producing signals for
conbrolling a prinme tasatng, @bn”tm?ngahpurﬁitmqﬂs@s ohehinleoparating coeditons t he
rime nover to opera i ] | rat |
(I?ondi tions, and to cggssogecr%?%&e/‘_ﬁ@l'e%err%\%P@%&%ﬁ%{)kéf@[{o@e’ g[" Ogg'?la%réet(%est ed
gener at or power val uep&ating soogitidns that ioptimires nepesatinpeddraditgnsdits fobrthset ti ng

an angul ar speed of rj . I i . for
setting a torque burg%ﬁdg'n‘bﬁ%?ﬁ'gqgeéﬁé g?fg'P Hée%gg%l}@gsata%éégjgg&ﬁd%f?g%%kmi
- conput er readabl e nedharacterislicsl @dsadiatéd witt ssid wquekted genergton ppwereaser

cinguit to execute t reci F‘q ' 5 : dat a

Si &gal encoded with %ﬁ%g@z’@%ﬁmﬁ% iﬁ%@gﬁ%@é&%géﬁh sﬁ?&%m&?%{? é',laﬁﬁg
characteristics associated with said requested generator power value,
identifying a best optimization index, identifying a set of operating
conditions associated with vehicle operating characteristics that

produced said best optimization index; and

15
producing signals for controlling a prime mover of the vehicle and a
generator driven by the prime mover to operate the vehicle at said
optimal set of operating conditions; and to cause the generator to
supply power at said requested generator power value said signals
20 _ including a speed‘signal for setting an angular speed of the prime

mover and producing a torque signal for setting a torque burden on
the generator.




execute the nmethod recited in claim37. 40. An apparatus for controlling
operating conditions of a hybrid electric vehicle to opygNuast@pesating
characteristics of the vehicle, the apparatus conprising: 10 a power
request processor configured to locate, fromanong a plurality of sets of
vehi cl e operating conditions associate@w th a requested generator power
val ue, an optinal set of operating conditions that optim zes operating
characteristics of the vehicle, 15 wherein said power request processor is

configuredq.go | QC i, .vehicl r.at. LISt oci at ed
wth e d Pquelidiiderigadt miBllor ofiarie il BheS 1B BRACThLR uBEe RSP
per f ormance r ecoiralit thaxéaute thefeathel meitedinmlay Fai d request ed gener at or
power value and fields containing values identifying operating conditions
under which 20 said requested generator power can be produced and fields

conbai ni ng3%al uAsoimgpeter déigi signabpesaaled ngthalodes bor directing @sprofesshecirehita | e
when t he vehi cl SxécﬁteQRS'}r?ettﬁé?j r%{:ite%aiin%(l?(?rﬁ%ﬁfiti ng conditions and wherein said

power request processor 1's configure o identify a best optimzation
index and to identify a set of operating conditions 25 associated with the

~vehicle opggati ISl : i L7 ion
dex, -andia AiaeRaaes cobirbfif boGaul QiMEHs oRahibEabaAlluIbEY |
produce si gnal soptimize oparating ¢hagacteristics othewsticle othe ahparatisi coheriaing: a
gepgrator driven by the prine nover to operate the vehicle at said optinal

set of operating conditions, to 5 cause said generator to supply power at
. sai d request ed generatmawer request processor configured to locate, from among a

plurality of sets of vehicle operating conditions associated with a

requested generator power value, an optimal set of operating

conditions that optimizes operating characteristics of the vehicle,

15 ' wherein said power request processor is configured to locate a set of

vehicle operating characteristics associated with said requested

generator power value, and locate a vehicle performance record

‘having a field containing said requested generator power value and

fields containing values identifying operating conditions under which

20 . said requested generator power can be produced and fields

containing values identifying operating characteristics of the vehicle

when the vehicle is operated at said operating conditions and wherein

said power request processor is configured to identify a best

optimization index and to identify a set of operating conditions

25 : : associated with the vehicle operating characteristics that produced
said best optimization index, and




power val ue, said control signal generator being operable to produce a
speed signal for setting an angul ar speed of the prine nugexug@R200pr oduce a
torque signal for setting a torque burden on the generator in response to
said set of operating conditions associated with the 10 vehicle operating
characteristics that produced said bes85eptim zation index. 41. The
apparatus of claim40 wherein said control signal generator conprises a
processor circuit. 15

a control signal generator operable to produce signals for controlling a

prime mover of the vehicle and a generator driven by the prime mover

to operate the vehicle at said optimal set of operating conditions, to

5 cause said generator to supply power at said requested generator
power value, said control signal generator being operable to produce

a speed signal for setting an angular speed of the prime mover and

produce a torque signal for setting a torque burden on the generator in

response to said set of operating conditions associated with the

10 . vehicle operating characteristics that produced said best optimization

index.

41.  The apparatus of claim 40 wherein said control signal generator comprises a
processor circuit.
15




