UNITED STATES PATENT AND TRADEMARK OFFICE

Alexandria, Virginia 22313-1450

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

| APPLICATION NUMBER

PATENT NUMBER

GROUP ART UNIT

14/062,057

PAIR Correspondence Address/Fee Address Change

8972161

The following fields have been changed to Customer Number 141471 on 06/05/2017 via Private PAIR in view
of the certification copied below that authorized the change.

¢ Maintenance Fee Address

The address for Customer Number 141471 is:

141471

Christopher P. Maiorana, PC
24840 Harper

Suite 100

St. Clair Shores, MI 48080

I certify, in accordance with 37 CFR 1.4(d)(4) that I am:

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature:

Christopher P. Maiorana/

Name:

Christopher P. Maiorana

|Registrati0n Number:

42829

TESLA 1002



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.“SPIO.gOV

| APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT REQUEST ID

14/062,057 8972161 3663 41075

PAIR Correspondence Address/Fee Address Change

The following fields have been changed to Customer Number 141471 on 06/05/2017 via Private PAIR in view
of the certification copied below that authorized the change.

* Correspondence Address

The address for Customer Number 141471 is:
141471

Christopher P. Maiorana, PC
24840 Harper

Suite 100

St. Clair Shores, MI 48080

I certify, in accordance with 37 CFR 1.4(d)(4) that I am:

An attorney or Agent of Record registered to practice before the Patent and Trademark Office who has been given
power of attorney in this application

Signature: Christopher P. Maiorana/
Name: Christopher P. Maiorana
|Registrati0n Number: 42829




% UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

\)\/WW.USplO gov

i
i)

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/062,057 03/03/2015 8972161 9748.00300c 1034
82328 7590 02/11/2015
Christopher P. Maiorana, P.C.
24840 Harper Ave.
Suite 100

St Clair Shores, MI 48080

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (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 (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Invent.ly, LLC, Woodside, CA, Assignee (with 37 CFR 1.172 Interest);
Martin Koebler, Saal/Donau, GERMANY;

Nicole G. Goldstein, Woodside, CA;

Stephen J. Brown, Woodside, CA;

Jason H. Harper, Pleasanton, CA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)



PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if rcquujed% Blocks 1 through 5 should be completed where

appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corres| ondence addrc§s as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications. - - — -~ e - ; —

: ote: A certificate of mailing can only be used for domestic mailings o the

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block ! for any change of address) FCC(S) Transmittal. This certificate cam)l,ot be _used for any o ther accompanying

ﬁapers. Each additional paper, such as an assignment or formal drawing, must

82328 ave its own certificate of mailing or transmission.
Certificate of Mailing or Transmission ) )
CHRISTOPHER P. MAIORANA, P.C. IS hereb cerlti that this lI:eeg) Transmittzal isf beli_ngtdﬁpositcd lthh the Unllted
tate t i ith sufficient postage for first class mail in an envelope
24840 HARPER SUITE 100 addresssc(zls ?o tﬁgvlﬁ'aiv{ Stou ISSUEpFEEgaddrcss above, or bein facsimﬁe
ST. CLAIR SHORES, MI 48080 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/062.057 10/24/2013 Martin Koebler 9748.00300c 1034
TITLE OF INVENTION:
POWER MANAGEMENT SYSTEMS AND DEVICES
L APPLN. TYPE ENTITY STATUS I ISSUE FEE DUE ' PUBLICATION FEE DUE , PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE DATE DUE j
nonprovisional SMALL $480 $0 $0 $480 03/04/2015
I EXAMINER I ART UNIT | CLASS-SUBCLASS |
PIPALA, EDWARDJ 3663 701-123000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list . .
CFRD 1 .3g63). o atgheen Dames SEup ;3el3y registered patent attoreys Chrlstopher P. Maiorana, PC
Change of correspondence address (or Change of Correspondence : ' .
Address Form BTORBI22) sttaches: ¢ ¢ e ooy S S (having s & member &

o L 2 reﬁlmred patent mmr%e,ys or agents. If no name is
L Fee Address" indication (or "Fee Address" Indication form listed, no name will be printed.
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer

Number is required.

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. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Invent.ly, LLC Woodside, CA
Please check the appropriate assignee category or categories (Will not be printed on the patent) . LJ Individual 1% Corporation or other private group entity LY Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
B9 1ssue Fee A check is enclosed.
O publication F 1 entity discount permitted) £ Payment by credit card. Form PTO-2038 is attached.

Q Advance Orddr - # of Copies

[ The Director is hereby authorized to charge the required fec%s), any deficiency, or credit any
overpayment, to Deposit Account Number enclose an extra copy of this form).

5. Change in Entity §tatus (from styus indicated above)
a. Applicant claps SMALL ENJITY status. See 37 CFR 1.27. Qv Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee an\ PuBlication Fe (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 récords af the d States Patent and Trademark Office.

NS .
Authorized Signature \-/ \¥ / Date January 20, 2015

Typed or printed name Christopher P. Maiorana

Registration No. 42,829

This collection of information is required by 37 CFR 1,311, The information is recLuired to obtain or retain a benefit b§ 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 1.14. T| s collection is estimated to take 12 minutes to complete, including gathering, preparing, and

submutting the completed application form to the USPTO. Time will vary de Andmg upon the individual case. Any comments on the amount of time you require to com%lete

this form and/or sl:ﬁgesthns' for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S, Department of Commerce, P.O.

%}x 1430, A\l]e_xap 1 13,2 \3/11r llng 32313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
€Xandria, virginia ~ f

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.

OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



Electronic Patent Application Fee Transmittal

Application Number: 14062057

Filing Date: 24-Oct-2013

Title of Invention: POWER MANAGEMENT SYSTEMS AND DEVICES
First Named Inventor/Applicant Name: Martin Koebler

Filer: Christopher P. Maiorana/Mary Donna Berkley
Attorney Docket Number: 9748.00300¢

Filed as Small Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Suﬁ;l’;(tsa)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee 2501 1 480 480




Description Fee Code Quantity Amount Suz-;l's(tsa)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 480




Electronic Acknowledgement Receipt

EFS ID: 21248488
Application Number: 14062057
International Application Number:
Confirmation Number: 1034

Title of Invention:

POWER MANAGEMENT SYSTEMS AND DEVICES

First Named Inventor/Applicant Name:

Martin Koebler

Customer Number:

82328

Filer:

Christopher P. Maiorana/Mary Donna Berkley

Filer Authorized By:

Christopher P. Maiorana

Attorney Docket Number: 9748.00300¢
Receipt Date: 20-JAN-2015
Filing Date: 24-0CT-2013

Time Stamp: 12:36:15

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $480

RAM confirmation Number 14557

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:




File Listing:

Document o . File Size(Bytes Multi Pages
Document Description File Name ( y )V . . J
Number Message Digest | Part/.zip| (ifappl.)
14062057_i fee_012015 99766
1 Issue Fee Payment (PTO-85B) —IS;;T: ee_ ’ no 1
37d2b60ffb8660f977d442726bbd6a45d7|
20091
Warnings:
Information:
30861
2 Fee Worksheet (SB06) fee-info.pdf no 2
7ad8ddab6a602e8564e4a979d963callecl
Warnings:
Information:
Total Files Size (in bytes):{ 130627

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the applicationas a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
82328 7590 12/04/2014
Christopher P. Maiorana, P.C. PIPALA, EDWARD J
24840 Harper Ave.
Suite 100 | ART UNIT PAPERNUMBER |
St Clair Shores, MI 48080 3663
DATE MAILED: 12/04/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
14/062,057 10/24/2013 Martin Koebler 9748.00300c 1034

TITLE OF INVENTION: POWER MANAGEMENT SYSTEMS AND DEVICES

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $480 $0 30 $480 03/04/2015

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

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

1. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). 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. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

aj
in
maintenance fee notifications.

pgropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
icated 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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

[ "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.

82328 7599 12/0472014 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Chrlstopher P. Maiorana, P.C. States Postal Service with sufficient postage for first class mail in an envelope
24840 H A addressed to the Mail Stop ISSUE FEE address above, or being facsimile

¢ arper Ave. transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite 100 —
St Clair Shores, MI 48080 Depostors mamne)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/062,057 10/24/2013 Martin Koebler 9748.00300c 1034
TITLE OF INVENTION: POWER MANAGEMENT SYSTEMS AND DEVICES
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 30 $480 03/04/2015
I EXAMINER | ART UNIT I CLASS-SUBCLASS I
PIPALA, EDWARDJ 3663 701-123000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). ) 1
(1) The names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. 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) : [ Individual [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[J A check is enclosed.
(| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CEFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 2 of 3

OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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A T

UNITED STATES PATENT AND TRADEMARK OFFICE

. 3 UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. I
14/062,057 10/24/2013 Martin Koebler 9748.00300c 1034
| EXAMINER |
82328 7590 12/04/2014
Christopher P. Maiorana, P.C. PIPALA, EDWARD J
24840 Harper Ave.
Suite 100 | ART UNIT PAPERNUMBER |
St Clair Shores, MI 48080 3663

DATE MAILED: 12/04/2014

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B 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 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
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, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. 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.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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: i i i AlA (First Inventor to
Notice of Allowability EEWAI% PIPALA Qgtsg"“ Flo) Status
No

-- 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.
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2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-18. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
altp:www.usplo.gov/patenis/init_events/ophfindax.jsp or send an inquiry to PPHisedback@usplo.qov..

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
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1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the cettified 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:

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.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

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

Identifying indicia such as the application nhumber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [ Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

2. [] Information Disclosure Statements (PTO/SB/08), 6. I Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [[] Examiner's Comment Regarding Requirement for Deposit 7. [] Other .

of Biological Material
4. [] Interview Summary (PTO-413),
Paper No./Mail Date .

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20141130
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Application/Control Number: 14/062,057 Page 2
Art Unit: 3663

REASONS FOR ALLOWANCE
The following is an examiner’s statement of reasons for allowance:
the prior art does not teach or make obvious calculating a plurality of energy values
consumed by a vehicle to travel the route based on a plurality of variations in vehicle
target speed between pairs of segment destinations, and determining a plurality of

efficient speeds for between pairs of segment destinations.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the
issue fee. Such submissions should be clearly labeled “Comments on Statement of Reasons

for Allowance.”

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to EDWARD PIPALA whose telephone number is (571)272-1360.

The examiner can normally be reached on M-F 9:30 - 6.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thomas Tarcza can be reached on 571-272-6979. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications

may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
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Application/Control Number: 14/062,057 Page 3
Art Unit: 3663

applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you
would like assistance from a USPTO Customer Service Representative or access to the

automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/EJP/

/THOMAS TARCZA/
Supervisory Patent Examiner, Art Unit 3663
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Martin Koebler et al.

Serial No.: 14/062,057

Title: POWER MANAGEMENT SYSTEMS AND DEVICES

Filed: October 24, 2013

Attorney Docket No.: 9748.00300c¢

Examiner: Pipala, Edward J.

Art Unit: 3663

In Response To: Office Action mailed September 30, 2014
RESPONSE

Commissioner for Patents
P.0O. Box 1450
Alexandria, VA 22313-1450

Sir:

In response to the 0Office Action mailed September 30,

2014, please amend the above-identified application as follows:
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10

CLAIMS IN CURRENT FORM

1. (PREVIQUSLY PRESENTED} A method of managing a power
consumption of a vehicle, comprising the steps of:

{a) receiving a route at a computer of said vehicle;

{(b) segmenting said route into a plurality of segment
destinations;

{c) calculating a plurality of energy values consumed by
said wvehicle to travel said route based on a plurality of
variations in a target speed of said vehicle between pairs of said
segment destinations;

{d} determining a plurality of efficient speeds that
achieve a best summation of said energy values; and

(e) notifying an operator of said vehicle about said
efficient speeds to travel between each of sald segment

destinations.

2. (PREVIQUSLY PRESENTED) The method of c¢laim 1,
further comprising the step of:
continucusly calculating said efficient speeds until a

final destination is reached.

3. (PREVIOUSLY PRESENTED) The method of claim 1,

wherein sald determining of said efficient speeds is based on (i)
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an aerodynamic drag of said vehicle, {ii} a rolling resgistance of
gsaid vehicle and (iii) a change in potential energy of said vehicle

due to a road gradient.

4. (PREVIQUSLY PRESENTED) The method of c¢laim 1,
further comprising the step of:
notifying said operator of a range of said variations in

said target speed.

5. (PREVIQUSLY PRESENTED) The method of claim 1,
wherein said determining of said efficient speeds is based on at
least one of (i) an acceleration of said vehicle to one or more of
said efficient speeds and (ii) a deceleration of said vehicle to

one or more of said efficient speeds.

6. (PREVIQUSLY PRESENTED) The method of c¢laim 1,
wherein said calculating of sgaid energy values 1is based on a
current location of said wvehicle as determined by global

positioning system information.

7. (PREVIQUSLY PRESENTED) The method of c¢laim 1,
wherein said calculating of said energy values 1s based on a

plurality of speed limits between said segment destinations.
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10

8. (PREVIOUSLY PRESENTED) The method of claim 1,
further comprising the step of:
calculating said target speed in response to a position

of a gas pedal of said vehicle.

9. (PREVIOUSLY PRESENTED) The method of claim 1,
further comprising the step of:
shifting gears of an automatic transmission in said

vehicle based on said efficient speeds.

10. (PREVIOUSLY PRESENTED) A method of managing a power
consumption of a vehicle, comprising the steps of:

(a) receiving a route at a computer of said vehicle;

(b) segmenting said route into a plurality of segment
destinations;

(c) calculating a plurality of energy values consumed by
said vehicle to travel said route based on a plurality of
variations in a target speed of said vehicle between pairs of said
segment destinations;

(d) determining a plurality of efficient speeds that
achieve a best summation of said energy values; and

(e) applying power corresponding to said efficient
speeds to an engine of said vehicle to travel between each of said

segment destinations.
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11. (PREVIQUSLY PRESENTED) The method of claim 190,
further comprising the step of:
continuously calculating said efficient speeds until a

final destination 1s reached.

12, (PREVIQUSLY PRESENTED) The method of claim 10,
wherein said determining of said efficient speeds is based on (i)
an aerodynamic drag of said vehicle, (ii) a rolling resistance of
said vehicle and (i1ii) a change in potential energy of said vehicle

due to a road gradient.

13. ({PREVIQUSLY PRESENTED) The method of c¢laim 10,

further comprilsing the step of:

notifying an operator of the vehicle about said efficient

speeds to travel between each of said segment destinations.

14, (PREVIOUSLY PRESENTED) The method of claim 10,
wherein said determining of said efficient speeds 1s based on at
least one of (i) an acceleration of said vehicle to one or more of
said efficient speeds and (ii) a decelefation of said wvehicle to

one or more of said efficient speeds.
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15. {(PREVIQUSLY PRESENTED) The method of claim 10,
wherein said calculating of said energy wvalues is based on a
current location of said vehicle as determined by global

positioning system information.

16. {PREVIQUSLY PRESENTED) The method of claim 10,
wherein said calculating of said energy values is based on a

plurality of speed limits between said segment destinations.

17. (PREVIQUSLY PRESENTED) The method of claim 10,
further comprising the step of:
calculating said target speed in response to a position

of a gas pedal of said vehicle.

18. (PREVIOUSLY PRESENTED) The method of c¢laim 10,
further comprising the step of:
shifting gears of an automatic transmission in said

vehicle based on said efficient speeds.
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REMARIKS
Careful review and examination of the subject application

are noted and appreciated.

DOUBLE PATENTING

The rejection of claimg 1-18 under the judicially created
doctrine of obviousness-type double patenting has been obviated by
the attached terminal disclaimers and should be withdrawn.

Accordingly, the present application is in condition for
allowance. Early and favorable action by the Examiner is
respectfully solicited.

The Examiner is respectfully invited to call the
Applicants’ representative between the hours of ¢ a.m, and 5 p.m.
ET at 586-498-0670 should it be deemed beneficial to further

advance prosecution of the application.

N .
ReSQsctfully submitted,

CHRISTOPHER P. MATORANA, P.C.

SN

Christopher P. Maiorana
Registration No. 42,829
Phone No. (586) 498-0670

Dated: November 11, 2014

Docket No.: 9748.00300c¢
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Martin Koebler et al.

Serial No.: 147062, 057

Title: POWER MANAGEMENT SYSTEMS AND DEVICES
Filed: October 24, 2013

Attorney Docket No.: 9748.00300c¢

Examiner: Pipala, Edward J.

Art Unit: 3663

In Response ToO: Office Action mailed September 30, 2014

Commissioner for Patents
P.0. Box 1450

Alexandria, VA 22313-1450
Sir:

Invent.ly, LLC is the owner of one hundred (100) percent
interest in the above-identified application for a United States
Patent. The owner hereby disclaims, except as provided below, the
terminal part of the statutory term of any United States Patent
granted on the above-identified application, which would extend
beyond the expiration date of the full statutory term defined in 35
U.S.C. 154 and 173, as shortened by any terminal disclaimer of
prior United States Patent No. 7,925,426, issued on April 12, 2011.
The owner hereby agrees that any United States Patent so granted on

the above-identified application shall be enforceable only for and
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during such period that it and the prior patent are commonly owned.
This disclaimer is to run with any United States Patent granted on
the above~identified application and is to be binding upon grantee,
its successor or assigns.

In making the above disclaimer, the owner does not
disclaim the terminal part of any patent granted on the instant
application that would extend to the expiration date of the full
statutory term as defined in 35 U.S.C. 154 and 173 of the prior
patent, as presently shortened by any terminal disclaimer, in the
event that it later: expires for failure to pay a maintenance fee,
is held unenforceable, is found invalid by a court of competent
jurisdiction, is statutorily disclaimed in whole or terminally
disclaimed under 37 CFR 1.321, has all claims canceled by a
reexamination certificate, 1is reissued, or is in any manner
terminated prior to the expiration of its full statutory term as
presently shortened by any terminal disclaimer.

The undersigned is an attorney of record and is empowered
to act on behalf of the owner. 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

33



the United States Code and that such willful statements may

jeopardize the wvalidity of the application or any patent issued

thereon.
N
Respectfully submitted,

\‘\
CHRISTOPHER P. MATORANA, P.C.

\

Christopher P. Maiorana
Registration No. 42,829
Phone No. {586) 498-0670

Dated: November 11, 2014

Docket No.: 9748.00300c
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Martin Koebler et al.

Serial No.: 14/062,057

Title: POWER MANAGEMENT SYSTEMS AND DEVICES
Filed: October 24, 2013

Attorney Docket No.: 9748.,00300c¢

Examiner: Pipala, Edward J.

Art Unit: 3663

In Response To: Qffice Action mailed September 30, 2014

Commissioner for Patents
P.0. Box 1450
Alexandria, VA 22313-1450

Sir:

The applicant, Invent.ly, LLC, is the owner of one
hundred (100) percent interest in the above-identified application
for a United States Patent. The applicant hereby disclaims, except
as provided below, the terminal part of the statutory term of any
United States Patent granted on the above-identified application,
which would extend beyond the expiration date of the full statutory
term defined in 35 U.S.C. 154 and 173, as shortened by any terminal
disclaimer filed pricr to the grant of any United States Patent
granted on pending second United States Application No. 14/206,

138, filed on March 12, 2014. The applicant hereby agrees that any
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United States Patent so granted on the above-identified application
shall be enforceable only for and during such period that it and
any United States Patent granted on the second application are
commonly owned. This disclaimer is to run with any United States
Patent granted on the above-identified application and is to be
binding upon grantee, its successor or assigns.

In making the above disclaimer, the applicant does not
disclaim the terminal part of any United States Patent granted on
the above-identified eapplication that would extend to the
expiration date of the full statutory term as defined in 35 U.S.C.
154 and 173 of any United States Patent granted on the second
application, as shortened by any terminal disclaimer filed prior to
the patent grant, in the event that any such granted United States
Patent later expires for failure to pay a maintenance fee, is held
unenforceable, ig found invalid by & c¢ourt of competent
jurisdiction, is statutorily disclaimed in whole or terminally
disclaimed under 37 C.F.R. 1.321, has all claims canceled by a
reexamination certificate, is reissued, or ig otherwise terminated
in any manner prior to the expiration of its full statutory term as

shortened by any terminal disclaimer filed prior to its grant.
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The undersigned is an attorney of record and is empowered
to act on behalf of the applicant. I hereby acknowledge that any
willful false statements made are punishable under 18 U.S.C. 1001

by fine or imprisonment of ‘not more than five (5) years, or both.

C RIS.}T\OPHER P. MATORANA, P.C.
Y
's\\\

Christopher P. Maiorana
Registration No. 42,829

24840 Harper Avenue, Suite 100
St. Clair Shores, MI 48080
{(586) 498-0670

Dated: November 11, 2014

Docket No.: 9748.00300c
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-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 10/24/13.
] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 218.

Disposition of Claims*
5)[X Claim(s) 1-18is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.
8)[1 Claim(s) is/are allowed.
7)X Claim(s) 1-18is/are rejected.
8)[] Claim(s) ____is/are objected to.
[ Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/reww. usplo.dov/patents/init_events/peh/index.jsp or send an inquiry to PPHieadback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 10/24/13is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.0 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)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) D Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) I:' Other:
Paper No(s)/Mail Date er
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20140928
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Application/Control Number: 14/062,057 Page 2
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DETAILED ACTION
1. This Office action is in response to the application filed on 10/24/183.

Claims 1-18 are presently pending.

Double Patenting
2. The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent
possible harassment by multiple assignees. A nonstatutory double patenting rejection is
appropriate where the claims at issue are not identical, but at least one examined application
claim is not patentably distinct from the reference claim(s) because the examined application
claim is either anticipated by, or would have been obvious over, the reference claim(s). See,
e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d
1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d
438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA

1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double
patenting ground provided the reference application or patent either is shown to be commonly
owned with this application, or claims an invention made as a result of activities undertaken
within the scope of a joint research agreement. A terminal disclaimer must be signed in

compliance with 37 CFR 1.321(b).
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The USPTO internet Web site contains terminal disclaimer forms which may be used.
Please visit http://www.uspto.gov/forms/. The filing date of the application will determine what
form should be used. A web-based eTerminal Disclaimer may be filled out completely online
using web-screens. An eTerminal Disclaimer that meets all requirements is auto-processed
and approved immediately upon submission. For more information about eTerminal

Disclaimers, refer to http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

Claims 1-18 are provisionally rejected on the ground of nonstatutory double patenting
over claims 1-18 of copending Application No. 14/206,138. This is a provisional double
patenting rejection because the patentably indistinct claims have not in fact been patented.

The subject matter claimed in the instant application is fully disclosed in the referenced
copending application and would be covered by any patent granted on that copending
application since the referenced copending application and the instant application are claiming

common subject matter, where exemplary independent claim 1as follows:

A method of managing a power consumption of a vehicle comprising the steps of:

(a) receiving a route at a computer of said vehicle;

(b) segmenting said route into a plurality of segment destinations;

(c) calculating a plurality of energy values consumed by said vehicle to travel said route
based on a plurality of variations in target speed of said vehicle between pairs of said segment
destinations;

(d) determining a plurality of efficient speeds that achieve a best summation of said

energy values; and
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(e) notifying an operator of said vehicle about said efficient speeds to travel between
each of said segment destinations [for independent claim 1]. {or}
(e) applying power corresponding to said efficient speeds to an engine of said vehicle to

travel between each of said segment destinations [for independent claim 10].

Claims 1-18 are similarly rejected on the ground of nonstatutory double patenting over
claims 17 and 20-22 of U.S. Patent No. 7,925,426 since the claims, if allowed, would
improperly extend the “right to exclude” already granted in the patent.

The subject matter claimed in the instant application is fully disclosed in the patent and
is covered by the patent since the patent and the application are claiming common subject
matter, in that the presently pending claims are essentially equivalent patented claims 17 and

20-22, since options (i)-(iv) under step (a) in the patented claims have now been deleted.

Furthermore, there is no apparent reason why applicant was prevented from presenting
claims corresponding to those of the instant application during prosecution of the application
which matured into a patent. See In re Schneller, 397 F.2d 350, 158 USPQ 210 (CCPA 1968).

See also MPEP § 804.

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to EDWARD PIPALA whose telephone number is (571)272-1360.

The examiner can normally be reached on M-F 9:30 - 6.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Thomas Tarcza can be reached on 571-272-6979. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you
would like assistance from a USPTO Customer Service Representative or access to the

automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/EDWARD PIPALA/
Examiner, Art Unit 3663
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: Martin Koebler et al.

Serial No.: 14/062,057

Title: POWER MANAGEMENT SYSTEMS AND DEVICES
Filed: October 24, 2013

Attorney Docket No.: 9748.00300c
Examiner:
Art Unit: 3663

PRELIMINARY AMENDMENT

Commissioner for Patents
P.0O. Box 1450
Alexandria, VA 22313-1450

Sir:

Please amend the above-identified application as follows:
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AMENDMENTS TO THE CLAIMS

1. (CURRENTLY AMENDED) A method of managing the a
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(d) ++++)r determining a plurality of efficient speeds

that achieve a best summation of said enerqgy values ameffictent
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(e) vy notifying satd an operator of said vehicle about

said determimed efficient speeds speed to travel between each of

said segment destinations destimation.

2. (CURRENTLY AMENDED) The method of claim 1, further
comprising the step of:
continuously calculating said efficient speeds speed

until a final destination is reached.

3. (CURRENTLY AMENDED) The method of claim 1, wherein

thre—step—of said determining of said efficient speeds is based on

(i) an aerodvynamic drag of said vehicle, (ii) a rolling resistance

of said vehicle and (iii) a change in potential eneray of said

vehicle due to a road gradient speed—for—the—velricte—further

. = L Lot : 1 Qo LI | -] P .
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4. (CURRENTLY AMENDED) The method of claim 1, further

comprising the step of:

notifying the said operator of a_range of said variations

in said target speed the—vehicieof the—catcutated appitedt—rpower.

5. (CURRENTLY AMENDED) The method of claim 1, wherein

said determining of said efficient speeds is based on at least one
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f PMOUOWTL CULIOUINTP U T U Ca T O c IO T tiTer CUIIPL LT oTo LaltudIaurriryg all

optimat (i) an acceleration of said vehicle to—acceterate to one or

more of said determimed efficient gspeeds speed—to—traver—said
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seoment—destimatiomr—or—optimat and (ii) a deceleration of said

vehicle to—deceterate to one or more of said determimed efficient

speeds speed—to—travetr satdt—segment—destination.

6. (CURRENTLY AMENDED) The method of claim 1 5,

wherein said calculating of said enerqy values is based on a

current location of said vehicle as determined by eatecultsation

incorporates—6PS global positioning syvstem information—eatd
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7. (CURRENTLY AMENDED) The method of claim 1, wherein
said calculating of said enerqgy values +tnformation is based on a
plurality of speed limits between said seqment destinations past
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segments.

8. (CURRENTLY AMENDED) The method of claim 1, wherein

further comprising the step of:

calculating said target speed in response to a position

of a gas pedal of said vehicle +rformatton comprises—stored
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9. (CURRENTLY AMENDED) The method of claim 1, further
comprising the step of:

shifting gears of an automatic transmission in_ said
vehicle using based on said determimed efficient speeds speed—to

shrift—gears.

10. (CURRENTLY AMENDED) A method of managing the a
power consumption of a vehicle, comprising the steps of:

{a) receiving a route at a computer of said vehicle:

{b) segmenting said route into a—computerdevice—for a

plurality of segment destinations; route—segmernts—
(¢c) t&r calculating a plurality of energy values consumed

by said vehicle to travel said route based on a plurality of

variations in a target speed of said vehicle between pairs of said

segqment destinations am uptinu.. zed Dpccd b_y uu.u.;.uu'./..iug power
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Processors;
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(d) {c)r determining a plurality of efficient speeds

that achieve a best summation of said energy values amr—efficient
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(e) B applying the—catcutated power corresponding

to said determimed efficient gpeeds speed—to—the—vehicte to an

engine of gsaid wvehicle to travel between each of said segment

destinations destitration.

11. (CURRENTLY AMENDED) The method of claim 10, further

comprising the step of:
continuously calculating said efficient speeds speed

until a final destination is reached.

12. (CURRENTLY AMENDED) The method of claim 10, wherein

the—step—of said determining of said efficient speeds is based on

(i) an aerodynamic drag of said vehicle, (ii) a rolling resistance

of said vehicle and (iii) a change in potential eneray of said

vehicle due to a road gradient speed—for—the—vehicte—further

d . : . To st eudn : 3 - : (.} ] o .
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13. (CURRENTLY AMENDED) The method of claim 10, further
comprising the step of:
notifying tHe an operator of the vehicle about said

efficient speeds to travel between each of said segment

destinations of—the—catcutated—apptied—rpower.

14. (CURRENTLY AMENDED) The method of claim 10, wherein

said determining of said efficient speeds is based on at least one

f — | ks B = 4ml : 1 b I
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optimat (i) an acceleration of said vehicle to—acceterate to one or

more of said determimed efficient gspeeds speed—to—travel—said
segment—destinatiomroptimat and (ii) a deceleration of said vehicle
to—deceterate to one or more of said determirred efficient speeds

-l sl b | ~—al A ol P .
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15. (CURRENTLY AMENDED) The method of claim 10 +#4,

wherein said calculating of said energy values is based on a

current location of said vehicle as determined by ealteculation

incorporates—6&PS global positioning system information—said
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16. (CURRENTLY AMENDED) The method of claim 10, wherein

said calculating of said energy values +mformation is based on a

plurality of speed limits between said segment destinations past
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segments .

17. (CURRENTLY AMENDED) The method of claim 10, wherein

further comprising the step of:

calculating said target speed in response to a position

of a gas pedal of said vehicle 4informatiomr —comprises—stored

L= — £ L PP | . 134 | . - -
LU U IO o= venrcres traverr rngoverrappmg route—segments.
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18. (CURRENTLY AMENDED) The method of claim 10, further
comprising the step of:

shifting gears of an automatic transmission in said
vehicle uwsing based on said determinmed efficient speeds speed—to
shift—gears.
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REMARKS
The present application is believed to be in condition
for examination on the merits. Early and favorable action by the
Examiner is respectfully solicited.
The Examiner 1is respectfully invited to call the
Applicants’ representative between the hours of 9 a.m. and 5 p.m.
ET at 586-498-0670 should it be deemed beneficial to further

advance prosecution of the application.

Respectfully submitted,

CHRISTOPHER P. MATORANA, P.C.

Registration No. 36,555
Phone No. (586) 498-0670

Dated: June 5, 2014

Docket No.: 9748.00300c
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gathering, preparing, and submitting tha completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you regulre to complete this form and/er suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark Office, U.S.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |

14/062,057 10/24/2013 Martin Koebler 9748.00300c
CONFIRMATION NO. 1034

21615 IMPROPER CPOA LETTER

CHRISTOPHER P. MAIORANA, P.C.
24540 HARPER SUITE 100 L
ST. CLAIR SHORES, MI 48080

Date Mailed: 12/13/2013

NOTICE REGARDING POWER OF ATTORNEY

This is in response to the power of attorney filed 12/03/2013. The power of attorney in this application is not
accepted for the reason(s) listed below:

» The power of attorney has not been accepted because the party who is giving power has not been identified.
Power of attorney may only be signed by the applicant for patent (37 CFR 1.42) or the patent owner. A party
who is not the applicant must become the applicant in accordance with 37 CFR 1.46(c) and appoint any power
of attorney in compliance with 37 CFR 3.71 and 3.73. For a reissue application, reexamination proceeding,
or supplemental examination proceeding, a patent owner who was not the applicant under 37 CFR 1.46 must
appoint any power of attorney in compliance with 37 CFR 3.71 and 3.73. See 37 CFR 1.32(b)(4).

/hchristian/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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. RECEIV
o CENTRAL FAX g(E)NTER

r 12/3/2013 12:04 PM FROM: 1-586-438-0673 TO: 1-571-273-8300 PAGE: 001 OF 003
DEC ¢:3 2013

LAW OFFICES

CHRISTOPHER P. MAIORANA P.C.
24840 HARPER AVENUE, SUITE 100
S7. CLARR SHORES, MICHIGAN 48080

CHRISTOPHER P. MAIORANA (586) 498-0670 PATENTS, TRADEMARKS
ROBERT M. MILLER Fax (586) 498-0673 & COPYRIGHTS
JOHN J. IGNATOWSK! maioranape.com
FACSIMILE MESSAGE
TO:

COMPANY: United States Patent and Trademark Office

RE: Serial No. 14/062 057
FILE NO.: 9748.00300c
FAXNO. 571-273-8300
FROM: Christopher P. Maiorana
DATE: December 3, 2013 TIME:
TOTAL NUMBER OF PAGES 3 (including cover sheet)

If you do not receive any of these pages, please telephone us at (586) 498-0670 or telefax us at (586) 498-0673.

COMMENTS:

ATTACHED: POWER OF ATTORNEY BY APPLICANT FORM with

STATEMENT ER 37 CFR 3.73(b) FO 2 pages).

The inf tion contained in this facsimil ge is privileged end confidential information intended onty for the individual or entity named above.
If the reader of this message is not the intended recipient (or the employoe ar agent responsible for delivering this message to the intended recipient),
you arc hereby notified that any dissemination, distribution or copying of this communication is strictly prohibited. [If you have received this
communication in ervor, please immediately notify us by telephone and return the original communication to us at the above address via the U.S. Mail,
Thank you.
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: RECEIVED
. CENTRAL FAX CENTER

: | DEC ¢33 2013
{ 12/3/2013 12:04 PM FROM: 1-586-498-0673 TO: 1-571-273-8300 PAGE: 002 OF 003 -

PTO/SB/96 (01-08)

Approved for use through 02/28/2009. OMB 0851-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Martin Koebler, Nicole G. Goldstein, Stephen J. Brown and Jason H. Harper

Application No./Patent No.: 14/062,057 Filed/issue Date: October 24, 2013
Titled: '
© POWER MANAGEMENT SYSTEMS AND DEVICES
Invently, LLC _a Corporation
{Name of Assignee) (Type of Assignee, e.g., corparation, partnership, university, govenment agency, ete.

states that it is:

the assignee of the entire right, title, and interest in;

2. [] anassignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or

3. D the assignee of an undivided interest in the enti rety of (a complete assignment from one of the joint inventors was made)

the patent application/patent identified above, by virtue of either:

A D An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a
copy therefore is attached.

OR

B. A chain of title from the inventor(s), of the patent application/patent identified above, o the current assignee as follows:
1. From: Koebler, Harper, Brown and Goldstein To: Motility Systems

The document was recerded in the United States Patent and Trademark Office at
Reel 026200 Frame 0504 . or for which a copy thereof is attached.

2.From: Motility Systems To: Invently, LLC

The document was recorded in the United States Patent and Trademark Office at
Real 031363 , Frame 0087 ., or for which a copy thereof is attached.

3. From: - To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame . or for which a copy thereof is attached.

[[] Additionat documents in the chain of title are listed on a supplemental sheet(s).

~. As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original awner to the assignee was,
\ - or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NQTE A separate copy (i.e., a true copy of the ongmal assugnment document(s)) must be submitted to Assignment Division in

December 3, 2013
Signature Date
Christopher P. Maiorana Attomey, Reg. 42,829
Printed or Typed Name Title

This collection of information is requited by 37 CFR 3.73(b). The infonmation is required to abtain or retain a bansfit 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 1.1 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed apptication form to the USPTO. Time will vary depending upan the individual case. Any comments on the amount of time
you require tc complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Tracdemark Office, U.S. X
Oepartment of Cammerce, P.Q. Bax 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissionsr
for Patents, P.O. Box 1450, Alaxandria, VA 22313-1450.

1 you nead assistance in completing the foarm, call 1-800-PT0-9199 and select oofion 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDIO.gOV

AP%?E;ON I 35&;:1)1\11()}1%0;]5 GI?JIZ\T[IX?T I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAH\/ISI IND CLAIMSl
14/062,057 10/24/2013 730 9748.00300c 18 2
CONFIRMATION NO. 1034
21615 FILING RECEIPT
CHRISTOPHER P. MAIORANA, P.C.
24840 HARPER SUITE 100 T

ST. CLAIR SHORES, MI 48080
Date Mailed: 11/12/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Martin Koebler, Saal/Donau, GERMANY;

Nicole G. Goldstein, Woodside, CA;

Stephen J. Brown, Woodside, CA;

Jason H. Harper, Pleasanton, CA;
Applicant(s)

Invent.ly, LLC, Woodside, CA
Assignment For Published Patent Application

Invent.ly, LLC, Woodside, CA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CIP of 13/066,189 04/08/2011
which is a CIP of 11/283,137 11/17/2005 PAT 7925426

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

If Required, Foreign Filing License Granted: 11/05/2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/062,057

Projected Publication Date: Request for Non-Publication Acknowledged

Non-Publication Request: Yes
page 1 of 3
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Early Publication Request: No
** SMALL ENTITY **
Title

POWER MANAGEMENT SYSTEMS AND DEVICES

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 0or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/062,057
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
7 CFR 1.16(a), (8), or (©) N/A N/A N/A 70 N/A
SEARCH FEE
87 GFR 11600, ). of (m)) N/A N/A N/A 300 N/A
EXAMINATION FEE
7 GFR 1.16(0), (p) o1 (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ) .
(87 CFR 1.16(i)) 18 minus 20= 40 - 0.00 OR
INDEPENDENT CLAIMS ) .
(37 CFR 1.16(h)) 2 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART II
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total . i “ =
= (37 CFCF)E ?.15(1)) Minus = OR -
% Independent * Minus | ** = _ OR _
| e7orRLisN) = =
<§( Application Size Fee (37 GFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Golumn 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT RATE ADDITIONAL RATE ADDITIONAL
m AFTER PREVIOUSLY EXTRA ® FEE($) ® FEE($)
E AMENDMENT PAID FOR
L Total * Minus ** = =
= (37 OFg ?.Ie(r)) OR -
% Independent * Minus | *** = = OR =
w | @7cFr116h)
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(}))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

) ) Attorney Docket Number | 9748.00300c
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | POWER MANAGEMENT SYSTEMS AND DEVICES

The application data sheet is part of the provisional or nonprovisicnal application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[ ] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:
Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Martin Koebler
Residence Information {Select One) (O US Residency  (¢) Non US Residency () Active US Military Service
City |s3al/Donau Country of Residence i DE

Mailing Address of Inventor:

Address 1 Lindenstrasse 11

Address 2

City Saal/Donau ‘ State/Province |

Postal Code D-93342 ‘ Country i | DE

Inventor 2

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Nicole G. Goldstein

Residence Information {Select One) (s) US Residency () Non US Residency () Active US Military Service

City | Woodside | State/Province ‘ CA ‘ Country of Residence i | US

Mailing Address of Inventor:

Address 1 188 Alta Mesa Road

Address 2

City Woodside ‘ State/Province | CA
Postal Code 94062 ‘ Country i us

Remove
Inventor 3

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Stephen J. Brown
EFS Web 226
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PTO/AIA/4 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | 9748.00300c

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | POWER MANAGEMENT SYSTEMS AND DEVICES

Residence Information {Select One) (o) US Residency () Non US Residency () Active US Military Service
City | Woodside | State/Province ‘ CA ‘ Country of Residence i | US

Mailing Address of Inventor:

Address 1 2995 Woodside Road #400-444
Address 2
City Woodside ‘ State/Province | CA
Postal Code 94062 ‘ Country i us
Inventor 4
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Jason H. Harper
Residence Information {Select One) (e) US Residency () Non US Residency () Active US Military Service
City | Pleasanton | State/Province ‘ CA ‘ Country of Residence i | US

Mailing Address of Inventor:

Address 1 5250 Crestline Way
Address 2
City Pleasanton ‘ State/Province | CA
Postal Code | 94566 ‘ Country i us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 21615

Email Address | | AddEmail |  |Remove Email

Application Information:

Title of the Invention POWER MANAGEMENT SYSTEMS AND DEVICES

Attorney Docket Number| 9748.00300¢ Small Entity Status Claimed
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any)

EFS Web 2.2.6
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PTO/AIA/4 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | 9748.00300c

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | POWER MANAGEMENT SYSTEMS AND DEVICES

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. |hereby request that the attached application not be published under

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an applicaticn filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application {see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (e} Customer Number ‘ () US Patent Practitioner | (O Limited Recognition {37 CFR 11.9)

Customer Number 21615

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 118(e), 120, 121, or 365(c) or indicate
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TYPICAL CRUISE CONTROL TODAY (VELOCITY CONTROL)

OVERALL TRIP TIME FROM POINT A TO POINT B IS 15 MIN.

THE TOTAL ENERGY USED FROM POINT A TO POINT B IS 1 KWH.

POINT B

POINT A

POSITION (2): SPEED
IS KEPT THE SAME
GOING DOWN A HILL.
SPEED 50MPH.

POSITION (3): NO EXTRA
MOMENTUM GAINED FROM
POSITION (2). ALOT OF EXTRA
ENERGY IS NEEDED AGAIN TO
MAINTAIN THE SAME SPEED,
SPEED 50MPH.

POSITION (1): ALOT OF
EXTRA ENERGY IS NEEDED
TO MAINTAIN SAME SPEED
UP A HILL. SPEED 50MPH.

FIG. 1A

OVERALL TRIP TIME FROM POINT A TO POINT B IS 15 MIN.

THE TOTAL ENERGY USED FROM POINT A TO POINT B IS 0.9 KW H.

POINT B

POINT A

POSITION (2): SPEED
IS INCREASED GOING
DOWN A HILL TO GAIN
MOMENTUM KNOWING A
HILL IS COMING AGAIN.
SPEED 55MPH.

POSITION (3): THE EXTRA
MOMENTUM GAINED FROM
POSITION (2) ALLOWS LESS
ENERGY NEEDED TO GO UP
THE HILL. SPEED 48MPH

POSITION (1): SPEED
IS REDUCED GOING UP
A HILL TO CONSERVE
ENERGY. SPEED
47MPH.

FIG. 1B
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205 ~ l

MODEL OPTIMAL POWER TO
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207 l

RETRIEVE HISTORICAL POWER TO
ENGINE FOR ROUTE

209 ~ l

CALCULATE APPLIED POWER FOR
OVERALL EFFICIENCY

211~ l

PROVIDE APPLIED POWER TO
ENGINE

FIG. 2
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DRIVER
SUPPLIED
DESTINATION?

305 ~

SET POLD =1

307 ~ Il

READ CURRENT LOCATION (FROM GPS), SET
LOCATION = NEXT INTERSECTION

309 ~, l‘

QUERY THE DATABASE TO DETERMINE:
GIVEN:
WEIGHT OF DRIVER
WEIGHT OF CAR
TIME OF DAY
DAY OF WEEK
SPEED OF CAR
DIRECTION OF CAR
LOCATION
GET:
MOST LIKELY CHOICE AT THIS INTERSECTION
P (PERCENTAGE LIKELIHOOD OF THAT CHOICE)

311~ l
P =P *POLD
POLD =P
315~
LOCATION = NEXT
INTERSECTION
YES 5| ASSUMING THAT CHOICE

MADE AT CURRENT
INTERSECTION IS THE
MOST LIKELY

317 ~,

MOST LIKELY DESTINATION =
LOCATION

FIG. 3B
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423 ~

CALCULATE ENERGY DUE TO AERODYNAMIC DRAG,
ROLLING RESISTANCE, POTENTIAL ENERGY, CHANGE DUE
TO ROAD GRADIENT, AND ACCELERATION

tarn ~rr2

E= Xet?fm(CdAg(Vtam +V_ f+[mgC_, +nV, C.)cos|tan'G)+

mgsin(tan-'G) + ma)

425 ~ l

PREDICT MOTOR RPM AND TORQUE AND USE TABLE LOOK
UP TO DETERMINE DRIVETRAIN ENERGY EFFICIENCY

427 ~ l

DETERMINE EFFICIENCY OF ENERGY DELIVERY SYSTEM.
FOR ELECTRIC VEHICLES, ENERGY LOST TO RESISTANCE
IN WIRES; FOR ICE VEHICLES ENERGY REQUIRED FOR
FUEL PUMP

429 ~ l

DIVIDE THE ENERGY REQUIRED TO OVERCOME DRAG
FORCES BY THE EFFICIENCIES OF THE DRIVETRAIN AND
ENERGY DELIVERY SYSTEMS TO GET THE ENERGY USED

FOR THE SEGMENT En

FIG. 4B
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FIG. 5

96



9748.00300c

621 ~
607 ~
601 ~, 603 605 ~
OPERATOR
INFORMATIONAL INFORMATIONAL MEMORY
INPUTS (EXTERNAL |¢—p INPUTS “—>
ENVIRONMENTAL (COMMAND (OPERATIONAL
INPUTS, INPUTS) PARAMETERS)
OPERATIONAL (E.G., DATABASE)
STATUS) < >

POLLING LOGIC

L
o 1T 11
|

611~
609 ~ STATISTICAL
ROUTE
«—»| ANALYSIS
STATISTICAL LOGIC
DESTINATION
LOGIC 613 ~, 3
—> SIMULATED
ENERGY
REQUIREMENT
MOST EFFICIENT 0G0
SPEED LOGIC
1
HEADWAY CRUISE
CONTROL
619 N v
MOTOR CONTROL
MECHANISM
POWER
MANAGEMENT (MOTOR CONTROLLER)
LOGIC

97



9748.00300c

700~\

705 ~

MOTORS

701
707 ~ L
POWER
ENERGY STORAGE MANAGEMENT
(BATTERIES) SYSTEM (PMS)

FIG. 7

98



800 ~

9748.00300c

809 807
~

r-/\
% 37°F
A 811

59 mph/

13
\Cruise 60

Max 65 Min 55

815
819
/

Destination: 1600 Pennsylvania Ave Washington DC

+

823

Conditions

Destination

Cruise

Speed Max/Min Enter

821

821

821

e
821 821

FIG. 8

99



9748.00300c

HOLOW/ANIONT FLVHITIOOV OL TVNOIS TO04LNOD
1NdLno

SNOILVYAY3ISE0 43HL1O0
Old4vdl d3Nndg3Sao0
a3aads WNINININ
a3ads WNINIXYIN
d33ds a3dis3da
NOIL¥YNILS3A

SLNdNI
3DI0A dO TVNNVYIN

A W - 606
paadg

s | Juwxen oSSy uoneunsad| |suonipuod

D uolbulysSepn SAY BIUBAJASUUBY Q09| :uoneunsag

GG UIIN GO XeN A?

09 ®sinuD

ydw 6g ),

O g

\- 506

$

(013
‘NOILVATTT ‘VL1vad
dVIA ‘O144vdL
avoy “YIHLIVAM
‘ANIM ‘Sd9 “9°3)

(S304N0OS v1vd
A3LLINSNYHL
AISSITIHIM
NO¥H)
V1va T¥NY3LX3

SNOILIANOD d3dNsvan
FANLVHIdNTL AFHNSVIN
(ONIMVHE/ONIYITLS) HOIAVHIE ¥IAIMA AIINSYAN
d33ds wvniov
JONVINHOL4H3d FLNOY TVOIHOLSIH
V1va NOILdANSNOD d¥3MOd
SOILSIHFLOVHVHO FONVINHO4H3d SOLOW/ANIONS

WNILSAS IAILONOLNY FHL NOYH SLNANI NILSAS

\- 06

\- 106

6 Ol

100



9748.00300c

3341 NOLLNg

Gvol

[ T # | [
- zg01
JAING GYYH NV FOVHYILNI I TI0YLINOD
90 ASOWIN Naprvrsy NOLLNg ANION3
W3l ONOT LNdNI ¥3sN / 4O LOW
1 - 6£0L - €10l
\-€€0l
1IN2¥ID
JOVAHILNI
NOX ] Ndo ONILYT10S|
m_mm,qmw_,_m_m_yz_ TUVMANIA ATIVOIL03 13 HOSN3s
F1EYAONIY - 1€01 - 100} \-¢10l - 5001
Y0010 JNIL VIR
~ 6201 _ - LLOL
70} ¥0SS3008d NOILINDOOTY .—
/ SISFHLNAS HO33dS
10t R e
1SVOavoys ¥3IAIFOTY SdO
viva
aaas | [aNoHdowom G101
Sezol S6l0L 80017 = 400hT TN
/, - -~
/77~ =X 17,77
~ %
1201 G20l AV1dSId a0 lr /
/
P2 ~O - 2101 /
SENNEEL ANOHJO¥OIN

101



9748.00300c

||||||||||||||||||| I_
| FIILNOLLNG |
|
| O O O O o |l
| 3 |+ 3 _
IIIIIIIIIIIIIIIIII -
SAMO QuVH WYY J0OVAYAINI YITIOHINOD
50 AMOWIN NOL1Ng INIONT
AMAL ONOT 1NdNI ¥3sn /{0 LOW
1 _
1INDYID
JOV4HILINI WNOH |H| NndO ONILVTOSI M_N_MH_WW__/M_n_.WZ_
JHONAN ONIN JUVMINYIS ATIVOIM10313
avaonad | | | 3iavaonay
510070 3L Tvad
|
"OSSIO0Ud NOILINDOO T ﬁ
\m__mm_Ez>m 10mu_n_m ><.w__wm/_m_u_m__3 H3INIFO3 NETNEREY
1SV0avoud o
dINN ANOHAOMOIN viva
HINVAS — ——
7, =\ 7 =X
L7 =X [ 7 =X
AV1dSIa Ao \\ 7 N \\
A o) [
YINVIAS  INOHJOMOIN
\- o1l

Ll Ol

\- /011

GOoLL

102



VOLTAGE (V)

VOLTAGE (V)

9748.00300c

Li-Po 40 Ah
CHARGE: CC_CV 0.5/1C/2C-4.2 V 0.05 C CUT-OFF@23°C
45 _FCURRENT 2.0C ]
o /N CURRENT 1.0C 80
/ i d
4.0 e T .
J L CURRENT 0.5C
3.8 Hf-— =460 <
f; :
/ - CURRENT 2.0C 1 &
3.6 I elel 4
1 L} i i —140 %
3.4 \GCURRENT 1.0C 1
4~ CURRENT 0.5C
\\ \\ y 4 i pnin 20
3.2 \ '
L\ ]
3.0 T 0
0 20 40 60 80 100 120 140
TIME (MIN)
Li-Po 40 Ah
DISCHARGE: CC,1C,3C,5C,8C,10C 2.7 V CUT-OFF
4.2
—0— 1C_40.8Ah (102.0%)
4.0 PNz —de— 3C_38.4Ah ( 96.0%)
Ay — 5C_37.2Ah ( 93.0%)
3.8 ~] ©— 8C_34.4Anh ( 86.0%)
'\ ~ —— —— 10C_24.6Ah ( 62.0%)
\ \
AW W
3.0 ;
2.8 ;
| 1
2.6 |
0 10 20 30 40
DISCHARGE CAPACITY (Ah)

103




9748.00300c

TORQUE-SPEED ENVELOPE
AC55 WITH UMOC440TF @ 312VDC

300
250 4
€ 2004
=
W 1504
g
5 100
S 4
50 4
0 I I I I I }
0 1000 2000 3000 4000 5000 6000 7000
SPEED (RPM)
EFFICIENCY VS. TORQUE
AC55 WITH UMOC440TF @ 312VDC
95
3000 RPM
< 4500 RPM
= 90 <+
>
O
pzd
L
o
L 851 1500 RPM
L
6000 RPM
80 I I I I I
0 50 100 150 200 250
TORQUE (Nm)

104



15

20
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POWER MANAGEMENT SYSTEMS AND DESIGNS

This application relates to U.S. Serial No. 13/066,189, filed April 8, 2011, which relates to which
1.8, Senal No. 11/283,137, filed November 17, 2005, now U.8. Patent No. 7,925,426, which are

each incorporated by reference in their entirety.

FIELD OF THE INVENTION

The mvention relates to devices, methods and systems for controlling power applied to a vehicle

engine.

BACKGROUND OF THE INVENTION

Currently, drivers of automotive vehicles have only very imprecise methods for managing the
fuel consumption of their cars. For example, drivers can slow down, they can brake lightly, and
they can carry lighter loads. Generally, however, fuel consumption cannot be precisely
controlled by the driver, More accurate and precise control of fuel consumption is one of the best
ways to improve the energy efficiency of most cars. In particular, accurate control of {ue!

consumption may optimize the energy efficiency of a car.

It has been shown that you can reduce fuel usage by efficient driving. According to Amory

Lovins of the Rocky Mountain Institute, a 35% improvement in miles per gallon (mpg) for all
i
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2001 vehicles (whose overall average mpg was 20) would have reduced oil use in the United
States by 2.7 Mbbl/d, approximately the same amount that the U.S. imported from the Gulf, See,
for example, “Winning the Oil Endgame,” Rocky Mountain Institate, 2004. p.50. Empirical
evidence also supports the assertion that efficient driving can reduce fuel usage. For example,
the Honda Insight™, a car available to the genmeral public that normally gats 60 mpg, broke
records in 2000 by getting 102 miles per gallon in a 7-day drive around the circumference of
Britain. The team responsible did this purely by driving more efficiently, and not by modifying

the car in any manner.

In. most automotive vehicles, an operator controls the power applied to the vehicle (e.g., the
engine of the vehicle) by operatmg the ignition, break and gas peials. Additional control is
typically provided by uperational assisting deviees, such as a cruise conirol, that help to keep the
vehicle at'a constant speed, or within a range of speeds. However, such operational assisting,
devices typically de not optimize the power consumption of the vehiele, or control the speed

and/or power provided to the vehicle based on an optimal power consumption level.

Many parameters may impact the optimal power consumption of a vehicle, including external
factors (e.g., forces and conditions that act on the vehicle), internal conditions (e.g., the current
status of the vehicle and it’s component parts.), operator commands (e.g., control commands

from the operator driving or preparing to drive the vehicle), and operational parameters of the
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vehicle (e.g., performance capabilities of the vehicle based on the make and mode! and/or the

component parts of the vehicle, as well as the historical performance of the vehicle).

In recent years the need for energy efficient vehicles has increased as the cost and availability of
traditional fossil fuels has fluctuated. However, the need for fuel efficiency spans all types of
vehicles, including currently available vehicles (e.g., internal combustion, solar, electric, and
hybrid vehicles), as well as vehicles proposed or under development (e.g., hydrogen fuel cell
vehicles and other clectrically-fueled vehicles). In all of these types of vehicles, the overall fuel
efficiency (regardless of the type of fuel), can be improved by optimizing the power éupplied to
the engine. As described herein, energy efficiency may be fuel efficiency or power efficiency.
Energy supplied to the vehicle (e.g., the engine) may come from any appropriate source {(e.g.,

gas, solar, battery, hydrogen, ethanol, etc.).

Thus, there is a need for devices and systems for controlling the power applied to a vehicle
engine. The devices, systems and methods described herein address many problems identified

for controlling, the power supplicd 1o automotive engines raised above.

SUMMARY OF THE INVENTION

Described herein are devices, systems, and methods for managing the power consumption of an

automotive vehicle, and thereby for optimizing the power consumption of the vehicle. The
3

107



10

15

20

Docket No. 9748.00300c

devices and systems for managing the power consumption of the vehicle typically include power
management logic that can calculate an applied power for the vehicle engine based on
information provided from the extemal environment of the vehicle, the operational status of the
vehicle, one or more command inputs from a driver, and one or more operational parameters of
the vehicle. The information provided to the power management logic may come from data
inputs (e.g., sensors, telemetries, etc.), memory, user commands, or it may be derived. The
power management logic may comprise software, hardware, or any combi.nation of software or
hardware. In some variations, the devices and systems include a processor (e.g., a
microprocessor) that can perform the power management logic, and provide an applied power.
The applied power that is determined by the power management logic may be used to control the
vehicle engine. For example, the power management logic may be used by a motor control
mechanism to control the application of power to the vehicle engine as the vehicle travels along a
route (either a predetermined or a non-predetermined route). The applied power may also be
expressed as an optimized speed or speeds to which the vehicle is controlled. For example, the
tnotor control mechanism may adjust the speed of the vehicle to an optimized speed or speeds as
the vehicle travels. Or, the device or systemn may provide a suggested fuel-efficient speed to the
driver, who in turn will manually adjust histher speed. Thus, the devices, systems, and methods
described herein may optimize the power consumption of an automotive vehicle by controlling

the final speed of the vehicle, for examnple, by controlling the power applied to the vehicle motor.
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The system may be manually engaged by the operator either when the vehicle is turned on, or in
the midst of a trip (e.g., “ﬁn the fly”). In one variation, the operator sets a preferred speed, and a
range at which to manage that speed (e.g., the preferred speed may be 60 mph, and the range can
be 5 mph) over at least a portion of the trip. The system may determine an optimal (e.g., fuel
efficient) speed within the range selected. By calculating and then averaging the efficient speed
over a given route, the system can optimize energy usage within the driver’s stated speed and
range. The power management logic may determine energy efficiency over the course of a trip,
based on current location and destination. The destination of the driver does not have to be
known (e.g., mput into a GPS or other similar system by the driver). The system (e.g.,
anticipated destination logic) may infer the dﬁver’s destination based on a subset of the
mformation inputs to the system, such as the time of day, current location, previous driving
habits, and other inputs. In some variations, the driver can manually accelerate (.g., override the
system) for passing, braking and the like. In some variations, the device or system may provide a

suggested speed to the driver to match, in order for the driver to better optimize power usage.

In some variations, the system is automatiéally enabled whenever the vehicle is turned on. In this
case, the operator of the vehicle does not have to set any a destination, target speed or range, or
the like. By automatically monitoring the operator’s real-time speed, braking and acceleration,
and by utilizing applicable inputs (e.g., from sensors and/or from a database), the power
management system may determine the most efficient speed to travel a route. In some variations,

the device or system may adjust the vehicle speed automatically. The power management

5
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devices or systems described herein may operate whether or not the driver has entered a
destination into the GP'S, because the system may infer the destination based on previous driving

habits if the driver has not explicitly provided a destination.

In some varations, the driver (or other user) provides the system a destination and the vehicle
determines the optimal speeds to drive throughout the route. The system may use speed hunits,
traffic conditions, physical calculations, and statistical models from previous trips to the same
destination to select the tarpet speeds to optimize around. Thus, in some variations, the driver

only needs to stecr, although hard acceeleration or braking by the driver may override the system.

Drescribed herein are devices for managing the power consumption of an automotive vehicle
comprising a power management logic operable to calculate an applied power for the vehicle
engine from information about the external environment of the vehicle, information about the
operational status of the vehicle, one or more command inputs, and one or more operational
parameters of the vehicle. The power management device may also include a processor
responsive to the power management logic (e.g., a microprocessor), and a mofor control
mechanism, wherein the motor control mechanism controls the application of power to the

vehicle engine.
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The power management logic may determine an applied power for the vehicle engine based on
information about the external environment of the vehicle that is selected from the group
consisting of: the current location of the vehiele, the elevation of the vehicle, upcoming
elevations of the vehicle, the current slope/grade of the route, the prcdictcd‘ slope/grade of the
next segments (or upcoming segments) of the route, the condition of the known or predicted
route {or a portion thereof), traffic surrounding the vehicle, the location of stoplights, the timing
of stoplights, a map of the roadway, the present angle of the sun, the predicted angle of the sun
for upcoming route segments, ‘ihc weather around the vehicle, present wind direction, the
predicted wind direction for upcoming roufe segments, present wind velocity, the predicted wind
velocity for upcoming route segments, current temperature, the predicted temperature for
upcoming route segments, current air pressure, predieted air pressure for upcommg route
segments, time of day, date, day of week, visibility, present road conditions, predicted road
conditions for upcoming route segmenis, and the distance ﬁoﬁ other vehicles. Any of this
information may be acquired by measuring (e.g., from sensors), or it may be detected or imput
(e.g., from manual inputs, telemetry, detectors, a memory, etc.), or it may be derived (e.g., based

on other information, including other environmental information).

The power management logic may determine an applied power for the vehicle engine based on
information about the operational status of the vehicle. The operational status information input
may be selected from the group consisting of: the vehicle’s current speed, the motor speed, the

vehicle’s current orientation, the RPM of the vehicle’s motor, wheel rotations per minute, the

7
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battery state, the voltage of the battery, the amp hours from the battery, the state of the battery,
temperature of battery, the age of the battery, and the number of times the battery has charged
and discharged, the tire pressure, the drag force due to rolling resistance of the vehicle, the
weight of vehicle, the amount of air going to the engine, the amount of gas going to engine, and
the weight of driver. Any of this information may be acquired by measuring (e.g., by sensors), or
it may be input {e.g., ffom an extemal telemetry, a memory, etc.), or it may be derived (e.g.,

based on other information, including other operational status information).

The power management logic may determine an applied power for the vehicle engine based on
command input information. Command input information may be selected from the group
consisting of: the acceleration applied by a driver, the braking applied by a driver, the intended
destination, preferred speed, maximum and minimum range over which speed should adjust, and
preferred route. Any of this information may be acquired by input (e.g., from an external
telemetry, keyboard, mouse, voice command, a memory, etc.), sensor {e.g., optical detectors,
etc.), or it may be derived (e.g., based on other information, including other command

information).

The power management logic may determine an applied power for the vehicle engine based on
information about one or more operational parameters of the vehicle. Operational parameters

may be selected from the group consisting of: aerodynamic parameters (CDA), rolling resistance
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parameters (Crrl and Crr2), dnve train efficiency parameters, motor efficiency parameters, and
battery model parameters, battery charge and discharge relationships, type of battery. Any of this
information may be input (e.g., from an external telemetry, a memory, etc.), or it may be derived
{e.g., based on other information, including historical information or other operational parameter

information).

The power management device or system may further comprise a memory containing vehicle
information about one or more operational parameters for the vehicle. The memory may store
any of the information about the external environment, operational status or command inputs,

including derived or historical information.

The devices and systems described herein may be used with any appropriate vehicle, including
internal combustion vehicles (which run on gasoline, diesel, or ethanol for example), a hybrid
internal combustion/electric vehicles, electric vehicles powered by the electric grid (plug-in),

electric vehicles powered by the sun (solar), and hydrogen fuel cell vehicles.

Also described herein are systems for managing the power consumption of an automotive
vehicle, comprising a first input, operable to receive information about the external environment
of the vehicle, a second input, operable to receive information about the operational status of the

vehicle, a third input, operable to receive one or more command inputs from a driver of the

9
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vehicle, 2 memory containing information about one or more operational parameters of the
vehicle, power management logic operable to calculate an applied power for the vehicle engine
from the first input, the second input, the third input, and the memory, and a processor responsive
to the power management logic, The system may also include a motor control mechanism,

wherein the motor control mechanism regulates the application of power to the vehicle engine.

Also described herein are methods of managing the power consumption of a vehicle, including
calculating an applied power for the wvehicle using a processor. The processor (e.g., a
microprocessor, etc.) receives a first input comprising information about the environment of the
vehiele, a second input comprising information about the operational status of the vehicle, a third
input comprising a command input from the driver of the vehicle, and a fourth input compnsing
vehicle information about the operational parameters of the vehicle. The method may also
include the step of applying the applied power to the engine of the velicle, and/or to notifying the

driver of the optimal speed.

The step of calculating an applied power may include determining a route, segmenting the route
into one or more segment {or intermediate) destinations, calculating an energy efficient specd for
the vehicle to travel to the segment destination, determining an optimized speed for the vehicle to
travel to the segment destination, and calculating the applied power from the optimized speed for

all of the segments. The applied power may be calculated continuously. For example, the

HY
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applied power may be calculated at each point (e.g., every segment, or points within a segment)
as the vehicle is driven. Thus, over an entire route, the most energy efficient speed at which to
drive may be continuously calculated. This may be done by determining a destination, and then
coming up with a route for that destination. If the destination is not known (e.g., has not been
provided to the power management device or system), a predicted destination may be estimated,
based on statistical destination logic (e.g., using map coordinates, and the historical operation of
the vehicle). Emnergy efficient speeds for current and upcoming route segments can then be
calculated based on the route. In some variations, the route is divided up into segments. In some
variations, the optimized speed for the vehicle is determined based on historical speeds for’

similar destinations. The route can be revised (e.g., continuously revised) during operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, B show an example of a vehicle controlled by a traditional cruise control device and

the same vehicle controlled by one variation of this power management system

described herein,

¥IG. 2 illustrates steps that may be used to optimize power applied to a motor, as
described herein.

FIG. 3A shows a schematic route as described herein.

FIG. 3B shows steps that may be followed to determine a route destination.

L1
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FIGS. 4A, B show steps that may be followed to determine a calculated optimized velocity for

FIG. 5

F1G. 6

FIG.7

FIG. 8

F1G. 9

FIG. 10

FIG. 11

segments of a route.

shows steps that may be followed for determining a probable optimal speed based

on historical route information.

shows a schematic diagram of one variation of the power management logic

described herein.

illustrates one varation of a vehicle including a power management system, as

described herein.
illustrates a user interface for a power management device.
shows inputs that may be coordinated by the power management user interface.

shows a schematic diagram of a portion of a2 power management system, as

described hetein.

illustrates a power management systern remotely communicating with a server, as

described herein.

FIGS. 12A, B show exemplary charpe and discharge characteristics for one type of battery.

FIGS. 134, B show examples of engine characteristics.

12
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DETAILED DESCRIPTION

The power supplied and used by a motorized vehicle can be optimized based on information
inputs inéluding: user demands, environmental conditioms, the current or anticipated operational
state of the vehicle, and the operational parameters for the vehicle. These parameters can be
estimated, dircctly measured, or derived, and may be used to determine the driving route, and
thercfore an estimated power requirement for the route. The estimated power requirement for a
route and a historical power requirement from the same vehicle traveling over the same route
may be used to determine the optimal power supplied to the vehicle. The power required of a
vehicle and the optimal power supplied to a vehicle ‘:may also be expressed in terms of the speed

or velocity of the vehicle.

Management of a vehicle’s power supply typically involves optﬁmization of the power supplied
to the engine. As described hercin, the “engine” may refer Iﬁ any porﬁbn of the vehicle to which
power is supplied, including the motor, powertrain, ete. As will be apparent below, optimizmng
the power supplied to the engine typically means minimizing the energy loss from the vehicle,
thereby increasing fuel efficiency. The power supplied to the engine may alternatively be
optimized based on other criterion. For example, the power supplied to the engine may be
optimized with respect to speed or travel time. Furthermore, the devices, methods and systems
described herein may be used with any appropriate vehicle, and are not limited to internal
combustion vehicles. For example, the devices, methods and systems described herein may be

used with vehicles having a hybrid internal combustion/electric engine, an electric engine
13
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powered by the electric grid (e.g., a plug-in vehicle), an electric engine powered by the sun (e.g.,
a solar vehicle), and an electric engine powered by hydrogen fuel cell. Thus the term “fuel” does
not necessarily refer exclusively to hydrocarbon fuels, but may refer to any appropriate power

saurce for the engine.

FIGS. 1A and IB compare a traditional “cruise contro}” device (in FIG. 1A) to one variation of
the power management device described herein (in FIG. 1B). In FIG. 1A, a typical cruise
conirol device regulates the speed of a vehicle as it drives ftom point A to point B when the
vehicle speed is set to 50 mph. As the vehicle moves across different terrain (e.g., roads having’
different ¢levations), or through different weather conditions, the traditional cruise control device
adjusts the power supplied to the vehicles (and thus the speed) based only on the set velocity and
the actual velocity of the vehicle. Thus, the cruise control device receives information on the
current speed of the vehicle, and adjusts the power supplied to the engine to maintain the vehicle
at the set speed. This type of device is a “velocity control™ cruise contrel device. In contrast,
FIG. 1B shows a vehicle with a power management device for optimizing the power supplied to

the vehicle, as described further herein,

In FIG, 1B, the power management system receives external inputs, including information on the
location and grade (e.g., steepness of any uphill/downhill portions) of the road, the distances

fraveled. The power tmanagement system also includes or deduces information about the route
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(e.g., from point A to point B), and the acceptable range of speeds that the vehicle may travel
over this route (e.g., between 45 and 55 mph). The power management system may also receive
information about the state of the vehicle, including the velocity at which it is traveling, and the
weight of the vehicle. Finally, the power management system may include operational
parameters such as the performance of the engine, aerodynamic performance, and rolling
resistance of the vehicle: Given this information, the power management system may calculate
applied power to the engine, and may derive a speed (or set of speeds) that optimizes the applied
power. As shown in FIGS. 1A and 1B, the total energy used by the power management system
in FIG. 1B is 0.9 kwh compared to 1 kwh for the cruise control system shown in FIG. 1A for

identical vehicles traveling over the same pathway.

In general, there are many ways to optimize energy efficiency, as described in more detail below.
As will be described, any of the methods, devices and system described herein may be used

together, individually, or in different combinations.

Inputs

The power management devices and systems described herein manage the power of the vehicle
using inputs from four categories of information input: information from the external
environment of the vehicle, information about the operational stats of the vehicle, information
from one or more command inputs, and operational parameters of the vehicle. Typically, at least

15
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one input from each of these sources of information is used to determine an optimal speed (or
applied power) for the vehicle. some of the information inputs for each of these categories are
described below. In every case, the information may be directly measured (e.g., by sensors or
other inputs), communicated from an external source, or it may be derived from other

information inputs, or from stored data.

Information from the external environment of thé vehicle may be used to determine the optimal
power to apply to the vehicle. External environment information generally includes any
information about the environment surrounding or acting on the vehicle. External information
may be used to determine forces acting on the vehicle (e.g., drag, wind resistance, tire resistance,
etc.), the location of the vehicle relative to the destination (e.g., position, direction, etc.), and the
environment surrounding the vehicle (e.g., traffic patterns, surrounding traffic, etc.). In some
variations, the external information may be used to help describe the power available to the
vehicle, particularly in solar powered vehicles (e.g., amount of light energy, time of day, position

of the sun, etc.).

Examples of environmental information inputs include, but are not limited to: the current
location of the vehicle, geographical imformation about the surrounding area, the elevation of the
vehicle, upcoming elevations of the vehicle, the current slope/grade of road, the predicted

slope/grade of the next segments of road, traffic surrounding the vehicle, the location of
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stophights, the timing of stoplights, a map of the roadway, the present angle of the sun, the
predicted angle of the sun for upcoming route segments, the weather around the vehicle, present
wind direction, the predicted wind direction for upcoming route segments, present wind veloeity,
the predicted wind velocity for upcoming route segments, current temperature, the predicted
temperature for upcoming route segments, current air pressure, predicted air pressure for
upcoming route segments, time of day, daie, day of week, visibility, present road conditions,

predicted road conditions for upcoming route segments, and the distance from other vehicles.

Some of the information inputs may be redundant, or may be derived from related mformation.
For example, the vehicle location may be provided by a GPS device which may be either a
separate device or a portion of the power management device that receives a GPS signal and
locates the vehicle based on the received signal. Geographical and topographical information
about the arca surrounding the vehicle may be determined from the location information. For
example, the location may be used to index an atlas of the silrrounding area. Some variations of
the power management device include a memory or database of information, including
information about maps and road information. In some variations, the power management device
communicates with one or more such databases to identify the location and surrounding road

features (e.g., suggested speed lmits, stop sighs, traffic patterns, etc.).
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The power management device may include or may be connected to sensors or other inputs to
directly determine some of the information inputs. For example, the power management device
may include a pre-set clock (e.g., for the current time and date), one or more optical sensors (e.g.,
to determine the intensity of sunlight, visibility, distance from nearby vehicles, etc.), and/or
weather sensors (e.g., temperature, wind direction and velocity, air pressﬁe, etc.). In some
variations, the power management system receives some of this information by telemetry with
off-board information sources such as databases and the like. For example, the power
management system may communicate with a weather service, a map service, a traffic service,

elc.

These examples of information about the external environment are only intended to illustrate the
kinds of external information that may be used by the power management devices and systems
described herein and are not intended to be limiting. Any appropriate information about the
external environment may be provided to the power management device or used by the power

management device.

Information about the operational status of the vehicle may be used to determine the optimal
power to apply to the vehicle. Operational status information generally includes any information
about the current operational status of the vehicle itself. Operational status information may be

used to determine the current condition of the vehicle’s engine and component parts (e.g.,. motor,
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powertrain, battery, tires, etc.), the current fuel supply, the manner in which the vehicle is

travelmg (e.g., velocity, aeceleration, etc.), and the like.

Examples of environmental information inputs include, but are not limited to: the vehicle’s
current speed, the motor speed, the vehicie’s current orientation, the RPM of the vehicle’s motor,
wheel rotations per minute, the battery state, the voltage of the battery, the amp hours from the
battery, the state of the battery, temperature of battery, the age of the battery, and the number of
times the battery has charged and discharped, the tire pressure, the drag force due to rolling
resistance of the vehicle, the weight of vehicle, the amount of air going to the engine, the amount

of gas going to engine, and the weight of driver.

As described above, some of the information inputs may be redundant, or may be derived from
related information. Furthermore, the power management system may use any of the sensors,
gauges and detectors already present in the vehicle as information inputs. For example, the
velocity of the vehicle may be detected by a speedometer which may pass information on to the
power management system.  The power manapgement device may also include additional
sensors, inputs or detectors o deterrnine or derive any information about the operational status of
the vehicle. For example, the power management device or system may include one or more

weight sensors (to determine the load in the vehicle, including the driver’s weight).
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The examples of operational status information inputs are only intended to illustrate the kinds of
operational status information that may be used by the power management devices and systems
described hercin. Any appropriate information about the operational state of the vehicle may be

provided 1o the power management device or used by the power management device.

Information from one or more command inputs may be used to determine the optimal power to
apply to the vehicle. Command inputs generally include any instructions from the driver of the
vehicle about the operatien (or intended operation) of the vehicle. Command inputs may be
directly input by the user, or they may be derived by the actions of the driver or the identity of the

driver.

Examples of command inputs include, but are not limited to: the acceleration applied by a
driver, the braking applied by a driver, the vehicle’s known or predicted final destination, the
vehicle’s known or predicted interim destination, preferred speed, maximum and minimum range

over which speed should be adjusted, and preferred route.

As with all of the information inputs, some of the command inputs may be redundant, or may be
derived from related information. For example, a route destination may be input by the driver, or
it may be inferred from the driving behavior and/or identity of the driver. The identity of the

driver may also be input by the driver, or it may be inferred. For example, the identity of the
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driver may be matched to the weight of the driver. Command inputs may include any of the
drivers actions to control the vehicle. For example, command mputs may include steering,
breaking, shifting, or application of the accelerator. The power management device may include
sensors, inputs or detectors to monitor the manipulations of the driver. In some vanations, the
driver may directly input commands to the power management system or to other devices in the
vehicle that communicate these command to the power management systemn. For example, the
driver may use an on-board navigational system to select a destinat%ony and this destination may
be communicated to the power management system. In some variations, the user may provide
commands directly to the power management system. In some variatious, the command inputs
may be derived from other information, including the environmental information and the
operational status information. For example, the destination (either a final or an intermediate
destination) may be estimated based on the current location of the vehicle, the direction that the
vehicle is traveling, the time of day and/or the driver of the vehicle (e.g., if it’s 8:00 am, and
driver X is driving the car on interstate 280, then the final destination is most likely to the

address of X's work place).

Information inputs, including command inputs, may have default or pre-set values. For example,
the power management device or system may have a preset or default maxitnum and minimum
range of speeds for traveling part of the route (e.g., i1f the maximum and minimum range has not
been explicitly input, the maximum and minimum range may be set to +/- 4 mph). In some

variations, the information inputs may include metadata describing one or more features of an
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information mput. Metadata may include information about the inforimation input. For example,
metadata may indicate the last time a particular data input was updated, or may indicate that the

data is a default setting, or the like.

These examples of command inputs are only intended to illustrate the kinds of command inputs
that may be used by the power management devices and systems described herein.  Any
appropriate command input may be provided to the power management device or used by the

power management device.

Information from one or more operational parameters of the vehicle may be used to determine the
optitnal power to apply to the vehicle. Operational parameters generally include information
about charactenstics that are specific to the vehicle (e.g., characteristics of component paris of
the vehicle, including the battery, the engine, the powertrain, the tires, etc.). Operational
parameters of the vehicle may be stored and retrieved from a memory that is part of the power

management device or system, or they may be retrieved from a remote information source.

Examples of operational parameters include, but are not limited to: aerodynamic parameters
(CDA), rolling resistance parameters (Crrl and Crr2), drive train efficicncy parameters, motor
cfficiency paramaeters, and battery model parameters, battery charge and discharge relationships,

type of battery.
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The operational parameters may be fixed (e.g., may not vary with operation of the vehicle), or
they may be changed. In some variations, the operational parameters may comprise a datahase
{c.g., a lookup iable), so that the value of the operational parameter may depend upon another
information input, and may be retrieved from the database by using one or more information
inputs as a search key, _ In some variations, the operational parameter may comprise an equation

or relationship that has other information inputs as variables.

Examples of operational parameters are provided below. In general, operational parameters may
be determined experimentally {e.g., by testing) or may be provided by product manufacturers. In
some variations, general (or generic) operation parameters may be used in more specific
parameters are not available. For example, battery charge and discharge graphs (showing
operational characteristics of the battery) can be obtained from battery manufacturers.
Operational parameters for various types of batteries (e.g., Lithium polymer batteries, etc.) can
include 1naterial characteristics, energy densities, power densities, thermal characteristics, evcle
life, charge and discharge characteristics {e.g., voltage over time), and current flux over time.
For example, FIGS. 12A and 12B show exemplary charge and discharge characteristics for one
type of Lithium polymer battery (e.g., the Li-Po 40Ah from Leclanche SA, Swilzerland).
Complete characterization may also be made by taking charge and discharge measurements from

cither a specific battery, or a speeific model and make of a battery.
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Motor efficiency data may be obtainable from the manufacturer, A full model dynamometer
testing may also be used to determine motor characteristics. For example, FIGS. 13A and 13B
show some examples of motor characteristics that may be provided. Aerodynamic parameters of
the vehicle (e.g., the outer chassis) can also be provided by the auto manuféétmen or eould be
measured {e.g., in a wind tunnel). Aerodynamic properties may also be estimated or calculated
for different vehicles (or vehicle shapes, makes, or models) using literature values. Examples of
aerodynamic parameters may be found, for example in “GM Sunraycer Case History/M-101"
(Published by the Society for Automotive Engineers, Inc, December 1, 1990), The Leading Edge:
Aerodynamic Design of Ultra~Stream1in§d Land Vechicles (Enginecring and Performance) by
Goro Tamai (Robert Bentley, Inc, 1999), and The Winning Solar Car; A Design Guide for Solar
Race Car Teams by Douglas R. Carroll (SAE International, 2003), eaqh of which is herein
incorporated by reference in its entirety. Examples of drag coefficients are also rcadjly available

(e.g., online: http://www.answers.com/topic/drag-coefficient-1, last visited October 12, 2005).

Rolling resistance parameters may also be provided by the tire manufacturer, or may be
measured. An example of one variation of a published rolling resistance formula may be found
in “Fahrwerktechnik: Reifen und Raeder™ by Jomsen Reimpell and Peter Sponagel (published
by Vogel-Fachbuch Technik, ISBN 3-8023-0737-2, 1988), herein incorporated by reference in its
entirety. Similarly, a drivetrain efficiency model may be provided by the vehicle manufacturer,

or may be measured from the power input vs. the power output for the entire drivetrain. In some
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variations, (e.g., some variations of solar cars, for example) do not have a drivetrain, smce the

motor is built directly into the wheel.

Examples of operational parameters are only intended to illustrate the kinds of operational
parameters of the vehicle that may be uvsed by the power management devices and systems
described herein. Any appropriate operational parameter may be provided to the power

management device or used by the power management device.

The information inputs described herein may be used to determine the optimally efficient energy

io supply to the engine.

Optimization of Engine Efficiency

FIG. 2 illusirates some of the steps thalt may be followed to optimize the cnergy supplied to an
engine so that the vehicle fravels at a fucl-efficient speed. To determine an optimally efficient
speed (or the optimal power to be supplied to the engine), a rouie is determined 201 from the
starting position and an actual or estimated ending position, the route is segmented 203 into one
or more segments, a model optimal speed (or power) is calculated 205, statistical data from
previous trips along the same segment of the route are retrieved 207, and am overall efficiency

applied power is calculated from at least the model power and the statistical data 209. Finally,
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the overall efficient applied power is provided to the engine. In somé variations, the vehicle
operator may be notified of the overall efficient applied power instead of (or in addition to)
automatically applying this optimal power. Each of these steps is described more fully below.
The statistical data from previous trips may be an optional element. For instance, one may

choose not the use statistical data or one may not have statistical data,

1. Determine route

The route is determined based on the current position of the vehicle and a final destination
position. The destination position may be explicitly provided by the operator of the vehicle (e.g.,
as an operator mput), or it may be derived. In some variations, the operator may provide a
destination directly to the power management device, or to a device that communicates with the
power management system (e.g., an on-board navigation system, etc.). The operator may also™
select the preferred route to the final destination either before beginning the trip, or after
beginning the trip. For example, the operator may choose a destination using a navigation
system including navigation systemns that are not part of the power management device (such as
any commercially available GPS navigation systems), which may also generate a route. The GPS
navigation systern may commiunicate the cdestination and route information to the power
management device. In some vardations, the power management system includes a GPS

component or module, and may at least partly act as a navigation system.
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The destination may be denived from information about the operator, the current location, the
time of day, or the like. The power management device may include statistical destination logic
that determines one (or more) most likely destinations based on information provided from
environmental inputs, user command inputs, and vehicle ﬁpcrational status inputs. In some
variations, the destination is dertved by generating a series of statistically weighted (e.g., likely)
destinations based on any, all, or some of these inputs. Examples of some of the inputs that may
be used by the statistical destination logic to determine a likely destination may include, but are
not limited to: the weight of the driver, the time of the day, the current location of the vehicle,
the direction that the vehicle is facing (or traveling in), the day of the weck, and the speed of the

vehicle.

The statistical destination logic may idenlify one or more destinations based on information held
in a memory. For example, the siatistical destination logic may use any of the information inputs
to select among a record of destinations to which the vehicle has previously driven. These
tlestinations may be assigned a probability weighting based on the information inputs. For
example, the statistical destination logic may continuously infer the vehicle’s destination. The
information inputs ¢an be used to assign a probability to a particular destination. It is important
to note that the word “destination” in this context is not necessarily the driver’s final destination.
It may be an intermediate destination along the route that the statistical destination logic

determines has a greater chance than some threshold likelithood (e.g., X%) of being the
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destination. A threshold likelihood may be preset, and may be varied by the user or by the power

managerment device.

For instance, if a driver leaves her house to go to work, and drives toward the highway, the
statistical destination logic may determine that there is a 95% chance that she is go-ing to the
highway but only a 75% chance that she is going to go South on the highway, So, if the
threshold (X) is 90%, the “destination” in this case would be the highway onramp. Once she gets
on the highway gomng south, the probability that she is going to work may have increased to 92%.
Now, the “destination™ would be her work, Thus, as the vehicle drives around, the probable
destination determined by the statistical destination logic may constantly change to revise the

destination or intermediate destination.

In some variations, the statistical destination logic accesses (and may also wrte to) a memory
comprising past destinations that are correlated to some or all of the information inputs (such as
location, driver weight, time of day, day of weck, direction, velocity, etc.), and/or information
derived from these inputs (e.g., driver identity, driving habits, etc.).  The list of possible
locations may be weighied by the statistical destination logic based on how closely the
information inputs correspond to the associated information inputs for these destinations, and
may be influenced or refined by the number of times that the driver has driven to this destmation.

Some of the information inputs (or some combination of the information inputs) may be
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weighted more heavily than others in determining the likeiihood of a destination. Furthermore,
the statistical destination logic may select more than one likely destination, including selecting a

final destination and one or more intermediate destinations.

One variation of a procedure for determining the most likely destination is described below, and
illustrated in FIG. 3B. For example, the schematic route shown in FIG. 3A has 10 junctions (A
to J). The probably that a driver will take any particular route from the start position may be
descﬁbed as “P”. Thus, Poy is the previous (or old) percentage likelihood of taking a route,
whereas P is the newly calculated percentage likelihood. Pew is initially set to 1 because there is
a 100% likelihood that your route will go through the place that you are currently at. As used in
this example, an intersection is as a junction having more than one.choice of direction that you
may go m. Examples include highway exits (e.g., you can stay on the highway or take the exit), a

four-way stop, and a fork in the road.

Referring now to FIG. 3A, assume that you have taken the following trps:

stat 2> A2>C>E

st > A=2>C2>D=2>F
stat 2 A2 G2 1

stat 2> A2 G 21
start 2> A2 C

stat > A>C>E
staimt>A2>C2E

stat > A>G2>2J>C-2>E
Cstani > A2 C-2E
O.stat2A—2>C—2>D—=2F

=0 RN s
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Based on this trip history, the praobably of your taking moving from any junction in the route

shown in FIG. 3A can be determined based on this trip history. These probabitities are tabulated

in the table:
" Probably of contining in Probabiy of ‘gomg through
Pasition each location based on
the possible directions .
past behavior
start 10/10 A
70 C A 10M0 = 100%
A | MG
/10 B
B 0/0 B: 0/0 = 0%
28D C: (10M10y{7/10) +
C 5BE (10/10)*(3/10)" (113 (1/1) =
1/8 end 7%
8] 2i2F D: (. 71)%(2/8y = 17.75%
5/5 end E: (.71 (5/8) = 44.375%
F 7 212 end F: {4775y {2i2) = 17.76%
. 2731 G: (10/10Y°(3/10) = 30%
1/3J
H 0/0 H:0/0=0%
| 2/2 end 1 (.30)7{213) = 20%
J e J: (307(1/3) = 10%

The Table also shows the probably of going through each location based on my previous driving
behavior in the next trip. For a new trip, at each junction, the bmbabﬂities may be recalculated.
For example (on the same trip), once you have reached point A and decided to tum toward C, the

new probabilities are recalculated as: A: 0%, B: 0%, C: 100%, D: 25%, E: 62.5%, F: 25%, G:
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0%, H: 0%, I: 0%, J: 0%. In real world examples, it could take hundreds of drives before the
statistics become useful at predicting where the dnver is likely to go. FIG, 3B illustrates one

variation of a statistical destination logic that may be used.

2. Segment route

The route used by the power management device typically includes a starting position (¢.g., the
current position of the vehicle, which may be indicated by GPS), an ending positicn, as described
above, and any intermediate positions between the initial and the final positions. In some
variations, the route may be broken up into segments that may be used by a power management
device to optimize the power needed to travel this segmeni. A segment may comprise any
distance te be traveled, including the enlire route, ar small portions of the route. Diff¢rent

segments in the same route may be of different lengths.

The route may be segrmented in any appropriate manner. For example, the route may be broken
into segments based on predetermined or anticipated changes in speed (e.g.. switching from 65 to
55 mph), changing traffic pattemns (e.g., turns, stops, yields, ::ﬁ:.)3 traffic or anticipated traffic,
distance {(e.g., x miles), terrain (e.g., the gradient or condition of a road), or the like. In some

variations, the route may be segmented based on a combnation of such factors.
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A route may be entirely segmented, or only partially segmented. For example, the power
management device may segment only the first part of the route (e.g., the portion contaiming the
current position of the vehicle), or the first few segments. This may be particularly usetul when
the destination is an amticipated destination determined by the statistical destination logic, for
example, The route may be continuously re-segmented. For example, as the vehicle moves, the
power management device may become aware of changing road conditions (e.g., traffic, weather,
etc.), or the user may change the rcute, necessitaling re-segmenting. As used herem,

“continuously” may mean repeated multiple times, including repeating regularly or periodically.

In some variations, the entire route (or the entire predicted route) may be divided up into N
segments. The number (N) of scgments may be fixed or may depend upon the route. The more
segments that the route is split into, the more accurate the model may be. However, more
segments may also require more computing power, ;fhus, the number of segments N may be

decided based on the tradeoff between computing power and accuracy.

3. Calculated energy for the route

The power required by the vehicle to travel along a route, or a segment of the route, may be
estimated or calculated, and this calculation may be used 1o determine a calculated speed for the

vehicle so that the power usage is optimized or minimized. Such calculations of power
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requirements at different speeds typically use information inputs from the vehicle, the user, and
the environment over the route from the initial position to a destination (e.g., a final destination

or an intermediate destination). Any appropriate information input may be used.

Simulation of the power requirement of the vehicle may estimate power requirements at different
speeds. Thus, the speed(s) that the vehicle travels the route {or a segment of the route) can be
optimized. For ¢xample, the simulation could determine the most encrgy efficient speed for the
vehicle to travel over one or more segments by minimizing the power requi;ement for the vehicle

while allowing the speed to vary within the range of acceptable speeds.

In some variations, the power management device includes simulated energy requirement logic
that determines the power requirement given the information inputs (e.g., information from the
external environment of the vehicle, the operational status of the vehicle, information from one
or more command inputs, and operational parameters of the vehicle). The simulated energy
requirement logic can calculate the required applied power for the vehicle by calculating different
power requirements for afl or a portion of the route (e.g., the first segment) when the speed of the
vehicle is within the ranpe of speeds acceptable for traveling this section of the route. For
example, if the target speed for a portion of the route is 60 mph with a range of +/- 5 mph, the
simulated energy requirement logic may determine the speed at whieh the energy requirement is

lowest that is closest to the desired speed (60 mph). Any appropriate method of calculating
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and/or optimizing this velocity may be used, including iteratively simulating different speeds

within the target range.

The optimal speed may be calculated by energy calculation logic. A simplified example is

provided below, using the following parameters,

brakes.

assuming an electric car with regenerative

mass of the vehicle and the driver (m) 4000 ke
CdA of the car 25
The rotling resistance coefficients:
Crrt 01
Crr2 .05
Drivetrain efficiency {eff) 80%
air density (rho) 1.3 kg/m?
acceleration due to gravity (g) 9.8 m/s?
number of wheels (n) 4
headwind velocity (Viw) t0 kph or 2.78 nvs

In this example, the route may be split into five segments of 5 km each with the following

altitudes measured at the end of each segment: 0 (beginning of segment 1), 200 m (end of 1), 100

m (end of 2), 400 m (end of 3), 100 m {end of 4), 0 (end of 5). We may also make the

simplifying assumption that the road grmde {s constant between measured points, and the road
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grades are calculated to be: +0.04 (seg 1), -0.02 (seg 2), +0.06 (seg 3}, -0.06 (seg 4), -0.02 {seg

5). The target average speed is 100 kph.

For the sake of simplicity in this example, we can then calculate the amount of energy required to
drive at a constant 100 kph speed for the entire route, as well as for 16 other combinations of the
speeds 95 kph (26.39 mps), 100 kph (27.78 mps), and 105 kph (29.17 mps). In practice, this
simulation may be run for hundreds or even thousands of combinations of speeds which may be
tested to find the optimal speed to drive each segment. It is assumed that we enter the first
segment traveling 100 kph (27.78 mps). It is also assumed that the speed listed for the segment

is the final speed of the segment and the vehicle accelerates linearly throughout the segment.

The Table below shows the resulis of the energy calculation for all of the combinations tried.
The lowest energy usage 1s 4275.94 Watt-hours. This was obtained by going 95 kph (segl), 105
kph (seg2), 95 kph (seg3), 105 kpb (seg4), 100 kph (seg5). The average speed over all 5

segments is still 100 kph, but the energy used is 10.2% less.

jterations | seg 1 seg 2 seq 3 seqg 4 seq 5 Energy units
1 27.78 27.78 27.78 27.78 27.78 4763.2484 | Whr
2 26.39 2917 27.78 27.78 27.78 4536.889 Whr
3 26,38 2017 26.39 2817 27.78 4275.938 Whr
4 26.39 2917 26.38 27.78 2817 4382.5026 | Whr
5 26.39 2817 27.78 268.39 28.17 4950.1438 | Whr
6 26.38 2917 27.78 2917 26G.39 4438.3467 | Whr
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26.39 26.39 2017 28.17 27.78 48426325 | Whr

26.39 26.39 29.17 27.78 29.17 50565.9124  Whr

26.39 26.39 27.78 2917 2817 47841865 | Whr
10 28.17 26.38 27.78 27.78 27.78 5013.2665 | whr
11 2917 26.39 26.38 29.17 2778 4745 585 Whr
12 29.17 26.38 26.38 27.78 29.17 4852.1495 | Whr
13 2917 26.39 27.78 26.38 29.17 5137.6625 | Whr
14 2917 26.39 27.78 2917 2639 4914.7142 | Whr
15 2917 29.17 26.38 26.39 27.78 4602.8845 | Whr
16 29.17 2817 26.39 27.78 26.38 4483.3028 | whr
17 2917 2817 27.78 26.39 26.38 47854617 | Whr

In general, any appropriate relationship between the information inputs, the speed (e.g., the
applied power) and the required energy may be used to determine an optimized speed. In some
variations, the energy requirement may be calculated from aerodynamic information, rolling
resistance, potential energy change due to road gradient and acceleration. FIGS. 4A, B show one
method of determining the target speeds for a route by an iterative method. One variation of a

method for determining target speeds is described by the equation;

gl cuy %(Vm +7,.) +{mgC ., +nV,, C,, )oosltan  (G))+ mg sin (tan = (G )}+ ma]

eff \

where E is the total energy used over the segment. The terms of the equation include:

Viilﬂ!

eff

where Vamt = target velocity over time, and etf 1s the efficiency of the powertrain,
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The terms inside of the parenthesis calculates the total drag force on the vehicle. However, we
want to calculate the total amount of energy. In general, Power = Force * Veloeity, and Energy =
Power * time = Force * Velocity * Time. The total amount of energy used is increased based on

the power lost due to the inefficient powertrain.

The drag force due to the aerodynamics of the car is expressed as:

m%mm +7,,)

where CdA is the coefficient of drag time area (which can be a measured value), and rho (p) is

the density of air, Vi is the target velocity in the nth iteration, and Vi is the headwind velocity.,

The drag force due to the rolling resistance of the tires is expressed as:

(mgC., +nV,, C_,)cos(tan ()

rrt uirn 2

where m is the mass of the car, g is the acceleration due to gravity, n is the number of wheels,
Vtarn is the target velocity in the nth iteration, Cri and Cpy are the coefficients of rolling
resistance, and G is the grade of the road. The coefficients of rolling resistance may be measured
values or they may be values supplied by tire manufacturer (e.g., tire manufacturer). The

numbers may vary for different road surfaces as well.
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The force due to the road pradient is:

mg sin(t:am“1 (G))

where m is the mass of the car, g is the gravitational constant, and G is the grade of the road.
The force due to the acceleration of the car is ma (the mass of the car times the acceleration aover

the sepment, assuming linear acceleration for the segment).

Putting evervthing together, the equation can be solved for E, the total energy used over the
segment. Similar equation are described for calculating the ti)tal'energy used over a segment in
“The Speed of Light, The 1996 World Solar Challenge” by Roche, Schinckel, Storey, Humphnis,

and Guelden (UNSW, 1997}, herein incorporated by reference in its entirety.

FIGS. 44, B describe a method of calculating an array of optimized velocities for an entire route
that has been broken up info segments. In some varations, only one or a subset of optimized

speeds are calcnlated.

Varations on the above equations may be made to simplify the relationships or to include
additional factors. For example, the speed varying part of the rolling resistance equation may be

removed to simplify the equation to:
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mgCreos(tant{G)).

Additional faciors could be added as well, for example, by including the variation of the
motortrain efficiency with speed, or by including the variations of the CdA depending on the

directionality of the wind.

4. Historical route information

The power managemeni device may refer to a record of historical route information. For
exarmple, the power management device may include a memory or a data structure that holds
information on routes or segments or routes that the vehicle has previously traveled. The
memory may comprise a database, a register, or the like. In some vanmations, a power
management system comimunicates with a memory or other data structure that is located
remotely. The record of historical route information may include the route information (e.g.,
slarting location and any intermediate locations), as well as information about the actual or
optimized vetocities and/or applied power for the vehicle traveling the route. The record of
historical route information mmay also include any informational from information inputs
{described below). For examnple, the record of historical route information may include
information about the time of day, weather conditions, road conditions, driver, etc. Multiple
records for the same route (or segments of a route} may be included as part of the record of

histonecal route information.
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The record of historical route information may provide statistical information on driving habits.
The driving habits of an eperator over a particular route or segment of a route may be determined
by analyzing the previous times that the driver has taken this ronte, and by looking at the
efficiency (e.g., the power efficiency) for each previous trip, and for fhe combination of previous
trips. Thus, the historical route information may be analyzed by statistical route analysis logic
that can determine a probable optimal speed at each point along a route (e.g., at segments along
the route). The more times that a driver has driven the route, the more data can be used to

estimate a probable optimal speed for all or part of the route.

Historical data may be particularly useful when there is a large amount of such data available.
Instead of trying to calculate the predicted power usage based on physics modeling, this method
merely looks at all of the previous data to determine the poﬁer that would be utilized to drive
each segment at a particular speed. For example, in the past, a driver may have driven a
particular segment 1000 times. (ut of those thousand times, she may have driven it at speeds
ranging from 80 kph to 120 kph. For cach of those 1000 times that she drove the segment, the
car recorded how fast she drove it, and how much energy was used. Therefore, to estimate how
much energy would be required to drive the segment at 95 kph, the power may be estimated by
taking an average of all of the previous tiines the dover drove that segment at 95 kph to arrive at

an estimated energy usage, rather than calculating the power from the physics calculations, as
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described above. In one variation, only the previous trips along the segment made under

approximately similar conditions are considered (e.g., similar cargo weight, headwinds, etc.).

FIG. 5 describes one method of using historical data to determine a Probable Optimal Speed.
This speed most likely approximates the optimal speed, based on previous trips. In general, this
method is most accurate when there are many similar previous trips to be in the database. FIG. 5
shows that, the location of the vehicle is periodically determined (e.g., via GPS, manual entry,
etc.), and this location can then be used to determined a historical segment corresponding to the
current location. As described above, every route may be divided into a finite number of
segments, and the more segments that the route is split into, the more accurate the algorithms
may be. However, additional segments also increase the computing power needed. The
destination is also determined periodically 505 (e.g. as the vehicle is moving), and is reevaluated
based on the current location. It can then be determined if the vehicle is in the same segment as
previously determined or if it has entered a new segment 507 since reevaluating the vehicle
location. If the answer is “yes,” then nothing needs to be done until the next time the location is
measured. If the answer is “no,” then the database is examined to find the historical information
about this segment. For example, the historical information is queried to determine what speed
the vehicle was traveling every time that the vehicle (or the specific driver of the vehicle) was in
the same segment going to the predicted destination. In particular, the historical information is
queried to determine how fast the vehicle was traveling during the trip in which the vehicle used

the least amount of energy over the same route. The result of this query gives a speed that is
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most likely the best (e.g., most efficient) speed to travel for the current trip. The process can

iteratively repeat for the next location measurement as the vehicle continues.

FIG. 5 describes a method of determining a probable optimal speed using historical route
information. In FIG. 5, the probable optimal speed is identified from the historical route
information as the most efficient speed (e.g., the speed having the lowest energy requirement)
used by the vehicle when traversing the segment, when that segment is part of a route having the
same destination as the current destination. The flowchart shown in FIG. 5 illustrates a
continuous process, in which the power management device can determine a probable optimal

speed as the current segment changes (e.g., as the vehicle moves).‘

In some variations, probable optimal speeds may be identified for the entire route. For example,
the predicted or actual route may be segmented, and an array of probable optimal speeds may be
identified from the historical route information for each segment. In some variations, the
probable optimal speed is not a single most efficient speed for a segment of a route, but is
derived from a combination (e.g., an average, median, weighted average, etc.) of all or a subset
of the historical route information speeds. In some variation, only a subset of the historical route
information is used. For example the probable optimal speed may be driver specific, so that only
information for a specific driver is used to calculate a probable optimal speed. Drivers may be

identified by bodyweight, or some other information input, including self-identification. If there
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is no historical route information for the segment or route being examined, then the probable
optimal speed may be set to a predetermined value (e.g., zera), or some other indicator may be

toggled so that the probable optimal speed is not relied upon.

In one variation, a reliability estimate may be assigned to the probable optimal speed. For
example, a reliability estimate may be related to the number of data points (e.g., the number of
times that the vehicle (or a driver driving the vehicle) has driven that segment or route. For
example, if there are no records of the vehicle driving the route, the reliability estimate may be
set very low. Generally, the more records for a route in the historical route information, or the
more closely the identifying information in the record matches the information about the current
route (e.g., the driver, weather conditions, traffic, etc.), the higher the setting of the reliability

estimate.

5. Caleulation of an efficient speed output

Finally, an efficient speed for the vehicle to travel the route {or a part of the route) may be
determined from the calculated optimized speed and the probable optimal speed. The optimum
speed is the most efficient speed (E), as described above, This efficient speed (or efficient speed
output of the power‘ management system) may also be expressed as the applied power that is

provided to the engine to achieve the speed at which the fuel cfficiency is optimal. Thus, an
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efficient speed is typically a function of the driver’s current operational demands, the current
operational conditions of the vehicle, the operational parameters for the vehicle, and any

historical hehavior of the vehicle taking the same (or a similar) route.

In general, an efficient speed output is determined by a combination of the calculated optimized
speed and the probable optimized speed afler they have been appropriately weighted. In some

variations, this weighting takes into account the total energy predicted by the calculated

| optimized speed (e.g., by the simulated energy requirement logic) and the total energy required

for the route predicted by the probable optimized speed (e.g., by the statistical route analysis
logic). The reliability estimate for the probable optimized speed may also contribute to the
weighting. The power management device may include derived efficient speed logic that can
determine efficient speeds for the vclﬁcle to travel the route, or a portion of the route. In some
variations, the efficient speeds are expressed as power or energy to be applied to the vehicle

engine (e.g., the applied power).

As previously mentioned, the methods and logic described above may be used to calculate a
speed or an app]icd power for running the vehicle at an optimal fuel efficiency. As will be
apparent to one of skill in the art, the same procedures may be used to determing a speed (or
speeds) over the route that minimize or maximize other factors, and are not lirmited to optimizing

only fuel efficiency. For example, the power management device may control the speed of the
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vehicle so as to minimize the duration of the trip instead of {or in addition to) fucl efficicncy.
Thus, the simulated encrgy requirement logic may be expressed as a simulated time requirement,
and may calculate the time required to travel a segment of the route as a function of the speed or
energy, and additional information input. In this case, calculated optimized speeds may bAﬂ
determined by minimizing the duration of the trip over each segment. Furthermore, the probable
optimal speed may be determined from the historical route information based on the duration of

travel, rather than the power applied, for each segment.

Control Logic

The power management device may include control logic for controlling the operation of the
power management device. Control logic may include logic for acquiring information inputs,
communicating with different components of the power management system, estimating the
destination of the vehiele from information inputs, segménting the route into segments,
simulating the energy requirements of the engine from information inputs, and controlling the

entire power management device or systerm.

For example, the power management device or system may include polling logie for acquiring
information inputs and may also coordinale writing of information from the power management

device 10 a memory. In some variations, the polling logic polls sources of information data that
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are provided to the power managemeni device. For example, the polling logic may poll data
from sensors, inputs, memories, or any other source of information data. The polling logic may
further coordinate storing of this data in a memory, such as a memory register or a memory
device or database that may be accessed by the power management device or system. In some
variations, the polling logic causes old data (e.g., greater than X weeks old) to be overwritien,
The polling logic may also control how often the various information data sources are polled.
For example, the polling logic may continnously poll data from external environmental sensors
(c.g., deiecting location, direction, elevation, traffic, weather, eic.) and operational status
detectors (e.g., detecting vehicle speed, well velocity, motor speed, etc.). The polling logic may
also coordinate writing of route information, For example, the polling logic may coordinate
recording the decisions made at intersections, and information about routes traveled by the
vehicle, and the like. In some variations, the polling logic also coordinates the writing of
information derived from the information inputs to a memory. For example, the polling logic
may coordinate recording the optimal speed or energy nsed to traverse a segment or other portion

of a route,

As described above, the power management device or system may also include statistical
destination logic. Statistical destination logic may infer one or more likely destinations based on
the information inputs. For example, the power management system may infer the destination of
the route based on the current location and direction of the vehicle, and the date and time of day.

In some varations, the power management system is unable to infer a final destination, but it can
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generate an intermediate destination or segment for the route, as described above. The probable
destination(s) identified by the statistical destination logic may then be used to optimize the
power needed to trave] the route or a segment of the route, and to determine a historical probable

optimal speed.

In some variations, the power management device or system includes simulated enerpy
requirement logic and statistical route analysis logic. As described above, simulated energy
requirement logic may determine a calculated optimized speed for the vehicle, and statistical
route analysis logic may be used to determine a probable optimal speed. The power management
device or system may also include derived efficient speed logic that determines the most cfficient

speed or power to be applied to the vehicle engine, as described above.

Power management logic can coordinate different components of the power management system,
including the logic components, user interfaces, informational data inputs, memory, procéssors,
motor control mechanisms, and the like. Thus, the power management system may include
power management logic to control the overall activity of the power management system.. FIG.
6 shows a graphical representation of one variation of the power management device, indicating
that the power management logic conirols and coordinates the varions components of the system.
In FIG. 6, the polling logic 617 coordinates the aetivity of information inputs 601, 603, 605. The

information inputs are also linked to each other and to the statistical destination logic 6§09,
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statistical route analysis logic 611, and simulated energy requirement logic 613. In particular,
these elements are all connected to the memory, and may read and write to this memory. The
derived efficient speed logic also controls these three logic clements 609, 611, and 613. As
described above, the derived efficient speed logic 615 may produce an efficient speed output for
each part of the route (e.g., the speeds or applied powers resulting from optimizing the fuel
efficiency over the route or parts of the route). Before this applied power can be used to control
the motor (via a motor control mechanism 61%), the power mapagement logic may che;:k for
overrides such as operator overrides (e.g., breaking), or other overrides that may be indicated by
the headway cruise control box 617. For example, the operator may override the power
management device by applying the brakes, etc. The power management device may also be
preempted by an obstruction {such as another vehicle) in the “headway™ that blocks the vehicle,

requiring the vehicle to slow or stop.

FIG. 6 shows one variation of the power management device descried herein. As will be
apparent to those of skill in the art, different variations are possible. For example, additional
components (¢.g., communications elements, mic;oprocessors, mermories, etc.), and/or additional
logic (e.g., route segmentation logic, operator interface logic, etc.) may also be included. In
some variations, some of the elements may be omitted (e.g., the separate polling logic), or may
be combined with other elements. In some variations, the organization of the ¢elements may be
different. For example, the stalistical desiination logic may be controlled by the polling logic,

rather than the derived efficient speed logic.
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Power Management Devices

In general, the power management device comprises power management logic that receives
mformation input about the external environment of ihe vehicle, the ()peré.tional status of the
vehicle, one or more command inputs from the driver, and one or more operational parameters of
the vehicle. The power management device may also include additional components such as
information inputs (e.g., sensors, detectors, relays, etc.), one or more processors (e.E.,
microprocessors), memories {e.g., databases, ROM, RAM, EPROM, etc.}), communications
devices (e.g., wireless conncctions), user interfaces (e.g., screens, control panels, etc.), and/or
motor control mechanisms. In somme variations, the power management device may be installed
into the vehicle by the vehicle manufacturer, In other variations, the power management device

may be retrofitted into a vehicle. In general, the power management device or system intervenes

between the driver and the engine. In practice, the power management systemn may be physically

located in any appropriate location in the vehicle, FIG. 7 shows one example of a vehicle
having a power management system 701 as described herein. In FIG. 7, the power management

system s shown in the fiont of the car 700, connecting the motors 705 and batterics 707.

Any appropriate sensors, delectors or data inpuls may be used with the power management
devices and systems described herein. For example, sensors for detecting external environmental
information may be used (e.g., optical, mechanical, electrical, or magnetic sensors). Sensors may
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be monitored (e.g., polled) in real-time, as described above. For example, polling logic may
coordinate continuous or periodic polling of Global Positioning System (GPS) information (e.g.,
giving information on the vehicle’s current location, current elevation, upcoming elevations,
upcomning terrain, vehicle’s destination, ete.), speedometer information (e.g., vehicle’s current
speed, motor speed), datc and time information (e.g., the date and time may be used to determine
personal driving habits and sun angle), gyroscope information (c.g., vehicle’s current orientation,
current slope/grade of road), RPM (e.g., motor and wheel rotations per minute), accelerator and
brake pedal position (e.g., pressure applied and/or curtent angle of the petals), the angle of sun
{e.g., sensors may detect latitude, Jongitude, time of day, date), weather {e.g., wind direction and
velocity, rain, sun, snow, etc.), battery state (e.g., voltage, amp hour meter, ete.), tite pressure
{e.g., may be used to calculate the drag force due to rolling resistance), headway control
information {e.g., the distance from a car in front of the vehicle), the weight of car (c.g., weight
of cargo, passengers, driver), airflow (e.g., the amount of air gomg to the engine), gas flow
sensor (e.g., the amount of pas going to engine of a hybrid or ICE car), weight of driver (e.g.,
may be used identify the driver and linked to personal driving habits). Different detectors or
sensors may be polled at different intervals, including continuously, or only occasionally.
Polling may also depend upon the availability of a resource. Fof example, information méy be

available only when a telecommunications network (e.g., satellite, cellular, etc.) is available.

In some variations, a memory may be used. The memory may be read/write memory, or read

only memory. The memory may include information, such as information on the operational
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'parameters of the vehicle related to the make and model of the vehicle. As described above,

operational parameters may include look up tables, charts, or the like. For example, 2 memory
may include information about an aerodynamic model (CDA) for the vehicle, a rolling resistance
model (Crrl and Cir2), a drive train efficiency model, a motor efficiency model, and/or a battery
model (e.g., charge and discharge graphs for the battery). In some variations, thse models are not

part of a memory, but are algorithms or logic.

Any appropriate memory may be used, including ROM, RAM, removable memories {e.g., flash
memory), erasable memories {e.g., EPROM), digital media (e.g., tape media, disk media, optical
media), or the like. In some variations, the memory may comprise a database for holding any of
the route information {including historical route information), about the segments traveled, the
speeds traveled, energy usage measured or calculated for this route or segment, who the driver
was, external environmental conditions while driving the route, operational status of the vehicle
while driving the route, and command inputs while driving the route. The power management

systemn may include more than one memory.

The power management system may also include one or more user interfaces. A user interface
may allow input of user command information {e.g., selecting a destination, selecting a route,
selecting a target speed or speeds, selecting a range of acceptable speeds, etc.). In some

variations, a user interface may also provide output from the power management system that can
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be viewed by the user. For example, the user interface may provide visnal or auditory output, or
suggest target speeds that the user can match 1o optimize power supplied to the vehicle. In some
variations the user interface may provide status information to the user about the power
management system. For example, the user interface may indicate that the power management
system is engaged, what the destination (or predicted destination) is, what the optimal speed (or
speeds) is, what inputs are missing or estimated, or the like. In some varations, the user

interface may display any of the information inputs.

FIG. B shows one variation of a vser interface for a power management device or system. In
FIG. 8, the user interface 800 includes a screen region 801, that shows a two-dimensional map
indicating at least part of the route 805 and the direction of travel 803, the temperature of the
extemal environment 807, the weather 809 (indicated by an icon), the current or derived efficient
speed 811, the set (or cruising) speed 813, and the range within which the 5pcéd should be
maintained 815. The screen region of the user interface shown in FIG. 8 also shows the

destination 819.

In some variations, the user interface of the power mnanagement system may include multiple
screens for displaying information, or for accepting user input. In FIG. 8, the user interface also
includes a plurality of bottons 821, including a toggle 823 allowing menu-driven interaction,

The user interface may also include messaging features. For example, when the vehicle is turned
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on but stopped, a user interface may indicate a message has been sent/received (e.g., by flashing,
etc.). When the user presses a “Mcssages™ button, the system may display feedback messages.
For example, if the tire pressure sensor notices that the tire pressure is low, a message to that
effect will be displayed to the user. Diagnostic/test messages can also be sent to this screen for
testing, development, or repair purposes. The messaging features may be included on the face of

the user interface (e.g., as a “Messages™ button 821, ete.).

FIG. 9 illustrates the flow of information in one variation of a power management system.
Information inputs into the power management system 91, 903, 305 enter the system and some
{or all of them) may be displayed by the user interface. For example, external information inputs
801 may be shown. The status of some of the information inputs (or the status of the detectors
that receive the information inputs} may also be shown. For example, the user interface can
indicate when the system is connected to an external information input. In some variations, the
external mformation inputs may be connected to the power management system by a wireless
transmission (e.g., from an external sourcej, and the connection to the external source may be
indicated by the user interface. As described above, the user mterface may accept command
inputs from the driver {or a passenger) 905. In some variations, user commands may be accepted
directly by using buttons on the user iterface, or by voice commands. In other variations, at
least some of the user commands may be entered into the power management system from

another source (e.g., a separate cruise control or GPS device). Finally, the user interface may
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indicate the output of the power management device or system 909, typically an efficient speed

output for the engine.

In some variations, the power management system may include a headway cruise control'. The
headway cruise control can prevent collisions when the vehicle is in motion by overriding the
power management control system’s control of the vehicle speed. In some vamations, the
headway cruise control detects the proximity of other vehicles or obstacles in the road ahead.
The headway cruise control may include sensors on the vehicle, such as laser, ultrasound or other
electronic distance measurement devices. Increasingly, more vehicles are inciuding some sort of
GPS interface to commumcate with other vehicles to determine distance between the vehicles to

avoid collisions.

The power management devices and systems described herein may also include a motor conirel
mechanism, The motor/engme contreller changes the motor speed by mechanical operations
such as pulling on a cable to adjust gas/airflow mixture or by electrical means with either analog -
or digital inputs by the driver. With ¢lectric driven motors, a variable may be changed to
increase or decrease motor speed. In the cruise control settings, the speed of the motor may

change based algorithm in the processor.
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The power management devices and systems described hercin may be organized in any
appropriate manner, as described above. For example, in some variations, the power
management device described herein may include component parts that are connected as
illustrated in FIG. 10. FIG. 10 shows a schematic of one variation of a power management
device. In FIG. 10, the power management system includes a central processor 1001 (CPU} that
can execute control logic such as power management control logic, statistical destination logic,
simulated energy requiremient logic, statistical route analysis logic, derived efficient speed logic,
polling logic, etc. This CPU receives inputs from sensors 1005, GPS receciver 1007, a clock
1011, a telemetry data receiver 1009, a speech recognition processor 1021 {(mcluding a
microphone 1019, 1025), user interface buttonz 1039, 1037, and memory components (including
RAM 1035, a long-term memory 1033, firmware ROM 1031, and a removable memory 1029,
1041). The CPU may also coordinate output through the LCD display 1015, 1017, a speaker
1023, 1027, and the motor control mechanism (motor controller) 1043. In some variations, the

sensors 1045 may also be included as part of the power management devices or systems.

As described above, the power management syslem may also be used with a telemetry system.
Thus, the power management sjstcm may communicate with one or more external components.
For example, the power management system may store information in a remote memory. The
power management systetn may also contribuie to a database of information about route, road

conditions, and the like, such as a database of historical route information. In soine vanations,
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the motor control system may remotely communicate with a processor, so that at least some of

the control logic is applied remotely.

FIG. 11 shows a schematic illustrating the use of telemetry by the motor control system. In FIG.
11, a power management device 1101 communicates by wireless communication with a database
1107 through a transmitter/receiver 1105 (shown as a satellite). Any reasonable type of wireless
communications may be used, including cellular, wireless internet connections, radio, or the like.
In this example, the database may both receive data from the power management device and/or
transmit data or instructions to the power management device. Communication between the
power management device and other components that are remotely located (e.g., memory,
processor, information inputs) may also be used to update or cotrect the power management
device. For example, the operational parameters of the vehicle may be revised or updated from a
remote source. In some variations, control logic (e.g., power management conirol logic) may be

remotely updated or revised.

The concepts described above may be used in various combinations to optimize the power used
by a vehicle. Examples of power management systems, including methods of using them, are

described below.
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EXAMPLES

1. Fuel Efficient Hybrid vehicle

Using one variation of the power management system described herein (e.g., a power
manégemem system having an integrated with a GPS}, a hybrid car approaching a large hill or
grade can adjust the ratio of electric to ICE such that the batteries would be empty at the crest of

the hill and fully charged at the bottom of the hill, and therefore would nse less gasoline.

The same methods described above could be used to calculate the energy usage of the vehicle as
in the previous example. The mix of electric to ICE can be based on the calculated energy usage
and the energy stored in the batteries. The exact mechanism for instructing the hybrid vehicle to

alter its electric/ICE ratio may vary between manufacturers.

2. Fuel Efficient Internal Combustion Engine (ICE) vehicle

Using one variation of the power management system described herein, an ICE car will speed up
on a downhill when it knows that an uphill is the next terrain, and thereby use momentum to get
up the hill, using less gasoline. FI1G. 1B illustrates this Example. As described previously, the
system may determine the optimum energy using external and internal sensors and mformation,
including the operational parameters appropriate to the vchicle. Such operational parameters

may vary from manufacturer to manufacturer (or vehicle to vehicle), and, as described above,
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could invelve sending am electrical signal to a computer-based motor controller or even

mechanically controlling the gas/air-flow mixture to the engine.

3. Energy efficient Solar-powered vehicle

Using one variation of the power management system described herein, a solar-powered car can
ensure that it has adequate power 1o traverse a predetermined route. The power management
system may ensure that there 1s enough solar energy power for the route by slowing and speeding

the car as necessary based on current energy levels and anticipated energy needs.

This example 1s similar to the example discussed when determining the optimum speed above,
with a couple of additional steps. In addition to calculating the encrgy usage, the system may
also include a solar array model that could model the power generated by the solar array
throughout the route base on the predicted weather, geographic location, and time of day. A
battery modesl may also be included to keep track of the energy put into the batteries by the solar
array, and the energy drawn from the batteries by the motor. When selecting the optimum speeds
to drive the segments of the route, the system logic (e.g., software, hardware or both), may apply

or access the battery model to prevent the battery from becoming completely drained.
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4. Preventing Engine Flooding

One of the keys to officient driving is not to step on the accelerator more than the engine can
actually burn and use efficiently. Flooding the engine not only wastes gas but it doesn’t
maximize power, despite the drivers’ demands. According to ome variation of the power
managernent system described herein, a traditional ICE engine may be protected from flooding of

the engine vsing the power management device.

In this vanation of a power management device, power management device receives information
inputs including a command input (acceleration), at-least two environmental inpuls (air
resistance), the operational status of the vehicle (velocity and engine temperature), and at least
one operational parameter (e.g., maximum Tuel volume). For example, the power management
device may receive information about the amount of pressure that the driver is applying to the
accelerator. The power management system may also detect the current speed, resistance and
temperature of the vehicle. This information input may be used to select the proper operational
parameter of the vehicle. For example, the device may includc a memory having a table of
maximum fuel volumes for a given velocity, resistance and temperature. Thus, the velocity,
resistance and temperature data may be used fo look up a maximum fuel volume. In some
variations, the maximum fuel volume may be calculate or estimated from this data. By
comparing the operator demand (for acceleration) to supply fuel with the maximum amount of

fuel that the enpine can handle, the power management control logic may correct for the drivers
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mefficiency, and instruct the motor control mechanism to provide the actual maximum amount of

fuel to the engine, thereby avoiding flooding of the engine.

This is a last example is a very simplified case of the overall actions of the power management
control system. In general, the power management device intervenes between the driver and the
engine. Thus, the power management device may interpret the driver commands so that the
driving objective is achieved while maximizing the efficiency of the vehicle based on

mformation that is not generally accessible or interpretable by the driver.

While the invention has been described in terms of particular variations and illustrative figures,
those of skill in the art will recognize that the invention is not limited to the variations or figures

described.

In addition, where methods and .steps described above indicate certain events occurring in certain
order, those of skill in the art will recognize that the ordering of certain steps may be modified
and that such modifications are in accordance with the variations of the invention. Additionally,
certain steps may be performed concurrently in a parallel process when possible, as well as
performed sequentially as described above. Therefore, to the extent there are variations of the
invention, which are within the spirit of the disclosure or equivalent to the inventions found in

the claims, it is the intent that this patent will cover those variations as well. Finally, all
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publications and patent applications cited in this specification are herein incorporated by
reference in their entirety as if each individual publication or patent application were specifically

and individually put forth herein.
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CLAIMS

What is claimed is:

1.

A method of managing the power consutnption of a vehicle, comprising:

(a)
(b)
(c)

a eomputer device receiving a route;

saitl computer device seginenting said route into segraent destinations; and

said computer device for each of said segment destinations:

(1) calculating an optimizedl speed by minimizing power consumpiion over said
segment destination using information, wherein said information is: (j)
mformation about the external environment of a vehicle, (jj) information about
the operational status of the vehicle, (jjj) one or more operator command inputs,
or (jv) one or more operational parameters of the vehicle are received as input to
said calcuiaﬁng and analyzed By ONE OT MOTE Processors;

(i) calculating a probable speed;

(ii1) determining an efficient speed based on said optimized speed and said probable
speed; and

(iv) notifying said operator about said determined efficient speed to travel said

segment destination.

The method of claim 1, further comprising continuously calculating said efficient

speed until a final destination is reached.
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The method of claim 1, wherein the step of determining said efficient speed for the

vehicle further comprises determining a historical speed for a similar destination.

The method of claim 1, further comprising notifying the aperator of the vehicle of the

calculated applied power.

The method of claim 1, wherein said power consumphtion calculation further
comprises calculating an optimal acceleration to accelerate to said determined
efficient speed to fravel said segment destination or optimal deceleration to decelerate

to said determined efficient speed to travel said segment destination.

The method of claim 5, wherein said calculation incorporates GPS information, said
determined efficient speed to travel said segment destination, or a combination

thereof.
The method of claim 1, wherein said information is based on past history information

of said vehicle, information from one or more other vehicles travelling one or more of

the same said route segments.

The method of claim 1, wherein said information comprises stored information of
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vehicles travelling overlapping route segrents.

9. The method of claim 1, further comprising an automatic transmission vehicle using

said determined efficient speed to shift gears.

5
10. A method of mariaging the power consumption of a vehicle, comprising;
a computer device for a plurality of route segments:
(a) calculating an optimized speed by minimizing power consumption over said
segment destination using infommation, wherein said information is: (i)
10 information about the external environment of a vehicle, (ii} information about
the operational status of the vehicle, (iil) one or more operator command inputs,
or (iv) one or more operational parameters of the vehicle are received as input to
said calculating and analyzed by one or more processors;
(b) calculating a probable speed;
15 (c) determining an efficient speed based on said optimized speed and said probable

speed; and
(d) applying the calculated power corresponding to said determined efficient speed

to the vehicle engine to travel said segment destination.

64

168



Docket Mo, 9748.00300c

11.
12.

5
13.
10 14.
15 15.
16.

20

The method of claim 10, further comprising continuously calculating said efficient

speed until a final destination is reached.

The method of claim 10, wherein the step of determining said efficieni speed for the

vehicle further comprises determining a historical speed for a similar destination.

The method of claim 10, further comprising notifying the operator of the vehicle of

the calculated applied power.

The method of claim 10, wherem said power consumption calculation further
comprises calculating an optimal acceleration to accelerate to said determined
efficient speed to travel said segment destination optimal deceleration to decelerate to

said determined efficient speed to travel said segment destination.

The method of claim 14, wherein said calculation incorporates GPS information, said
determined efficient speed to travel said segment destination, or a combination

thereof.

The method of claim 10, wherein said information is based on past history
information of said vehicle, information from one or more other vehicles travelling

one or more of the same said route segments.
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17. The method of claim 10, wherein said information comprises stored information of

vehicles travelling overlapping route segments.

18. The method of claim 10, further comprising an automatic transmission vehicle using

said determined efficient speed to shift gears.

b
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ABSTRACT

Described herein are devices, systems, and methods for managing the power consumption of an
automotive vehicle, and thereby for optimizing the power consumption of the vehicle. The
devices and systerns for managing the power consumption of the vehicle typically include power
management logic that can calculate an applied power for the vehicle engine based on
information provided from the external environment of the vehicle, the operational status of the
vehicle, one or more command inputs from a driver, and one or more operational parameters of

thé vehicle.
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