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l. INTRODUCTION
I, C. Arthur MacCarley, Ph.D., P.E., declare as follows:

1. | have been retained on behalf of Mercedes-Benz USA, LLC
(“MBUSA”) for the above-captioned inter partes review proceeding to provide my
expert opinions and expert knowledge. | understand that this proceeding involves
U.S. Patent No. 6,581,565 to Heslop et al. (“the *565 patent”), titled “Engine Torque
Controller,” and that the *565 patent is currently assigned to Michigan Motor
Technologies LLC (“MMT”). Tunderstand that the Petition submitted by MBUSA
challenges claims 1- 7 of the 565 patent.

2. The ’565 patent describes a device and a method for controlling the
engine torque output. [ am familiar with the technology described in the *565 patent
as of its earliest possible priority date, July 23, 2001.

3. | have been asked to provide my independenttechnical review, analysis,
insights, and opinions regarding the *565 patent and the references that form the
basis for the grounds of unpatentability set forth in the Petition for inter partes
review of the ’565 patent filed by MBUSA.

4, In preparing this Declaration, | have reviewed and am familiar with all
the documents cited herein. I have reviewed and am familiar with the *565 patent
and itsfile history. | confirm thatto the best of my knowledge the accompanying

exhibits are true and accurate copies of what they purport to be, and that an expert

PETITIONER'S EXHIBIT 1003
US PATENT NO. 6,581,565



in the field would reasonably rely on them to formulate opinions such as those set
forth in this Declaration.

5. | am being compensated at my customary rate of $300 per hour for my
work on this case. My compensation is not dependent upon my opinions, my

testimony, or the outcome of thiscase.

I1. SUMMARY OF GROUNDS
’565 Patent .
Ground Claims References Basis
1 1,47 Suzuki, Cullen, Scherer 8103
Suzuki, Cullen, Scherer, 8103
2 2,3,5,6 Takahashi

1. SUMMARY OF OPINIONS

6. In my opinion, the challenged claims of the *565 patent would have
been obvious in view of the combinations of referencesthat MBUSA asserts, as well
as the state of the art in automotive engine control on or before the year 2001, known
to a person of ordinary skill in the art.

7. Theterminology used in the claims is not standard in the art. However,
in light of the specification and prosecution history of the patent, a POSITA would
understand the meanings of the terminology and how the terms correspond to terms
that are more commonly used in the art. In the interest of consistency, | will use
the terminologyused in the *565 patent and explain the plain and ordinary meaning

of the terms where necessary. Independentclaim 1 of the ’565 patent recites a
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device for controlling the torque output of an engine. Ex. 1001 at 4:2-3. The
claimed device includes components referred to as a torque demand controller for
generating atorquedemandsignal, which is the desired output torque of the engine
based upon external and internal feedback inputs. The claim also specifiesa torque
producer (Id. at 4:5-8) that receives the torque demand signal from the torque
demand controller, as well as internal inputs to its included estimator that receives
asinputsacurrent spark angle signal, a currentair/fuel ratio signal, and an estimated
air charge signal, and calculates an estimated torque signal. Id. at 4:9-12. The
claimed torque producer also includes a comparator which receives as inputs the
estimated torque signal and the torque demand signal (stated inconsistently as the
desired torque signal), and calculates and outputs a torque difference signal
indicative of the difference between the demanded torque and the estimated actual
torque fromtheengine. 1d.at4:13-15. Thissignalis fedtoahigh-pass filter that
receives as its input the torque difference signal and outputs a filtered torque
difference signal in which low frequency components are absent. The role of this
filter is to isolate abrupt changes in the torque difference signal so that these
transients can be used to quickly compensate for these abrupt torque changes by
making instantaneous changes in the ignition timing or fuel quantity depending on
which of the two modes of operation of the engine is in, either stratified charge or

homogeneous charge. These two modes of engine control are possible because the
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invention is directed to Direct Injection Spark Ignition Engines that operate in
stratified charge mode for light loadsand lower speeds, and in the more conventional
homogeneous charge mode during higher power/speed operation. 1d. at 4:16-18.
In the wording of the claim, the torque producer includes “a transient torque
controller which receivesas an inputthe filtered torque difference signal and outputs
a fuel adjustment signal or a spark adjustment signal.” 1d. at 4:19-22.

8. As discussed in this Declaration, despite the non-standard wording, all
these recited elements—for example, the torque demand controller and torque
producer having an estimator, a comparator, a high-passfilter, and a transienttorque
controller—were well-known components found in engine torque control systems
as of July 23, 2001, the earliest possible priority date of the *565 patent. And, as
discussed in this Declaration, the claimed solution for compensating between
estimated and demanded torque duringtransient engine operationswas well-known
and had been solved by the prior art in exactly the sameway as recited in claims 1-
7 of the ’565 patent. Moreover, as further discussed in this Declaration, well before
the ’565 patent’s July 23, 2001 earliest possible priority date, a person of ordinary
skill in the art would have had a good reason to combine the identified prior art
references, and in so doing, they would have had a reasonable expectation of success.

9.  Therefore, it ismy opinion that the challenged claims would have been

obvious in view of the disclosures in the asserted prior art references, as well as
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within the expected knowledge of a person of ordinary skill in the art at the time of
the alleged invention.

IV. QUALIFICATIONS

10. My experience and education are detailed in my curriculum vitae
(“CV™), acopy of which is provided as Ex. 1004. My CV also lists peer-reviewed
publications on which | am the primary or a co-author and identifies parties on behalf
of whom I have previously provided expert testimony.

11. My research and developmentwork since the late 1970s has focused on
advanced control systems in automotive or transportation applications, including
developing microprocessor-based engine control systems for regulating air intake,
fuel injection, and ignition. As an academic for 34 years, my teaching
specialization is control systems and electronics for automotive and similar
applications, as well as internal combustion engines and fuels. | have conducted
research and managed many projects that are highly relevant to the subject matter of
the ’565 patent, some of which are recounted below.

12. | obtained my Bachelor of Science in Engineering (Energy and Kinetics
specialization) and my Master of Science (Electrical Engineering) from the
University of California, Los Angelesin 1976 and 1978, respectively. | then eamed
a Ph.D. in Electrical Engineering with a specialty in Computer-based Control

Systemsin 1987 from Purdue University, West Lafayette, Indiana.
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13. Before pursuing my Ph.D., | was employed by the Digital
Communications Laboratory of the Hughes Aircraft Corp between 1977 and 1979.
Between 1979 and 1983, | was employed by the University of Denver Research
Instituteand by the American Bosch Division of United Technologies. My work at
that time included the design and optimization of electronic diesel and spark ignition
engine fuel injection controls. This included responsibility for the development and
validation of electronic engine control algorithms. I also designed, constructed, and
tested electronic fuel injection and ignition control systems for hydrogen, methanol,
and natural gas fueled engines under contract to the U.S. Department of Energy.

14.  Whileearning my Ph.D. at Purdue University, | was the recipientof the
David Ross Fellowship for Doctoral Study, and | focused my research on
microprocessor-based control systems and indirect sensing methods for automotive
fuel injection applications.

15. | am currently a Professor Emeritus of Electrical and Computer
Engineering at the California Polytechnic State University, San Luis Obispo (Cal
Poly). I have been on the faculty since 1988, tenured since 1994. | have served
as the Chair of the Electrical Engineering Department, the Director of the Computer
Engineering Program, andas the interim Head of the BioResource and Agricultural
Engineering Department, and the Director of the Transportation Electronics

Laboratory. | have also served as a Guest Professor of Electrical Engineering at
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Olin College in Needham, Massachusettsin 2011, and I continueto teach Electrical,
Mechanical, and Automotive Engineering courses in the International Summer
School Program at the Munich University of Applied Science in Munich, Germany
every year from 2014 to the present.

16. My university teaching and research specialties include digital control
systems, microprocessor-embedded systems, automotive and transportation
electronics, internal combustion engines, advanced sensors, and alternative engine
fuels, all with applications in the field of automotive engineering.

17.  l1ama Senior Member of the Society of Automotive Engineers (SAE),
the Institute of Electrical and Electronic Engineers (IEEE), and Sigma Xi (Scientific
Research Honor Society). | have been a Registered Professional Engineer in good
standingin the state of Colorado continuously since 1981.

18. Based upon on my education, my professional experience from 1978
through the present, and my scholarly publications, | am considered an expert in the
relevant field of the 565 patent at issue here, and [ have been an expert in this field
since before the 565 patent was filed with the United States Patent and Trademark
Office (“USPTO”). lam intimately familiar with howa person of ordinary skill in
the art (“POSITA”) would have understood and used the terminology found in

the ’565 patent at the time of its filing.
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V. SCOPEOFASSIGNMENT

19.  Informing my opinions regarding the validity of the *565 patent, | have
considered the *565 patent’s specification, including the Abstract and the figures. [
have also considered the language of the patent’s claims, as those terms would have
been understood by a person havingordinary skill in the relevant field at least at the
time of the 565 patent’s earliest possible priority date. I have also reviewed the
prosecution (the “file history”) of the 565 patent.

20. In forming my opinions, | have also considered the Exhibits that are
listed in the Petition and any additional materials and information cited in this
Declaration. | have also searched for and reviewed technical literature relevant to
the field of the *565 patent.

21. | have relied on my personal knowledge, education, training, and
professional experience in order to form my opinions concerning the 565 patent,
including my experience in researching, studying, developing genetic expression
systems.

22.  This Declaration explains, based on facts and information currently
available to me, the subject matter and opinions related to this Proceeding. Assuch,
| am prepared to provide expert testimony regarding opinions formed resulting from
my analysis of the issues and materials considered in this declaration, if asked to do

so by the Board or by the parties’ attorneys.
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23. I may rely on handbooks, textbooks, technical literature, and the like to
demonstrate the state of the art in the relevant period and the evolution of relevant
technologies.

24.  Throughout this Declaration, I refer to specific pages of the 565 patent
and other documents, including prior art patents. These citations are intended to be
exemplary and are not intended to convey that the citations are the only source of
evidence to support the propositions for which they are cited. | reserve the right to
amend or alter myanalysis and opinions in responseto positions Patent Owner may
take or upon the discovery of new information.

25. | am being compensated at my customary consulting rate of $300 per
hour for the time I spend on this matter. My compensation isin no way contingent
on the nature of my opinions or the outcome of thisor any other proceeding. | have
no other interest in this proceeding. All of the opinions expressed in this
Declarationare my own.

VI. LEGAL UNDERSTANDING

26. Inthis section | describe my understanding of certain legal standards
that I have relied upon in forming my opinions set forth in this Declaration. | have
been informed of these legal standards by MBUSA’s attorneys. | am not an
attorneyand I have not thoroughly researched the relevant patent law. |am relying

only on instructions from MBUSA’s attorneys for these legal standards.
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A. Person of Ordinary Skill in the Art

27. | am informed that patent validity is determined from the perspective
of a person of ordinary skill in the pertinent art at the time of the invention
(“POSITA”). I understand that a POSITA is a hypothetical person who is
presumed to be aware of all pertinentart, thinks along conventional wisdom in the
art, and is a person of ordinary creativity—not an automaton.

28. In forming my opinions, | have relied on my personal knowledge and
professional experience in researching, studying, developing, or using recombinant
protein expression technology, and on the documentsand information referenced in
this Declaration.

29. Indecidingthelevel of ordinary skill in the art, | am informed that the
following factors may be considered:

e thelevelsofeducationand experience of persons working in the field;
e thetypesof problemsencountered in the field; and
« thesophistication of the technology.

B. Claim Construction

30. | am informed that a patent may include two types of claims,
independent claims and dependent claims.  An independent claim stands alone and
includesonly the limitations it recites. A dependent claim can depend from an

independent claim or another dependent claim. | am informed that a dependent
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claim includes all the limitations that it recites, in addition to the limitations recited
in the claim from which it depends.

31. | understand that patent claim terms can be interpreted, or “construed.”
| understand that, in construing a claim, the words of patent claims are given their
plain meaning, as a POSITA would understand them at the time of the invention,
view of the patent and file history, unless their meaning is defined or disclaimed. |
am informed that dictionaries, treatises, and other “extrinsic” sources of evidence
may assist in determining the plain meaning of a term, but they cannot override a
meaningthat is otherwise unambiguous based on the intrinsic evidence.

32. | understand that in construing claimsinan IPR proceeding, wordsin a
claim are given their plain meaning, which is the meaning understood by a person
of ordinary skill in the art in view of the patent and file history, unless specifically
defined in the patent or prosecution history. | also understand that dictionaries or
other extrinsic sources may assist in determining the plain and ordinary meaning but
cannot overridea meaning that is unambiguous from the intrinsicevidence.

33. | have been informed by MBUSA’s counsel that claim construction is
a matter of law for the arbiter of law to decide. | am informed that, in an inter
partes review, the Patent Trial and Appeal Board (“PTAB”) interprets claims in the
same way as a district court would. Likewise, | understand that a POSITA

interprets claims in the same way in both types of proceedings.
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34. | reserve my right toamend or alter my analysis and opinions in view
of any claim constructions adopted by the arbiter of law.

C. Obviousness

35. | am informed that a patent claim is unpatentable and invalid if the
subject matter of the claim as a whole would have been obvious to a person of
ordinary skill in the art of the claimed subject matter as of the time of the inventions
atissue. |am informed that the following factors must be evaluated to determine
whetherthe claimedsubject matter is obvious: (1) the scope and content of the prior
art; (2) the difference or differences, if any, between each claim of the patent and the
prior art; and (3) the level of ordinary skill in the art at the time the patent was filed.
Unlike anticipation, which allows consideration of only one item of prior art, | am
informed that obviousness may be shown by considering more than one item of prior
art. Moreover, | understand that objective indicia of non-obviousness, also known
as “secondary considerations,” like the following also may be considered when
assessing obviousness: (1) commercial success; (2) long-felt but unresolved needs;
(3) copying of the invention by others in the field; (4) initial expressions of disbelief
by experts in the field; (5) failure of others to solve the problem that the inventor
solved; and (6) unexpected results. | also understand that evidence of objective

indicia of non-obviousness must have a nexus with the claimed subject matter.
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VIl. THE 565 PATENT
A. Level of Ordinary Skill in the Art

36. In my opinion, a POSITA at the time of the ’565 patent’s alleged
invention would have had a B.S. degree in Electrical Engineering, Mechanical
Engineering, or Automotive Engineering (or equivalent), as well as at least 2—4 years
of industry or research experience in a relevant field of engine control systems or,
alternatively, at least an M.S. degree in Electrical Engineering or Mechanical
Engineering.

37. | am well qualified to determine the level of ordinary skill in the art.
First, I am very familiar with the technology of the *565 patent as of the July 23,
2001 timeframe. My academic and teaching background in both Electrical and
Mechanical Engineering also provides significant insight into the expectations of a
person of a given academic level or graduate certification. As mentioned above,
by 2001, | had acquired extensive experience relating to engine control systems in
vehicles, including developing microprocessor-based engine control systems for
regulating air intake, fuel injection, and ignition. Specifically, by 2001, I had over
20 years of experience working with advanced control technologies for internal
combustion engines, technologies including, for example: electronic control of fuel
and air delivery, ignition timing, electronic equipment for regulating engine torque

for conventional and direct cylinder injection automotive engines.
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B. Claims

38. The ’565 patent contains 7 claims, 2 independent claims and 5
dependentclaims. Claim 1is representative and reproduced below:

A device for controlling a torque output of an engine, the
device comprising:

atorque demand controller for generating a torque demand
signal; and

a torque producer which receives the torque demand
signal, the torque producer includes:

an estimator which receives as inputs a current spark angle
signal, a current air/fuel ratio signal and an estimated air
charge signal and outputsan estimated torque signal;

a comparator which receives as inputs the estimated torque
signal and a desired torque signal and outputs a difference
signal;

a high pass filter which receivesas an input the difference
signal and outputs a filtered difference signal in which low
frequency components are absent; and

a transient torque controller which receives as an input the
filtered difference signal and outputs a fuel adjustment
signal and a spark adjustment signal.

| previously provided briefexplanations of each of the elementsof claim 1 in Section
I11 regarding my Summary of Opinions above.

C. Specification

39. The ’565 patent issued June 24, 2003, from U.S. Application No.

10/191,641 (“the *641 application”), which was filed on July 9, 2002. Ex. 1001.
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The ’565 patent claims priority to European Application No. 01306301, filed July
23,2001.

40. The 565 patent claims systems and methods for controlling torque ina
spark ignition, direct injection internal combustion engine based on a calculated
difference between a signal representing desired torque signal a signal representing
an estimate of the current torque. See Ex. 1001 at Abstract. The challenged
claims recite the basic concept of a feedback loop based on a comparison of a desired
value withacurrentvalue.

41. The ’565 patent discloses a “torque demand controller 11 [that]
calculates arequired outputtorque signal”; anda “current torque estimator 22 that
“generate[s]a signal representing an estimate of the current torque.” Id. at 3:1-33.

This is shown, for example, in Figure 3 below:
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Id. at Fig. 3 (annotated).

42. The claims further recite a “comparator” that compares the estimated
torque demand and estimated current torque and determines the difference between
thetwo. Id.at 3:34-39.

43. Thedifferencevalue calculated by the comparator is then filtered via a
“high pass filter” to remove low frequency components of the signal isolating just
the transientcomponent of the signal, as shown in annotated Figure 3 below (id. at

3:34-39):
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44.  Afterthe low frequency signal componentis removed, the *565 patent’s
system adjusts the engine operation uses based on the torque difference value to
achieve the desired torque. A “transient torque controller” receives the filtered
torque difference signal and “generate[s] signals for temporarily adjusting the torque
produced by the engine 100.” Id. at 2:57-59, 3:29-339. This transient torque

controller is shown in annotated Figure 3 below:
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45. The “transient torque controller” receives a “combustion mode signal
19” “indicat[ing] whether the engine 100 is operating in a stratified mode or in a
homogeneous mode.” Id. at 3:40-43.

46. The 565 patent explains: “Ifthe engine 100 is operating in the stratified
mode then a fuel adjustment signal is generated and sent to the fuel pump 8 in order
to adjust the amount of fuel which is injected into the combustion chamber 108 by
the fuel injector 130 to adjust engine torque. Id. at 3:43-47 (emphasis added).
The patent further explains if “the engine 100 is operating in the homogenous mode

then a spark adjustment signal is generated and sent to the spark control unit 7 to
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adjust the timing of the ignition spark generated by the spark plug 106” to adjust
enginetorque. Id. at 3:47-50.

47.  Accordingly, the alleged invention of the ’565 patent is a feedback loop
that makes either a spark adjustment or fuel adjustment based on the difference
between the demandedtorque and an estimate of the current torque. The spark

and fuel adjustment signals are shown below in annotated Figure 3:
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Id. at FIG. 3 (annotated).
48. The 565 patent’s dependent claims add other well-known components

and steps that are disclosed in the prior art.
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D. Prosecution History

49. I have reviewed the prosecution history of the 565 patent (Ex. 1001).
Based on my review, it appears that the Examinerdid not render any rejections based
on any substantive consideration of prior art.

50. Based on my review of the first page of the ’565 patent prosecution
history, | see the patent issued from US Patent Application 10/191,641 (‘641
application’), which was filed on July 9, 2002. Ex. 1001. | understand the ‘565
patent claims priority to European Patent Application EP01306301, filed July 23,
2001.

51. Based on my review of the prosecution history, I understand that prior
art references Suzuki, Cullen, and Takahashi were not considered by the Examiner
during prosecution. Ex.1002. I alsounderstand the Scherer reference was listed
as prior art in the prosecution history, but it was never expressly considered by the
Examiner. Id.

VIll. CHALLENGED CLAIMS

52. | have analyzed claims 1-7 of the 565 patent in connection with
MBUSA’s petition for inter partes review that accompanies this Declaration. |
understand MBUSA is challenging the validity of all 7 claims (“Challenged

Claims”). The Challenged Claims are reproduced below for reference.
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Claim1l

1[pre] A device for controlling atorque output of an engine, the
device comprising:

1[a] a torque demand controller for generating atorque
demandsignal;and

1[b] a torque producerwhich receives the torque demand
signal, the torque producer includes:

1[c] an estimator which receives as inputs a current spark angle
signal, a current air/fuel ratio signal andan estimated air charge signal
and outputs an estimated torque signal;

1[d] a comparator which receives as inputs the estimated
torque signal and a desired torque signal and outputsa difference
signal;

1[e] a high pass filter which receives as an input the difference
signal and outputsa filtered difference signal in which low frequency
components are absent; and

1[f] a transienttorque controller which receivesasan inputthe
filtered difference signal and outputs a fuel adjustmentsignal anda
spark adjustment signal.

Claim?2

2 Thedevice in claim 1, wherein the estimated air charge signal is
produced by an air charge controller which receives as inputs an air
charge demandsignal, athrottle position signal, an engine speed
signal, amanifold pressure signal andan air charge temperature signal

Claim3
3 Thedevice in claim 2, wherein theair charge demand signal is

produced by an air charge demand controller which receives as inputs
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the desired torquesignal, a desired spark angle signal anda desired
air/fuel.

Claim4

4[a]

The device of claim 1, in which the engine is a direct injection spark
ignition engine, wherein thetransient torque controlleris arranged to
receive a combustion mode signal indicatingwhether the engine is
operating in a stratified mode or a homogeneous mode, and

4[b]

wherein the transient torque controller is arranged to control the fuel
adjustment signal when the combustion mode signal indicates that the
engine is operating in the stratified mode, and

4[c]

wherein the transient torque controller is arranged to control the spark
adjustment signal when the combustion mode signal indicates that the
engine is operating in the homogeneous mode.

Claim5

The device in claim 4, wherein the estimated air charge signal is
produced by an air charge controller which receives as inputs an air
charge demandsignal, a throttle position signal, an engine speed
signal, amanifold pressure signal andan air charge temperature signal

Claim6

The device in claim 5, wherein theair charge demand signal is
produced by an air charge demand controller which receives as inputs
the desired torquesignal, a desired spark angle signal anda desired
air/fuel.

Claim7
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7[pre] | A method for controllingatorque output of an engine, the method
comprising:

7[a] estimating a current torque signal from a received current spark angle
signal, areceived currentair/fuel ratio signaland a received estimated
air charge signal;

7[b] comparing the estimated current torque signal with a desired torque
signal to output a differencesignal,

7[c] filteringouta plurality of low frequency components from the
difference signal; and

7[d] controlling a fuel adjustment signal and a spark adjustment signal in
dependence upon afiltered difference signal.

IX. CLAIMCONSTRUCTION

53. Itis myunderstandingthat the challenged claims of the ’565 patentare
to be given their ordinary and customary meaning as understood by one of ordinary
skill in the art at the time of the alleged invention in light of the specification and the
prosecution history pertaining to the patent. Therefore, for the purposes of this
Declaration, all claim termsare given their plain and ordinary meaning.

X. SUMMARY OF PRIOR ART
A.  Suzuki

54.  Suzuki, like the ’565 patent, is directed to controlling the output torque
of a direct injection spark ignition (“DISI”) engine. Suzuki disclosesa “torque
correction during both homogeneous combustion and stratified combustion” where

“[t]orque correction 1s made in response to a torque correction demand . . . by
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correcting the spark timing. . . duringhomogeneous combustion and by correcting
theair-fuel ratioduring stratified combustion.” EXx. 1005 at Abstract. Figure 1B

below shows Suzuki’s feedback control loop:

COMBUSTION
MODE |+—
CHANGING
conmimon | | ——
| TORQUE
(TA%EG%N%ESUE CONTROL | INTAKE AIR FLOW RATE
CALCULATION)
| HOMOGENEOUS
=l
=] COMBUSTION | _ SPARK TIMING
TORQUE (+ AIR-FUEL RATIO)
CORRECTING
SIRATIFIED
— COMBUSTION |~ AIR-FUEL RATIO
CORRECTING
Id. at FIG. 1B.

55. Annotated Figure 6 from Suzuki below demonstrates that Suzuki’s

feedback loop parallel the ’565 patent’srecited claim steps:
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Id. at FIG. 6 (annotated).

56. Also like the 565 patent, Suzuki discloses a controllerand method for
controlling output torque by comparing a torque demand signal to a signal
representing the engine’s current torque and adjusting the engine’s torque output
based on the difference. Suzuki teaches calculating a target torque based on a
torque demand control. Id.at 7:14-16,FIG. 6 (S31). Suzuki discloses calculating
the difference between the demanded torque demand and the current estimated
torgque by subtracting the estimated torque from the torque demand. Id. at 7:33-39,

FIG. 6 (S33). Suzuki’s method and controller then determine whether the engine
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Is operating in stratified or homogeneous mode. Id. at FIG. 6 (536)-(S37). Based
on the combustion mode, Suzuki discloses adjusting eitherspark timing (id. at FIG.
6 (S38)-(S39)) or air/fuel ratio to control the engine’s output torque (id. at FIG. 6
(S34)). Id. at 7:45-64.

B. Cullen

57. Like the ’565 patent and Suzuki, Cullen is directed to an engine
controller for “inferringand predicting engine torque [as] a function of . . . speed.. . .
air/fuel ratio and spark advance.” Ex. 1006 at Abstract. Cullen’s engine
controller estimates the engine’s current torque based on a current spark timing angle
13, a current air/fuel ratio 16, and an estimated air charge 18, and other engine
parameters. 1d.at 4:5-14, 5:35-50,5:60-6:2. Annotated Figure 3 of Cullen below

shows the variousinputs Cullen uses to estimate current engine torque:
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Ex. 1006 at FIG. 3 (annotated).

C. Scherer

58. Scherer, like Suzuki, Cullen, and the 565 patent, is directed to “a
process and an apparatus for controlling the engine torque of an internal-combustion
engine.” Ex. 1007 at Abstract. Scherer’s controller adjusts torque output
adjusting “the ignition point . . . of the injection start,” (i.e., spark adjustments),
“adjust[ing] . . . the air flow rate,” or adjusting “the fuel injection duration.” Id.
Scherer also discloses using a high pass filter to filteran inputtoatorque controller
that adjusts torque output through correcting spark timing for homogeneous engine

operation or fuel delivery for heterogeneous (i.e., stratified-charged) engine
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operation. Id. at 2:51-55, 3:49-67, 5:35-55. Annotated Figures 1 and 2 below

demonstrate Scherer’s high pass filters and spark and fuel adjustmentsignals:

2 3
.
M. n— / . "spark adjustment
R PID [ —
1 / 4 e dzZ 8
/” h, Z,
= \744 ﬁﬁ 10 b= 11 ~Rﬁ-+]+
“high =" \a? bl % = ’
igh pass
fiter" % ~s o T% ;
!
n L noL 13

Id. at FIG. 1 (annotated).
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signal”

"high pass
filter"

Id. at FIG. 2 (annotated).
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D. Takahashi

59. Takahashi, like Suzuki, Cullen, Scherer, and the 565 patent, discloses
a method and controller for “control of the engine generated torque.” Ex. 1008 at
Abstract. The system taught by Takahashi “control[s] . . . the throttle valve and
fuel injection to ensure that the torque and air fuel ratio of the . . . engine will reach
target values.” Id. at 1:5-9. Takahashi’s controller “comprises[a] status estimating
block [142], target air mass flow rate deciding block [11], fuelinjection control block
13, and throttlecontrol block [144].” 1d. at 3:16-24. The controller “determines
the throttle angle and the throttle angle moved amount, which achieve the target air
mass flow rate.” Id. at 6:13-17. Together, the status estimating block and the
throttle controller comprise an air charge controller that “achieves the target air mass
flow rate” (i.e., air demand air charge) based on current air mass flow rate (i.e.,
estimated air charge), intake manifold pressure, temperature, throttle angle, and

number of enginerevolutions (i.e., engine speed). 1d.at6:13-17, 10:50-11:21.
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Id. at FIG. 16 (annotated).

XI.

OBVIOUSCLAIMS1,4,AND7.

60.

GALCULATE THE AIR MASS
FLOW RATE AT INLET PORT

(imap=ka-h (Pm, N)

“AIR MASS FLOW RATE
™ AT INLET PORT Qmep

"air charge
temperature"

GROUND 1: SUZUKI, CULLEN,AND SCHERER RENDER

In my opinion, a POSITA at the time of the alleged invention would

have found claims 1, 4, and 7 obvious over Suzuki in view of Cullen and Scherer.
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A. Motivation to Combine Suzuki with Cullen and Scherer

61. In my opinion, a POSITA in possession of Suzuki’s torque control
system would have been motivated to modify the system to include an estimator and
high pass filter as claimed in claim 1 of the 565 patent based on Cullen and
Scherer’s teachings, respectively.

1. Combining Suzuki and Cullen

62. Suzukidiscloses atorque estimator. See claim 1[c], infra. Similarly,
Cullen discloses a torque estimator and additional explanation regarding the inputs
its estimator receives—including a current spark angle signal, a current air/fuel ratio
signal and an estimated air charge signal—and its estimated torque output signal.
In my opinion,a POSITA would have been motivated to modify Suzuki’s system to
use an estimator with spark and fuel inputs as taughtby Cullen because Suzuki
already discloses adjusting spark timing (Ex. 1005 at FIG. 6 (S38)-(S39)) or air/fuel
ratio (id. at FIG. 6 (S34)) to adjust the engine’s output torque. | my opinion, a
POSITA would understand that modifying Suzuki’s estimator to include spark and
fuel as taught by Cullen would improve Suzuki’s method of calculating spark and
fuel adjustment.

63. Moreover, in my opinion a POSITA would have been motivated to
modify Suzuki’s system to use an estimator with spark and fuel inputs as taught by

Cullen because, as Cullen describes, doing so makes a system’s torque estimation

35
PETITIONER'S EXHIBIT 1003

US PATENT NO. 6,581,565



more accurate. Cullen discloses that its torque estimation makes “predicted torque
calculation. .. moreaccurate.” Ex. 1006 at 2:32-40.

64. In addition, in my opinion a POSITA would be motivated to modify
Suzuki based on the teachings of Cullen because both references are in the same
field of endeavor as the *565 patent: predictingand controlling engine torque. EX.
1001 at Abstract; Ex. 1005 at Abstract; Ex. 1006 at Abstract. In my opinion,
Suzuki and Cullen both also use similar techniques to solve the same problem as
the ’565 patent. For example, as described herein, Suzuki discloses nearly all of
the limitations of the ’565 patent’s claims 1, 4, and 7, and Cullen discloses claim 1’s
estimator that takes spark and fuel inputs. In my opinion, a POSITA also would
have had a reasonable expectation of success of modifying Suzuki’s torque estimator
based on the teachings of Cullen because Suzuki already teaches using a
microcomputer in its control unit to estimate current torque, and because the inputs
taught by Cullen are used in a similar engine. In my opinion, a POSITA would
understand that the software running on Suzuki’s microcomputer that implements
the torque estimation could easily be modified based on the teachings of Cullen to
improve the estimation’s accuracy by implementing Cullen’s method of torque

estimation.
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2. Combining Scherer with Suzukiand Cullen

65. In my opinion, even if it was not completely clear that Suzuki did in
fact include a high-pass filter to isolate rapid torque transients, a POSITA would
have been motivated to modify Suzuki’s torque controller to include a high pass
filter based on the teachings of Scherer. In my opinion, a POSITA would
understand that Suzuki’s system already discloses high pass filtering. Asshown in
excerpted and annotated Figure 13 below, Suzuki’s processes its torque correction
demand signal into either a spark timing correction signal or an air/fuel ratio

adjustment signal, wherethe processing generates an exponential decay curve.
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up ; ADVANCE
TORQUE ! SPARK TIMING k_—
CORRECTION 0——~ -~~~ -——--——---[Nm] ==$ “TORRECTION 0—------==== TARET_[geg)
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DOWN 5 ! RETARD ! |

Stratified Mode

o ’ N
Ad |
TORQUE i EQUIVALENCE 100 -~ ’ (%]

CORRECTION 0——~----—-————-d—————-[Nm] el RATIO |
DEMAND | : LEAN I:
I

DOWN i |

Ex. 1005 at FIG. 13 (annotated).

66. As demonstrated by Figure A below, the exponential decay curves
disclosed in Suzuki’s Figure 13 match a high pass filter’s response to the torque
correction demand signal. Figure A includes two signals: the torque correction

demand signal from Suzuki’s Figure 13, and the output of a simulated high pass filter
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that has the torque correction demand signal as an input. As demonstrated by the
high pass filtering simulation in Figure A, the exponential decay curvesin Figure 13

match ahigh pass filter’s response to Suzuki’s torque correction demand signal.

19
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===Torque Correction
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(@)
B

)
)
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FIG. A: High Pass Filter Time Response Simulation

67. Because Suzuki’s spark timing and air/fuel ratio signals match a high
pass filter response to Suzuki’s torque correction demand signal, in my opinion a
POSITA would understand that Suzuki’s system generates its spark timing and
air/fuel ratio adjustment signals usinga high pass filter.

68. Further, in my opinion a POSITA would have been motivated to
include a high pass filter in Suzuki’s system because it would enable the system to
adjust for dynamic changes in torque values more accurately. Scherer describes

that its high pass filtering would allow Suzuki’s torque controller to “react very
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rapidly to sudden changes of the engine torque” arising during transient engine
operations. Ex. 1007 at 4:20-25, 4:40-45, 5:10-15.

69. Inaddition,in myopinionaPOSITA would be motivatedto modify the
combination of Suzuki and Cullen based on the teachings of Scherer because they
are all in the same field of endeavor as the *565 patent: predicting and controlling
engine torque. Ex. 1001 at Abstract; Ex. 1005 at Abstract; Ex. 1006 at Abstract;
Ex. 1008 at Abstract. In my opinion, Suzuki, Cullen, and Scherer all use similar
techniques to solve the same problem as the ’565 patent. For example, as described
herein, Suzuki discloses nearly all of the limitations of the 565 patent’s claims 1, 4,
and 7, Cullen discloses claim 1’s estimator that takes spark and fuel inputs, and
Scherer discloses the high pass filter disclosed in claim 1. In my opinion, a
POSITA also would have had a reasonable expectation of success of modifying
Suzuki’s torque control system to include high pass filtering based on the teachings
of Scherer at least because Suzuki already teaches high pass filtering, as described
above. Further, in my opinion a POSITA would have recognized that the code
stored in Suzuki’s control unit 20 could be modified to apply a high pass filter to
Suzuki’s torque difference signal before outputting the difference signal to the rest

of the system.
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B. Claim1

1.  1[pre] “A device for controlling a torque output of an
engine, the device comprising”

70.  In my opinion, Suzuki discloses a device for controlling an engine’s
torque output. As further discussed with respect to elements 1[a]-[f], Suzuki
discloses a system ““for correcting engine torque,” i.€., controlling a torque output of
an engine. Id. at 1:5-7. For example, Suzuki teaches “torque correction during
both homogeneous combustion and stratified combustion” where “[t]Jorque
correction is made in response to a torque correction demand . . . by correcting the
spark timing . . . during homogeneous combustion and by correcting the air-fuel ratio
during stratified combustion.” Ex. 1005 at Abstract. As shown in Suzuki’s
Figure 2 below, Suzuki teaches a “direct-injection spark-ignition engine” 1
connected toa “control unit 20 that receives . . . signals from . . . various sensors,”
including crank- or camshaft “angle sensors 21 and 22,” “an airflow meter 23,” “an
accelerator sensor 24,” “a throttle valve sensor 25,” and “an Oz sensor 27.” Ex.
1005 at 3:23-24, 4:6-32. Suzuki’scontrol unit 20 comprises a microcomputer that
performs calculations based on the sensor input “to control the degree of opening of
the electronic controlled throttle valve 4, the amount of fuel injected to the engine

by the fuel injector 5, and the spark timing of the spark plug 6. 1d. at 4:33-38.
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Id. at FIG. 1.
71.  Accordingly, in my opinion, Suzuki disclosesthe preamble of claim 1.

2. 1[a] “a torque demand controller for generating a torque
demand signal”

72. In my opinion, Suzuki discloses a torque demand controller for
generating atorque demand signal. Suzuki teachesa “torque correction demanding
section” (i.e., the claimed “torque demand controller”) that “produces a torque

correction demand based on engine operating conditions.” Ex. 1005 at 3:10-12.
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For example, the “torque demand control” disclosed by Suzuki comprises “[a] torque
calculation section” that “outputs a driver demand torque,” i.e., generates a torque

demandsignal. Id.at8:7-11.

COMBUSTION N
MODE torque demand
CHANGING controller"

CORQUE | . INTAKE AIR FLOW RATE

HOMOGENEOQUS
COMBUSTION SPARK TIMING

TORQUE {+ AIR-FUEL RATIO)

CORRECTING

STRATIFIED
COMBUSTION
TORQUE
CORRECTING

—= AIR-FUEL RATIO

Id. at FIG. 1B (annotated).

73.  Suzuki’s “torque correction demanding” section teaches the claimed
“torque demand controller” because it “produces a torque correction demand”
indicating a “a demand for increasing or decreasing the torque” and “a target torque”
that the system usesto controltorque output. Id. at 3:10-12; 7:11-19.

74.  Further, Suzuki’s torque correction demanding section performs the
same functions in the same way as ’565 patent’s torque demand controller.
The ’565 patent’s teaches that its “torque demand controller 11 calculates a required
output torque signal” based on throttle position and engine operating conditions.

Ex. 1001 at 2:57-67. Suzuki teaches a “torque demand control” that calculates “a
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target torque,” i.e., a required output torque signal, that the system uses to control
torque output after achangein engineoperation. Ex.1005at 7:11-17.
75.  Accordingly, in my opinion Suzukidiscloses claim limitation 1[a].

3. 1]b]: “a torque producer which receives the torque demand
signal, the torque producer includes:”

76.  In my opinion, Suzuki discloses a torque producer which receives the
torque demand signal. Suzuki discloses that its control unit 20 comprises “a torque
correction section . . . which receives a torque correction demand and produces a
torgue correction output in response to the torque correction demand.” EXx. 1005 at
claim 1.

77. As shown in the annotated version of Suzuki’s Figure 1B below,

13

Suzuki’s “torque control section is responsive to the torque correction demand” and
comprises “a homogeneous combustion torque correcting section [that] corrects at

least the spark timing” and “[a] stratified combustion torque correcting section [that]

corrects at least the air-fuelratio.” 1d. at 3:10-22.
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Id. at FIG. 1B (annotated).

78. In my opinion, Suzuki’s torque control section, homogeneous
combustion torque correction section, and stratified combustion torque correction
section disclose claim 1’s torque producer.

79.  Accordingly, in my opinion Suzukidiscloses claim limitation 1[b].

4.  1[c]: “an estimator which receives as inputs a current spark

anglesignal, a current air/fuel ratio signal and an estimated
air charge signal and outputs an estimated torque signal;”

80. In my opinion, Suzukiin view of Cullen renders a torque estimator
which receives as inputs a current spark angle signal, a current air/fuel ratio signal,
and an estimated air charge signal and outputs an estimated torque signal obvious.

81. Suzuki teaches a controller for a direct injection spark ignition engine
that adjusts torque based on the engine’s operating conditions by controlling the air-

fuel ratio and spark timing. Ex. 1005 at 1:4-7, 1:44-48. Suzuki’s control unit 20
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includes an estimator that estimates current torque output, as shown in annotated
Figure 6 below. Id. at 7:33-34, FIGS. 4-6.
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82. Ex. 1005 at FIG. 6 (annotated).

83.  Further, Cullen teaches specific implementation details for torque
estimation, including an estimator that receives a current spark angle signal, a current
air/fuel ratio signal, and an estimated air charge signal as inputs. Cullen’s
teachings regarding its estimator would have been readily applicable to Suzuki’s
torque controller. Cullen discloses “an electronic engine controlmodule 12 which

includes various algorithms for processing a spark timing input 13. . . an air/fuel
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ratioinput 16. .. [and] an engine air charge input 18” “to provide indicated torque,”

I.e., estimated torque. Ex. 1006 at 5:59-6:2, 6:67-7:2.
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TTOAM, l | "estimated
" torque"

Id. at FIG. 3 (annotated).
84. Moreover, Cullen teaches functions that calculate an estimated torque
IND_TQ based on an estimated air charge AIRCHG, a current air/fuel ratio A/F, and

a currentspark angle SPKDEL or SPK. Id. at 4:5-15;5:33-6:2, 6:67-7:2.
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"estimated air ]
charge" "current air/fuel

ratio"

AIRCHG = AM/(ENGCYL3)
'STOIC_A/F = (100 — PET_METH)*14.6 * PCT_METH*7.6
EQUIVLRATIO - JA/F/ STOIC_A/F
SPK_MBT = BASE_MBT(RPM,AIRCHG) + MBTAF(EQUIV_RATIO) +
' MBTPEREGR(AIRCHG)*EGR +
MBTPM(PCT_METH,AIRCHG) + | "current spark

i " MBTCOLIXECT,AIRCHG angle"
torque" — IND_TQ = BASE_ITQ(RPM,AIRCHG) * ITQSPKMUL(SPKDEL)

* ITQAFMUL(EQUIVZRATIO) * ITQPMMUL(PCT_METH)
* FIRING_CYLS/ENGCYL
MISC_FRIC_TEA = COLD_FRIC_TEA(ECT,TIMER)
+ AC_FRIC_TEA(RPM,AC_HEAD_PRES)
+ PS_FRIC_TEA(RPM,PS_PRES)
+ GREEN_FRIC_TEA(RPM,ENG_HOURS)
MISC_FRIC_TQ = MISC_FRIC_TEA * TQ..PER_AIRCHG
TOTAL_FRIC_TQ = BASE_FRIC_TQ + MISC_FRIC_TQ
BRAKE_TQ = IND_TQ ~ TOTAL_FRIC_TQ

Id. at 5:33-53 (annotated).

85. In my opinion, a POSITA would have been motivated to modify
Suzuki’s system to use an estimator with spark and fuel inputs as taught by Cullen
because, as Cullen describes, doing so makes a system’s torque estimation more
accurate. EXx. 1006 at 2:32-40.

86. Additionally, in my opinion a POSITA would understood that the
software running on Suzuki’s microcomputer that implementsthe torque estimation
could easily be modified based on the teachings of Cullen to improve the

estimation’s accuracy by implementing Cullen’s method of torque estimation.
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87.  Accordingly, in my opinion Suzuki in view of Cullen renders obvious
claim limitation 1[c].
5. 1[d]: “a comparator which receives as inputs the estimated

torque signal and a desired torque signal and outputs a
difference signal;”

88. Inmy opinion, Suzuki clearly discloses a comparator which receives as
inputs the estimated torque signal and a desired torque signal and outputs a
difference signal. As shown in Suzuki’s Figure 6 below, Suzuki teaches a torque
correction section that calculates the difference between estimated torque and target
torque to calculate a torque shortage signal (S34). Ex. 1005 at 7:35-39 (“In step
S34, the estimated torque is subtracted from the target torque...to calculate the

torque shortage”™).

48
PETITIONER'S EXHIBIT 1003

US PATENT NO. 6,581,565



{ REF-JOB )

¥

AEAD TARGET TORQUE
CORRECTION DEMAND | g4

ErCIHGUE
CORRECTION DEMAND)

1
GALCULATE AIR
ﬁonnecnon FACTOR i" 532

1
ESTIMATE OUTPUT

TORQUE DURING - 833
AIR CORRECTION
1
CALCULATE TORQUE
ARGET TORGUE- |- 534
IMATED TORGUE) "comparator”
|

1

CALCULATE TORQUE
CORRECTION FACTOR |~ S35
(PIPER)

READ
‘ COMBUSTION MODE }"335

~ 837
HOMOGENEOQUS STR.I!T‘ FIED
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END

Id. at FIG. 6 (annotated).

89. In my opinion, Suzuki’s torque correction section discloses a
comparator which receives as inputs the estimated torque signal and a desired torque
signal and outputsa difference signal.

90. Additionally, Suzuki’s torque correction section at S34 performs the
same function in the same way as the comparator disclosed in the ’565 patent.
The *565 patent teaches that its comparator subtracts the current torque estimate
from the demanded torque to calculatea torqueerrorsignal. Ex. 1001 at 3:34-39,
FIG. 3. Suzuki also discloses a torque correction section that subtracts estimated
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torque from target torque tocalculate atorqueshortage. Ex. 1005 at 7:35-39, FIG.
6.

91. Suzuki’s further teaches that its calculated torque shortage is a
difference signal. Suzuki discloses that “the estimated torque is subtracted from
the target torque . . . to calculate the torque shortage,” i.e., the difference between
the targetand estimated torque. Id. at 7:35-39.

92.  Accordingly, in my opinion, Suzuki discloses claim limitation 1[d].

6. 1[e]: “a high pass filter which receives as an input the

difference signal and outputs a filtered difference signal in
which low frequency componentsare absent; and”

93. In my opinion, Suzuki in view of Scherer renders obvious a high pass
filter which receives as an input the difference signal and outputs a filtered difference
signal in which low frequency components are absent.

94.  Suzuki teaches a controller for a direct injection spark ignition engine
that adjusts torque based on engine operating conditions by adjusting the air-fuel
ratio and spark timing. Ex. 1005 at 1:4-7, 1:44-48. As explained in Section
XI1.B.5 above, Suzuki discloses calculating a differencesignal, which Suzuki calls a
torque shortage.

95. In my opinion, a POSITA would have understood that the correction
factor response curves disclosed in Suzuki’s Figures 12-15 disclose high pass

filtering. As shown in Suzuki’s Figure 13 below, Suzuki teaches a torque
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correction demandsignal wave that steps from zero up to some positivevalue. EXx.
1005at FIG. 13.

96. When Suzuki’s engine is operating in the homogeneous combustion
mode, Suzuki teaches processing the torque correction demand signal through the
torque correction routine shown in Figures 4 and 6 to generate a spark timing
correction factor signal. Ex. 1005 at 7:51-58, 8:1-2. When Suzuki’s engine is
operating in the stratified combustion mode, Suzuki teaches processing the torque
correction demand signal through the torque correction routine shown in Figures 5
and 6 to generatea signal representing an air/fuel ratioadjustment signal from. Id.
at 7:60-64, 8:2-4. Asshown in excerpted and annotated Figure 13 below, Suzuki’s
processing of the torque correction demand signal in either combustion mode

generates a signal with an exponential decay curve:

Homogeneous Mode

uP ; ADVANCE
TORQUE ! SPARK TIMING k___
CORRECTION 0——j~ -~~~ ~-—---——-—-[Nm] == TORRECTION 0—------==== TARET _[geg]

DEMAND [ 1 FACTOR
DOWN i ! RETARD

Stratified Mode

At I
E i EQUIVALENCE 1gp—|. -~ s %]

TORQU | v
CORRECTION it el U L) I 5

LEAN

DOWN

Ex. 1005 at FIG. 13 (annotated).
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97. As demonstrated by Figure A below, the exponential decay curves
disclosed in Suzuki’s Figure 13 match a high pass filter’s response to the torque
correction demand signal. Figure A includes two signals: the torque correction
demandsignal from Suzuki’s Figure 13, and the output of a simulated high pass filter
that has the torque correction demand signal as an input. As demonstrated by the
high pass filtering simulation in Figure A, the exponential decay curvesin Figure 13

match a high pass filter’s response to Suzuki’s torque correction demandsignal.

19
1.4

)
o)

\ ==High-Pass Filter
Response
==Torque Correction

Demand

o
o

(@)
N

o
)

D

U

EX1003, FIG. A: High Pass Filter Time Response Simulation

98. Because Suzuki’s spark timing and air/fuel ratio signals match a high
pass filter response to Suzuki’s torque correction demand signal, in my opinion a
POSITA would understand that Suzuki’s system generates its spark timing and

air/fuel ratio adjustment signals usinga high pass filter.
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99. Further, in my opinion Scherer clearly discloses using a high pass filter
to filterasignalrelated to torque demand. Scherer teaches a “high pass filter stage,
which precisely determines [a] dynamic desired torque component” from “a signal
indicative . . . of the desired engine torque.” EX. 1007 at 3:59-63; 4:31-38. As
shown in Scherer’s Figures 1 and 2 below, Scherer’s system generates spark timing

or fuel injection timing signals based on a high- pass filtered torque demand signal.

2 . 3
M., N é / / . "spark adjustment
/ PID ~

b /4 ﬁ‘s Z
' + 5
E‘ \ P i /o ++ 10 |+12
"high S é?jift “ [”LL.—J
igh pass |
filter" @ -5 9| @

-
—r

0 —

 —™

Id. at FIG. 1 (annotated).

53
PETITIONER'S EXHIBIT 1003

US PATENT NO. 6,581,565



"fuel adjustment
signal"

"high pass
filter"

Id. at FIG. 2 (annotated).

100. Further,in my opinion, even if it was unclearthat Suzuki’s control unit
20 did implementahigh pass filter toisolate torque difference transients, a POSITA
would have been motivated to includea high pass filter in Suzuki’s system because
it would enable the system to adjust for dynamic changes in torque values more
accurately. Scherer describes that its high pass filtering would allow Suzuki’s
torque controller to “react very rapidly to sudden changes of the engine torque”
arising during transient engine operations. Ex. 1007 at 4:20-25, 4:40-45, 5:10-15.

101. Additionally, in my opinion a POSITAalso would have recognized that
the code stored in Suzuki’s control unit 20 could easily be modified to apply a high
pass filter to Suzuki’s torque difference signal, as taught by Scherer, before

outputting the difference signal to the rest of the system.
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102. Accordingly, in myopinion, Suzuki in view of Scherer renders obvious
claim limitation 1[e].
7. 1[f]: “a transient torque controller which receives as an

input the filtered difference signal and outputs a fuel
adjustmentsignal and a spark adjustmentsignal.”

103. In my opinion, Suzuki in view of Scherer renders obvious a transient
torque controllerwhich receives as an input the filtered difference signal and outputs
a fuel adjustment signal anda spark adjustment signal.

104. Asshown in Suzuki’s Figure 1B below, Suzuki’s torque control section
includesboth “a homogeneous combustion torque correcting section [that] corrects
at least the spark timing” and “[a] stratified combustion torque correcting section
[that] corrects at least the air-fuel ratio,” and “is responsive to the torque correction
demand.” Ex. 1005 at 3:10-22. Therefore, Suzuki’s torque correction section is
able to adjust torque “regardless of combustion mode . . . with a fast response to a
torque correction demand . . . over the entire range of engine speed,” i.e. during

transientengineoperation Id. at 1:44-64.
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CALCULATION) /
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. . TORQUE | ™ (+ AIR-FUEL RATIO) "spark adjustment"”
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SIRATIFIED
MBUSTION |~ AIR-FUEL RATIO "fuel adjustment"
CORRECTING

Ex. 1005 at FIG. 1B (annotated).

105. Suzuki discloses that the homogenous combustion torque correcting
section generates a “spark timing correction factor” from the torque correction factor,
which is itself based on the torque shortage signal (i.e., the “torque difference
signal”). Id. at 7:51-59.  Similarly, Suzuki’s teaches that the stratified
combustion torque correcting section generates a “fuel deliver requirement” used to
determine a fuel “injection pulse” from the torque correction factor, which is itself
based on the torque shortage signal (i.e., the “torque difference signal”). Ex. 1005
at 6:50-57.

106. As shown in Suzuki’s Figure 4 below, Suzuki’s homogenous
combustion torque correcting method teaches a “spark timing calculating routine.”
Ex. 1005 at 5:41-43. Suzukiteaches reading “the spark timing correction factor

TQRET,” which is calculated from a “torque correction factor PIPER” that is based
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on an inputtorque shortage, i.e., the difference signal. Id. at 5:21-26, 5:41-43,
7:40-44 (“a torque correction factor PIPER . . . is calculated in accordance with the
torque shortage™). Suzuki’s method generates an outputspark timing change, i.e.,
a “spark adjustment signal,” in process block S12 with output labeled TQRET. Ex.
1005 at 5:59-64.

( REF-JOB )

1

READ BASIC SPARK | o4
TIMING (ADVmap)

/

READ SPARK TIMING
CORRECTION FACTOR |- S71Z
(TQRET)

"difference signal”

Y
CALCULATE SPARK TIMING | _ 513
(ADV = ADVmap + TQRET)

i
SET SPARK TIMING G714 "spark adjustment"

Id. at FIG. 4 (annotated).

107. As shown in Suzuki’s Figure 5 below, Suzuki’s stratified combustion
torque correcting method teaches a “fuel delivery requirement calculating routine.”
Ex. 1005 at 6:10-12. Suzukiteachesreading “the torque correction factor PIPER”
thatis calculated from an input torque shortage i.e., a difference signal. 1d. at 6:20,

5:41-43, 7:40-44 (“atorque correction factor PIPER . . . is calculated in accordance
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with the torque shortage”). Suzuki’s method generates a fuel deliver requirement
Ti, which determines the fuel injector’s injection pulse, I.e., a “fuel adjustment

signal,” by processing the torque correction factor. Ex. 1005 at 6:10-57.

(10ms-JOB)

READ BASIC EQUIVALENCE | o5y
RATIO (to)

Y

READ TORQUE CORRECTION | o5, difference signal®
FACTOR (PIPER)

Yy

CALCULATE EQUIVALENCE | _c55
RATIO CORRECTION FACTOR
(CONVERSION OF PIPER TO 4¢)

CALCULATE EQUIVALENCE | _ g5,
RATIO (tod = to X A0)

\
CALCULATE FUEL DELIVERY w “fuel adjustment”
REQUIREMENT (Ti)

i
( END )

Id. at FIG. 5 (annotated).

108. Accordingly, in my opinion, Suzuki discloses a transient torque
controller which receives as an input a torque difference signal and outputs a fuel
adjustment signal anda spark adjustment signal. Additionally, as described above
in Section XI.B.6, Suzuki in view of Scherer renders obvious filtering the torque

difference signal usinga high pass filter.
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109. Accordingly, inmyopinion, Suzuki in view of Scherer renders obvious
claim limitation 1[f].

C. Claim4:

1.  4[a]: “The device of claim 1, in which the engine is a direct
Injection spark ignition engine, wherein the transient torque
controller isarranged to receive a combustion mode signal
indicating whether the engine is operating in a stratified
mode or a homogeneous mode, and”

110. In my opinion, Suzuki discloses a direct injection spark ignition engine
and a transient torque controller wherein the transient torque controller is arranged
to receive a combustion mode signal indicating whether the engine is operating in a
stratified mode orahomogeneousmode. Suzukiteachesa “controller for a direct-
injection spark-ignition type engine.” EX. 1005 at 3:6-7. Suzuki’s controller
comprises “a combustion mode changing section for making a combustion mode
change between homogenous combustion and stratified combustion.” Id. at 3:7-10.
As shown in Suzuki’s Figure 1B below, Suzuki’s homogeneous and stratified torque
correction sections receive a combustion mode signal from Suzuki’s combustion

mode changingsection. Ex. 1005 at 7:45-8:4.
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Id. at FIG. 1B (annotated).

111. Asshown in Suzuki’s Figure 6 below, the signal output from Suzuki’s
combustion mode changing section into Suzuki’s transient torque controller
indicates whether the engine is operating in homogeneous or stratified combustion
mode. Id. at 7:45-50 (“In step S36, the combustion mode isread. InstepS37,a
determination is made as to whether the combustion mode is homogeneous . . . or

stratified.”)
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Id. at FIG. 6 (annotated).
112. Accordingly, in my opinion, Suzuki discloses claim limitation 4[a].

2.  4[b]: “wherein the transient torque controller is arranged to
control the fuel adjustment signal when the combustion
mode signal indicates that the engine is operating in the
stratified mode, and”

113. In my opinion, Suzuki discloses a transient torque controller arranged
to control the fuel adjustment signal when the combustion mode signal indicates the

engine is operating in the stratified mode. As described in my analysis regarding
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claim 1 above, Suzuki’s homogeneous and stratified torque correction sections

disclose a “transient torque controller.”

COMBUSTION |
MODE —
| CHANGING | _
"combustion mode”
1' coTnonqz%%ou "transient torque
| (rBEMANDING CONHOL | INTAKE AIR FLOW RATE controller
CALCULATION) /
| "COMBUSTION. | sPARK TIMING
an TORQUE ™ (+ AIR-FUEL RATIO)
CORRECTING
[ sTRaTIFIED
‘ COMBUSTEION |~ AIR-FUEL RATIO
CORRECTING

Ex. 1005 at FIG. 1B (annotated).

114. Suzuki discloses that the “stratified combustion torque correcting
section corrects at least theair-fuel ratioto make torque correction during stratified
combustion.” 1d. at 3:10-22. Suzuki’s stratified combustion torque correction
section performs a method for calculating a fuel delivery requirementthat generates
afuel deliver requirement Ti that is used to adjust the fuel injection pulse signal (i.e.,
afuel adjustmentsignal). Id.at6:10-12; 6:50-57. Suzuki discloses that, using the
combustion mode signal, “a determination is made as to whether the combustion
mode is . .. stratified.” Id. at 7:44-50. When Suzuki’s system determines the
engine is in the stratified combustion mode“controlis made according to . . . the fuel

delivery requirement calculation routine.” 1d. at 7:65-67.
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115. Accordingly, Suzuki discloses claim limitation 4[b].
3. 4c]: “wherein the transient torque controller isarranged to
control the spark adjustment signal when the combustion

mode signal indicates that the engine is operating in the
homogeneous mode.”

116. In my opinion, Suzuki discloses a transient torque controller arranged
to control the spark adjustment signal when the combustion mode signal indicates
the engine is operating in the homogeneous mode. As described in my analysis
regarding claim 1 above, Suzuki’s homogeneous and stratified torque correction

sectionsinclude a “transient torque controller.”

COMBUSTION
MODE
CHANGING | :
' "combustion mode"

TORQUE "transient torque
CORRECTION oo |

g

AN DING € [~ ™1 CONTROL [~ INTAKE AIR FLOW RATE controller
CALCULATION) /
HOMOGENEOUS

| COMBUSTION |, SPARK TIMING
TORQUE (+ AIR-FUEL RATIO)
CORRECTING

STRATIFIED

L COMBUSTION
TORQUE

CORRECTING

— AIR-FUEL RATIO

Ex. 1005 at FIG. 1B (annotated).

117. Suzuki discloses that the “homogenous combustion torque correcting
section correctsat least the spark timing in order to make a torque correction with a
fast response . . . duringhomogeneous combustion.” Id. at 3:10-22. Suzuki’s

homogeneous combustion torque correction section performs the calculation of
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spark timing adjustment (i.e., a spark adjustment signal).

Id. at 5:41-6:6. Suzuki

discloses that based upon the combustion mode signal, “a determination is made as

to whether the combustion mode is homogeneous.” Id. at 7:44-50. When the

engine is operating in homogeneous combustion mode, “control is made according

to the spark timing calculation routine.” 7:65-67.

118. Accordingly, in my opinion, Suzuki discloses claim limitation 4[c].

D. Claim7:

1. 7[pre]: A method for controlling a torque output of an
engine, the method comprising:

119. As shown below, claim 7 recites a method that corresponds to the

apparatus of claim 1;

Claim7

Claim1

7[pre]: Amethod for controlling a
torque output of an engine, the method
comprising:

1[pre]: Adevice for controlling a
torque output of an engine, the device
comprising:

7[a]: estimatingacurrenttorque
signal from areceived current spark
angle signal, areceived currentair/fuel
ratio signal and a received estimated air
charge signal;

1[c]: anestimator which receives as
inputsacurrentspark anglesignal, a
currentair/fuelratio signal and an
estimated air charge signal and outputs
an estimated torque signal;

7[b]: comparing the estimated current
torque signal with a desired torque
signal to output a differencesignal;

1[d]: acomparator which receivesas
inputs the estimated torque signal and a
desired torque signal and outputsa
difference signal,

7[c]: filteringoutaplurality of low
frequency components from the
difference signal; and

1[e]: ahigh pass filter which receives
as an input the difference signal and
outputs a filtered difference signal in
which low frequency components are
absent; and
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7[d]: controlling a fuel adjustment 1[f]: atransienttorquecontroller
signal and a spark adjustmentsignal in | which receivesas an inputthefiltered
dependence upon a filtered difference | difference signal and outputs a fuel
signal. adjustment signal and a spark
adjustmentsignal.

120. In my opinion, Suzuki discloses a method for controlling a torque

output of an engine. 7[pre] is a method claim preamble that corresponds to the
device claim preamble 1[pre], which, as explained in Section XI.B.1 above, is
disclosed by Suzuki. Suzuki’s Figure 6 teaches “a torque correcting routine” that
corrects engine torque based on “a torque increase demand” or “torque decrease
demand,” i.e.,amethod for controlling atorque output of an engine. Suzuki, 7:10-
44,

121. Accordingly, in my opinion Suzuki discloses claim limitation 7[pre],
including for at least the samereasons as 1[pre].

2. 7[a]: estimating a current torque signal from a received

currentspark angle signal, a received current air/fuel ratio
signal and a received estimated air charge signal;

122. In my opinion, Suzuki in view of Cullen renders obvious estimating a
current torque signal from a received current spark angle signal, a received current
air/fuel ratio signal and a received estimated air charge signal. 7[a] is a method
claim limitation that corresponds to the device claim limitation 1[c], which, as
explained in Section XI.B.4 above, is rendered obvious by Suzuki in view of Cullen.

Suzuki teaches “the output torque during intake air correction is estimated.” EXx.

1005 at 7:33-34.
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123. Cullen discloses specific implementation details for torque estimation,
including an estimator that receives a current spark angle signal, a current air/fuel
ratio signal, and an estimated air charge signal as inputs. Cullen’s teachings
regarding its estimator would have been readily applicable to Suzuki’s torque
controller. Cullen discloses “an electronic engine control module 12 which
includes various algorithms for processing a spark timing input 13 . . . an air/fuel
ratioinput 16. .. [and] an engine air charge input 18” “to provide indicated torque,”

I.e., acalculated torqueestimate. Ex. 1006 at 5:59-6:2, 6:67-7:2.

"estimated air )
charge" "current air/fuel

ratio"

=

AIRCHG = AM/(ENGCYL3N)
STOIC_A/F = (100 — P@T_METH)*14.6 * PCT_METH?*7.6
EQUIV_RATIO = A/F / STOIC_A/F
SPK_MBT = BASE_MBT(RPM,AIRCHG) + MBTAF(EQUIV_RATIO) +
‘ MBTPEREGR(AIRCHG)*EGR +
MBTPM(PCT_METH,AIRCHG) + | "current spark

— ~° MBTCOLD(ECT,AIRCHG angle"
"estimated SPKDEL = SPK_MBT — SPK' _ ,
torque" ~IND_TQ = BASE_ITQ(RPM,AIRCHG) * ITQSPKMUL(SPKDEL)

* ITQAFMUL(EQUIV_RATIO) * ITQPMMUL(PCT_METH)
* FIRING_CYLS/ENGCYL
MISC_FRIC_TEA = COLD._FRIC..TEA(ECT,TIMER)
+ AC_FRIC_TEA(RPM,AC_HEAD_PRES)
+ PS_FRIC_TEA(RPM,PS_PRES)
+ GREEN_FRIC_TEA(RPM,ENG_HOURS)
MISC_FRIC_TQ = MISC_FRIC_TEA * TQ._PER_AIRCHG
TOTAL_FRIC_TQ = BASE_FRIC_TQ + MISC_FRIC_TQ
BRAKE_TQ = IND_TQ — TOTAL_FRIC._.TQ

Id. at 5:33-53 (annotated).
124. Moreover, as shown below in Figure 3, Cullen discloses “an electronic

engine control module 12 which includes various algorithms for processing a spark
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timing input 13. . . an air/fuel ratio input 16 . . . [and] an engine air charge input 18”
“to provide indicated torque,” i.e., estimated torque. EX. 1006 at 5:59-6:2, 6:67-

1:2.

"current spark
angle"

poTwEn |

"current air/fuel e 29/30_1*&0'0.% |
ratio" RATIO : weouw. |: A
/6 | 32 RATIO EQUIV. RATIO

7

| RPM T | 3=}
BASE. [Ty coLD

|
I
:
ARCHG
I MBT " RiRcra
p rem | [ mo-
"estimated air arcre 11 || P Fll/_\ SPKI\
charge" wsrw [HTT | P (= M4 Eovramo | | | M sero
Al ARCHG -
| Utts
| TTOAM. l | "estimated
DEG.F | MUL 3 torque"
|
14
|

Id. at FIG. 3 (annotated).
125. Accordingly, in my opinion Suzuki in view of Cullen renders obvious
claim limitation 7[a], including for at least the same reasonsas claim limitation 1][c].

3. 7[b]: comparing the estimated current torque signal with a
desired torque signal to output a difference signal;

126. In my opinion, Suzuki discloses comparing the estimated current torque

signal with a desired torque signal to output a difference signal. 7[b] is a method

67
PETITIONER'S EXHIBIT 1003

US PATENT NO. 6,581,565



claim limitation that corresponds to the device limitation 1[d], which, as explained
in Section X1.B.5above, is disclosed by Suzuki. Suzuki teaches a torque correction
section that calculates the difference between estimated torque and target torque to
calculate a torque shortage signal (S34). Ex. 1005 at 7:35-39 (“In step S34, the
estimated torque is subtracted from the target torque...to calculate the torque
shortage”).

127. Accordingly, in my opinion Suzuki discloses claim limitation 7[b],
including for at least the samereasons as claim limitation 1[d].

4.  T[c]: filtering out a plurality of low frequency components
from the difference signal; and

128. In my opinion, Suzukiand Cullen in view of Scherer disclose filtering
out a plurality of low frequency components from the difference signal. 7[c] is a
method claim limitation that corresponds to the device limitation 1[e], which, as
explained in Section XI.B.6 above, is rendered obvious by Suzuki and Cullen in
view of Scherer.

129. 91. As explained with regard to claim limitation 1[e] above, in my
opinion a POSITA would have understood that the correction factor response curves
disclosed in Suzuki’s Figures 12-15 disclose high pass filtering.

130. Further,in my opinion Scherer specifically discloses usinga high pass
filter to process a signal related to torque demand. Scherer teaches a “high pass

filter stage, which precisely determines [a] dynamic desired torque component” (the
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torque difference transient) from “a signal indicative. . . of the desired engine torque.”
Ex. 1007 at 3:59-63; 4:31-38. As shown in Scherer’s Figures 1 and 2 below,

Scherer’s system generates spark timing or fuel injection timing signalsbased on a

high- pass filtered torque demand signal.
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Id. at FIG. 2 (annotated).
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131. As explained above with regard to limitation 1[e], in my opinion it
would have been obvious to a POSITA to modify Suzuki to use high pass filtering
on use Suzuki’s torque shortage, (i.e., “the difference signal”), based on the
teachings of Scherer because such modifications would enable Suzuki’s torque
controller to “react very rapidly to sudden changes of the engine torque,” arising
during transientengineoperations. Ex. 1007 at 4:20-25, 4:40-45, 5:10-15.

132. Accordingly, in my opinion, Suzuki and Cullen in view of Scherer
render claim limitation 7[c] obvious, including for at least the same reasons as
limitation 1[e].

5. 7[d]: controlling a fuel adjustment signal and a spark

adjustmentsignal in dependence upon a filtered difference
signal.

133. In my opinion, Suzuki and Cullen in view of Scherer render obvious
controlling a fuel adjustment signal and a spark adjustment signal in dependence
upon afiltereddifference signal. 7[d] isa method claim limitation that corresponds
to thedevice limitation 1[f], which, as explained in Section X1.B.7 above, is rendered
obvious by Suzukiand Cullen in view of Scherer.

134. Suzuki discloses that the homogenous combustion torque correcting
section generates a “spark timing correction factor’” from the torque correction factor,
which is itself based on the torque shortage signal (i.e., the “torque difference

signal”).  Id. at 7:51-59.  Similarly, Suzuki’s teaches that the stratified
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combustion torque correcting section generates a “fuel deliver requirement” used to
determine a fuel “injection pulse” from the torque correction factor, which is itself
based on the torque shortage signal (i.e., the “torque difference signal”). Ex. 1005
at 6:50-57. Moreover, Suzuki teaches that its spark timing adjustments and air-fuel
ratio adjustments are made based on processing of a torque shortage (difference)
signal (i.e., the “torque difference signal™). Suzuki, 6:50-57, 7:51-59.

135. As described above with regard to limitation 7[c], Suzuki in view of
Scherer renders filtering the low frequency components of the torque difference
signal obvious.

136. Accordingly, in my opinion Suzuki and Cullen in view of Scherer
discloses claim limitation 7[d], including for at least the same reasons as limitation
1[f].

XIl. GROUND 2: THE COMBINATION OF SUZUKI, CULLEN,

SCHERER, AND TAKAHASHI RENDERS OBVIOUS CLAIMS 2, 3,
5, ANDG6.

137. In my opinion,a POSITA at the time of the alleged invention would
have found claims 2, 3, 5, and 6 obvious over Suzuki in view of Cullen, Scherer, and
Takahashi.

A. Motivation to Combine Suzuki, Cullen, Scherer, and Takahashi

138. In my opinion, a POSITA would have been motivated to modify the

combination of Suzuki, Cullen, and Scherer | described in Section XI.A to include
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an air charge controller and air charge demand controller based on the teachings of
Takahashi.

139. In my opinion, a POSITA would have been motivated to modify
Suzuki’s air charge controller and air charge demand controller to the methods for
calculating air charge estimate and air charge demand as taught by Takahashi
because Takahashi’s methods “ensure a high precision control of the torque to reach
a target value.” EX. 1008 at 1:43-48. As discussed below with regard to claims
2, 3,5, and 6, Suzuki discloses an air charge controller and an air charge demand
controller. Similarly, Takahashi teaches an air charge controller that receives an
air charge demand signal, a throttle position signal, an engine speed signal, a
manifold pressure signal, and an air charge temperature signal as inputs, and
generates estimated air charge outputsignal. Id. Takahashi further teaches an air
charge demand controller that receivesa desired torque signal, a desired air/fuel ratio
signal, and a desired spark angle signal as inputs, and generates an air charge demand
outputsignal. Id.

140. Takahashi teaches that its air charge demand generating and its air
charge estimating methods “ensure a high precision control of the torque to reach a
target value.” Ex. 1008 at 1:43-48. Accordingly, in my opinion, a POSITA
would have been motivated to use an air charge controller and air charge demand

controller that receive the inputs taught by Takahashi because doing so would
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“ensure a high precision control of the torque to reach a target value.” Ex. 1008 at
1:43-48. Modifying Suzuki’s based on Takahashi’s teachings to ensure high
precision control of torque would further support Suzuki’s goal of “ensur[ing]
optimumtorquecorrection.” Ex. 1005 at 139-43.

141. Further, in my opinion a POSITA would understand it would have been
trivial to modify Suzuki’s control unit 20 based on Takahashi’s teachings. A
POSITA would have understood that Suzuki’s controlunit 20 could be modified to
receive the input signals described in Takahashi, including the air charge demand
signal Qmap0, the throttle position signal 8t#4, the intake manifold pressure signal
Pm, the engine speed signal N, and an air charge temperaturesignal. Moreover, a
POSITA would recognize that the code stored in Suzuki’s control unit 20 could be
easily modified to implement the air charge estimation functions taught by
Takahashi.

142. Additionally, a POSITA would be motivated to combinetheteachings
of Suzuki, Cullen, Scherer, and Takahashi because they are all in the same field of
endeavor as the 565 patent: predictingand controlling engine torque. Ex. 1001 at
Abstract; Ex. 1005 at Abstract; Ex. 1006 at Abstract; Ex. 1007 at Abstract; Ex. 1008
at Abstract. As discussed herein, Suzuki, Cullen, Scherer, and Takahashi all use
similar techniquesto solve the sameproblem as the ’565 patent. Suzuki discloses

the majority of the limitations of claims 1, 4, and 7 of the ’565 patent. Cullen
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discloses claim 1’s estimator. Scherer discloses claim 1’s high pass filtering.
Finally, Takahashi discloses the air charge controller and air charge demand
controller claimed by claims 2, 3, 5, and 6. Moreover, in my opinion a POSITA
would have had a reasonable expectation of success of modifying Suzuki’s torque
control system based on Takahashi’s teachings regarding its air charge controller
and air charge demand controller because Suzuki already teaches using a
microcomputer to calculate an air correction factor, which wouldinclude calculating
an estimated air charge and an air charge demand. In my opinion,a POSITA would
have recognized Suzuki’s torque estimation code could be modified to implement a
method of calculating an estimated air charge and a demanded air charge as taught
by Takahashi to improveaccuracy.
B. Claims2and5: “Thedevice in claim 1/4, wherein the estimated
air charge signal is produced by an air charge controller which
receives as inputs an air charge demand signal, a throttle position

signal, an engine speed signal, a manifold pressure signal, and an
air charge temperature signal”

143. In my opinion, Suzuki in view of Cullen, Scherer, and Takahashi
renders obvious claims 2 and 5. Claims 2 and 5 depend from claims 1 and 4,
respectively, and recite “wherein the estimated air charge signal is produced by an
air charge controller which receivesas inputs an air charge demandsignal, a throttle

position signal, an engine speed signal, a manifold pressure signal and an air charge
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temperature signal.” Ex. 1001 at claim 2, claim 5. As explained herein, Suzuki
in view of Cullen and Schererrender claims 1 and 4 obvious.

144. Further,a POSITA would have understood the plain and ordinary
meaning of the term “air charge” is the quantity of air mass that is drawn into the
engine cylinder. Ex. 1009 at 176. A POSITA would also recognize that air
charge cannot be measured directly, and thus it is estimated from air mass flow rate
at the engine intake. Ex. 1009 at 176 (defining “air charge” as “the mass of air that
1s drawn into the cylinder” and explaining “[t Jhere is no practically feasible way of
measuring [air charge] directly” but “the air charge can be determined from the mass
flow rate of air into the engine intake™).

145. In my opinion, Suzuki discloses an air charge controller as claimed in
claims2and5. Asshown in Suzuki’s Figure 1B below, Suzuki discloses a torque
control section that “controls the amount of air permitted to enter the engine” by

“control[ing] the degree of opening of the electronic controlled throttle valve.” EX.

1005 at 3:12-15, 4:33-38.
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Ex. 1005 at FIG. 1B (annotated).

146. In my opinion, a POSITA would understand that because Suzuki’s
torque control section actuates the throttle valve to control the amount of air that
enters theengine’s cylinder, Suzuki’s torque control section operates as the claimed
air charge controller.

147. Moreover, the *565 patent’s air charge controller and Suzuki’s torque
control section both generate a signal indicating the desired throttle position to
generate the demanded air charge. Ex. 1001 at 3:19-22 (“The air charge controller
29 generates a signal indicating desired throttle position™); Ex. 1005 at 3:27-31 (“Air
intake is controlled by an electronic controlled throttle valve . . . in response to a
signal from control unit 20.”).  Accordingly, Suzuki discloses an air charge

controller.
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148. Further, in my opinion Takahashi discloses an air charge controller that
receives an air charge demand signal, a throttle position signal, an engine speed
signal, a manifold pressure signal, and an air charge temperature signal as inputs.
Takahashi discloses a “status estimating block 142" and “throttle controller 144”
that collectively calculate the throttleangle required to achieve the desired quantity
of air mass entering the engine cylinder—i.e., desired air charge. Ex. 1008 at 6:13-
17. Accordingly, as shown in Takahashi’s Figure 14 below, Takahashi’s status

estimating block and throttle controller collectively operate as an air charge

controller.
"air charge controller”
13
TARGET AIR FUEL Z \ <
RATIO A/F0 T \ FUEL INJECTION | _ FUEL INJECTION
VEASURED VALUE OF —Lo] STATUS CONTROLLER PULSE WIDTH Ti
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PRESSURE Pm AIR MASS FLOW RATE AT INLET PORT Qmat
AIR MASS FLOW RATE
AT THROTTLE Qmat.__— .
i = 144
TARGET TORQUE To —j— ;fggE;A%én NASS - Trofle enoe
0 THROTTLE CONTROLLER |—= THROTTLE ANGLE 6th
DECIDING BLOCK | TARGET AIR MASS THROTTLE ANGLE :
FLOW RATE Qmap0 | [T MOVED AMOUNT 46th
"air charge
demand
signal "

Ex. 1008 at FIG. 14 (annotated).

149. Takahashi’s throttle controller 144 receives an target air mass flow rate
Qmapo0, i.e., air charge demand signal, as an input. Id. at 3:28-30, FIG. 14.
Moreover, as shown in Takahashi’s Figure 15 below, Takahashi’s status-estimating

block 142 receives the other claimed inputs, including:
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e A currentthrottleangle signal 6th, i.e., athrottle position signal (Ex.
1008 at 3:36-37);

e An intake manifold pressure signal Pm, i.e.,amanifold pressure signal
(Ex. 1008 at 3:36-37);

e Anenginespeedsignal N (Ex. 1008 at 3:36-37); and

e A correction coefficient ka that is “calculated according to the output of
the intake air temperature sensor,” I.€., an air chargetemperature signal.
Ex. 1008 at 10:54-66.

"throttle position"

151

THROTTLE ANGLE 6th —= CALCULATE THE AIR MASS
AIR MASS FLOW RATE
"manifold FLOW RATE AT THE THROTTLE p— AT THROTTLE Qmat

pressure" Qmat=k' *f (6th, Pm)

"estimated air
INTAKE MANIFOLD PRESSURE Pm charge

152 /
CALCULATE THE AIR MASS

AIR MASS FLOW RATE
FLOW RATE AT INLET PORT p— AT INLET PORT Qmep
(imap=ka*h (Pm, N)

"engine speed" NUMBER OF REVOLUTION N ———

correction coefficient based
on "air charge temperature"

Ex. 1008 at FIG. 15 (annotated)

150. Moreover, Takahashi’s status estimating block generates an estimated
air mass flow rate at theinlet port, i.e., an estimated air charge. Ex. 1008 at 10:54-
66. Accordingly, Takahashi’s throttle controller and status estimating block
collectively disclose an air charge controller that receives an air charge demand
signal, athrottle position signal, an engine speed signal, amanifold pressuresignal,
and an air charge temperature signal as inputs, and produces an estimated air charge

signal. Id. at 3:36-37, 6:13-17, 10:54-66.
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151. Moreover, Takahashi teaches that air charge demand generating and its
air charge estimating methods “ensure a high precision control of the torque toreach
a target value.” EX. 1008 at 1:43-48. Accordingly, in my opinion, a POSITA
would have been motivated to use an air charge controller and air charge demand
controller that receive the inputs taught by Takahashi because doing so would
“ensure a high precision control of the torque to reach a target value.” Ex. 1008 at
1:43-48. Modifying Suzuki’s based on Takahashi’s teachings to ensure high
precision control of torque would further support Suzuki’s goal of “ensur{ing]
optimumtorque correction.” Ex. 1005 at 139-43.

152. Further, in my opinion a POSITA would understand it would have been
trivial to modify Suzuki’s control unit 20 based on Takahashi’s teachings. A
POSITA would have understood that Suzuki’s controlunit 20 could be modified to
receive the input signals described in Takahashi, including the air charge demand
signal Qmap0, the throttle position signal 6t#, the intake manifold pressure signal
Pm, the engine speed signal N, and an air charge temperaturesignal. Moreover, a
POSITA would recognize that the code stored in Suzuki’s control unit 20 could be
easily modified to implement the air charge estimation functions taught by
Takahashi.

153. Accordingly, in my opinion Suzuki, Cullen, and Scherer in view of

Takahashi renders obvious claims 2 and 5.

79
PETITIONER'S EXHIBIT 1003

US PATENT NO. 6,581,565



C. Claim3and6: “Thedevicein claim 2/5, wherein the air charge
demand signal is produced by an air charge demand controller
which receives as inputs the desired torque signal, a desired spark
angle signal and a desired air/fuel.”

154. In my opinion, Suzuki in view of Cullen, Scherer, and Takahashi
renders obvious claims 3 and 6. Claims 3 and 6 depend from claims 2 and 5,
respectively, andrecite “wherein the air charge demand signal is produced by an air
charge demand controller which receives as inputs the desired torque signal, a
desired spark angle signal and a desired air/fuel.” Ex. 1001 at claim 3, claim 6.

155. Asexplained abovein Section XI11.B, Suzuki in view of Cullen, Scherer,
and Takahashi render claims 2 and 5 obvious. Ex. 1008 at 3:28-29, 10:42-50, FIG.
14.

156. Takahashi further discloses a target air mass flow rate deciding block
(i.e., an air charge demand controller) that produces a target air mass flow rate signal

QmapoO (i.e., anair chargedemand signal), as shown in Takahashi’s Figure 15 below.
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Id. at FIG. 15 (annotated).

157. Takahashi also teaches functionsthat calculate the target mass flow rate
QmapoO (i.e., an air charge demandsignal) based on atarget torquesignal To (i.e., a
desired torque signal), a target air/fuel ratio signal AFo (i.e., a desired air/fuel), and
a spark advance signal fadv (i.e., a desired spark angle signal) using the target air

mass flow rate deciding block 11. Ex. 1008 at 3:28-51.

"air charge demand

signal N.Tp (Expression 1)
Oma = K F(A7F) - F2N) - Fo@aa
"desired torque signal” where,
To: Target torque
N: Engine speed (number of revolutions)
"desired air/fuel" A/Fq: Target air fuel ratio
6.4y Spark advance
"desired spark angle K: Constant
signal"” F1, Fa, F3, : Specified function

Ex. 1008 at Expression 1 (annotated).

158. Further, Takahashi’starget air mass flow rate decidingblock 11 and air
charge demand controller 27 disclosed by the 565 patent function in the same way.
Both components “receive[] as inputs the desired torque signal, a desired spark angle
signal 25 and a desired air fuel ratio signal 26 and “generate[] an air charge demand
signal.” Ex. 1001 at 3:6-12.

159. Moreover, Takahashi teaches that determining the target air mass flow

rate based on the target torque, target air/fuel ratio, and spark advance “ensures a
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high precision estimation of the air flow status,” “high-precision control of the air
mass flow rate at the inlet port,” and “a high-precision maintenance of the engine-
generated torque.” EX. 1008 at 1:49-57, 2:17-23, 3:24-51. Accordingly, in my
opinion, a POSITA would have been motivated to modify Suzuki based on
Takahashi’s teachings to more precisely estimate target air flow and ultimately more
precisely control engine torque. Id.

160. Further, in my opinion a POSITA would understand it would have been
trivial to modify the application instructions stored in the microcomputer of Suzuki’s
control unit 20 based on Takahashi’s teachings such that Suzuki’s estimator section
received the desiredtorque signal, a desired spark angle signal and a desired air/fuel
signal as inputs and output an air charge demand signal.

161. Accordingly, in my opinion, Suzuki, Cullen, Scherer, in view of
Takahashi render obvious claims 3 and 6.

XI1l. SECONDARY CONSIDERATIONS

162. | understand that “secondary considerations” may be relevant to an
obviousness analysis. If MMT presents such evidence, | will consider it; however,
| do not believe that any commercial success of the claimed invention or other
objective evidence would be attributable to the merits of the claimed invention given

my analysis of the lack of novelty and the obviousness of the *565 patent.
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XIV. CONCLUSION

163. Insigning this Declaration, | recognize that the Declaration will be filed
as evidence in a contested case before the Patent Trial and Appeal Board of the
United States Patent and Trademark Office. | also recognize that | may be subject
to cross-examination in the case and that cross-examination will take place within
the United States. If cross-examination is required of me, | will appear for cross-
examination within the United States during the time allotted for cross-examination.

164. | hereby declare that all statements made herein of my own knowledge
are true and that all statements made on the information and belief are believed to
be true; and further that these statements were made with the knowledge that willful
false statements and the like so made are punishable by fine or imprisonment, or

both, under Section 1001 of Title 18 of the United States Code.

af

C. Arthur MacCarley, Ph.D.,P.E.

June 6, 2023
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