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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.
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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

2
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
5 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

10 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

1s 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

20 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

25 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,

30 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

40 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

45 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

so 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

ss 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

60 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

65 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 s
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 1
("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 1

(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 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 25
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 3and 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; 5

determining a valve feedforward term based on the engine
performance command and the environmental condi-
tions signal;

4
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

o 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

s 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
0 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.

o 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
s 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

0 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-
5 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
0 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
5 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] 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
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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 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 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, 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.

[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

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

S terms. For this reason, the engine sensor 32 may alternatively sense other suitable

S 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 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. 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

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/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 NOx 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 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 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 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.

8
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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

S 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

S 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.

9
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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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HOFER

GILSON

&LIONE

A PROFESSIONAL CORPORATION

INTELLECTUAL PROPERTY ATTORNEYS

11 December 2001
524 SOUTH MAIN STREET

SUITE 200

Commissioner of Patents ANN ARBOR, MICHIGAN 48104-2921

Box Patent Application brinkshofer.com

Washington, D.C. 20231 FAx 734-994-6331
Washington, D.C. 20231 TELEPHONE 734-302-6000

Sir:
EXPRESS MAILING CERTIFICATE CHICAGO, I.

SAN JOSE, CA

INoIANAPOLIS, IN

Applicant(s): Mianzo et al ARLINGTON, VA

Title: Method of Calculating a Valve Timing Command for an Engine

Attorney Docket: 10541-070

-- Attorney: Jeffrey M. Cox

"Express Mail" Mailing Label No............ ............................... ET718954276US

Date of Deposit .......................................................................... 11 Decem ber 2001

I hereby certify and verify that the accompanying Utility Patent Application Transmittal, Fee
S 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 aboveand are addressed to Commissioner
for Patents, Box Patent Application,.Wa ington, D.C. 20231.

Signature of rson Mailing Do ument()
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Transaction History Date 20o- 12- /I
Date information retrieved from USPTO Patent

Application Information Retrieval (PAIR)
system records at www.uspto.gov

(
Application No. Applicant(s)

Notice of Allowability 10/014,286 MIANZO ET AL.
Examiner Art 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 filinq of 11 December 2001.

2. ® The allowed claim(s) is/are 1-16.
3. ® The drawings filed on 11 December 2001 are accepted by the Examiner.
4. O Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a) [] All b) O Some* c) O None of the:

1. O Certified copies of the priority documents have been received.

2. O Certified copies of the priority documents have been received in Application No.
3. O 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. O Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) O The translation of the foreign language provisional application has been received.

6. O 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. O 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. O CORRECTED DRAWINGS must be submitted.
(a) O including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached

1) O hereto or 2) O .to Paper No.
(b) O including changes required by the proposed drawing correction filed , which has been approved by the Examiner.
(c) O 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. O 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 0 Notice of References Cited (PTO-892) 20 Notice of Informal Patent Application (PTO-152)
30 Notice of Draftperson's Patent Drawing Review (PTO-948) 40 Interview Summary (PTO-413), Paper No.
52 information Disclosure Statements (PTO-1449), Paper No. 2. 60 Examiner's Amendment/Comment
70 Examiner's Comment Regarding Requirement for Deposit 80 Examiner's Statement of Reasons for Allowance

of Biological Material 90 Other

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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U.S. PATENT DOCUMENTS

* Document Number Date
Country Code-Number-Kind Code MM-YYYY Name Classification

A US-6,196,174 03-2001 Wada et al 123/90 15

B US-6,053,137 04-2000 Trzmiel et al. 123/90.17

c US-2002/0092488 07-2002 Aoyama et al. 123/90.16

D US-2001/0013324 08-2001 Yoshizawa et al. 123/90 16

E US-2001/0004884 06-2001 Tachibana et al. 123/90.15

. F US-6,330,869 12-2001 Yoshiki et al. 123/90.15

G US-

H US-

I US-

K US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS

* Document Number Date
Country Code-Number-Kind Code MM-YYYY Country Name Classification
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Q

R
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T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)

U

V

W

X
x

A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05a).)
Dales in MM-YYYY formal are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 3
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4 UNITED STATES PATENT AND ThADEMARK OFFICE
UNITED STATES DEPAI1'IMENT OF cometERlCE

Add ro..: cOMMrSSIONEP OF PATENTS AND TRADEMA~RKS
W,.hingwon, D.C 20231

_ .ews

NOTICE OF ALLOWANCE AND FEE(S) DUE

29074 7590 12/I 1/2002

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

EXAMINER

SOLIS, ERICK R

ART UNIT CLASS-SUBCLASS

3747 123-679000

DATE MAILED: 12/I 1/2002

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

10/014,286 12/I 1/2001 Lawrence A. Mianzo 10541-070 3146

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

APPLN. TYPE SMALL ENTITY ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1SI280 S300 $1580 03/I 1/2003

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION QON TIHE MERITS 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
SMALL ENTITY status:
A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.
B. If the status is changed, pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above and notify the
United States Patent and Trademark Office of the change in status, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

Q 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 of4

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: T his form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I 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 otherwvise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

LUKKN I LUKKRiEUNULNL L AUULb(LutNic: LcgibIy mir-up wii any corrections or use mck ) Note: A certificate of mailing can only be used or domestic maitings of the
29074 7590 12/11/2002 Fee(s) Transmittal. This certificate cannot 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.O. BOX 10395 Certificate of Mailing or Transmission
CHICAGO, IL 60611 1 hereby 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 USPTO, on the date indicated below.

(Deposor& nasne)

(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 ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO . $1280 $300 $1580 03/I 1/2003

EXAMINER ART UNIT CLASS-SUBCLASS

SOLIS, ERICK R 3747 123-679000

I. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list (I)
CFR 1.363). the names of up to 3 registered patent attorneys I
0 Change of correspondence address (or Change of Correspondence or agents OR; alternatively, (2) the. name of a
Address form PTO/SB/122) attached. single firm (having as a member a registered

Addressy forn PTOgeBnt2) attached.sofupto2
0 "Fee Address" indication (or "Fee Address" Indication form attorney or agent) and the names of up to 2 2
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Ciustomer registered patent attorneys or agents. If no name
Number is required. is listed, no name wvill be printed. 3

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE.NOTE: Unless an assignee is identified below, no assignee 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) 0 individual O corporation or other private group entity 0 government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):

0 Issue Fee 0 A check in the amount of the fee(s) is enclosed.

O Publication Fee 0 Payment by credit card. Form PTO-2038 is attached.

O Advance Order - 0 of Copies O The Commissioner is hereby authorized by charge 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 information is 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 is governed by 35 U.S.C. 122 and 37 CFR I.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 depending 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 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 2023.1.

Under the Paperwork Reduction Act of 1995, no persons 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 COMM ERCE
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- % UNITED STATES PATENT AND TiDEMARK OFFIGE
UNITED STATES DEPARTMIENT OF COMMERCE
United St-tes Ptent and Trdemr, k Orrice

Address COMMISSIONER OP PATENTS AND TRADEMARKS
Wnshington D C. 20231
ww w.uepto eoy

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

10/014,286 12/I!1/2001 Lawrence A. Mianzo

29074 7590 12/11/2002

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395
CHI-ICAGO, IL 60611

10541.070 3146

EXAMINER

SOLIS, ERICK R

ART UNIT PAPER NUMBER

3747

DATE MAILED: 12/I 1/2002

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 filingdate 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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041" ".1 NITED STATI~S PATENT AND Tp2ADMAR OFFICE: UNITED STATES DEPARTMEN T OF COMMERCE
United S tLts Patent and Trdeurk Orrice
Addros.: COMMISSIONER OF PATENTS AND TRADEMARKS

WoehinBtgon, D.C. 20231
www.uepto.gov

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

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

29074 7590 12/11/2002

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395
CHICAGO, IL 60611
UNITED STATES

EXAMINER

SOLIS, ERICK R

ART UNIT PAPER NUMBER

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 f Paten and Trademark Ees f.r Fiscal Year 2003: Final Rule, 67 Fed.
Reg. 70847, 70849 (November 27, 2002).

The current fee schedule is accessible from: http://www.uspto.eov/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 mailifig of a "Notice to Pay Balance of Issue Fee," if the response to the Noticc 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 is 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.

Page 4 of 4

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004.

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



Transaction History Date 200- 3- BEST COPY
Date information retrieved from USPTO Patent

Application Information Retrieval (PAIR)
system records at www.uspto.gov

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

Ea (703)746-4000
INSTRUCTIONS: This form should be sed or transmittinflg the ISSUE FEE and PUBLICATION FEE (if d. Blocks i through 4 hould be completed where
appropriate. All further coresponidence including the Patent, advance orders and notification of maintenance fees will be mailed to the current coresplndence 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
maintnnce fee notifications.
.vuzr .r,.u era.avusin.'t Aray ,: ,eVey fnesp Was any aoces or 'ee me,'r NOte A certilcate of maling cai onfily l esed for domestic maiings of the

29074 7590 12111/2002 Fee(s) Transmittal. This certificate cannot be used for any other
accompanying papers. Each additional paper, such as an assignment or

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

P.O. BOX 10395 O Certificate ef Malteg or Translilon
CHICAGO, IL 60611 I hereby certify that this Fee(s) Transmittal is being deposited with the

United States Postal Service with sufficient postage for first class mail in an
S envelope addressed to the Box Issue Fee address above, or being facsimile

• N 7 1 transmitted to the USPTO, on the date indicated below,

M A DcM. Cox (T"oaeso l

-na oE ch 2003 (D¢

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 ISSUE FEE PUBLICATION FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO 5S300 f'5 03/11/2003

1R37 a7tt0

EXAMINER .' ARTUNIT CLASS-SUBCLASS

SOLIS, BRICK R 3747 123-679000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

SChange of correspodence address (or Change of Correspondence
Address form PTOISB/122) attached.

O "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2..For printing on the patent front page, list (I)
the names of up to 3 registered patent ittormeys 1 Brinks Hofer Gilson &
or agents OR, alternatively, (2) the name of a Lione
single firm (having as a member a registered
attorney or agent) and the names of up to 2 2
registered patent attorneys or agents. If no name
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: Unles an assignee is identified below, no assignee data will appear on the patent Inclusion of assignee data is only appropriate when an assignment has
been previously submitted to the USP.TO 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)

Visteon Global Technologies, Inc. Dearborn, Michigan

Please check the appropriate assignce category or categories (will not be printed on the patent) 0 individual 1 corporation or other private group entity O government

4a. The following fee(s) are enclosed:

1 Issue Fee
E Publication Fee
O Advance Order - # of Copies

4b. Payment of Fee(s):
0 A check in the amount of the feo(s) is enclosed.

Q Payment by credit card. Form PTO-2038 is attached.
The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment, to

Dposit Account Number - I A5 (encose an extra copy of this form).

Commisio ested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

(A~ fry . Cx 3/1 1 03/20/2003 STE.UMEL2 0000(07e 061500 10 / D O
The Issue Fee sd Publication Fec (it reqtured) will not be accepted from anyone

other tban the aplieat; a re isteed attorney or aem; or the assignee or other party in 0i FC:i a 1300,00 ^H
intered as shown by the recoradof the united Statesatent and Trademark Office. 02 FC :1504 300.00 H
This olection of in ortualon is roomsrod by 31 CM( 1.311. The anformation is reqgre to
obtain or retaiso a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality is govemrned by 35 U.S.C. 122 and 37CFR 1.14. This collection is
estimmed to tke 12 minutes to complex including gathering, preparing, and submitting the
completed application form to the USO. Time. will vary depending upon the individual
case. Any comments on tbe amount of time you require to comp kte this form andlor
suggestions for reducin this burden, should be sent to the Chief Information Officer U.S.
Patenterd TrademaE Office, U.S. Deparnt 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 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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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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Attorney Docket No.: 10541-070

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

re Application of:
; ~ Mianzo et al.

Serial No.: 10/014,286

Filed: December 11, 2001

For: METHOD OF.CALCULATING A
VALVE TIMING COMMAND FOR
AN ENGINE

Examiner: Erick R. Solis

Group Art Unit: 3747

TRANSMITTAL
Commissioner for Patents
U.S. Patent and Trademark Office
P.O. Box 1450
Alexandria, VA 22313-1450

Attached is/are:

® Information Disclosure Statement

® Form PTO - 1449 with copy of references

-ECElVED[
JUN 1. , 2003

TECHNOLOGY CENTER R3700

SReturn Receipt Postcard

Fee calculation and payment:

0 No additional fee is required.

O An extension fee in an amount of $. for a -month extension of time under 37 C.F.R. § 1.136(a).

SA petition or processing fee in an amount of $180.00 under 37 C.F.R. § 1.1 7 (p).

[] An additional filing fee has been calculated as shown below:

Other TI
._Small Entity Small E

'": Claims Remaining .- Highest No., Present Add'I Fee or Ad
After Amendment .1 Previously Paid For Extra Rate Rate

Total Minus x $9= x $18=

Indep. Minus x 42= x $84=

First Presentation of Multiple Dep. Claim +$140= + $280=

Total $ Total $

O A check in the amount of $ to cover the above-identified fee(s) is enclosed.

® 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.

® 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), er2 to credit any
overpayment, to Deposit Account No. 06-1500. A copy of this Transmit I oed or his purpose.

Re tfully s itted,

June 9, 2003
S~ T Ssenko ( . N-o34,440)

( AttorneyA AgelOf Record
[] 37 C.F.R. 1.34(a)

CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8
I hereby certify that this corrttespondence is being deposited with the United States Postal S v ce as first class moil, with sufficient postage, in an envelope

addressed to, Commissioner for Patents. U.S. Patent and Treden e k Office, P. 0. Box 14 0, laxendria, VA 22313-14 0, on a blow date:

Dote June 9. 2003 Name: Ashley L. Rhoades Signature:

BRINKS HOFER GILSON & LIONE
P.O. Box 10395
Chicago, IL 60610

BRINKS

HOPER

GtL SON
tLO it
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Attorney Docket No.: 10541-070

IN THE UNITED S"TATES PATENT Akl TDE'A"r^Dca n O F"Iw IlIc

in re Application of:
Mianzo et al.

Serial No.: 10/014,286

Filed: December 11, 2001

For: METHOD OF CALCULATING A
VALVE TIMING COMMAND FOR
AN ENGINE

Examiner: Erick R. Solis

Group Art Unit: 3747

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
U.S. Patent and Trademark Office
P. O. Box 1450
Alexandria, VA 22313-1450

RECEIED
JUN 1 8 2003

TECHNOLOGY CENTER R3700

In accordance with the duty of disclosure under 37 C.F.R. §1.56, and more

particularly in accordance with 37 C.F.R. §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

§1.98(a)(2) is also enclosed. Applicant

consideration of the listed references and

application.

06/13/2003 SSESHE1 00000060 061500 10014286

01 FC:1806 180.00 CH

a copy is required under 37 C.F.R.

respectfully solicits the Examiner's

entry thereof into.the record of this

IRINKS BRINKS HOFER GILSON & LIONE
H 0 FER P.O. Box 10395
GILSOChicago, IL 60610
iLIONE Chicago,IL 60610

u:

CF_-
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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 processing 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 covering this fee, or authorized charging the fee to a

deposit account, as indicated in the Transmittal accompanying this Statement.

Respectf itted,

June 9, 2003
Date .Ssnkoeg. ,~-440)

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

BON S BRINKS HOFER GILSON & LIONE
oILSON P.O. Box10395

LIO NE Chicago, IL 60610

Serial No. 10/014.286
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Docket Number (Optional)
S10541-070

Application Number
10/014,286 / /7

Applicant(s)
Mianzo et al.

December 11, 2001 Group Art Unit
3747

, ____ ,_.U.S. PATENT DOCUMENTS & / 2 /r
*EXAMINE REF ,9'DOCUMENT DATE NAME CLASS SUBCLASS FILING DATE

INITIAL 74 T  , NUMBER

" 599197 1"0 /.999 K-onopka-st. oal .

JUN 1 6 2003

TECHNOLOG ( CENTER R 700

FOREIGN PATENT
DOCUMENTS

TRANSLATION
REF DOCUMENT DATE COUNTRY CLASS SUBCLASS ES NO

NUMBER YES NO

OTHER DOCUMENTS (Including
Author, Title, Date, Pertinent. Pages, Etc)

EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP Section 609; Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to applicant.

FORM PTO-A820
COMMERCE
(also form PTO-1449)

PO9A/REVO4 Patent and Trademark Office*U.S. DEPARTMENT OF

SHEET 1 OF 1

INFORIMVIA .QDISCLOSURE CITATION
S (se sejr k, iheets if necessary,)

rC
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UNITIEDSTA'I'ES DEPARTMENT OF COMMERCE
United States Potent and Trademark Ofince
Addres: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexndna, Vig ia 22313-1450
nwwiuptogov

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

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

29074 7590 07/08/2003

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

EXAMINER

SOLIS, ERICK R

ART UNIT PAPER NUMBER

3747

DATE MAILED: 07/08/2003
5-

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

PTO-90C (Rcy. 07-01)

UNITED STATES PATENT AND TRADEMARK OFFICE
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UNITED STATES DEPARTMENT OF COMMERCE
U.S. Patent and Tra nark Office
Address: COMMISSIONER FO- PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450

APPLICATION NO.1 FILING DATE FIRST NAMED INVENTOR !  ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION

EXAMINER

ART UNIT PAPER

DATE MAILED:

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

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 fee and
as a matter of fact after the publication of the patent. Therefore, the cited references have not been considered.

Erick R Solis
Primary Examiner
Art Unit: 3747

PTO-90C (Rev.04-03)
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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 Title  -     USPTO Communication Re: Change of Address  

Document Date -       2003-07-29

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 afax number, if provided; if that is unsuccessful, it will be sent via USMail.
Phone: 3024499010
Email: mmcclain@devlinlawfirm.com
Correspondent Name: TIMOTHY DEVLIN
Address Line 1: 1306 N. BROOM STREET
Address Line 2: 1 ST FLOOR
Address Line 4: WILMINGTONDELAWARE 19806

NAME OF SUBMITTER: TIMOTHY DEVLIN

SIGNATURE: /TIMOTHY DEVLIN/

DATE SIGNED: 08/31/2017

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

Total Attachments: 3
source=MobileAutoSignedPAA#pagel.tif
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EXHIBIT B

U.S. PATENT ASSIGNMENT

WHEREAS, Coda Kaisha IP Bridge1 ("Assignori. is theowner of (i) United States
Patent and Patent Applications listed in Schedule A and the folluwing (ii) throughi I to the
extent Assignor owns, cOntrols o has the right to license or enforethem at any time: (ii) any
patents or patent applications that claim priority directly or dictly fom any of the foregoing
palentin 6t subsectionilor from which priority is directly or indirectly claimed by aivn such
patnt(s) in subsection i), or that have common priorky with any such paent(s) insubsection (i:
(Iii) any foreig counterparts. foreign mted patents, continuations, divsionas. continuatini-
in-part, extensios. substitutions. reissues, renewals and all results ofoppositions,
reexaminations. supplemental examinations. requests for continued examination and other
review proceduresofany ofthe lbregoing in subsetions (i) andi )and (v) all patents issuig
on patentapplications covered b) any ofthde foregaing subsections (i) through (iii togetherthe
"Assigned Pateno").

WHEREAS, Mobile Automotive Technologies, LLC, an Alabama limited liability company
(LAssignC is desirous of acquiring title in and to the Assigned Patents

WIEREAS, Assignor is the owner of any and all right, title, and itterest i and to the
Assigned Putents.

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

NOW. THEREFORE, in consideration of good and valuable consideration, the receipt
and adequacy of which is hereby acknowledged. Assigno hereby swls. assigns. tansfers and
conveys unto Assignee, its pcmitted successors and assigns, all of Assignor's right. title, nnd
interest in and to the Assigned Patents, together with all claims, demands, or causes of ction that
Assignor has or right have by mason of any infringement of the Assigned Patents prior to the
effective date of this assignment including the right to sue and collect damges for all past
present and inure infingenient and all lst profits resuing therefrom.

IN WITNESS WHEREOF, this Agreement has been executed by du4 authorizad
representatives of the Parties on the dates below-

St
UZI= oSo to a

Name Name

Date Sa: o
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SCHEDULE A

Patents:

US6345604
US6347680
US6379281
US6443128
US6510839
US6557540
US6561166
US6571157
US6581565
US6581574
US6588260
US6598581
US6607302
US6609497
US6612287
US6619106
US6644115
US6736122
US6741441
US6752741
US6757149
US6758885
US6763804
US6766788
US6817592
US6847882
US6856209
US6874362
US6976477
US6988031
US7089894
US7116081
US7124963
US7137577
1US7143501
US7168637
US7191755
U87198207

10
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US7293554
US7487761
US7712451
US7982358

DE103 44 494.7-34
0B2385013
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 afax number, if provided; if that is unsuccessful, it will be sent via USMail.
Phone: 3024499010
Email: mmcclain@devlinlawfirm.com
Correspondent Name: TIMOTHY DEVLIN
Address Line 1: 1306 N. BROOM STREET
Address Line 2: 1 ST FLOOR
Address Line 4: WILMINGTONDELAWARE 19806

NAME OF SUBMITTER: TIMOTHY DEVLIN

SIGNATURE: /TIMOTHY DEVLIN/

DATE SIGNED: 08/31/2017

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

Total Attachments: 3
source=MobileAutoAmend-2#pagel.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 afax number, if provided; if that is unsuccessful, it will be sent via USMail.
Phone: 3024499010
Email: mmcclain@devlinlawfirm.com
Correspondent Name: TIMOTHY DEVLIN
Address Line 1: 1306 N. BROOM STREET
Address Line 2: 1 ST FLOOR
Address Line 4: WILMINGTONDELAWARE 19806

NAME OF SUBMITTER: TIMOTHY DEVLIN

SIGNATURE: /TIMOTHY DEVLIN/

DATE SIGNED: 08/31/2017

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

Total Attachments: 2
source=michmotorassn#pagel.tif
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EXHIBIT B

U.S.PATENT ASSIGNMENT

WHEREAS, Mobile Automotive Technologies, LLC, an Alabama limited liability
company("Assignor"),istheowneroaf(i)United States Patent and PatentApplicationslistedin
ScheduleAandthe llowing (ii through(iv) to the extentAssignorowns controls or has the
right tolicense or enforce them at any time: (ii)any patents or patent applications that claim
priority directly or indirectly from any of the foregoigpatent(s) in subsection (i), or from which
priority is directly or indirectly claimed by any suchpatent(s)in subsection(1,ortahave
common priority with any such patent(s) in subsection (i); (ii) any foreign counterparts, foreign
related patents, continuations, divisionals, continuations-inspart, extensions, substitutions,
reissues, renewals and all results of oppositions reexainations,supplementalexaminations
requests f continued examinationand other reviewprocedures of any of thefregoing in
subsectionsi)and(ii)and(ivallpatentsissuingonpatent applications covered by any ofthe
foregoingsubsections $ithrough(iii) (together the "Assigned Patents").

WHEREAS,Michigan MotorTechnologies 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, Assignordesires to sell, assign, andtransfer all its rightitle, andinterestin
theAssigned Patents to Assignee, and Assignee desires to obtain all such right, title,andinterest
in the Assigned Patents from Assignor

NOW.THEREFOREinconsiderationofgoodandvaluableconsideration,thereceipt
and adequacy of whichis hereby aclnowledged, Assignor hereby sells, assigns. transfers and
conveys unto Assignee. tspermitted successorsand assigns, all ofAssignor's right, title, and
interest in and to the Assigned Patents, together with allclaims demands, or causes of action that
Assignorhas ormight have by reason ofany infringement of the Assigned Patents prior tothe
effective date of this assignment, including the right to sue and collect damages for all past,
present and future infringement and all lost profits resulting therefrom.

IN WITNESS WHEREOF, this Agreement has been executed by duly authorized
representatives of the Parties on the dates below

Sign Sigature

Nam, Y4. Nam K) ~ L

Date: Date:
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SCHJEDUIJLEA
P atents:

US6345604
US6347680
US637281
US6443128
US6510839
US6557540
US6561166
US6571157
US6581565
US6581574
US6588260
US6598581
US6607302
USo609497
US6612287
US6619106
LS66441 15
US6736122
US6741441
US6752741
US6757149
US6758885
US6763804
US6766788
US6817592
US6847882
US685620
US0874362
US6976477
US6988031
US7089894
US7116081
US7124963
US7137577
US7143501
US7168637
US7191755
US7198207
US7293554

YS7487761
US7712451
US7082358
DE103 44 4943 34
GB2385013
GB2422688
JP4235485
DE 3 22 529.3

2
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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

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
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Property Type Number

Patent Number: 6752741

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 afax number, if provided; if that is unsuccessful, it will be sent via USMail.
Phone: 3024499010
Email: mmcclain@devlinlawfirm.com
Correspondent Name: TIMOTHY DEVLIN
Address Line 1: 1306 N. BROOM STREET
Address Line 2: 1 ST FLOOR
Address Line 4: WILMINGTONDELAWARE 19806

NAME OF SUBMITTER: TIMOTHY DEVLIN

SIGNATURE: /Timothy Devlin/

DATE SIGNED: 10/06/2017

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

Total Attachments: 6
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AMENDMENT NO. 1 TO TE PANT ASGNMENT AGREEMENT

This Amendment No. 1 (the "Amendmet"), dated as of thelatest execution date below,
is tered into by Mobile Avomotive Tohologies.LLC, an Alabama ited liability com y
and Godo Kaisha IP Bridge 1, with its principal offlices at cle Sakura Sopg Jmsho, 1-11 Kanda
Jimbocho, Chyodaku, Tokyo 102-0083, Japan, and aends the Patent Assignment Agreement
entered into by the padies, executed on September 2, 2016 (the TTA")Capitalized tens not
defined hrmin are defined inthe PTA.

The parties agree to retroactively amend the PTA as follows:

L Exhibit A to the PTA is hereby waactively amended and restated in its entirety in the
form of Exhibit Aattached hereto.

2. The parties intend and agreeatthis Amnadene l be effective as of the Effective Date
ofthe PTA with the same force and efet as if executed oat date. Except aseqreY amended
by this Amendment all othertems, conditions and provisions of the PTA shall apply.

NWITNESS WHEREOF, the parties have exte d tis Amendment through their duly
authorizedrepresentatives.

Mobile Automotive Technologie, LLC

By: \ L,'

Name: vin C. Brady

Title: Managing Member

Date:a

God. K bsIP Bridge 1

(L
Name: Hidayuki Ogata

Title Excoutive Manager

,~"., ~

I;

P.

7
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Patnts:

1 U86345604
2 US6347680
3 US6379281
4 US6443123
5 US6510839
6 US6557540
7 US6561166
8 US6571157
9 US6581565

10 US6581574

11 U86588260
12 US6598581
13 US6607302
14 US6609497
1s U86612287
16 US6619106
17 US6644115
Io US6736122
19 U86741441
20 US6752741
21 US6757149
22 US6758885
23 US6763804
24 US6766788
25 US6817592
26 US6847882
27 US6856209
28 US6874362
29 US6976477
So US6988031
31 US7089894
32 U7116081
33 US7124963
34 US7137577
SS US7143561
36 US7168637

2

S 1 ..~,Q 1 4'.

Ali -4. - --------
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37

38

39

40
41

42

43

44

45

46
47

3

I
1~* ~ '4 1 ~- C

K. tw
t I

US7191755
US7198207
UJS7293554
US7487761
US7712451
US7982358
DE103 44 494.7-34
GB2385013
GB2422688
JP4235485
DE103 22 529.3

I
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EXHIBIT B

U.S. PATENT ASSIGNMENT

WHEREAS, Coda Kaisha IP Bridge1 ("Assignori. is theowner of (i) United States
Patent and Patent Applications listed in Schedule A and the folluwing (ii) throughi I to the
extent Assignor owns, cOntrols o has the right to license or enforethem at any time: (ii) any
patents or patent applications that claim priority directly or dictly fom any of the foregoing
palentin 6t subsectionilor from which priority is directly or indirectly claimed by aivn such
patnt(s) in subsection i), or that have common priorky with any such paent(s) insubsection (i:
(Iii) any foreig counterparts. foreign mted patents, continuations, divsionas. continuatini-
in-part, extensios. substitutions. reissues, renewals and all results ofoppositions,
reexaminations. supplemental examinations. requests for continued examination and other
review proceduresofany ofthe lbregoing in subsetions (i) andi )and (v) all patents issuig
on patentapplications covered b) any ofthde foregaing subsections (i) through (iii togetherthe
"Assigned Pateno").

WHEREAS, Mobile Automotive Technologies, LLC, an Alabama limited liability company
(LAssignC is desirous of acquiring title in and to the Assigned Patents

WIEREAS, Assignor is the owner of any and all right, title, and itterest i and to the
Assigned Putents.

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

NOW. THEREFORE, in consideration of good and valuable consideration, the receipt
and adequacy of which is hereby acknowledged. Assigno hereby swls. assigns. tansfers and
conveys unto Assignee, its pcmitted successors and assigns, all of Assignor's right. title, nnd
interest in and to the Assigned Patents, together with all claims, demands, or causes of ction that
Assignor has or right have by mason of any infringement of the Assigned Patents prior to the
effective date of this assignment including the right to sue and collect damges for all past
present and inure infingenient and all lst profits resuing therefrom.

IN WITNESS WHEREOF, this Agreement has been executed by du4 authorizad
representatives of the Parties on the dates below-

St
UZI= oSo to a

Name Name

Date Sa: o
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SCHEDULE A

Patents:

US6345604
US6347680
US6379281
US6443128
US6510839
US6557540
US6561166
US6571157
US6581565
US6581574
US6588260
US6598581
US6607302
US6609497
US6612287
US6619106
US6644115
US6736122
US6741441
US6752741
US6757149
US6758885
US6763804
US6766788
US6817592
US6847882
US6856209
US6874362
US6976477
US6988031
US7089894
US7116081
US7124963
US7137577
1US7143501
US7168637
US7191755
U87198207

10
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US7293554
US7487761
US7712451
US7982358

DE103 44 494.7-34
0B2385013
GB2422688
JP4235485

11
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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: 1

Name: Hoe-il Kim

Title: General Manager, IP Legal Team

Company: Hyundai Motor Company
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CERTIFICATE OF SERVICE

Inter Partes 

Et Seq.

VISTEON GLOBAL TECHNOLOGIES INC

DEVLIN LAW FIRM LLC

/Brian C. McCormack/

BAKER & McKENZIE LLP

14,2018,

. 6,557,540

. 311-319

1001 1034

37 . 42.10(

48111

1306 , 1
19806

14,2018

,(1z 75201
- Q 75L2007
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Inter Partes 

PETITION FOR INTER PARTES REVIEW 
OF CLAIMS 1-3, 7, 10-11, AND 14 OF U.S. PATENT NO. 6,557,540 

UNDER 35 U.S.C. §§ 311-319 AND 37 C.F.R. § 42.100 ET. SEQ. 

. 6,557,540

.6,557,540

6,2003

2018-01061
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B. The Claimed Invention 
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C. The Prosecution History of the ’540 Patent 

VI. LEVEL OF ORDINARY SKILL IN THE ART 
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VII. CONSTRUCTION OF THE CLAIMS  
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A. Construction of “engine performance”

inter partes
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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

Id

22
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see, e.g., In re Morris

B. Construction of “environmental conditions signal”
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C. Construction of “vehicle performance command”
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. 1004 6:6-15.

),

1002 138-139.

71

(
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t"Obtaining an engine performance command'
------------------ 0 A throttle sensor 42 detects the opening of the throttle

valve 5. Eg Ex 1004 4 20-21

Fig.9

Receivinganenvironmentalconditionssignal
Step reads an atmospheric

gressurePIAdetected by the annspecicpressuae sensor 46
Eg- Ex 1004 724-25 Fig,2 at 46

Step14readsanangine
load (the mass of intake air per ngine revolution) calculated
according to the mass flow rate of intake air detected by the
airfow meter 46 and the engine revolution speed provided
by the crank anglensenr51. E.g. Ex 1004 720-24

Determining a valve feedorward term based on the
engine performancecommand and the ----------

environmental conditions signal
Eg EK 1004 Fig 9 at212

--

202

sreD GN 204

I ToFt -a s 210

tve -tsx E= 212Fl'- i J 11i N AD N J -210
- - -; --JL2

-- ----- - - - -- - - - -- - - -

alculating a valve timing lommand based on the valve
eedforard erm and thevalve feEdbackterm

tep 114 sets te displacementl VTpa as a target dis-
aement VTXL To bring an actual displacement to the

Ltget displacementVTL tsignals from the frst and second
magnetic sensors 54 and 55 are monitored to feedback-
control the hydraulic pressure control valve 68.

Eq Ex '004 7 20-45 8 5-7

"Receiving an engineperlormancefeedback"
The crank shaft 81 bas a buried magnet 82. so that

afirstmagneticsensor54arrangeddosetothecrankshaft81
maynrate areference pulnse.Iecansshaft8of the
i valve 24 a buriedmagnet93.sothat asecond

magnetic sensor 55 arranged close to the ca shaft 85 may
generate a reference pulse

Eg Ex 100454-9 Fig 2at54 55

Calculating a valve 'eedbackterm based on te engine
performance commannand the engine performance

feedback

Step 114 sets the displacement IVT)pa as a target dis-
placreetI Tt To bring an actual displacement to the
targetdisplacement t I Lsignals from th first and second
magseicsessors 54 and 55s e monitored to feedback-
conrol the hydraulic pressure coetr valve 68

Eg E:- 1004 7 20-45 8 5-7

1005, . 8 . 1002 153.

(

1002 153,

. 1005 41 . 1002 153.
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(

)

8. 8

(

. 1005
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Varveteedtorward
term (reference

camshaft phasing
REF (which is

based on throttle
angle:GE)))

Calculated valve
feedback term
(outputatR ID

calculation)

Calculated valve
command timing

Varveperformance
feedback (engine

speed. N. and
actual camshaft
phasing: CA!A)

8. Simplilied contnd%-oriented model of the VCT mechanism
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METHOD OF CAI.CUIATING A VALVE
TIMING COMNIAND FOR AN ENGINE

TEICNICAI -ILl.1)

This ilwtlion relates geneIl Vto Calculatiillg coIIIands
for an engine and, morespecitlically, tocalculating a valve
tining command for an enginewith variable timing valve
actuators.

BACKGROUND

l gasolinengoies of most vchiicles.,each cviinder of the
engine cycles through four unique stages. In thet irst stage.
an inlet valve opens anda pision draws air and fuelthrough
the inlet valve and into thecylinder- he inlet valve closes

and the pision reverses direction in the second stage to
compress the air and fue mixture- InTh c third stage, a spark
combuststhe mixture, which drives the piston (and powers;

the vehile). An exhaust valve opens and the pistiononce

againreverses directioiin the fourth stage,toptslthe
combstedCI ixturc throtgi the exhaust valve and outatf the
cylinder.

Thecoctrollingoftie itel valve and th cxhaist valve of
each clinder is a dificult task. The engine speed, which can

exceed 6,000 rpm in most vehicles, dictates that the opening

ancdclosing of theiiletvalveaid thie exhaust valve mlust be
cbteto Occur up to 50 times persectdl In conventional
engines, Caisdriven 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

m\ be optimied with an [adjuistenit of the valve tiTing for
itparticutlr load oiln theeigin, SOte variabevalve timig 
engines have been proposed, but thetheoretical fuel effi-

ciency and output piweraof these engines have not yet been

reached.

HRIL DESCRIPTION OFT ILGIURLS

1IG 1 is schemTici of a vehiiclii viga Ceigiie coll-
trotted with the methcd of the preferredembodiment;

FIG_.2 is a toc0wChart of the method of the preferred

embodiment; and

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

I)ESCRIPTION (O TI ILPREFLIERRED
NIL-]I F1H)S

The following description ofie two preferrecd imethod of
the invention is not intended to limit the invention tc these

preferred methods, but rather tI enable any person skilled in

the arti fvariable valve timingcintril t imake and use this
icnveticoil,

Asshown i JFIO1, the preferred mcithid of the iIventitl
has been speciicallv createdto e1 erforimed bya cotrol
unit 10totcalculate valveliming mnimands foran engine 12

with electromagnetic valve ctuators 14. The method,
however, ilay be performieed by I. stitable device to
calculatevcalve timing comiands fot any suitableeine
with any suitable variable tingvalves

As shown in IG. 2, the preferred methodof theinentin

has six principle actiions: obtaining anengine performance

cotiimiitid 16; receivin aen envirotiictaitilcontiditionitssiginal
18; determiingiavalve feedfoirwardterm 20; receiving an
ecigie performanc feedback 22; calcula\ttiigivtalyeteed-
back term 24; and calculating a valve tining command 26

based on the valve feedfocrward term and the valvefeedback

2
term. The method performned by he control unit may of
course, include othersuitalecliiins before, during, or after
these principl lctions.

the actionof obtaining an engine performance command
16 preferably includes receiving a vehicle perIlanCe

cmimand fruimtidriver. Preferably,the vehicleperorntce
cociiniand is received frotalie iotaf a driverIwithitheuse
of a conventitinal pedal 28, as shown in ICG. 1I

Alternatively, the vehicle performanceomimand culd be

o received from the driverwith the-use if aty suitablc device.
[he actioi f obtaininigneigil e ierfruaicecoiand
als preferablyincludes deriving the engine periormance
cocmmand from the vehicle performance cIImand.The

eniginie tierformanicce commciandiis preferably baisedccnitie
vecleieformiarice cotmmandi but miityalternactvely be
based In addicional suitable factors, such as a traction
ccntrol signali r a cruisecocntrol signal The engine perfor-
tancicecommanid is preferably a desired ecginieorqelei and,
forthisreasonthengine ierformaceiiti idcotandi Ia be
thoIught cfIas an engine torque coitimand. The engine
citerformiance command, however, may alternatiyely be

atichcersuitiblevaritblei, suh as a desiredegite IceclrI-
liioni

The action of receiving i environmental ccnditions
signat 18 preferably includes receiving an envirniental

conditions signalfrom can environmental sensor 30 in the
vehicle- Iheentvironmitienital secsor 30 preferably seisestie
ambienit eciperacttureic tsideilhe Vehiileti and couiliicates
this data tI thecntrocl unit 10, which uses thedata to
determine the valve feedfoirard term. Oher information,
such asthe ambieitt ressre, mIiyeiseul tii thi deterii-
nlation of the valve feediforward teri-. Fir thi rason, Iie
environmental sensocr30 may alternatively sensec oersuit-
able informatiin.[ he enviroinmental senrso30 ispreferably
a icicnenitnaenvxircnmiiecintal sensor. bt may alternctitively
be acy suitabledevice.

SimirIl, he aciiin of reciving an engine perfrmi.rIanice
feedback 22 preferably includes reeeiving the engine per-
formance feedback frm an enginesensor32 in the vehicle.

theecigiciesecisor32preferatblysensesthe engiie speed and
Scommniicates this data to the cotroi Unit 10,whichuseshe

data ti determine the valve feedfcrward term and the valve

feedback terni. Other engine ncasurables, such as engine

tCrque data,may beuseFul inthedeterminationocf the teris.
Foir this reasonc, thecengine Sensir32may tatternlatively sense
other suitalle inFormation. The eitie sensor 32 is prefer-
ably a conventional engine sensor, but mayalternativelyb

any suitable Sensiir

the action Of deteriining a valve feedfcrvard term 20

Ireterably icludes detertiinigthevtlvefeedfocrward teri
1 baise n t1he etIgiIe torITe commItii[and, etc abieIt teapera-
ture data, and the engineslced data. he determiinatiion,
however, may bebased oni ther suitable factors, such as
engine torque data, air-fue ratio data, engineciOmbustion
stability data, or amibieti pressurel dam. The cittrol ii10
pireftrcbly iciludes t liok-ip table, which has ieen opti-
niced for fuel efficiencypower output, and engine emis-
sins based on varius engine torque commands, variius

abiiet temperatmeiur t a, and various engine steed dlata (or
eniginetcreqte iti).The ontrol uit 10 mai ailternctixivli e

tn rogrctmtietiperformticreal-ticaecoptimizaiticniof the fuel
suilceinc, p erIutput, andlengine enissicni(or any other

IItble measurenient) based ocn the engine torque
cocimIInd, teiii amiet temipertre d itiand tl ecIgite

seed data (ir ainy ther suitable comIIImds and
iS nieasurables).

the actioncif calculating the xalve feedback terni24
preferably includescomparing the engineperfcrmianectn-

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



PAGE 6 of 6 HMC EXHIBIT 1001

US 6,557,540 1
3

mand and the engine performance feedback. RV thu delini-
tion ofthe term. the valve feudhack tcrm functions to
compare the input with th output andtocaclatai cor-
rctionterIm hasd onthdiffrunc, if any Iheomparion
and the calculation are prfLrably accomplished by the
control unit 10, but may alernativuly be accomplishud lVa

siitabIC sparatle device

As shown in I0 3A, the position if the pisionin the
cylindr cai be traced as a iusoidaIav ovur a time
period. The events of the opening of thu exhaust valve
(LVO")the closing of the uxhaust valvc LV(" .), the
opningof th inlt valve ('1VO), aad thu closing of the
inlt valve ("IV(.) can be placed on tissinIsoidaIl Wave
As shown in 1IG 3B, the events of the LV), thL EVC, theu
IV, and the IVC mav he shiftd within the time period
(note that the shift in the LVC and the IVO prcferahly mirror
cach another, but may alturinativuly bc suparat I
controild)t Ihu adjustmentiif th timing if the EVO the
LVCIVO, and the IVC whn used partially, suparately, or

toguthur may provide the desirud ful eficiency, power 2
output, and emissions from th engine 12 of thuvuhice.I' The
action of calculating a valvc tining command 26 prfurabiyr
inuludes calculating an LVOI command, an LVC IVO
command, and an IVC command. The control unit 10, of
course, may alternativly include other suitable paramters
for thu control of the variable timing valves

Tihescond prefurrd iithod ofthinvention inludes the

principle actiol of hu hirst prferred method and the
additional principle action ofrecivingfueiconvrsiondata
and enginen missions data. Tese preferably include receiv-

ing thu fuel convursion data and ungineeniissions data from

Miiabic [mission sesors(IniItshow ) intih cylinder or the
exhaust port of thu cogie P 12. T mission sensors prefur-
ablysene ,the amount if N) in thu exhaust and commu-

nicaIs this datato thc control unit 10. The control unit 10
preferably ussthis information to modify the output value
fromia the look-up tablc, bit may aiteriiaitvelV Use this
iinfrmtitotocontittinally adjust the values in the look-up
table. Thucointrol unit i) iay alternatively use this infor-

natiion as anothr factor in th detrmination of the valvu

ieedback turm The emissiiin sisors are prefrably conven-
tiotatl missio sIsors, but may aitrniatively be anysit-
abiecsensor.

As any person skilled in thu art of variablevalvu engin
controlwill recognize from the previous dtailed description

and from the figures andclaims, modilications and changes

Can be made to the preLfrred tetihds withoutdeparting
from tie scopeif this jinetion defIed in t 1 f1lowiig
claims.

We claiIm:

1. A m thJod fr caIculating a 1al ctiming cOimiand r
anengine of a vehicle, coprising:

obtaining an nginie irfirncecommand:

ruceiving an envirTIieiial conditionssigaal;

(luteriinig avalveuieedlforwartrm11based on theuengiic
purflormanice comniand and the environientali cndi-

tions signal;

4
receiving anu ngine performance feedback

calculatinga valve feedback term hIased on the engine
perfiirilmincecoiiiimand Ild th engiine performoance
feedbatck anld

~ctiuating aalve tiinitg coiniad based on the valve
feedforward tern and the valveteIback ert.

2. The niethod of claim I wherein said obtaining an
Cngine perfornance command includes recceiving a vehicle

perforiance COMMiand1 fron a driver of the vehicle and

deriving the lengiie priorIaice commandli tbasd on the
vehicle perfotrlaicecommand.

3. The meth11 ofclaim I wherein said receiviig ai
environmental cnditions signal includes rceiving ambient
tenperature data.

4. The method of claim 3 wherein said determining a

valvc feedforwVardl turim includes deteriintg lie valve
Vcedforwart til hase olntlieamlielt ciiperttire data.

5. The imlethod of caim 4 wihrein saili dtermining a
valve feedforward term includes deternmining the valve

feedforward term based on the engine performance feed-

back-

6. The metiid of ciaii 5 whrein said dutertiiinin a
valvefeedforwardtiimicudesreferencing aiook-uipallc
with the engine performance command, the ambient
temperature, and the engine perfornance feedback.

7. The method of claim I wherein said receiving an engine

plerformlatnce feedback iicitldesreceiving ngin
8, The meluthodl if claim I wherin said obtaining an

engine performane coillmalnd incidesi otaining an engiite
torque command; and wherein receiving an engine perfor-
mancel eedback includes receiving engine torque data.

9. Thu method of claim N wherein calculating a valve

feudhack term inicludus calculating a valvefedbacktrl
basedotithuet gicnetirqiecmmII111and and the elgitle tiirIJ
data.

10. themethod of claim I wherein said calculating a

valve timing command includes calculating an LVO

command, anL VCIVO command, and an IVC command.

II. The ethd oif claimil Iurilber comprising receiving
fteIl ciinveriondata.

12. The method of claim I1 wherein said determining a

valve feedtrardteri includes determininga valve feed-

orward tri asedon tihe fel convrsini data
13. Tlie imetholofclaim 11 whereinsidcalculating a

valveufeedbackturm ictideS calctilatitng avalveifeedback
term basedi n the fuel conversion data.

14. [he methtd of claim I furthercomprising receiving
enlginellissions data.

15. Thie methiod of claim 14 wherein said determininga
valveufeedLirward ternmincludes determining avalvecfeed-
Ltrward terI asedi on the engine emissions data.

16. Thu methid of claii 11 whereinsaid calculating a

I viv feedbtckterm inclides calculatilg avalve feedack
turmllbased onltile eeileissionts data.
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I. 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. 

IPR2018-01061 (“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, I 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 
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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.  

9. 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 I 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. I reviewed 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. I am 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. I understand 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 I 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. I have 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. I have 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. I 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. 
 

6 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. 
 

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

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

9 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 
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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. I also 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. I 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, I 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. I 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. I also understand that these objective indications are only relevant to 

obviousness if there is 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. 

ISBN0-07-033189-8 

Ex. 1013 McGraw-Hill Electronics Dictionary, 6th 

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. 

HMC EXHIBIT 1002

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



IPR2018-01061 
US Patent 6,748,540  

 

15 

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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(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” 

(λ). 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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(Ex. 1007 p. 12, Probst ch. 2 p. 5) 

37. 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 

as ”emissions”. 

38. 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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Air-fuel ratio= 12,6:1
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\*% Best fuel
Fuel economy
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Air-fuel ratio= 14.7:1
Lambda (X)= 1

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.
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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.  

 
(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. 

 
(Ex. 1006 p. 22, Bosch Fuel Injection Systems p. 35) 
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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, however.

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).
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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 (NOX). 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 NOX 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.1  

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 

                                                 
1 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, Jurgen2 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 NTC1, 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 

                                                 
2  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 

is derived from lab and road tests, and modified for the 

requirements of the vehicle and the country where it will 

operate: 

 
(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.”3 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.”4 

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, 

                                                 
3Ex. 1013 at 13, McGraw-Hill Electronics Dictionary, p. 168. 

4Ex. 1013 at 12, McGraw-Hill Electronics Dictionary, p. 162. 

HMC EXHIBIT 1002

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



IPR2018-01061 
US Patent 6,748,540  

 

29 

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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(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. I note 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: 

HMC EXHIBIT 1002

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



IPR2018-01061 
US Patent 6,748,540  

 

32 

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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(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 ("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 
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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 (IVO0 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 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,‘540 patent, col. 2, lines 10-22, emphasis added) 

70. Thus the ‘540 patent provides examples of an engine performance command, 

i.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 

HMC EXHIBIT 1002

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



IPR2018-01061 
US Patent 6,748,540  

 

41 

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 

HMC EXHIBIT 1002

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



IPR2018-01061 
US Patent 6,748,540  

 

44 

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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(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 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. 

(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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(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 IVTD0 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 IVTD0 to be imposed on the open/close timing of 

the intake valve 24.  

Step 212 corrects the displacement IVTD0 and provides a target 

displacement IVTDt as follows: 
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IVTDt IVTD0×Lpa 

(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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 (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.  

 
 (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:  

 The model of the plant is low order, nonlinear, with known 

nonlinearities 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.  

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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 (Ex. 1005 p. 3, Jankovic p. 36) 

105. As can be appreciated, from Figure 2 above, the driver throttle input Ɵ0 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 Ɵ0, and the 

engine speed N, the system selects a reference camshaft offset ζREF 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 ζREF, 

scheduled on engine speed and driver demanded throttle Ɵ0 

(Ex. 1005 p. 3, Jankovic p. 36) 
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P: manifoldpressure
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: cam phasing
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107. Jankovic also describes that once the target camshaft offset ζREF is selected, 

the system uses a VCT (Variable Cam Timing) feedback control system to assure 

that the actual cam offset ζCAM matches the target ζREF. 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 ζCAM, is processed through a proportional-

integral-derivative (PID) control computation, and this is then compared to the 

target camshaft offset ζREF. The difference is then used as a supplemental or 

corrective input to the VCT actuator.  
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 (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.  

ii. 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) 

HMC EXHIBIT 1002

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



IPR2018-01061 
US Patent 6,748,540  

 

60 

 
 (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) 

 

 
 (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.  

 

 
 (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.  

 
 (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. 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) 

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.  

 
 (Ex. 1004, ‘317 patent, Fig. 9) 

125. Jankovic describes measuring the throttle angle Ɵ. For example:  

In this application, the throttle angle is comprised of the throttle 

position due to the driver’s request (ƟO) and an additive term 

due to the compensation (Ɵ*) 

Ɵ = ƟO + Ɵ*. 

(Ex. 1005 p. 3, Jankovic p. 36) 
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126. Jankovic further describes that the throttle opening ƟO 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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(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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 (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, IVTDt, 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 IVTD0 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 IVTDt. For example:  

Step 208 refers to a map of FIG. 10 according to the 

atmospheric pressure PA and finds a correction coefficient Lpa 
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for correcting a displacement to be imposed on the open/close 

timing of the intake valve 24. The coefficient Lpa 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. 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 IVTD0 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 IVTD0 and provides a 

target displacement IVTDt as follows: 

IVTDt IVTD0×Lpa 
(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 Ɵ0, and the 

engine speed N, the system selects a reference camshaft offset ζREF using a “cam 

schedule”. For example:  

A block diagram in Fig. 2 shows the cam timing reference ζREF, 

scheduled on engine speed and driver demanded throttle Ɵ0. 

  (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 

REF using the cam schedule in Figure 2, reproduced below, with annotation.  For 

example:  

 (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. 

HMC EXHIBIT 1002

~EE,~npeed Comm

Throttle angle fromMehns
Driver Request

NF

Fig. .Airiwdetwvirh VCT and4erronic tlrotle

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



IPR2018-01061 
US Patent 6,748,540  

 

73 

(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 ζCAM (which, in my opinion falls under the 

“other engine measurables”, and “other suitable information” definitions provided 

by the ‘540 patent5). For example:  

From the controller design point of view, several prominent 

characteristics of this problem will dictate our approach: 

 The model of the plant is low order, nonlinear, with 

known nonlinearities 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. 

                                                 
5 See, Ex. 1001, ‘540 patent, col 2, lines 36-47 
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 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.  

 

 (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) 

 
 (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. 

HMC EXHIBIT 1002

Fig.3

TOP DEAD CENTER

(VARIABLE)

IVTD

EXHAUST VALVE
OPEN

NvCr

(REFERENCE)

(VARIABLE)

IVOr (REFERENCE)

EVC (FIXED)

INTAKE VALVE
OPEN

FO
(FIXED)

BOTTOM DEAD CENTER

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



IPR2018-01061 
US Patent 6,748,540  

 

76 

(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 

IVTDt (i.e., the “feedforward term”).  A person of ordinary skill in the art would 

appreciate that this is done by comparing the target displacement IVTDt (i.e., the 

feedforward term, which is based, in part, on the engine performance command, as 

discussed above in ¶¶ 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 IVTDt, 

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 a result, 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” 

(IVTDt—i.e., the feedforward term, which is based, in part, on the engine 

performance command, as discussed above in ¶¶ 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 

ζREF, which Jankovic earlier described as “scheduled on engine speed and driver 

demanded throttle Ɵ0”, and two variables of engine performance feedback: engine 

speed N and the actual camshaft phase ζCAM.  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 (ζREF, which is based on driver demanded throttle 

Ɵ0). 
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 (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, IVTDt). 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 IVTDt 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 85of 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 ζREF (valve feedforward term), and the actual cam phase ζCAM 
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processed through the PID control loop (valve feedback term). This valve 

command is comprised of the initial cam phase command ζREF and any error 

between the actual cam phase ζCAM and the initial cam phase ζREF. This is illustrated 

in Figure 8, reproduced with annotation below.  

 
(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 
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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 Ɵo 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 ζCAM, 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 IVC 
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:  

HMC EXHIBIT 1002

F ig.2

AIRFLOW METER

VACUUM SENSOR
42

THROTTLE OPENING SENSOR
43

INTAKE TEMPERATURE SENSOR

WATER TEMPERATESNO

02 SENSOR

4_ATMOSPHERIC PRESSURE SENSOR

REFERENCE POS TIONSENSOR
51

CRANK ANGLE SENSOR
52

OLE SWITCH

VEHICLE SPEED SENSOR

FIRST MAGNETIC SENSOR

SECCND MAGNETIC SENSOR v

FU INJECTOR60

IGNITERE 2

~~65

HYORAULIC
PRESSURE
CONTROL VALVE

CU 71

75 73

72

74

RAM

77a

76 77b R

DRy
NPUT 77c

I/F ORV
77dg

DR~

F

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



IPR2018-01061 
US Patent 6,748,540  

 

85 

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 ¶¶ 
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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 (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 O2 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 O2 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 O2 

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 

mcyl, air-fuel ratio A/F, spark retard from MBT σ, and engine 

speed. 

(Ex. 1005 p. 3, Jankovic, p. 36) 
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 (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 O2 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 O2 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 O2 

sensor 45 to detect the concentration of oxygen in the exhaust 

gas.  

(Ex. 1004, ‘317 patent, col. 4 , lines 47-52) 

 

 
 (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 

mcyl, air-fuel ratio A/F, spark retard from MBT σ, and engine 

speed. 

(Ex. 1005 p. 3, Jankovic p. 36) 

 

(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 drivability6and emissions 

performance of an engine using a variable valve timing controller to rotate the cam 

shaft relative to the crankshaft.  

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 

                                                 
6Drivability 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. 

HMC EXHIBIT 1002

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



IPR2018-01061 
US Patent 6,748,540  

 

94 

displacement (i.e. the offset between the cam shaft phase and the crankshaft phase) 

is 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 

IVTDt. 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:  

REF 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)

(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, 

   5/14/18     

Scott Andrews  Date 

HMC EXHIBIT 1002

1)1

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



PAGE 1 of 51 HMC EXHIBIT 1003

1W

MY 0 6 203

U.S. UTILITY Patent Application

FILED WITH: QDISK (CRF)

PATENT NUMBERand
ISSUE DATE

(Atachedln pockFtonright Insidldap)

* FILINGDATE CLASS SUBCLASS GAU kI14&1lilt))!
12111/2001 123

KAPPLICANTS: M~anzoLayreros:CaUksBrett;Haskarabrahim;
A

A,

-A

*CONTINUING DATA VERIFIED:

FOREIGN APPL:CAT[ONS VERIFIED:

-PUDO NOT PUBLISH RESCINDC
cF gncr or'tyc aimid ye~ 0ATTORNEY DOCKE NO
P35 1lconditons met yesm no
Vated and Acknovwedged E4 mineras intals 10541-070

TLE : Method of calcultingaalve timing command for an engine
__________ 'JSS FF QzQQ',W,V PATTi-PTQ-425 R e.

Fnrmfal iawflL_swfseL

NCEOFALLOWANCE"LED CLAEMS ALLOWED

Total ClaimsP Claimfor

ISSUEr FEE yDRAWING
AmountDue Date Paid{ a I Drw gsDrg. Print Fig.

ERhCK SOLIS_4PRIMARYXAD~lyEineMrY~aie7t

TERMINAL PREPARED FOR ISSUE 4'i~cit ksafnor
DISCLAMER WARNING: The information disclosed herein maybe restric ed

Stutorized disclosure nay be prohibited by the United States Code Title 35,
Sections 122, 181 and 368, Possession outside the U.S. Patent& Trademark
Office is restricted to authorized employees and contractors

I ~p) r-

iIIIIJ - - - - %f-rw

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



PAGE 2 of 51 HMC EXHIBIT 1003

Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OmcE

Ill il 11 11:11 Il1 1 Ill I I
Bib Data Sheet

COMM'S ,ON FoRPAFhN'-
LNITED STAYE PAThTrf A T9AVZMARK OFFICE

CONINMTO, DC. 324

CONFIRMATION NO. 3146

FILING DATE ATTORNEY
SERIALNUMBER i 12/11/2001 CLASS GROUPARTUNIT DOCKET NO.

10/014,286 RUE123 3747 15107RULE 10541-070

APPLICANTS
Lawrence A. Mianzo, Plymouth, Ml
Brett D Collins, Ypsilanti, MI;
Ibrahim Haskara, Brownstown, MI;

CONTINUING DATA "" iuj5

FOREIGN APPLICATIONS ...... .no "

IF REQUIRED, FOREIGN FILING LICENSE GRANTED
" 01/24/2002
Foreign Prioritycaied i STATE OR SHEETS TOTAL INDEPENDENT
35 USC 119 (a-d)ondtions Ej ye0' 1Mtatr CUTR RWN LIS CAMmet AwaceCLAIMS
derried and mi 3 161
Ackniowledged Examiner's Signature Initial$

ADDRESS
29074

TITLE

Method of calculating a valve timing command for an engine

All Fees

0116 Fees (Filing -

FILING FEE EES Authority has been given in Paper 1.17 Fees (Processi ng Ext. of
RECEIVED No._ tocharge/creditDEPOSITACCOUNT time)

740 No. for following:

Ol Other
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Credit

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



PAGE 3 of 51 HMC EXHIBIT 1003

10014286
0a

App ication papers

3,

5/ t45 7tl
6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

28.

27.

28.

29.

30.

Date
Received

(inc. C. of M.)
or

DateMailed

S-12 -0

31.

32.

33.

34.

35.

36.

37.

4BB.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58,

59.

60.

I

Date
Received

(in'. C. of M.)
or

Daj jjed

.

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



PAGE 4 of 51 HMC EXHIBIT 1003

(2) United States Patent
Miaizo et al.

(54) MEITHOD OF CALCULAFING A AINLE
TIMING COMMAND FOR AN ENGINE

(75) Inventors: LawrenceA. Minzo, Plymouth, MI
(US) Brett ). Collins, Ypsilanti. Ml
US);Ibrahim Haskara, lrownstown,

MI(Us)

(73) Assignee: Visteon ClballTechnoloies, Inc.,
Dearborn, Ml (US)

Notice: Subject to any disclaimer, the term ofthis
patent is extended Or adjusted under 35
U S.C. 154(b) bI 0 days.

(21) Appl No.: 10/014,286

(22) Filed: Dec. 11, 2001,

(51) Int. Cl........ .. ........ FOIL 1/34
(52) U.S. Cl. ....... 123/678; 123/90 1 701 103
(58) Field of Search ............... 123 68, 9(1),5,

1231)0, 1; 701 103

(56) Refrrences Cited

U.S. PAILNTDOCUMLNTS

4,71 to,084 A ilI187 Pischinrert al.

r0) Patent No.: US 6,557,540 BI
(45) Date of Patent: May 6,2003

5,741[221 A
Rs7tR)2491 A
1t153.13

7 
A

c.11(017-4 \B

).33 1C 11

cited byexaminer

4<1008

'- 2111!
8l1)1t1

sIInity
chaiiy e aL

1 'iuclit a]
H\'idaI ai.

Ybshdi kt al.
1ac jlb in iI.
\1'I>lihIvin 1L

oamna-1 0 -

123 017
123001.15

123 of[LIS
123NO11i0
123011L10

Primar v iaminer-Lirick Solis

(74) Alorne: Agent. or Fir-Brinks Ilofer Gilson &
Lione

(57) ABSTRACT

A method [o calculate valvetinmingcommands Lranengie
with variable valve timing ishereby disclosed. The method
includes determiningavalvefeedrwardem based on an
engine perfrmance command danan envirnmaental condi-
itassignal,calculatingavalvelfeedback termbased tathe

engine perlormane command and an engine performance
eedback, anLcalculating avalve timing command based on

the valve feedforward term andilavalve edbacketam.

16 Claims, 3 Drawing Sheets

-- 16

Obtaining an Engine
Performance Command

Re

18

7--
Receiving an

Environmental
Conditions Signal

Determinin

20 a Valve20 Fefrar TermPeedforward Tr

,- 22

ceiving an Engine
Performance Feedback

Calculating a Valve
Feedback Term &- 24

I Calculating a Valve
Timing Command 26

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



PAGE 5 of 51 HMC EXHIBIT 1003

U.S. Patent May 6, 2003 Sheet I of 3 US 6,557,540 BI

2B

[T r10

-0

FIGURE 1

-12

-14

ILI777

ITTI /

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



PAGE 6 of 51 HMC EXHIBIT 1003

U.S. Patent May 6, 2003 Sheet 2 of 3 US 6,557,540 BI

- 16

Obtaining an Engine
Performance Command

18 :_ _

Receiving an
Environmental

Conditions Signal

z 2 2

Receiving an Engine
j Performance Feedback

Valve
Terrnc 24

Determining
a Valve Calculating a

20 Feedforward Term Feedback

Calculating a Valve
Timing Command a-28

FIGURE 2

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



PAGE 7 of 51 HMC EXHIBIT 1003

U.S. Patent May 6, 2003 Sheet 3 of 3 US 6,557,540 BI

EVC and IVO

o

0

FIGURE 3A

EVO IVC

0tm
z)

EVO--
time

FIGURE 3B

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



PAGE 8 of 51 HMC EXHIBIT 1003

US 6,557,54() BI
1

METHOD OF CALCUIATING A VALVE
TIMING COMMAND FOR AN ENGINE

TECHINICAl fIL.1)

Thistinvetion relatesgentrally to aleulating emnmnd
ar, in engine and, more speciically, toacufaring a valve

timnig nconand r an engine with varia leLiming valve
actuaors.

BACKGROUND

Inagasoline enginesofost' ehticles c cinder of the
engine cycles through tour unique stages. In the iirs stage,
an inlet valve opens and a piston draws air and fuel Through
the inlet valve and into thecylinder. 'he inlet valve closes
and the pision reverses direction in the second stage to

compress the air and ful mixture.Ini ethird stage, a spark
combnuss the mixture, which drives the pisIon (andpliwers

the vehile). An exhaust valve opens and the pisIononce
gain reverses direction, in the fourth stage, topsh the

combhustedntixtuire throtughthteexhtaust vailvemadout-althte
evlinder.

'The cot-trollitgof the inltlvalve and fcc xhatts v-alyeof
eachcevlinder is adifficultrtask.'['he engine speed, whichecan
exceedd6,0(t rpm intmost vehicles dictaresrthat the opening
atd closing ofthte inlet valveand li<exharist valvemrtsthbe

Caleto iceuirt ilto50timites per secticn.Incontiventional
engines, caIs diven b the engine acuate rhen ler valve
and the exhausr valve. Modern research, however, fats
shown that fuelefficiencyanipower output of theengie
mayhbe optimnicd withan adjutstmentof the Valve ltimitg for
apartictilar load othIe engiie. Sime varialevalve timing
engines have en proposed, utthe theoretical fuele:ffi-
ctency aitdoutput power of theseentgines havetnoitvet been

HRIL DESCIPTION OFTHEIIILl URLS

FI6 1 is schematic ofa vehiele itvign an ginecon-
trolled wiath Ite method of the preerred emc imet;

FIG. 2 is a owchart of ite Ieitod of the prelerrec
emthodimet; and

I(;. 3 is two tining charts of the valves of an engine-

I)ESCRIPTION ( TIll PRLFLRRLD

The following description of lhe two preferred methIIdof
the invention isn t intded t limit the invention 0 otese
prelferred metito1s, but rather totenable any person skilled in
the art If variable valvetiming iontrol to make anc use this

itventiont,

Assbowrn il FIO.1, te pireirred method of the invention
has been specitically created toie performed by a control
unit 10tocalculatevale timinig commands for atengine 12
with electromagnetic valve arnuators 14. The method,
however, may he prforiml by any suitable device to
calculatevalve timing commands rany sitalet-gin "
with any suitable variable ting valves,.

Asshown in I.2,.e preferredmethodof theiavention
has six principle acilttis: oainingan engineperfitrnIaace
coianitid 16; receivingi in vironeitalcoditionissigtal

18;teriinig a valve feedforward term20; receivit an
entgittepcrormiace feedback 22; calcltingtvatlyetfeed-

hack ter 24; n calcuiltimg aalve timringcoi mani 26
basedntthe valve feei forward term and the valve feedack

2
term The methiod perforimd ibyihe control unit iay of'
course, includeothersuitableactiitsheforeiduringorafter
these principle ctions.

'The action ofobtaining an etnieperiorance omniand
16 preterablv includes receiving a vehicl peformanc

ciminmiallfriti iifriver. Preferably,t-acvehicleprformiiance
cominitisreceived 'roim the oot of a friverwitihthet se
of a cotventitntl [edal 28, as sion nIn I I. 1.
Alernatively, the vehicleperforman coaa and cUl Ile

Srecived frim tIle driverwith te tseaof insittb edevice.
'leaction i auininigtnegie arformantcecontrd

IIIso f-ref'erabl iN-acludesdeiving the egi-aCneroriance
omimal fom tha vehicle perormIatce comniand. 1-e
engite piertormarce tatinid is preferallybtsd n the

vehicle performancect anda , bt tiimay alter-atively e
i ased on additional suitabie f'actrs, such as a traction

ontro ignal or a crui c' gaL engine peror-
maincecottnand is irefra tla esired cigine torque a,

arh risreaso, tlieeninp-rfrIIaicet Command may be
thouight of ns at-a engine torque cLImInand. The engine
w performance coRmmndIi hiowever, may alternatively be

anoifhtiersutitaiblevrtnble srchi sI desired legieaceclera-

The aetion of receiving an Inviro)inaenital coldiations
signal 18 preferably includes recevting an etivironmenral

25 conditios signal from an environimental sensor 30 in th
vehicle. The tvironmental sensor 30 freferaby wsenses he
anbientt impertlre otside the vehicle nd comurnicates
Nhis datai o the controli unt 10, which uses tic dat to

detrine the valve 'eecf'ovr d trcterm.) thiier informalttioin,
asuht isthe ambicnt pressure, may biusetul in thl dtermii-

ntactitf thevalve fcidf'oward term. Fir fis reaisnt -
ein'ironmeniral senisor30i may alternativel sensei ochrstuit-

able informratiton.'I'iecenvirotnmental sensor30 is preerably
itcotnventiioalevironmtientai sensor, btaaitternatively
be an tsuitable device.

Similairly, elacttii ofrecevng- an ngic ertormanttce
feeitack 22 preierably iclrdes receivtngth- engite per-

formancefeedhacki roinm aengine sensor32ithe vehidfe.
the eniesensor 32 preferably senssthe engine speed and

"commnicaiestlis dati to -aittrol uni 10, which uses t
data to determine the valve teed'o'ward term and the valve

feidbak term. ther enginet easurables, such as engine
tilrtf data, may ie urse'fur in the tceterailationfi - teri-s.

IFor this relison,the engintesetsar32 matyalternativelyvsentse
o ther siitableiiI i-a-aImann. 'he- agit- sensor 32 is preter-
ably a conventona engine sensor, but may alternativelyhe
any siitalIesensor.

Thec aCin Of ieterminingi avalve feefoward ter 20

lirefrablyinacliudesdeteri-iitgthe t valvf orwardteri
0o Knoll 0"hel enin torque comanad, thbc ambient~ld laempera-

tire darta, and the eginespeei data. 'ITie determitiuaion,
however, may he basecdon othersuitable factors, such as
enginetrqte aUta, air-ueIrtiot daca, ,engine coimbustion
stability daita, or ambientpresstre data. The control unit 10

5s preftrabily inciutiesi uok-up table, whic has becin opti-
mied Af or 1 uelefiiency, ptower otput and engine mis-

sonsbasted on varus engine torlue comands, various
ambient tenierature dama, an various engine speed dat (or

cgi- atoruat).'The ontrol unit 10 may aliernatively be
iot proigramIme Ito erforil a reIal-time op lttizati- ofthe frel

l~iiy ower tfputandengtne emtsston (r any other

suitahle icasureneiar) hased on the engine torque
comainnd, thet ambient tmiciertrture datan, and iteengine

spced data (or any other suitable conmnds and
i-s eiasurables).

[he action ofi calcuating the vlve teedihack teri 24
pireferably inliIes coiparing the engine- aerformIanicecilo-
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mand and the engintperformance f'cdback. Ithutdlrirni-
tion of the rim. the valvu feldhack turim functionsto
coimpare [k input with thu output andtocalulat ai cor-
ructionc ri hasud ontu 1 difLLrnIcc. if anyl. h comiparison
and the calculion arc preferably accomnplIshud by the
control uji 10,h ut may ahuernativul i'accompilishud bV a
sitablcseparatu duvicu-

As shown in 116 3A, the position of the pision in the
CViinder Can be traced as a siousoidal waVco Ou ra timu

period. Ihu events of the opuning of thu exhaustivalve
("LVO-) the closing of the exhaust 'alve ("LVC"), the
openiIg of thu inlt valve ('-'IVO), and thu closing of the

int t vlve ("IV(') can be placed on tissiusoilal wavc
As siowi it t1 311, the events ofthe LVI, th LV', the
IVOaid the IVC may he shiftd within th time period
(noe that the shift in the LV *and the IVO preferahly mirror
cach atnithur, hut may alterntativly he separatey
controillcd).''heuadjutstmenttofthu timingif the VO the

LVC(IVO, aid the IVC whuen usedpartially, suparately, or
together may provide the dusirud 'fuIIlficincy'V, 1pormur

output, and missions from the engine 12 Lfth ehicl.' The
actionof calcutlatingatvalvutiiing cimaind 26 prefrIly
includes caIutlating an LVO command, an LVC IVO
coiimand, and an IVC commaid. The control unit 0, off
cours, may alturnativuly include other suitable paratmers
for thu control ofthu1 variable timing valves

'lhu second( prerrdnuthod of theinvencttiotn ics theu
principle actotioso f tlau first prefrrud mithod and the
additional pritnc:iplactionof rcivingfuul convrsionlat tat
and enlneu emisii ata.'hsu preferablyincludC rcuiv-

tagthcIufulicvrs LIon dataarid uegiicneem iisdata from
statlh iitsstottsuisors(niitslow in ithu cylinder or the

exhaust port of th utgin 12.l he emissionssoTrsoprefur-
ably sunse the amotil of No, im th cxhiatst and commn-

niLate]is aLt ttL th controIuli uni[ 1. The control unit 101)
piRreraLius thisifomaitiu to modifV the outpui valuc

froim the look-up tablc, bIt tiV alterniativC Lsu this
infirmationto citinuyvayailjuIstclums in the look-up

tale. I' Lcointrol unit 10 may altrnatively use this inlor-
miiatinii as another factor in th Llutrlinatio o ithe valv

feutdbacktu a Iirm Theeissiun snsorsi prefraly convn-
tttal emissinisuir, buiuti may iltbratively bany stit-
ablcsetasor.

As any prsoin skiilld ii th art of variabl aIl eginC
contrl will rcogni I.fri nth plruvious dtaild duscripitiLIn

and from theigurusandtLclais imodiicationis aniaad cae
can e madct ihe pr rrLdimthuodlswitLthouti departing
from th scopei f thisinvnLtionh dliLu in ithufollowing
claims.

Weuclaimi:
1.I A iItIIr fo calculating a valv imIiin 1 Coland for

at enugil of a vehicc, comprising:

obtaining atiuagiicprftraanccomanat;

rcuiving an Qnvironmmin al cnitions signala
dtctriningt) iatvefeed forward trmbasud on thuurnie

purf'ormanc coaniiiidIL anI thu ncvironintal cridli-
tions signal;

4
reciving anu ngiicprlormianticefedbacka

calciIatig avav IcfLldback term asll I the ungiinc

perforinanc command aind the ngini performaneu

calcualatingia lvtiming comand base' d oln the valve
fIudforward trmaind the valvcfueLdhack turm.

2. The imthodof claim I whurin said ltaining an
cigii lierltirmanl IIcucoiniiLILiicluds recciviig a vehiCL

performance coimantl froi a drir Of thue vhicluanld

deriving theC ngine prformianc commanbased on the
vehicleperformanccommandt

3. Thu mtihodi1 of clatim I wuhercin siit  rcicing in
eivironimuntal cunditions signal iCIlus receicing ambient

temipratire data.

4. Tic nutho]Li f claim 3 whrein said detIrining a

vaIlv fudforward term inuludels cudermiiniig thu valv
'edfrwr arrtrmtiaiasutlritthuatmbiit tem'puratuelata.
5.Th ue m oliitd of ciaim 4 wheireiii sii dttriniiiini a

valv fefonvartd terii inclutdus tdetrminiiiig thu valve
'uedlovard tern hased On the ntgiic Performance fced-

back
6. Thu nuthod of caim 5 whcrin said determininag a

valveufeedfoirward armrintcllus refurencinigatlook-up tabic
with thu enginu perfirmance coiand, thu amiint

teilerattur, and th i e gie uprfiriaicefedack.

7. Ihii ithold IfclaimiI wherei n said rcivinganu egiine

peurformianlccfuctdbackincllusrceiiigungincspceddata
8. The iitholid f claim 1 wheruinisaid obtaining an

igineperformianiccommand inticludes itaIinIg anu ngin
tLorqIuCommand and wherin reciving an nlginc perlor-

maice fcedhack iitlus ruccingtg n utiIretr ata.
9. Th mhilod of cainm N wherein calcuLatig asvatl

fedbrackturm inclituds calculating a valve fuedhacktria
tised on th enaginatrq :icommand and the enginttitc

10. The ithiLoIf claimi Iwluherein said calculatiig a

valsv tIin 1g coIIIIIIanIil iticlulUs calculating an LVO
commIiiial, a iL VO cLiiiiniMan, and an IV(' command.

II.Thu methild Of claim I furtibr comprising reccivig
fuel concersioinl ata.

12. Ih miid Of ii aclaii i wlerein sait]dutermining a

valVfLedkonarrd term inltldes determining a valc fued-
forwart rim lhasd 'on th Ful cOnvcrsion data

13. Th mc(ho If clait 11wherein said clculating a
valcvle fedackturimincluds caculatitag:aaIL fldback

teri basel on the fuel cInversiin Lata.
14. 1i, methodlifclai i1further comiprising receiving

5,)ulgitneclissiosIdiata.
15. Th iimthiid lf claim 14 whrinsailid terining a

salv LeeLd'Iinvartetrm meiitirrldest eLtriimiiIg a valvC fed-

torwardtern hasti n th eigin eIumissionisdlata.

16. 1h11ithidC Lof laliI 11wlereinisaid calcuatinitg a

vctlvefeedbhacukturninclids calcuhati a alIc dback
turmbaseOn ithu cninu e1issions1data.
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Attorney Docket No.: 10641-070
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 throLgh the

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 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

1
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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 emboiment;

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 va.yes.

[0009] As shown in FIGURE 2, the preferred method of the invention .ias six

principle actions: obtaining an engine performance command 16; receiving an

environmental cohditions signal 18; determining a valve feedforward te'm 20;

receiving an engine performance feedback 22; calculating a valve feedback term

2
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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 p-inciple

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 commard 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 frcm 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

3
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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 alternatively 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 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, 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

4
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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 functins 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 ("VO"), and the closing of the inlet valve ("IVC") can be placed on this

sinusoldal wave. As shown in FIGURE 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/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.

5
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[00016] The second preferred method of the invention includes the pr nciple

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 informalion 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 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.

6
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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.

7
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4. The method of Claim 3 wherein said determining a valve feedfcrward

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 corrmand,

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 cormand

and the engine torque data.

8
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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 comersion

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 em ssons

data.

15. The method of Claim 14 wherein said determining a valve feedfhrward

term includes determining a valve feedforward term based on the engine ern ssions

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.

9
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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.
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. .orney Docket No:10541-070

Visteon Case Nc.:V200-0655

DECLARATION AND POWER OF ATTORNEY ORIGINAL APPLICATION

As a below named inventor, I hereby declare:

My residence, post office address and citizenship are as stated below next to my name;

I believe I am the original first and sole inventor or an original, first and joint inventor of the subject matter
that is claimed and for which a patent is sought on the invention entitled:

METHOD OF CALCULATING A VALVE TIMING COMMAND FOR AN ENGINE

the specification of which is attached hereto.

I hereby state that I have reviewed and understand the contents of the above identified specification,
including the claims, as amended by any amendment referred to above.

I acknowledge my duty to disclose to the United States Patent and Trademark Office all information that I
know to be material to the patentability of this application as defined in Title 37 C.F.R. § 156

Ihereby claim foreign priority benefits under Title 35, United States Code, Section 119(a)-(d) or Section
365(b) of any foreign application(s) for patent or inventor's certificate, or Section 365(a) of any PCT
International application which designated at least one country other than the United States, listed below
and have also identified below, by checking the box, any foreign application for patent or inventor's
certificate or PCT International application having a filing date before that of the application on which
priority is claimed.

Prior Foreign Application(s):

(Number)

(Number)

(Number)

Prioritv Not Claimed

(Country)

(Country)

(Country)

(Filing Date)

(Filing Date)

(Filing Date)

I hereby claim the benefit under 35 U.S. C. Section 119(e) of any United States provisional application(s)
listed below:

(Application Serial No.)

(Application Serial No.)

(Application Serial No.)

(Filing Date)

(Filing Date)

(Filing Date)

ED

B

U

1
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I hereby claim the benefit un ;5 U.S.C. Section 120 of any United St. applications(s) or Section
365(c) of any PCT International Application designating the United States, listed below and insofar as
the subject matter of each of the claims of this application is not disclosed in the prior United States or
PCT International application in the manner provided by the first paragraph of 35 U.S.C. Section 112, I
acknowledge the duty to disclose to the United States Patent and Trademark Office all information known
to me to be material to patentability as defined in Title 37, C.F.R., Section 1.56 which became available
between the filing date of the prior application and the national or PCT International filing late of this
application.

(Application Serial No.)

(Application Serial No.)

(Application Serial No.)

(Filing Date)

(Filing Date)

(Filing Date)

(Status: patented, pending, abEndoned)

(Status: patented, pending, abandoned)

(Status. patented, pending, abandoned)

I hereby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are believed to be true; and further that these statements were made with
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment,
or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements
may jeopardize the validity of the application or any patent issued thereon.

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys, agents, and
each shareholder, attorney of counsel, associate, and employee of Brinks Hofer Gilson & Lione, who is a
registered Patent Attorney or registered Patent Agent, my attorney with full power of substitution and
revocation to prosecute this application and transact all business in the United States Patent and
Trademark Office connected therewith and to act on my behalf before the competent International
Authorities in connection with any and all international applications filed by me.

Steven L. Oberholtzer, Reg. No. 30,670 Raymond J. Vivacq
James E. Stephenson, Reg. No. 17,191 J. Matthew Buchan
David U. Murray, Reg. No. 28,647 Sujathe Subramani
Eric J. Sosenko, Reg. No. 34,440 Lanry L Shelton, Re
Jeffrey M. Cox, Reg. No. 42,445 John Kajander, Reg

Address all correspondence and telephone calls to:

Steven L. Oberholtzer
BRINKS HOFER GILSON & LIONE

P.O. Box 10395
Chicago, IL 60610

(734) 994-6285

ua, Reg. No. 45,369
an, Reg. No. 47,459
nam, Reg. No. P48,739
g. No. 45,100
.No. 47,693

29074
PATENT t' RoEMAAOFFI'E

ull narme of sole orf rsti nvento

Soie or firs! iryentors signature

Cibzership

Lawrence A. Mianzo

45827 Primrose Court, Plymouth, Michigan 48170

/172.7/4cc A

US
Post Office Address

SAME AS RESIDENCE ADDRESS
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Fullname ofsecondinventor, if any

Second inventors signature

Residence

Citizenship

Brett D. Collins
Dae

2298 Woodview Rd., #862, Ypsilanti, Michigan 48198

US
Post Office Address

SAME AS RESIDENCE ADDRESS

Full nane Of third inventor, if any
Ibrahim Haskara

-hi ---ni------------ -- -r--- --- *-
Third inventorssignature "yi ] Date

23771 Brownstown Square Drive, 202, Brownstown, Michigan 48174
CitizenshipI

TR
Post Ofice Address

SAME AS RESIDENCE ADDRESS
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Patent Application for: Method of Calculaing a Valve Timing Command for an Engine
Inventor(s) Mianzo et at.
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Patent Applicaton for: Method of Calculating a Valve Timing Command for an Engine
Inventor(s) Mianzoetal

Attorney Docket No.: 10541-070
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Patent Application for: Method of Calculating a Valve Timing Command for an Engine
Inventor(s): Mianz et al.

Attorney Docket No. 1C541-070
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PA-ENT
Attorney Docket No,: 10541-070

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit:

Examiner

Inventors:

Serial No:

Filed

Unknown

Unknown

PENG, et al.

Unknown

)

)

)

)

)

ConcurrentHerewith

INFORMATION
DISCLOSURE
STATEMENT

For: METHOD OF CALCULATING
A VALVE TIMING COMMAND
FOR AN ENGINE

)

Commissioner for Patents
Washington, DC 20231

Sir:

Under the duties of disclosure, candor, and good faith of 37 CFR §1.56, the

Applicant hereby submits the references listed on the attached PTO-1449 form for

consideration by the Examiner. In the opinion of the Applicant, the pending claims

are patentably distinct from the listed references,

Under 37 CFR §1.97(b)(1), no fee should be required. If a fee is required,

however, please charge any such fee pursuant to 37 CFR §1.16 or §1.17 to deposit

account no. 06-1500.

Date: 11 December 2001

BRINKS HOFER GILSON & UONE
P.O. Box 10395
Chicago, IL 60610
(734) 302-6000

Respectfully submitted,

Jeffre Mrr~
egc. 42,445

Attorney for Applicant

cOO

--4. 0

~nO
0
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Application No. Applicant(s)

Notice of Allowability ExaminerA T

I rick R Solis 3747

-- TheMAILING DATE of this communication appears on the coversheetwith the correspondence address--
Al 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-B5) or other appropriate communication will be mailed i- 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 filin of 11 December 2001.

2. The allowed claim(s) is/are 1-16.

3. The drawings filed on 11 December 2001 are accepted by the Examiner.
4. Acknowledgment is made of a laim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f)

a) I All b) 7 Some* c) O None of the:

1. 5 Certified copies of the priority documents have been received.

2. 1 Certified copies of the priority documents have been received in Application No. .
3. O Copies ofthe certifed copies of the priority documents have been received in this national stage application from the

International Bureau (POT Rule 172(a)).
Certified copies not received: ,

5. D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. 119(e) (to a provisional application).
(a) O The translation of the foreign language provisional application has been received.

6.L Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Applicant has THREE MONTHS FROM THE "MAING 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.

7I OA SUBSTITUTE OATHOR DECLARATION must be submitted. Notethe attached EXAMINERS AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. F CORRECTED DRAWINGS must be submitted.
(a) including changes required by the Notice of Draftsperson's Patent Drawing Review (PTO-948) attached

1) O hereto or 2 to Paper No. .

(b) including changes required by the proposed drawing correction filed_ which has been approved by the Examiner.

(c) O 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 OFR 1.84(c)) should be written on the drawings in the top magin (not the back)
ofeach sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftperson

9.71DEPOSIT OF and/or INFORMATION aboutthe deposit of BIOLOGICAL MATERIAL must be submited. Notethe
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1 Notice of References Cited (PTO-892) 20 Notice of Informal Patent Application (PTO-152)
30 Notice of Draftperson's Patent Drawing Review (PTO-948) 45 Interview Summary (PTO413), Paper No.
50 Information Disclosure Statements (PTO-1449), Paper No. 2. 60 Examiner's AmendmentComment
7F Examiner's Comment Regarding Requirement for Deposit 8 Examiner's Statement of Reasons for Allowance

of Biological Material 90 Other . -

Erick R Solis
Primary Examiner
Art Unit 3747

U.T. (Re . 0 - NT'Pcetak tffipe
PTO-37(Rev. 04-Cl) Notice of Aliowability Pert of Paper No3

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



PAGE 34 of 51 HMC EXHIBIT 1003

UNITED STATES PATENT .AND TRADEMAR OFFICE
UNITED STATESO DPARTMENT oF crO .EfRCr
Uniltod SatePaeAntndT,.i.rkO0fia-
Addrnse COMMiSS[ONER OFFPATENTSENDTP.DE.M.RKS

Washmgton, D., 023

NOTICE OF ALLOWANCE AND FEE(S) DUE

2907 75% 7212 %20

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

SOLIS, ERICK R

ART UNIT

3747

DATE MAILED: 12/11/2002

APPLTIO\NO 0 L[NC DATE SIRSTNAMD INVENTOR ATTORNEYDOCPTNOCFERMTNNO

103014,2&6 12'11/2001 Lawrence A. Miazo 10541-070 31-6

TITLE OF INVENTION: METHOD OF CALCULATING A VALVE TIMENG COMMAND FOR AN ENGiNE

A?I'LN TYPE SMALLE!NT IT Y ISSUE FEE PL:LICATIONBFEE TOTALFEE(S) DUE fAE UD::ATE DUE _

noprovisonal NO 51230 5300 51580 03/i 12003

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION TH MERITS CLOSE. 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 CER 1313 AND MPEP 1308.

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

HOW TO REPLY TO THISNOTICE:

I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:
A. Ifthe status is the same. pay the TOTAL FEE(S) DUE shown
above.

B. If the status is changed, pay the PUBLICATION FEE (ifrequired)
and twice the amount of the ISSUE FEE shown above and noti' the
United States Patent and Trademark Office of the change in status, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B If applicant claimed SMALL ENTITY statiu before. or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE F shown above.

[3 Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

IL PART B - FEE(S) TRANSMITTAL should be completed and returnedto the United States Patent and Trademark Ofice USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have alreadybeen paid, Part B - Fee(s) Tratmiuttal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittclshouldbe
completed and an extra copy ofthe 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 of4
PTOL-85 (REV.04-O2 Approved for se thirough01/32004,

[23679000f
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail BoxISSUEFEE
Commissioner for Patents
Washington, D.C. 20231

Fax (703)74i-4000
INSTRUCTIONS: lhisfrshould be used for transmitting he ISSUE FEl and PUBLICATION FEE (if required Blocks I through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees willbe ailed to the curent correpondence address as
indited unless corrected below or cdirected otiherise in 8ock 1, by (a) specifying a new corespondence address and/or (b) indicating a separate "FEE ADDRESS for
taintenance fee otifications,

.Ukolu1c Rt UNDENCE klsl o NcilLegiby mn-up nyno1'itlo bojrus t 1) Note: A CoerTitico f maliligan onlyb used tr domestic mailings 0 the
20074 730 12/1!2002 Fee(s) Transminal. This certificate cannot be used for any other

accompanyng papers Each additional paper, u'h as an assirnment or

BRINKS HOFER GILSON & LIONE formaldrawing, musthaveitsowncertificateormmilrnort nmssion.

P.O. BOX 10395 Certificate of Mailing r Transmission
CHICAGO, IL 6061 1 hereby certi that this Feels) Transmittal is bsini deposited wi hthe

United States Postal Service with suffice tpostagE for fist class mail in an
envelope addressed to the Box Issue Fee address above, or being facsimile
transrtted to he USPTO, on the date indicated below.

APP;CATION NO. FILI LATE FIRSTAMED INVENTOR ATORNEY D 0 7 MATIONNO.

10/O4,216 12/1<2001 Lawrence A. Mtanzo 10541-070 3146

TITLE OF INVENTION: METHOD OF CALCULATENG A VALVE TIMINO COMMAND FOR AN ENGINE

APLN TY'PE SMALL ENTITY t PEE PUBLICAITON FEE TOTAL FEE(S)DUE ED E

norprovisional NO S1290 5300 Si580 03/11/2003

EXAMINER ARTL 4 CLASS-SUBCLASS

SOLIS.EFRICK R 3747 123-67,9000

L.Changeof cosrespondenceaddiessorindicationof "FeeAddress" (37 2 For printIng on dhe patent front page, list (1)
CFR 1.363). the names of up to 3 registered patent attorneys

or agents OR, altemastively, (2) the name of a I-
CChaneof orrespondenceaddress (orChange of Correstondence or ag O , -aey.
Address form PTO/SB/122) ahached. single rim (havingas a membera registered

attorney or agent) and the names of up to 2
U ''Fee Address" indication (or '"Fee Address" Indication form registered patent attorneys or agents. If no nam.e
PTOSB/47; 

R
ev (-02 or morrereenj attacned,. seof a Customer i d. n.

Number is required. is listed, no name wuil be prmned.

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

PLEASE NOTE: Unles an assignee is identified below, no agnee datawill appear on the paent. Inclusion ofassignee data is ny appropriate when an assignment has
been prevousiv submitted to the USPTO or is being submitted underseparate cover. Completion ofthis form is NOT a substitute for filig an assignment

(A) NAME OF ASSIGNEE (B) RESIDENCE (CITY and STATE OR COUNTRY)

Flease check the appropriate assignee categon or categories (will not be printed on the patent) C individual 0 corporation orotherprivatep ropnity Qgovement

4a, The following fee(s) are enclosed: 4b. Payment ofFee(s):

U Issue Fee 'A check in the amount ofthe fee(s) is enclosed.

O Publication Fee C Payment by credit card, Fort ?TO-2038 is aached.

DAdvanceOrder- aofCopies C The Commissioner is hereby authorized by charge the required fe(sor cr-di anyoverpayment. to
Deposit AccountNumber_ (enclose an extra copyofthis fIm).

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

(Authorized Signaure) (Date)

NOTE; The Issue Fee and Publication Fee (if requied) will not e accepted from anyone
other than the applIcant; a registered torney or agent; or the assignee or other party ininterestasshownby the records ofthe United tates PaentadTrademark Office.

This colecton o ormaton is reured by 37 CFR I1.3 I The information is reoured to
obtain or retain a bsnefri by the public whtc is to file (and by the USPTO toprocess) an
appicatior, Confidentalityis governed by 35 U.S.C. 122 and 3 CFR 1,14. This collection is
esnmated to take 2 minutes o complete -ncluding Sathering. preparing, and subrtting the
completed application form to he USPTO. TtiswrIl vary dependin upon sheindividual
case, Any comments on the amount of time you require to com ete this form and/or
suggestions for reducine this burden, should be sent to the Chief lormation Officer, US.
Patent and Trademark Office, LS, Departent of Commerce, Washington, DC. 20231 DO
NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO:
Commisstoner for Patents, Washington.DC20231.

Under ihe Paperwork Reduccion Act of 199, no persons ate required to respond to a
collection ofirnformattou ss .odsplayva valid OMFcontrol nmber.

TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (RE ounh OP31.1004, CM13 G651-0033 11 S, Patent and I .dsai Office; UPETITIONER'S EXHIBIT 1002 
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UNIrED STrecEs PATENT AND TiRAEARK OFvICE
UNITED STATES DEPAKrM.T OF COMWIEcI:
Unked States Pa.n1 .. d. Trademk Off-e
Addr-e.COMMrsSiOl-R OFP.ATZE.<SANDT?..10EMA

We.,Hngt,.n Di. 20231

FILING DAT FIRSTN EDVNCOR ATTORNEY DOCKET N FIRMATIONNO

0O014,286 12/qu201 Lwence A. Mianzo 1054 .070 146

2907> 7190 12/:1/2002
BRINKS HOFER GILSON & LIONE
P.O BOX 10395
CHICAGO, IL 60611

EXAMINEL

SOLIS, ERI(K R

3747

DATE- MAILED: 12,12002

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 wil be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) system. (http:I/pair.uspt.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.

Page 3 of 4
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UNITED STATES PATENT AND ThADEMARK OFFICE

½

1/NITEDSTATES DEPAAT'MET OF'MMK~

AcidO''S:OMsmo*ET*EATETSAND AfiEMiAPCS
w ng mDC. 202.S1

APPLICATIONNO FILIGDATE FIRST NAEDINVENTOR ATTORNEY DOCKET NO IFIRMAFION N

12I1/2001 LawretceA.Miano

290% 7590 12,1 1/2002

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

10541-070 346

EXAMENER

SOLIS, RJCc R

3747

DATE MAILED: 1211/2002

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. Se of Patent and Trademark Fees for Ljscal 2Y0ear _ Final Rule, 67 Fed.
Reg. 70847, 70849 (November 27, 2002).

The current fee schedule is accessible from: htt://www.uspto.ov/mainfhowtofees.htm.

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the conect 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 Ir ailing 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 he time the
response is filed and the previously paid issue fee should be paid. See Manual of Patent Examining Procedure, Section
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Mianzo et al.

Attorney Docket No.: 10541-070

D STATES PATENT AND TRADEMARK OFFICE

Serial No.: 10/014,286
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METHOD OF CALCULATING A
VALVE TIMING COMMAND FOR
AN ENGINE

Examiner: Erick R. Solis

Group Art Unit: 3747

Commissioner for Patents
U.S. Patent and Trademark Office
P. O Box 1450
Alexandria, VA 22313-1450
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0 No additional fee is required.
OAn extension fee in an amount of $- for a month

SA petition or processing fee in an amount of $180M00 under 3
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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 paten application processing fees under 37 CFR § 1.17 associated with this paper
(including any extension fee required to ensure that this paper stimely filed), o crecit any
overpayment, to Deposit Account No. 06-1500. A copy of thisTransmi er ispurpose.

Re tfullys itted,

June9.2003
Date fl Sqsenko ( No.34,440)

Z Attorrney A§_Of Record
] 37 C.F.R. 1,34(a)

CERTIFICATE OF MAILING UNDER 37 CR..F .8
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Attorney Docket No. 10541-070

IN Ti-HE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre Application of:
Mianzo et al.

Serial No.: 10/014,286

Filed: December 11, 2001

For: METHOD OF CALCULATING A
VALVE TIMING COMMAND FOR
AN ENGINE

Examiner: Erick R. Solis

Group Art Unit: 3747

INFORMATION DISCLOSURE STATEMENT

Commissioner for Patents
U.S. Patent and Trademark Office
P. O. Box 1450
Alexandria, VA 22313-1450

TECHNOLOGYCEnK300
Sir:

In accordance with the duty of disclosure under 37 C.F.R. §1.56, and more

particularly in accordance with 37 CF.R. §197(d), Applicant cites the following

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

PTO-1449):

DOCUMENTNUMBER DATE NAME

5,123,397 06/23/ Richeson

5,967,115 10/19/1999 Konopka et al.

A copy of each listed reference for which a copy is required under 37 CF.R.

§198(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.

o6/13/2003SSESWI 00000060 061500 10014286

01 FC:1806 180.00 CH

SehNs BRINKS HOFER GILSON & LIONE
HFER P. ox10395
GZLSON 

RIONIE

A"'\
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Attorney Docket No. 10541-070

By submitting this Statement, Applicant is attempting to fully comply wit 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 processing 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 covering this fee, or authorized charging the fee to a

deposit account, as indicated in the Transmittal accompanying this Statement.

Respectf itted

June 9, 2003
Date J.Sosenk *eg. o ,440)

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

-2-
BRINKS HOFER GILSON & LIONE

&L IONE

Serial No. 10/014,286
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UNITED STATES PATENT AND TRADEMARK OrnIcE
UNITED STATES DEPARTMEN'r OF COMETRCE
United StatsPatntend Traidemark fficee
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xan0 Vr223-It

APPICATION\0. FILING DATE FIRSTNAMED NVENTOR ATTORNEY DOCKETIO. IO MATioN N.
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P.O. BOX 10395
CHICAGO,IL 60611

IxII INTR

SOLIS, ERICK R

ART LNIT

3747

DATE MAILED: 07;082003 5-
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UNITED STATES DEPARTMENT OF COMMERCE
U.S. Patent and Tra aark Office
Address: COMMISSIONER FOR PATENTS

P.. Box 1450
Alexandra, Vrginia 22313-1450

V'

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION

EXAMINER

ART UNIT PAPER

5

DATE MAILED:

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

Commissioner for Patents

Alkowledgement 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 withNMPEP 609 as it has been received after the payment of the issue fee and
as a matter of fact after the publication of the patent. Therefore, the cited references have not been considered.

Eric . R Solis
Primary Examiner
Art Unit: 3747

('rLs')3c 26CS1

PTO-90C (Rev.04-03)
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(571 ABSTRACT

A method or an apparatus controls a cotinuously variable
valve timing mechanism of an internal combustion engine to
continuously and variably control the timing of an intake
valve according to atmospheric pressure. The method or
apparatus reads an engine revolution speed NE. an engine
load GN. and an atmospheric pressure PA. refers to a map
according to the atmospheric pressure PA, to find an atmo-
spheric pressure correction coefficient Kpa, which is 1.0 at
low altitudes with PA=760 mmHg and decreases as the
altitude increases. i.e.. as the atmospheric pressure PA
decreases, calculates a corrected engine load GNpa as
GNpae-GN/Kpa, and refers to a map according to the
corrected engine load GNpa and engine revolution speed
NE to find a target displacement to be imposed on the
open/close timing of the intake valve.

6 Claims, 15 Drawing Sheets
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Fig.3
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Fig. 4
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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 aninternal combustion engine. to con-
tinuously and variably control the open/closetiming of an
intake or exhaust valve of the engine according to a target
ining.

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.
5.271360). 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 ofan
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/cose 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 correcting the

2
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 corrected engine load

5 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 andvariably control the open/close timingof atleast
one of intake and exhaust valves ofsheengine, includinghe

10 steps of (a) detecting an engine load. (b) detecting an
atmospheric pressure. (c) setting. according to the detected
engine load adisplacement from areference timing as a
target valve timing for the valve timing mechanism. and (d)
correcting the set displacement such that the lower the

15 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

20 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 setter for setting.
according to the detected engine load, a displacement from

25 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 optimizingvalve 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 correction in step (c) if the
detected engine load is in a low/medium range.

The third aspect also provides an apparatus having, in

40 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 corrects an engine load in any range
45 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-

so sively to cause incomplete conbustion. 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
correction under a low/medium engine load, thereby pre-

5s 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, (e) correcting the target valve timing set in step

6o (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
is 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 embodiments of the present invention will be

The third aspect simply prohibits the engine load correc- explained with reference to the drawings.
tion according to atmospheric pressure if the engine load is 5
in a low/medium range. When driving at high altitudes, the FIG.1isageneral viewshowing an electroically con-
negative pressure of an intake duct of the engine decreases t-oledinternalcombustionengmehavinganapparatusfor
to reduce the quantity of internally recirculated exhaust gas. continuously and variably controlling the open/close timing
Accordingly, the fourth aspect corrects the engine load ofavalveaccordingtoanembodimentofthepresent
according to atmospheric pressure. to optimize the quantity to invention. An air cleaner 2 filters air necessary for
of recirculated internal exhaust gas at high altitudes under combustion, a throttle body 4 passes the air.and a surge tank

the low/rnedium engine load. (intake manifold) 6 distributes the air to an intake duct 7 of
each cylinder. A throttle valve 5 arranged in the throttle body

BRIEF DESCRIPION OF THE DRAWINGS 4 adjusts the quantity of intake air. An airflow meter 40
i15 measures the mass flow rate of intake air. A temperature

Further features and advantages of the present invention sensor 43 detects the temperature of intake air. A vacuum
will be apparent from the following description with refer- sensor 41 detects the pressure of the intake duct 7. An
ence to the accompanying drawings, in which: atmospheric pressure sensor 46 is arranged so that it is not

FIG. I is a general view showing an electronically con- influenced by wind pressure during driving.
trolled internal combustion engine having an apparatus for 2o A throle sensor 42 detects the opening of the throttle
continuously and variably controlling valve timing accord- valve 5. When the throttle valve 5 is completely closed, an
ing to an embodiment of the present invention; idle switch 52 is turned on to generate a throttle closed

FIG. 2 is a block diagram showing an electronic engine signal. An idling adjusting path 8 bypasses the throttle valve
control unit according to the embodiment; 5 and has an idling speed control valve (ISCV) 66 for

FIG. 3is a timing chart showing crank angles representing 25 adjusting an airflow rate during an idling period.
the open/close timing of intake and exhaust valves Fuel in a fuel tank le is pumped up by a fuel pump 11, is

FIG. 4 is a map used to determine a displacenent to be passed through a fuel pipe 12, and is injected by a fuel
imposed on the open/close timing of an intake valve accord- injector 60
ing to the revolution speed and load of an engine (the load The intake duct 7 mixes fuel with air and the air-fuel
being represented by the mass of intake air per revolution); mixture is drawn into a combustion chamber 21 of a cylinder

FIG. 5 is a graph showing the relationship between an 20 through an intake valve 24. The air-fuel mixture is
engine load and a target displacement to be imposed on the compressed by a piston 23. ignited, exploded, and com-
open/close timing of an intake valve at an engine speed (NE) busted to produce power. Namely, an igniter 62 generates an
of 2000 rpm; ignition signal to control a primary current of an ignition coil

FIG. 6 is a graph explaining a correction of an engine load 63. A secondary current of the ignition coil 63 is supplied to
according to atmospheric pressure according to a first a spark plug 65 through an ignition distributor 64, to thereby
embodiment of the present invention; ignite the air-fuel mixture in the combustion chamber 21.

FIG. 7 is a flowchart showing a routine of variably The ignition distributor 64 has a reference position sensor
controlling the open/close timing of a valve according to the 50 and a crank angle sensor 51. The reference position
first embodiment; sensor S£ generates a reference position pulse for every 720

FIG.8 is a map used to determine an atmospheric pressure degrees of crank angle. The crank angle sensor 51 generates

correction coefficient Kpa according to an engine load GN a position pulse for every 30 degrees of crank angle. A

HIG. 9is aflowchart showing aroutine ofvariably vehicle speed sensor 53 generates apulse representingant
conrolinghepencloetminofaalvacordngta4 actual unning speed.A coling water path 22 guides cooling

Se g a 45 e engine20.Awatertemperature sensor44
secondembodimentofthepresentinvention, detects the temperature of the cooling water.

FIG 10 isa mapusedto dtermine anatmospheric Anexhaust valve 26 discharges an exhaust gas of thepressure correction coefficient La.according to adisplace- cmutdarfe itr noa xas aiod3
ment to be imposed on the open/close timing of an intake so connected to an exhaust pipe 34. The exhaust pipe 34 has an

O sensor 45 to detect the concentration of oxygen in the
FIG. 11 is a graph explaining a correction of an engine exhaust gas. A catalytic converter 38 is arranged in the

load according to atmospheric pressure according to a third exhaust pipe 34 downstream from the sensor 45. The cata-
embodiment of the present invention; lytic converter 38 contains a three-way catalyst for promot-

FIG. 12 is a flowchart showing a routine of variably 55 ing the oxidization of unburned components such as HC and
controlling the open/close timing ofa valve according to the CO as well as the reduction of nitrogen oxides (NO,). The
third embodiment; purified exhaust gas from the catalytic converter 38 is

FIG. 13 is a graph showing the relationship between an discharged outside.
engine load and a displacement to be imposed on the Amechanismforopeningandclosingtheintakevalve24
open/close timing of an intake valve at low altitudes o and exhaust valve 26 will be explained. The piston 23 is
(IVTDO) and high altitudes (T Dpa); 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 afourth 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 pulley 89. An end of the carn shaft 86 has a timing pulley 90.
fourth embodiment. The timing pulleys 89 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 fast magnetic sensor 54arranged close tothe crankshaft81
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 may
generate a reference pulse.

A continuously variable mechanism 92 having a known
structure to determine the open/close timing of the intake
valve24is arranged between the camshaft 85and 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 iming 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 to77d. Arandom-
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 60 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 revolutionis 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 correction according to a
signal from the 02 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 cheeks 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 circuit77b.

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

6
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 77c. to
thereby adjust the quantity of air and optimize the idling

5 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

to feedback-controlled according to signals from the first and
second magnetic sensors54 and $5 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

1 detail.
PG. 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

0 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

3after 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

40 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

45 rpm In a low/medium range (GNe--l.2 g/rev). a valve
overlapping period in which the intake and exhaust valves
are both open is increased to increase the quantity of
internally recirculated exhaust gas. to thereby improve
exhaust gas purifying performance and decrease a pumping

50 loss to reduce fuel consumption. To achieve this, the dis-
placement IVTD is gradually increased. In a high range
(GN--l.2 g/rev). the displacement IVTD is adjusted to
improve the output of the engine. When GN=20 grev
corresponding to a full throttle condition, the displacement

55 IVTD is set to a crank angle of 40 degrees.
Values of FIGS. 4 and S are for low altitudes. At high

attitudes, air concentration is low to reduce the quantity of
intake air. When driving at low altitudes with NE=2000srpm
and if the throttle valve 5 is fully opened the quantity of

so intake airis 2.0 g/rev as shown in FIG. 5. Namely if GN=2.0
glrev, it is determined that the throttle valve 5 is fully opened
and that high output is required. To meet the requirement.
the displacement TD is set to 40 degrees in crank angle.
At high altitudes, the quantity of intake air is, for example,

6s 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 IVTTh=40 degrees in crank angle at high
altitudes if the throttle valve 5 is fully opened. High-altitude
corrections of atmospheric pressure and air concentration
will be explained according to four embodiments of the s
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 adetected atmospheric pressure
becomes lower to maintain the output of the engine at high i
altitudes under ahigh load. Acurve CIof FIG. 6. which is
equaltothe curveCofFIG. 5 isproper when driving at
low altitudes. Atmosphercpressure is low at high altitudes.
and therefore, the present invention employs a curve C2 of
FIG. 6 to correct an engine load GN. 15

FIG. 7 is a flowchart showing a variable valve timing
(VVT) control routine according to the first embodiment
'ilis routine is carried out regularly. Step 102 reads an
engine revolution speed NE calculated according to the
output of the crankangle sensor 51. Step 104 reads an engine 20
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 16 reads an atmospheric
pressure PA detected by the atmospheric pressure sensor 46. 25

Step 108 refers to a map of FIG 8 according to the
atmospheric pressure PA and finds an atnospheric pressure
(air concentration) correction 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 30
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:

ONpa-N(Kpa 35
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. 0

Step 114 sets the displacementIVTDpa as a target dis-
placement IVTDL 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. 45

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
detected engine load and decreases the target displacement so
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. Steps 202 to 206 are the same as steps 55
102 to 106 of the first embodiment of FIG. 7.

Step 208 refers to a map of FIG. 10 according to the
atmospheric pressure PA and finds a correction coefficient
Lpa for correcting a displacement to be imposed on the
open/close timing of the intake valve 24. The correction 6o
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- 65
lution speed NE and finds a displacement IVTD@ to be
imposed on the open/close timing of the intake valve 24.

8
Step 212 corrects the displacement IVTDO and provides

a target displacement IVTDt as follows:

To bring the actual displacement of the intake valve 24to the
target displacementlVTDt, the hydraulic control valve 68 is
feedback-controlled.

The third embodiment according to the third aspect of the
tpresent invention will be explained. The first embodiment

corrects an engine load i anyrange according to ato-
sphericpressure. Ifthis correction is made whenthe engine
load isin alow/medium range. avalve 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/mediumrange As indicated with a curve C3of
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 CI
and C2 2o 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 IVTDO to be imposed on
the open/dose 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.
Accordinglyarmaximumvalvetimingdisplacementisinthe
high load range in principle. However, if the maximum
valve timing displacement is kept until the throttle valve 5
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 corrected for high altitudes is
compared with the displacement IVTDO without correction.
as shown in FIG. 13. Then. it is determined as follows:

if IVTDpa>IVTDO then engine load is in low/medium
range

if IVTDpa-IVTD9 then engine load is in high range
If it is determined that it is in the low/medium range. step

318 sets the displacement IVTD0 as a target displacement
IVTDt. If it is determined that it is in the high range. step 320
sets the displacement IVTDpa as the target displacement
IVTDt. Step 322 feedback-controls the hydraulic pressure
controlvalve68accordingtothetargetdisplacementIVTDL

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 3 of the third embodiment when 5
the engine load is in the low/medium range. Curves CI, 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 1o
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 loadis in the low/mediumrange as follows: 15

IVTDt-(IVTDpa-IVIDO)a+IYUDO (".5, for examp)

The fourth embodiment optimizes the quantity of internally
recirculated exhaust gas at high altitudes with the engine
load being in the high or lowimedium range, similar to 20
driving at low altitudes

Each of the above embodiments uses the two-dimensional
map of engine load and engine revolution speed. to con-
tinuously control the open/close timing of the intake valve
both at low and high highlands. thereby smoothing the 25
torque characteristics with respect to the engine load and the
throttle opening.

Although the present invention has been described by way
of embodiments,it is apparent to those skilled in the art that
other embodiments and modifications of the present inven- 3o
tion are possible without departing from the spirit or essen-
tial features thereof. For example. the electronic engine
control unit 70 used by each embodiment to variably control
valve timing may be a dedicated electronic control unit
Although the embodiments variably control the open/close 35
timing of the intake valve 24. the present invention is
naturally applicable to control the exhaust valve 26. too. An
engine load may be represented with the pressure of the
intake duct 7.

As explained above, the present invention provides a 40
method of and apparatus for setting optimum valve timing
according to atmospheric pressure for a continuous variable
valve timing mechanism of an internal combustion engine.
The first and second aspects of the present invention are
capable of setting optimum valve timing to maintain the 45
output of the engine at high altitudes. The first aspect
corrects an engine load in any range according to atmo-
spheric pressure to maintain the outputof the engine. If such
a correction is carried out under a low/medium engine load.
the quantity of internally recirculated exhaust gas of the so
internal EGR system will increase excessively to cause
incomplete combustion. The internal EGR system is
employed to improve exhaust gas purifying performance
and reduce a pumping loss and fuel consumption.
Accordingly, the third aspect of the present invention pro- s5
hibits the engine load correction if it is in a low/medium
range. thereby preventing an excessive exhaust gas to be
recirculated and. at the same time. the third aspect is also
capable of maintaining the output of the engine at high
altitudes under a high load. The fourth aspect of the present 60
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 65
quantity of internally recirculated exhaust gas at high alti-
tudes.

10
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 corrected
engine load.

2. The method as claimed in claim 1. further comprising
the step of:

(f) prohibiting the correction in step (d) if the detected
engine load is in a low to medium range.

3. The method as claimed in claim 1. further comprising
the step of:

(f) correcting the target valve timing set in step (e) to an
intermediate value between the target valve timing and
a valve timing determined according to the detected
engine load. if the detected engine load is in a low to
medium range.

4. An apparatus for controlling valve timing of an internal
combustion engine. comprising:

a valve timing mechanism for continuously and variably
controlling an opening and closing timing of at least
one of intake and exhaust valves of the engine;

a control 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

load detection means for detecting an engine load;
pressure detection means for detecting an atmospheric

pressure;
load correction means for correcting the detected engine

load such that the lower the detected atmospheric
pressure the more the engine lead is increased; and

timing set means for setting the target valve timing for the
valve timing mechanism by referring to the map
according to the corrected engine load.

5. The apparatus as claimed in claim 4. further compris-
ing:

prohibition means for prohibiting the correction carried
out by the lead correction means if the detected engine
lead is in a low to medium range.

6. The apparatus as claimed in claim 4. further compris-
ing;

timing correction means for correcting the target valve
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.

* * * * *
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Torque Management of Engines
with Variable Cam Timing

Mrdjan Jankovic, Florian Frischmuth, Anna Stefanopoulou, and Jeffrey A. Cook

Automnotive powertrain control systems are subject to diverse
nd, usually, conflicting requirements. In particular, exhaust

emissionsmustmeet increasingly stringentFcdcral and Califor-
iastatdardswhilefueleconomy rust meetcustomer expecta-

tionsand contribute to Federally mandated Corporate Average
Fuel Econony (CAFE) imperatives. Neither vehicle perfor--
mance nor reliahilityr ay be compromised in attaining these
goals (emission performance miust be guaranteed for 100,00
miles). Of course, all these objectives must he achieved at the
lowest possible cost and with the minimum ntmber of sensors
and actuators,

The conventional methodof reducing feedgas oxidesof nitro-
gen (NOx) emissionsisbythe application of exhaust gas recirca-
lation (FGR). Formationof NOx during the combustion process
is influenced by air-fuel ratio (A/F) and temperature These vari-
ables artypically adjusted by directing
exhaustgas from the high pressure ex-
baust manifold viaa pulse-width niodu-
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 gasrass the
intake manifold pressure reducingthe
pumping losses and improving fuel
economy. Although effectice,the dy-
namics associated with this system
(transport delay, valveand intake mani-
fold dynamics) can result in vehicle
performance deterioration.

The variable can timing (VCT) sys-
tem with which this paper is concemed
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 tle engine. Variable cam titing op-
eration is illustrated in Fig. 1. By retard-
ing the exhaust valve closing further

into the intake stroke, moire exhaust gasis drawn totliecylinder

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, suppressingNOx
formation and reducing the pumping losses [Il. [91, (141. Fur-
thiennre, this residual contains some unburined hdrocarbons;

consequentlyretaining it in the cylindertrough two combus-
tion cycles also reduces hydrocarbon emissions[1.

In addition to the reduction of NOx and Hemission, vai--
able can timing permits the engine designerto tptimiz ecam
timing overa wide range ofentgineoperaligcotditionsproid-
ing both good idle quality (minimal overlap between the intake
and exhaust events) and improved wide-openthrotle perfor-
mance (maximum inducted charge). In this atlicte, we will as-
sume that the camshaft position is continuously variable to

Jankovic, Fischmuth, and Cook are with Ford Research Laboratories, PO. Box2053, MD 2036 SRI, Dearborn, M48/2StefaopouloUis
with the Dept of Mechanical and Environmental Engineering, Universiry of Californi, Santa Barbara, CA 93106,
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achieve the full benefits in emissionsand torque. There are su9C-
cessful examples of simple. two-position VCT sy'stems that ad-
dress and partially resolve the idle versus wide-open throttle

perTormance trade-off. Obviouly. vaablea timin has a
substantial effect on the breathing process of the engine.

Properly controlled, the variable can can be used to operate the
engine at higher intake manifold pressuire, teducing punping
lossesat part throttle conditions and providing a fuel economy

improvement as'tell[2].[4).[7].
Fourversions of VCT are available for double overhead cam-

shat (DOfIC) engines: phasingonly the intake can tintake
only). phasing only theexhastarn (exhaust only). phasing the
imake and exhaust cams equally tdual equal and phiasing the
Lwo camshafts independently (dual independent The dual inde-
pendent VCT provides thebest performarice but it is the most
complex and expensive to implement. Of theil remaining three.
dual equal VCT.,where the intake valve timingand exhaust valve
tirmin are advanced or retarded equally. gives the best overall
perforniance in terms ofemisiosarduoleconomy [6 On the
other hand, the duHlleqlul V causes thecgreatest disturbance to
rvlinder air-hirpe nd air-fuel ratio which may resull in

drivability problems and increased tailpipe llissions above let-
els predicted by thestead state analysis 1 I .

One methodof reduinptheail-chargearalion andimproV-
inl tirivabilitv is to "detue tie cam" byslowin down the re-

sponse ItheV l mechanism. However, detuning the can re-
sults in engine operation with lowcr levels of recirculated
exhaus gas and increased NOx emissions. Drivablity can also
be improved by selectingalessaggrssiestadystatesubopti-

mal ama iminoschedule. but again the price for this isincreased
NOx emissions and reduced fueleonon Insteadn thisarticle
we pursue an active method ocompensatli r cylinder air-
charge variation doe In VCTlwhichemplos eithean electronic
throle or an air-bypass valve. Electronic coatrolofthe throttle

provides an additional degree of control capability to affect
emissions and fuel economy while providing the performance
desiredby thedriveras interpreted from theaccelerator pedal po-
sition. The air-bypass vve is a conentional actuator of limited
authoritx used to admit air flo to the engine nderelosed throl
tic opeaon, and toeffe idle speed regulation [3], 51,

Froimthe controller designpoit of iew sevel prominent
clharacteristics of this problemwill dictate oUTr approach:

* The model of the plat is low order, onlinear, with known
nonlincarities available from thedynamrnoneter mapping data,

* he disturbance (arnphrng iN smieasured-

* The outpUt (cylinder mass air flow. or cylinder air charge.
or torque) is n0omeasued.

* Transient response is muh more important than steady
state accuracv,

(rluber 199,

2 '9
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The f ihe items above suteesi that a feediforward com-
pensaion may bthe most ippropriate, so this is the appioach we
adopt. Our compesatlordein11 is based on a low order nonlinear
model o a VCTetin'iedvIed in [12. I Si artig ifroi the IolIin-

ear node[l Iedeeo a L nonlIinear cocittolalgorithmthat rejects
the air-chargel (oque, dF iluance anrecovers thedivabIlity
ofthenenxiiionalengine (Note thai the coiivcitiiia enIIie
in this ontext is the one hich correspIonds fixed a at F
(basecarn).CHowever, this alg 1thi requiresadegreeofcontrol

thilorit whic is available onil ifthe in isequippedwith
ancelectronic throttlei(ETlfthe engine is equipped only with
an air-bypass valve (ABVi thelimited control authotyofthisde-
xicctorcesutocIaIgelthe design objective: rather than t emi-

1le the1 coNentional engine, otr compensationtriexti chieve the
diivabilixyoftin enieith adifferetchrctristi.

Bectuxethe relativederee from the disturbance to the output
is illrtat ttOleon mthe control input to the utputilthe

disturbaice i closer to the output thain the control) OUr iciopen-
stinaloithues the deriative of the distubinecami
phasing. We present two different methods of implementing this
term ill order to bid at ade-off alloiig the pceformaiincCofI the
Coiiipeiiator thex esiiiviy to ieisuremiieittnoisei ad the en-

sitivity to prameterx variation.

VCT Engine Model
The control design eciine model described here is tcoitintU-

cousiietionlinearlofteteyphenomietnoogicalmuodelde
xeloped it (10J and modified toinciorportleVCT in [121. etails
ibout the VCT etgine nodel Cai be found in [31- A block dia-

in Fig. 2 shIostItet [ tiiniig iefereiced sehedlIed on
enIginespeed ad driver dieIaIded iltottle H0.

Notation

Aeiine speed
P niikild plvswoe

i a ai ii to xtinder
T: torque

: mp1hlusng command
:. camiiphtiiit

O ihiotile igle due i Idriver request
S:additixe thottle angle dlue to oipenisatioi
0toitiltthrottetangle

ti a i il 1osrtAte into nanifold
o mlassairilowxititeinto cylinlders

6:openxiniof the air-bypassvalve
AT. durition of the iitake ciIeI
: park rIetard fro i axiium brking tore t iei s-ietting.

thl ngi e bre"itL JhmI lan(uIe kcbtI thefi lli and unp-

tip of l them Iani fold her ate of change -pr opor tral to the
diliererteebetweenaair~flowrate into the maifoldiough

thethIotlk up  and thet i m t Fflow iate out of he alilduJ I
the I hynder 1

,= K.(4i p i.

The mass air tlo thlrou1h he throttle bdII in11d I etaifold
i i a funtion of te IipstiCalm atospheripresaurP theiiiai-
fold pressure aind thth rottle aogle:

o"'f' / P( P,

(2)

with = c-.,c = 4 ,i)P is the throttle dependent masstir
floxxcharatieerisuecobitined frotmsttitentginedataWe assiume
that P = 1 bar and suppress the lependence of tins g O P

iInhs apl'ieationiiiethrotuleaigle15ii c~omid of the throt-
t lepositinli to the driver' request t0, 1iid ai asditive trn

due to the compenstio0lt

It is importat to observe in Fig. 2that the cam isl 1edoled
onl on0. Themss air floirte into theclmdine l be repte-

setited asafuntction ofcai phasing ,t ianiloldpressure' ,
aiid etigine speedA:

ao = Fa.P. 1. F3)

h-or our designumodel xseapproxtmitte FAN.P..... iby a
ftuctioni liear inFP'.

6-iriNC I -L uIN",

where at and a are low orderi plynonias in N' and.
The generatioi iof torque dependso o heyliinder ir cliirge

i . tirtl ratio A/E spsrk retard from NBT .L andine

speed. This reltiLoiship is best capIured by CurC fningof x-
pelrntl dotm:

T(i m. /F. CAN C.i

1EEE Coitrol Ssterns
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