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METHOD OF CALCULATING A VALVE
TIMING COMMAND FOR AN ENGINE

TECHNICAL FIELD

This invention relates generally to calculating commands
for an engine and, more specifically, to calculating a valve
timing command for an engine with variable timing valve
actuators.

BACKGROUND

In gasoline engines of most vehicles, each cylinder of the
engine cycles through four unique stages. In the first stage,
an inlet valve opens and a piston draws air and fuel through
the inlet valve and into the cylinder. The inlet valve closes
and the piston reverses direction in the second stage to
compress the air and fuel mixture. In the third stage, a spark
combusts the mixture, which drives the piston (and powers
the vehicle). An exhaust valve opens and the piston once
again reverses direction, in the fourth stage, to push the
combusted mixture through the exhaust valve and out of the
cylinder.

The controlling of the inlet valve and the exhaust valve of
each cylinder is a difficult task. The engine speed, which can
exceed 6,000 rpm in most vehicles, dictates that the opening
and closing of the inlet valve and the exhaust valve must be
able to occur up to 50 times per second. In conventional
engines, cams driven by the engine actuate the inlet valve
and the exhaust valve. Modern research, however, has
shown that fuel efficiency and power output of the engine
may be optimized with an adjustment of the valve timing for
a particular load on the engine. Some variable valve timing
engines have been proposed, but the theoretical fuel effi-
ciency and output power of these engines have not yet been
reached.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is schematic of a vehicle having an engine con-
trolled with the method of the preferred embodiment;

FIG. 2 is a flowchart of the method of the preferred
embodiment; and

FIG. 3 is two timing charts of the valves of an engine.

DESCRIPTION OF THE PREFERRED
METHODS

The following description of the two preferred method of
the invention is not intended to limit the invention to these
preferred methods, but rather to enable any person skilled in
the art of variable valve timing control to make and use this
invention.

As shown in FIG. 1, the preferred method of the invention
has been specifically created to be performed by a control
unit 10 to calculate valve timing commands for an engine 12
with electromagnetic valve actuators 14. The method,
however, may be performed by any suitable device to
calculate valve timing commands for any suitable engine
with any suitable variable timing valves.

As shown in FIG. 2, the preferred method of the invention
has six principle actions: obtaining an engine performance
command 16; receiving an environmental conditions signal
18; determining a valve feedforward term 20; receiving an
engine performance feedback 22; calculating a valve feed-
back term 24; and calculating a valve timing command 26
based on the valve feedforward term and the valve feedback
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term. The method performed by the control unit may, of
course, include other suitable actions before, during, or after
these principle actions.

The action of obtaining an engine performance command
16 preferably includes receiving a vehicle performance
command from a driver. Preferably, the vehicle performance
command is received from the foot of a driver with the use
of a conventional pedal 28, as shown in FIG. 1.
Alternatively, the vehicle performance command could be
received from the driver with the use of any suitable device.
The action of obtaining an engine performance command
also preferably includes deriving the engine performance
command from the vehicle performance command. The
engine performance command is preferably based on the
vehicle performance command, but may alternatively be
based on additional suitable factors, such as a traction
control signal or a cruise control signal. The engine perfor-
mance command is preferably a desired engine torque and,
for this reason, the engine performance command may be
thought of as an engine torque command. The engine
performance command, however, may alternatively be
another suitable variable, such as a desired engine accelera-
tion.

The action of receiving an environmental conditions
signal 18 preferably includes receiving an environmental
conditions signal from an environmental sensor 30 in the
vehicle. The environmental sensor 30 preferably senses the
ambient temperature outside the vehicle and communicates
this data to the control unit 10, which uses the data to
determine the valve feedforward term. Other information,
such as the ambient pressure, may be useful in the determi-
nation of the valve feedforward term. For this reason, the
environmental sensor 30 may alternatively sense other suit-
able information. The environmental sensor 30 is preferably
a conventional environmental sensor, but may alternatively
be any suitable device.

Similarly, the action of receiving an engine performance
feedback 22 preferably includes receiving the engine per-
formance feedback from an engine sensor 32 in the vehicle.
The engine sensor 32 preferably senses the engine speed and
communicates this data to the control unit 10, which uses the
data to determine the valve feedforward term and the valve
feedback term. Other engine measurables, such as engine
torque data, may be useful in the determination of the terms.
For this reason, the engine sensor 32 may alternatively sense
other suitable information. The engine sensor 32 is prefer-
ably a conventional engine sensor, but may alternatively be
any suitable sensor.

The action of determining a valve feedforward term 20
preferably includes determining the valve feedforward term
based on the engine torque command, the ambient tempera-
ture data, and the engine speed data. The determination,
however, may be based on other suitable factors, such as
engine torque data, air-fuel ratio data, engine combustion
stability data, or ambient pressure data. The control unit 10
preferably includes a look-up table, which has been opti-
mized for fuel efficiency, power output, and engine emis-
sions based on various engine torque commands, various
ambient temperature data, and various engine speed data (or
engine torque data). The control unit 10 may alternatively be
programmed to perform a real-time optimization of the fuel
efficiency, power output, and engine emission (or any other
suitable measurement) based on the engine torque
command, the ambient temperature data, and the engine
speed data (or any other suitable commands and
measurables).

The action of calculating the valve feedback term 24
preferably includes comparing the engine performance com-
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mand and the engine performance feedback. By the defini-
tion of the term, the valve feedback term functions to
compare the input with the output and to calculate a cor-
rection term based on the difference, if any. The comparison
and the calculation are preferably accomplished by the
control unit 10, but may alternatively be accomplished by a
suitable separate device.

As shown in FIG. 3A, the position of the piston in the
cylinder can be traced as a sinusoidal wave over a time
period. The events of the opening of the exhaust valve
(“EVO”), the closing of the exhaust valve (“EVC”), the
opening of the inlet valve (“IVO”), and the closing of the
inlet valve (“IVC”) can be placed on this sinusoidal wave.
As shown in FIG. 3B, the events of the EVO, the EVC, the
IVO, and the IVC may be shifted within the time period
(note that the shift in the EVC and the IVO preferably mirror
each another, but may alternatively be separately
controlled). The adjustment of the timing of the EVO, the
EVC/VO, and the IVC when used partially, separately, or
together may provide the desired fuel efficiency, power
output, and emissions from the engine 12 of the vehicle. The
action of calculating a valve timing command 26 preferably
includes calculating an EVO command, an EVC/IVO
command, and an IVC command. The control unit 10, of
course, may alternatively include other suitable parameters
for the control of the variable timing valves.

The second preferred method of the invention includes the
principle actions of the first preferred method and the
additional principle action of receiving fuel conversion data
and engine emissions data. These preferably include receiv-
ing the fuel conversion data and engine emissions data from
suitable emission sensors (not shown) in the cylinder or the
exhaust port of the engine 12. The emission sensors prefer-
ably sense the amount of NO, in the exhaust and commu-
nicates this data to the control unit 10. The control unit 10
preferably uses this information to modify the output value
from the look-up table, but may alternatively use this
information to continually adjust the values in the look-up
table. The control unit 10 may alternatively use this infor-
mation as another factor in the determination of the valve
feedback term. The emission sensors are preferably conven-
tional emission sensors, but may alternatively be any suit-
able sensor.

As any person skilled in the art of variable valve engine
control will recognize from the previous detailed description
and from the figures and claims, modifications and changes
can be made to the preferred methods without departing
from the scope of this invention defined in the following
claims.

We claim:

1. A method for calculating a valve timing command for
an engine of a vehicle, comprising:

obtaining an engine performance command;

receiving an environmental conditions signal;

determining a valve feedforward term based on the engine

performance command and the environmental condi-
tions signal;
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receiving an engine performance feedback;

calculating a valve feedback term based on the engine
performance command and the engine performance
feedback; and

calculating a valve timing command based on the valve

feedforward term and the valve feedback term.

2. The method of claim 1 wherein said obtaining an
engine performance command includes receiving a vehicle
performance command from a driver of the vehicle and
deriving the engine performance command based on the
vehicle performance command.

3. The method of claim 1 wherein said receiving an
environmental conditions signal includes receiving ambient
temperature data.

4. The method of claim 3 wherein said determining a
valve feedforward term includes determining the valve
feedforward term based on the ambient temperature data.

5. The method of claim 4 wherein said determining a
valve feedforward term includes determining the valve
feedforward term based on the engine performance feed-
back.

6. The method of claim 5§ wherein said determining a
valve feedforward term includes referencing a look-up table
with the engine performance command, the ambient
temperature, and the engine performance feedback.

7. The method of claim 1 wherein said receiving an engine
performance feedback includes receiving engine speed data.

8. The method of claim 1 wherein said obtaining an
engine performance command includes obtaining an engine
torque command; and wherein receiving an engine perfor-
mance feedback includes receiving engine torque data.

9. The method of claim 8 wherein calculating a valve
feedback term includes calculating a valve feedback term
based on the engine torque command and the engine torque
data.

10. The method of claim 1 wherein said calculating a
valve timing command includes calculating an EVO
command, an EVC/IVO command, and an IVC command.

11. The method of claim 1 further comprising receiving
fuel conversion data.

12. The method of claim 11 wherein said determining a
valve feedforward term includes determining a valve feed-
forward term based on the fuel conversion data.

13. The method of claim 11 wherein said calculating a
valve feedback term includes calculating a valve feedback
term based on the fuel conversion data.

14. The method of claim 1 further comprising receiving
engine emissions data.

15. The method of claim 14 wherein said determining a
valve feedforward term includes determining a valve feed-
forward term based on the engine emissions data.

16. The method of claim 11 wherein said calculating a
valve feedback term includes calculating a valve feedback
term based on the engine emissions data.
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Attorney Docket No.: 10541-070
Visteon Disclosure No.: V200-0655

METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

TECHNICAL FIELD
[0001] This invention relates generally to calculating commands for an engine
and, more specifically, to calculating a valve timing command for an engine with

variable timing valve actuators.

BACKGROUND
[0002] In gasoline engines of most vehicles, each cylinder of the engine
‘cycles through four unique stages. In the first stage, an inlet valve opens and a
piston draws air and fuel through the inlet valve and into the cylinder. The inlet valve

closes and the piston reverses direction in the second stage to compress the air and

fuel mixture. In the third stage, a spark combusts the mixture, which drives the
piston (and powers the vehicle). An exhaust valve opens and the piston once again

reverses direction, in the fourth stage, to push the combusted mixture through the

exhaust valve and out of the:cylinder.
(0003} - Tﬁe cqntrqlling of .the inlet valve and the exhaust valve of each
cylindér isla.-dif'fic‘ult taék. The engine speed, which canvexceed 6,000 rpm in most
vehicles, d'ictatesvthat' the .opening and closing of the inlet valve and the exhaust
valve must be able to occur up to 50 times per second. In conventional engines,
cams driven by the engine actuate the inlet valve and the exhaust valve, Modern
research, however, has shown that fuel efficiency and power output of the engine

may be optimized with an adjustment of the valve timing for a particular load on the
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engine. Some variable valve timing engines have been proposed, but the theoretical

fuel efficiency and output power of these engines have not yet been reached.

BRIEF DESCRIPTION OF THE FIGURES
[0004] FIGURE 1 is schematic of a vehicle having an engine controlled with

the method of the preferred embodiment;

[0005] FIGURE 2 is a flowchart of the method of the preferred embodiment;
and
[0006] FIGURE 3 is two timing charts of the valves of an engine.

'DESCRIPTION OF THE PREFERRED METHODS
[0007] The following description of the two preferred method of the invention

is not intended tovlim.ft the invention to these preferred methods, but rather to enable

any person skilled in the art of variable valve timing control to make and use this

invention.’

[0003], - . As shown jn FIGURE 1, the preferred method of the invention has
béen.spec.ifically created to beA performed by a control unit 10 to calculate valve
timing commands for an engine 12 with electromagnetic valve actuators 14. The
method, hoWever, may be performed by any suitable device to calculate valve
timing commands for any suitable engine with any suitable variable timing valves.
[0009] As shown in FIGURE 2, the preferred method of the invention has six
principle actions: obtaining an engine performance command 16; receiving an

environmental conditions signal 18; determining a valve feedforward term 20;

receiving an engine performance feedback 22; calculating a vaive feedback term
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24; and calculating a valve timing command 26 based on the valve feedforward
term and the valve feedback term. The method performed by the control unit may,
of course, include other suitable actions before, during, or after these principle
actions.

[00010] The action of obtaining an engine performance command 16
preferably includes receiving a vehicle perforrr:énce command from a driver.
Preferably, the vehicle performance command is received from the foot of a driver
with the use of a conventional pedal 28, as shown in FIGURE 1. Alternatively, the
vehicle performance command could be received from the driver with the use of any
suitable device. The action of obtaining an engine performance command also

preferably includes deriving the engine performance command from the vehicle

performance command. The engine performance command is preferably based on

the vehicle performance command, but may alternatively be based on additional

suitable factors, such as a traction control signal or a cruise control signal. The

engine per'formance' com'mavnd»is preferably a desired engine torque and, for this

reéson, thé engine perfdfmance command may be thought of as an engine torque
comma‘nd.-The éngine Aperformance command, however, may aiternatively be
another suifable véri‘ab.le, such as a desired engine acceleration.

[00011] The action of receiving an environmental conditions signal 18
preferably includes receiving an environmental conditions signal from an
environmental sensor 30 in the vehicle. The environmental sensor 30 preferably
senses the ambient temperature outside the vehicle and communicates this data to
the control unit 10, which uses the data to determine the valve feedforward term.

Other information, such as the ambient pressure, may be useful in the determination
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of the valve feedforward term. For this reason, the environmental sensor 30 may
alternatively sense other suitable information. THe environmental sensor 30 is
preferabiy a conventional environmental sensor, but may alternatively be any
suitable device. |

[00012] Similarly, the action of receiving an engine performance feedback 22
preferably includes receiving the engine performance feedback from an engine
sensor 32 in the vehicle. The engine sensor 32 preferably senses the engine speed
-and communicates this data to the control unit 10, which uses the data to determine
the valve feedforward term and the valve feedback term. Other engine
measurables, such as engine torque data, may be useful in the determination of the
terms. For this reason, the engine}‘sensor 32 may alternatively sense other suitable
information. The ‘e'ngine sensor 32 is preferably a conventional engine sensor, but
may alternétively be any suiiablé sensor.

{00013] ' .The act?on_ofi detefmining a. valve feedfoMard term 20 preferably

includes determining the valve feedforward term based on the engine torque

command, the ambient temperature data, and the engine speed data. The
déterminatiqn,lhow.ever, may be based on other suitable factors, such as engine
torque data, air-fuel ratio data, engine combustion stability data, or ambient
pressure data. The control unit 10 preferably includes a look-up table, which has
been optimized for fuel efficiency, power output, and engine emissions based on
various enginé torque commands, Qarious ambient temperature data, and various
engine speed data (or engine torque data). The control unit 10 may alternatively be
programmed to perform a real-time optimization of the fuel efficiency, power output,

and engine emission (or any other suitable measurement) based on the engine
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torque command, the ambient temperature data, and the engine speed data (or any
other suitable commands and measurables).

[00014] The action of calculating the valve feedback term 24 preferably
includes comparing the engine performance command and the engine performance
feedback. By the definition of the term, the valve feedback term functions to
compare the input with the output and to calculate a correction term based on the
difference, if any. The 'comparison and the calculation are preferably accomplished
by the control unit 10, but may aliernatively be accomplished by a suitable separate
device.

[00015] As shown in FIGURE 3A, the position of the piston in the cylinder can
be traced as a sinusoidal wave over a time period. The events of the opening of the
exhaust valve (“EVQ"); the clqsing of the exhaust valve ("EVC"), the opening of the
inlét vaNe_.("\VO"), le‘a_nd the_cios‘ing of the inlet valve (“IVC") can be placed on this
éinusoidallwave. Asj~s'hown in FIGURE 3B, the events of the EVO, the EVC, the

IVO, and -the IVC 'méy be- shifted within the time period (note that the shift in the

EVC and _the IVO pféferably mirror each another, but may alternatively be
sepéréteiy controlled). Thg adjustment of the tirﬁing of the EVO, the EVC/IVO, and
the IVC wﬁen us'ed bartially, separately, or together may provide the desired fuel
efficiency, power output, and emissions from the engine 12 of the vehicle. The
action of calculating a valve timing command 26 preferably includes calculating an
EVO command, an EVC/IVO command, and an [VC command. The control unit 10,
of course, may alternatively include other suitable parameters for the control of the

variable timing valves.
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[00016] The' second preferred method of the invention includes the principle
actions of the first preferred method and the additional principle action of receiving
fuel conversion data and engine emissions data. These preferably include receiving
the fuel conversion data and engine emissions data from suitable emission sensors
(not shown) in the cylinder or the exhaust port of the engine 12. The emission
sensors preferably sense the amount of NO, in the exhaust and communicates this
data to the control unit 10. The control unit 10 preferably uses this information to
modify the output value from the look-up table, but may alternatively use this
information to continually adjust the values in the look-up table. The control unit 10
may alternatively use this information as another factor in the determination of the
valve feedback term. The emission sensors are preferably conventional emission
sensors, but may alternatively be any suitable sensor.

[00017] . As any person §killed in the art of variable valve engine control will
recognize from the prev’iovus detailed description and from the figures and claims,

modifications and changes can be made to the preferred methods without departing

from the scope of this invention defined in the following claims.
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CLAIMS
We Claim:
1. A method for calculating a valve timing command for an engine of a
vehicle, comprising:
obtaining an engine performance command,
receiving an environmental conditions signal,
determining a valve feedforward term based on the engine
performance command and the environmental conditions signal,
receiving an engine pen‘drmance feedback;
calculating a valve feedback term based on the engine performance
command'and the éngine pérformance feedback; and
calcUIating a valve timing command based on the valve feedforward

term and the valve fee’dbéck term.

2. " The method of Claim 1 wherein said obtaining an engine performance
command includes receiving a vehicle performance command from a driver of the
vehicle and deriving .the engine performance command based on the vehicle

performance command.

3. The method of Claim 1 wherein said receiving an environmental

conditions signal includes receiving ambient temperature data.
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4. The method of Claim 3 wherein said determining a valve feedforward
term includes determining the valve feedforward term based on the ambient

temperature data.

5. The method of Claim 4 wherein said determining a valve feedforward
term includes determining the valve feedforward term based on the engine

performance feedback.

6. The method of Claim 5 wherein said determining a valve feedforward
term includes referencing a look-up table with the engine performance command,

the ambient temperature, and the engine performance feedback.

7. The method of Claim 1 wherein said receiving an engine performance

feedback includes receiving engine speed data.

8. - The method of Claim 1 wherein said obtaining an engine performance
command includéé obtaining an engine torque command; and wherein receiving an

engine performance feedback includes receiving éngine torque data.

9. ‘The method of Claim 8 wherein calculating a valve feedback term
includes calculating a valve feedback term based on the engine torque command

and the engine torque data.
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10.  The method of Claim 1 wherein said calculating a valve timing
command includes calculating an EVO command, an EVC/IVO command, and an

IVC command.

11.  The method of Claim 1 further comprising receiving fuel conversion

data.
12.  The method of Claim 11 wherein said determining a valve feedforward
term includes determining a valve feedforward term based on the fuel conversion

data.

13.  The rﬁethod of Claim 11 wherein said calculating a valve feedback

term includes calculating a valve feedback term based on the fuel conversion data.

14, ~Thé method of Claim 1 further comprising receiving engine emissions

B data:

15.  The method of Claim 14 wherein said determining a valve feedforward
term includes determining a valve feedforward term based on the engine emissions

data.

16. The method of Claim 11 wherein said calculating a valve feedback
term includes calculating a valve feedback term based on the engine emissions

data.
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ABSTRACT
[00018] A method to calculate valve timing commands for an engine
with variable valve timing is hereby disclbsed‘ The method includes determining a
valve feedforward term based on an jengine performance command and an
environmental conditions signal, calculating a valve feedback term based on the
engine performance command and an engine performance feedback, and
calculating a valve timing command based on the valve feedforward term and the

valve feedback term.

10
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the specification of which is attached hereto.

| hereby state that | have reviewed and understand the contents of the above ldentnfled specification,
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I acknowledge my duty to disclose to the United States Patent and Trademark Office all information that |
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Authorities in connection with any and all international applications filed by me.

Steven L. Oberholtzer, Reg No. 30,670 - Raymond J. Vivacqua, Reg. No. 45,369

1% James E. Stephenson, Reg. No. 17,191 ' "J. Matthew Buchanan, Reg. No. 47,459

David D. Murray; Reg. No. 28 647 - Sujatha Subramaniam, Reg. No. P48,739
Eric J. Sosenko, Reg..No. 34,440 : Larry |. Shelton, Reg. No. 45,100
Jeffrey M. Cox, Reg. No. 42,445 John Kajander, Reg. No. 47,693

Address all correspondence and tefephone cals to: IR

Steven L. Oberholtzer
BRINKS HOFER GILSON & LIONE 29074
PO BOX 10395 PATENT & TRADEMARK OFFICE
Chicago, IL 60610
(734) 994-6285

Full name of sole or first inventor
Lawrence A. Mianzo

Sole or first inventor's signature Date ;

‘Zwmmwc,e ﬂ, /ﬂ""‘v" /f/’//"”

45827 Primrose Court, Plymouth, M|ch|gan 48170

Residence

Citizenship .
us

Post Office Address
SAME AS RESIDENCE ADDRESS

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540




Full name of second inventor, if any
Brett D. Collins
Second inventor's signature Date .
B (S /o) ol
Residence -
2298 Woodview Rd., #862, Ypsilanti, Michigan 48198
Citizenship
us
Post Office Address
SAME AS RESIDENCE ADDRESS
Full name of third inventor, if any
lbrahim Haskara
| Third inventor's signature I \‘:\{} Date
i 'M‘Mw 14l vl
Residence <4
23771 Brownstown Square Drive, 202, Brownstown, Michigan 48174
Citizenship
TR
Post Office Address
B SAME AS RESIDENCE ADDRESS

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Application Assignment Record

According to the application transmittal letter, an assignment recording ownership was filed

with this application; however, a copy of this record was not located in the original file history
record obtained from the United States Patent and Trademark Office. Upon your request, we

will attempt to obtain the assignment documents from the Assignment Recordation Branch of

of the United States Patent and Trademark Office or from a related application case (if applicable).

Please note that additional charges will apply for this service.

This page is not part of the official USPTO record. It has been determined that content
identified on this document is missing from the original file history record.

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



PATENT
Attorney Docket No.: 10541-070

A VALVE TIMING COMMAND
FOR AN ENGINE

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE o
[
a.
Group Art Unit: Unknown ; ﬁ% “
Examiner: Unknown ) §
) =
Inventors: PENG, et al. )
) INFORMATION
Serial No: Unknown ) DISCLOSURE
) STATEMENT
Filed: Concurrent Herewith )
)
For: METHOD OF CALCULATING )
)
)
)

Commissioner for Patents
Washington, DC 20231

Sir: .

Under the duties of di:scl'osure, candor, and good faith of 37 CFR §1.56, the
Applicant hereby szmits tHe references listed on the attached PTO-1449 form for
consideration by the Examiner. In the opinion of the Appiicant, the pending claims
are patentébly.distinct 'from‘the listed references.

' Undér 37 'CFR §1 .97(b)(1), no fee should be r'equired. If a fee is required,
however, 'pleas'e charge ahy such fee pursuantto 37 CFR §1.16 or §1.17 to deposit
account no. 06-1500. |

Respectfully submitted,

Date: 11 December 2001 AP

Jeffgrjz M.

e ——RegNoO. 42,445
Attorney for Applicant

BRINKS HOFER GILSON & LIONE

P.O.Box 10395

Chicago, IL 60610

(734) 302-6000
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I hereby certify and verify that the accompanying Utility Patent Application Transmittal, Fee
Transmittal, Specification on ten (10) pages, Formal Drawings on three (3) sheets,
Declaration and Power of Attorney, Recordation Cover Sheet, Assignment, Information
Disclosure Statement, PTO Form 1449 with references, and two (2) Return Postcards are
being deposited with the United States Postal Service Express Mail Post Office To Addressee
service under 37 C.F.R. 1.10 on the date indicated above and are addressed to Commissioner
for Patents, Box Patent Application, Washington, D.C. 20231.
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Transaction History Date _2.00 - [2-1]
Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR)
system records at www.uspto.gov

/Z
Application No. Applicant(s)
. [ aps 10/014,2 MIANZO ET AL.
Notice of Allowability ngmi;leée AT Unit
Erick R Solis 3747

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308, '

1. This communication is responsive to the filing of 11 December 2001.
2. X The allowed claim(s) is/are 1-16.
3. X The drawings filed on 11 December 2001 are accepted by the Examiner.
4.7 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 118(a)-(d) or (£).
a)y{d Al b)[J Some* c)[J None of the:
1. [ Certified copies of the priority documents have bean received.
2. [J Certified copies of the priority documents have been received in Application No, __
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)). '
* Certified copies not received: _____.
5. Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) [J The translation of the foreign language provisional application has been received.
6. Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE "MAILING DATE” of this communication to file a reply complying with the requirements noted
below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7.[J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO=152) which gives reason(s) why the oath or declaration is deficient.

8. [J CORRECTED DRAWINGS misst be submitted. ~ . ‘
(a) 0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [J hereto or 2) (J to Paper No. - ,
(6) O including changes required by the.proposed drawing correction filed . which has been approved by the Examiner.

(¢) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper No.

Identifying indicia such as the application number (see 37 CFR 1.84(c}) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

9. (JJ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
| attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1% Notice of References Cited (PTO-892) 2[0] Notice of Informal Patent Application (PTO-152)
3[J Notice of Draftperson's Patent Drawing Review (PTO-948) 4[] Interview Summary (PTO-413), Paper No.____ .
5(X Information Disclosure Statements (PTO-1449), Paper No. 2. 8[] Examiner's Amendment/Comment
7[J Examiner's Comment Regarding Requirement for Deposit 8 Examiner's Statement of Reasons for Allowance
of Biological Material 9] Other . w N -
s A
‘ : Erick R Solis
Primary Examiner
Art Unit: 3747

U.S. Patent and Trademark Office
PTO-37 (Rev. 04-01) Notice of Allowability Part of Paper No. 3 .
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Jﬁ A | US-5,196,174 03-2001 Wada et al. 123/80 15
P B | US-6,053,137 04-2000 Trzmiel et al. 123/90.17
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent und Trademurek Office
Adgress: COMMISSIONER OF PATENTS AND TRADEMARKS
Waehington, D.C, 20231
WWW.UBPLO.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

29074 7590 12/11/2002

BRINKS HOFER GILSON & LIONE | EXAMINER ]
P.0. BOX 10395 SOLIS, ERICK R
CHICAGO, IL 60611
[ ART UNIT I CLASS-SUBCLASS J
3747 123-679000

DATE MAILED: 12/11/2002

[ APPLICATION NO. l FILING DATE ] FIRST NAMED INVENTOR J ATTORNEY DOCKET NO. ] CONFIRMATION NO. J
10/014,286 1271172001 Lawrence A. Mianzo 10541-070 3146

TITLE OF INVENTION: METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

I APPLN. TYPE I SMALL ENTITY [ ISSUE FEE J PUBLICATION FEE I TOTAL FEE(S) DUE DATE DUE J
nonprovisional NO N $1280 : S300 51580 03/11/2003

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY

PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C, 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

HOW TO REPLY TO THIS NO‘TI'CE:_
I. Review the SMALL ENTITY'staius shown above,

If the SMALL ENTITY is shown as YES, venfy your current If the SMALL ENTITY is shown as NO:

SMALL ENTITY status:
A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status is changed, pay the PUBLICATION FEE (if required) [ B. If applicant claimed SMALL ENTITY status before, or is now
and twice the amount of the ISSUE FEE shown above and notify the | claiming SMALL ENTITY status, check the box below and enclose
United States Patent and Trademark Office of the change in status, or | the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

Q Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

1I. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with

your [SSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be

completed and retumed. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
"completed and an extra copy of the form should be submitted.

HI. All communications regérding this application must give the application number. Please direct all communications prior to issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
PTOL-85 (REV.04-02) Approved for use through 01/31/2004. ‘
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
Commissioner for Patents
Washington, D.C. 20231
Fax (703)746-4000
INSTRUCTIONS: This form should be used Tor transmitting the [SSUE FEE and PUBLICATION FEE (1T requir.edt Blocks | through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed othcrwise in Block |, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

' v = - T Note: A certificate ol mailing can only be used Tor domestic mailings of the
29074 7590 12/11/2002 Fee(s) Transmittal. This certificate cannol be used for any other
accompanying papers. Each additional paper, such as an assignment or

BRINKS HOFER GILSON & LIONE formal drawing, must have its own certificate of mailing or transmission.

P.0. BOX 10395 ) Certificate of Mailing or Transmission

CHICAGO, IL 60611 1 herebé certify that this Fee(s) Transmittal is being deposited with the
United States Postal Service with sufficient postage for first class mail in an
envelope addressed to the Box Issue Fee address above, or being facsimile
transmitted to the USPTQ, on the date indicated below.

(Depositar's name)

(Signature}

(Date)

APPLICATION NO. ] FILING DATE ] FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. I CONFIRMATION NO.
10/014,286 12/11/2001 Lawrence A. Mianzo 10541-070 3146
TITLE OF INVENTION: METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

[ APPLN. TYPE | smatLentiTy | ISSUEFEE ' |  PUBLICATIONFEE |  TOTALFEE()DUE | DATE DUE
nonprovisional NO . $1280 $300 $1580 03/11/2003
[ EXAMINER | ART UNIT ~ | ciass-suscLass |
SOLIS, ERICK R R 3747 ’ 123-679000
(l:.FCRhaln?&();fcorrespondence address or indication of "Fee Address" (37 2, For printing on the patent front page, list (1)

the names of up to 3 registered patent attorneys
or agents OR, alternatively, (2) the.name of a

s ot oo addess (or hangeof Cortespondence | & T e = a3 eonred

N : . attorney or agent) and the names of up to 2
1 "Fee Address” indication (or "Fee Address” Indication form Y gent) P

. g h registered patent attorneys or agents. If no name
K{%/EPR'/?S'IJI:JISS‘]OZ ar more recent) attachedi Useof » lelomcr is Tisted, no name will be printed. 3

3. ASSIGNEE NAME AND RESIDENCE DATA TQ BE PRINTED ON THE PATENT (print or type)

PLEASE-NOTE: Unlgss an assi'gnee is idén}iﬁcql below, no a&signce data will appear on the patent. Inclusion of assignee data is only appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE ) . (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Please check the appropriate assignee category or categories (will not be printed on the patent) Q individual Q corporation or other privale group entity 0 government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
1 Issue Fee O A check in the amount of the fee(s) is enclosed.
O Publication Fec Q Payment by credit card. Form PTO-2038 is attached.
R ; Q The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment, to
O Advance Order - #of Copies Deposit Account Number (enclose an extra copy ol)lhis form).

Commissioner for Patents is rcquested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

(Authorized Signature) (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attorney or a}gent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

This collection of information 1s required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality 15 governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
complcied application form to the USPTO. Time will vary depcndinF upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions_for reducing this burden, should be sent to the Chicf Information Officer, U.S.
Patent and Trademark Office, U.S. Deparntment of Commerce, Washingion, D.C. 20231. DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231.

Under the Paperwork Reduction Act of 1995, no %ersons are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Putent and Trademurk Otfice
Addreas: COMMISSIONER OF PATENTS AND TRADEMARKS
Whashington, D C. 20231
Www,uspLo gov

APPLICATION NO, T FILING DATE L FIRST NAMED INVENTOR [A'rrormev DOCKET NO. L CONFIRMATION NO, |
10/014,286 12/1 172001 Lawrence A. Mianzo 10541-070 3146
[ EXAMINER J
29074 7590 12/1112002

BRINKS HOFER GILSON & LIONE
P.0. BOX 10395
CHICAGO, IL 60611

SOLIS, ERICK R

[ ART UNIT T PAPER NUMBER _]

3747

DATE MAILED: 12/11/2002

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The patent term adjustment to date is 0 days. If the issue fee is paid on the date that is three months after the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after

the mailing date of this notice, the term adjustment will be 0 days.

If a continued prosecution .application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustment is the filing-date of the most recent CPA.

Applicant will be able to obtain more detailed. information by a'ccéssing the Patent Application Information Retrieval

(PAIR) system. (http://pair.uspto.gov)

Any questions regarding the péte’nt term extension or adjustment determination should be directed to the Office of

Patent Legal Administration at (703)305-1383.

PTOL-85 (REV. 04-02) Approved for use through §1/31/2004,
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United Stutes Putent and Trademark Office
Addrass; COMMISSIONER OF PATENTS AND TRADEMARKS
Washingtan, D.C. 20231
WWW.USPLO.gOV

‘ APPLICATION NO. ] FILING DATE FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO, I CONFIRMATION NO. ]
10/014,286 12/11/2001 Lawrence A. Mianzo 10541-070 3t46
29074 7590 1271172002 ! EXAMINER ]
BRINKS HOFER GILSON & LIONE SOLIS, ERICK R
P.0. BOX 10395
CHICAGO, IL 60611 ( ART UNIT [ papernumBER ]
UNITED STATES : a1

DATE MAILED: 12/11/2002

Notice of Fee Increase on January 1, 2003

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after January 1, 2003, then the

amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there will be an increase

in fees effective on January 1, 2003. See Revision of Patent and Trademark Fees for Fiscal Year 2003; Final Rule, 67 Fed.
Reg. 70847, 70849 (November 27, 2002).

The current fee schedule is accessible from: hitp: //www uspto.gov/main/howtofees.htm,

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount

in view of the fee increase, a "Notice to Pay Balance of Issue Fee" will be maileéd to applicant. In order to avoid
processing delays associated with mailing of a “Notlce to Pay Balance of Issue Fee,” if the response to the Notice of
Allowance and Fee(s) due form-is to be filed on or. after January 1, 2003 (or mailed with a certificate of mallmg on or
after January 1, 2003), the issue fee pald should be the fee that is requxred at the time- the fee is paid. If the issuc fee was
previously pald and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
previously paid issue fee to the issue ‘fee now due, then the difference between the issue fee amount at the time the
response is filed and the previously paid issue fee should be pald See Manual of Patent Examining Procedure, Section
1308.01 (Eighth Edition, August 2001) :

Questions relating to issue and publication fee payments should be directed to the Customer Service Center
of the Office of Patent Publication at (703) 305-8283.

Page 4 of 4
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Visteon Global Technologies, Inc.

ing an assignment,
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Dearborm, Michigan

Please check the approprigte assigr gory or ‘ gories (will not be printed on the patent) Qindividual [ corporation or other private group entity QO government
43, The following fee(s) are enclosed: ) 4b, Payment of Fee(s):
% ls;sue Fee Q A check in the amount of the feo(s) is enclosed.

X publication Fee
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37 CFR 1311, The mformauonwreq\ured(o

SPTO to
C. 122and J'yCFR 1.14. This cmzn i8
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ths burden. should be sent to the Chief [nformation Officer, U.S.
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TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.

Document Date - 2003-05-06

Document Title - USPTO Grant

This page is not part of the official USPTO record. It has been determined that content
identified on this document is missing from the original file history record.
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fRw
i IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
! o
iy L .
\\qu N w.v@re Apphcatlpn of:
LN B Mianzo et al.
Serial No.: 10/014,286 Examiner: Erick R. Solis
Filed: December 11, 2001 Group Art Unit: 3747
For: METHOD OF CALCULATING A
VALVE TIMING COMMAND FOR
AN ENGINE
TRANSMITTAL
Commissioner for Patents
U.S. Patent and Trademark Office NN T g e
P. 0. Box 1450 . hﬁ‘:Cfpﬁ/Lig
Alexandria, VA 22313-1450 T o
Attached is/are: JECH ITEFR
X Information Disclosure Statement l NOLOGY CEMEH R3r00
Form PTO - 1449 with copy of references
(]
Return Receipt Postcard.
Fee calculation and payment:
[  Noadditional fee is required.
0  Anextension fee in an amount of § fora -month extension of time under 37 C.F.R. § 1.136(a).
B A petition or processing fee in an amount of $180.00 under 37 C.F.R. § 1.17(p).
0  Anadditional filing feg has been calculated as shown below:
SR Other Than
Small Entity Small Entity
¥ Claims Remaining & Highest No. Present © | Add Fee or Add'l Fee
L Cooi | Afler Amendment c¥43l Previously Paid For | Extra Rate Rate
Tatal x $9= x $18=
Indep. X 42= x $84=
First Presentation of Multiple Dep. Claim +§140= + $280=
Total $ Total| $
0 Acheck in the amount of § to cover the above-identified fee(s) is enclosed.
X  Please charge Deposit Account No. 06-1500 (VISTEON GLOBAL TECHNOLOGIES, INC.) in the amount
of $180.00. A copy of this Transmittal is enclosed for this purpose.
X The Commissioner is hereby authorized to charge payment of any additional filing fees required under 37
CFR § 1.16 and any patent application processing fees under 37 CFR § 1.17 associated with this paper
(including any extension fee required to ensure that this paper is timely filed), ar)to credit any
overpayment, to Deposit Account No. 08-1500. A copy of this TransmitlaksEnciosed for this purpose.
June 9, 2003 4
Dale e J. Sosenko (REY No. 34,440)
Attornéyragert Of Record
[[J 37 C.F.R. 1.34(a)
CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8
| hereby certily that this correspondance is being daposited with the United Statas Pos(ca as first ¢lass moil, with suflicient postage, in an envelope
addressed 10. Commissioner lor Patents, U.S. Patent and Trademark Office, P. O. Box 1480, Alaxsndria, VA 22313-1450, on he below date: ~,
Oste: June 9, 2003 Name: Ashley L. Rhosdes Signature: AL /ﬂz{ﬁ
S T——
222 BRINKS HOFER GILSON & LIONE
5o P-O. Box 10395
zTiowe  Chicago, IL 60610

Attorney Docket No.: 10541-070
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FEE I : Attorney Docket No.: 10541-070

; L0 N V IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
et e

Mianzo et al.
Serial No.. 10/014,286 Examiner: Erick R. Solis
Filed: December 11, 2001 Group Art Unit: 3747
For: METHOD OF CALCULATING A

VALVE TIMING COMMAND FOR

AN ENGINE

INFORMATION DISCLOSURE STATEMENT

~ 3 > gy
Commissioner for Patents HEGLEE \fﬂ{}
U.S. Patent and Trademark Office l
P. 0. Box 1450 : JUN 16 2003
Al dria, VA 22313-145 N
Srendria, VA 223131450 - TECHNOLOGY CENTER R3700
Sir:

~In accordance with the duty of disclosure under 37 C.F.R. §1.56, and more
particularly in accordance with 37 CFR. §1.97(d), Applicant cites the following

references (each-listed for the Examiner's convenience on the enclosed Form

PTO-1449):
DOCUMENT NUMBER | - DATE NAME
5,123,397 06/23/1992 Richeson
5,967,115 10/19/1999 Konopka et al. |

A copy of each listed reference for which a copy is required under 37 C.F.R.
§1.98(a)(2) is also enclosed. Applicant respectfully solicits the Examiner's
consideration of the listed references and entry thereof into.the record of this

application.
06/13/2003 SSESHEL 00000060 061500 10014286
01 FC:180¢6 180.00 CH

BRINKS HOFER GILSON & LIONE
P.O. Box 10395
21L59%  Chicago, IL 60610
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- Serial No. 10/014,286 ' . Attorney Docket No. 10541-070

By submitting this Statement, Applicant is attempting to fully comply with the
duty of candor and good faith mandated by 37 C.F.R. §1.56. As such, this
Statement is not intended to constitute an admission that any of the enclosed
references, or other information referred to therein, constitutes "prior art” or is
otherwise "material to patentability,” as that phrase is defined in 37 C.F.R. §1.56(a).

Applicant hereby certifies that each item of information in this Statement was
first cited in a communication from a foreign patent office in a counterpart foreign

application not more than three months prior to the filing of this Statement.

Applicant has also calculated a prbcessing fee in the amount of $180.00 to be
due under 37 C.F.R. §1.17(p) in connection with the filing of this Statement.
Applicant has enclosed a check cove(ing this fee, or authorized charging the fee to a
deposit account, as indicated in the Transmittal accompanying this Statement.

June 9, 2003
Date

Enclosures: Form PTO-1449 (one sheet)
" Copies of listed references

BRINKS

noren DBRINKS HOFER GILSON & LIONE
citson P.O.Box 10395
gtiove  Chicago, IL 60610
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INFORMATICK DISCLOSURE CITATION

<
b

(Fse sgyginlgheers if necessary)

Docket Number (Optional)

Application Number

10541-070 10/014,286 /ﬂ

Applicant(s) ﬁ

Mianzo et al. - %// %
/

W TN OANN

AN December 11, 2001 Group Art Unit
Ty 3747
TS T V T <7
g w ~ U.S. PATENT DOCUMENTS /25
Ry / '
’EXAI\’I\IN,EI% _ REF “\f)"")"'DOCUMENT DATE NAME CLASS SUBCLASS FILING DATE
INITIALNG ERT & S NUMBER
e i,
5,123,397 06/23/1992 e RPOTESO e
57907116 10/19/1999. Konopka-ct.al T ._.J.‘i.‘—ﬁ*,\—r?ﬁ‘*’*‘"‘-"ﬁ—/'wv‘w%'
eIV ED
JUN {6 7003
TECHNOLOG] CENTER Rg700
. FOREIGN PATENT
DOCUMENTS
T I TRANSLATION
REF DOCUMENT ~ DATE COUNTRY CLASS SUBCLASS VES NO
NUMBER . -
OTHER DOCUMENTS (/ncluding
Author, Title, Date, Pertinent. Pages, Etc)
EXAMINER DATE CONSIDERED
...———--—-"_"‘-‘\\\
.N‘

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP Section 609 Draw linc through citation if not in

conformance and not considered. Inciude copy of this form with next communication to applicant.

FORM PTO-A820
COMMERCE

(also form PTO-1449)

POSA/REV04

Patent and Trademark Office*U.S. DEPARTMENT OF

SHEET

1

OF

1
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UNITED STATES PATENT AND TRADEMARK OFFIGE ' M

UNITED STATES DEPARTMENT OF COMMERCE
United Stotes Patent oand Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginio 22313-1450

WNW,03pto.gov

APPLICATION NO. [ FILING DATE T FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. [ CONFIRMATION NO.

10/014,286 12/11/2001 Lawrence A. Mianzo 10541-070 3146

29074 7590 07/08/2003

BRINKS HOFER GILSON & LIONE I EXAMINER

P.O. BOX 10395

CHICAGO, IL 60611 SOLIS, ERICK R
l ART UNIT PAPER NUMBER

3747 {

DATE MAILED: 07/08/2003

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 07-01)
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UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Tra  aark Office
Address: COMMISSIONER F(i2 PATENTS

proceeding.

PT0-80C (Rev.04-03)

P.O. Box 1450
Alexandria, Virginia 22313-1450
APPLICATION NO./ FI'LING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
EXAMINER |

ART UNIT PAPER

DATE MAILED:

Commissioner for Patents

Aknowledgement of Receipt of Information Disclosure Statement

The Information Disclosure Statement received on 12 June 2003 has been received and entered into the file of this application,
This Information Disclosure Statement does not comply with MPEP 609 as it has been received after the payment of the issue [ec and
as a matter of fact after the publication of the patent. Therefore, the cited references have not been considered.

éj K. Al
rick R Solis
Primary Examiner

Art Unit: 3747
{ 7,)) Se%-72¢5]

Please find below and/or attached an Office communication concerning this application or
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File History Content Report

The following content is missing from the original file history record obtained from the

United States Patent and Trademark Office. No additional information is available.

Document Date - 2003-07-29

Document Title - USPTO Communication Re: Change of Address

This page is not part of the official USPTO record. It has been determined that content

identified on this document is missing from the original file history record.
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504528526 08/31/2017

PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT4575232
Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

Name Execution Date

GODO KAISHA IP BRIDGE 09/02/2016
RECEIVING PARTY DATA
Name: MOBILE AUTOMOTIVE TECHNOLOGIES, LLC
Street Address: 951 GOVERNMENT STREET, SUITE B
City: MOBILE
State/Country: ALABAMA
Postal Code: 36604
PROPERTY NUMBERS Total: 42

Property Type Number
Patent Number: 6345604
Patent Number: 6347680
Patent Number: 6379281
Patent Number: 6443128
Patent Number: 6510839
Patent Number: 6557540
Patent Number: 6561166
Patent Number: 6571157
Patent Number: 6581565
Patent Number: 6581574
Patent Number: 6588260
Patent Number: 6598581
Patent Number: 6607302
Patent Number: 6609497
Patent Number: 6612287
Patent Number: 6619106
Patent Number: 6644115
Patent Number: 6736122
Patent Number: 6741441
Patent Number: 6752741
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Property Type Number
Patent Number: 6757149
Patent Number: 6758885
Patent Number: 6763804
Patent Number: 6766788
Patent Number: 6817592
Patent Number: 6847882
Patent Number: 6856209
Patent Number: 6874362
Patent Number: 6976477
Patent Number: 6988031
Patent Number: 7089894
Patent Number: 7116081
Patent Number: 7124963
Patent Number: 7137577
Patent Number: 7143501
Patent Number: 7168637
Patent Number: 7191755
Patent Number: 7198207
Patent Number: 7293554
Patent Number: 7487761
Patent Number: 7712451
Patent Number: 7982358

CORRESPONDENCE DATA
Fax Number:

(302)449-9010

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone:

Email:
Correspondent Name:
Address Line 1:
Address Line 2:
Address Line 4:

3024499010
mmcclain@devlinlawfirm.com
TIMOTHY DEVLIN

1306 N. BROOM STREET

1ST FLOOR

WILMINGTON, DELAWARE 19806

NAME OF SUBMITTER:

TIMOTHY DEVLIN

SIGNATURE:

/TIMOTHY DEVLIN/

DATE SIGNED:

08/31/2017

This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 3

source=MobileAutoSignedPAA#page1 .tif

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540




source=MobileAutoSignedPAA#page?2.tif
source=MobileAutoSignedPAA#page3.tif

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540




EXHIBIT B
LS, PATENT ASSIGNMENT

WHEREAS. Godo Kaisha IP Bridee 1 {"Assignor™, i the owner of (i) United States
Puicnt and Patent Applications listed Sehedule A ond the following (§) trough () 1© the
extenl Assignor owns, conirols of has the right to liconse ar enforee them at any tme: i) any
patents or patent applications that claim priorily directly or mdirectly from any of the foregoing
palents) i subsection (i, or from which priorly i direclly or indireetly clumed by any such
ptem(s) i subsection (), oF that have common priorty with any such pateni(s) subsestion (ik
(i) any forsign counerparts. foreign related patetls. conumuALions, dhasionals, contimations-
r-purt, extersions. substiutins. reissues, renewals and all results: of oppositions,
recxaminations, supplenental exammeTions, Fequesis for conrimmed exarmination and other
review procedures of any of the foregping it subsections (1) and (it and {iv) all patens Bsuing
on pawnt opplications covered fy uny ol e foregaing subsecrions (i) through (i) (together the
~Assipned Patents”).

WHEREAS, Molile Automotive Technologies, LLC, an Alsbama fimited Enbitlity company
(“Assiance™) s desirous of acquiring title i and (o the Assigned Patents,

WHEREAS, Assignor is the owner of any and all right, titke, and inerest in and to the
Assigned Putents.

WHEREAS, Assignar desires o sell assipn, and transfer all iis right, titke, ard interest i
thie Assigned Patents to Assignee. and Assignee desires 1o obtain gf) such right. title, and mterest
i the Assined Palenis fom Assigor.

NOW, THEREFORE, in consideration of good and valuble consideration, the receipt
and adequacy of which s hereby acknowledged, Assignor hereby sells. assigns, transfrs and
conveys unto Assignee, s permited successors and assigs, ali of Assipnor's right, title, nnd
increst in and to the Assipned Patents, together with all cleims, demands, or cases of agtim that
Assipror has or might hawe by reason of any infringement of the Assigned Patents prior 1o the
elffective date of this assignment, inchiding the right to stie @ collect damages for all past,
present and futre infringement and all Jost profils resuliing therefrom.

N WITNESS WITEREOF, this Ayreement has been exveuted by duly authorized

reprosenitives of the Parties on the dntes below.
bl

Signar: St
Hideyalet Ogalo Kepw ©. DRADM
Name v Name

b Depl, L. 20(b pue AU 6 27,2016
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Patents:

USs6345604
US6347680
US6379281
US6443128
US6510839
US6557540
US6561166
U86571157
US6581565
US6581574
US6588260
US6598581
US6607302
US6605497
US6612287
US6619106
UsSe644115
US6736122
U56741441
US6752741
Us6757149
US6758885
US6763804
US6766788
US6817592
UsS6847882
US6856209
US6874362
Usev76477
US6988031
US7089894
US7116081
1US87124963
US7137577
U87143501
US7168637
US7191755
US7198207

SCHEDULE A

10
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US7293554
US7487761
US7712451
UB7982358

DE103 44 494.7-34
GB2385013
GB2422688
JP4235485

11
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504528590 08/31/2017

PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT4575296
Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

Name Execution Date

GODO KAISHA IP BRIDGE 11/02/2016
RECEIVING PARTY DATA
Name: MOBILE AUTOMOTIVE TECHNOLOGIES, LLC
Street Address: 951 GOVERNMENT STREET, SUITE B
City: MOBILE
State/Country: ALABAMA
Postal Code: 36604
PROPERTY NUMBERS Total: 42

Property Type Number
Patent Number: 6345604
Patent Number: 6347680
Patent Number: 6379281
Patent Number: 6443128
Patent Number: 6510839
Patent Number: 6557540
Patent Number: 6561166
Patent Number: 6571157
Patent Number: 6581565
Patent Number: 6581574
Patent Number: 6588260
Patent Number: 6598581
Patent Number: 6607302
Patent Number: 6609497
Patent Number: 6612287
Patent Number: 6619106
Patent Number: 6644115
Patent Number: 6736122
Patent Number: 6741441
Patent Number: 6752741
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Property Type Number
Patent Number: 6757149
Patent Number: 6758885
Patent Number: 6763804
Patent Number: 6766788
Patent Number: 6817592
Patent Number: 6847882
Patent Number: 6856209
Patent Number: 6874362
Patent Number: 6976477
Patent Number: 6988031
Patent Number: 7089894
Patent Number: 7116081
Patent Number: 7124963
Patent Number: 7137577
Patent Number: 7143501
Patent Number: 7168637
Patent Number: 7191755
Patent Number: 7198207
Patent Number: 7293554
Patent Number: 7487761
Patent Number: 7712451
Patent Number: 7982358

CORRESPONDENCE DATA
Fax Number:

(302)449-9010

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone:

Email:
Correspondent Name:
Address Line 1:
Address Line 2:
Address Line 4:

3024499010
mmcclain@devlinlawfirm.com
TIMOTHY DEVLIN

1306 N. BROOM STREET

1ST FLOOR

WILMINGTON, DELAWARE 19806

NAME OF SUBMITTER:

TIMOTHY DEVLIN

SIGNATURE:

/TIMOTHY DEVLIN/

DATE SIGNED:

08/31/2017

This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 3

source=MobileAutoAmend-2#page1 .tif
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504528678 08/31/2017
PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT4575384
Stylesheet Version v1.2

SUBMISSION TYPE: NEW ASSIGNMENT

NATURE OF CONVEYANCE: ASSIGNMENT

CONVEYING PARTY DATA

Name Execution Date

MOBILE AUTOMOTIVE TECHNOLOGIES, LLC 08/28/2017
RECEIVING PARTY DATA
Name: MICHIGAN MOTOR TECHNOLOGIES LLC
Street Address: 2360 ORCHARD LAKE ROAD SUITE 100
City: SYLVAN LAKE
State/Country: MICHIGAN
Postal Code: 48320
PROPERTY NUMBERS Total: 42

Property Type Number
Patent Number: 6345604
Patent Number: 6347680
Patent Number: 6379281
Patent Number: 6443128
Patent Number: 6510839
Patent Number: 6557540
Patent Number: 6561166
Patent Number: 6571157
Patent Number: 6581565
Patent Number: 6581574
Patent Number: 6588260
Patent Number: 6598581
Patent Number: 6607302
Patent Number: 6609497
Patent Number: 6612287
Patent Number: 6619106
Patent Number: 6644115
Patent Number: 6736122
Patent Number: 6741441
Patent Number: 6752741
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Property Type Number
Patent Number: 6757149
Patent Number: 6758885
Patent Number: 6763804
Patent Number: 6766788
Patent Number: 6817592
Patent Number: 6847882
Patent Number: 6856209
Patent Number: 6874362
Patent Number: 6976477
Patent Number: 6988031
Patent Number: 7089894
Patent Number: 7116081
Patent Number: 7124963
Patent Number: 7137577
Patent Number: 7143501
Patent Number: 7168637
Patent Number: 7191755
Patent Number: 7198207
Patent Number: 7293554
Patent Number: 7487761
Patent Number: 7712451
Patent Number: 7982358

CORRESPONDENCE DATA
Fax Number:

(302)449-9010

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone:

Email:
Correspondent Name:
Address Line 1:
Address Line 2:
Address Line 4:

3024499010
mmcclain@devlinlawfirm.com
TIMOTHY DEVLIN

1306 N. BROOM STREET

1ST FLOOR

WILMINGTON, DELAWARE 19806

NAME OF SUBMITTER:

TIMOTHY DEVLIN

SIGNATURE:

/TIMOTHY DEVLIN/

DATE SIGNED:

08/31/2017

This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 2
source=michmotorassn#page1 .tif

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540




source=michmotorassn#page?.tif

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540




EXHIBITB
U.B. PATENT ASSIGNMENT

WHEREAS, Mobile Automotive Technologies, LLC, an Alabama limited liability
company (“Assignor™), is the owner of (i) United States Patent and Patent Applications listed in
Schedule A and the following (i) through (iv) to the extent Assignor owns, controls or has the
right to license or enforce them at any time: {ii) any patents or patent applications that claim
priority directly or indirectly from any of the foregoing patent(s) in subsection {1}, or from which
priority is directly or indirectly claimed by any such patent(s} in subsection (i}, or that have
common priority with any such patent(s) in subsection {i); (iii) any foreign connterparts, foreign
related patents, continuations, divisipnals, continuations-in-part, extensi ons, substitutions,
reissues, renewals and all results of Oppositions, reexaminations, supplemental examinations,
requests for continued examination and other review procedures of any of the foregoing in
subsections (i) and (i1); and (iv) all patents issuing on patent applications covered by any of the
foregoing subsections (i) through (iii} (together the “Assigned Patents™),

WHEREAS, Michigan Motor Technologies LLC (“Assignee”) is desirous of acquiring title
in and to the Assigned Patents.

WHEREAS, Assignor is the owner of any and all right, title, and interest in and to the
Assigned Patents.

WHEREAS, Assignor desires to sell, assign, and transfer all its right, title, and interest in
the Assigned Patents to Assignee, and Assi gnee desires to obtain all such right, title, and interest
in the Assigned Patents from Assignor.

NOW, THEREFORE, in consideration of good and valuable consideration, the receipt
and adequacy of which is hereby acknowledged, Assignor hereby sells, assigns, transfers and
conveys unto Assignee, its permitted successors and assigns, all of Assignor’s right, title, and
interest in and to the Assigned Patents, together with all claims, demands, or causes of action that
Assignor has or might have by reason of any infringement of the Assigned Patents prior to the
effective date of thi s assignment, including the right to sue and collect damages for all past,
present and future infringement and all lost profits resulting therefrom.

IN WITNESS WHEREOQF, this Agreement has been executed by duly authorized

representatives of the Parties on the dates below.
N\ }‘.v"\.,i

NI )
() [P ( 2 j

y )
Signat}sf‘é\ Signature Y

YO Vi %i — 5 EUV A O D KA Fo b

- : g y 1y - i . ! . N* wf o e 8% o a s "‘...\ TN e o bpvie “2

NI Je et Lo lyn  Name TACH A m Moo ec b
Date: %’* j"‘w; } (7 Date: ’5;\\ Z%ﬂ 1
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Patents:

US6345604
US6347680
US6379281
US6443128
US6510839
US6557540
Uses61i66
US6571157
US6581565
US6581574
US6588260
US6598581
US6607302
US6609497
U56612287
US6619106
US6644115
US6736122
US6741441
US6752741
US6757149
US6758883
US6763804

US6766788

US6817592
US6847882
US6856209
US6874362
US6976477

US6988031

UST7089894
US7116081
US7124963
US7137577
US7143501
US7168637
US7191755
US7198207
US7293554
US7487761
US7712451
US7982358

DEL03 44 494,734

GB2385013
GB2422688
JP4235485

DE103 22 5293

SCHEDULE A
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504584165 10/06/2017
PATENT ASSIGNMENT COVER SHEET

Electronic Version v1.1 EPAS ID: PAT4630877
Stylesheet Version v1.2

SUBMISSION TYPE: RESUBMISSION

NATURE OF CONVEYANCE: ASSIGNMENT

RESUBMIT DOCUMENT ID: 504528590

CONVEYING PARTY DATA

Name Execution Date

GODO KAISHA IP BRIDGE 11/02/2016
RECEIVING PARTY DATA
Name: MOBILE AUTOMOTIVE TECHNOLOGIES, LLC
Street Address: 951 GOVERNMENT STREET, SUITE B
City: MOBILE
State/Country: ALABAMA
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AMENDMENT NO. 1 TO THE PATENT ASSIGNMENT AGREEMENT

This Amendment No. 1 (the “Amendment™), dated as of the latest execution date below,
is entered into by Mobile Antomotive Technolagies; LI.C, an Alsbama Jimited liasbility company
and Godo Kaisha IP Bridge 1, with its principal offices at o/o Sakara Sogo Jimusho, 1-11 Kanda
Jimboche, Chiyoda-ku, Tokyo 102-0083, Japan, and amends the Patent Assignment Agreement \
entersd into by the parties, executed on September 2, 2016 (the “PTA”). Cap;tahzed terms not
defined herein are defined in the PTA. \

The parties agree to retroactively amend the PTA as follows: \

1. Exhibit A to the PTA is hereby retroactively amended and restated in its entirety in the
form of Exhibit A attached hereto. '

2. The parties intend and agree that this Amendment shall be effective as of the Effective Date
of the PTA with the same force and effoct as if executed on that date. Except as expressly smended
by this Amendment, all other terms, conditions ancipmvxmons of the PTA sball apply.

IN WITNESS WHEREQF, the parties have executed: this Amendment through their duly
 authorized representatives.

Mobile Automotive Technologies, L1LC Godo Ksisha IP Bridge 1
Ay~ (. | ""“'\7
Title: Managing Member Title: ﬁxgmnive Manager |
Date; /9~ 2/~ 20/4 Date: //‘J»)—vfé/
3
E

i —
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EXHIBIT B
LS, PATENT ASSIGNMENT

WHEREAS. Godo Kaisha IP Bridee 1 {"Assignor™, i the owner of (i) United States
Puicnt and Patent Applications listed Sehedule A ond the following (§) trough () 1© the
extenl Assignor owns, conirols of has the right to liconse ar enforee them at any tme: i) any
patents or patent applications that claim priorily directly or mdirectly from any of the foregoing
palents) i subsection (i, or from which priorly i direclly or indireetly clumed by any such
ptem(s) i subsection (), oF that have common priorty with any such pateni(s) subsestion (ik
(i) any forsign counerparts. foreign related patetls. conumuALions, dhasionals, contimations-
r-purt, extersions. substiutins. reissues, renewals and all results: of oppositions,
recxaminations, supplenental exammeTions, Fequesis for conrimmed exarmination and other
review procedures of any of the foregping it subsections (1) and (it and {iv) all patens Bsuing
on pawnt opplications covered fy uny ol e foregaing subsecrions (i) through (i) (together the
~Assipned Patents”).

WHEREAS, Molile Automotive Technologies, LLC, an Alsbama fimited Enbitlity company
(“Assiance™) s desirous of acquiring title i and (o the Assigned Patents,

WHEREAS, Assignor is the owner of any and all right, titke, and inerest in and to the
Assigned Putents.

WHEREAS, Assignar desires o sell assipn, and transfer all iis right, titke, ard interest i
thie Assigned Patents to Assignee. and Assignee desires 1o obtain gf) such right. title, and mterest
i the Assined Palenis fom Assigor.

NOW, THEREFORE, in consideration of good and valuble consideration, the receipt
and adequacy of which s hereby acknowledged, Assignor hereby sells. assigns, transfrs and
conveys unto Assignee, s permited successors and assigs, ali of Assipnor's right, title, nnd
increst in and to the Assipned Patents, together with all cleims, demands, or cases of agtim that
Assipror has or might hawe by reason of any infringement of the Assigned Patents prior 1o the
elffective date of this assignment, inchiding the right to stie @ collect damages for all past,
present and futre infringement and all Jost profils resuliing therefrom.

N WITNESS WITEREOF, this Ayreement has been exveuted by duly authorized

reprosenitives of the Parties on the dntes below.
bl

Signar: St
Hideyalet Ogalo Kepw ©. DRADM
Name v Name

b Depl, L. 20(b pue AU 6 27,2016
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HYUNDAI MOTOR COMPANY,
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V.
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PETITIONER’S POWER OF ATTORNEY

Petitioner, Hyundai Motor Company (“HMC”), hereby appoints the

following as its attorneys to transact all business in the United States Patent and

Trademark Office associated with the above-captioned Inter Partes review:

LEAD COUNSEL

Brian C. McCormack (Reg. No. 36,601)
BAKER & McKENZIE LLP

1900 North Pearl Street, Suite 1500
Dallas, Texas 75201

Tel: (214) 978-3007
brian.mccormack(@bakermckenzie.com

BAKER & MCKENZIE BACK-UP COUNSEL

D. James Pak (Pro Hac Vice)
BAKER & McKENZIE LLP

1901 Avenue of the Stars, Suite 950
Los Angeles, CA 90067

Tel: (310) 201-4728
d.james.pak@bakermckenzie.com

Kevin M. O’Brien (Reg. No. 30,578)
BAKER & McKENZIE LLP

815 Connecticut Avenue, N.W.
Washington, D.C. 20006

Tel: (202) 452-7032
kevin.obrien@bakermckenzie.com

Daniel A. Tallitsch (Reg. No. 55,821)
BAKER & McKENZIE LLP

300 East Randolph Street

Chicago, IL 60601

Tel: (312) 861-8024
daniel.tallitsch@bakermckenzie.com

Richard V. Wells (Reg. No. 53,757)
BAKER & McKENZIE LLP

815 Connecticut Avenue, N.W.
Washington, D.C. 20006

Tel: (202) 835-6143
richard.wells@bakermckenzie.com

Mackenzie Martin (Pro Hac Vice)
BAKER & McKENZIE LLP

1900 North Pearl Street, Suite 1500
Dallas, Texas 75201

Tel: (214) 978-3048
mackenzie.martin@bakermckenzie.com

Matt Dushek (Reg. No. 61,921)
BAKER & McKENZIE LLP
815 Connecticut Avenue, N.W.
Washington, D.C. 20006

Tel: (202) 835-6165
matt.dushek@bakermckenzie.com
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D. Yoon Chae (Reg. No. 75,814)
BAKER & McKENZIE LLP
1900 North Pearl Street, Suite 1500
Dallas, Texas 75201

Tel: (214) 965-7204
yoon.chae@bakermckenzie.com

Jessica Greenwald (Reg. No. 75,936)
BAKER & McKENZIE LLP

1900 North Pearl Street, Suite 1500
Dallas, Texas 75201

Tel: (214) 978-3063
jessica.greenwald@bakermckenzie.com

Victor W. Wang (Reg. No. 64,626)
BAKER & McKENZIE LLP

815 Connecticut Avenue, N.W.
Washington, D.C. 20006

Tel: (202) 835-6198
victor.wang@bakermckenzie.com

QUINN EMANUEL URQUHART & SULLIVAN BACK-UP COUNSEL

Sean Pak (Pro Hac Vice)

QUINN EMANUEL URQUHART &
SULLIVAN, LLP

50 California Street, 22nd Floor

San Francisco, CA 94111

Tel: (415) 875-6320
seanpak(@quinnemanuel.com

Jeffrey S. Gerchick (Pro Hac Vice)
QUINN EMANUEL URQUHART &
SULLIVAN, LLP

1300 I Street, N.W., Suite 900
Washington, D.C. 20005

Tel: (202) 538-8128
jeffgerchick(@quinnemanuel.com

Thomas Pease (Reg. No. 35,317)
QUINN EMANUEL URQUHART &
SULLIVAN, LLP

51 Madison Avenue, 22nd Floor

New York, NY 10010

Tel: (212) 849-7223
thomaspease@quinnemanuel.com

David Bilsker (Reg. No. 39,611)
QUINN EMANUEL URQUHART &
SULLIVAN, LLP

50 California Street, 22nd Floor

San Francisco, CA 94111

Tel: (415) 875-6432
davidbilsker@quinnemanuel.com

Kyle Choi (Reg. No. 41,480)

QUINN EMANUEL URQUHART &
SULLIVAN, LLP

1300 I Street, N.W., Suite 900
Washington, D.C. 20005

Tel: (202) 538-8192
kylechoi(@quinnemanuel.com
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The individual signing below has the authority to act on behalf of HMC and

execute this document.

Date: May 14, 2018 By: M

Name: Hoe-i1l Kim

Title: General Manager, IP Legal Team

Company: Hyundai Motor Company
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CERTIFICATE OF SERVICE

I hereby certify that on May 14, 2018, I caused a true and correct copy of the

foregoing materials:

e Petition for Inter Partes Review of U.S. Patent No. 6,557,540 under
35U.S.C. § 311-319 and 37 C.F.R. § 42.100 Et Seq.

e Exhibits 1001 — 1034
e Power of Attorney

to be served via:

Via FedEx Mail

VISTEON GLOBAL TECHNOLOGIES INC
Intellectual Property Department

One Village Center Drive
Van Buren Township, MI 48111

Timothy Devlin
DEVLIN LAW FIRM LLC
1306 N. Broom Street, 1st Floor
Wilmington, DE 19806

Dated: May 14, 2018 By: /Brian C. McCormack/
Brian C. McCormack
Registration No. 36,601
BAKER & McKENZIE LLP
1900 North Pearl Street,
Suite 1500
Dallas, Texas 75201
Tel: (214) 978-3007
brian.mccormack@bakermckenzie.com
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L. INTRODUCTION

Petitioner, Hyundai Motor Company (“Hyundai” or “Petitioner”), hereby
petitions for inter partes review and cancellation of claims 1-3, 7, 10-11, and 14 of
U.S. Patent No. 6,557,540 (“the *540 patent”) (Ex. 1001). The challenged claims
generally relate to methods and devices for determining a valve timing command.
As detailed in this Petition, the claimed configurations were well-known in the
relevant art prior to the ’540 patent.

II. MANDATORY NOTICES

Pursuant to 37 C.F.R. § 42.8(a)(1), Petitioner provides the following
mandatory disclosures.

A.  Real Party-In-Interest

Hyundai Motor Company and Hyundai America Technical Center, Inc. are
the real parties-in-interest.

B. Related Matters

Michigan Motor Technologies LLC (“MMT” or “Patent Owner”) sued
Hyundai Motor Company and Hyundai America Technical Center, Inc. in
Michigan Motor Technologies LLC v. Hyundai Motor Company et al, No. 2:17-
cv-12901 (E.D. Mich), alleging infringement of the *540 patent. Hyundai is not
aware of any other pending judicial or administrative matter that would affect, or

be affected by, a decision in this proceeding.

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Petition for Inter Partes Review of U.S. Patent No. 6,557,540

C. Lead and Back-Up Counsel Under 37 C.F.R. § 42.8(b)(3)

LEAD COUNSEL BACK-UP COUNSEL

Brian C. McCormack Matt Dushek

Registration No. 36,601 Registration No. 61,921

BAKER & McKENZIE LLP BAKER & McKENZIE LLP
1900 North Pearl Street, Suite 1500 815 Connecticut Avenue, N.W.
Dallas, Texas 75201 Washington, D.C. 20006

Tel: (214) 978-3007 Tel: (202) 835-6165
brian.mccormack(@bakermckenzie.com matt.dushek@bakermckenzie.com

Thomas Pease

Registration No. 35,317

QUINN EMANUEL URQUHART
& SULLIVAN, LLP

51 Madison Avenue, 22nd Floor
New York, NY 10010

Tel: (212) 849-7223
hmcmmtge@quinnemanuel.com

D. Service Information Under 37 C.F.R. § 42.8(b)(4)

Petitioner consents to electronic service by email at: HMC-MMT-

IPR@BakerMcKenzie.com.

III. PAYMENT OF FEES UNDER 37 C.F.R. § 41.103

Petitioner authorizes the United States Patent and Trademark Office
(USPTO) to charge the fees set forth in 37 C.F.R. § 42.15(a) for this Petition, and
any additional fees that might be due, to Deposit Account No. 13-0480 (Attorney
Docket No. 10035108-50391355). This Petition meets the fee requirements of 35

U.S.C. § 312(a)(1).
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IV. REQUIREMENTS FOR INTER PARTES REVIEW UNDER 37 C.F.R.
§ 42.104

A.  Grounds for Standing under 37 C.F.R. § 42.104(a)

Petitioner certifies that the 540 patent is available for inter partes review
and that Petitioner is not barred or estopped from requesting an inter partes review
challenging claims 1-3, 7, 10, 11, and 14 of the *540 patent on the grounds
identified in this Petition.

B. Identification of Challenge Under 37 C.F.R. § 42.104(b) and
Statement of Precise Relief Requested

Petitioner respectfully requests the Board initiate inter partes review of

claims 1-3, 7, 10-11, and 14 of the *540 patent based on the following grounds:

No. Claims | Ground | Reference(s)

1 1-3, 7,|103(a)’ | Yoshioka and Jankovic
10-11,
14

Section VIII below demonstrates, for each of the statutory grounds, that
there is a reasonable likelihood that Petitioner will prevail. See 35 U.S.C. § 314(a).

V. TECHNICAL OVERVIEW
A.  Background
1. Technological Background

Several competing objectives are present in internal combustion engines,

'The Leahy-Smith America Invents Act (“AIA”), Pub. L. No. 112- 29,
125 Stat. 284, 29607 (2011), took effect on September 16, 2012. Because the

’540 patent was filed before that date, Petitioner has applied the pre-AIA versions
of 35 U.S.C. §§ 102 and 103.
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including developing maximum power output, while attaining efficient fuel
consumption and minimizing exhaust byproducts. Ex. 1002 9 36. To achieve
these objectives, internal combustion engine electrical controls focus on managing
the ratio of fuel and air. 1d. To power an automobile, an engine takes in air, mixes
it with fuel, and combust the air-fuel mixture. Id. at § 33. The combustion process
produces power to power the automobile. Id. The intake of air is controlled by the
throttle valve. Id. q 34. The throttle valve is linked to the accelerator pedal,
whereby “[d]epressing the pedal opens the throttle valve, permitting an increased
amount of air-fuel mixture to reach the manifold.” Ex. 1009 p. 11, Automotive
Encyclopedia p. 239% Ex. 1002 § 34. To minimize exhaust byproducts, a POSITA
would have long appreciated exhaust gas recirculation (EGR) methods for
controlling emissions. Ex. 1002 99 39-40; Ex. 1007 p. 24, Probst ch. 2 p. 17; Ex.
1007 pp. 47-48, Probst ch. 2 pp. 21-22.> A POSITA further would have
appreciated that variable cam timing (VCT) methods were used to control EGR.
Ex. 1002 9 42; Ex. 1008 pp. 18-19, Modeling and Control of Advanced
Technology Engines pp. 6-7.* A POSITA would have further known that both

feedforward and feedback controls had been used in electronic engine management

’Ex. 1009 has a copyright date of 1979, and was published and
accessible to the public no later than December 20, 1978. Ex. 1015 99 60-65.

*Ex. 1007 has a copyright date of 1989, and was published and
accessible to the public no later than May 26, 1989. Ex. 1015 99 48-53.

*Ex. 1008 has a copyright date of 1996, and was published and
accessible to the public no later than June 27, 1996. Ex. 1015 99 54-59.
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to address and account for a variety of variables, including, for example, engine
speed, load, and air-fuel ratio. Ex. 1002 9 46-47; Ex. 1007 p. 57, Probst ch. 3 p.
31; Ex. 1013 p. 13, McGraw-Hill Electronics Dictionary p. 168.”

2. The °540 Patent

The ’540 patent relates to a “method of calculating a valve timing command
for an engine.” Ex. 1001 at Title. The 540 patent describes and claims the

method quite generically, and Figure 2 illustrates the claimed method.

~— 16
| _
Obtaining an Engine
18 Performance Command |
S . — l I '\/‘/. 22
Receiving an ] i — /_ —
Environmental | | Receiving an Engine
| Conditions Signal | i Performance Peedback |
| I

Determining | |
a Valve ! “aloulati v
| ‘ Caleulating a Valve L_-__ 04

20 J-“: _f'Eedfcrwa]"d Term N | 1-‘egdba¢k_f[.'crn) | -

¢ E!lEUlﬂLi_I-l-g_-é.-_i:-Bl‘.?E!_! =
Timing Command [ ~ 26

__FIGURE 2

e -

Ex. 1001 Fig. 2
The ’540 patent describes that that an engine performance command is
received at 16, which preferably includes receiving a vehicle performance

command from a driver. Ex. 1001 2:4-6. For example, the vehicle performance

*Ex. 1013 has a copyright date of 1997, and was published and
accessible to the public no later than April 14, 1997. Ex. 1015 99 78-83.
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command includes a driver pressing down on a conventional pedal 28, as shown in
Figure 1 (below). Id. at 7-9. Referring back to Figure 2, an environmental
conditions signal is received at action 18, which includes a signal from an

environmental sensor 30 (sensor 30 is shown below in Figure 1).

—12
— -
\2
280 ' ;-14—!
_ L | _

FIGURE

FIC 1
— —_—

Ex. 1001 Fig. 1
The ’540 patent further discloses that engine performance feedback is
received at action 22, which may include engine speed, engine torque data, or
“other suitable information.” 1d. at 2:36-47. A valve feedforward term (target
valve timing displacement IVTD) is determined at action 20, preferably based on
an engine torque command, the ambient temperature data, and the engine speed

data, but can also be based on “other suitable factors, such as engine torque data,
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air-fuel ratio data, engine combustion stability data, or ambient pressure data.” 1d.
at 2:48-54. However, the claims only recite that the feedforward term is based on
the environmental conditions signal and the engine performance command. 1d. at
cl. 1. The feedforward term is preferably based on using a look-up table with
optimized variables and values. 1d. at 2:54-59. The *540 patent further discloses
that a valve feedback term is calculated by comparing the engine performance
command with the engine performance feedback. 1d. 2:66-3:1. The feedback term
“compare[s] the input with the output and . . . calculate[s] a correction term based
on the difference.” 1d. at 3:1-4. The valve timing command is then calculated
based on the feedforward term and the feedback term. Id. 1:65-2:1.

3. Yoshioka
U.S. Patent No. 5,713,317 to Yoshioka (Ex. 1004) was filed on Jul. 15,

1996, and was patented on Feb. 3, 1998, and thus qualifies as prior art under pre-
AIA 35 U.S.C. §) and 102(b). Yoshioka relates to a “method of and apparatus for
continuously and variably controlling valve timing of internal combustion engine.”
Ex. 1004 at Title. Yoshioka’s Figure 9 is an illustration of one aspect of the

disclosed methods.
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Fig. 9
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3
FIND Lpa FROM A |—208
T
FIND VDo FROM GN AND NE 210

[

IVIDt <—— IVTDoxXLpa |21

¥

FEEDBACK-CONTROL TO IVTD4

Ex. 1004 Fig. 9

Yoshioka discloses that various engine performance commands are received,

including, for example, a signal from the throttle opening sensor 42, which

measures the opening of the throttle valve (which, as discussed further below,

relates directly to the performance desired by the driver as interpreted from the

accelerator pedal position®). Ex. 1004 at 4:20-25. As is well-known by a person of

ordinary skill in the art, the throttle valve and the opening of the throttle is

controlled by the accelerator pedal—or by a human driver pushing on the

°Ex. 1005 at 2, Jankovic p. 35; Ex. 1002 49 125-126.
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accelerator pedal. See e.g. Ex. 1002 94 34-35; Ex. 1009 at 11, Tobold at 239; Ex.
1007 at 79, Probst at 5:11. As shown in Figure 9, Yoshioka further discloses that
an environmental conditions signal is received at action 206, whereby the
atmospheric pressure is read and detected by an atmospheric pressure sensor. EX.
1004 7:24-25, 7:55-56. Yoshioka further discloses that engine performance
feedback is received, including readings from magnetic sensors 54, 55 at the
camshaft and crankshaft of the engine. Id. at 6:6-15. A valve feedforward term in
the form of a target valve timing displacement (IVTDy) is determined at action 212,
based on the environmental conditions signal PA and the engine performance
command (the load GN, which directly relates to the engine performance
command). Id. at 8:1-2, Fig. 9 at 204-212. The feedforward term is based on a
look-up table with optimized variables and values, as shown in Figure 4. Id. at
7:36-40 (“Step 112 refers to the map of FIG. 4 according to the engine load GNpa
and engine revolution speed NE, to find a displacement IVTDpa to be imposed on
the open/close timing of the intake valve 24.”); 8:1-4. Yoshioka further discloses
that a valve feedback term is calculated by comparing the engine performance
command with the engine performance feedback. Id. at 8:5-8. Specifically, to set
the open/close timing of the intake valve, the hydraulic pressure control valve 68 is
feedback-controlled according to signals from the first and second magnetic

sensors 54 and 55 so that the camshaft of the intake valve maintains a required
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rotational phase with respect to the crankshaft. Id. at 6:6-15 And the valve timing
control or command is adjusted by “bring[ing] the actual displacement of the
intake valve 24 to the target displacement IVTDt,” as a result of the feedback
control. Id.

4. Jankovic

“Torque Management of Engines with Variable Cam Timing,” by Mrdjan
Jankovic et al, Ex. 1005 (“Jankovic”), was published in October 1998 in IEEE
Control Systems, and thus qualifies as prior art under pre-AIA 35 U.S.C. § and
102(b). Ex. 1015 99 37-41 (establishing authenticity and accessibility to the public
no later than October 31, 1998, for Ex. 1005); see also Ericsson Inc. v. Intellectual
Ventures | LLC, IPR2014-00527 Paper No. 41, Final Written Decision (admitting
an IEEE article as prior art by accepting the publication information on the IEEE
copyright line); Ex. 1005 p. 34 (showing “©1998IEEE” on the copyright line).
Jankovic also provides a variable cam timing (VCT) system, to address both
“drivability and emissions performance by utilizing an electro-hydraulic
mechanism to rotate the camshaft relative to the crankshaft in order to retard the
cam timing with respect to the intake and exhaust strokes in the engine.” Ex. 1005
at 1, Jankovic at 34. Both the intake and exhaust valve timings are part of the

overall engine management scheme in Jankovic.
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Fig. 1. Vlve lift profiles of conventional and VCT engines. By retarding the cam phasing, the exhaust valve stays open during the intake event
for a longer timie period, retaining otherwise unburned HC and reducing the combustion temperature due to the dilution af the inert gas.

Ex. 1005 at 2, Jankovic p. 36

Jankovic’s VCT system incorporates both feedforward compensation and a
feedback loop, similar to Yoshioka. Ex. 1005 pp. 1, 7-8, Jankovic pp. 36, 40-41.
With respect to the feedback loop, Jankovic discloses that the actual measured cam
offset {cam (engine performance feedback) is fed into a PID control calculation,
and the output of the PID (feedback term) is then compared to the target camshaft
offset Crer (feedforward term). Ex. 1005 p. 8, Jankovic p. 41; Ex. 1002 9 108. The
difference is used as a correction to control the VCT system (valve timing
command). Ex. 1005 p. 8, Jankovic p. 41; Ex. 1002 q 108. Jankovic describes that

its goal is to improve “drivability and emissions performance” by using a variable

11

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Petition for Inter Partes Review of U.S. Patent No. 6,557,540

valve timing controller to rotate the camshaft relative to the crankshaft. Ex. 1005
pp. 1-2, Jankovic pp. 34-35. Jankovic provides a detailed mathematical model of a
feedback controller in this context. Ex. 1002 4 178; Ex. 1005 p. 7, Jankovic p. 41,
Fig. 8.

B. The Claimed Invention

The challenged claims of the *540 patent are generally directed to methods
for calculating valve timing commands for a vehicle engine. Independent claim 1
is reproduced below as an exemplary claim:

1. A method for calculating a valve timing command for
an engine of a vehicle, comprising:

obtaining an engine performance command;

receiving an environmental conditions signal;

determining a valve feedforward term based on the
engine performance command and the environmental
conditions signal;

receiving an engine performance feedback;

calculating a valve feedback term based on the engine
performance command and the engine performance feedback;
and

calculating a valve timing command based on the valve

feedforward term and the valve feedback term.

Ex. 1001 cl. 1. The dependent claims further recite method limitations, such as,

receiving a vehicle performance command from a driver of the vehicle (claim 2);
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receiving ambient temperature (claim 3); and receiving fuel conversion data (claim
11); among others.

C.  The Prosecution History of the 540 Patent

During prosecution of the *540 patent, the application received a first office
action allowance without any claim rejections. Ex. 1003 at 33. The examiner did
not provide any reasons for allowability. However, Petitioner notes that Yoshioka,
and Jankovic were not before the examiner during prosecution of the ’540 patent.

VI. LEVEL OF ORDINARY SKILL IN THE ART

The following factors are pertinent to a determination of the level of
ordinary skill in the art: (1) educational level of the inventor; (2) type of problems
encountered in the art; (3) prior art solutions to those problems; (4) rapidity with
which innovations are made; (5) sophistication of the technology; and (6)
educational level of workers active in the field. Denso Corp. v. Collision
Avoidance Techs. Inc., IPR2017-01715, Decision Instituting Inter Partes Review,
Paper No. 7 (Jan. 23, 2018) (citing Environmental Designs, Ltd. v. Union Qil Co.,
713 F.2d 693, 696-697 (Fed. Cir. 1983) (internal citations omitted)). “Not all
factors may be present in every case, and one or more of these or other factors may
predominate in a particular case.” Id. Moreover, the prior art may reflect an
appropriate skill level. Id. citing Okajima v. Bourdeau, 261 F.3d 1350, 1355 (Fed.

Cir. 2001).
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The prior art of record in the current proceeding is primarily directed to
methods and systems for continuous and variable control of valve timing for an
engine. See, e.g., Ex. 1004 at Abstract (““A method or apparatus controls a
continuously variable valve timing mechanism of an internal combustion engine to
continuously and variably control the timing of an intake valve according to
atmospheric pressure.”); Ex. 1005 p. 1, Jankovic p. 34 (“The variable cam timing
(VCT) system with which this paper is concerned addresses both drivability and
emissions performance by utilizing an electro-hydraulic mechanism to rotate the
camshaft relative to the crankshaft in order to retard the cam timing with respect to
the intake and exhaust strokes of the engine.”). The types of problems and
solutions encountered in the prior art include, for example, exhaust emissions
standards and vehicle performance deterioration (Ex. 1005 at 1, Jankovic p. 34),
and providing high-performing engines at various altitudes and atmospheric
pressures, improving exhaust purifying performance, and reducing fuel
consumption (Ex. 1004 at 1:39-47). Workers in the field of automotive electronics
design would typically have a bachelor’s or master’s degree in electrical
engineering degree and at least several years of experience. Ex. 1002 q 17.

Accordingly, Petitioner submits that a person of ordinary skill in the art
would have had a bachelor’s degree in electrical engineering and at least 4-5 years

of work experience in automotive electrical or electronics systems design, or
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would have had a masters degree in electrical engineering and at least 2 years of
work experience in automotive electrical or electronics systems design. Ex. 1002 ¢
17.

VII. CONSTRUCTION OF THE CLAIMS

In inter partes review proceedings, claims in unexpired patents should be
interpreted using the broadest reasonable interpretation in light of the claim
language and specification of the patent. 37 C.F.R. § 42.100(b); Cuozzo Speed
Techs., LLC v. Lee, 136 S. Ct. 2131, 2144-46 (2016). The Federal Circuit recently
provided guidance on the proper application of the “broadest reasonable
interpretation” standard. In re Smith Int’l, Inc., No. 16-2303, 871 F.3d 1375, 1382
(Fed. Cir. Sept. 26, 2017). As articulated in Smith, the “broadest reasonable
interpretation” is one that “corresponds with what and how the inventor describes
his invention in the specification, i.e., an interpretation that is ‘consistent with the
specification.” Id. at 1382-1383. Accordingly, the correct interpretation under the
broadest reasonable interpretation should be an interpretation that is consistent
with the specification. Id. at 1383.

Other than the terms specifically discussed below, Petitioner does not at this
time contend that any other term requires explicit construction by the Board.
Instead, Petitioner proposes, for purposes of this proceeding only, that the claim

terms of the 540 patent take on their broadest reasonable construction. This claim
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construction analysis is not, and should not be viewed as, a concession by
Petitioner as to the proper scope of any claim term in any litigation. In addition,
these assumptions are not a waiver of any argument in any litigation that claim
terms in the *540 patent are indefinite or otherwise invalid.

A.  Construction of “engine performance”

The term “engine performance” should be construed to mean “engine
measurable or engine response.” The term “engine performance” appears in
claims 1, 2, and 5-8.” This interpretation is based on the broadest reasonable
interpretation of these terms in the context of the claims and in view of the
specification of the *540 patent. The specification of the 540 patent does not
define “engine performance.” In the claims, the term “engine performance” arises
in two contexts—*‘engine performance command,” and “engine performance
feedback.” For example, independent claim 1 recites, in part, “obtaining an engine
performance command,” and “receiving an engine performance feedback.”
Dependent claim 2 recites, in part, “wherein said obtaining an engine performance
command includes receiving a vehicle performance command from a driver of the
vehicle.” And dependent claim 7 recites, in part, “wherein said receiving an

engine performance feedback includes receiving engine speed data.”

"This section focuses on claims 1, 2, and 7, because those claims are
included in the grounds for institution of inter partes review herein.
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The specification describes the “engine performance” in terms of engine
performance command in general and broad terms:

The action of obtaining an engine performance command also
preferably includes deriving the engine performance command from
the wvehicle performance command. The engine performance
command is preferably based on the vehicle performance command,
but may alternatively be based on additional suitable factors, such as a
traction control signal or a cruise control signal. The engine
performance command is preferably a desired engine torque and,
for this reason, the engine performance command may be thought
of as an engine torque command. The engine performance
command, however, may alternatively be another suitable variable,

such as a desired engine acceleration.
Ex. 1001 2:10-22 (emphasis added). Accordingly, the specification gives several
examples of engine performance commands, and also states that the engine
performance command could “be another suitable variable.” 1d. The specification
thus discusses “engine performance” in terms of its connection with a desired
engine response or action (e.g., desired engine torque or desired engine
acceleration).

Similarly, the specification describes the “engine performance” in terms of
the engine performance feedback in very general and broad terms:

Similarly, the action of receiving an engine performance

feedback 22 preferably includes receiving the engine performance
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feedback from an engine sensor 32 in the vehicle. The engine
sensor 32 preferably senses the engine speed and communicates this
data to the control unit 10, which uses the data to determine the valve
feedforward term and the valve feedback term. Other engine
measurables, such as engine torque data, may be useful in the
determination of the terms. For this reason, the engine sensor 32 may
alternatively sense other suitable information. The engine sensor 32 is
preferably a conventional engine sensor, but may alternatively be any
suitable sensor.
Ex. 1001 2:36-47. Accordingly, the specification gives several examples of engine
performance feedback, such as engine speed and engine torque data, but also states
that the engine performance feedback could be an “other engine measurable” or
“other suitable information.” Id.
Accordingly, Petitioner submits that a person of ordinary skill in the art
would understand the term “engine performance” in view of the context of the
claims and the specification, to mean “engine measurable or engine response.” Ex.

1002 9j9 68-75; see, e.g., In re Morris, 127 F.3d at 1054.

B. Construction of “environmental conditions signal”

The term “environmental conditions signal” should be construed to mean
“signal representing a parameter of the environment.” The term “environmental
conditions signal” appears in claims 1 and 3. This interpretation is based on the

broadest reasonable interpretation of these terms in the context of the claims and in
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view of the specification of the *540 patent. The specification of the *540 patent
does not define “environmental conditions signal.” Independent claim 1 recites, in
part, “receiving an environmental conditions signal” and “determining a valve
feedforward term based on the engine performance command and the
environmental conditions signal.” Dependent claim 3 recites, in part, “wherein
said receiving an environmental conditions signal includes receiving ambient
temperature data.”

The specification describes the environmental conditions signal in very
general and broad terms:

The action of receiving an environmental conditions
signal 18 preferably includes receiving an environmental conditions
signal from an environmental sensor 30 in the vehicle. The
environmental sensor 30 preferably senses the ambient temperature
outside the vehicle and communicates this data to the control unit 10,
which uses the data to determine the valve feedforward term. Other
information, such as the ambient pressure, may be useful in the
determination of the valve feedforward term. For this reason, the
environmental sensor 30 may alternatively sense other suitable
information. The environmental sensor 30 is preferably a conventional

environmental sensor, but may alternatively be any suitable device.

Ex. 1001 2:23-35. Accordingly, the specification gives several examples of an

environmental conditions signal, such as ambient temperature and ambient
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pressure, but also states that the environmental conditions signal could be “other
suitable information.” Id.

The ’540 patent does not define “environmental conditions signal,” but does
describe the signal as preferably being received from an “environmental sensor
30.” Id.; Ex. 1002 q 77. A person of ordinary skill in the art, in view of the
context of the *540 patent, would understand that such a sensor would be
outputting an electrical signal providing a kind of parameter about the
environment. Ex. 1002 q 77.

Accordingly, Petitioner submits that a person of ordinary skill in the art
would understand the term “environmental conditions signal” in view of the
context of the claims and the specification, to mean “signal representing a
parameter of the environment.” Ex. 1002 99 76-78; see, e.g., In re Morris, 127
F.3d at 1054.

C. Construction of “vehicle performance command”

The term “vehicle performance command” should be construed to mean
“signal derived from a driver action to initiate a vehicle performance parameter.”
The term “vehicle performance command” appears in claim 2. This interpretation
is based on the broadest reasonable interpretation of these terms in the context of
the claims and in view of the specification of the *540 patent. The specification of

the *540 patent does not define “vehicle performance command.” Dependent

20

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Petition for Inter Partes Review of U.S. Patent No. 6,557,540

claim 2 recites, in part, “obtaining an engine performance command includes
receiving a vehicle performance command from a driver of the vehicle and
deriving the engine performance command based on the vehicle performance
command.”

The specification describes the vehicle performance command in very
general and broad terms:

Preferably, the vehicle performance command is received from the
foot of a driver with the use of a conventional pedal 28, as shown in
FIG. 1. Alternatively, the vehicle performance command could be
received from the driver with the use of any suitable device. The
action of obtaining an engine performance command also preferably
includes deriving the engine performance command from the vehicle
performance command. The engine performance command is
preferably based on the vehicle performance command, but may
alternatively be based on additional suitable factors, such as a traction
control signal or a cruise control signal. The engine performance
command is preferably a desired engine torque and, for this reason,
the engine performance command may be thought of as an engine
torque command. The engine performance command, however, may
alternatively be another suitable variable, such as a desired engine

acceleration.

Ex. 1001 2:4-22. Accordingly, the specification provides that the vehicle

performance command could be received from the foot of a driver with the use of a
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conventional pedal, but that it could also be received from the driver with the use
of any suitable device. ld. The 540 patent does not define “command,” but a
person of ordinary skill in the art at the time of the invention, and in the context of
the ’540 patent, would understand “command” to mean an electrical signal or
input, or a representation of an electrical signal or input, associated with initiating a
response. The New Shorter Oxford English Dictionary, Oxford University Press
1993, defines command as a “symbolic expression which defines an operation in a
computer; a signal initiating the performance of such an operation.” Ex. 1014 at 4,
Oxford Dictionary p. 449.°

Accordingly, Petitioner submits that a person of ordinary skill in the art
would understand the term “environmental conditions signal” in view of the
context of the claims and the specification, to mean “signal derived from a driver
action to initiate a vehicle performance parameter.” Ex. 1002 99 79-81; see, e.g.,
In re Morris, 127 F.3d at 1054.

D. Construction of “fuel conversion data”

The term “fuel conversion data” should be construed to mean “data
representing a direct or indirect measure of the volume of fuel burned in the

combustion process.” The term “fuel conversion data” appears in claims 11, 12,

Ex. 1014 has a copyright date of 1993, and was published and
accessible to the public no later than November 17, 1993. Ex. 1015 9] 84-89.
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and 13.” This interpretation is based on the broadest reasonable interpretation of
these terms in the context of the claims and in view of the specification of the 540
patent. The specification of the 540 patent does not define “fuel conversion data.”
Dependent claim 11 recites, in part, “receiving fuel conversion data.”

The specification describes the fuel conversion data in very general and
broad terms:

The second preferred method of the invention includes the principle
actions of the first preferred method and the additional principle
action of receiving fuel conversion data and engine emissions data.
These preferably include receiving the fuel conversion data and
engine emissions data from suitable emission sensors (not shown) in
the cylinder or the exhaust port of the engine 12. The emission sensors
preferably sense the amount of NO, in the exhaust and communicates
this data to the control unit 10. The control unit 10 preferably uses this
information to modify the output value from the look-up table, but
may alternatively use this information to continually adjust the values
in the look-up table. The control unit 10 may alternatively use this
information as another factor in the determination of the valve
feedback term. The emission sensors are preferably conventional

emission sensors, but may alternatively be any suitable sensor.

Ex. 1001 3:27-43. Accordingly, the specification provides that the fuel conversion

data is preferably received from “suitable emission sensors (not shown) in the

’This section focuses on claim 11 because it is included in the grounds
for institution of inter partes review herein.
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cylinder or the exhaust port of the engine 12.” 1d. The ’540 patent goes on to
explain that the emission sensors preferably sense the amount of NO; in the
exhaust, and that the sensors are preferably conventional emission sensors but may
be “any suitable sensor.” 1d.

Based on this disclosure, a person of ordinary skill in the art would
understand that “‘fuel conversion’ refers to the conversion of fuel into exhaust gas
components and heat, and that a suitable measure of fuel conversion would be a
direct or indirect measurement of how much of the fuel provided to the engine had
been converted or burned in the combustion process.” Ex. 1002 ¢ 83.

Accordingly, Petitioner submits that a person of ordinary skill in the art
would understand the term “fuel conversion data” in view of the context of the
claims and the specification, to mean “data representing a direct or indirect
measure of the volume of fuel burned in the combustion process.” Ex. 1002 99 82-
84; see, e.g., In re Morris, 127 F.3d at 1054.

E. Construction of “engine emissions data”

The term “engine emissions data” should be construed to mean “data
representing a direct or indirect measure of the concentration of emissions gases in

the engine exhaust.” The term “engine emissions data” appears in claims 14, 15,
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and 16.'° This interpretation is based on the broadest reasonable interpretation of
these terms in the context of the claims and in view of the specification of the 540
patent. The specification of the *540 patent does not define “engine emissions
data.” Dependent claim 14 recites, in part, “receiving engine emissions data.”

The specification describes the engine emissions data in very general and
broad terms:

The second preferred method of the invention includes the principle
actions of the first preferred method and the additional principle
action of receiving fuel conversion data and engine emissions data.
These preferably include receiving the fuel conversion data and
engine emissions data from suitable emission sensors (not shown) in
the cylinder or the exhaust port of the engine 12. The emission sensors
preferably sense the amount of NO, in the exhaust and communicates
this data to the control unit 10. The control unit 10 preferably uses this
information to modify the output value from the look-up table, but
may alternatively use this information to continually adjust the values
in the look-up table. The control unit 10 may alternatively use this
information as another factor in the determination of the valve
feedback term. The emission sensors are preferably conventional

emission sensors, but may alternatively be any suitable sensor.

Ex. 1001 3:27-43. Accordingly, the specification provides that the engine

emissions data is preferably received from “suitable emission sensors (not shown)

This section focuses on claim 14 because it is included in the
grounds for institution of inter partes review herein.
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in the cylinder or the exhaust port of the engine 12.” Id. The ’540 patent goes on
to explain that the emission sensors preferably sense the amount of NOy in the
exhaust, and that the sensors are preferably conventional emission sensors but may
be “any suitable sensor.” 1d.

Moreover, a person of ordinary skill in the art would understand that
emissions sensors may sense emissions directly or indirectly, depending on the
kind of emissions sensor, and often rely on the known combustion processes and
chemistry to allow an estimate of emissions based on the measurement of indirect
parameters. Ex. 1002 q 86. A person of ordinary skill in the art would also
appreciate that the “primary emissions from the combustion process are oxides of
nitrogen (typically designated NOx), carbon monoxide (CO), and unburned
hydrocarbons (HC)” and that the quantity of these emissions varies as the air-fuel
ratio varies. Id. Accordingly, Petitioner submits that a person of ordinary skill in
the art would understand the term “engine emissions data” would mean “data
representing a direct or indirect measure of the concentration of emissions gases in
the engine exhaust.” Ex. 1002 9 85-87; see, e.g., In re Morris, 127 F.3d at 1054.

VIII. CLAIM-BY-CLAIM EXPLANATION OF GROUNDS FOR
UNPATENTABILITY

Pre-AIA Section 103(a) of the United States patent laws provides that a
“patent may not be obtained though the invention is not identically disclosed or

described as set forth in section 102 , if the differences between the subject matter
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sought to be patented and the prior art are such that the subject matter as a whole
would have been obvious at the time the invention was made to a person having
ordinary skill in the art to which said subject matter pertains.” 35 U.S.C. § 103(a).
The Supreme Court’s decision in KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398
(2007) (hereinafter “KSR”) sets forth the standard for determining obviousness
under 35 U.S.C. § 103. The obviousness inquiry is resolved based on an analysis
of several factual inquiries, as set forth in Graham v. John Deere Co. of Kansas
City, 383 U.S. 1, 17 (1966): (1) the scope and content of the prior art; (2)
differences between the prior art and the claims at issue; (3) the level of ordinary
skill in the pertinent art; and (4) evaluation of any relevant secondary
considerations. Instead, the Court found that a rigid application of the “teaching,
suggestion, and motivation” test was “incompatible with [Supreme Court]
precedents.” KSR, 550 U.S. at 405.

The Court emphasized that an “expansive and flexible approach” should be
used when determining obviousness. 1d. at 415. The Court set forth several
rationales and principles, including the following: (1) if a work is available in one
field of endeavor, and design incentives and other market forces can prompt
variations of it (either in the same field or a different one), and a person of ordinary
skill can implement a predictable variation, the variation is obvious; (2) if a

technique has been used to improve one device, and a person of ordinary skill in
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the art would recognize that it would improve similar devices in the same way,
using the technique is obvious unless its application is beyond his or her skill; (3)
the combination of familiar elements according to known methods is likely to be
obvious when it does no more than yield predictable results; (4) if the improvement
1s nothing more than the predictable use of prior art elements according to their
established functions, it is likely obvious, among others. 1d. at 416-17.

The Court in KSR also recognized that “[o]ften, it will be necessary for a
court to look to interrelated teachings of multiple patents; the effects of demands
known to the design community or present in the marketplace; and the background
knowledge possessed by a person having ordinary skill in the art, all in order to
determine whether there was an apparent reason to combine the known elements in
the fashion claimed by the patent at issue.” Id. at 418. And the Court cautioned
that “the analysis need not seek out precise teachings directed to the specific
subject matter of the challenged claim, for a court can take account of the
inferences and creative steps that a person of ordinary skill in the art would
employ.” ld. The Court also recognized that “[c]Jommon sense teaches . . . that
familiar items may have obvious uses beyond their primary purposes, and in many
cases a person of ordinary skill will be able to fit the teachings of multiple patents

together like pieces of a puzzle.” Id. at 420. And the Court further recognized that
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“[a] person of ordinary skill is also a person of ordinary creativity, not an
automaton.” Id. at 421.
A. Ground 1: Claims 1-3, 7, 10-11, and 14 are unpatentable under

pre-AlA 35 U.S.C. § 103(a) as obvious based on Yoshioka in view of
Jankovic.

Claims 1-3, 7, 10-11, and 14 are unpatentable under pre-AIA 35 U.S.C. §
103(a) as obvious based on Yoshioka in view of Jankovic.

Yoshioka provides a method and apparatus for continuously and variably
controlling valve timing of an internal combustion engine. Ex. 1004 at Title.
Yoshioka specifically addresses adjusting valve timing in an internal combustion
engine according to atmospheric pressure. See, €.g., Ex. 1004 at Abstract.
Yoshioka’s disclosure includes “a method . . . for optimizing valve timing
according to atmospheric pressure for a continuously variable valve timing
mechanism . . . ” and “improve[s] the output of an engine at high altitudes under
high load, as well as reducing fuel consumption and improving exhaust purifying
performance at high altitudes under low/medium load.” Id. at 1:39-48; see also id.
2:30-34; Ex. 1002 9] 174.

Yoshioka discloses a method for receiving a signal from the throttle valve
sensor 42, which detects the opening of the throttle valve 5 (an engine performance
command). Ex. 1004 4:20-21. Yoshioka’s method further includes reading an

atmospheric pressure PA detected from an atmospheric pressure sensor 46
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(receiving an environmental conditions signal). Ex. 1004 7:24-25, Fig. 2 at 46.
Yoshioka further discloses calculating a target valve timing displacement or offset,
IVTD.. (determining a valve feedforward term). Ex. 1004 Fig. 9 at 212. The target
valve offset is based on engine load GN, which is calculated according to mass
flow rate of intake air detected by an airflow meter. Ex. 1004 Fig. 9 at 204-212,
7:20-24. The mass flow rate of intake air is directly related to the opening of the
throttle valve. Ex. 1004 7:20-24. Accordingly, the target valve timing offset is
based on the opening of the throttle valve (the engine performance command). Id.
The target valve timing offset is also calculated based on the atmospheric pressure
detected by sensor 46 (the environmental conditions signal). Ex. 1004 Fig. 9 at
206-212.

Yoshioka further discloses receiving signals from first and second magnetic
sensors 54, 55, which are arranged closely to the crankshaft 81 and camshaft 85,
respectively. Ex. 1004 5:4-9, Fig. 2 at 54, 55. First and second magnetic sensors
54, 55 provide reference pulses, and the position of the camshaft relative to the
crankshaft (engine performance feedback) is thus received. Id. Yoshioka further
discloses that the signals received from the first and second magnetic sensors 54,
55, are utilized to feedback control the hydraulic pressure control valve, so that the
camshaft of the intake valve maintains a required rotational phase with respect to

the crankshaft (calculating a valve feedback term). 1d. 6:6-15. The feedback
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control serves to bring an actual displacement of the cam and crank angles to the

target valve timing displacement [IVTD; (calculating the valve timing command).

Id. 7:41-45.

Jankovic also provides a variable cam timing (VCT) system, to address both

“drivability and emissions performance by utilizing an electro-hydraulic

mechanism to rotate the camshaft relative to the crankshaft in order to retard the

cam timing with respect to the intake and exhaust strokes in the engine.” Ex. 1005

at 1, Jankovic p. 34. Both the intake and exhaust valve timings are part of the

overall engine management scheme in Jankovic.

-

Basa Valve Timing
€
-
£ Exhaust Inlet
(1]
Z h Crankshaft Pasition
Toc  EVO IVOqpgEVC NC  1pc
= | Variable Valve Timing
s |
2
= Crankshatt
Position
EVO TDO/VO TEVC IVCTDC

Fig. 1. Vlve lift profiles of conventional and VCT engines. By retarding the cam phasing, the exhaust valve stays open during the intake event
for alonger time periad, retaining otherwise unburned HC and reducing the combustion temperature due to the dilution af the inert gas.

Ex. 1005 p. 2, Jankovic p. 35
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Jankovic’s VCT system incorporates both feedforward compensation and a
feedback loop, similar to Yoshioka. Ex. 1005 at 3, 7-8, Jankovic pp. 36, 40-41.
With respect to the feedback loop, Jankovic discloses that the actual measured cam
offset {cam (engine performance feedback) is fed into a PID control calculation,
and the output of the PID (feedback term) is then compared to the target camshaft
offset Crer (feedforward term). Ex. 1005 Fig. 8 at 8, Jankovic p. 41; Ex. 1002 9
101-108. The difference is used as a correction to control the VCT system (valve
timing command). Id.

Both Yoshioka and Jankovic address the same issue of internal combustion
engine management using variable valve timing. Ex. 1004 1:8-13; Ex. 1005 at 1-2,
Jankovic pp. 34-35; Ex. 1002 99 173-175. Yoshioka specifically relates to
controlling the valve timing using a hydraulic pressure control valve, which is
feedback-controlled to change the phase of the camshaft relative to the crankshaft
to reduce fuel consumption and improve exhaust purifying performance at various
altitudes and loads. Ex. 1004 1:39-47, 6:6-15. Jankovic meanwhile describes that
its goal is to improve “drivability and emissions performance” by using a variable
valve timing controller to rotate the camshaft relative to the crankshaft. Ex. 1005
at 1-2, Jankovic p. 34-35. Both references describe using feedback controllers to
accomplish the valve timing control. Ex. 1002 9 176; Ex. 1004 8:6-7, 41-45, Fig.

9; Ex. 1005 at 8, Jankovic p. 41, Fig. 8. Jankovic provides a detailed mathematical
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model of a feedback controller in this context. Ex. 1002 99 177-178; Ex. 1005 at 8,
Jankovic p. 41, Fig. 8.

A person of ordinary skill in the art would have considered both Yoshioka
and Jankovic in solving problems relating to variable valve timing control for
internal combustion engines, given that both references are in the same field of
endeavor and both seek to solve similar problems. Ex. 1002 99 172-178.
Combining the teachings of Yoshioka and Jankovic would have been nothing more
than a combination of known elements in the same field of endeavor to a person of
ordinary skill in the art, and would have had a reasonable expectation that a valve
timing command would be achieved by the system, as discussed in Yoshioka and
Jankovic. KSR, 550 U.S. at416-417; Ex. 1002 99 172-178.

For the reasons discussed above, and for the reasons provided below with
respect to each claim, the combination of Yoshioka and Jankovic meets all of the
limitations of claims 1-3, 7, 10-11, and 14 of the *540 patent, either expressly or

inherently, as further discussed below with respect to each claim.

1. Claim 1
Claim 1[a] A method for calculating a valve timing command for an engine
(preamble) of a vehicle, comprising:

Yoshioka describes a method for calculating a valve timing command for an

engine of a vehicle. See, e.g., Ex. 1004 at Title (“Method of and Apparatus for
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Continuously and Variably Controlling Valve Timing of Internal Combustion
Engine”). Yoshioka specifically addresses adjusting valve timing in an internal
combustion engine according to atmospheric pressure. See, e.g., Ex. 1004 at
Abstract; Ex. 1002 4 112. Yoshioka’s disclosure includes “a method . . . for
optimizing valve timing according to atmospheric pressure for a continuously
variable valve timing mechanism . . . ” and aims to “improve the output of an
engine at high altitudes under high load, as well as reducing fuel consumption and
improving exhaust purifying performance at high altitudes under low/medium
load.” Id. at 1:39-48; see also id. 2:30-34; Ex. 1002 9 112; see also Ex. 1004 at cl.
1 (““A method of controlling a continuously variable valve timing mechanism of an

internal combustion engine”).

\ Claim 1[b] \ obtaining an engine performance command;

Yoshioka further describes obtaining an engine performance command. Ex.
1004, 4:13-15; Ex. 1002 99 117-126. The ’540 patent does not specify what is
meant by the term engine performance command. Instead, the *540 patent explains
this concept broadly, including discussing that obtaining an “engine performance
command 16 preferably includes receiving a vehicle performance command from
a driver,” including “from the foot of a driver with the use of a conventional

pedal.” Ex. 1001 at 2:4-8 (emphasis added). Further, the 540 patent describes
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that the engine performance command is “preferably” derived “from the vehicle
performance command.” Ex. 1001, 2:11-13 (emphasis added). The engine
performance command may also be based on “additional suitable factors, such as
traction control signal or a cruise control signal.” 1d. at 2:14-16. Yoshioka further
discusses that the engine performance command is “preferably a desired engine
torque and, for this reason, the engine performance command may be thought of as
an engine torque command.” Id. at 2:16-19 (emphasis added).. But the engine
performance command “may alternatively be another suitable variable, such as

desired engine acceleration.” Id. at 2:19-22 (emphasis added).

Yoshioka describes an electronically controlled internal combustion engine
equipped with a throttle and throttle sensor. Ex. 1004, 3:18-22. Figure 1 is a
general view of the engine, including a “throttle valve 5 arranged in the throttle
body 4,” which “adjusts the quantity of intake air.” Id. 4:13-14. “An airflow meter
40 measures the mass flow rate of intake air.” 1d. 4:13-15. And a “throttle sensor
42 detects the opening of the throttle valve 5. 1d. 4:20-21. Figure 1 is reproduced

below.
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Fig. 1
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Ex. 1004 Fig. 1 (annotated).

As shown in Figure 1, the engine includes an electronic engine control unit
(ECU) 70, which is a “microcomputer to control fuel injection, ignition timing,
idling speed, and in addition, the open/close timing of a valve[.]” Id. at 5:22-24.
Figure 2 is a block diagram of the ECU 70. Id. at 5:24-25. As is shown in
annotated Figure 2 (reproduced below), the CPU 71 of the ECU receives signals or

inputs from the throttle opening sensor 42 and airflow meter 40, and then processes
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the signals (together with signals received from the other signals and switches),
and provides actuator control signals through drive control circuits 77a through

77d. 1d. at 5:25-31; Ex. 1002 9 118.

Fig.2
7
‘O«I AIRFLOR METER 1 cPy
“y VACUM SENSOR | [ »
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~{ INTAKE TEWPERATURE SENSOR | AR Ui~
7
1 mater TEWPERATURE SEnsOR | %
L5
=1 02 SENSOR } e
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£ | ‘
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7
ssf IDLE SWITCH 1 weur e Lo | g LN o
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¥  SECOND MAGNETIC SENSR | M CONTROL VALVE

Ex. 1004 Fig. 2 (annotated).

A person of ordinary skill in the art would appreciate and well understand
that the opening of the throttle valve 5, as taught by Yoshioka, relates directly to a
vehicle performance command received by a driver because the throttle valve
opens when a driver depresses the pedal in a vehicle. See supra § XIII.A.2; Ex.

1002 94 119; see also Ex. 1007 at 14, Probst ch. 2 p. 7 (“Fuel delivery requirements
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depend more than anything else on how much work you are asking the engine to
do—on how much of a ‘load’ you are placing on it. To accelerate, you step down
harder on the accelerator. This opens the throttle valve . . ..”). Accordingly, the
opening of the throttle valve 5, as measured by the throttle sensor 42 (which sends
its signal to the CPU of the ECU), is the same as obtaining an engine performance
command, because the throttle valve opening is derived from or based on pressing
the accelerator pedal. Ex. 1004 at 4:13-15, 4:20-21, Fig. 2; see also Ex. 1001 at
2:4-8 (describing that an engine performance command can include receiving a
vehicle performance command from a driver, like the foot of a driver with the use
of a conventional pedal), id. 2:11-13 (describing that an engine performance

command can be derived from the vehicle performance command).

Accordingly, Yoshioka teaches obtaining an engine performance command
because it teaches a throttle sensor 42 detecting the opening of the throttle valve 5
and sending a signal to the CPU of the ECU. Ex. 1004 4:13-14, 4:20-21; Ex. 1002
9 117-126; supra § XII1.A.2; Ex. 1007 at 14, Probst ch. 2 p. 7; Ex. 1001 at 2:4-8,

2:11-13.
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| Claim 1]c] | receiving an environmental conditions signal;

Yoshioka further describes receiving an environmental conditions signal.
Ex. 1004, 4:13-15; Ex. 1002 99 127-131. The ’540 patent broadly describes the
environmental conditions signal as a signal indicating the ambient temperature,
ambient pressure, or “other suitable information.” Ex. 1001 2:23-33. The ’540
patent further describes that the environmental conditions signal is received at the

“environmental sensor 30.” Id. 2:23-26.

Yoshioka describes a method including reading an atmospheric pressure PA
detected by the atmospheric pressure sensor 46 in the internal combustion engine.
Ex. 1004 7:24-25, Fig. 2 at 46. As is shown in annotated Figure 2 (reproduced
below), the CPU 71 of the ECU receives a signal from the atmospheric pressure
sensor 46, and then processes the signals (together with signals received from the
other signals and switches), and provides actuator control signals through drive
control circuits 77a through 77d. Id. at 5:25-31, 7:24-25; Ex. 1002 9 128; see also
Ex. 1001 Figs. 7,9, 12, and 15 (showing steps for reading atmospheric pressure PA
at 106, 206, 306, and 406, respectively). Accordingly, Yoshioka teaches obtaining

an environmental conditions signal.
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Fig.2
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Ex. 1004 Fig. 2 (annotated).

Claim 1[d] determining a valve feedforward term based on the engine
performance command and the environmental conditions signal;

Yoshioka further describes determining a valve feedforward term based on
the engine performance command and the environmental conditions signal. Ex.
1004, 7:46-52 (referring to the target displacement); Ex. 1002 49 132-137. The
’540 patent describes a control unit 10, which uses data to determine a valve
feedforward term. Ex. 1001 2:28-29. The control unit 10 may use ambient
temperature or “other information, such as ambient pressure,” in the determination

of the valve feedforward term. Id. at 2:26-31. The determination may also be
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based on “other suitable factors,” including, for example, “engine torque data, air-
fuel ratio data, engine combustion stability data, or ambient pressure data.” Id. at
2:51-54. The ’540 further discusses that the “control unit 10 preferably includes a
look-up table, which has been optimized for” various factors, commands, or

measurables. Id. at 2:54-65.

Yoshioka describes “set[ting] a target displacement to be imposed on the
open/close timing of the intake valve 24 according to a detected engine load and
decreas[ing] the target displacement as an atmospheric pressure becomes lower, to
maintain the output of the engine at high altitudes under high load . . . .” Ex. 1004
7:46-52 (emphasis added). Yoshioka discloses that the target displacement, IVTD,,
is determined from and based on several contributing elements: (1) L,, (correction
coefficient); and (2) IVTD, (an initial valve displacement). Id. at Fig. 9 at 212,

8:1-5. This is illustrated in Fig. 9, below, as box 212.

41

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Petition for Inter Partes Review of U.S. Patent No. 6,557,540

Fig.9
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Ex. 1004 Fig. 9 (annotated).

With respect to (1), the correction coefficient L, 1s determined based on
atmospheric pressure PA. Id. at 7:57-60. This aspect of Yoshioka includes box
208 in Fig. 9, which is provided below. 1d. The correction coefficient is
determined according to a map stored in the ROM 73 of the ECU. Id. at 7:63-64,
Fig. 2 at 73. Accordingly, Yoshioka’s target displacement IVTD; is determined
from and based on an environmental conditions signal (atmospheric pressure PA).

d.; Ex. 1002 99 132-134.
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Ex. 1004 Fig. 9 (annotated).

With respect to (2), the initial valve displacement IVTD, is determined
based on engine load GN and engine speed NE. Ex. 1004 7:63-67. Load GN is
defined as “the mass of intake air per engine revolution,” and thus is based directly
on the Yoshioka’s engine performance command (opening of the throttle valve 5).
Ex. 1004 7:20-24, 7:55-56, 6:37-42, 5:43-46 (“The mass of intake air per engine
revolution is calculated according to the mass flow rate of intake air measured by
the airflow meter 40 . . . .”), 4:13-15 (“‘A throttle valve 5 arranged in the throttle
body 4 adjusts the quantity of intake air. An airflow meter 40 measures the mass
flow rate of intake air.”); see also supra § VIII.A.1 at 1[b]; Ex. 1002 q 117; see

also Ex. 1007 at 14, Probst p. 2-7. This aspect of Yoshioka includes box 210 in
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Fig. 9, provided below. Accordingly, Yoshioka’s target displacement IVTD; is
determined from and based on an engine performance command (opening of the

throttle valve). Ex. 1002 9 132-134.

208
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;
| FIND IVTDo FROM ON AND N [ 210
¥

[ 1viDt «<——1viDoxLpa |21
1

[ Feeoeack-conTROL TO Tvio: | 214

Ex. 1004 Fig. 9 (annotated).
| Claim 1[e] | receiving an engine performance feedback;

Yoshioka further discloses receiving an engine performance feedback. Ex.
1004, 5:4-10, Fig. 2 at 54, 55; Ex. 1002 9 138-39. The 540 patent describes
engine performance feedback as “preferably includ[ing] receiving the engine
performance feedback from an engine sensor 32 in the vehicle.” Ex. 1001 2:36-38.

The engine sensor may sense engine speed, or “other engine measurables, such as
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engine torque data” or “other suitable information.” 1d. at 2:39-45. The engine

sensor may be “any suitable sensor.” Id. at 2:45-47.

Yoshioka discloses using magnetic sensors 54 and 55 arranged close to the
crankshaft and camshaft of the engine, respectively. Ex. 1004 5:4-9. The
magnetic sensors 54 and 55 generate reference pulses or signals provided to the
CPU 71 of the engine electronic control unit (“ECU”). Id. at Fig. 1 (ref. nos. 54,
55, 70), Fig. 2 (ref. nos. 54, 55), 5:4-9, 3:23-24; Ex. 1002 9 138-139. These
signals are used by the ECU to feedback control the hydraulic pressure control
valve so that the camshaft maintains a certain rotational phase with respect to the
crankshaft. Ex. 1004 6:6-15. As is shown in annotated Figure 2 (reproduced
below), the CPU 71 of the ECU receives signals from magnetic sensors 54, 55, and
then processes the signals (together with signals received from the other signals
and switches), and provides actuator control signals through drive control circuits
77a through 77d. Id. at 5:25-31, 6:6-15; Ex. 1002 944 138-139. Accordingly, the
signals or reference pulses generated by the magnetic sensors in the engine
constitute “engine performance feedback” as recited in claim 1 of the 540 patent.

Ex. 1004 5:4-9; Ex. 1002 99 138-139."

"Yoshioka also discloses receiving an engine speed (NE) detected by
the crank angle sensor 51. See Ex. 1004 5:38-46; see also Ex. 1004 Figs. 1-2 at 51,
Figs. 7,9, 12, 15 at 102, 202, 302, 402, respectively (“Read NE”).
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Ex. 1004 Fig. 2 (annotated).

Jankovic also discloses receiving several kinds of engine performance
feedback, including, but not limited to, engine speed (N) and camshaft offset
(Ccam). Ex. 1005 at 2, Jankovic p. 35 (“The disturbance (cam phasing) is
measured.”), id. at 36 (listing the notation for “N” (engine speed) and for “Ccam”
(cam phasing)); id. at 36 Fig. 2 (illustrating that engine speed N and cam phasing
Ccam are each received by the engine model with VCT in the disclosed system), id.
at 41 Fig. 8 (same); Ex. 1002 9 140-41. Annotated Figure 8 of Jankovic is

reproduced below for illustrative purposes. See also Ex. 1002 99 140-41.
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Accordingly, engine speed N and camshaft offset {-oy both constitute “engine
performance feedback” as recited in claim 1 of the 540 patent. Ex. 1005 at 2-3,

Jankovic pp. 35-36, 41; Ex. 1002 99 140-41.

Camshaft Actuator Engine Speed Actual Cam Phase
(Process Model) (Engine Feedback) (Engine Feedback)
e /
r [ N ¥
Sref —— 1 Geam
: F() K(N) o
S

T

Fig. 8. Simplified controls-oriented model of the VCT mechanism.

Ex. 1005 Fig. 8 at 8, Jankovic p. 41 (annotated)

Like Yoshioka, Jankovic also addresses variable valve timing for
intake/exhaust valves in engines. Ex. 1004 at 1:39-43; Ex. 1005 at 1, Jankovic p.
34 (E.g., “The variable cam timing (VCT) system with which this paper is
concerned addresses both drivability and emissions performance by utilizing an
electro-hydraulic mechanism to rotate the camshaft relative to the crankshaft in
order to retard the cam timing with respect to the intake and exhaust strokes of the

engine.”); id. at 2, Jankovic p. 35 (E.g., “Of the remaining three, dual equal VCT,
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where the intake valve timing and exhaust valve timing are advanced or retarded
equally, gives the best overall performance in terms of emissions and fuel
economy.”); Ex. 1002 99 173-175. Each reference also discloses using feedback
control to optimize valve timing control. Ex. 1004 8:6-8, 8:41-45; Ex. 1005 at 7,
Jankovic p. 40; Ex. 1002 9 176. Accordingly, a person of ordinary skill in the art
would consider both Jankovic and Yoshioka, and combinations thereof, when
solving problems relating to variable valve timing in intake/exhaust valves in
engines. Ex. 1002 99 172-178. Further, a person of ordinary skill in the art would
have combined Jankovic and Yoshioka as a combination of known elements, “to
produce a predictable result of ensuring that the commanded valve timing was in
fact achieved by the system, a goal described by both Yoshioka and Jankovic.” Id.
1 178; KSR Int’l Co. v. Teleflex Inc., 550 U.S. 398, 415-417 (2007). Thus, a person
of ordinary skill in the art would have had a reason to combine Yoshioka and
Jankovic, and would have had a reasonable expectation of success in doing so,
rendering claim 1 obvious. ld. Additional discussion on the obviousness of the

Yoshioka and Jankovic combination is provided above in Section XVI.A.1.
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Claim 1[f] calculating a valve feedback term based on the engine
performance command and the engine performance feedback; and

Yoshioka further discloses calculating a valve feedback term based on the
engine performance command and the engine performance feedback. Ex. 1004,
7:20-45, 8:5-7; Ex. 1002 q9 142-150. The *540 patent describes calculating the
valve feedback term as comparing an input with an output and calculating a
correction term based on the difference, if any. Ex. 1001 2:66-3:4. The
comparison may be accomplished by the engine control unit 10, but may
alternatively be accomplished by a suitable separate device. Id. at 3:5-6.

Yoshioka discloses that the ECU “feedback-control[s]” the hydraulic
pressure control valve so that the camshaft maintains a certain rotational phase
with respect to the crankshaft. Ex. 1004 6:6-15; Ex. 1002 9 145. To effect this,
Yoshioka teaches that the actual displacement of the intake valve (the feedback
term—as measured by magnetic sensors 84, 85) is adjusted toward the target
displacement IVTD; (the feedforward term, which is based on the engine
performance command). Ex. 1004 Fig. 9 at 212, 214, 7:20-45, 8:5-7; see also
supra § VIII.A.1.at 1[d] (explaining that the engine feedforward term is based on
the engine performance command); Ex. 1002 q 145.

A POSITA would understand that “feedback control,” as disclosed in

Yoshioka, means that an actual output is compared to a target or goal output, and
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the difference is used to drive the actual output to match the goal or target output.
Ex. 1002 9947, 146. Ex. 1013 pp. 12-13, McGraw-Hill Electronics Dictionary pp.
162, 168 (defining feedback controller as “A circuit or element in a closed loop
system that controls the motor or other actuator in a closed loop system to correct
an error signal” and defining error signal as “A voltage or current proportional to
the difference between the desired and actual response in a closed loop system™).
Accordingly, by disclosing that the system is “feedback-controlled,”
Yoshioka also discloses that the actual displacement is compared with the target
displacement. Ex. 1002 99 145-146. Stated another way, in order for the ECU
adjust the actual displacement of the intake valve to the target displacement IVTD,
a POSITA would understand that the ECU first compares the actual displacement
with the target displacement to determine the offset. 1d.; Ex. 1002 4947, 146; Ex.
1013 pp. 12-13. Accordingly, the actual valve offset (engine performance
feedback) comparison with the target displacement (feedforward term, which is
based on the engine performance command) constitutes “calculating a valve
feedback term” as cited in claim 1, because it is a comparison of an input with an
output and determining a correction based on the difference. Ex. 1004 Fig. 9 at
214, 7:20-45, 8:5-7; Ex. 1002 99 142-147; Ex. 1001 2:66-3:4. Accordingly,
Yoshioka’s ECU calculates a valve feedback term based on the “engine

performance feedback™ and “engine performance command.”
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Alternatively and additionally, Jankovic discloses calculating a valve
feedback term based on the engine performance command and the engine
performance feedback. As mentioned above, Jankovic’s system uses several kinds
of engine performance feedback, including, but not limited to, engine speed (N)
and camshaft offset ({cam). Ex. 1005 at 2, Jankovic p. 35 (“The disturbance (cam
phasing) is measured”), id. at 3, Jankovic p. 36 (listing the notation for “N” (engine
speed) and for “Ccan” (cam phasing)); id. at Fig. 2 at 2, Jankovic p. 36 (illustrating
that engine speed and cam phasing are each received by the engine model with
VCT in the disclosed system), id. at 8, Jankovic p. 41 Fig. 8; Ex. 1002 99 148-150.
The Jankovic system also receives a reference camshaft phasing Crer, which is
based on throttle angle due to the driver’s request or demand (Jankovic denotes
throttle angle as ©,). 1d. at 3, Jankovic p. 36, Fig. 2 (showing O, as an input to the
CAM Schedule block which generates (rer); 1d. at 8, Jankovic p. 41, Fig. 8

(showing Crgr fed into Jankovic’s VCT mechanism).

Jankovic discloses that the reference camshaft phasing (rgr (Which is based
on throttle angle or engine performance command), engine speed N, and actual
camshaft phase {cav are all inputs—either directly or indirectly—into the
proportional-integral-derivative (“PID”) calculation. Ex. 1005 p. 8, Jankovic p. 41,
Fig. 8; Ex. 1002 99 148-150. The output of the PID calculation is the calculated
valve feedback term. Ex. 1005 Fig. 8; Ex. 1002 99 148-150.
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For the reasons discussed above, a person of ordinary skill in the art would
have had a reason to combine Yoshioka and Jankovic, and would have had a
reasonable expectation of success in doing so, rendering claim 1 obvious. See

supra § VIILA.1. at 1[e].

Claim 1[g] calculating a valve timing command based on the valve
feedforward term and the valve feedback term.

Yoshioka further discloses calculating a valve timing command based on the
valve feedforward term and the valve feedback term. Ex. 1004, 7:20-45, 8:5-7,
Fig. 9 at 214; Ex. 1002 99 151-153. The ’540 patent describes calculating the
valve timing command as “preferably includ[ing] calculating an EVO command,
an EVC/IVO command, and an IVC command,” but that “other suitable
parameters” may be used “for the control of the variable timing valves.” Ex. 1001

3:21-26.

As discussed above, Yoshioka discloses that the ECU feedback-controls the
hydraulic pressure control valve so that the camshaft maintains a certain rotational
phase with respect to the crankshaft. Ex. 1004 6:6-15; Ex. 1002 § 151. To effect
this, Yoshioka teaches that the actual displacement of the intake valve (the
feedback term—as measured by magnetic sensors 84, 85) is adjusted toward the

target displacement IVTD; (the feedforward term, which is based on the engine
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performance command). Ex. 1004 7:20-45, 8:5-7; see also supra § VIII.A.1 at
1[d] (explaining that the engine feedforward term is based on the engine
performance command); Ex. 1002 99 132-134. Yoshioka also describes that the
relative phase of the crankshaft and camshaft positions determines the valve offset.
Ex. 1004 6:16-19; Ex. 1002 9 142. Yoshioka discloses a “timing chart showing
crank angles corresponding to the open/close timing of the intake and exhaust
valves ....” Ex. 1004 6:16-19. The valve timing displacement, and its
relationship to the crank angles, is also disclosed in Yoshioka. Id. at 6:26-37; Ex.

1002 9 142. Figure 3 is reproduced below.

Fig.3
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Yoshioka further discloses that the CPU of the ECU provides actuator control
signals through drive control circuits, including the hydraulic pressure control

valve. See Ex. 1004 Fig. 2 at 68, 5:22-34, 6:6-15.

In summary, Yoshioka discloses a method in which the CPU of the ECU
receives the target valve offset, IVTDt (valve feedforward term), receives the result
of the comparison of the actual valve offset with the target valve offset (valve
feedback term), and then generates actuator control signals for the hydraulic
pressure control valve. Ex. 1004 Fig. 9 at 214, 7:20-45, 8:5-7, Fig. 2 at 68, 6:6-15;
Ex. 1002 99 151-52. Accordingly, Yoshioka teaches calculating a valve timing
command based on the valve feedforward term and the valve feedback term. Ex.
1002 99 151-52; Ex. 1004 6:6-13 (*. . .the hydraulic pressure control valve 68 is
feedback-controlled according to signals from the first and second magnetic
sensors 54 and 55 so that the camshaft 85 of the intake valve 24 maintains a
required rotational phase with respect to the crankshaft 81.”). A schematic is
provided below illustrating the method of claim 1 mapped to the teachings of

Y oshioka.
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*Obtaining an engine performance command”
A throtile sensor 42 detects the opening of the throttle
vatve 5. E.g.. Ex. 1004 4:20-21

Fig.9
“Receiving an engine periormance feedback”

The crank shaft 81 has a buried magnet 82. so that
“Receiving an environr;eur;}ei:zmmon;signaj" X afirst gnetic sensor 54 arranged close to the crankshaft 81
reads an atmospheric = may generate a reference pulse. The cam shaft 85 of the

pressure PA detected by the atmospheric pressure sensor 46. ! ;
E.g. Ex 1004 7:24-25 Fig 2 at 46. intake valve 24 has & buried magnct 93, so that a second
magnetic sensor 55 arranged close to the cam shaft 85 may

generate a reference pulse,

E.g..Ex. 1004 5:4-9 Fig. 2at 54, 55.

»--

Step 104 reads an engine

load (the mass of intake air per engine revolution) calculated
according to the mass flow rate of intake air detected by the

mﬂu‘:" ﬂ:lkﬂ 40 and the ;:0—“ revolution speed provided “Calculating a valve feedback term based on the engine
crank angle sensor 51. y :
by gl E.g. Ex 1004 7:20-24 ! FIND [VIDo FROM GN AND NE l\_rzm performance commapedezggm? engine performance
I
’," [[Tviox =———1vioxipa 2% Step 114 sets the displacement IVTDpa as a target dis-
/ ] e, placement IVTDL To bring an actual displacement to the
/s [ FEEDBACK-CONTROL TO IVTOL F target displacement IVTDt, signals from the first and second
/’ magnetic sensors 54 and S5 arc monitored to feedback-
RETURN h i 68.
“Determining a valve feedforward term based on the - ceRtEahydoulic presineleouiolraye
engine performance command and the E.g., Ex. 1004 7:20-45, 8:5-7.
environmental conditions signal” —®
E.g..Ex. 1004, Fig. 9 at212. “Calculating a valve timing command based on the valve ',/'
—____ feedforward term and the valve feedback term” ’_/
--------- Step 114 scts the displacement [VTDpa as a target dis- '/"
-------- placement IVIDt. To bring an actual displacement to the] .-~

target displacement IVTDt, signals from the first and secon
magnetic sensors 54 and S5 are monitored to feedback-
control the hydraulic pressure control valve 68.

E.g..Ex. 1004 7:20-45. 8:5-7.

Alternatively, and additionally, Jankovic discloses calculating a valve timing
command based on the valve feedforward term and the valve feedback term. Ex.
1005, Fig. 8; Ex. 1002 9 153. As established above, Jankovic discloses the valve
feedforward term (reference camshaft phasing (rer) and the valve feedback term
(output of the PID calculation). The VCT engine model of Jankovic receives the
reference camshaft phasing (rgr and the output of the PID calculation and uses
these inputs to calculate the valve timing command. Ex. 1002 q 153; Ex. 1005 Fig.
8. Annotated figure 8 from Jankovic illustrates the calculated valve timing

command (see below). Ex. 1005 at 41; Ex. 1002 9 153.
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Fig. 8. Simplified controls-oriented model of the VCT mechanism.

For the reasons discussed above, a person of ordinary skill in the art would

have had a reason to combine Yoshioka and Jankovic, and would have had a

reasonable expectation of success in doing so, rendering claim 1 obvious. See

supra § VIILA.1 at 1[e].

2.

Claim 2

Claim 2

The method of claim 1 wherein said obtaining an engine
performance command includes receiving a vehicle performance
command from a driver of the vehicle and deriving the engine
performance command based on the vehicle performance
command.

Yoshioka further discloses wherein said obtaining an engine performance

command includes receiving a vehicle performance command from a driver of the

vehicle and deriving the engine performance command based on the vehicle
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performance command. Ex. 1004, 4:20-25; Ex. 1002 99 154-156. The ’540 patent
describes the vehicle performance command from the driver as preferably being
received from “the foot of a driver with the use of a conventional pedal.” Ex.
1001 2:4-8, Fig. 1 at 28. The *540 patent further discusses that the “vehicle
performance command could be received from the driver with the use of any

suitable device.” Id. at 8-10.

As discussed above, Yoshioka teaches detecting the opening of the throttle
valve 5. See supra § VIIILA.1 at 1[b]. As further discussed above, a person of
ordinary skill in the art would appreciate and well understand that the opening of
the throttle valve 5 relates directly to a vehicle performance command received by
a driver because the throttle valve opens when a driver depresses the pedal in a
vehicle. See supra § VIIILA.1 at 1[b]; Ex. 1002 9 119; see also Ex. 1007 p. 14,
Bosch Fuel Injection & Engine Management ch. 2 p. 7 (“Fuel delivery
requirements depend more than anything else on how much work you are asking
the engine to do—on how much of a ‘load’ you are placing on it. To accelerate,
you step down harder on the accelerator. This opens the throttle valve . .. .”).
Accordingly, the opening of the throttle valve 5 is the same as obtaining an engine
performance command, because the throttle valve opening is derived from or based
on pressing the accelerator pedal. Ex. 1004 at 4:13-21; see also Ex. 1001 at 2:4-8
(describing that an engine performance command can include receiving a vehicle
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performance command from a driver, like the foot of a driver with the use of a
conventional pedal), 2:11-13 (describing that an engine performance command can
be derived from the vehicle performance command). Accordingly, Yoshioka
teaches receiving a vehicle performance command from a driver of the vehicle and
deriving the engine performance command based on the vehicle performance
command. Id. 4:13-14, 4:20-21; Ex. 1002 q 119, 154; supra § VIIL.A.1 at 1[b]; Ex.
1007 p. 14, Bosch Fuel Injection & Engine Management ch. 2 p. 7; Ex. 1001 at

2:4-8,2:11-13.

Alternatively and additionally, Jankovic discloses that the throttle opening
(throttle angle ©,) is derived from the performance desired by the driver as
interpreted from the accelerator pedal position. Ex. 1005 at 35; Ex. 1002 q 155-
156. A person of ordinary skill in the art would have had a reason to combine the
teachings of Jankovic and Yoshioka for the reasons discussed above, and would
have had a reasonable expectation of success in doing so—particularly in view of
the common understanding and knowledge by persons of ordinary skill in the art
with respect to the relationship between the accelerator pedal (driver command)
and the throttle angle. See supra § VIIL.A.1; see also Ex. 1002 99 172-178; Ex.

1007 p. 14, Bosch Fuel Injection & Engine Management ch. 2 p. 7.
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3. Claim 3

Claim 3 The method of claim 1 wherein said receiving an environmental
conditions signal includes receiving ambient temperature data.

Yoshioka further discloses wherein said receiving an environmental
conditions signal includes receiving ambient temperature data. Ex. 1004, 4:15-16;
Ex. 1002 9 157. Yoshioka discloses that a “temperature sensor 43 detects the
temperature of intake air.” Ex. 1004 4:15-16, Fig. 2 at 43. Yoshioka further
discloses that a CPU 71 of the ECU “receives signals from the sensors and
switches through an A/D converter 75 and an interface 76, processes the signals,
and provides actuator control signals through drive control circuits 77a to 77d.” Id.
at 5:26-31. Accordingly, the signal received by the CPU 71 of the ECU includes
ambient temperature data detected by sensor 43. 1d. 4:15-16, 5:26-31; Ex. 1002 4

157.
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4. Claim 7
Claim 7 The method of claim 1 wherein said receiving an engine

performance feedback includes receiving engine speed data.

Yoshioka further discloses wherein receiving an engine performance
feedback includes receiving engine speed data. Ex. 1004, 7:16-24; Ex. 1002 9] 158.
Yoshioka specifically teaches that the output of the crank angle sensor 51 is used
to calculate engine revolution speed NE. Ex. 1004 7:16-24; Ex. 1002 9 158. The
CPU of the ECU receives the signals from all of the sensors and switches
providing input to the ECU, including the crank angle sensor 51. Ex. 1004 5:22-
30, Fig. 2 at 51; Ex. 1002 9 158. Figure 2 of Yoshioka is reproduced below

showing the crank angle sensor 51.
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Ex. 1004 Fig. 2 (annotated).

Accordingly, Yoshioka’s discloses wherein said receiving an engine

performance feedback includes receiving engine speed data. Ex. 1004 5:22-30,

Fig. 2 at 51; Ex. 1002 q 158.

Alternatively and additionally, Jankovic also discloses wherein said

receiving an engine performance feedback includes receiving engine speed data.

See Ex. 1005 Fig. 8; Ex. 1002 9 159. As discussed above, actual cam phasing

Ccam, constitutes engine performance feedback. See supra § VIIILA.1. at 1[e]. The
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cam phasing (cay 18 based on engine speed N, as depicted below in Figure 8. Ex.

1005 Fig. 8 (annotated); Ex. 1002 9] 159.

Cref LI 1| Geam

T F() K(N)

N
W

e

PID

Fig. 8. Simplified controls-oriented inodel of the VCT mechanism.

A person of ordinary skill in the art would have had a reason to combine the

teachings of Jankovic and Yoshioka for the reasons discussed above, and would

have had a reasonable expectation of success in doing so. See supra § VIIL.A.1;

Ex. 1002 99 172-178. Accordingly, the combination of Yoshioka and Jankovic

also discloses wherein said receiving an engine performance feedback includes

receiving engine speed data.

S.

Claim 10

Claim 10

The method of claim 1 wherein said calculating a valve timing
command includes calculating an EVO command, an EVC/IVO
command, and an IVC command.

Yoshioka further discloses wherein said calculating a valve timing command

includes calculating an EVO command, an EVC/IVO command, and an IVC

command. Ex. 1004, 6:16-18, 9:35-37, cl. 1; Ex. 1002 § 160. The ’540 patent
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notes that the “the events of the EVO, the EVC, the IVO, and the IVC may be
shifted within the time period,” and that the “adjustment of the timing of the EVO,
the EVC/IVO, and the IVC . . . may provide the desired fuel efficiency . ...” Ex.
1001 3:14-21. The ’540 patent does not describe what is meant by an “EVO
command,” an “EVC/IVO command,” or an “IVC command,” and instead just
generally states that calculating the “valve timing command 26 preferably includes
calculating an EVO command, an EVC/IVO command, and an IVC command.”
Id. at 3:21-24. Yoshioka discloses a timing chart showing the crank angles
corresponding to the open and close timing of the intake and exhaust valves. Ex.

1004 6:16-18. Figure 3 is reproduced below:
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Fig.3
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With respect to Figure 3, Yoshioka discloses that the “exhaust valve 26 is opened
at fixed valve open timing EVO,” and “is closed at fixed valve close timing EVC.”
Ex. 1004 6:18-21. Yoshioka further discloses that “the intake valve 24 involves a
fixed open period and a variable valve opening timing IVO and valve close timing
IVC.” Id. at 6:22-24. The valve timing command IVTD serves as the control
target quantity. Id. at 6:27-28. Moreover, Yoshioka explicitly teaches that,

“although the embodiments variably control the open/close timing of the intake
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valve 24, the present invention is naturally applicable to control the exhaust valve
26 t00.” 1d. at 9:34-37. Accordingly, Yoshioka teaches calculating EVO, EVC,
IVO, and IVC commands in reference to IVTD, and thus discloses wherein said
calculating a valve timing command includes calculating an EVO command, an

EVC/IVO command, and an IVC command. 1d.; Ex. 1002 9 160.

Alternatively and additionally, Jankovic also discloses wherein said
calculating a valve timing command includes calculating an EVO command, an
EVC/IVO command, and an IVC command. See Ex. 1005 Fig. 1; Ex. 1002 9
161-162. Specifically, Jankovic discloses varying the valve opening and closing

intervals for the intake and exhaust valves of the engine, as shown in Figure 1,

reproduced below.
B Base Valva Timing s ]
E
H Exhaust Inlet |
- Crankshaft Position
TOC  EVO WO EVC (T——

Variable Valve Timing

Valve Lift

Fig. 1. Vulve lift profiles of conventional and VCT engines. By retarding the cam phasing, the exhaust valve stays open during the intake evens
Sora longer time period, retaining otherwise unburned HC and reducing the combustion temperature due to the dilution of the inert gas.
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Ex. 1005 p. 2, Jankovic p. 35 at Fig. 1.

A person of ordinary skill in the art would have had a reason to combine the
teachings of Jankovic and Yoshioka for the reasons discussed above, and would
have had a reasonable expectation of success in doing so. See supra § VIIL.A.1;
Ex. 1002 99 172-178. Accordingly, the combination of Yoshioka and Jankovic
also discloses wherein said calculating a valve timing command includes

calculating an EVO command, an EVC/IVO command, and an IVC command.

6. Claim 11

Claim 11 The method of claim 1 further comprising receiving fuel
conversion data.

Yoshioka further discloses receiving fuel conversion data. Ex. 1004, 5:48-
54; Ex. 1002 99 163-164. The ’540 patent discusses that the fuel conversion data is
received from “suitable emissions sensors (not shown) in the cylinder or the

exhaust port of the engine 12.” Ex. 1001 3:30-33.

Specifically, Yoshioka teaches receiving “an air-fuel ratio feedback
correction according to a signal from the O, sensor 45 . ...” Ex. 1004 at 5:48-54.
Yoshioka further discloses that the CPU 71 of the ECU receives data from the O,
sensor 45. 1d. Fig. 2 at 45, 5:24-30. Yoshioka further discloses that an “exhaust
valve 26 discharges an exhaust gas of the combusted air-fuel mixture into an

exhaust manifold 30 connected to an exhaust pipe 34.” Id. at 4:48-52. Yoshioka
66

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540




Petition for Inter Partes Review of U.S. Patent No. 6,557,540

then teaches that the O, sensor 45 “detect[s] the concentration of the oxygen in the
exhaust gas.” 1d. 4:49-52. Yoshioka further teaches that the O, sensor 45 is
located at the exhaust pipe 34. Id. 4:49-52. Accordingly, Yoshioka teaches that
fuel conversion data (e.g., the concentration of oxygen in the exhaust gas) is
received from an emissions sensor (the O, sensor 45). Ex. 1002 99 163-164.
Accordingly, Yoshioka teaches receiving fuel conversion data. Ex. 1002 99 163-

164.

Alternatively and additionally, Jankovic also teaches receiving fuel
conversion data. See Ex. 1005 Fig. 2; Ex. 1002 9 165. Specifically, Jankovic
discloses that the “generation of torque depends on the cylinder air charge m,y,, air-
fuel ratio A/F, spark retard from MBT o, and engine speed.” Ex. 1005 p. 3,
Jankovic p. 36. The air-fuel ratio is typically derived from the quantity of oxygen
present in the exhaust gas, as measured for example by the O, sensor of Yoshioka.
Ex. 1002 99 165-166. A person of ordinary skill in the art would have had a reason
to combine the teachings of Jankovic and Yoshioka for the reasons discussed
above, and would have had a reasonable expectation of success in doing so. See
supra § VIIL.A.1; Ex. 1002 9 172-178. Accordingly, the combination of

Yoshioka and Jankovic also teaches receiving fuel conversion data.
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7. Claim 14

Claim 14 The method of claim 1 further comprising receiving engine
emissions data.

Yoshioka further discloses receiving fuel conversion data. Ex. 1004, 5:48-
54; Ex. 1002 99 167-168. The ’540 patent discusses that engine emissions data is
received from “suitable emissions sensors (not shown) in the cylinder or the

exhaust port of the engine 12.” Ex. 1001 3:30-33.

As discussed above, Yoshioka teaches receiving “an air-fuel ratio feedback
correction according to a signal from the O, sensor 45, and an air-fuel ratio
learning correction to equalize a central feedback correction value to a theoretical
air-fuel ratio.” Ex. 1004 at 5:48-54. Yoshioka further discloses that the CPU 71 of
the ECU receives data from the O, sensor 45. 1d. Fig. 2 at 45, 5:24-30; Ex. 1002
168. Yoshioka further discloses that an “exhaust valve 26 discharges an exhaust
gas of the combusted air-fuel mixture into an exhaust manifold 30 connected to an
exhaust pipe 34.” 1d. at 4:48-52. Yoshioka then teaches that the O, sensor 45
“detect[s] the concentration of the oxygen in the exhaust gas.” 1d. 4:49-52.
Yoshioka further teaches that the O, sensor 45 is located at the exhaust pipe 34. 1d.
4:49-51. The quantity of oxygen present in the exhaust gas, as measured for
example by the O, sensor of Yoshioka, represents the level of emissions in the

exhaust gas. Ex. 1002 99 167-168. Accordingly, Yoshioka teaches that emissions

68

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540




Petition for Inter Partes Review of U.S. Patent No. 6,557,540

data (e.g., the concentration of oxygen in the exhaust gas) is received from an
emissions sensor (the O, sensor 45) at the CPU of the ECU. Ex. 1002 949 167-168.
Accordingly, Yoshioka teaches receiving engine emissions data. Ex. 1002 99 167-

168.

Alternatively and additionally, Jankovic also teaches receiving engine
emissions data. See Ex. 1005 Fig. 2; Ex. 1002 99 169-171. Specifically, as
mentioned above, Jankovic discloses that the “generation of torque depends on the
cylinder air charge m.y, air-fuel ratio A/F, spark retard from MBT o, and engine
speed.” Ex. 1005 p. 3, Jankovic p. 36. The measurement of the air-fuel ratio as
described by Jankovic, represents the level of emissions in the exhaust gas. Ex.
1002 99 169-171. A person of ordinary skill in the art would have had a reason to
combine the teachings of Jankovic and Yoshioka for the reasons discussed above,
and would have had a reasonable expectation of success in doing so. See supra §
VIIL.A.1; Ex. 1002 99 172-178. Accordingly, the combination of Yoshioka and

Jankovic also teaches receiving engine emissions data.

IX. CONCLUSION

For the foregoing reasons, Petitioner asks that inter partes review of the 540

patent be instituted and claims 1-3, 7, 10-11, and 14 be cancelled.
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METHOD OF CALCULATING A VALVE
TIMING COMMAND FOR AN ENGINE

TECHNICAL FIELD

This invention relates generally to calculating commands
for an engine and, more specifically, to calculating a valve
timing command lor an engine with variable timing valve
actuators.

BACKGROUND

In gasoline engines of most vehicles, each cylinder of the
engine cycles through four unique stages. In the first stage,
an inlet valve opens and a piston draws air and fuel through
the inlet valve and into the cylinder. The inlet valve closes
and the piston reverses direction in the second stage to
compress the air and fuel mixture. In the third stage, a spark
combusts the mixture, which drives the piston (and powers

the vehicle). An exhaust valve opens and the pision once 2

again reverses direction, in the fourth stage, to push the
combusted mixture through the exhaust valve and out of the
cylinder.

The controlling of the inlet valve and the exhaust valve of
each cylinder is a difficult task. The engine speed, which can
exceed 6,000 rpm in most vehicles, dictates that the opening
and closing of the inlet valve and the exhaust valve must be
able to occur up to 50 times per second. In conventional
engines, cams driven by the engine actuate the inlet valve
and the exhaust valve. Modern research, however, has
shown that fuel efficiency and power output of the engine
may be optimized with an adjustment of the valve timing for
a particular load on the engine. Some variable valve timing
engines have been proposed, but the theoretical fuel effi-
ciency and output power of these engines have not yet been
reached.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is schematic of a vehicle having an engine con-
trolled with the method of the preferred embodiment;

FIG. 2 is a flowchart of the method of the preferred
embodiment; and

FIG. 3 is two timing charts of the valves of an engine.

DESCRIPTION OF THE PREFERRED
METHODS

The following description of the two preferred method of
the invention is not intended to limit the invention to these
preferred methods, but rather to enable any person skilled in
the art of variable valve timing control to make and use this
invention.

As shown in FIG. 1, the preferred method of the invention
has been specifically created to be performed by a control
unit 10 to calculate valve timing commands for an engine 12
with electromagnetic valve actuators 14. The method,
however, may be performed by any suitable device to
calculate valve timing commands for any suitable engine
with any suitable variable timing valves.

As shown in FIG. 2, the preferred method of the invention
has six principle actions: obtaining an engine performance
command 16; receiving an environmental conditions signal
18; determining a valve feedforward term 20; receiving an
engine performance feedback 22; calculating a valve feed-
back term 24; and calculating a valve timing command 26
based on the valve leedforward term and the valve feedback
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term. The method performed by the control unit may, of
course, include other suitable actions before, during, or after
these principle actions.

The action of obtaining an engine performance command
16 preferably includes receiving a vehicle performance
command from a driver. Preferably, the vehicle performance
command is received from the foot of a driver with the use
of a conventional pedal 28, as shown in FIG. 1.
Alternatively, the vehicle performance command could be
received from the driver with the use of any suitable device.
The action of obtaining an engine performance command
also preferably includes deriving the engine performance
command from the vehicle performance command. The
engine performance command is preferably based on the
vehicle performance command, but may alternatively be
based on additional suitable factors, such as a traction
control signal or a cruise control signal. The engine perfor-
mance command is preferably a desired engine torque and,
for this reason, the engine performance command may be
thought of as an engine torque command. The engine
performance command, however, may alternatively be
another suitable variable, such as a desired engine accelera-
tion.

The action of receiving an environmental conditions
signal 18 preferably includes receiving an environmental
conditions signal from an environmental sensor 30 in the
vehicle. The environmental sensor 30 preferably senses the
ambient temperature outside the vehicle and communicates
this data to the control unit 10, which uses the data to
determine the valve feedforward term. Other information,
such as the ambient pressure, may be useful in the determi-
nation of the valve feedforward term. For this reason, the
environmental sensor 30 may alternatively sense other suit-
able information. The environmental sensor 30 is preferably
a conventional environmental sensor, but may alternatively
be any suitable device.

Similarly, the action of receiving an engine performance
feedback 22 preferably includes receiving the engine per-
formance feedback from an engine sensor 32 in the vehicle.
The engine sensor 32 preferably senses the engine speed and
communicates this data to the control unit 10, which uses the
data to determine the valve feedforward term and the valve
feedback term. Other engine measurables, such as engine
torque data, may be useful in the determination of the terms.
For this reason, the engine sensor 32 may alternatively sense
other suitable information. The engine sensor 32 is prefer-
ably a conventional engine sensor, but may alternatively be
any suitable sensor.

The action of determining a valve feedforward term 20
preferably includes determining the valve feedforward term
based on the engine torque command, the ambient tempera-
ture data, and the engine speed data. The determination,
however, may be based on other suitable factors, such as
engine torque data, air-fuel ratio data, engine combustion
stability data, or ambient pressure data. The control unit 10
preferably includes a look-up table, which has been opti-
mized for fuel efficiency, power output, and engine emis-
sions based on various engine torque commands, various
ambient temperature data, and various engine speed data (or
engine torque data). The control unit 10 may alternatively be
programmed to perform a real-time optimization of the fuel
clficiency, power output, and engine emission (or any other
suilable measurement) based on the engine torque
command, the ambient temperature data, and the engine
speed data (or any other suitable commands and
measurables).

The action of calculating the valve feedback term 24
preferably includes comparing the engine performance com-
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mand and the engine performance feedback. By the defini-
tion of the term, the valve feedback term functions to
compare the input with the output and to calculate a cor-
rection term based on the difference, if any. The comparison
and the calculation are preferably accomplished by the
control unit 10, but may alternatively be accomplished by a
suitable separate device.

As shown in FIG. 3A, the position of the piston in the
cylinder can be traced as a sinusoidal wave over a time
period. The events of the opening of the exhaust valve
(“EVO7), the closing of the exhausi valve (*EVC”), the
opening of the inlet valve (“IVO"), and the closing of the
inlet valve (“IVC”) can be placed on this sinusoidal wave.
As shown in FIG. 3B, the events of the EVO, the EVC, the
IVO, and the IVC may be shifted within the time period
(note that the shift in the EVC and the IVO preferably mirror
cach another, but may alternatively be separately
controlled). The adjustment of the timing of the EVO, the
EVC/AVO, and the IVC when used partially, separately, or

together may provide the desired fuel efficiency, power 2

output, and emissions from the engine 12 of the vehicle. The
action of calculating a valve timing command 26 preferably
includes calculating an EVO command, an EVC/IVO
command, and an IVC command. The control unit 10, of
course, may alternatively include other suitable parameters
for the control of the variable timing valves.

The second preferred method of the invention includes the
principle actions of the first preferred method and the
additional principle action of receiving fuel conversion data
and engine emissions data. These preferably include receiv-
ing the fuel conversion data and engine emissions data from
suitable emission sensors (not shown) in the cylinder or the
exhaust port of the engine 12. The emission sensors prefer-
ably sense the amount of NO,, in the exhaust and commu-
nicates this data to the control unit 10. The control unit 10
preferably uses this information to modify the output value
from the look-up table, but may alternatively use this
information to continually adjust the values in the look-up
table. The control unit 10 may alternatively use this infor-
mation as another factor in the determination of the valve
feedback term. The emission sensors are preferably conven-
tional emission sensors, but may alternatively be any suit-
able sensor.

As any person skilled in the art of variable valve engine
control will recognize from the previous detailed description
and from the figures and claims, modifications and changes
can be made to the preferred methods without departing
from the scope of this invention defined in the following
claims.

We claim:

1. A method for calculating a valve timing command for
an engine of a vehicle, comprising:

obtaining an engine performance command;

receiving an environmental conditions signal;

determining a valve feedforward term based on the engine

performance command and the environmental condi-
tions signal;
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receiving an engine performance feedback;
calculating a valve feedback term based on the engine
performance command and the engine performance
feedback; and

calculating a valve timing command based on the valve

feedforward term and the valve feedback term.

2. The method of claim 1 wherein said obtaining an
engine performance command includes receiving a vehicle
performance command from a driver of the vehicle and
deriving the engine performance command based on the
vehicle performance command.

3. The method of claim 1 wherein said receiving an
environmental conditions signal includes receiving ambient
lemperature data.

4. The method of claim 3 wherein said determining a
valve feedforward term includes determining the wvalve
feedforward term based on the ambient temperature data.

5. The method of claim 4 wherein said determining a
valve feedforward term includes determining the valve
feedforward term based on the engine performance feed-
back.

6. The method of claim § wherein said determining a
valve feedforward term includes referencing a look-up table
with the engine performance command, the ambient
temperature, and the engine performance feedback.

7. The method of claim 1 wherein said receiving an engine
performance feedback includes receiving engine speed data.

8. The method of claim 1 wherein said obtaining an
engine performance command includes obtaining an engine
torque command; and wherein receiving an engine perfor-
mance feedback includes receiving engine torque data.

9. The method of claim 8 wherein calculating a valve
feedback term includes calculating a valve feedback term
based on the engine torque command and the engine torque
data.

10. The method of claim 1 wherein said calculating a
valve timing command includes calculating an EVO
command, an EVC/IVO command, and an IVC command.

11. The method of claim 1 further comprising receiving
fuel conversion data.

12. The method of claim 11 wherein said determining a
valve feedforward term includes determining a valve feed-
forward term based on the fuel conversion data.

13. The method of claim 11 wherein said calculating a
valve feedback term includes calculating a valve feedback
term based on the fuel conversion data.

14. The method of claim 1 further comprising receiving
engine emissions data.

15. The method of claim 14 wherein said determining a
valve feedforward term includes determining a valve feed-
forward term based on the engine emissions data.

16. The method of claim 11 wherein said calculating a
valve feedback term includes calculating a valve feedback
term based on the engine emissions data.
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L. INTRODUCTION
1. I have been retained by counsel for Hyundai Motor Company (“HMC” or

“Petitioner”), and asked to review and provide my opinion on the invalidity of
claims 1-3, 7, 10-11, and 14 of U.S. Patent No. 6,557,540. (Ex. 1001, “‘540
patent”). This declaration accompanies the petition for inter partes review no.
[PR2018-01061 (“Petition”).

2. I am being compensated at an hourly consulting rate for time actually spent
reviewing materials and performing my analysis of the technical issues relevant to
this matter. My compensation is not contingent on the outcome of this proceeding

or the content of my opinions.

II. BACKGROUND

3. I have over 30 years of professional experience in the field of automotive
technologies and systems, including vehicle information systems and vehicle
safety and control systems. Further, I have authored numerous published technical
papers and am a named inventor on 11 U.S. and foreign patents.

4. I received a Bachelor of Science degree in Electrical Engineering from
University of California, Irvine in 1977 and a Master of Science degree in
Electronic Engineering from Stanford University in 1982.

5. From 1977 to 1979, I worked at Ford Aerospace where I designed, tested

and delivered microwave radar receiver systems.
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6. From 1979 to 1983, I worked at Teledyne Microwave, where I developed
high reliability microwave components and developed CAD tools.

7. From 1983 to 1996, I worked at TRW, Inc., having held various positions.
From 1983 to 1985, I was a Member of the technical staff and a Department
Manager in the Space Electronics sector. Between 1985 and 1990 I was a project
manager working on various communications systems projects including the US
DoD Advanced Research Projects Administration (ARPA) MIMIC Program.
Between 1990 and 1993 I was the Manager of MMIC (monolithic-microwave-
integrated-circuit) Products Organization. In this role, I developed business
strategy and managed customer and R&D programs. During this time, I also
developed the first single chip 94 GHz Radar, used for automotive cruise control
and anti-collision systems. In 1993 I transferred to the TRW Automotive
Electronics Group, and managed about 30 engineers in the Systems Engineering
and Advanced Product Development organization. In this role, [ managed
advanced development programs such as advanced automotive electronics sensors
and control systems, adaptive cruise control using millimeter wave radar, occupant
sensing, automatic crash notification systems, in-vehicle information systems, and
other emerging transportation products.

8. My work I at TRW included the development of various types of sensors for

vehicle systems, as well as control systems based on those sensors. For example, I

HMC EXHIBIT 1002

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



IPR2018-01061
US Patent 6,748,540

worked on an electronic power steering system that required the real-time feedback
controlled variation of the electrical drive signals to produce a motor drive signal
to provide steering boost while still providing a realistic steering wheel feel to the
driver. I also worked on various electronic systems that used feed-forward
techniques in order to improve transient response characteristics.

0. In addition, my work in the auto industry in general has provided me with
the opportunity to develop and test a variety of vehicle control systems, including
sensing and responding to various gaseous mixtures, air fuel ratio controls based
on environmental sensors and exhaust sensors, and numerous other closed loop
control systems.

10. I was employed as a Project General Manager in the Electronics Division of
Toyota Motor Corporation at Toyota headquarters in Toyota City, Japan from
April 1996 to around April 2000. In this position, I was responsible for leading the
development of vehicle telematics systems, infotainment systems, including on-
board and off-board navigation systems, traffic information systems, vehicle
communications systems, safety applications, and automated vehicle control
systems.

11. I am currently a consultant for Cogenia Partners, LLC, focusing on systems
engineering, business development and technical strategy supporting automotive

and information technology. I have been in this position since 2001. In one of my
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active engagements, I serve as the technical lead on a project funded by the
National Highway Traffic Safety Administration (NHTSA) to develop
requirements for connected vehicle safety systems in preparation for NHTSA
regulations governing such systems. I also serve as a technical consultant on
multiple projects sponsored by the Federal Highway Administration (FHWA)
related to connected vehicle technology research.

12.  In the various positions mentioned above, I was responsible for research and
development projects relating to numerous vehicle information systems, user
interface systems, sensory systems, control systems and safety systems, and also
had the opportunity to collaborate with numerous researchers and suppliers to the
auto industry. I therefore believe that [ have a detailed understanding of the state of
the art during the relevant period, as well as a sound basis for opining how persons
of skill in the art at that time would understand the technical issues in this case.

13. A more complete summary of my experience, expertise, and publications is

set forth in my curriculum vitae (Ex. 1011).

III. SUMMARY OF MY OPINIONS
14.  In my opinion, claims 1-3, 7, 10-11, and 14 (the “challenged claims”) of the

540 patent are invalid as obvious. My opinions are based on my expertise in the
technology of the ‘540 patent at the time the application was filed, as well as my

review of the ‘540 patent, its file history, and the prior art discussed in the Petition.
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If the patent owner is allowed to submit additional evidence pertaining to the
validity of the ‘540 patent, I intend to review that as well and update my analysis
and conclusions as appropriate and allowed under the rules of this proceeding.

15. Ireviewed and contributed to the Petition’s explanation as to why the
challenged claims are unpatentable as obvious. The Petition’s explanation as to
why the challenged claims are unpatentable reflects my understanding, and I
incorporate it herein by reference.

IV. LEGAL PRINCIPLES

16. 1am not an attorney. I have been informed that it is a basic principle of
patent law that assessing the validity of a patent claim involves a two-step analysis.
In the first step, the claim language must be properly construed to determine its
scope and meaning. In the second step, the claim as properly construed, must be
compared to the alleged prior art to determine whether the claim is valid. I use the

principles below, however, as a guide in formulating my opinions.

A.  Person of Skill in the Art
17.  I'have been informed “A person of ordinary skill in the art” (“POSITA”) is a

hypothetical person who is presumed to have known the relevant art at the time of
the invention. Such a hypothetical person would have the capability of
understanding the scientific and engineering principles applicable to the pertinent

art of the claimed invention. Factors that may be considered in determining the
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level of ordinary skill in the art include: (A) the type of problems encountered in
the art; (B) prior art solutions to those problems; (C) rapidity with which
innovations are made; (D) sophistication of the technology; and (E) educational
level of active workers in the field. Here, workers in the field of automotive
electronics would typically have a bachelor’s or master’s degree in electrical
engineering and several years of experience. Accordingly, it is my opinion that a
person of ordinary skill in the art here would have had a bachelor’s degree in
electrical engineering and at least 4-5 years of work experience in automotive
electrical or electronics systems design, or would have had a masters degree in
electrical engineering and at least 2 years of work experience in automotive

electrical or electronics systems design.

B. Claim Interpretation

18. I have been informed that in an inter partes review, the words of a patent
must be given their broadest reasonable construction in light of the specification as
it would be interpreted by one of ordinary skill in the art. This meaning must be
ascertained from a reading of the patent documents, paying special attention to the
language of the claims, the written specifications, and the prosecution history. I
understand that an inventor may also attribute special meanings to some terms by
defining those terms or by otherwise incorporating such meanings in these

documents.
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19. My methodology for determining the meaning of claim phrases was first to
carefully study the patent. In particular, I studied the claims themselves, followed
by a study of the background, detailed specification, figures, and other patent
content. Next, I reviewed the file histories looking for any clarifications or
limitations that might be attached to claim terms. In some circumstances, I looked

at other documents, such as references applied by the patent office.

C. Priority Date
20. Iunderstand that the ‘540 patent application (Application No. 10/014,286)

was filed on December 11, 2001. Accordingly, my opinions reference December
11, 2001, as the relevant date for the claimed invention, although the main prior art

references | have relied upon pre-date December 11, 2001 by several years.

D. Prior Art

21. I'have been informed that only information which satisfies one of the
categories of prior art set forth in 35 U.S.C. § 102 may be used in any invalidity
analysis under §§ 102 or 103. Therefore, if information is not properly classified as
prior art under one of the subsections of § 102 of the Patent Code, then it may not
be considered in an anticipation or obviousness determination. It is also my
understanding that, for inter partes review, applicable prior art is limited to patents

and printed publications.
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E. Anticipation
22. Thave been informed that to anticipate a patent claim under 35 U.S.C. § 102,

a single asserted prior art reference must disclose each and every element of the
claimed invention, either explicitly or inherently, to a person of ordinary skill in
the art. I understand that a disclosure of an asserted prior art reference can be
“inherent” only if the missing element is necessarily present or is the inevitable
outcome of the process and/or thing that is explicitly described in the asserted prior

art reference.

F. Obviousness

23. Ihave been informed that to find a patent claim invalid under 35 U.S.C. §
103 the petitioner must show that the differences between the claimed invention
and the prior art would have been obvious, at the time the invention was made, to
“a person having ordinary skill in the art” to which the claimed invention pertains.
24. I have been informed that obviousness may be shown by demonstrating that
it would have been obvious to modify what is taught in a single piece of prior art to
create the patented invention. Obviousness may also be shown by showing that it
would have been obvious to combine the teachings of more than one prior art
reference.

25. T understand that in the Graham v. John Deere decision, the Supreme Court

outlined three issues that must be resolved in the obviousness determination: (1)
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the level of ordinary skill in the pertinent art, (2) the scope and content of the prior
art, (3) differences between the prior art and the claims at issue. “Objective”
considerations, such as commercial success and praise of the alleged invention,
may also be considered in the obviousness analysis.

I Motivation to Combine
26. I have been informed that in the KSR v. Teleflex decision, the Supreme
Court outlined a variety of factors to consider in determining whether a claimed

combination of components is obvious. These factors are set forth below for

reference.
KSR ..
Factor No. KSR Factor Description

1 The identified prior art includes an express or inherent suggestion
to modify or combine the reference in a way that renders the
claimed invention obvious.

2 The combination of familiar elements of the asserted claims is
obvious because it does no more than yield predictable results.

3 The asserted patents simply arrange old elements with each
performing the same function it had been known to perform and
yields no more than one would expect from such an arrangement,
the combination is obvious.

4 Because the subject matter of the asserted patents is available in
one field of endeavor, design incentives and other market forces
can prompt variations of it, either in the same field or a different
one, rendering the combination obvious.

5 Because the technique of the patents-in-suit has been used to
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improve one device, a person of ordinary skill in the art would
recognize that it would improve similar devices in the same way,
and thus using the technique is obvious unless its actual
application is beyond his or her skill.

I may consider the interrelated teachings of multiple patents; the
effects of demands known to the design community or present in
the marketplace; and the background knowledge possessed by a
person having ordinary skill in the art, all in order to determine
whether there was an apparent reason to combine the known
elements in the fashion claimed by the patents at issue.

Market demand has driven design trends to render the claimed
invention of the patents-in-suit obvious.

The subject matter of the asserted patents extends to what is
obvious, and is therefore invalid.

The claimed subject matter of the patents-in-suit is an obvious
solution to a problem that was known at the time of invention.

10

The familiar items of the claims of the patents-in-suit have obvious
uses beyond their primary purposes, and a person of ordinary skill
will be able to fit the teachings of prior art references together like
pieces of a puzzle to demonstrate that the asserted claims are
obvious.

11

The need and problem known in the field at the time of invention
of the patent-in-suit, and addressed by the patent-in-suit, provides
a reason for combining known prior art elements in the manner
claimed in the patents-in-suit.

12

There was a design need and/or market pressure to solve the
problem addressed by the patents-in-suit. Because there was a
finite number of identified, predictable solutions to the problem
addressed in the patents-in-suit, a person of ordinary skill would
have had good reason to pursue the known options within his or
her technical grasp. Such a pursuit would have led to the
anticipated success, making it likely that the product was not of

10
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innovation but of ordinary skill and common sense. In that
instance the fact that a combination was obvious to try might show
that it was obvious.

27. Tlalso have been informed that it is improper to rely on hindsight, that is, to
rely on the teachings of the patent claims, in order to merely show that the
elements of the claims can be found in various otherwise unrelated prior art
references. Instead, obviousness is found by considering whether a POSITA
would have had a reason to combine the prior art to achieve the claimed invention.
28. Tl also understand that, for example, this reason may come from sources such
as explicit statements in the prior art, or from the knowledge of a person having
ordinary skill in the art. Alternatively, any need or problem known in the field at
the time and addressed by the patent may provide a reason for combining elements
of the prior art. I also understand that when there is a design need or market
pressure, and there are a finite number of predictable solutions, a person of
ordinary skill may be motivated to apply both his skill and common sense in trying
to combine the known options in order to solve the problem.

29. Moreover, | understand that the obviousness inquiry requires a flexible
approach. I understand that the obviousness inquiry recognizes that a POSITA is
also a person of ordinary creativity (not an automaton), that familiar items may

have obvious uses beyond their primary purposes, and that, in many cases, a
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POSITA will be able to fit the teachings of multiple patents together like pieces of

a puzzle.

ii. Secondary Considerations

30. T understand that certain objective factors, sometimes known as "secondary
considerations," may also be taken into account in determining whether a claimed
invention would have been obvious or not. These considerations include:
(a) commercial success of a product due to the merits of the claimed
invention;
(b) a long-felt, but unsatisfied need for the invention;
(c) failure of others to find the solution provided by the claimed invention;
(d) deliberate copying of the invention by others;
(e) unexpected results achieved by the invention;
(f) praise of the invention by others skilled in the art;
(g) lack of independent simultaneous invention within a comparatively short
space of time;
(h) teaching away from the invention in the prior art.
31. T also understand that these objective indications are only relevant to
obviousness if there i1s a connection, or nexus, between them and the invention

covered by the patent claims.
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V. DOCUMENTS RELIED UPON

32.  In this declaration, I rely on the following documents, which are hereby

incorporated by reference.

Exhibit Number Document
Ex. 1001 U.S. Patent No. 6,557,540
Ex. 1003 U.S. Patent No. 6,557,540 File History
Ex. 1004 U.S. Patent No. 5,713,317 (“Yoshioka”)
Ex. 1005 Torque Management of Engines with

Variable Valve Timing, By Jankovic,
Firschmuth, Stefanopoulou, and Cook
(“Jankovic”), IEEE Control Systems in
October, 1998

Ex. 1006 Bosch Fuel Injection Systems, by Forbes
Aird, ©2001 Forbes Aird, published by the
Berkeley Publishing Group,

ISBN 1-55788-365-3

Ex. 1007 Bosch Fuel Injection & Engine
Management, by Charles O. Probst,
©1992, Robert Bentley, Inc.

ISBN-978-0-8376-0300-1
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Ex.

1008

Modeling and Control of Advanced
Technology Engines by Anna
Stefanopoulou, A dissertation submitted in
partial fulfillment of the requirements for
the degree of Doctor of Philosophy
(Electrical Engineering: Systems) in The
University of Michigan 1996

Ex.

1009

Automotive Encyclopedia, by William
Toboldt and Larry Johnson, © 1979
Goodheart-Wilcox Co. Inc.

ISBN 0-87006-268-9

Ex.

1010

Bosch Automotive Handbook, © 2000
Robert Bosch GmbH,

ISBN 0-7680-0669-4

Ex.

1011

CV of Scott Andrews

Ex.

1012

Automotive Electronics Handbook, by

Ronald Jurgen, © 1994, McGraw-Hill, Inc.

ISBNO0-07-033189-8

Ex.

1013

McGraw-Hill Electronics Dictionary, 6"
ed. By Neil Sclater and John Markus ©
1997 Mcgraw-Hill Inc.

ISBN 0-07-057837-0

Ex.

1014

“The New Shorter Oxford English

Dictionary,” Oxford University Press, vol.
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1, 0-19-861271-0ISBN, 1993 (“Oxford
Dictionary™)

VI. OVERVIEW OF THE TECHNOLOGY

A. Background of the Technology

33. Internal combustion engines operate by mixing a combustible fuel such as
gasoline or diesel oil with air, compressing this mixture and then either igniting it
with an electrical spark (gasoline engines), or relying on the heat of compression to
ignite the mixture (diesel engines). The resulting exothermic expansion causes the
engine components (typically pistons) to move, thereby producing rotational power
for whatever use the engine is intended. A 4-stroke engine is essentially a pump
that draws air in, mixes it with fuel, and combusts the air-fuel mixture. That
combustion produces power that turns the engine, causing it to expel the burned
fuel and air (exhaust), and draw in air again, and the cycle continues. In the process,
depending on the engine, substantially more power is generated than is required to
maintain the intake / compression /ignition / exhaust cycle, and that power is then
used for other purposes, for example, powering an automobile.

34.  To control the engine speed (and thus output power), the intake of air has
long been controlled by a throttle valve. For example, in 1992, Probst described the
role of the throttle valve as follows:
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The throttle valve regulates air flow into the engine. The more it
is open, the greater the air flow into the engine. The throttle
valves is located downstream from the mixture control unit,
usually mounted on the intake manifold, and is controlled by

the accelerator cable.

(Ex. 1007 p. 79; Probst ch. 5 p. 11)

And, in 1979, Toboldt and Johnson described the throttle valve as follows:

One of the most important controls on a carburetor is the
throttle valve, or valves. The throttle valve is a device for
varying the amount of air —fuel mixture that enters the intake
manifold. This control is necessary so that the speed of the
vehicle can be changed. The throttle valve, figure 21-5, is
simply a round disk mounted on a shaft, so that it can be tilted
at various angles in the carburetor throttle valve body. It is
connected by means of a suitable linkage to the accelerator
pedal in the driving compartment of the vehicle. Depressing the
pedal opens the throttle valve, permitting an increased amount
of air-fuel mixture to reach the manifold.

(Ex. 1009 p. 11; Automotive Encyclopedia p. 239)

35.  An example throttle valve is illustrated in the figure below:
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Fig. 21-5. lllustrating position of throttle valve or plate.

(Ex. 1009 p. 11, Automotive Encyclopedia p. 239)

36. There are three competing objectives with internal combustion engines: The
development of maximum power output with minimum fuel consumption, and
minimum exhaust byproducts (e.g. emissions). Key to meeting these goals is the
management of the ratio of fuel and air. Too much fuel (what is known as a “rich”
mixture) and the resulting exhaust will contain substantial unburned fuel, excessive
hydrocarbon emissions (HC), and poor fuel economy. Too little fuel, and the “lean”
mixture will cause the engine to run hot, misfire and generate substantial levels of
CO and NOx in the exhaust. Accordingly, a POSITA would have appreciated that

the efficiency of the combustion of the air fuel mixture in the cylinder(s) depends

heavily on the ratio of air and fuel. The so-called stoichiometric air-fuel ratio is the
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ratio wherein all of the fuel in the mixture is combusted with all of the oxygen in
the cylinder. The stoichiometric ratio is typically considered to be 14.7:1 air to fuel.
To simplify computations this term is normalized using variable called “lambda”
(A). Thus a lambda of 1.0 corresponds to an air fuel ratio of 14.7:1. This is also
indicated in the figure below (from Probst, 1992) which illustrates the relationship

between air fuel ratio, power and fuel consumption:
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Fig. 2-7. The air-fuel ratio which delivers maximum power is
slightly richer than stoichiometric; the one which
delivers minimum fuel consumption is slightly more
lean than stoichiometric. The stoichiometric ratio is
a compromise which sacrifices very little of either.

(Ex. 1007 p. 12, Probst ch. 2 p. 5)
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Of course, since the combustion is not ideal, as a POSITA would have

appreciated, there are a variety of byproducts, and these are known collectively

For example, the primary emissions from the combustion process are oxides

of nitrogen (typically designated NOx), carbon monoxide (CO), and unburned
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hydrocarbons (HC). As can be seen in the figure below, from 1992, the quantity of

these emissions varies as the air fuel ratio varies.

=~ COo

0.90 095 1 1.05 1.10 Lambda
132 14 147 155 16.2 Air-fuel ratio

Fig. 4-3. Pollutant levels in engine exhaust change drastically
as air-fuel ratio changes. Notice the trade-off be-
tween control of HC and CO, and control of NO,.

(Ex. 1007 p. 23, Probst ch. 2 p. 16)

39. The oxygen sensor, sometimes referred to as a “lambda sensor”, was
developed in order to measure the amount of oxygen in the exhaust, and therefore
how closely to a stoichiometric air fuel ratio the engine is operating. For example,

according to Aird, the lambda sensor is described as follows:
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In construction, the lambda sensor consists of a hollow
ceramic bulb, with both inner and outer surfaces covered with a
microthin layer of platinum. For protection, the outer surface is
surrounded by a shield. This bulb is inserted into the exhaust
system so that its exterior surface is washed by the exhaust gas
stream, while its hollow interior is exposed to the
atmosphere. In operation, the lambda sensor acts like
an oxygen-powered battery: A difference in the oxygen level of
the gasses surrounding the two surfaces of the sensor causes it

to generate a small voltage.

1. Probe housing
2. Ceramic shield |
3. Electrical connections

4. Shield tube w/slits

5. Active ceramic sensor layer
6. Contact

7. Shield

Lambda sensors have a voltage output that rises from near zero in the absence of oxygen in the engine exhaust to
a bit less than one volt when small traces of it are present. This characteristic enables an electronic fuel injection system
to control fuel delivery on the basis of the sensor's reading of the exhaust gas. The sensor only works when hot, h_owever.
To reduce the time between engine start-up from cold and the sensor reaching its operating temperature, some versions are
electrically heated. (Robert Bosch Corporation).

(Ex. 1006 p. 22, Bosch Fuel Injection Systems p. 35)
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40. Similarly, Probst in 1989 explained a lambda sensor:

The lambda sensor is essentially a small battery that generates a
voltage signal based on the differential between the oxygen
content of the exhaust gas, and the oxygen content of the

ambient air.

A cutaway view of the lambda sensor is shown in Fig. 2-46.
The tip of the sensor that protrudes into the exhaust gas is
hollow, so that the interior of the tip can be exposed to the
ambient air. Both sides of the ceramic tip of the sensor are
covered with metal electrodes that react to create a voltage only
if the ambient air has a higher oxygen content than the exhaust

and the ceramic material is hotter than 575°F (300°C)][.]

When these conditions are met, voltage is generated between
the two sides of the tip. The voltage is usually about 1 volt. But
if the engine is running lean, the exhaust gas has about the same
amount of oxygen as the ambient air, so the lambda sensor will
generate little or no voltage; if the engine is running rich, the
oxygen content of the exhaust will be much lower than the

ambient air and the sensor voltage will be larger.
(Ex. 1007 at 47-48, Probst at ch. 3 pp. 21-22.)

Thus, a POSITA would have understood that the oxygen sensor output represents

the fuel conversion (e.g., rich vs. lean) of the engine.
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41.  One method long known and used to control emissions is known as exhaust
gas recirculation (EGR) wherein a small amount of the exhaust gas is re-introduced

into the intake. For example, from Probst in 1992:

Exhaust Gas Recirculation (EGR) is a technique for reducing
the formation of oxides of nitrogen (NOy). A small amount of
exhaust gas is rerouted back into the combustion chambers,
diluting the combustible mixture and lowering combustion
temperature. You'll remember that excessive combustion
temperature is the cause of NOyx formation.

(Ex. 1007 p. 24 Probst ch. 2 p. 17)
42. A POSITA would also appreciate that one way to implement EGR is to

physically sample the exhaust gas and introduce it back into the intake using a
pressure controlled valve. One drawback of this approach is that the exhaust gasses
are very hot, and corrosive, and the EGR valves were consequently somewhat
unreliable. An alternative solution is to control the valve timing so that the exhaust
valve remains open briefly during the intake stroke. This causes a small amount of
the exhaust gas in the exhaust manifold (just pumped out of the cylinder by the
piston) to be drawn back into the cylinder. For example, from Stefanopoulou in
1996:

Exhaust gas recirculation (EGR) was introduced in the early

1970s to suppress the formation of oxides of nitrogen (NOx).

The inert exhaust gases dilute the inducted air-fuel charge and
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lower the combustion temperature which reduces NOx feedgas
emissions.
Conventionally, exhaust gas recirculation is accomplished by
controlling the exhaust gas that is supplied from the exhaust
manifold to the intake manifold through a vacuum actuated
valve The EGR control algorithm is a simple PI or PID loop
that adjusts the amount of exhaust gas to the scheduled steady-
state point which is a function of engine speed, coolant
temperature and engine load (or another load related variable).
EGR alters the breathing process dynamics and consequently
the torque response. Careful steady-state and transient control
design is necessary to maintain good engine torque response,
and for this reason, EGR is typically turned o in transient
engine operations, engine warm-up, and idling.
An innovative mechanical design approach to controlling EGR
is the development of the variable cam timing (VCT)
mechanism. By retarding the cam timing, combustion products
which would otherwise be expelled during the exhaust stroke
are retained in the cylinder during the subsequent intake stroke.
This is a method of phasing the camshaft to control residual
dilution and achieve the same results with the conventional
external EGR system, thus providing an innovative solution to
an old problem.

(Ex. 1008 pp. 18-19, Modeling and Control of Advanced
Technology Engines pp. 6-7)
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43.  Atmospheric pressure and temperature play a significant role in the
operation of the engine. This is because the density of air depends on these two
factors. Specifically, since the volume of the cylinder is fixed by the engine itself
(i.e., the bore and stroke of the cylinder(s)), the number of air molecules that are
present in the cylinder will vary as the density of the air changes, and the air

density is directly related to temperature and pressure by the ideal gas law:
pv=nRT

Where p is the pressure, v is the volume, n is the number of moles of gas molecule,
T is the temperature, and R is a constant.'

44. In the above relation, if the volume is constant (i.e., the fixed cylinder
volume), then as the pressure increases at a constant temperature, the number n of
molecules will increase. Similarly, if the volume and pressure are constant then if
the temperature increases, the number of molecules n will decrease.

45.  Thus, a POSITA would have appreciated that a key element of engine
control is to determine the number of molecules of air are present in the cylinder,
and to then meter the proper amount of fuel to achieve a stoichiometric air fuel
ratio. To achieve this, various sensors are used. For example, a pressure sensor

and temperature sensor can be used together with the known volume of the

"See Ex.1010, Bosch Automotive Handbook, © 2000 Robert Bosch GmbH , page
59
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cylinder to estimate the number of air molecules are present. Alternatively, the air
flow can be measured directly, and then the number of molecules can be estimated
based on the temperature. For example, in 1994, Jurgen® described that barometric
pressure sensors are useful to compensate for altitude changes. And in 1992, Probst
described using an air temperature sensor to adjust for density air changes. For

example:

With the air cleaner removed, you can see the Air Temperature
Sensor in the air-flow sensor, as shown in figure 2-34. Known
as he NTCI, this sensor also has a negative temperature
coefficient. Remember, the control unit sends a signal which is
changed by the air temperature sensor. Cold air, weighing more,
needs more fuel, so a cold air signal also adds fuel to the basic
pulse time. The air fuel ratio relates weight of air to weight of
fuel. The combination input signals of volume (from the air
flow sensor), corrected for temperature are the same as inputs
of weight or mass of air passing into the engine.

(Ex. 1007 pp. 42-43, Probst ch. 3 pp. 16-17)
46. A POSITA would have further known that many electronic engine

management systems use data tables representing the relationships between
multiple variables. These are also often called “maps” since they often represent a

surface-like or topographic map. Such relationships (whether calculated via

* See Ex. 1012, Automotive Electronics Handbook, by Ronald Jurgen, page 2.7
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algorithm or stored in look-up tables or maps) would have been well-known to a

POSITA as a type of feedforward control. For example, from Probst in 1992:

The main map in the control unit is a set of lambda memory
points used to determine the desired air-fuel ratio for the fuel
injection pulses. The lambda memory map, shown in Fig. 4-8

1s derived from lab and road tests, and modified for the
requirements of the vehicle and the country where it will

operate:

e ' § Air-fuel ratio AT
i lambda s
\ L \N ( __,L"/ _——
0 -
7 gagn® spe!
o™

Fig. 4-8. Lambda "map" establishes lambda, or air-fuel ratio
for each load/speed point.

(Ex. 1007 p. 57, Probst ch. 3 p. 31)

47.  Feedback control has also long been a well-known approach wherein an
actual output is compared to a target or goal output, and the difference is used to
drive the actual output to match the goal or target output. For example, as of 1997,

the McGraw-Hill Electronics Dictionary described a feedback controller as: “A
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circuit or element in a closed loop system that controls the motor or other actuator
in a closed loop system to correct an error signal.”” This dictionary also described
an error signal as: “A voltage or current proportional to the difference between the

desired and actual response in a closed loop system.”*

VII. SCOPE OF THE PRIOR ART

48. I have been informed by counsel that when determining whether a patent is
obvious, the general scope and content of the prior art at the time is relevant. That
is, a finding of obviousness is more likely if there is a wide variety of prior art that
discloses functionalities and system architectures identical or similar to those of the
challenged patent. Conversely, a finding of obviousness is less likely if there is a
scarcity of prior art that discloses similar functionalities and architectures.

49. Here, as illustrated below, the body of prior art disclosing the major
functionalities and structures of the ‘540 patent was broad and rich. While I have
focused only on a few key prior art references in this declaration, I am confident
that numerous other prior art references had also disclosed all of the major
functionalities claimed by the 540 patent well before its priority date. While my

analysis below is focused on the specific items of prior art discussed in the Petition,

Ex. 1013 at 13, McGraw-Hill Electronics Dictionary, p. 168.

“Ex. 1013 at 12, McGraw-Hill Electronics Dictionary, p. 162.
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my knowledge of the broader prior art available to a POSITA as of the priority date

of the ‘540 patent informs my judgments concerning obviousness.

VIII. CLAIM CONSTRUCTION

50. It is my understanding that, in an inter-partes review, all claim terms should
be given their broadest reasonable interpretation.

51. In the sections below, I set forth my interpretations of those claim terms that
I feel require construction beyond the plain and ordinary meaning of the terms as
they would be understood by a person of skill in the art under the broadest
reasonable interpretation.

IX. SUMMARY OF THE ‘540 PATENT

52.  The 540 patent is directed toward a “method of calculating a valve timing
command for an engine” (‘540 patent at Title). The patent is relatively brief, and
provides no detailed information on specific implementations for this method. The

control strategy is summarized in Figure 2 of the patent, reproduced below.
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Conditions Signal Performance Feedback}

Determining
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Feedforward Term Feedback Term

Calculating a Valve
Timing Command

__FIGURE 2

(Ex. 1001, ‘540 patent, Fig. 2)
53.  The method begins by obtaining an “engine command”. The engine
command is described as being derived either from a vehicle command provided
by the driver (e.g., pressing on the accelerator pedal), or from other commands
generated by vehicle systems such as cruise control or traction control. For
example:

The action of obtaining an engine performance command 16

preferably includes receiving a vehicle performance command

from a driver. Preferably, the vehicle performance command is
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received from the foot of a driver with the use of a conventional
pedal 28, as shown in FIG. 1.
(Ex. 1001, °540 patent, col. 2, lines 4-8)

The action of obtaining an engine performance command also
preferably includes deriving the engine performance command
from the vehicle performance command.

(Ex. 1001, °540 patent, col. 2, lines 11-13)

The engine performance command is preferably based on the
vehicle performance command, but may alternatively be based
on additional suitable factors, such as a traction control signal
or a cruise control signal.

(Ex. 1001, 540 patent, col. 2, lines 13-16)

The engine performance command is preferably a desired
engine torque and, for this reason, the engine performance
command may be thought of as an engine torque command.
The engine performance command, however, may alternatively
be another suitable variable, such as a desired engine

acceleration.

(Ex. 1001, 540 patent, col. 2, lines 16-22)

54.  This engine performance command is used with other factors to determine a
valve feed-forward term, and a valve feed-back term.

55. Inote that, while Figure 2 above does not indicate any engine performance
data inputs (i.e. “engine performance feedback”) to the valve feed forward term

determination process, the patent specification does. For example:
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The engine sensor 32 preferably senses the engine speed and
communicates this data to the control unit 10, which uses the
data to determine the valve feedforward term and the valve
feedback term.
(Ex. 1001, °540 patent, col. 2, lines 38-42)

56. The valve feed forward term is also based on the output from an
environmental sensor (i.e., receiving and environmental conditions signal (from an

environmental sensor). For example:

The environmental sensor 30 preferably senses the ambient
temperature outside the vehicle and communicates this data to
the control unit 10, which uses the data to determine the valve
feedforward term. Other information, such as the ambient
pressure, may be useful in the determination of the valve
feedforward term.

(Ex. 1001, 540 patent, col. 2, lines 26-31)

57.  The valve feed-forward term is described as being preferably determined
using a look-up table. The patent specification describes that the valve feed-
forward term is determined (e.g., from a table) using the engine performance
command, the environmental information and engine operating parameters such as
engine speed, engine torque (presumably produced torque), air-fuel ratio, or
“combustion stability data” (I note, there is no further discussion of how
parameters such as “combustion stability” might be measured, for example using

knock sensors or misfire sensors).
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The action of determining a valve feedforward term preferably
includes determining the valve feedforward term based on the
engine torque command, the ambient temperature data, and the
engine speed data. The determination, however, may be based
on other suitable factors, such as engine torque data, air-fuel
ratio data, engine combustion stability data, or ambient pressure
data.
(Ex. 1001, °540 patent, col. 2, lines 48-54)

58.  The valve feed-back term is described as being determined based on the
engine performance command and “engine performance feedback™. Engine
performance feedback is described as including parameters such as engine speed

and/or “other engine measurables” such as engine torque.

Similarly, the action of receiving an engine performance
feedback 22 preferably includes receiving the engine
performance feedback from an engine sensor 32 in the vehicle.
The engine sensor 32 preferably senses the engine speed and
communicates this data to the control unit 10, which uses the
data to determine the valve feedforward term and the valve
feedback term. Other engine measurables, such as engine torque
data, may be useful in the determination of the terms. For this
reason, the engine sensor 32 may alternatively sense other
suitable information.

(Ex. 1001, 540 patent, col. 2, lines 36-45)
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59. I note that other parameters that a POSITA would consider “engine
measurables”, such as air-fuel ratio and “combustion stability” are not described as
inputs to the valve feedback term, but rather are described as inputs to the valve
feedforward term.

60. The actual computation of the valve feedback term is described as a
comparison process to determine a difference between the engine performance

command and the engine performance feedback data. For example:

The action of calculating the valve feedback term 24 preferably
includes comparing the engine performance command and the
engine performance feedback. By the definition of the term, the
valve feedback term functions to compare the input with the
output and to calculate a correction term based on the difference,
if any.

(Ex. 1001,°540 patent, col. 2, line 66 to col. 3, line 4)

61. The patent describes that the valves of the engine may be operated in a

sequence illustrated by Figures 3A and 3B, reproduced below.
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time

_FIGURE 34

Piston Position

time

_FIGURE 3B

(Ex. 1001, °540 patent, Figs. 3A-3B)

62. Figure 3A shows the valve timing under typical circumstances, while Figure

3B shows the valve commands shifted to different times. For example:

As shown in FIG. 3A, the position of the piston in the cylinder
can be traced as a sinusoidal wave over a time period. The
events of the opening of the exhaust valve ("EVQ"), the closing
of the exhaust valve ("EVC"), the opening of the inlet valve
("IVO"), and the closing of the inlet valve ("IVC") can be
placed on this sinusoidal wave. As shown in FIG. 3B, the
events of the EVO, the EVC, the IVO, and the IVC may be
shifted within the time period (note that the shift in the EVC
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and the IVO preferably mirror each another, but may
alternatively be separately controlled).

(Ex. 1001, °540 patent, col. 3, lines 8-18)

63. The patent then describes that the valve timing command is calculated based
on the valve feed-forward term, and the valve feed-back term. The valve timing
command is described as an exhaust valve opening (EVO) time (or time shift), an
exhaust valve close (EVC) time (or time shift), an intake valve open (IVOO time

(or time shift), and an intake valve close (IVC) time (or time shift). For example:

The action of calculating a valve timing command 26
preferably includes calculating an EVO command, an
EVC/IVO command, and an IVC command.

(Ex. 1001, 540 patent, col. 3, lines 21- 24)

64. The patent also admits that other factors may be used to determine valve

timing commands. For example:

The control unit 10, of course, may alternatively include other
suitable parameters for the control of the variable timing valves.

(Ex. 1001, ‘540 patent, col. 3, lines 24- 26)

65. The patent also describes a second embodiment wherein the valve timing
command is further based on fuel conversion data such as data from emissions

sensors located in the engine exhaust port. For example:
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The second preferred method of the invention includes the
principle actions of the first preferred method and the additional
principle action of receiving fuel conversion data and engine
emissions data. These preferably include receiving the fuel
conversion data and engine emissions data from suitable
emission sensors (not shown) in the cylinder or the exhaust port
of the engine 12. The emission sensors preferably sense the
amount of NOx in the exhaust and communicates this data to
the control unit 10.

(Ex. 1001, 540 patent, col. 3, lines 27- 35)
66. The patent suggests that these additional terms be used to modify the data in

the look-up table, but also admits that it could be used in the determination of the

valve feedback term. For example:

The control unit 10 preferably uses this information to modify
the output value from the look-up table, but may alternatively
use this information to continually adjust the values in the look-
up table. The control unit 10 may alternatively use this
information as another factor in the determination of the valve
feedback term.

(Ex. 1001, 540 patent, col. 3, lines 35-41)

67. I note that the patent offers no description of any algorithms, computational
devices or data transformations that might be used to determine the valve feed-
forward or valve feed-back terms, nor does it describe how these terms would be

used to calculate a valve timing command.
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X.  OPINIONS ON CLAIM CONSTRUCTION

A.  “engine performance”

68.  This term appears in challenged claims 1-2, and 7. The term “engine
performance” is used in two contexts in the claims: (1) engine performance
command; and (2) engine performance feedback.

69. The ‘540 patent describes the “engine performance” in the context of the

engine performance command as:

The action of obtaining an engine performance command also
preferably includes deriving the engine performance command
from the wvehicle performance command. The engine
performance command is preferably based on the vehicle
performance command, but may alternatively be based on
additional suitable factors, such as a traction control signal or a
cruise control signal. The engine performance command is
preferably a desired engine torque and, for this reason, the
engine performance command may be thought of as an
engine torque command. The engine performance command,
however, may alternatively be another suitable variable, such
as a desired engine acceleration.

(Ex. 1001,°540 patent, col. 2, lines 10-22, emphasis added)

70.  Thus the ‘540 patent provides examples of an engine performance command,

1.e., “an engine torque command” or “a desired engine acceleration,” and it also
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describes that the engine performance command could be “another suitable
variable.”

71.  The 540 patent also describes that the engine performance command is
derived from either a vehicle performance command (i.e., from the driver), or a
signal from some other vehicle system such as traction control or cruise control. It
is noteworthy that each of these represents an input associated with a request for an
engine response, but beyond that, the type of response is not defined explicitly.

72.  The ‘540 patent describes the “engine performance” in the context of the

engine performance feedback as:

Similarly, the action of receiving an engine performance
feedback 22 preferably includes receiving the engine
performance feedback from an engine sensor 32 in the vehicle.
Other engine measurables, such as engine torque data, may be
useful in the determination of the terms. For this reason, the
engine sensor 32 may alternatively sense other suitable
information. The engine sensor 32 is preferably a conventional
engine sensor, but may alternatively be any suitable sensor.
(Ex. 1001, °540 patent, col. 2, lines 36-47)

73.  Thus the 540 patent provides examples of the term engine performance
feedback, i.e., “engine torque data,” but it also describes that the engine

performance feedback could be “other suitable information.”
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74.  The 540 patent also describes that the engine performance feedback is
preferably derived from a sensor, and is characterized as an “engine measurable.”
75.  Thus, in my opinion, a POSITA would understand the term “engine
performance” would encompass engine responses or “measurable”, as the patent
describes in the contexts discussed above. Accordingly, in my opinion, the term
“engine performance,” under the broadest reasonable interpretation and in the
context of the specification and claims of the ‘540 patent, should be construed as

“engine measurable or engine response.”

B. “environmental conditions signal”

76.  This term appears in challenged claims 1 and 3, The ‘540 patent describes

the environmental conditions signal as:

The action of receiving an environmental conditions signal 18
preferably includes receiving an environmental conditions
signal from an environmental sensor 30 in the vehicle. The
environmental sensor 30 preferably senses the ambient
temperature outside the vehicle and communicates this data to
the control unit 10, which uses the data to determine the valve
feedforward term. Other information, such as the ambient
pressure, may be useful in the determination of the valve
feedforward term. For this reason, the environmental sensor 30
may alternatively sense other suitable information. The

environmental sensor 30 is preferably a conventional
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environmental sensor, but may alternatively be any suitable
device.

(Ex. 1001, °540 patent, col. 2, lines 23-35)

77.  Thus the ‘540 patent provides examples of the term environmental
conditions signal, i.e., “ambient temperature or “ambient pressure”, but it also
describes that the environmental conditions signal could be “other suitable
information”. The ‘540 patent does describe that the environmental conditions
signal is derived from environmental sensor 30. I note that a POSITA would
understand that a sensor is a device for measuring a parameter, and, in the context
of electronic engine control, a signal is an electrical current associated with a
voltage (i.e. an electric signal as opposed to a sound or visual signal). Thus
environmental sensor 30 would output an electrical signal representing the
measurement of an environmental parameter. Lastly in my opinion, a POSITA
would understand the term “environment” to represent the ambient conditions
within which the vehicle/engine must operate, that is conditions that the vehicle
does not itself change in any appreciable way.

78.  Thus, in my opinion, under the broadest reasonable interpretation and in the
context of the specification and claims of the ‘540 patent, the term “environmental
conditions signal” should be construed to mean “signal representing a parameter of

the environment.”
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C. “vehicle performance command”

79.  This term appears in challenged claim 2. The ‘540 patent describes the

vehicle performance command as:

The action of obtaining an engine performance command 16
preferably includes receiving a vehicle performance command
from a driver. Preferably, the vehicle performance command
is received from the foot of a driver with the use of a
conventional pedal 28, as shown in FIG. 1. Alternatively, the
vehicle performance command could be received from the
driver with the use of any suitable device.

(Ex. 1001, 540 patent, col. 2, lines 4-10)

80. The ‘540 patent thus makes it clear that the vehicle performance command is
an input from the driver, and it is associated with a performance aspect of the
vehicle such as accelerating or slowing down. The New Shorter Oxford English
Dictionary defines command as a “symbolic expression which defines an operation
in a computer; a signal initiating the performance of such an operation.” Ex. 1014
at 4, Oxford Dictionary p. 449. Accordingly, a POSITA would understand a
command to be an initiation of some action. And it is well-known in vehicle
systems that the accelerator pedal may be connected to the engine through
mechanical (e.g., a cable or linkage) or electrically (e.g., an electric throttle
control), thus the command could take the form of an electrical or mechanical

signal.
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81.  Thus, in my opinion, under the broadest reasonable interpretation and in the
context of the specification and claims of the ‘540 patent, the term “vehicle
performance command” should be construed to mean “signal derived from a driver

action to initiate a vehicle performance parameter”

D. “fuel conversion data”

82.  This term appears in challenged claim 11. The ‘540 patent describes fuel

conversion data as:

The second preferred method of the invention includes the
principle actions of the first preferred method and the additional
principle action of receiving fuel conversion data and engine
emissions data. These preferably include receiving the fuel
conversion data and engine emissions data from suitable
emission sensors (not shown) in the cylinder or the exhaust
port of the engine 12.

(Ex. 1001, 540 patent, col. 3, lines 27-33)

83.  The ‘540 patent does not provide any examples of fuel conversion data or
“suitable emissions sensors”. A POSITA would understand, for example as
described in the background section of this declaration, that “fuel conversion”
refers to the conversion of fuel into exhaust gas components and heat, and that a

suitable measure of fuel conversion would be a direct or indirect measurement of
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how much of the fuel provided to the engine had been converted or burned in the
combustion process.

84.  Thus, in my opinion, under the broadest reasonable interpretation and in the
context of the specification and claims of the ‘540 patent, the term “fuel
conversion data” should be construed to mean “data representing a direct or

indirect measure of the volume of fuel burned in the combustion process”.

E. “engine emissions data”

85.  This term appears in challenged claim 14. The ‘540 patent describes engine

emissions data as:

The second preferred method of the invention includes the
principle actions of the first preferred method and the additional
principle action of receiving fuel conversion data and engine
emissions data. These preferably include receiving the fuel
conversion data and engine emissions data from suitable
emission sensors (not shown) in the cylinder or the exhaust
port of the engine 12. The emission sensors preferably sense
the amount of NOx in the exhaust and communicates this data
to the control unit 10. .... The emission sensors are preferably
conventional emission sensors, but may alternatively be any
suitable sensor.

(Ex. 1001°540 patent, col. 3, lines 27-43, excerpted and
emphasis added)
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86.  The ‘540 patent does not provide any examples of “suitable emissions
sensors”. Emissions sensors range in complexity from very simple to very
sophisticated. In general emissions sensors in a vehicle are as simple as possible.
For example, most engine management systems do not include complex and
expensive gas analyzers. A POSITA would understand, for example, as described
in the background section of this declaration, that emissions sensors may be either
direct or indirect, and may rely on the known combustion processes and chemistry
to allow an estimate of emissions based on the measurement of other indirect
parameters. It is well-known that the primary emissions from the combustion
process are oxides of nitrogen (typically designated NOx), carbon monoxide (CO),
and unburned hydrocarbons (HC). As can be seen in the figure below, the quantity
of these emissions varies as the air fuel ratio varies. Thus, it is possible to estimate
the volume or concentration of emissions products by measuring the air fuel ratio
or any variable that is associated with the air fuel ratio (e.g. the oxygen in the

exhaust).
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Exhaust gas

0.90 0.95 | 1.05 1.10 Lambda
132 14 147 155 16.2 Air-fuel ratio

Fig. 4-3. Poliutant levels in engine exhaust change drastically
as air-fuel ratio changes. Notice the trade-off be-
tween control of HC and CO, and control of NOx.

(Ex. 1007 p. 23, Probst p. 2:16)

87.  Thus, in my opinion, under the broadest reasonable interpretation and in the
context of the specification and claims of the ‘540 patent, the term “engine
emissions data” should be construed to mean “data representing a direct or indirect

measure of the concentration of emissions gases in the engine exhaust™.
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XI. OVERVIEW OF THE PRIOR ART
A. U.S. Patent No. 5,713,317 (“Yoshioka”)

88.  U.S. Patent No. 5,713,317 issued on February 3, 1998 from an application
filed on July 15, 1996. The patent also claims priority to Japanese patent
application 7-190524, filed July 26, 1995. Yoshioka qualifies as prior art under at
least 35 U.S.C. §§ 102(a) and (b).

89.  Yoshioka describes a “method and apparatus for continuously and variably
controlling valve timing for an internal combustion engine” (Ex. 1004, ‘317 patent,
at Title).

90. Specifically, Yoshioka describes adjusting the valve timing according to the
atmospheric pressure to provide improved performance over a wide range of

altitudes. For example:

When driving at high altitudes, an engine receives a smaller
quantity of intake air due to the low concentration of air. The
first and second aspects of the present invention are capable of
optimizing valve timing to maintain the output of the engine at
high altitudes.

(Ex. 1004, ‘317 patent, col. 2, lines 30-34)

91. To accomplish this, Yoshioka uses a hydraulic actuator that causes the cam
shaft drive gear to rotate either forward or backward to control the phase of the

camshaft relative to the crankshaft. For example:
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A continuously variable mechanism 92 having a known
structure to determine the open/close timing of the intake valve
24 1s arranged between the cam shaft 85 and the timing pulley
89. The mechanism 92 turns the cam shaft 85 and timing pulley
89 relative to each other. More precisely, the mechanism 92
uses the cam shaft 85 and timing pulley 89 as external gears
and connects them to each other through an intermediate helical
gear. The helical gear is axially moved by hydraulic pressure, to
drive the cam shaft 85 and timing pulley 89 relative to each

other. The hydraulic pressure is controlled by a control valve 68.

(Ex. 1004, ‘317 patent, col. 5, lines 10-20)

92.  Yoshioka describes that the actuator is controlled using an algorithm that
determines the valve displacement according to a map or table, and then adjusts the
target valve displacement according to the atmospheric pressure, as described

below in connection with Figure 9, reproduced below.

The second embodiment sets a target displacement to be
imposed on the open/close timing of the intake valve 24
according to a detected engine load and decreases the target
displacement as an atmospheric pressure becomes lower, to
maintain the output of the engine at high altitudes under high
load, similar to the first embodiment. FIG. 9 is a flowchart
showing a variable valve timing (WT) control routine according
to the second embodiment.

(Ex. 1004, ‘317 patent, col. 7, lines 47-55, emphasis added)
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(W1 coNTROL ROUTINE )

READ NE ~ 202
I
READ GN 204
¥
READ PA [™—206
K
FIND Lpa FROM pA [ 208
v
FIND [VTDo FROM GN AND NE 210
7
IVID# =<——— IVTDoXLpa |21
y 214

FEEDBACK-CONTROL TO IVTDt

(Ex. 1004, ‘317 patent, Fig. 9)

93.  Yoshioka also describes that the engine load is determined by measuring the

mass air flow and the engine speed. For example:

Step 104 reads an engine load (the mass of intake air per engine

revolution) calculated according to the mass flow rate of intake

air detected by the airflow meter 40 and the engine revolution

speed provided by the crank angle sensor 51.

(Ex. 1004, ‘317 patent, col. 7, lines 20-24)
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94. I note that Yoshioka also describes steps 202 through 206 of Figure 9 as

being the same as steps 10

Steps 202 to 206 are the same as steps 102 to 106 of the first
embodiment of FIG. 7.
(Ex. 1004, ‘317 patent col. 7, lines 55-56)

95. Yoshioka also describes that the mass air flow is related to the throttle

opening. For example:

A throttle valve 5 arranged in the throttle body 4 adjusts the
quantity of intake air. An airflow meter 40 measures the mass

flow rate of intake air.

(Ex. 1004, ‘317 patent, col. 4, lines 13-15)

96.  Thus, measuring the engine load includes measuring the torque demand as
represented by the throttle opening.
97.  Yoshioka describes that the initial valve offset IVTDO is read from a map
(i.e. a table), and that this value is subsequently corrected using the atmospheric
pressure measurement, to arrive at a target valve offset. For example:
Step 210 refers to the map of FIG. 4 according to the engine
load GN and engine revolution speed NE and finds a
displacement IVTDO to be imposed on the open/close timing of
the intake valve 24.

Step 212 corrects the displacement IVTDO and provides a target
displacement IVTDt as follows:

50
HMC EXHIBIT 1002

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



IPR2018-01061
US Patent 6,748,540

IVTDt €IVTDOxLpa
(Ex. 1004, ‘317 patent, col. 7, line 64 to col. 8, line 4)

98.  Yoshioka then describes that the actual valve timing is adjusted to achieve

this offset using a feedback scheme. For example:

To bring the actual displacement of the intake valve 24 to the
target displacement IVTDt, the hydraulic control valve 68 is
feedback-controlled.

(Ex. 1004, ‘317 patent, col. 8, lines 5 -7)

B. Torque Management of Engines with Variable Valve Timing, By
Jankovic, Stefanopoulou, and Cook

99. Torque Management of Engines with Variable Valve Timing, By Jankovic,
Firschmuth, Stefanopoulou, and Cook (“Jankovic”) was published in IEEE Control
Systems in October, 1998. Jankovic qualifies as prior art under at least 35 U.S.C.
§§ 102(a) and (b).
100. Jankovic describes an engine model and control system for a variable valve
timing engine aimed at reducing emissions and improving drivability (i.e.,
performance, fuel economy, etc.).
For example;

In addition to the reduction of NOx and HC emissions, variable

cam timing permits the engine designer to optimize cam timing

over a wide range of engine operating conditions, providing
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both good idle quality (minimal overlap between the intake and
exhaust events) and improved wide-open throttle performance
(maximum inducted charge). In this article, we will assume that
the camshaft position is continuously variable to achieve the

full benefits in emissions and torque.

(Ex. 1005 pp. 1-2, Jankovic pp. 34-35)

101. Jankovic describes varying both the intake and exhaust valve timing as part
of the overall engine management scheme. For example, as illustrated in Figure 1,

reproduced below. For example:

Four versions of VCT are available for double overhead
camshaft (DOHC) engines: phasing only the intake cam (intake
only), phasing only the exhaust cam (exhaust only), phasing the
intake and exhaust cams equally (dual equal), and phasing the
two camshafts independently (dual independent). The dual
independent VCT provides the best performance, but it is the
most complex and expensive to implement.

(Ex. 1005 p. 2, Jankovic p. 35)
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[ Basa Valve Timing
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s Crankshaft Position
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Fig. 1. Valve lift profiles of conventional and VCT engines. By retarding the cam phasing, the exhaust valve stays open during the intake evenr

for a longer time period, retaining otherwise unburned HC and reducing the combustion temperature due to the dilution of the inert gas.

(Ex. 1005 p. 2, Jankovic p. 35)

102. Jankovic presents an overall model of the engine management system as

shown in Figure 2, reproduced below.

o P

T

N
N —3 VCT
CAM |Gt Mechanism
Schedule
S0 | 45" B Ko | P
R 01(Pmiga(e) PP 5

Mgyt
T(me AFN) -
N

AF

Fig. 2. Engine model with VCT and electronic throitle.

(Ex. 1005 p. 3, Jankovic p. 36)

103. Jankovic describes this model as follows:
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From the controller design point of view, several prominent
characteristics of this problem will dictate our approach:
e The model of the plant is low order, nonlinear, with known
nonlinearities available from the dynamometer mapping data.
e The disturbance (cam phasing) is measured. The output
(cylinder mass air flow, or cylinder air charge, or torque) is
not measured.
e Transient response is much more important than steady state
accuracy.
The first three items above suggest that a feedforward
compensation may be the most appropriate, so this is the
approach we adopt. Our compensator design is based on a low
order nonlinear model of a VCT engine derived in [12] Starting
from the nonlinear model we develop a nonlinear control
algorithm that rejects the air-charge (torque) disturbance and
recovers the drivability of the conventional engine.

(Ex. 1005 pp. 2-3, Jankovic, pp. 35-36)

104. To support their mathematical analysis Jankovic provides a summary of the

variables and symbols as provided below.
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Notation
A/F air-fuel ratio
N engine speed
P, manifold pressure

m,,: mass of air into cylinder

T: torque
§,ort cam phasing command
- Cam phasing

0,: throttle angle due to driver request

0": additive throttle angle due to compensation

0: total throttle angle '

(g mass air flow rate into manifold

0,,,: mass air flow rate into cylinders

0: opening of the air-bypass valve

AT': duration of the intake event

o spark retard from maximum braking torque (MB'T) setting.

(Ex. 1005 p. 3, Jankovic p. 36)

105. As can be appreciated, from Figure 2 above, the driver throttle input 6, is
supplemented by a feedback loop that corrects the driver’s throttle input in order to
assure conformance to the control algorithm.
106. Jankovic describes that, based on the driver’s throttle input ©,, and the
engine speed N, the system selects a reference camshaft offset C(REF using a cam
schedule, that is a table or engine map relating the cam offset to engine speed and
throttle angle. For example:

A block diagram in Fig. 2 shows the cam timing reference (rgp,

scheduled on engine speed and driver demanded throttle O,

(Ex. 1005 p. 3, Jankovic p. 36)
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107. Jankovic also describes that once the target camshaft offset (rer 1s selected,
the system uses a VCT (Variable Cam Timing) feedback control system to assure

that the actual cam offset -\ matches the target (rgr. For example:

The VCT actuator system consists of a control valve and the
actuator itself. This control oriented model captures the
dominant behavior of the VCT actuator system. These
dominant dynamics can be reduced to a single integrator.
Adding higher frequency components does not add much to the
accuracy of this model. The static control valve behavior is
captured in the function F(-). It is purely a function of the
control input. The gain of the VCT actuator depends heavily on
the engine speed N and is described by the static function K(N).
A block diagram of the VCT mechanism model is shown in Fig.
8.

(Ex. 1005 p. 7, Jankovic p. 40)

108. This feedback system is illustrated in Figure 8, reproduced below, wherein
the actual measured camshaft offset {canm, 1s processed through a proportional-
integral-derivative (PID) control computation, and this is then compared to the
target camshaft offset (rgr. The difference is then used as a supplemental or

corrective input to the VCT actuator.
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Cref F() —_
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Fig. 8. Simplified controls-oriented model of the VCT mechanism.
(Ex. 1005 p. 8, Jankovic p. 41)

XII. CLAIMS 1-3,7,10-11, AND 14 OF THE ‘540 PATENT ARE INVALID
AS OBVIOUS

109. It is my opinion that claims 1-3, 7, 10-11, and 14 of the ‘540 Patent are
invalid because they would have been obvious to a skilled artisan at the time the
application that became the ‘540 Patent was filed. The Petition sets forth the
arguments for invalidity based on the prior art. Below I elaborate on certain points
raised in the discussion of the Petition from the perspective of a skilled artisan at

the time the ‘540 Patent was filed.

A.  Ground 1: Claims 1-3, 7, 10-11, and 14 are Rendered Obvious
Under the Combination of Yoshioka and Jankovic
i. Summary

110. In my opinion, claims 1-3, 7, 10-11, and 14 of the ‘540 patent are rendered
obvious by U.S. Patent No. 5,713,317 (“Yoshioka”) in combination with the paper

titled “Torque Management of Engines with Variable Valve Timing” (“Jankovic”).
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111. I set forth a detailed analysis of these references relative to the claim

elements below.
il Claim Element Analysis

a. Claim 1

1. A method for calculating a valve timing command for an engine of a vehicle,
comprising:

112. Yoshioka describes “a method of, and apparatus for continuously and
variably controlling valve timing of (an) internal combustion engine”. (Ex. 1004,
‘317 patent, at Title). Specifically, Yoshioka describes a method for adjusting the
timing of valves based on the atmospheric pressure so that the overall performance
of the engine is improved over a wide range of operating conditions.

For example:

...valve timing mechanism of an internal combustion engine to
continuously and variably control the timing of an intake valve

according to atmospheric pressure.

(Ex. 1004, ‘317 patent at Abstract)

An object of the present invention is to provide a method of and
an apparatus for optimizing valve timing according to
atmospheric pressure for a continuously variable valve timing
mechanism of an internal combustion engine.

(Ex. 1004, ‘317 patent, col. 1 lines 39-43)
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113. Yoshioka further indicates that the subject engine is an engine in a vehicle.
For example, Figure 1, reproduced below, identifies a “vehicle speed sensor” input,
and Yoshioka also refers to automobiles and driving in numerous places in the

patent. For example:

There are many variable mechanisms that optimize the reduced
open/close timing of a valve of an automobile engine according
to driving conditions.

(Ex. 1004, ‘317 patent, col. 1, lines 15-17)

When driving at high altitudes, an engine receives a smaller
quantity of intake air due to the low concentration of air. The
first and second aspects of the present invention are capable of
optimizing valve timing to maintain the output of the engine at
high altitudes.

(Ex. 1004, ‘317 patent, col. 2, lines 30-34)
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(Ex. 1004, ‘317 patent, Fig. 1)

114. Jankovic describes a model and algorithm for the management of torque in

variable cam timing (i.e., variable valve timing) engines (Jankovic, at title).

115. Jankovic describes varying both the intake and exhaust valve timing as part

of the overall engine management scheme. For example, as illustrated in Figure 1,

reproduced below. For example:
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Four versions of VCT are available for double overhead
camshaft (DOHC) engines: phasing only the intake cam (intake
only), phasing only the exhaust cam (exhaust only), phasing the
intake and exhaust cams equally (dual equal), and phasing the
two camshafts independently (dual independent). The dual
independent VCT provides the best performance, but it is the
most complex and expensive to implement.

(Ex. 1005 p. 2, Jankovic p. 35)

[ Basa Valve Timing
=
|
E Exhaust Inlet
[}
s Crankshaft Position
T0C EVO IVOpgEVC NC  pg
& | Variable Valve Timing
=
2
@
= Crankshaft
Postiony | [
IVCTDC

Fig. 1. Valve lift profiles of conventional and VCT engines. By retarding the cam phasing, the exhaust valve stays open during the intake evenr
for a longer time period, retaining otherwise unburned HC and reducing the combustion temperature due to the dilution of the inert gas.

(Ex. 1005 p. 2, Jankovic p. 35)
116. Jankovic provides listing of variables referenced in the paper, these are

reproduced in the figure below. Included in this list are the cam phasing command,
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the cam phase (i.e. the actual phase of the camshaft), the throttle angle due to the

driver request, the total throttle angle and numerous other parameters.

Notation
A/F air-fuel ratio
N engine speed
P,,: manifold pressure
m.,,: mass of air into cylinder
T': torque
§,.pt cam phasing command
{..,: cam phasing
0,: throttle angle due to driver request
0°: additive throttle angle due to compensation
0: total throttle angle '
(g: mass air flow rate into manifold
0,,,- mass air flow rate into cylinders
0: opening of the air-bypass valve
AT': duration of the intake event
o' spark retard from maximum braking torque (MB'T) setting.

(Ex. 1005 p. 3, Jankovic p. 36)

‘ obtaining an engine performance command; \

117. Yoshioka describes that the engine is equipped with a throttle and a throttle

opening sensor. For example:

A throttle valve 5 arranged in the throttle body 4 adjusts the
quantity of intake air. An airflow meter 40 measures the mass
flow rate of intake air.... A throttle sensor 42 detects the
opening of the throttle valve 5.

(Ex. 1004, ‘317 patent, col. 4, lines 13-15, 20-21 emphasis
added)
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118. Yoshioka describes that the CPU 71 receives throttle opening information
from the throttle opening sensor. For example, as illustrated in Figure 2,

reproduced below with annotation.

Fig.2
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(Ex. 1004, ‘317 patent, Fig. 2)
119. The throttle opening sensor measures the opening of the throttle, and, as
mentioned in the background section of this declaration, a POSITA would
understand that the throttle is controlled, at least in part, by the driver through the
position of the accelerator pedal. Opening the throttle allows an increase in the
volume of air-fuel mixture reaching the engine, thereby allowing it to generate
more power. Thus, the throttle opening represents an engine performance

command.
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120. Yoshioka also describes that the engine load (actually engine load demand)

is determined by measuring the mass air flow and the engine speed. For example:

Step 104 reads an engine load (the mass of intake air per engine
revolution) calculated according to the mass flow rate of intake
air detected by the airflow meter 40 and the engine revolution
speed provided by the crank angle sensor 51.

(Ex. 1004, ‘317 patent, col. 7, lines 20-24)

121. Inote that Yoshioka also describes steps 202 through 206 of Figure 9 as

being the same as steps 10

Steps 202 to 206 are the same as steps 102 to 106 of the first
embodiment of FIG. 7.
(Ex. 1004, ‘317 patent, col. 7, lines 55-56)

122. Yoshioka also describes that the mass air flow is related to the throttle

opening. For example:

A throttle valve 5 arranged in the throttle body 4 adjusts the
quantity of intake air. An airflow meter 40 measures the mass

flow rate of intake air.

(Ex. 1004, ‘317 patent, col. 4, lines 13-15)

123. As described by Yoshioka, measuring the engine load includes measuring
the mass air flow, which is controlled by the throttle valve opening (and the current
road load on the engine), and thus the engine load GN described by Yoshioka

represents an engine performance command.
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124. The reading (and thus receiving) of the engine load (and thus the engine
performance command) is illustrated in Figure 9, reproduced below with

annotation.

Fig.9

(W1 conTROL ROUTINE )
¥

READ NE 202
X
READ GN 204
[0
READ PA 206
I
FIND Lpa FROM PA  [-208
¥
FIND IVTDo FROM GN AND NE 210
¥
IVTD% =—— IVTDo XLpa 212

¥
FEEDBACK-CONTROL TO IVTOZ 214

(Ex. 1004, ‘317 patent, Fig. 9)

125. Jankovic describes measuring the throttle angle ©. For example:

In this application, the throttle angle is comprised of the throttle
position due to the driver’s request (Op) and an additive term
due to the compensation (©%*)

O =0+ OF.
(Ex. 1005 p. 3, Jankovic p. 36)
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126. Jankovic further describes that the throttle opening O is based on the

position of the accelerator pedal. For example:

Electronic control of the throttle provides an additional degree
of control capability to affect emissions and fuel economy
while providing the performance desired by the driver as
interpreted from the accelerator pedal position.
(Ex. 1005 p. 2, Jankovic p. 35, emphasis added)

| receiving an environmental conditions signal; |

127. Yoshioka describes that the engine is equipped with an atmospheric pressure

sensor. For example:

Step 106 reads an atmospheric pressure PA detected by the

atmospheric pressure sensor 46.

(Ex. 1004, <317 patent, col. 7, lines 24-25, emphasis added)
128. Yoshioka describes that the CPU 71 receives atmospheric pressure

information from the atmospheric pressure sensor. For example, as illustrated in

Figure 2, reproduced below with annotation.
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Fig.2
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(Ex. 1004, ‘317 patent, Fig. 2)

129. The reading (and thus receiving) of the atmospheric pressure signal; is

illustrated in Figure 9, reproduced below with annotation.
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(wT CONTROL ROUTINE )
¥

rero ne =202
I
READ GN 204
T
READ PA [~~206
T
FIND Lpa FROM PA  [~—208
¥
FIND [VIDo FROM GN AND NE 210
v
IVTD* <—— IVTDo XLpa 212
. - 214

FEEDBACK-CONTROL TO IVTDi

(Ex. 1004, ‘317 patent, Fig. 9 (annotated).)
130. As described in the background section of this declaration, a POSITA would

understand that an atmospheric pressure sensor generates a signal indicative of the

atmospheric pressure of the environment, and thus the output of the atmospheric

pressure sensor is an environmental conditions signal.

131. While Jankovic does not describe measuring an environmental parameter

directly, the paper does describe that measured operating parameters depend on

environmental parameters. For example, Jankovic describes that mass air flow is

dependent on the atmospheric pressure:
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The mass air flow through the throttle body into the manifold
Is a function of the upstream atmospheric pressure Pa, the
manifold pressure, and the throttle angle
(Ex. 1005 p. 3, Jankovic p. 36, emphasis added)

determining a valve feedforward term based on the engine performance
command and the environmental conditions signal

132. Yoshioka describes determining a valve offset, [VTD,, based on the detected
engine load (engine performance command) and atmospheric pressure

(environmental conditions signal). For example:

The second embodiment sets a target displacement to be
imposed on the open/close timing of the intake valve 24
according to a detected engine load and decreases the target
displacement as an atmospheric pressure becomes lower, to
maintain the output of the engine at high altitudes under high
load, similar to the first embodiment. FIG. 9 is a flowchart
showing a variable valve timing (WT) control routine according
to the second embodiment.

(Ex. 1004, ‘317 patent, col. 7, lines 46-55, emphasis added)

133. Yoshioka describes that the initial valve offset IVTD, is read from a map (i.e.
a table), and that this value is subsequently corrected using the atmospheric

pressure measurement, to arrive at a target valve offset [VTD,. For example:

Step 208 refers to a map of FIG. 10 according to the

atmospheric pressure PA and finds a correction coefficient Ly,
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for correcting a displacement to be imposed on the open/close
timing of the intake valve 24. The coefficient L, i1s 1.0 at low
altitudes with PA=760 mmHg and decreases as the altitude
increases, i.c., as the atmospheric pressure PA decreases. The
map of FIG. 10 is stored in the ROM 73 in advance.

(Ex. 1004, 317 patent, col. 7, lines 57-63, emphasis added)
Step 210 refers to the map of FIG. 4 according to the engine

load GN and engine revolution speed NE and finds a
displacement IVTD, to be imposed on the open/close timing of
the intake valve 24.

(Ex. 1004, ‘317 patent, col. 7, lines 63-67, emphasis added)
Step 212 corrects the displacement IVTD, and provides a

target displacement IVTD; as follows:
IVTD; €IVTDgxLp,
(Ex. 1004, ‘317 patent, col. 8, lines 1-4)

134. Yoshioka illustrates this process in Figure 9, reproduced below with

annotation.
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(Ex. 1004, ‘317 patent, Fig. 9 (annotated).)

135. Jankovic describes that, based on the driver’s throttle input ©,, and the

engine speed N, the system selects a reference camshaft offset (rgr using a “cam

schedule”. For example:

A block diagram in Fig. 2 shows the cam timing reference (rgr,

scheduled on engine speed and driver demanded throttle O,

(Ex. 1005 p. 3, Jankovic p.

36)

136. As described in the background section of this declaration, a POSITA would

understand a “cam schedule” to be a table or map, typically stored in read only
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memory (ROM) that relates combinations of throttle opening and engine speed to
particular cam shaft offsets.

137. Jankovic also illustrates the determination of the cam phasing command
"Irer using the cam schedule in Figure 2, reproduced below, with annotation. For

example:

Cam Phase
Command

Engine Speed

S

A Y N
N — — voT  |Len
— caM |l Mechanism

Schedule

S| 1 e Pm
Y 01(Pge(®) @

P

Throttle angle from

Driver Request \

F(N.Prm:Cean)

ST\

Fig. 2. Engine model with VCT and electronic throttle.

(Ex. 1005 p. 3, Jankovic p. 36 (annotated).)

\ receiving an engine performance feedback; |

138. Yoshioka describes measuring the rotational position of the crankshaft and

the cam shaft to determine the valve offset. For example:

The crank shaft 81 has a buried magnet 82, so that a first
magnetic sensor 54 arranged close to the crankshaft 81 may
generate a reference pulse. The cam shaft 85 of the intake valve
24 has a buried magnet 93, so that a second magnetic sensor 55

arranged close to the cam shaft 85 generate a reference pulse.
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(Ex. 1004, ‘317 patent, col. 5, lines 4-9)

139. Thus, the position of the camshaft as measured by magnetic sensor 55,
relative to the crank shaft is, and the engine speed, as measured by the crankshaft
sensor 54 represent engine performance feedback quantities as required by the
claim.

140. Jankovic describes measuring multiple engine parameters, all of which meet
the construction of “engine feedback”. Specifically, Jankovic describes measuring
the engine speed (which is specifically identified as “engine feedback™ in the ‘540
patent), and actual camshaft offset {cay (Which, in my opinion falls under the
“other engine measurables”, and “other suitable information” definitions provided

by the ‘540 patent’). For example:

From the controller design point of view, several prominent
characteristics of this problem will dictate our approach:

e The model of the plant is low order, nonlinear, with
known nonlinearities available from the dynamometer
mapping data.

e The disturbance (cam phasing) is measured.

e The output (cylinder mass air flow, or cylinder air charge,

or torque) is not measured.

> See, Ex. 1001, “540 patent, col 2, lines 36-47
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e Transient response is much more important than steady

state accuracy

(Ex. 1005 p. 2, Jankovic p. 35, emphasis added)
141. Both the engine speed feedback and the camshaft phase feedback are also

illustrated in Figure 8, reproduced with annotation below.

Camshaft Actuator
(Process Model)

Engine Speed
(Engine Feedback)

/

Actual Cam Phase
(Engine Feedback)

N

—

K(N)

Fig. 8. Simplified controls-oriented model of the VCT mechanism.

(Ex. 1005 p. 8, Jankovic p. 41 (annotated).)

calculating a valve feedback term based on the engine performance command

and the engine performance feedback;

142. Yoshioka also describes that the relative phase or timing of the crankshaft

and cam shaft positions determines the valve offset. For example, in reference to

Figure 3, reproduced below.
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FIG. 3 is a timing chart showing crank angles corresponding to
the open/close timing of the intake and exhaust valves 24 and
26.

(Ex. 1004, ‘317 patent, col. 6, lines 16-18)

Fig.3
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warIasLe) MY
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BOTTOM DEAD CENTER

(Ex. 1004, ‘317 patent, Fig. 3)

143. Yoshioka describes measuring the relative phase of the crankshaft and the

cam shaft to determine the valve offset. For example:

The crank shaft 81 has a buried magnet 82, so that a first
magnetic sensor 54 arranged close to the crankshaft 81 may
generate a reference pulse. The cam shaft 85 of the intake valve
24 has a buried magnet 93, so that a second magnetic sensor 55

arranged close to the cam shaft 85 generate a reference pulse.
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(Ex. 1004, ‘317 patent, col. 5, lines 4-9)

144. Thus, the relative position of the camshaft as measured by magnetic sensor
55, relative to the crank shaft as measured by sensor 54 represents the actual valve
offset, and this is a calculated measure of the actual engine performance.

145. Yoshioka further teaches that this information is utilized “so that the cam
shaft 85 of the intake valve 24 maintains a required rotational phase with respect to
the crankshaft 81.” Yoshioka, Ex. 1004 at col. 6 lines 8-13 (describing feedback
control). To do so, Yoshioka further discloses that the hydraulic control valve 68
is feedback-controlled to bring the actual displacement of the intake valve, (as
measured by magnetic sensors 84, 85) to be adjusted to the target displacement
IVTD; (i.e., the “feedforward term”). A person of ordinary skill in the art would
appreciate that this is done by comparing the target displacement IVTD; (i.e., the
feedforward term, which is based, in part, on the engine performance command, as
discussed above in 49 132-137) with the actual displacement of the intake valve
(i.e., based on the engine performance feedback from the magnetic sensors 54, 55).
146. As mentioned above, in § 47, a POSITA would well understand that when
Yoshioka discloses “feedback-controll[ing]” the hydraulic pressure control valve
68 according to the signals from the magnetic sensors, what is meant by “feedback

control” is to compare the actual displacement and the target displacement to
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identify any error and adjust as needed. See above §47. A POSITA would
understand that, in order to feedback control the hydraulic control valve in order to
bring the actual displacement of the intake valve to the target displacement IVTD,,
such a comparison between the actual displacement and the target displacement is
being made. Ex. 1013 pp. 12-13, McGraw-Hill Electronics Dictionary pp. 162,
168 (defining feedback controller as “A circuit or element in a closed loop system
that controls the motor or other actuator in a closed loop system to correct an error
signal” and defining error signal as “A voltage or current proportional to the
difference between the desired and actual response in a closed loop system™).

147. As aresult, the actual valve offset comparison with the target displacement
meets the limitation of an “valve feedback term” as required by the claim, because
it is a calculated measure of the actual engine performance relative to a desired
value of that performance, and is based on the “engine performance command”
(IVTD¢—i.e., the feedforward term, which is based, in part, on the engine
performance command, as discussed above in Y 132-137) and the “engine
performance feedback” (position of the camshaft as measured by magnetic sensor
54, relative to the crank shaft as measured by magnetic sensor 55).

148. Alternatively, and additionally, Yoshioka explicitly describes that the valves
are controlled using a feedback control. Yoshioka, Ex. 1004 at col. 6 lines 6-15.

Meanwhile, Jankovic elaborates regarding calculating a valve feedback term based
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on the engine performance command and the engine feedback. And a POSITA
would be motivated to combine the teachings of Jankovic, elaborating on
calculating a valve feedback term, with the teachings of Yoshioka regarding
feedback control of valve timing.

149. For example, Jankovic Figure 8, reproduced below with annotation,
illustrates the valve control process, which includes the target camshaft phasing
Crer, Which Jankovic earlier described as “scheduled on engine speed and driver
demanded throttle ©,”, and two variables of engine performance feedback: engine
speed N and the actual camshaft phase {cam. These inputs are then processed in
the PID (proportional, integral, derivative) calculation box shown in Figure 8 to
arrive at a feedback term that is subsequently compared to the camshaft phase
command. As is shown in annotated Figure 8, below, the valve feedback term is
based on engine performance feedback (cam phase and/or engine speed) and an

engine performance command (Cgrgr, Which is based on driver demanded throttle

00).
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Fig. 8. Simplified controls-oriented model of the VCT mechanism.

(Ex. 1005 p. 8, Jankovic p. 41 (annotated).)
150. As described at the end of this section, a POSITA would be motivated to
combine the Yoshioka and Jankovic references. Specifically, Yoshioka describes
using feedback to control the valve timing to the commanded value. As a result, a
POSITA reading the teachings of Yoshioka would be motivated to combine the
valve control feedback system described in detail by Jankovic with Yoshioka, so as
to implement Yoshioka’s suggested system. In this combination the valve control
feedback system of Jankovic would be serving the same function it served in the
system described by Jankovic (assuring that the actual camshaft phase, and thus the
actual valve offset, matched the commanded value), and the system of Yoshioka
would be performing its original function (determining the valve offset (i.e., cam
shaft phase)) to achieve a predictable result (assuring optimal engine performance

at a variety of altitudes).
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calculating a valve timing command based on the valve feedforward term and the
valve feedback term.

151. Yoshioka describes that the valve offset is achieved by determining a target
valve offset, and using this to control the valve offset actuator (the feedforward
term, IVTDy). The actual valve offset (the engine performance feedback) is then
determined from the magnetic sensors on the camshaft and crankshaft. This error
term (the valve feedback term) is the added to the target valve offset IVTD; to
cause the valve actuator to correct the error measured by the feedback loop. For

example:

Valve timing control sets the target open/close timing of the
intake valve 24 according to operating conditions and controls
the continuously variable mechanism 92. More precisely, the
hydraulic pressure control valve 68 is feedback-controlled
according to signals from the first and second magnetic
sensors 54 and 55 so that the cam shaft 850f the intake valve
24 maintains a required rotational phase with respect to the
crankshaft 81

(Ex. 1004, ‘317 patent, col. 6, lines 6-13, emphasis added)

152. So Yoshioka discloses calculating a valve timing command based on the
valve feedforward term and the valve feedback term.
153. Jankovic describes calculating a valve timing command based on the cam

shaft phase command (rgr (valve feedforward term), and the actual cam phase {cam
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processed through the PID control loop (valve feedback term). This valve
command is comprised of the initial cam phase command (g and any error
between the actual cam phase {cayv and the initial cam phase (rgr. This is illustrated

in Figure 8, reproduced with annotation below.

Valve feedforward Calculated valve Valve performance
term (reference command timing feedback (engine
camshaft phasing speed, N, and

(rer (which is actual camshaft
based on throttle phasing, Zcam)

angle, Syp)) / \

e <
\ N ccam
Cref — 1
T F(-) K(N) 3 >

Calculated valve
feedback term
(output of PID

calculation)

— PID

Fig. 8. Simplified controls-oriented model of the VCT mechanism.

(Ex. 1005 p. 8, Jankovic p. 41 (annotated).)

b. Claim 2

2. The method of claim 1 wherein said obtaining an engine performance
command includes receiving a vehicle performance command from a driver of
the vehicle and deriving the engine performance command based on the vehicle
performance command.

154. As described in connection to claim 1 above, Yoshioka describes that the
engine is equipped with a throttle and a throttle opening sensor. As noted in the
background section of this declaration, A POSITA would understand that the

throttle opening valve measures the opening of the throttle, and the throttle is

81
HMC EXHIBIT 1002

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



IPR2018-01061
US Patent 6,748,540

controlled, at least in part, by the driver through the position of the accelerator
pedal (a vehicle performance command).
155. As noted in connection with claim 1 above, Jankovic also describes that the

throttle opening Oo is based on the position of the accelerator pedal. For example:

Electronic control of the throttle provides an additional degree
of control capability to affect emissions and fuel economy
while providing the performance desired by the driver as
interpreted from the accelerator pedal position.
(Ex. 1005 p. 1, Jankovic p. 35, emphasis added)

156. As noted in the section on claim construction, the ‘540 specifically describes

the (accelerator) pedal position as an example of a vehicle performance command.

C. Claim 3

3. The method of claim 1 wherein said receiving an environmental conditions
signal includes receiving ambient temperature data.

157. Yoshioka describes a variety of additional inputs to CPU 71 that are used to
compute various engine control parameters. For example, Figure 2, reproduced

below shows intake air temperature sensor 43. For example:

A temperature sensor 43 detects the temperature of intake air.
(Ex. 1004, ‘317 patent, col. 4, lines 15-16, emphasis added)
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(Ex. 1004, ‘317 patent, Fig. 2 (annotated).)

d. Claim 7

7. The method of claim 1 wherein said receiving an engine performance
feedback includes receiving engine speed data.

158. As described in connection with claim 1 above, Yoshioka describes using
engine speed as one of the engine performance measures for determining the valve
offset. This is also illustrated in figure 2, reproduced below, which shows engine
speed (measured by the crank angle sensor 51) as an input to the system. (Ex.

1004 col. 7, lines 16-24.)
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(Ex. 1004 Fig. 2.)
159. As described in connection with claim 1 above, Jankovic describes using
engine speed as one of the engine performance measures for determining the actual

cam phasing {cam, Which is the engine performance feedback term of Jankovic.

e. Claim 10

10. The method of claim 1 wherein said calculating a valve timing command
includes calculating an EVO command, an EVC/IVO command, and an [VC
command.

160. Yoshioka describes that the system may also be used to control the timing of

the exhaust valve opening and/or closing. For example:
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Although the embodiments variably control the open/close
timing of the intake valve 24, the present invention is naturally
applicable to control the exhaust valve 26 too.
(Ex. 1004, <317 patent, col. 9, lines 35-37, emphasis added).

1. A method of controlling a continuously variable valve timing
mechanism of an internal combustion engine, to continuously
and variably control an opening and closing timing of at least
one of intake and exhaust valves of the engine

(Ex. 1004, ‘317 patent, claim 1, emphasis added); see also 9
142-144 above.

161. Jankovic describes that various configurations of variable valve timing

systems are known. For example:

Four versions of VCT are available for double overhead
camshaft (DOHC) engines: phasing only the intake cam (intake
only), phasing only the exhaust cam (exhaust only), phasing the
intake and exhaust cams equally (dual equal), and phasing the
two camshafts independently (dual independent). The dual
independent VCT provides the best performance, but it is the
most complex and expensive to implement.

(Ex. 1005 p. 2, Jankovic p. 35)

162. Jankovic further illustrates varying the valve opening and closing intervals

for the intake and exhaust valves, as shown in Figure 1, reproduced below.
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Fig. 1. Valve lift profiles of conventional and VCT engines. By retarding the cam phasing, the exhaust valve stays open during the intake evenr
for a longer time period, retaining otherwise unburned HC and reducing the combustion temperature due to the dilution of the inert gas.

(Ex. 1005 p. 2, Jankovic p. 35)
f. Claim 11

\ 11. The method of claim 1 further comprising receiving fuel conversion data.

163.  Yoshioka describes receiving fuel conversion data. For example:

The fuel injection quantity is subjected to corrections such as a
basic correction according to signals from the throttle sensor 42,
intake temperature sensor 43, water temperature sensor 44, etc.,
an air-fuel ratio feedback correction according to a signal from
the O, sensor 45, and an air-fuel ratio learning correction to
equalize a central feedback correction value to a theoretical air-
fuel ratio.

(Ex. 1004, ‘317 patent, col. 5, lines 47-55)
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164. Yoshioka also describes that he CPU 71 receives data from the oxygen
sensor, for example, as shown in Figure 2, reproduced with annotation below. For

example:

The exhaust pipe 34 has an O, sensor 45 to detect the
concentration of oxygen in the exhaust gas.

(Ex. 1004, ‘317 patent, col. 4, lines 49-52)

An exhaust valve 26 discharges an exhaust gas of the
combusted air-fuel mixture into an exhaust manifold 30
connected to an exhaust pipe 34. The exhaust pipe 34 has O,
sensor 45 to detect the concentration of oxygen in the exhaust
gas.

(Ex. 1004, ‘317 patent, col. 4, lines 48-52)
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(Ex. 1004, ‘317 patent, Fig. 2 (annotated).)

165. Jankovic also describes receiving fuel conversion data. Figure 2, reproduced
below, with annotation, illustrates that the air fuel ratio affects the torque output of
the engine, and thus it is used together with other parameters to control engine
torque. For example:

The generation of torque depends on the cylinder air charge

my, air-fuel ratio A/F, spark retard from MBT o, and engine

speed.
(Ex. 1005 p. 3, Jankovic, p. 36)
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Fig. 2. Engine model with VCT and electronic throttle. AirfFuel Ratio

(Ex. 1005 p. 3, Jankovic, p. 36 (annotated).)
166. As described in the background section of this declaration, a POSITA would

understand that Air Fuel Ratio is typically derived from the quantity of oxygen

present in the exhaust gas, measured with an oxygen sensor, and this measurement.

g. Claim 14

| 14. The method of claim 1 further comprising receiving engine emissions data. ‘

167. Yoshioka describes receiving fuel conversion data. For example:

The fuel injection quantity is subjected to corrections such as a
basic correction according to signals from the throttle sensor 42,
intake temperature sensor 43, water temperature sensor 44, etc.,
an air-fuel ratio feedback correction according to a signal from
the O, sensor 45, and an air-fuel ratio learning correction to
equalize a central feedback correction value to a theoretical air-

fuel ratio.
(Ex. 1004, ‘317 patent, col. 5, lines 47-55)
168. Yoshioka also describes that he CPU 71 receives data from the oxygen

sensor, for example, as shown in Figure 2, reproduced with annotation below. For

example:
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The exhaust pipe 34 has an O, sensor 45 to detect the
concentration of oxygen in the exhaust gas.

(Ex. 1004, ‘317 patent, col. 4, lines 49-51)

An exhaust valve 26 discharges an exhaust gas of the
combusted air-fuel mixture into an exhaust manifold 30
connected to an exhaust pipe 34. The exhaust pipe 34 has O,
sensor 45 to detect the concentration of oxygen in the exhaust
gas.

(Ex. 1004, ‘317 patent, col. 4 , lines 47-52)

Fig.2
7

Lovr AIRFLOW METER - [ cPy |
4 VACUUM SENSOR | el 73

2

~] THROTTLE OPENING SENSOR | —

13

] INTAKE TEMPERATURE SENSOR | A/D .
N

~] WATER TEMPERATURE SENSOR | 7
L5 : 2
= 02 SENSOR i "
46
1 ATMOSPHERIC PRESSURE SENSOR |
50 T7a
1

SW‘LREFERENCE POSITION SENSOR | b = T e L

| CRANK ANGLE SENSOR | g "
2
& 10LE SWITCH } — e DRV
53

“] ™ VEHICLE SPEED SENSOR | 1L/F L oRv BB
4

“{  FIRST MAGNETIC SENSOR | HYDRAUL I C 68
% | DRV PRESSURE

> SECOND MAGNETIC SENSOR | CONTROL VALVE

(Ex. 1004, ‘317 patent, Fig. 2 (annotated).)

169. Jankovic also describes receiving fuel conversion data. Figure 2, reproduced

below, with annotation, illustrates that the air fuel ratio affects the torque output of
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the engine, and thus it is used together with other parameters to control engine

torque. For example:

The generation of torque depends on the cylinder air charge
my, air-fuel ratio A/F, spark retard from MBT o, and engine
speed.

(Ex. 1005 p. 3, Jankovic p. 36)
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Schedule
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Fig. 2. Engine model with VCT and electronic throttle. Air/Fuel Ratio

(Ex. 1005 p. 3, Jankovic p. 36 (annotated).)

170. As described in the background section of this declaration, a POSITA would
understand that the quantity of oxygen present in the exhaust gas, measured with
an oxygen sensor, represents the level of emissions in the exhaust gas.

171. Under the broadest reasonable interpretation of the term “engine emissions
data”, the oxygen sensor described by Yoshioka, and the measurement of air fuel
ratio as described by Jankovic represent indirect measurements of engine

emissions data.

iii. The Combination of Yoshioka and Jankovic
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172. In my opinion, a person of ordinary skill in the art at the time of the
invention of the ‘540 patent would have been motivated to combine the teachings
of Yoshioka with the teachings of Jankovic.

173. Both Yoshioka and Jankovic address the same issue of providing engine
management for engines with variable valve timing, so a POSITA would be
familiar with both references and would have reason to consider them together.
174. For example, Yoshioka is directed toward controlling the valve timing of a
variable valve timing engine using an electrohydraulic actuator to change the phase
of the camshaft relative to the crankshaft in order to improve power output and

reduce fuel consumption and emissions:

An object of the present invention is to provide a method of and
an apparatus for optimizing valve timing according to
atmospheric pressure for a continuously variable valve timing
mechanism of an internal combustion engine.

(Ex. 1004, ‘317 patent, col. 1, lines 39-42, emphasis added)
The present invention intends to improve the output of an

engine at high altitudes under high load, as well as reducing
fuel consumption and improving exhaust purifying
performance at high altitudes under low/medium load.

(Ex. 1004, ‘317 patent, col. 1, lines 43-46, emphasis added)
...the hydraulic pressure control valve 68 is feedback-

controlled according to signals from the first and second

magnetic sensors 54 and 55 so that the cam shaft 85 of the
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intake valve 24 maintains a required rotational phase with
respect to the crankshaft 81.
(Ex. 1004, ‘317 patent, col. 6, lines 9-13, emphasis added)

175. Jankovic describes that its goal is to improve drivability®and emissions
performance of an engine using a variable valve timing controller to rotate the cam

shaft relative to the crankshalft.

The variable cam timing (VCT) system with which this paper is
concerned addresses both drivability and emissions
performance by utilizing an electro-hydraulic mechanism to
rotate the camshaft relative to the crankshaft in order to retard
the cam timing with respect to the intake and exhaust strokes of
the engine.

(Ex. 1005 p. 1, Jankovic p. 34, emphasis added)

176. Moreover, both Yoshioka and Jankovic describe using feedback controllers
to accomplish this valve timing control. For example, Yoshioka describes that the

hydraulic pressure control valve is feedback controlled to ensure that the valve

®Drivability is the characteristic of an automobile to, among other things
“provide smooth, trouble free performance under virtually any conditions while
delivering power, fuel economy and controlled emissions.” Ex. 1007 p. 16, Bosch
Fuel Injection and Engine Management, by Charles O. Probst, © 1991, Robert

Bentley Inc., ch. 2 p. 9.
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displacement (i.e. the offset between the cam shaft phase and the crankshaft phase)

1s set to the desired value:

To bring the actual displacement of the intake valve 24 to the
target displacement IVTDt, the hydraulic control valve 68 is
feedback-controlled.

(Ex. 1004, <317 patent, col. 8, lines 5-7, emphasis added)

Step 114 sets the displacement IVTDpa as a target displacement
IVIDt. To bring an actual displacement to target
displacement IVTDt, signals from the first and second valve
timing magnetic sensors 54 and 55 are monitored to feedback
control the hydraulic pressure control valve 68.

(Ex. 1004, ‘317 patent, col. 7, lines 41-45, emphasis added)

177. Similarly, Jankovic describes a feedback control scheme for the valve timing

actuator. For example:

The model based estimator uses [Izgr and N as inputs to the
model of the VCT mechanism (c.f. Fig. 2) which is itself a
feedback loop consisting of the VCT actuator controlled by a
PID regulator.

The VCT actuator system consists of a control valve and the
actuator itself. This control oriented model captures the
dominant behavior of the VCT actuator system. These
dominant dynamics can be reduced to a single integrator.
Adding higher frequency components does not add much to the

accuracy of this model. The static control valve behavior is
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captured in the function F(:). It is purely a function of the
control input. The gain of the VCT actuator depends heavily
on the engine speed N and is described by the static function
K(N). A block diagram of the VCT mechanism model is
shown in Fig. 8.
(Ex. 1005 p. 7, Jankovic p. 40, emphasis added)

N
§r91+ F ( ) ] —_—

Ceam

KN) —> —>

'y

PID

Fig. 8. Simplified controls-oriented model of the VCT mechanism.

(Ex. 1005 p. 1, Jankovic p. 41, emphasis added)
178. Thus, Yoshioka describes using a feedback control system to control the
valve timing, and Jankovic provides a detailed mathematical model of a feedback
controller. As a result, in my opinion a POSITA would have found Jankovic to be a
highly useful reference to guide the implementation of the system as described by
Yoshioka. This combination is nothing more than a combination of known
elements and it would be expected by a POSITA to produce the predictable result
of ensuring that the commanded valve timing was in fact achieved by the system, a

goal described by both Yoshioka and Jankovic.

XIII. CONCLUSION
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179. I declare that the foregoing is true and accurate to the best of my knowledge,

and I will testify as such if called to do so.

Respectfully submitted,

il 5/14/18

Scott Andrews Date
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1

METHOD OF CALCULATING A VALVE
TIMING COMMAND FOR AN ENGINE

TECHNICAL FIELD

This invention relates generally to calculating commands
for an engine and, more specifically, to calculating a valve
timing command for an engine with variable timing valve
actuators.

BACKGROUND

In gasoline engines of most vehicles, each cylinder of the
engine cycles through four unique stages. In the first stage,
an inlet valve opens and a piston draws air and fuel through
the inlet valve and into the cylinder. The inlet valve closes
and the piston reverses direction in the second stage to
compress the air and fuel mixture. In the third stage, a spark
combusts the mixture, which drives the piston (and powers
the vehicle). An exhausi valve opens and the piston once
again reverses direction, in the fourth stage, to push the
combusted mixture through the exhaust valve and out of the
cylinder.

The controlling of the inlet valve and the exhaust valve of
each cylinder is a difficult task. The engine speed, which can
exceed 6,000 rpm in most vehicles, dictates that the opening
and closing of the inlet valve and the exhaust valve must be
able to occur up to 50 times per second. In conventional
engines, cams driven by the engine actuate the inlet valve
and the exhaust valve. Modern research, however, has
shown that fuel efficiency and power output of the engine
may be optimized with an adjustment of the valve timing for
a particular load on the engine. Some variable valve timing
engines have been proposed, but the theoretical fuel effi-
ciency and output power of these engines have not vet been
reached.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is schematic of a vehicle having an engine con-
trolled with the method of the preferred embodiment;

FIG. 2 is a fowchart of the method of the preferred
embodiment; and

FIG. 3 is two timing charts of the valves of an engine.

DESCRIPTION OF THE PREFERRED
METHODS

The following description of the two preferred method of
the invention is not intended to limit the invention to these
prelerred methods, but rather to enable any person skilled in
the art of variable valve timing control to make and use this
invention.

As shown in FIG. 1, the preferred method of the invention
has been specifically created to be performed by a control
unit 10 to calculate valve timing commands for an engine 12
with electromagnetic valve actuators 14. The method,
however, may be performed by any suitable device to
calculate valve timing commands for any suitable engine
with any suitable variable timing valves.

As shown in FIG. 2, the preferred method of the invention
has six principle actions: obtaining an engine performance
command 16; receiving an environmental conditions signal
18; determining a valve feedforward term 20; receiving an
engine performance feedback 22; calculating a valve feed-
back term 24; and calculating a valve timing command 26
based on the valve leedforward term and the valve feedback
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term. The method performed by the control unit may, of
course, include other suitable actions before, during, or after
these principle actions.

The action of obtaining an engine performance command
16 preferably includes receiving a vehicle performance
command from a driver. Preferably, the vehicle performance
command is received from the foot of a driver with the use
of a conventional pedal 28, as shown in FIG. 1.
Alternatively, the vehicle performance command could be
received from the driver with the use of any suitable device.
The action of obtaining an engine performance command
also preferably includes deriving the engine performance
command from the vehicle performance command. The
engine performance command is preferably based on the
vehicle performance command, but may alternatively be
based on additional suitable factors, such as a traction
control signal or a cruise control signal. The engine perfor-
mance command is preferably a desired engine torque and,
for this reason, the engine performance command may be
thought of as an engine torque command. The engine
performance command, however, may allernatively be
another suitable variable, such as a desired engine accelera-
tion.

The action of receiving an environmental conditions
signal 18 preferably includes receiving an environmental
conditions signal from an environmental sensor 30 in the
vehicle. The environmental sensor 30 preferably senses the
ambient temperature outside the vehicle and communicates
this data to the control unit 10, which uses the data to
determine the valve feedforward term. Other information,
such as the ambient pressure, may be useful in the determi-
nation of the valve feedforward term. For this reason, the
environmental sensor 30 may alternatively sense other suit-
able information. The environmental sensor 30 is preferably
a conventional environmental sensor, but may alternatively
be any suitable device.

Similarly, the action of receiving an engine performance
feedback 22 preferably includes receiving the engine per-
formance feedback from an engine sensor 32 in the vehicle.
The engine sensor 32 preferably senses the engine speed and
communicates this data to the control unit 10, which uses the
data to determine the valve feedforward term and the valve
feedback term. Other engine measurables, such as engine
torque data, may be useful in the determination of the terms.
For this reason, the engine sensor 32 may alternatively sense
other suitable information. The engine sensor 32 is prefer-
ably a conventional engine sensor, but may alternatively be
any suitable sensor.

The action of determining a valve feedforward term 20
preferably includes determining the valve feedforward term
based on the engine torque command, the ambient tempera-
ture data, and the engine speed data. The determination,
however, may be based on other suitable factors, such as
engine torque data, air-fuel ratio data, engine combustion
stability data, or ambient pressure data. The control unit 10
preferably includes a look-up table, which has been opti-
mized for fuel efficiency, power output, and engine emis-
sions based on various engine torque commands, various
ambient temperature data, and various engine speed data (or
engine torque data). The control unit 10 may alternatively be
programmed to perform a real-time optimization of the fuel
clficiency, power output, and engine emission (or any other
suitable measurement) based on the engine torque
command, the ambient temperature data, and the engine
speed data (or any other suitable commands and
measurables).

The action of calculating the valve feedback term 24
preferably includes comparing the engine performance com-
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mand and the engine performance feedback. By the defini-
tion of the term, the valve feedback term functions to
compare the input with the output and to calculate a cor-
rection term based on the difference, if any. The comparison
and the calculation are preferably accomplished by the
control unit 10, but may alternatively be accomplished by a
suitable separate device.

As shown in FIG. 3A, the position of the piston in the
cylinder can be traced as a sinusoidal wave over a time
period. The events of the opening of the exhaust valve
(“EVO7), the closing of the exhausi valve (“EVC”), the
opening of the inlet valve (“IVO"), and the closing of the
inlet valve (“IVC”) can be placed on this sinusoidal wave.
As shown in FIG. 3B, the events of the EVO, the EVC, the
IVO, and the IVC may be shifted within the time period
(note that the shift in the EVC and the IVO preferably mirror
cach another, but may alternatively be separately
controlled). The adjustment of the timing of the EVO, the
EVC/AVO, and the IVC when used partially, separately, or
together may provide the desired fuel efliciency, power
output, and emissions from the engine 12 of the vehicle. The
action of calculating a valve timing command 26 preferably
includes calculating an EVO command, an EVC/IVO
command, and an IVC command. The control unit 10, of
course, may alternatively include other suitable parameters
for the control of the variable timing valves,

The second preferred method of the invention includes the
principle actions of the first preferred method and the
additional principle action of receiving fuel conversion data
and engine emissions data. These preferably include receiv-
ing the fuel conversion data and engine emissions data from
suitable emission sensors (not shown) in the cylinder or the
exhaust port of the engine 12. The emission sensors prefer-
ably sense the amount of NO,. in the exhaust and commu-
nicates this data to the control unit 10. The control unit 10
preferably uses this information to modify the output value
from the look-up table, but may alternatively use this
information to continually adjust the values in the look-up
table. The control unit 10 may alternatively use this infor-
mation as another factor in the determination of the valve
feedback term. The emission sensors are preferably conven-
tional emission sensors, but may alternatively be any suit-
able sensor.

As any person skilled in the art of variable valve engine
control will recognize from the previous detailed description
and from the figures and claims, modifications and changes
can be made to the preferred methods without departing
from the scope of this invention defined in the following
claims.

We claim:

1. A method for calculating a valve timing command for
an engine of a vehicle, comprising:

obtaining an engine performance command;

receiving an environmental conditions signal;

determining a valve feedforward term based on the engine
performance command and the environmental condi-
tions signal;
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receiving an engine performance feedback;
calculating a valve feedback term based on the engine
performance command and the engine performance
feedback; and

calculating a valve timing command based on the valve

feedforward term and the valve feedback term.

2. The method of claim 1 wherein said obtaining an
engine performance command includes receiving a vehicle
performance command from a driver of the vehicle and
deriving the engine performance command based on the
vehicle performance command.

3. The method of claim 1 wherein said receiving an
environmental conditions signal includes receiving ambient
lemperature data.

4. The method of claim 3 wherein said determining a
valve feedforward term includes determining the wvalve
feedforward term based on the ambient temperature data.

5. The method of claim 4 wherein said determining a
valve feedforward term includes determining the valve
feedforward term based on the engine performance feed-
back.

6. The method of claim § wherein said determining a
valve feedforward term includes referencing a look-up table
with the engine performance command, the ambient
temperature, and the engine performance feedback.

7. The method of claim 1 wherein said receiving an engine
performance feedback includes receiving engine speed data.

8. The method of claim 1 wherein said obtaining an
engine performance command includes obtaining an engine
torque command; and wherein receiving an engine perfor-
mance feedback includes receiving engine torque data.

9. The method of claim 8 wherein calculating a valve
feedback term includes calculating a valve feedback term
based on the engine torque command and the engine torque
data.

10. The method of claim 1 wherein said calculating a
valve timing command includes calculating an EVO
command, an EVC/IVO command, and an IVC command.

11. The method of claim 1 further comprising receiving
fuel conversion data.

12. The method of claim 11 wherein said determining a
valve feedforward term includes determining a valve feed-
forward term based on the fuel conversion data.

13. The method of claim 11 wherein said calculating a
valve feedback term includes calculating a valve feedback
term based on the fuel conversion data.

14. The method of claim 1 further comprising receiving
engine emissions data.

15. The method of claim 14 wherein said determining a
valve feedforward term includes determining a valve feed-
forward term based on the engine emissions data.

16. The method of claim 11 wherein said calculating a
valve feedback term includes calculating a valve feedback
term based on the engine emissions data.
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Attorney Docket No.: 10541-070
Visteon Disclosure No.: V200-0655

METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

TECHNICAL FIELD
[0001] This invention relates generally to calculating commands for an engine
and, more specifically, to calculating a valve timing command for an engine with

variable timing valve actuators.

BACKGROUND
[0002] In gasoline engines of most vehicles, each cylinder of the angine
cycles through four unique stages. In the first stage, an inlet valve opens and a
piston draws air and fuel through the inlet valve and into the cylinder. The inlet valve
closes and the piston reverses direction in the second stage to compress the air and
fuel mixture. In the.third stage, a spark combusts the mixture, which drives the
piston (and powers the vehicle). An exhaust valve opens and the piston once again

reverses direction, in the fourth stage, to push the combusted mixture through the

LA exhaust valve and out of the cylinder.
[0003] The controlling of the inlet valve and the exhaust valve of each
cylinder is a difficult task. The engine speed, which can exceed 6,000 rpm in most
vehicles, dictates that the opening and closing of the inlet valve and the exhaust
valve must be able to occur up to 50 times per second. In conventional engines,
cams driven by the engine actuate the inlet valve and the exhaust valve. Modern
research, however, has shown th.at fuel efficiency and power output of the engine

may be optimized with an adjustment of the valve timing for a particular load on the
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engine. Some variable valve timing engines have been proposed, but the theoretical

fuel efficiency and output power of these engines have not yet been reached.

BRIEF DESCRIPTION OF THE FIGURES
[0004] FIGURE 1 is schematic of a vehicle having an engine controlled with

the method of the preferred embodiment;

[0005] FIGURE 2 is a flowchart of the method of the preferred embodiment;
and
[0006] FIGURE 3 is two timing charts of the valves of an engine.

DESCRIPTION OF THE PREFERRED METHODS
[0007] The following description of the two preferred method of the invention |
is not intended to limit the invention to these preferred methods, but rather to enable
any person skilled in the art of variable valve timing control to make and use this

invention.

[0008] As shown in FIGURE 1, the preferred method of the invention has

been specifically created to be performed by a control unit 10 to calculate valve
timing commands for an engine 12 with electromagnetic valve actuators 14. The
method, however, may be performed by any suitable device to calculate valve
timing commands for any suitable engine with any suitable variable timing valves.

[0009] As shown in FIGURE 2, the preferred method of the invention has six
principle actions: obtaining an éngine performance command 16; receiving an
environmental conditions signal 18; determining a valve feedforward term 20;

receiving an engine performance feedback 22; calculating a valve feedback term
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24; and calculating a valve timing command 26 based on the valve feedforward
term and the valve feedback term. The method performed by the control unit may,
of course, include other suitable actions before, during, or after these principle
actions.

[00010] The action of obtaining an engine performance command 16
preferably includes receiving a vehicle performance command from a driver.
Preferably, the vehicle performance command is received from the foot of a driver
with the use of a conventional pedal 28, as shown in FIGURE 1. Alternatively, the

vehicle performance command could be received from the driver with the use of any

suitable device. The action of obtaining an engine performance command also
preferably includes deriving the engine performance command from the vehicle
performance command. The engine performance command is preferably based on
the vehicle performance command, but may alternatively be based on additional
.suitable factors, such as a traction control signal or a cruise control signal. The

engine performance command is preferably a desired engine torque and, “or this

reason, the engine performance command may be thought of as an engine torque
command. The engine performance command, however, may alternatively be
another suitable variable, such as a desired engine acceleration.

[00011] The action of receiving an environmental conditions signal 18
preferably includes receiving an environmental conditions signal from an
environmental sensor 30 in the vehicle. The environmental sensor 30 preferably
senses the ambient temperature 6utside the vehicle and communicates this data to
the control unit 10, which uses the data to determine the valve feedforward term.

Other information, such as the ambient pressure, may be useful in the determination
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of the valve feedforward term. For this reason, the environmental sensor 30 may
alternatively sense other suitable information. The environmental sensor 30 is
preferably a conventional environmental sensor, but may alternatively be any
suitable device.

[00012] Similarly, the action of receiving an engine performance feedback 22
preferably includes receiving the engine performance feedback from an engine
sensor 32 in the vehicle. The engine sensor 32 preferably senses the engine speed
and communicates this data to the control unit 10, which uses the data to determine
the valve feedforward term and the valve feedback term. Other engine
measurables, such as engine torque data, may be useful in the determination of the
terms. For this reason, the engine sensor 32 may alterhatively sense other suitable

information. The engine sensor 32 is preferably a conventional engine sensor, but

may alternatively be any suitable sensor.
[00013] The action of determining a valve feedforward term 20 preferably

includes determining the valve feedforward term based on the engine torqué

command, the ambient temperature data, and the engine speed data. The
determination, however, may be based on other suitable factors, such as engine
torque data, air-fuel ratio data, engine combustion stability data, or embient
pressure data. The control unit 10 preferably includes a look-up table, which has
been optimized for fuel efficiency, power output, and engine emissions based on
various engine torque commands, various ambient temperature data, and various
engine speed data (or engine torque data). The control unit 10 may alternatively be
programmed to perform a real-time optimization of the fuel efficiency, power output,

and engine emission (or any other suitable measurement) based on the engine
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torque command, the ambient temperature data, and the engine speed data (or any
other suitable commands and measurables).

[00014] The action of calculating the valve feedback term 24 preferably
includes comparing the engine performance command and the engine performance
feedback. By the definition of the term, the valve feedback term functions to
compare the input with the output and to calculate a correction term based on the
difference, if any. The comparison and the calculation are preferably accomplished
by the control unit 10, but may alternatively be accomplished by a suitable separate
device.

[00015] As shown in FIGURE 3A, the position of the piston in the cylinder can
be traced as a sinusoidal wave over a time period. The events of the opening of the

exhaust valve (“EVO”), the closing of the exhaust valve (“EVC”), the opening of the

inlet valve ("IVO”), and the closing of the inlet valve (“IVC”) can be placed on this
sinusoidal wave. As shown in FIGURE 3B, the events of the EVO, the EVC, the

VO, and the IVC may be shifted within the time period (note that the shift in the

EVC and the IVO preferably mirror each another, but may alternatively be
separately controlled). The adjustment of the timing of the EVO, the EVC/IVO, and
the IVC when used partially, separately, or together may provide the desired fuel
efficiency, power output, and emissions from the engine 12 of the vehicle. The
action of calculating a valve timing command 26 preferably includes calculating an
EVO command, an EVC/IVO command, and an IVC command. The control unit 10,
of course, may alternatively include other suitable parameters for the control of the

variable timing valves.
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[00016] The second preferred method of the invention includes the principle
actions of the first preferred method and the additional principle action of receiving
fuel conversion data and engine emissions data. These preferably include receiving
the fuel conversion data and engine emissions data from suitable emission sensors
(not shown) in the cylinder or the exhaust port of the engine 12. The emission
sensors preferably sense the amount of NO in the exhaust and communicates this
data to the control unit 10. The control unit 10 preferably uses this information to
modify the output value from the look-up table, but may alternatively use this
information to continually adjust the values in the look-up table. The control unit 10
may alternatively use this information as another factor in the determination of the
valve feedbaék term. The emission sensors are preferably conventional emission
sensors, but may alternatively be any suitable sensor.

[00017] As any person skilled in the art of variable valve engine control will
recognize from the previous detailed description and from the figures and claims,

modifications and changes can be made to the preferred methods without departing

from the scope of this invention defined in the following claims.
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CLAIMS
We Claim:
1. A method for calculating a valve timing command for an engine of a
vehicle, comprising:
| obtaining an engine performance command;
receiving an environmental conditions signal;
determining a valve feedforward term based on the engine
performance command and the environmental conditions signal,
receiving an engine performance feedback;
calculating a valve feedback term based on the engine performance
command and the engine performance feedback; and
calculating a valve timing command based on the valve feedforward

term and the valve feedback term.

2. The method of Claim 1 wherein said obtaining an engine performance
command includes receiving a vehicle performance command from a driver of the
vehicle and deriving the engine performance command based on the vehicle

performance command.

3. The method of Claim 1 wherein said receiving an environmental

conditions signal includes receiving ambient temperature data.
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4 The method of Claim 3 wherein said determining a valve feedforward
term includes determining the valve feedforward term based on the arnbient

temperature data.

5. The method of Claim 4 wherein said determining a valve feedforward
term includes determining the valve feedforward term based on the engine

performance feedback.

6. The method of Claim 5 wherein said determining a valve feedforward
term includes referencing a look-up table with the engine performance command,

the ambient temperature, and the engine performance feedback.

7. The method of Claim 1 wherein said receiving an engine performance

feedback includes receiving engine speed data.

8. The method of Claim 1 wherein said obtaining an engine performance
command includes obtaining an engine torque command; and wherein receiving an

engine performance feedback includes receiving engine torque data.

9. The method of Claim 8 wherein calculating a valve feedback term
includes calculating a valve feedback term based on the engine torque command

and the engine torque data.
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10. The method of Claim 1 wherein said calculating a valve timing
command includes calculating an EVO command, an EVC/IVO command, &nd an

IVC command. |

11.  The method of Claim 1 further comprising receiving fuel conversion

data.

12.  The method of Claim 11 wherein said determining a valve feedforward
term includes determining a valve feedforward term based on the fuel conversion

data.

13.  The method of Claim 11 wherein said calculating a valve feedback

term includes calculating a valve feedback term based on the fuel conversion data.

14.  The method of Claim 1 further comprising receiving engine emissions

data.

15.  The method of Claim 14 wherein said determining a valve feedforward
term includes determining a valve feedforward term based on the engine emissions

data.

16. The method of Claim 11 wherein said calculating a valve feedback
term includes calculating a valve feedback term based on the engine emissions

data.
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ABSTRACT
[00018] A method to calculate valve timing commands for an engine
with variable valve timing is hereby disclosed. The method includes determining a
valve feedforward term based on an engine performance command and an
environmental conditions signal, calculating a valve feedback term based on the
engine performance command and an engine performance feedback, and

calculating a valve timing command based on the valve feedforward term and the

valve feedback term.

10
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3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ______
5. [[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
a) ] The translation of the foreign language provisional application has been received.
6. [ ] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements noted
below. Failure to timely comply will result in ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7. ] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. [] CORRECTED DRAWINGS must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No.
(by O including changes required by the proposed drawing correction filed ___ | which has been approved by the Examiner.
(¢) 0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of Faper No.

Identifying indicia such as the application number (see 37 CFR 1.84{c)) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

9. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submit:ed. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1[4 Notice of References Cited (PTO-892) ' 2[ ] Notice of Informal Patent Application (PTO-152)
3[] Notice of Draftperson's Patent Drawing Review (PTO-948) 4[] Interview Summary (PTO-413), Paper No.
5K Information Disclosure Statements (PTO-1449), Paper No. 2. 6] Examiner's Amendment/Comment -
7 Examiner's Comment Regarding Requirement for Deposit 8[C] Examiner's Statement of Reasons for Allowance
of Biological Material 8[] Other . u -
| ' AN
Erick R Solis
Primary Examiner
Art Unit: 3747
U.S. Patent and Trademark Office
PTO-37 (Rev. 04-01) Notice of Allowability Part of Paper No. 3 .
PAGE 33 of 51 PETITIOINKR'E XNIBBIT 003

US PATENT NO. 6,557,540




"

UNITED STATES PATENT AND TRADEMARK OFFIGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
‘Washington, D.C. 20231
Www. S pLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

29074 T590 12/1142002

BRINKS HOFER GILSON & LIONE I EXAMINER l
P.O. BOX 10395 SOLIS, ERICK R
CHICAGO, IL 60611
I ART UNIT CLASS-SUBCLASS |
3747 123-679000

DATE MAILED: 12/11/2002

APPLICATION NO. FILING DATE l FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. ]
10/014,286 12/11/2001 Lawrence A. Mianzo 10541-070 3146

TITLE OF INVENTION: METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

[ APPLN. TYPE | sMALLENTITY | ISSUE FEE | PUBLICATION FEE |  TOTALFEES)DUE | DATE DUE
nonprovisional NO $1280 $300 $1580 03/11/2003

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status is changed, pay the PUBLICATION FEE (if required) | B. If applicant claimed SMALL ENTITY status before, or is now
and twice the amount of the ISSUE FEE shown above and notify the claiming SMALL ENTITY status, check the box below and enclose
United States Patent and Trademark Office of the change in status, or | the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

O Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
Commissioner for Patents
Washington, D.C. 20231

Fax (703)746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if_required). Blocks 1 through 4 should be completed where

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will

e mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

maintenance fee notifications.

TUREENT CORFRESPUNDENCE ADDRESS (Note: Legibly mark-up wilh any cOMmcclions of Use BIock 1)
29074 7590 12/11/2002

BRINKS HOFER GILSON & LIONE

P.0. BOX 10395
CHICAGO, IL 60611

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other
accompanying papers. Each additional paper, such as an assignment or
formal drawing, must have its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
1 hprebg certify that this Fee‘(sg Transmittal is being deposited with the
United States Postal Service with sufficient postage for first class mail in an
envelope addressed to the Box Issue Fee address zbove, or being facsimile
transmitted to the USPTO, on the date indicated below.

{Depositor's name)

(Signature)
{Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/014,286 12/11/2001 Lawrence A. Mianzo 10541-070 3146
TITLE OF INVENTION: METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE
| APPLN. TYPE SMALL ENTITY 1 ISSUE FEE I PUBLICATION FEE ‘ TOTAL FEE(S) DUE l DATE DUE
nonprovisional NO $1280 $300 $1580 03/11/2003
| EXAMINER | ART UNIT | crass-suBcLass |
SOLIS, ERICK R 3747 123-679000

1. Chan3ge of correspondence address or indication of "Fee Address" (37
CFR 1.363).

1 Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

2, For printing on the patent front page, list (1)
the names of up to 3 registered patent attorneys
or agents OR, alternatively, (2) the name of a
single firm (having as a member a registered

2
T . attorney or agent) and the names of up to 2
3 "Fee Address” indication (or "Fee Address" Indication form :
PTO/SB/47; Rev 03-02 or ngore recent) attached. Use of a Customer regiutered palcus dttumeys or sgeniscifno pame
Number is required. is listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an agsignee is jdentified below, no assignee data will appear on the patent. Inclusion of assignee data is onl{ appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be printed on the patent)

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Qindividual O corporation or other private group entity [ govemment

4a, The following fee(s) are enclosed: 4b. Payment of Fee(s):

O [ssue Fee
O Publication Fee
O Advance Order - # of Copies

2 A check in the amount of the fee(s) is enclosed.
Q) Payment by credit card. Form PTO-2038 is attached.

2 The Commissioner is hereby authorized by cha.rFe the required fee(s), or credit any overpayment, to
Deposit Account Number

(enclose an extra copy of this form).

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

(Authorized Signature) (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

This_collection of nformation 1s required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application, Confidentiality 1s governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the
completed application form to the USPTO. Time will vary dependinf upon the individual
case. Any comments on the amount of time you require to complete this form andfor
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S, Department of Commerce, Washington, D.C. 20231, DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a
collection of information unless it displays a valid OMECI:omrol number.

TRANSMIT THIS FORM WITH FEE(S)

PTOL-85 (REWO@ E:pg‘gd 18?.1%:)]1'01:311 01/31/2004. OMB 0651-0033

UsS. Patent and Trademig @i LR R NTR BT P
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademurk Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
WwwW. uspLo, gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKETNO. | CONFIRMATION NO. |
10/014,286 12/11/2001 Lawrence A. Mianzo 10541-070 3146
29074 7590 12/11/2002 [ EXAMINER ]
BRINKS HOFER GILSON & LIONE SOLIS, ERICK R
P.O. BOX 10395
CHICAGO, IL 60611 | ART UNIT | PAPER NUMBER |

3747

DATE MAILED: 12/11/2002

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The patent term adjustment to date is 0 days. If the issue fee is paid on the date that is three months after the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after
the mailing date of this notice, the term adjustment will be 0 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system. (http://pair.uspto.gov)

Any questions regarding the patent term extension or adjustment determination should be directed to the Office of
Patent Legal Administration at (703)305-1383.
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UNITED STATES PATENT AND TRADEMARK OFFICGE

UNITED STATES DEPARTMENT OF COMMIERCE
United States Patent and Trademark Office
Addreas: COMMISSIONER OF PATENTS AND TRADEMARKS
Washingten, D.C, 20231
Www,uSpLo.gov

APPLICATION NO. FILING DATE _r FIRST NAMED INVENTOR l ATTORNEY DOCKETNO. |  CONFIRMATION NO.
10/014,286 12/11/2001 Lawrence A. Mianzo 10541-070 3146
29074 7590 12/11/2002 ' EXAMINER
BRINKS HOFER GILSON & LIONE SOLIS, ERICK R
P.0. BOX 10395
CHICAGO, IL 60611 | ART UNIT PAPER NUMBER
UNITED STATES 3747

DATE MAILED: 12/11/2002

Notice of Fee Increase on January 1, 2003

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after January 1, 2003, then the

amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there will be an increase
in fees effective on January 1, 2003. See Revision of Patent and Trademark Fees for Fiscal Year 2003; Final Rule, 67 Fed.
Reg. 70847, 70849 (November 27, 2002).

The current fee schedule is accessible from: http://www.uspto.gov/main/howtofees.htm.

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount
in view of the fee increase, a "Notice to Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice of
Allowance and Fee(s) due form is to be filed on or after January 1, 2003 (or mailed with a certificate of mailing on or
after January 1, 2003), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
previously-paid issue fee to the issue fee now due, then the difference between the issue fee amount at the time the
response 1s filed and the previously paid issue fee should be paid. See Manual of Patent Examining Procedure, Section
1308.01 (Eighth Edition, August 2001).

Questions relating to issue and publication fee payments should be directed to the Customer Service Center
of the Office of Patent Publication at (703) 305-8283.
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Application Number

Docket Number (Optional)
10541-070 Unknown
INFORMATION DISCLOSURE CITATION Applicant(s)
(Use several sheets if necessary) Peng et al.
Filing Date Group Art Unit
Concurrent Herewith Unkocavn '3'71.{ -7
U.S. PATENT DOCUMENTS
*EXAMINER REF DOCUMENT DATE NAME CLASS SUBCLASS FILING DATE
INITIAL NUMBER
5/9 4,700,684 10/20/87 Pischinger et al. - _—
-
ES 5,743,221 04/28/98 Schmitz —_
! —
. R —
< . 5,752,491 05/19/98 Schmitz et al. ~—" oSDg=
= ak —
—— T
o I=J
o= ey
O=—=c
= ~N
SI="
L s _
—
FOREIGN PATENT
DOCUMENTS
TRANSLATION
REF DOCUMENT DATE COUNTRY CLASS SUBCLASS YES NO
NUMBER '
OTHER DOCUMENTS (including
Author, Title, Date, Pertinent. Pages, Etc)
DATE CONSIDERED

EXAMINER

EM,L’E Al | )ZJ i / L67.

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP Section 609; Draw line through zitation if not in
conformance and not considered. Include copy of this form with next communication to applicant.

Patent and Trademark Office*U.S. DEPARTMENT OF

FORM PTO-A820 POQA/REV04
COMMERCE
(also form PTO-1449)
SHEET 1 OF 1
PETITIOINKR 'K XXNIB BIT 03
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Application/Control No. .- | Applicant(s)/Patent Under
Reexamination :
10/014,286 MIANZO ET AL.
Notice of References Cited Eo— Y :
Erick R Solis 3747 Page 1ot
U.S. PATENT DOCUMENTS
* ::oumg?cco"df.?qrffmﬁmﬁﬁ C.:ode MMEE?;?YY Name Classification
;\‘(‘ A | US-6,198,174 03-2001 Wada et al. 123/80.15
| B Us-6,053,137 04-2000 Trzmiel et al. 123/80.17
c1¢c US-2002/0092488 07-2002 Aoyama et al. 123/90.16
<
| D | US-2001/0013324 08-2001 Yoshizawa et al. 123/90.16
4( E | US-2001/0004884 06-2001 Tachibana et al. 123/80.15
¥ | F | US-6,330,869 12-2001 Yoshiki et al. 123/80.15
G | US-
H | US-
1 Us-
J | Us-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
* CountrDy%coudZ—iTmlil;Tzﬁ; Code MMEi\a(t;:YY Country ' Name Classification
N
0]
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
Y%
W
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE \/
Commissioner for Patents
Washington, D.C. 20231
Fax (703)746-4000 :
: N { . Blocks 1 through 4 should be completed where

i

T Eart o S o inaoine the pateat S anoe orders and sofiication of maintenance. fucd Wil be macled (o the Surrent addre

2 i it wi mad curren nee 85 ag
m:d eusoum:cwdhe!aword;mﬂcd omerwlsemBkckl by

mamtnumc fnnot.

(a) specifying a new comrespondence address; and/or (b) indicating a separate " %%ADDR.ESS’!‘M

ADDRESS THee: Leg I ey cotfections ot usc BIo Note: A ceriificate of Imgmoﬁfybe medmuc mmegs of the
29074 7500 12/11/2002 Pae(SJ Tmnmm! This _certificate any other
Each ad.d.ltlom! pm such as an asmgnmcm or

BRINKS HOFER GILSON & LIONE fmmn(pm drawing, must luwe its own certificate of mailing or transmission.
P.O. BOX 10395

Certificate of Malling or Transmission
CHICAGO, IL 60611

I hereby certify that this Fee(s) Transmittal is being deposited with the

United States Postal Service with sufficient for first clags mail in an
cnve!ope addressed to the Box Issue Fee above, or being facsimile
smitted to the USPTO, on the date indicated below.
M. Cox {Depasiior's same)
- i)
)
200 3 (Date)
[ APPLICATIONNO. | FILING DATE T FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. ( CONFIRMATION NO. [
10/014,286 12/11/2001 Lawrence A, Mianzo 10541-070 3146

TITLE OF INVENTION: METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

[ areLNTYRE | smaentmy | ISSUE FEE |  PUBLICATIONFEE |  TOTALFEE$S)DUE | DATE DUE |
nonprovisional NO ~STo50., $300 }sta& 0371172003
¥ 1300 _ »
{ EXAMINER | ART UNIT | cLasssuscLass |
SOLIS, ERICK R 3747 123-679000

(lfl-‘R n 630*’ocwree]m’sdemead.:lress or indication of "Fee Address” (37 2. For printing on the patent front page, list (1)

the names of up to 3 registered patent attorneys BI'J.Tﬂ(S Hofer Gilson &
¥ c i or agents OR, alternatively, (2) the name of a Lione
Eddrcss form m‘oﬁmez"?emm (or Change of single ﬁrof: (hwin;s a: & :wmber ‘fum 5
attorney ‘sm names o
‘ee Address" indication (or "Fee Address" Indication form registered patent attoroeys or agents. If no name
II:_’I;Q’SB:—E]&:VO!M or more recent) attached, Use of a Customer is listed. no name will be printed. 3

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an n.m%ue is identified below, no assignee data will appear on the patent. Inclusion of assignee data is m&r appropriate when an assignment has

been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT s substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Visteon Global Technologies, Inc. Dearborn, Michigan

Please check the appropriate assignee cm.csodr or categories (will not be printed on the patent) Q individual [{ corporation or other private group entity [ government
4a, The following fee(s) are enclosed: 4b. Payment of Fee(s):

B 1ssue Fee Q A check in the amount of the fee(s) is enclosed.

¥ Publication Fee Q Payment by credit card. Form PTO-2038 is attached.

: Th Commmawuhe:e authorized b; c fee(s), or credit any ove t, to
Q Advance Order - # of Copies o Commissianer & GEJSUU Y E“m%% o ' overpaymeni

equested to apply the Issue Fee and Publication Fee (if any) or to re-apply any pmomly paid issue fee to the application identified above.
P

R Ry 43 3/10/2083 o2 /00/2003 STEUNELR GO0DCITE 051500 002426
omey or 8 o i Chessmt smas mA g
Steromss slnglmmmg‘of&w United States Hatent and Tradersark the e °§ﬁ°m party in 01 FC:i30i 1300.00 2K

02 FL:1304 300.00 IR
This_cpllection of information 18 By 37 CFR 1311, The mfommmureqmmdto
obtnmormahaheneﬂ t by the public which is to file (and by the USPTO to process) an
lication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. Thuseo!lwuonu
mladtotlkenmmumwwma!m Mmgwh:mgpupm.ng.uﬂnu l‘hnglbe
vary

completed application form to the SFfO Time will
caseAaywmmuﬂamﬂxmounl time you require to ﬂ: fommd!or
suggestions for %uhuﬁm.shmﬂdbeummﬂsecmcf! ormation Officer, U.
Patent snd Trademark Of cé t of Commerce, uh%s :MZBIDO

ED FORMS TO THIS AD
Commassioner for Patents, Washington, DC 20231,

Under the Paperwork Reduction Act of 1995, no are required to respond to a
oﬁedon mformaumunlm:ndwp]ayuavdldOMEoonuolmbw

TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004, OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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290

o \ Attorney Docket No.: 10541-070
E IN THE UNITED STATES PATENT AND TRADEMARK OFFICE .
5 - <
e Application of:
Mianzo et al.
Serial No.: 10/014,286 Examiner: Erick R. Solis
Filed: December 11, 2001 Group Art Unit: 3747
For: METHOD OF CALCULATING A
VALVE TIMING COMMAND FOR
AN ENGINE

TRANSMITTAL

Commissioner for Patents
U.S. Patent and Trademark Office

P. 0. Box 1450 ECE: } ”"D

Alexandria, VA 22313-1450

Sir: JUN 16 2003
Attached is/are: EC

X Information Disclosure Statement T HNOLOGY CENTEH RS?O[}
Form PTO - 1449 with copy of references

O

BJd Return Receipt Postcard

Fee calculation and payment:

O No additional fee is required.
[0 Anextensionfeeinanamountof$__ fora___ -month extension of time under 37 C.F.R. § 1.136(a).
BJd A petition or processing fee in an amount of $180.00 under 37 C.F.R. § 1.17(p).
[0  Anadditional filing fee has been calculated as shown below:
Other Than
Small Entity Small Entity
| Claims Remaining | Highest No. Present Add1Fee | or Add'l Fee
| After Amendment | Previously Paid For | Extra Rate Rate
Total Minus X $9= x $18=
Indep. Minus X 42= x }84=
First Presentation of Multiple Dep. Claim +3140= + $280=
Total 3 Total| $

[ Acheckinthe amountof § to cover the above-identified fee(s) is enclosed.

X Please charge Deposit Account No. 06-1500 (VISTEON GLOBAL TECHNOLOGIES, INC.) in the emount
of $180.00. A copy of this Transmittal is enclosed for this purpose.

<]  The Commissioner is hereby authorized to charge payment of any additional filing fees required under 37
CFR § 1.16 and any patent application processing fees under 37 CFR § 1.17 associated with this paper
(including any extens;on fee requtred to ensure that thls paper is hmely filed), (o] crecit any

June 9, 2003
Date

[137 C.F.R. 1.34(a)

CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8

| hereby certify that this correspondence is being deposited with the United States Postal Sefvice as first class mail, with sufficient postage, in an envelope
addressed to: Commissioner for Patents, U.S. Patent and Trademark Office, P. 0. Box 1480, plexandria, VA 22313-1450, on below date: :

Date: June 3, 2003 MName: Ashley L. Rhoades Signature! / A
E%IE’LE% BRINKS HOFER GILSON & LIONE U
——— P.O. Box 10395

GILSON
I&L!ONE Chicago, IL 606810
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5 = Jéd‘ Attorney Docket No.: 10541-070

{; e I ‘3- IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
P e
\ Hreny &T;fsa‘&@!fn re Application of:
Mianzo et al.
Serial No.: 10/014,286 Examiner: Erick R. Solis
Filed: December 11, 2001 Group Art Unit: 3747
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Fig.b
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Fig.6
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Fig.7
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Fig. 3
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Fig.11
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Fig.12
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5,713,317

1

METHOD OF AND APPARATUS FOR
CONTINUOUSLY AND VARIABLY
CONTROLLING VALVE TIMING OF
INTERNAL COMBUSTION ENGINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of and an
apparatus for centrolling a continuously variable valve tim-
ing mechanism of an internal combustion engine, to con-
tinuously and variably control the open/close timing of an
intake or exhaust valve of the engine according to a target
timing.

2. Description of the Related Art

There are many variable mechanisms that optimize the
open/close timing of a valve of an automobile engine
according to driving conditions. One of them is an ON/OFF
mechanism, which changes the timing of an intake valve of
the engine from normal timing to early timing when an
engine load exceeds a switching threshold. Japanese Unex-
amined Utility Model Publication No. 3-99844 decreases the
switching threshold or increases a detected engine load in
response to a decrease in atmospheric pressure, to optimize
the valve timing.

To provide high-performance engines, continuously vari-
able valve timing mechanisms for optimizing valve timing at
all times have been developed in place of the ON/OFF
mechanisms, as disclosed in Japanese Unexamined Patent
Publication No. 4-175430 (corresponding to U.S. Pat. No.
5.271.360). This mechanism continuously changes the open/
close timing of a valve, and therefore. never employs the
idea of changing the switching threshold in response to a
change in atmospheric pressure. There is a requirement,
therefore, to provide a method of properly controlling the
continuously variable valve timing mechanism.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a method
of and an apparatus for optimizing valve timing according to
atmospheric pressure for a continuously variable valve tim-
ing mechanism of an internal combustion engine.

The present invention intends to improve the output of an
engine at high altitudes under high load, as well as reducing
fuel consumption and improving exhaust purifying perfor-
mance at high altitudes under low/medium load. In order to
accomplish the objects, the present invention provides the
following technical arrangements:

A first aspect of the present invention provides a method
of controlling a continuously variable valve timing mecha-
nism of an internal combustion engine, to continuously and
variably control the open/close timing of at least one of the
intake and the exhaust valves of the engine, including the
steps of (a) detecting an engine load, (b) detecting an
atmospheric pressure, (c) correcting the detected engine load
such that the lower the detected atmospheric pressure the
more the engine load is increased, and (d) setting a target
valve timing for the valve timing mechanism according to
the corrected engine load.

The first aspect also provides an apparatus for controlling
valve timing of an internal combustion engine, having a
valve timing mechanism for continuously and variably con-
trolling the open/close timing of at least one of the intake
and the exhaust valves of the engine, a load detector for
detecting an engine load. a pressure detector for detecting an
atmospheric pressure, a load corrector for comrecting the
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detected engine load such that the lower the detected atmo-
spheric pressure the more the engine load is increased. and
a timing setter for setting target a valve timing for the valve
timing mechanism according to the comrected engine load.

A second aspect of the present invention provides a
method of controlling a continuously variable valve timing
mechanism of an internal combustion engine, to continu-
ously and variably control the open/close timing of at least
one of intake and exhaust valves of the engine. including the
steps of (a) detecting an engine load, (b) detecting an
atmospheric pressure, (c) setting, according to the detected
engine load, a displacement from a reference timing as a
target valve timing for the valve timing mechanism. and (d)
comrecting the set displacement such that the lower the
detected atmospheric pressure the more the displacement is
reduced.

The second aspect also provides an apparatus for control-
ling valve timing of an internal combustion engine, having
a valve timing mechanism for continuously and variably
controlling the open/close timing of at least one of intake
and exhaust valves of the engine, a load detector for detect-
ing an engine load, a pressure detector for detecting an
atmospheric pressure, a displacement setier for setting.
according to the detected engine load, a displacement from
a reference timing as target valve timing for the valve timing
mechanism, and a displacement corrector for correcting the
set displacement such that the lower the detected atmo-
spheric pressure the more the set displacement is reduced.

When driving at high altitudes, an engine receives a
smaller quantity of intake air due to the low concentration of
air. The first and second aspects of the present invention are
capable of optimizing valve timing to maintain the output of
the engine at high altitudes.

A third aspect of the present invention provides a method
including the step of. in addition to the steps of the first
aspect, (e) prohibiting the comrection in step (c) if the
detected engine load is in a low/medium range.

The third aspect also provides an apparatus having. in
addition to the components of the first aspect, a prohibition
unit for prohibiting the correction carried out by the load
corrector if the detected engine load is in a low/medium
range.

The first aspect comrects an engine load in any range
according to atmospheric pressure to maintain the output of
the engine when driving at high altitudes. If such a correc-
tion is carried out under a low/medium engine load, the
quantity of internally recirculated exhaust gas of an internal
exhaust gas recirculation (EGR) system will increase exces-
sively to cause incomplete combustion. The internal EGR
system is employed to improve exhaust gas purifying per-
formance and reduce pumping loss and fuel consumption.
Accordingly, the third aspect prohibits the engine load
comrection under a low/medium engine load, thereby pre-
venting an excessive amount of exhaust gas being recircu-
lated.

A fourth aspect of the present invention provides a
method including the step of, in addition to the steps of the
first aspect, (€) comecting the target valve timing set in step
(d) to an intermediate value between the target valve timing
and valve timing determined according to the detected
engine load. if the detected engine load is in a low/medium
range.

The fourth aspect also provides an apparatus having, in
addition to the components of the first aspect. a timing
corrector for correcting the target valve timing set by the
timing setter to an intermediate value between the target
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valve timing and valve timing determined according to the DESCRIPTION OF THE PREFERRED
engine load detected by the load detector, if the detected EMBODIMENTS

engine load is in a low/medium range.

The third aspect simply prohibits the engine load correc-
tion according to atmospheric pressure if the engine load is
in a low/medium range. When driving at high altitudes, the
negative pressure of an intake duct of the engine decreases
to reduce the quantity of internally recirculated exhaust gas.
Accordingly, the fourth aspect comects the engine load
according to atmospheric pressure, to optimize the quantity
of recirculated internal exhaust gas at high altitudes under
the low/medium engine load.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features and advantages of the present invention
will be apparent from the following description with refer-
ence to the accompanying drawings, in which:

FIG. 1 is a general view showing an electronically con-
trolled internal combustion engine having an apparatus for
continuously and variably controlling valve timing accord-
ing to an embodiment of the present invention;

FIG. 2 is a block diagram showing an electronic engine
control unit according to the embodiment;

FIG. 3 is a timing chart showing crank angles representing
the open/close timing of intake and exhaust valves;

FIG. 4 is a map used to determine a displacement to be
imposed on the open/close timing of an intake valve accord-
ing to the revolution speed and load of an engine (the load
being represented by the mass of intake air per revolution);

FIG. 5 is a graph showing the relationship between an
engine load and a target displacement to be imposed on the
open/close timing of an intake valve at an engine speed (NE)
of 2000 rpm;

FIG. 6 s a graph explaining a correction of an engine load
according to atmospheric pressure according to a first
embodiment of the present invention;

FIG. 7 is a flowchart showing a routine of variably
controlling the open/close timing of a valve according to the
first embodiment;

FIG. 8 is a map used to determine an atmospheric pressure
correction coefficient Kpa according to an engine load GN;

FIG. 9 is a flowchart showing a routine of variably
controlling the open/close timing of a valve according to a
second embodiment of the present invention;

FIG. 10 is a map used to determine an atmospheric
pressure comrection coefficient Lpa according to a displace-
ment to be imposed on the open/close timing of an intake
valve;

FIG. 11 is a graph explaining a correction of an engine
load according to atmospheric pressure according to a third
embodiment of the present invention;

FIG. 12 is a flowchart showing a routine of variably
controlling the open/close timing of a valve according to the
third embodiment;

FIG. 13 is a graph showing the relationship between an
engine load and a displacement to be imposed on the
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The embodiments of the present invention will be
explained with reference to the drawings.

FIG. 1 is a general view showing an electronically con-
trolled internal combustion engine having an apparatus for
continuously and variably controlling the open/close timing
of a valve according to an embodiment of the present
invention. An air cleaner 2 filters air necessary for
combustion, a throttle body 4 passes the air. and a surge tank
(intake manifold) 6 distributes the air to an intake duct 7 of
each cylinder. A throttle valve 5 arranged in the throttle body
4 adjusts the quantity of intake air. An airflow meter 40
measures the mass flow rate of intake air. A temperature
sensor 43 detects the temperature of intake air. A vacuum
sensor 41 detects the pressure of the intake duct 7. An
atmospheric pressure sensor 46 is arranged so that it is not
influenced by wind pressure during driving.

A throttle sensor 42 detects the opening of the throttle
valve 5. When the throttle valve 5 is completely closed, an
idle switch 52 is turned on to generate a throttle closed
signal. An idling adjusting path 8 bypasses the throttle valve
5 and has an idling speed control valve (ISCV) 66 for
adjusting an airflow rate during an idling period.

Fuel in a fuel tank 10 is pumped up by a fuel pump 11. is
passed through a fuel pipe 12, and is injected by a fuel
injector 60.

The intake duct 7 mixes fuel with air, and the air-fuel
mixture is drawn into a combustion chamber 21 of a cylinder
20 through an intake valve 24. The air-fuel mixture is
compressed by a piston 23, ignited, exploded. and com-
busted to produce power. Namely, an igniter 62 generates an
ignition signal to control a primary current of an ignition coil
63. A secondary current of the ignition coil 63 is supplied to
a spark plug 65 through an ignition distributor 64, to thereby
ignite the air-fuel mixture in the combustion chamber 21.

The ignition distributor 64 has a reference position sensor
50 and a crank angle sensor 51. The reference position
sensor 50 generates a reference position pulse for every 720
degrees of crank angle. The crank angle sensor 51 generates
a position pulse for every 30 degrees of crank angle. A
vehicle speed sensor 53 generates a pulse representing an
actual running speed. A cooling water path 22 guides cooling
water to cool the engine 20. A water temperature sensor 44
detects the temperature of the cooling water.

An exhaust valve 26 discharges an exhaust gas of the
combusted air-fuel mixture into an exhaust manifold 30
connected to an exhaust pipe 34. The exhaust pipe 34 has an
O, sensor 45 to detect the concentration of oxygen in the
exhaust gas. A catalytic converter 38 is arranged in the
exhaust pipe 34 downstream from the sensor 45. The cata-
lytic converter 38 contains a three-way catalyst for promot-
ing the oxidization of unburned components such as HC and
CO as well as the reduction of nitrogen oxides (NO,). The
purified exhaust gas from the catalytic converter 38 is
discharged outside.

A mechanism for opening and closing the intake valve 24

open/close timing of an intake valve at low altitudes ¢ ang exhaust valve 26 will be explained. The piston 23 is
(IVTD®) and high altitudes (IVTDpa); connected to a crankshaft 81 through a connecting rod 80.
FIG. 14 is a graph explaining a correction of an engine  An end of the crankshaft 81 has a timing pulley 84. The
load according to atmospheric pressure according to a fourth intake valve 24 is driven by a cam 87 attached to a cam shaft
embodiment of the present invention; and 85. The exhaust valve 26 is driven by a cam 88 attached to
FIG. 15 is a flowchart showing a routine of variably 65 a cam shaft 86. An end of the cam shaft 85 has a timing

controlling the open/close timing of a valve according to the
fourth embodiment.

pulley 89. An end of the cam shaft 86 has a timing pulley 90.
The timing pulleys 8% and 90 are connected to the timing
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pulley 84 through a timing belt 91. As a result, the crankshaft
81 drives the cam shafts 85 and 86 to open and close the
intake valve 24 and exhaust valve 26 at predetermined crank
angles. The crank shaft 81 has a buried magnet 82, so that
a first magnetic sensor 54 arranged close to the crankshaft 81
may generate a reference pulse. The cam shaft 85 of the
intake valve 24 has a buried magnet 93, so that a second
magnetic sensor 55 aranged close to the cam shaft 85 may
generate a reference pulse.

A continuously variable mechanism 92 having a known
structure to determine the open/close timing of the intake
valve 24 is arranged between the cam shaft 85 and the timing
pulley 89. The mechanism 92 turns the cam shaft 85 and
timing pulley 89 relative to each other. More precisely, the
mechanism 92 uses the cam shaft 85 and timing pulley 89 as
external gears and connects them to each other through an
intermediate helical gear. The helical gear is axially moved
by hydraulic pressure. to drive the cam shaft 85 and timing
pulley 89 relative to each other. The hydraulic pressure is
controlled by a control valve 68.

An electronic engine control unit (ECU) 70 is a micro-
computer to control fuel injection, ignition timing, idling
speed, and in addition, the open/close timing of a valve
according to the present invention. FIG. 2 is a block diagram
showing the hardware of the control unit 70. A read-only
memory (ROM) 73 stores programs and maps. A central
processing unit (CPU) 71 receives signals from the sensors
and switches through an A/D converter 75 and an interface
76, processes the signals, and provides actuator control
signals through drive control circuits 77a to 77d. A random-
access memory (RAM) 74 temporarily stores data during the
operation of the CPU 71. These elements are connected to
one another through a system bus 72 containing address,
data, and control buses.

An engine control process carried out by the control unit
70 will be explained.

Fuel injection control refers to the mass of intake air per
engine revolution, calculates the fuel injection quantity, i.e.,
injection period of the fuel injector 6@ to achieve a target
air-fuel ratio, and instructs the drive control circuit 77a to
inject fuel from the fuel injector 60 at a given crank angle.
The mass of intake air per engine revolution is calculated
according to the mass flow rate of intake air measured by the
airflow meter 40 and an engine revolution speed detected by
the crank angle sensor 51. Alternatively, it is estimated
according to the pressure of the intake duct 7 detected by the
vacuum sensor 41 and the engine revolution speed. The fuel
injection quantity is subjected to corrections such as a basic
correction according to signals from the throttle sensor 42,
intake temperature sensor 43, water temperature sensor 44,
etc., an air-fuel ratio feedback comrection according to a
signal from the O, sensor 45, and an air-fuel ratio learning
correction to equalize a central feedback correction value
with a theoretical air-fuel ratio.

Ignition timing control collectively checks engine condi-
tions according to an engine revolution speed detected by
the crank angle sensor 51 and signals from other sensors,
calculates optimum ignition timing. and provides an ignition
signal to the igniter 62 through the drive control circuit 77b.

Idling speed control detects an idling state according to a
throttle closed signal from the idle switch 52 and a vehicle
speed signal from the vehicle speed sensor 53, calculates a
target revolution speed according to the temperature of
cooling water measured by the water temperature sensor 44,
compares the target speed with an actual revolution speed,
determines a control quantity to attain the target revolution
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speed according to the difference between the target and
actual revolution speeds, and controls the idling speed
control valve 66 through the drive control circuit 77¢. to
thereby adjust the quantity of air and optimize the idling
speed.

Valve timing control sets the target open/close timing of
the intake valve 24 according to operating conditions and
controls the continuously variable mechanism 92. More
precisely, the hydraulic pressure control valve 68 is
feedback-controlled according to signals from the first and
second magnetic sensors 54 and 55 so that the cam shaft 85
of the intake valve 24 maintains a required rotational phase
with respect to the crankshaft 81. The valve timing control
according to the present invention will be explained in
detail.

FIG. 3 is a timing chart showing crank angles correspond-

ing to the open/close timing of the intake and exhaust valves
24 and 26. The exhaust valve 26 is opened at fixed valve
open timing EVO, for example. 50 degrees before a bottom
exhaust dead center and is closed at fixed valve close timing
EVC, for example, 3 degrees after a top exhaust dead center.
On the other hand, the intake valve 24 involves a fixed open
period and variable valve opening timing IVO and valve
close timing IVC. The most delayed timing IVOr and IVCr
of the intake valve 24 serve as reference positions. The
open/close timing of the intake valve 24 is optionally set at
positions ahead of the reference positions. A valve timing
displacement IVTD serves as a control target quantity. The
reference valve open timing IVOr is, for example, 3 degrees
after the top exhaust dead center. and the reference valve
close timing IVCr is. for example. 65 degrees after a bottom
intake dead center. If the displacement IVTD is equal to a
crank angle of 30 degrees. the valve open timing IVO is 27
degrees before the top exhaust dead center. and the valve
close timing IVC is 35 degrees after the bottom intake dead
center.
FIG. 4 is a map used to determine a displacement IVTD
for optimizing the open/close timing of the intake valve 24.
The displacement IVTD is determined according to an
engine revolution speed NE and an engine load GN, i.e., the
mass of intake air per engine revolution.

FIG. 5 is a graph showing the relationship between an
engine load GN and a displacement IVTD with NE=2000
rpm. In a low/medium range (GN«1.2 gfrev). a valve
overlapping period in which the intake and exhaust valves
are both open is increased to increase the quantity of
internally recirculated cxhaust gas. to thereby improve
exhaust gas purifying performance and decrease a pumping
loss to reduce fuel consumption. To achieve this, the dis-
placement IVTD is gradually increased. In a high range
(GN¢1.2 gfrev), the displacement IVTD is adjusted to
improve the output of the engine. When GN=2.0 g/rev
corresponding to a full throttle condition. the displacement
IVTD is set to a crank angle of 40 degrees.

Values of FIGS. 4 and 5§ are for low altitudes. At high
altitudes, air concentration is low to reduce the quantity of
intake air. When driving at low altitudes with NE=2000 rpm
and if the throttle valve 5 is fully opened, the quantity of
intake air is 2.0 g/rev as shown in FIG. 5. Namely. if GN=2.0
g/rev, it is determined that the throttle valve 5 is fully opened
and that high output is required. To meet the requirement,
the displacement IVTD is set to 40 degrees in crank angle.
At high altitudes, the quantity of intake air is, for example.
1.6 g/rev even if the throttle valve 5 is fully opened. If the
displacement IVTD is calculated normally under this
situation, it will be 50 degrees in crank angle as shown in
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FIG. 5. This displacement will never provide high output. It
is preferable to set IVTD=40 degrees in crank angle at high
altitudes if the throttle valve 5 is fully opened. High-altitude
comections of atmospheric pressure and air concentration
will be explained according to four embodiments of the
present invention.

The first embodiment according to the first aspect of the
present invention will be explained. The first embodiment
increases an engine load as a detected atmospheric pressure
becomes lower. to maintain the output of the engine at high
altitudes under a high load. A curve C1 of FIG. 6, which is
equal to the curve C1 of FIG. 5. is proper when driving at
low altitudes. Atmospheric pressure is low at high altitudes,
and therefore, the present invention employs a curve C2 of
FIG. 6 to correct an engine load GN.

FIG. 7 is a flowchart showing a variable valve timing
(VVT) control routine according to the first embodiment.
This routine is carried out regularly. Step 102 reads an
engine revolution speed NE calculated according to the
output of the crank angle sensor 51. Step 104 reads an engine
load (the mass of intake air per engine revolution) calculated
according to the mass flow rate of intake air detected by the
airflow meter 40 and the engine revolution speed provided
by the crank angle sensor 51. Step 106 reads an atmospheric
pressure PA detected by the atmospheric pressure sensor 46.

Step 108 refers to a map of FIG. 8 according to the
atmospheric pressure PA and finds an atmospheric pressure
(air concentration) comrection coefficient Kpa. The coeffi-
cient Kpa is 1.0 at low altitudes with PA=760 mmHg and
decreases as the altitude increases. i.e.. as the atmospheric
pressure PA decreases. The map of FIG. 8 is stored in the
ROM 73 in advance. Step 110 calculates an engine load
GNpa after the atmospheric pressure correction as follows:

GNpa«GN/Epa

Step 112 refers to the map of FIG. 4 according to the
engine load GNpa and engine revolution speed NE. to find
a displacement IVTDpa to be imposed on the open/close
timing of the intake valve 24. The map of FIG. 4 is also
stored in the ROM 73 in advance.

Step 114 sets the displacement IVTDpa as a target dis-
placement IVTDt. To bring an actual displacement to the
target displacement IVTDt, signals from the first and second
magnetic sensors 54 and 55 are monitored to feedback-
control the hydraulic pressure control valve 68.

The second embodiment according to the second aspect of
the present invention will be explained. The second embodi-
ment sets a target displacement to be imposed on the
open/close timing of the intake valve 24 according to a
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Step 212 corrects the displacement IVTD® and provides
a target displacement IVTDt as follows:

IVTDteIVTDOXLpa

To bring the actual displacement of the intake valve 24 to the
target displacement IVTDt, the hydraulic control valve 68 is
feedback-controlled.

The third embodiment according to the third aspect of the
present invention will be explained. The first embodiment
corrects an engine load in any range according to atmo-
spheric pressure. If this correction is made when the engine
load is in a low/medium range. a valve overlapping period
increases to excessively increase the quantity of internally
recirculated exhaust gas, to deteriorate combustion.
Accordingly, the third embodiment prohibits the engine load
correction based on atmospheric pressure if the engine load
is in the low/medium range. As indicated with a curve C3 of
FIG. 11. the third embodiment largely corrects an engine
load when the engine load is in a high range with atmo-
spheric pressure being low. However, it carries out no
correction if the engine load is in the low/medium range.
Curves C1 and C2 of FIG. 11 correspond to the curves C1
and C2 of FIG. 6.

FIG. 12 is a flowchart showing a variable valve timing
(VVT) control routine according to the third embodiment.
Steps 302 to 312 are the same as steps 102 to 112 of the first
embodiment of FIG. 7. Step 314 refers to the map of FIG.
4 according to the engine load GN and engine revolution
speed NE and finds a displacement IVTD® to be imposed on
the open/close timing of the intake valve 24.

Step 316 compares the displacement IVTDpa of step 312
with the displacement IVTDO of step 314 and determines
whether the engine load is in a low/medium range or in a
high range. The reason why this comparison can determine
a load range will be explained. As a displacement to be
imposed on the open/close timing of the intake valve 24
increases, the quantity of internally recirculated exhaust gas
increases, and an allowable quantity of internally recircu-
lated exhaust gas increases as the engine load increases.
Accordingly, a maximum valve timing displacement is in the
high load range in principle. However, if the maximum
valve timing displacement is kept until the throttle valve §
is fully opened, combustion will deteriorate to lower the
output of the engine. Accordingly, the valve timing displace-
ment is adjusted to realize a required engine output in the
high load range. As a result. the displacement map has a
maximum in the middle load range. This is the reason why
the displacement IVTDpa comected for high altitudes is
compared with the displacement IVTDO without correction,

: i m::gnh:‘::;‘;;{:n bm;csﬂicow??od::fmtﬁn mn: % as _shown in FIG. 13. Then, it is determined as follows:
output of the engine at high altitudes under high load, similar if IVTDpa>IVTDO then engine load is in low/medium
to the first embodiment. FIG. 9 is a flowchart showing a Tange
variable valve timing (WT) control routine according to the if IVTDpa«IVTD® then engine load is in high range
second embodiment. Steps 202 to 206 are the same as steps 55  If it is determined that it is in the low/medium range, step
102 to 106 of the first embodiment of FIG. 7. 318 sets the displacement IVTDO as a target displacement
Step 208 refers to a map of FIG. 10 according to the  IVTDt. If it is determined that it is in the high range, step 320
atmospheric pressure PA and finds a correction coefficient sets the displacement IVTDpa as the target displacement
Lpa for comrecting a displacement to be imposed on the  IVTDt. Step 322 feedback-controls the hydraulic pressure
open/close timing of the intake valve 24. The correction 60 control valve 68 according to the target displacement IVTDLt.

coefficient Lpa is 1.0 at low altitudes with PA=760 mmHg
and decreases as the altitude increases, i.e., as the atmo-
spheric pressure PA decreases. The map of FIG. 10 is stored
in the ROM 73 in advance. Step 210 refers to the map of
FIG. 4 according to the engine load GN and engine revo-
lution speed NE and finds a displacement IVIDO to be
imposed on the open/close timing of the intake valve 24.

65

The fourth embodiment according to the fourth aspect of
the present invention will be explained. The third embodi-
ment only prohibits the engine load correction according to
atmospheric pressure if the engine load is in the low/medium
range. The quantity of internally recirculated exhaust gas
decreases at high altitudes due to a decrease in the negative
pressure of the intake duct 7, and the fourth embodiment
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considers this in correcting the engine load to optimize the
quantity of internally recirculated exhaust gas in the low/
medium range. As indicated with a curve C4 of FIG. 14, the
engine load is corrected between the curve C2 of the first
embodiment and the curve C3 of the third embodiment when
the engine load is in the low/medium range. Curves C1, C2,
and C3 of FIG. 14 correspond to the curves C1, C2, and C3
of FIG. 11.

FIG. 15 is a flowchart showing a variable valve timing
(VVT) control routine according to the fourth embodiment.
What is different from the third embodiment of FIG. 12 is
only step 418 corresponding to step 318 of the third embodi-
ment. Namely, step 418 sets a target displacement to be
imposed on the open/close timing of the intake valve 24
when the engine load is in the low/medium range as follows:

IVIDte—(IVIDpa-IVIDO)xa+IVTIDO (2=0.5, for example)
The fourth embodiment optimizes the quantity of internally
recirculated exhaust gas at high altitudes with the engine

5
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What is claimed is:

1. A method of controlling a continuously variable valve
timing mechanism of an internal combustion engine, to
continuously and variably control an opening and closing
timing of at least one of intake and exhaust valves of the
engine, comprising the steps of:

(a) preparing a map for determining a target valve timing
according to an engine load, in which map a valve
overlapping period in which both an intake and an
exhaust valve are open is set smaller in a high load
range than in a medium load range;

(b) detecting an engine load;

(c) detecting an atmospheric pressure;

(d) correcting the detected engine load such that the lower
the detected atmospheric pressure the more the engine
load is increased; and

(e) referring to the map to set the target valve timing for
the valve timing mechanism according to the comrected

load being in the high or low/medium range. similar to 20 engine load.
driving at low altitudes. 2. The method as claimed in claim 1. further comprising

Each of the above embodiments uses the two-dimensional the step of:
map of engine load and engine revolution speed, to con- (f) prohibiting the correction in step (d) if the detected
tinuously control the open/close timing of the intake valve engine load is in a low to medium range.
both at low and high highlands, thereby smoothing the 25 3, The method as claimed in claim 1, further comprising
torque characteristics with respect to the engine load and the the step of:
throttle opening. . _— .

Although the present invention has been described by way (f)_natm{ mm : Eragtﬂlcaltargeb;t\;ale\;i :]mmg ﬁtvl:lm) wa:E
of embodiments, it is apparent to those skilled in the art that ; alve tir:i:g ﬁtmncd ac ng- g to the d:tgccted
other embodiments and modifications of the present inven- 30 engine load. if the detected engine load is in a low to
tion are possible without departing from the spirit or essen- medium range.
tial features thereof. For example. the electronic engine . A :
control unit 70 used by each embodiment to variably control e om:mu_ls i contro].lmg Talvetindng of s imcrssl

Rl : i : gine, comprising:
valve timing may be a dedicated electronic control unit. S ; ; :
Although the embodiments variably control the open/close 35 2 Yalve timing mechanism for continuously and variably
timing of the intake valve 24, the present invention is contra].!mg an opening and closing timing of }_’t Jcast
naturally applicable to control the exhaust valve 26, too. An one of intake and cxhaust valves of the engine;
engine load may be represented with the pressure of the a control map for determining a target valve timing
intake duct 7. according to an engine load. in which map a valve

As explained above, the present invention provides a 40 overlapping period in which both an intake and an
method of and apparatus for setting optimum valve timing exhaust valve are open is set smaller in a high load
according to atmospheric pressure for a continuous variable range than in a medium load range;
valve timing mechanism of an internal combustion engine. load detection means for detecting an engine load;

The first and second aspects of the present invention are pressure detection means for detecting an atmospheric
capable of setting optimum valve timing to maintain the 45 pressure;

output of the cEngiue ol high altitudes. Thc_ first aspect load correction means for correcting the detected engine
comects gy exgine load In any mnge according to stmo: load such that the lower the detected atmospheric
spheric pressure to maintain the output of the engine. If such pressure the more the engine lead is increased; and

a correction is carried out under a low/medium engine load, sty . P

the quantity of internally recirculated exhaust gas of the so  UMilg setmeans for sciting the target valve timing for the
internal EGR system will increase excessively to cause valve .nm':'gmmmg:; by."'f;’m;g $o/the: map
incomplete combustion. The internal EGR system is 5 ;; § o ae T .ené':}:n (;a furth .
employed to improve exhaust gas purifying performance . - L€ apparatus as claimed in + REMMES COmIpEts-
and reduce a pumping loss and fuel consumption. ‘P& . )
Accordingly. the third aspect of the present invention pro- 55  prohibition means for prohibiting the comection carried
hibits the engine load correction if it is in a low/medium out by the lead correction means if the detected engine
range. thereby preventing an excessive exhaust gas to be lead is in a low to medium range. .
recirculated and, at the same time. the third aspect is also 6. The apparatus as claimed in claim 4, further compris-
capable of maintaining the output of the engine at high  ing:

altitudes under a high load. The fourth aspect of the present 60  timing correction means for correcting the target valve

invention maintains the output of the engine at high altitudes
under a high load and corrects an engine load according to
atmospheric pressure at high altitudes under a low/medium
load in consideration of a decrease in the quantity of
internally recirculated exhaust gas, thereby optimizing the
quantity of internally recirculated exhaust gas at high alti-
tudes.

65

timing set by the timing set means to an intermediate
value between the target valve timing and a valve
timing determined according to the engine lead
detected by the lead detection means. if the detected
engine lead is in a low to medium range.

* * * *x %
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:
Column 2, line 3, change "setting target a" to --setting

a target--.
Column 9, line 25, change "highlands" to ==-altitudes--.
Column 10, line 27, claim 3, change "(f)" to =--(g)--.
Column 10, line 57, change "lead" to --load--.
Column 10, line 63, change "lead" to =--load--.
Column 10, line 64, change "lead" to --load--.
Column 10, line 65, change "lead" to =--load--.
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Twenty-fourth Day of November,1998
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BRUCE LEHIMAN
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Torque Management of Engines
with Variable Cam Timing

Mrdjan Jankovic, Florian Frischmuth, Anna Stefanopoulou, and Jeffrey A. Cook

Mtomotivc powertrain control systems are subject to diverse
nd, usually, conflicting requirements. In particular, exhaust
emissions must meet increasingly stringent Federal and Califor-
nia standards while fuel economy must meet customer expecta-
tions and contribute to Federally mandated Corporate Average
Fuel Economy (CAFE) imperatives. Neither vehicle perfor-
mance nor reliability may be compromised in attaining these
goals (emission performance must be guaranteed for 100,000
miles). Of course, all these objectives must be achieved at the
lowest possible cost and with the minimum number of sensors
and actuators.

The conventional method of reducing feedgas oxides of nitro-
gen (NOx) emissions is by the application of exhaust gas recircu-
lation (EGR). Formation of NOx during the combustion process
is influenced by air-fuel ratio (A/F) and temperature. These vari-
ables are typically adjusted by directing
exhaust gas from the high pressure ex-
haust manifold via a pulse-width modu-
lated valve to the low pressure
induction system where it serves to re-
duce the combustion temperature and
dilute the air-fuel mixture in the cylin-
der. A desirable side-effect is that the
presence of inert exhaust gas raises the
intake manifold pressure reducing the
pumping losses and improving fuel
economy. Although effective, the dy-
namics associated with this system
(transport delay, valve and intake mani-
fold dynamics) can result in vehicle
performance deterioration.

The variable cam timing (VCT) sys-
tem with which this paper is concerned
addresses both drivability and emis-
sions performance by utilizing an elec-
tro-hydraulic mechanism to rotate the
camshaft relative to the crankshaft in
order to retard the cam timing with re-
spect to the intake and exhaust strokes
of the engine. Variable cam timing op-
eration is illustrated in Fig. 1. By retard-
ing the exhaust valve closing further

into the intake stroke, more exhaust gas is drawn into the cylinder
providing internal exhaust gas recirculation. In this manner, the
amount of residual gas trapped in the cylinder at the end of the
exhaust stroke is controlled by cam timing, suppressing NOx
formation and reducing the pumping losses [1], [9], [14]. Fur-
thermore, this residual contains some unburned hydrocarbons;
consequently, retaining it in the cylinder through two combus-
tion cycles also reduces hydrocarbon emissions [8].

In addition to the reduction of NOx and HC emissions, vari-
able cam timing permits the engine designer to optimize cam
timing over a wide range of engine operating conditions, provid-
ing both good idle quality (minimal overlap between the intake
and exhaust events) and improved wide-open throttle perfor-
mance (maximum inducted charge). In this article, we will as-
sume that the camshaft position is continuously variable to

Vaur ¥

S e

Jankovic, Frischmuth, and Cook are with Ford Research Laboratories, P.O. Box 2053, MD 2036 SRL, Dearborn, MI48121. Stefanopoulou is
with the Dept. of Mechanical and Environmental Engineering, University of California, Santa Barbara, CA 93106.

34 0272-1708198/1$10.0001998IEEE

PAGE 1 of 9

IEEE Control Systems

HMC EXHIBIT 1005

PETITIONER'S EXHIBIT 1002
US PATENT NO. 6,557,540



Base Valve Timing
=
-l
2 Exhaust Inlet
P

! Crankshaft Position
TDC EVO VO TDC EVC IvVC Tﬁc

= Variable Valve Timing
-
S
g Crankshaft

Fig. 1. Valve lift profiles of conventional and VCT engines. By retarding the cam phasing, the exhaust valve stays open during the intake event
for a longer time period, retaining otherwise unburned HC and reducing the combustion temperature due to the dilution of the inert gas.

achieve the full benefits in emissions and torque. There are suc-
cessful examples of simple, two-position VCT systems that ad-
dress and partially resolve the idle versus wide-open throttle
performance trade-off. Obviously, variable cam timing has a
substantial effect on the breathing process of the engine.
Properly controlled, the variable cam can be used to operate the
engine at higher intake manifold pressures, reducing pumping
losses at part throttle conditions and providing a fuel economy
improvement as well [2], [4], [7].

Four versions of VCT are available for double overhead cam-
shaft (DOHC) engines: phasing only the intake cam (intake
only), phasing only the exhaust cam (exhaust only), phasing the
intake and exhaust cams equally (dual equal). and phasing the
two camshafts independently (dual independent). The dual inde-
pendent VCT provides the best performance, but it is the most
complex and expensive to implement. Of the remaining three,
dual equal VCT, where the intake valve timing and exhaust valve
timing are advanced or retarded equally, gives the best overall
performance in terms of emissions and fuel economy [6]. On the
other hand, the dual equal VCT causes the greatest disturbance to
cylinder air-charge and air-fuel ratio which may recult in
drivability problems and increased tailpipe emissions above lev-
els predicted by the steady state analysis [11].

One method of reducing the air-charge variation and improv-
ing drivability is to “detune the cam” by slowing down the re-
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sponse of the VCT mechanism. However, detuning the cam re-
sults in engine operation with lower levels of recirculated
exhaust gas and increased NOx emissions. Drivability can also
be improved by selecting a less aggressive (steady-state subopti-
mal) cam timing schedule, but again the price for this is increased
NOx emissions and reduced fuel economy. Instead, in this article
we pursue an active method of compensation for cylinder air-
charge variation due to VCT which employs either an electronic
throttle or an air-bypass valve. Electronic control of the throttle
provides an additional degree of control capability to affect
emissions and fuel economy while providing the performance
desired by the driver as interpreted from the accelerator pedal po-
sition. The air-bypass valve is a conventional actuator of limited
authority used to admit air flow to the engine under closed throt-
tle operation, and to effect idle speed regulation [3], [5].
From the controller design point of view, several prominent
characteristics of this problem will dictate our approach:
e The model of the plant is low order, nonlinear, with known
nonlinearitics available from the dynamometer mapping data.

® The disturbance (cam phasing) is measured.

® The output (cylinder mass air flow, or cylinder air charge.
or torque) is not measured.

® Transient response is much more important than steady
state accuracy.
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Fig. 2. Engine model with VCT and electronic throttle.

The first three items above suggest that a feedforward com-
pensation may be the most appropriate, so this is the approach we
adopt. Our compensator design is based on a low order nonlinear
model of a VCT engine derived in [ 12]. Starting from the nonlin-
ear model we develop a nonlinear control algorithm that rejects
the air-charge (torque) disturbance and recovers the drivability
of the conventional engine. (Note that the “conventional engine”
in this context is the engine which corresponds to fixed cam at 0°
(base cam). However, this algorithm requires a degree of control
authority which is available only if the engine is equipped with
an electronic throttle (ETC). If the engine is equipped only with
an air-bypass valve (ABV), the limited control authority of this de-
vice forces us to change the design objective: rather than to emu-
late the conventional engine, our compensation tries to achieve the

drivability of an engine with a different characteristic.

Because the relative degree from the disturbance to the output
is smaller that the one from the control input to the output (the
disturbance is closer to the output than the control), our compen-
sation algorithm uses the derivative of the disturbance (cam
phasing). We present two different methods of implementing this
term in order to find a trade-off among the performance of the
compensator, the sensitivity to measurement noise, and the sen-

sitivity to parameter variation.

VCT Engine Model

The control design engine model described here is a continu-
ous-time nonlinear, low-frequency phenomenological model de-
veloped in [10] and modified to incorporate VCT in [12]. Details
about the VCT engine model can be found in [13]. A block dia-
scheduled on

gram in Fig. 2 shows the cam timing reference {
engine speed and driver demanded throtile 8,

ref

Notation
AJF air-fuel ratio
N engine speed
P : manifold pressure
m_,: mass of air into cylinder
T torque
€.t cam phasing command
€_,,.: cam phasing
0,,: throttle angle due to driver request
B": additive throttle angle due to compensation
0: total throttle angle
04 mass air flow rate into manifold
0, mass air flow rate into cylinders
&: opening of the air-bypass valve
AT : duration of the intake event

o: spark retard from maximum braking torque (MB'T) setting.
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The engine breathing dynamics describe the filling and emp-
tying of the manifold. The rate of change is proportional to the
difference between mass air flow rate into the manifold through
the throttle (¢, ) and the mass air flow rate out of the manifold into
the cylinders (¢,,,)

P, =K, (0g—0,). (1)

The mass air flow through the throttle body into the manifold
is a function of the upstream atmospheric pressure P,, the mani-
fold pressure, and the throttle angle:

by =g,(F, 1 F,)g,6.F,),

where

v+l T
[ W2e 2 “3iv-n i Pu 2_ 41
73%) if 5 < ()

s(E,/E)=9 | 2 1 k3
21‘[':;):_ '::)1) 2_yri

yrr(e 8

with y=c¢,/c, =14. g,(6,P,) is the throttle dependent mass air
flow characteristic obtained from static engine data. We assume
that P, =1 bar and suppress the dependence of g, and g, on P,.

In this application, the throttle angle is comprised of the throt-
tle position due to the driver’s request (8,) and an additive term
due to the compensation (")

2)

0=0,+6".

It is important to observe in Fig. 2 that the cam is scheduled
only on®,. The mass air flow rate into the cylinders can be repre-
sented as a function of cam phasing C_, ,, manifold pressure P,
and engine speed N:

cam?

¢c}-]’ = F(AF!Pm'C:aw) . (3)

For our design model we approximate F(N.P,.(_ ) by a
function linear in P, :

®r.',\'! =U‘I(N‘Cvrmu )PM + U'z(N?L:m.)‘ (4)

where o1, and o, are low order polynomials in N and .

The generation of torque depends on the cylinder air charge
m.., air-fuel ratio A/F, spark retard from MBT o, and engine
speed. This relationship is best captured by curve fitting of ex-
perimental data:

T =T(m,,AlF.06,N), (3)
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