Atty. Dkt. No. 112444-0350
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Inventor Name: Barkha Shah

Title: BUILDING ENERGY MANAGEMENT
SYSTEM WITH AD HOC DASHBOARD

Prior Appl. Nos.: 15/182,580 and 15/182,579
Prior Appl. Filing Date: 6/14/2016

Examiner: Not Yet Assigned

Art Unit: Not Yet Assigned

CONTINUING PATENT APPLICATION
TRANSMITTAL LETTER

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

Commissioner:

Transmitted herewith for filing under 37 C.F.R. § 1.53(b) is a:
[ ] Continuation [ ] Division [ X ] Continuation-In-Part (CIP)

of the above-identified copending prior application in which no patenting, abandonment, or
termination of proceedings has occurred. Priority to the above-identified prior application is
hereby claimed under 35 U.S.C. § 120 for this continuing application. The entire disclosure of
the above-identified prior application is considered as being part of the disclosure of the

accompanying continuing application and is hereby incorporated by reference therein.
Enclosed are:

[ X] Description, Claims, and Abstract (125 pages).

[ X] Formal drawings (74 sheets, Figures 1-89).

[ X] Executed Declaration (7 pages).
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[ X] Application Data Sheet (37 CFR 1.76).

Atty. Dkt. No. 112444-0350

The adjustment to the number of sheets for EFS-Web filing follows:

Number of EFS-Web Number of Sheets for EFS-Web
Sheets Adjustment
199 X 75% 150

The filing fee is calculated below at the large entity rate:

Number Included Extra
Filed in
Basic Fee
Basic Filing
Fee
Search Fee
Examination
Fee
Size Fee 150 - 100 = 50 X
Total 20 - 20 =0 X
Claims:
Independents 2 - 3 =0 X
If any Multiple Dependent Claim(s) present: +

Surcharge under 37 CFR 1.16(e) for late filing of +
Executed Declaration or late payment of filing fee

Rate

$280.00

$600.00
$720.00

$400.00
$80.00

$420.00

$780.00
$140.00

Prioritized Examination fee (Track I) under 37 C.F.R. § 1.17 (¢)
Processing Fee (Track I) under 37 CF.R. § 1.17 (1)

TOTAL FILING FEE:
Assignment Recordation Fee: + $40.00
Processing Fee under 37 CFR 1.17(i) for Late + $140.00

Filing of English Translation of Application:
Publication Fee
TOTAL FEE

Fee
Totals

$280.00

$600.00

$720.00

$400.00

$0.00

$0.00

$0.00

$0.00

$0.00

$0.00

$2000.00

$0.00

$0.00

$0.00

$2000.00

The above-identified fees of $2000.00 are being paid by credit card via EFS-Web.

The Commissioner is hereby authorized to charge any additional fees which may be

required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, to

Deposit Account No. 19-0741. Should no proper payment be enclosed herewith, as by the credit
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Atty. Dkt. No. 112444-0350

card payment instructions in EFS-Web being incorrect or absent, resulting in a rejected or
incorrect credit card transaction, the Commissioner is authorized to charge the unpaid amount to

Deposit Account No. 19-0741.

Please direct all correspondence to the undersigned attorney or agent at the address

indicated below.

Respectfully submitted,

Date 1/17/2017 By /Joseph N. Ziebert/
FOLEY & LARDNER LLP Joseph N. Ziebert
Customer Number: 26371 Attorney for Applicant
Telephone:  (414) 297-5768 Registration No. 35,421

Facsimile: (414) 297-4900
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PTO/AIA/14 (11-15)
Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

) N Attorney Docket Number | 112444-0350
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

The application data sheet is part of the provisional or nonprovisional 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
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:

Remove
Inventor |1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ El IBarkha ‘ Fhah ‘ El
Residence Information (Select One) US Residency ® Non US Residency Active US Military Service
City |Mumbai | Country of Residence i IN |

Mailing Address of Inventor:

Address 1 bb/8 Sangeeta Apartments
Address 2 Huhu Tara Road
City | |Vlumbai | State/Province | rVIH
Postal Code | }400049 | Countryi | ‘IN
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
‘ El |~/ivek ‘ I\Iarain ‘ El
Residence Information (Select One) US Residency (8 Non US Residency Active US Military Service
City |[oreater Noida || country of Residence i IN |

Mailing Address of Inventor:

Address 1 House No. 79, Arsh Complex

Address 2 Alpha 1, Opposite Kailash Hospital

City | [ereater Noida | state/Province | rJP

Postal Code | ’201310 | Countryi | ‘IN

Inventor 3
Legal Name

EFS Web 2212
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

Attorney Docket Number

112444-0350

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention

BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Prefix| Given Name

Middle Name Family Name

[

Suffix
‘ I:)evre ‘

Residence Information (Select One)

US Residency (® Non US Residency Active US Military Service

City |Kalyan West

N |

|| Country of Residence i

Mailing Address of Inventor:

Address 1 Rutu Riverside Estate

Address 2 Building No. 1, Flat No. 205

City | |(alyan West I State/Province | rVIH

Postal Code | k21301 | Countryi [N

Inventor 4

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
‘ El Youngchoon ‘ Park ‘ El
Residence Information (Select One) e US Residency () Non US Residency Active US Military Service

City | Brookfield State/Province ‘ W Country of Residencd | US

Mailing Address of Inventor:

Address 1

P715 Chadwick Ct.

Address 2

City | |3rookﬁeld

| State/Province

|

Postal Code

| 53045 | Countryi | s

Inventor

Remove

Legal Name

Suffix

Prefix|

Given Name

Middle Name

Family Name

[Serald

| [

A

=

| [

Residence Information (Select One) () US Residency

(O Non US Residency

Active US Military Service

City

| Milwaukee

State/Province ‘

Wi

Country of Residencd

S

Mailing Address of Inventor:

Address 1 3680 S. Brust Ave.

Address 2

City | |Vlilwaukee I State/Province | bNI
Postal Code | ﬁ3207 | Countryi | ‘US

Inventor |6

Remove

Legal Name

EFS Web 2.2.12
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PTO/AIA/4 (11-

15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

Attorney Docket Number | 112444-0350

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Prefix| Given Name Middle Name Family Name Suffix

‘ El Feter )A Fraig ‘

]

Residence Information (Select One) (8 US Residency () Non US Residency Active US Military Service

City | Pewaukee State/Province ‘ Wi Country of Residencé LS

Mailing Address of Inventor:

Address 1 b45 Greenwood Ct.

Address 2

City | Fewaukee | State/Province | MI

Postal Code | [p3o72 | Countryi | ‘US

Inventor |7

Legal Name

Prefix| Given Name Middle Name Family Name Suffix

‘ El 'xlijaya }S l'.?hennupati ‘

]

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

City | Brookfield State/Province ‘ Wi Country of Residencé | IS

Mailing Address of Inventor:

Address 1 320 Greenway Terrace, Apt. 1

Address 2

City | |3rookﬁeld I State/Province | bNI
Postal Code | }53005 | Countryi | ‘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 P6371

Email Address IPDocketing@foley_com | | Add Email | |[Remove Email

EFS Web 2.2.12
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PTO/AIA/4 (11-15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 112444-0350

Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Application Information:

Title of the Invention BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Attorney Docket Number| [112444-0350 Small Entity Status Claimed [ ]

Application Type Nonprovisional -
Subject Matter | Hility -

Total Number of Drawing Sheets (if any) 74

Suggested Figure for Publication (if any) | [1

Filing By Reference:

Only complete this section when filing an application by reference under 35 US.C. 111(c) and 37 CFR 1.57(a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previously
filed application

Filing date {YYYY-MM-DD)

Intellectual Property Authority or Country

Publication Information:

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

Req uest 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 application 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 D6371

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

Attorney Docket Number | 112444-0350

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes
the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status v Remove

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

[Claims benefit of provisional - 62/286273 2016-01-22

Prior Application Status A Remove

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

4

[Continuation in part of 15/182580 2016-06-14

Prior Application Status -

Filing or 371(c) Date
Application Number Centinuity Type Prior Application Number (YYYY-MM-DD)

[Continuation in part of -l 15/182579 2016-06-14

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the pricrity document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g){1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

L Attorney Docket Number | 112444-0350
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

Attorney Docket Number | 112444-0350

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly sighed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property (IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office (EPQO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 helow, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authoerization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIPO), the State Intellectual Property Office of the People’s Republic of
China (SIP0O), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related biblicgraphic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

().

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2_ Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s}

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authocrize the USPTO to transmit to the EPO any search results from the instant patent
[] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

Attorney Docket Number | 112444-0350

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant }

If the applicant is the inventor (or the remaining jeint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

R

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

Johnson Controls Technology Company

Mailing Address Information For Applicant:

Address 1 9200 Halyard Drive

Address 2

City Plymouth State/Province MI
Country ‘ s Postal Code 48170
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assignment recorded by the Office.

EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

Attorney Docket Number | 112444-0350

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Assignee (1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. X
Organization Name Johnson Controls Technology Company
Mailing Address Information For Assignee including Non-Applicant Assignee:
Address 1 9200 Halyard Drive
Address 2
City Plymouth I State/Province MI
Countryi s I Postal Code 48170
Phone Number | Fax Number
Email Address
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by o

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14{c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |fJoseph N. Ziebert/ Date (YYYY-MM-DD)| R017-01-17
First Name Poseph N. Last Name | Fieben Registration Number 5421
Additional Signature may be generated within this form by selecting the Add button. Add
EFS Web 2.2.12
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PTO/AIA/14 (11-15)

Approved for use through 04/30/2017. 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 information unless it contains a valid OMB control number.

L Attorney Docket Number | 112444-0350
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

This collection of information is required by 37 CFR 1.76. 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.5.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

EFS Web 2.2.12

WILLOW TECH. EX. 1007
Page 13



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.5. 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.SC. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord 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 Arecord 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,  Arecord 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.5.C.
552a{m).

5. Arecord 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 Organizaticn, pursuant to the Patent CooperationTreaty.

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.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord 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 1.5.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., GS5A or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this systemn 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.5.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the pubilic 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 inspections or an issued patent.

9. Arecord 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 viclation of law or regulation.

EFS Web 2212

WILLOW TECH. EX. 1007
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. PTQIAIAQT frnogified)

e

DECLARATION (37 CFR 1.83) FOR UTILITY OR DESIGN APPLICATION

USING AN APPLICATION DATA SHEET (37 OFR 1.78} 112444-9350

ey
]

Title of

Irvention BUILDING ENERGY MAMAGEMENT SYSTEM WiTH AD HOC DASHBOARD

As the below namad invenier, | hereby declare that

This declaration B The attached application, o
is directed to:
i3 United States application or PCT inlemational applicaton number
filed on

The shove-identified application was made of authorized to be made by me.

i baliave that | am the original inventor or an original joint inventor of a claimed invention in the appiication.

{ haraby acknowledge that any willful false statement made in this declaration is punishabie under 18 U.S.C. 1001 by
fine or imprisonment of nol more than {8} vears, or both,

WARNING:

Peliionerfapplicant is cautioned i avoid submitting perscnal information in documents filed in a patent appiication that
may contribute to identity theft, Personal information such as social security numbers, bank account numbers, or oredit
card numbers {other than a check of credit card authorization form PTG-2038 submitted for payment purposes) is
naver reguired by the USPTO fo suppert a petition or an application. i this type of parsenal information is included in
documenis submitied o the USPTO, petitionersiapplicanis should consider redacting such personal infommation from

§ s documents bafors submitting them to the USPFTO. Petitionerfapplicant is advised thal the record of a patent

i apgiication is avallabie to the public after publication of the epplication (unless & non-publication request in compliance
{ with 37 CFR 1.213(a) is made in the appiication) or issuance of a patent. Furthermore, the record from an abandoned
1 application may aiso be available v the public if the application is referanced in & published application or an issued

i patent (see 37 OFR 1.14). Checks and oradit card authorization forms PTG-20138 submitied for paymant purpeses are
§ not retained in the apglication file and thersfore are not publicly avallabls,

§ Invenion VIVEK NARAIN

i . o
i Signature: \E ,\;Q}QJ NM}

LEGAL MAME OF INVENTOR

Note: An gppiication data sheat (PTOEBM or sguivaient), including naming the entire inventive entity, must
accompany this fora or must have heen previously fled. Use an additional PTO/AIADT form for each additionat
inventor.

4837884320641

WILLOW TECH

. EX. 1007
Page 15



EICHAMAGT Sl

DECLARATION (37 CFR 1.83} FOR UTILITY OR DESIGN

APPLICATION USING AN APPLICATION DATA SHEET (37 OFR 1.76) 112444-0350

Title of

Invention BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

As the below named inventor, | hereby declare that:

This deciaration & Tha attached application, of
is diracied to:
[ United States application or PCT international spplication number
filgd on

The above-identified application was made or authorizad 1 be mads by me.

| believe that | am the original inventor or an original joint inventor of & claimed Invention in the application,

i hereby acknowledge that any willful false siatement made in this deciaration is punishable under 18 U.S.C. 1001 by
3 fine or imprisonment of not more than {8) years, of both.

WARNING:

§ Petitionsr/applicant is cautioned to aveid subrmitting pesonal information in documeants filed in a patent applicalion that
may oonlibute © identity theft, Persona! infommation such 35 social securily numbers, bank aconunt numbaers, of Sredit
i card numbers {other than 2 check or oredit card authorization form PTO-2038 submidled for payment purposes) is
§ never required by the LISPTC to support & petition of an application. I this type of personal information Is-included in
{ documents submitted to the USPTD, petitioners/spplicants shoutd consider redacting such parsonal information from
the documants before submitling them to the USPTO, Petitionsriapplicant is advised that the racord of a patent
appiication is availaple {o the public after publication of the application (unless 3 non-publication reguest in compliance
§ with 37 CFR 1.213(a) s made in the spplication) or issuance of a patent. Furihemmore, the racord from an abandoned
application may also be available to the public if the application is referencad in 3 published application or an issusd
patent {see 37 CFR 1.14), Checks and credil card authorization forms PTO-2038 submitted for pavment purposes are
not retained in the application file and therefore are not publicly available,

LEGAL NAME OF INVENTOR

&
inventor.  VARUL DEVRE Date (Optionaty £ ® o 204

Signaturs: - V\}E"g’i\jg& D@Aﬁz &

© Note: Arn application data sheet (PTQ/SEB/M4 or equivalant), including naming the entire ventive antity, must
accomgpany this form or must have been previously filed. Use an additional PTOAIL01T fonm for each additional
inventor,

4837-8G43-2084.1

WILLOW TECH. EX. 1007
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SECEARG L Mndiisd

DECLARATION (37 CFR 1.63} FOR UTILITY OR DERIGHN 112844-0350
APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.78) -

Titte of

{nvention BLHLDING ENERGY MANAGE MENT SYSTEM WITH AD HOU DASHBOARD

Ag the halow named inventor, | hereby dachare thet

{ This declaration 4 The attached application, or
s divected 0!

0 United States application or PCT nternational application number
filed on

The above-identified application was made or asthonized fo be made by me.

{ betieve thal | am the original inventor or an origing! joint invenior of 3 claimed invention in the applisation.

| hereby acknowladge that any witiful falss statement made in this declaration is punishable under 18 U.8.C. 1001 by
fing or imprisonment of not more than (§) years, o bolh,

YWARMING:

Petitionerfapplicant is cautioned o aveid submitting personal infarmation in decuments filed in a patent application that
may contibute o identity thefl. Personal information such as social securily numbers, bank account numbers, or cresit
card numbers {other than a chack or credit cand authorization form PTO-2038 submitted for payment purposes} is
never required by the USPTO to support a petition or an application. Hf this type of persenal information fe included in
documants submitted o the USPTO, petitionersfapplicants should consider redacting such personai information from
the documents before submitting them to the USPTO. Pelitioner/zpplicant is advised that the record ¢f 3 patent
applisation is available to the public afier publication of the application {unless a non-publication request in compiiance
with 37 OFR 1.213{a) is mads in the application} or issuance of 3 patent. Fuithemaore, the record from an abandoned
apglication may also be available {o the public if the application is referenced in 2 published application or an ssusd
patent {see 37 OFR 1.14), Chacks and credit card autherization forms PTO-2038 submitted for payment purposes are
nol reirined in the application file and therefore are not publicly avaitable.

LEGAL NAME OF INVENTOR

inventor BARKHA SHAH Date {Optional):

&
¥ 3
Signature: ﬁ{iz\ji;{

Mote: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must
accompany thia form or must have bean proviously filed. Use an additional PTG/AINGT form for sach addiional
s invertor,

A§3T-5843-2084.1

WILLOW TECH. EX. 1007
Page 17



PTQ/AIA/Q1 (modified)

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN

APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76) 112444-0350

Title of

Invention BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

As the below named inventor, | hereby declare that:

This declaration X The attached application, or
is directed to:
O United States application or PCT international application number
filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that
may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit
card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is
never required by the USPTO to support a petition or an application. If this type of personal information is included in
documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information from
the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in compliance
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned
application may also be available to the public if the application is referenced in a published application or an issued
patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes are
not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: YOUNGCHOON P Date (Optional):
Signature: / //)/ \ /

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must
accompany this form or must have been previously filed. Use an additional PTO/AIA/01 form for each additional
inventor.

4837-8643-2064.1

WILLOW TECH. EX. 1007
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PTOQ/AIAQ (modi

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN

APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76) 112444-0350

Title of

Invention BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

As the below named inventor, | hereby declare that:

This declaration X The attached application, or
is directed to:
O United States application or PCT international application number
filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that
may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit
card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is
never required by the USPTO to support a petition or an application. If this type of personal information is included in
documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information from
the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in compliance
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned
application may also be available to the public if the application is referenced in a published application or an issued
patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes are
not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor:  GERALD A. ASP Date (Optionaly | = /0+17)

Signature: \/%.\ . CQ__p
[/

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must
accompany this form or must have been previously filed. Use an additional PTO/AIA/01 form for each additional
inventor.

4837-8643-2064.1

WILLOW TECH. EX. 1007
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PTQ/AIA/Q1 (maodi

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN 112444-0350
APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76) )

Title of

Invention BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

As the below named inventor, | hereby declare that:

This declaration X The attached application, or
is directed to:
O United States application or PCT international application number
filed on

The above-identified application was made or authorized to be made by me.

I believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that
may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit
card numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is
never required by the USPTO to support a petition or an application. If this type of personal information is included in
documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information from
the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in compliance
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned
application may also be available to the public if the application is referenced in a published application or an issued
patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment purposes are
not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor:  PETER A. CRAIG Date (Optional): %/»_\.6 2()[7
Signature: %& 6( [\ el

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must
accompany this form or must have been previously filed. Use an additional PTO/AIA/01 form for each additional
inventor.

4837-8643-2064.1

WILLOW TECH. EX. 1007
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PLCAIAQT (modified)

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN ,

APPLICATION USING AN APPLICATION DATA SHEET (37 CFR 1.76) 112444-0350

Title of

Invention BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

As the below named inventor, | hereby declare that:

This declaration 2 The attached application, or
is directed to:
1 United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| bedieve that | am the original inventor or an original joint inventor of a claimed invention in the apglication.

| hereby acknowledge that any wiliful false statement made in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than (3} vears, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in decuments filed in a patent application that
may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit
card numbers {(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is
never required by the USPTO to support a petition or an appilication. If this type of personal information is included in
documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information from
the documents before submitting them o the USPTO. Petitioner/applicant is advised that the record of g palent
application is available to the public after publication of the application {unless a non-pubiication request in compliance
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned
application may aiso be available to the public if the application is referenced in a published application or an issued
patent (see 37 CFR 1.14). Checks and cradit card authorization forms PT0O-2038 subimitted for payment purpeses are
not refained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: VIJAYA 8. CHENNUPATI Date (Optional): 01/10/2017

Signature: @g//

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must
accompany this form or must have been previously filed. Use an additional PTO/AIA/01 form for each additional
inventor.

4837-8643-2064 .1

WILLOW TECH. EX. 1007
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/‘1400

{
"name" : "University Campus/Main Building/Main Floor/Wing3",
"collapsible" : false,
"maximizable" : false, 1402
"editable" : false,
"rows" : [
1404~ ¢
"columns":
1406 =" g [
"widget" : {
1408/ "name" : "MEMS Meter",
"type" : "spline", 1412
"config" : {
"title" : "",
"x_title": "datetime",
"y_title": "KW,
1414 | “token_api": "https://dev-platform.bldng.io/IDM/ims/connect/token",
"sample_api" : "https://dev-platform.bldng.io/Timeseries2/samples",
"points" : ["6f25045-a1f9-459¢-b9d9-6fff8ce027b0.Raw",
"6f2504f5-a1f9-459¢-b9d9-61ff8ce027b0.AverageYearly",
"6f250415-a1f9-459¢-b9d9-6fff8ce027b0.AverageQuarterHour",
"6f2504f5-a1f9-459¢-b9d9-6fff8ce027b0.AverageMonthly",
"6f250415-a1f9-459¢-b9d9-6fff8ce027b0.AverageHourly",
"6f2504f5-a1f9-459¢-b9d9-6fff8ce027b0.AverageDaily"]
}
}
13
{ 4 {
"widget" :
1410 " "name" : "MEMS Meter",
"type" : "column", 1416
"config" : {
"title" : "Instantaneous Consumption”,
"x_title": "datetime",
"y_title": "KWH",
1418 "token_api": "https://dev-platform.bldng.io/IDM/ims/connect/token”,
"sample_api" : "https://dev-platform.bldng.io/Timeseries2/samples",
"points" : ["b4c4dc93-5eff-4158-b731-4337aa3812ca.Raw",
"b4c4dc93-5eff-4158-b731-4337aa3812ca.DeltaYearly",
"b4c4dc93-5eff-4158-b731-4337aa3812ca.DeltaQuarterHour”,
"b4c4dc93-5eff-4158-b731-4337aa3812ca.DeltaMonthly”,
"b4c4dc93-5eff-4158-b731-4337aa3812ca.DeltaHourly",
"b4c4dc93-5eff-4158-b731-4337aa3812ca.DeltaDaily"]
}
, }
) FIG. 14
}
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"name" : "University Campue/Main Building/Main Floor/Wing5",

"collapsible” : false, 1602 /“ 1600
"maximizable” : false,

"editable” : false,

"rows" : [
1604~
"columns”: [
1606~ o
~widget" :

1608—" % name® - 'BTU Meter”,
"type" : "spline”, 1612
"config" : {

( ‘title”: "Instantaneous Consumption”,
"x_title": "datetime",
"y_title™: ™",
"token_api": "https://dev-platform.bldng.io/IDM/ims/connect/token",
"sample_api" : "https://dev-platform.bldng.io/Timeseries2/samples”,
1614 < "points” : ["f6e4bb1c-f8f5-47d1-8da5-283362¢ch3f5d.Raw",
"f6e4bb1c-f8f5-47d1-8da5-283362cb3f5d. TotalYearly”,
"f6ed4bb1c-f8f5-47d1-8da5-283362ch3f5d. TotalQuarterHour",
"f6e4bb1c-f8f5-47d1-8da5-283362ch3f5d. TotalMonthly”,
"f6ed4bb1c-f8f5-47d1-8da5-283362cb3f5d. TotalHourly",
. "f6e4bb1c-f8f5-47d1-8da5-283362ch3f5d. TotalDaily"]

h
{

"columns™; [
1607 " ¢ "‘”: t
"widget" :
1610 =" " e’ Metor 1", } 616

"type" : "spline",
"config" : {
 “title" : "Instantaneous Consumption”,
"x_title": "datetime”,
"y_title™: ™",
"token_api": "https://dev-platform.bldng.io/IDM/ims/connect/token”,
"sample_api" : "https://dev-platform.bldng.io/Timeseries2/samples”,
1618 9 ‘"points":["1e829c3f-1967-41ef-a3b4-8b1echccaze6.Raw”,
"1e829¢3f-1967-41ef-a3b4-8b1ecbcca2eb.AverageYearly”,
"1e829c3f-1967-41ef-a3b4-8b1ecbcca2e6.AverageQuarterHour",
"1e829c3f-1967-41ef-a3b4-8b1ecbcca2e6.AverageMonthly”,
"1¢829¢3f-1967-41ef-a3b4-8b1ecbcca2eb. AverageHourly",
- "1e829c3f-1967-41ef-a3b4-8b1ecbcca2e6.AverageDaily"]

}
h

"type" : "spline",
"config" : {
r "title"” : "Interval Consumption”,
"x_title": "datetime”,
"y_title™: ™,
"token_api": "https://dev-platform.bldng.io/IDM/ims/connect/token",
"sample_api" : "https://dev-platform.bldng.io/Timeseries2/samples”,
1624 o "points” : ["e332d56e-a8e2-402¢-89f5-a66b5ac93c3f.Raw”,
"e332d56e-a8e2-402c-89f5-a66b5ac93c3f. TotalYearly"”,
"e332d56e-a8e2-402c-89f5-a66b5ac93c3f. TotalQuarterHour",
"e332d56e-a8e2-402¢-89f5-a66b5ac93c3f. TotalMonthly”,
"e332d56e-a8e2-402¢c-89f5-a66b5ac93c3f. TotalHourly",
~ "e332d56e-a8e2-402c-89f5-a66b5ac93c3f. TotalDaily"]

) FIG. 16

{
1620 " rane : Motor 1 } 620
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3500

3502
v
Define space tree
¢ 3504
|/
Define data source
¢ 3506
|/
Test connection to ADX
¢ 3508
|/
Discover points
¢ 3510
|/
Map points
¢ 3512
|/
Update point attributes if required
¢ 3514
|/
Sync with data platform
¢ 3516
/
Fetch historic data for selected points
¢ 3518
Map points to space tree to -
show data on dashboard

FIG. 35
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5302
For each time interval in a baseline period, calculate 7
normalized CDD, HDD, and energy consumption
¢ 5304
Generate an energy consumption model using the 7
baseline CDD, HDD, and energy consumption values
¢ 5306
Estimate normalized energy consumption for current
time period by applying current CDD and HDD values to
energy consumption model
¢ 5308
Multiply normalized energy consumption estimate by
duration of current time period to determine total
expected energy consumption during current time period
il 5310
Generate energy consumption statistics based on 7
expected and actual energy consumption during
current time period
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BUILDING ENERGY MANAGEMENT
SYSTEM WITH AD HOC DASHBOARD

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application No. 62/286,273 filed January 22, 2016. This application is also a continuation-in-
part of both U.S. Patent Application No. 15/182,579 filed June 14, 2016, and U.S. Patent
Application No. 15/182,580 filed June 14, 2016. The entire disclosure of each of these patent

applications is incorporated by reference herein.
BACKGROUND

[0002] The present disclosure relates generally to the field of building management systems. A
building management system (BMS) is, in general, a system of devices configured to control,
monitor, and manage equipment in or around a building or building area. A BMS can include,
for example, a HVAC system, a security system, a lighting system, a fire alerting system, any
other system that is capable of managing building functions or devices, or any combination

thereof.

[0003] A BMS can collect data from sensors and other types of building equipment. Data can
be collected over time and combined into streams of timeseries data. Each sample of the
timeseries data can include a timestamp and a data value. Some BMSs store raw timeseries data
in a relational database without significant organization or processing at the time of data
collection. Applications that consume the timeseries data are typically responsible for retrieving
the raw timeseries data from the database and generating views of the timeseries data that can be
presented via a chart, graph, or other user interface. These processing steps are typically
performed in response to a request for the timeseries data, which can significantly delay data

presentation at query time.
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SUMMARY

[0004] One implementation of the present disclosure is a building energy management system.
The system includes building equipment, a data collector, one or more data platform services, a
timeseries database, and an energy management application. The building equipment are
operable to monitor and control a variable in the building energy management system and
configured to provide raw data samples of a data point associated with the variable. The data
collector is configured to collect the raw data samples from the building equipment and generate
a raw data timeseries including a plurality of the raw data samples. The data platform services
are configured to generate one or more optimized data timeseries from the raw data timeseries.
The timeseries database is configured to store a plurality of timeseries associated with the data
point. The plurality of timeseries include the raw data timeseries and the one or more optimized
data timeseries. The energy management application is configured to generate an ad hoc
dashboard including a widget and to associate the widget with the data point. The widget is
configured to display a graphical visualization of the plurality of timeseries associated with the
data point and includes interactive user interface options for switching between the plurality of

timeseries associated with the data point.

[0005] In some embodiments, the data platform services include a sample aggregator
configured to automatically generate a data rollup timeseries including a plurality of aggregated
data samples by aggregating the raw data samples as the raw data samples are collected from the
building equipment and store the data rollup timeseries in the timeseries database as one of the

optimized data timeseries.

[0006] In some embodiments, the data platform services include a virtual point calculator
configured to create a virtual data point representing a non-measured variable, calculate data
values for a plurality of samples of the virtual data point as a function of the raw data samples,
generate a virtual point timeseries including the plurality of samples of the virtual data point, and
store the virtual point timeseries in the timeseries database as one of the optimized data

timeseries.
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[0007] In some embodiments, the data platform services include an analytics service
configured to perform one or more analytics using the raw data timeseries, generate a results
timeseries including a plurality of result samples indicating results of the analytics, and store the

results timeseries in the timeseries database as one of the optimized data timeseries.

[0008] In some embodiments, the ad hoc dashboard includes a widget creation interface
including a plurality of selectable widget types. Each of the widget types may correspond to a
different type of widget the ad hoc dashboard is configured to create. The widget types may
include at least one of a charting widget, a data visualization widget, a display widget, a time or

date widget, and a weather information widget.

[0009] In some embodiments, the widget is a charting widget configured to display a chart of
the plurality of timeseries associated with the data point. The chart may include at least one of a

line chart, an area chart, a column chart, a bar chart, a stacked chart, and a pie chart.

[0010] In some embodiments, the timeseries database is configured to store a plurality of
timeseries associated with a plurality of different data points. In some embodiments, the ad hoc
dashboard is configured to associate the widget with each of the plurality of timeseries associated
with the plurality of different data points. The widget may be configured to display a graphical

visualization of each of the plurality of timeseries associated with the widget.

[0011] In some embodiments, the widget is configured to determine a unit of measure for each
of the plurality of timeseries associated with the widget and generate a line chart including a
plurality of lines. Each of the plurality of lines may correspond to one or the plurality of
timeseries associated with the widget. The widget may assign a common color to each of the
plurality of lines corresponding to timeseries with the same unit of measure and may assign
different colors to each of the plurality of lines corresponding to timeseries with different units of

measure.

[0012] In some embodiments, the widget is configured to generate a heat map including a
plurality of cells. Each of the cells may correspond to a different sample of the data point

associated with the widget. The widget may be configured to identify a numerical data value for

4.
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each of the samples corresponding to the cells of the heat map and may assign a color to each

cell of the heat map based on the numerical data value of the corresponding sample.

[0013] In some embodiments, the ad hoc dashboard is configured to display a points list
including a plurality of points detected in the building energy management system, receive a user
input dragging and dropping one or more of the points from the points list onto the widget, and
associate the one or more points with the widget in response to the user input dragging and

dropping one or more of the points from the points list onto the widget.

[0014] Another implementation of the present disclosure is a method for generating an ad hoc
dashboard in a building energy management system. The method includes operating building
equipment to monitor and control a variable in the building energy management system,
collecting raw data samples of a data point associated with the variable from the building
equipment, generating a raw data timeseries including a plurality of the raw data samples,
generating one or more optimized data timeseries from the raw data timeseries, and storing a
plurality of timeseries associated with the data point in a timeseries database. The plurality of
timeseries include the raw data timeseries and the one or more optimized data timeseries. The
method further includes generating an ad hoc dashboard including a widget associated with the
data point. The widget is configured to display a graphical visualization of the plurality of
timeseries associated with the data point and includes interactive user interface options for

switching between the plurality of timeseries associated with the data point.

[0015] In some embodiments, generating the one or more optimized data timeseries includes
automatically generating a data rollup timeseries including a plurality of aggregated data
samples. The data rollup timeseries can be generated by aggregating the raw data samples as the
raw data samples are collected from the building equipment. The method may include storing

the data rollup timeseries in the timeseries database as one of the optimized data timeseries.

[0016] In some embodiments, generating the one or more optimized data timeseries includes
creating a virtual data point representing a non-measured variable, calculating data values for a

plurality of samples of the virtual data point as a function of the raw data samples, generating a
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virtual point timeseries including the plurality of samples of the virtual data point, and storing the

virtual point timeseries in the timeseries database as one of the optimized data timeseries.

[0017] In some embodiments, generating the one or more optimized data timeseries includes
performing one or more analytics using the raw data timeseries, generating a results timeseries
including a plurality of result samples indicating results of the analytics, and storing the results

timeseries in the timeseries database as one of the optimized data timeseries.

[0018] In some embodiments, the method includes presenting, via the ad hoc dashboard, a
widget creation interface including a plurality of selectable widget types. Each of the widget
types may correspond to a different type of widget the ad hoc dashboard is configured to create.
The widget types may include at least one of a charting widget, a data visualization widget, a

display widget, a time or date widget, and a weather information widget.

[0019] In some embodiments, the method includes displaying, in the widget, a chart of the
plurality of timeseries associated with the data point. The chart may include at least one of a line

chart, an area chart, a column chart, a bar chart, a stacked chart, and a pie chart.

[0020] In some embodiments, the method includes storing a plurality of timeseries associated
with a plurality of different data points in the timeseries database, associating the widget with
each of the plurality of timeseries associated with the plurality of different data points, and
displaying, in the widget, a graphical visualization of each of the plurality of timeseries

associated with the widget.

[0021] In some embodiments, the method includes determining a unit of measure for each of
the plurality of timeseries associated with the widget and generating a line chart including a
plurality of lines. Each of the plurality of lines may correspond to one or the plurality of
timeseries associated with the widget. The method may include assigning a common color to
each of the plurality of lines corresponding to timeseries with the same unit of measure and
assigning different colors to each of the plurality of lines corresponding to timeseries with

different units of measure.
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[0022] In some embodiments, the method includes generating a heat map including a plurality
of cells. Each of the cells may correspond to a different sample of the data point associated with
the widget. The method may include identifying a numerical data value for each of the samples
corresponding to the cells of the heat map and assigning a color to each cell of the heat map

based on the numerical data value of the corresponding sample.

[0023] In some embodiments, the method includes displaying a points list including a plurality
of points detected in the building energy management system, receiving a user input dragging
and dropping one or more of the points from the points list onto the widget, and associating the
one or more points with the widget in response to the user input dragging and dropping one or

more of the points from the points list onto the widget.

[0024] Those skilled in the art will appreciate that the summary is illustrative only and is not
intended to be in any way limiting. Other aspects, inventive features, and advantages of the
devices and/or processes described herein, as defined solely by the claims, will become apparent
in the detailed description set forth herein and taken in conjunction with the accompanying

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0025] FIG. 1 is a drawing of a building equipped with a building management system (BMS)

and a HVAC system, according to some embodiments.

[0026] FIG. 2 is a schematic of a waterside system which can be used as part of the HVAC

system of FIG. 1, according to some embodiments.

[0027] FIG. 3 is a block diagram of an airside system which can be used as part of the HVAC

system of FIG. 1, according to some embodiments.

[0028] FIG. 4 is a block diagram of a BMS which can be used in the building of FIG. 1,

according to some embodiments.
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[0029] FIG. 5 is a block diagram of another BMS which can be used in the building of FIG. 1.
The BMS is shown to include a data collector, data platform services, applications, and a

dashboard layout generator, according to some embodiments.

[0030] FIG. 6 is a block diagram of a timeseries service and an analytics service which can be
implemented as some of the data platform services shown in FIG. 5, according to some

embodiments.

[0031] FIG. 7A is a block diagram illustrating an aggregation technique which can be used by
the sample aggregator shown in FIG. 6 to aggregate raw data samples, according to some

embodiments.

[0032] FIG. 7B is a data table which can be used to store raw data timeseries and a variety of
optimized data timeseries which can be generated by the timeseries service of FIG. 6, according

to some embodiments.

[0033] FIG. 8 is a drawing of several timeseries illustrating the synchronization of data
samples which can be performed by the data aggregator shown in FIG. 6, according to some

embodiments.

[0034] FIG. 9A is a flow diagram illustrating the creation and storage of a fault detection
timeseries which can be performed by the job manager shown in FIG. 6, according to some

embodiments.

[0035] FIG. 9B is a data table which can be used to store the raw data timeseries and the fault

detection timeseries, according to some embodiments.

[0036] FIG. 9C is a flow diagram illustrating how various timeseries can be generated, stored,

and used by the data platform services of FIG. 5, according to some embodiments.

[0037] FIG. 10A is an entity graph illustrating relationships between an organization, a space, a
system, a point, and a timeseries, which can be used by the data collector of FIG. 5, according to

some embodiments.
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[0038] FIG. 10B is an example of an entity graph for a particular building management system

according to some embodiments.

[0039] FIG. 11 is an object relationship diagram illustrating relationships between an entity
template, a point, a timeseries, and a data sample, which can be used by the data collector of

FIG. 5 and the timeseries service of FIG. 6, according to some embodiments.

[0040] FIG. 12 is a flow diagram illustrating the operation of the dashboard layout generator of

FIG. 5, according to some embodiments.

[0041] FIG. 13 is a grid illustrating dashboard layout description which can be generated by

the dashboard layout generator of FIG. 5, according to some embodiments.

[0042] FIG. 14 is an example of object code describing a dashboard layout which can be

generated by the dashboard layout generator of FIG. 5, according to some embodiments.

[0043] FIG. 15 is a user interface illustrating a dashboard layout which can be generated from

the dashboard layout description of FIG. 14, according to some embodiments.

[0044] FIG. 16 is another example of object code describing another dashboard layout which

can be generated by the dashboard layout generator of FIG. 5, according to some embodiments.

[0045] FIG. 17 is a user interface illustrating a dashboard layout which can be generated from

the dashboard layout description of FIG. 16, according to some embodiments.

[0046] FIG. 18 is a login interface which may be generated by the BMS of FIG. 5, according to

some embodiments.

[0047] FIGS. 19-34 are drawings of an overview dashboard which may be generated by the
BMS of FIG. 5, according to some embodiments.

[0048] FIG. 35 is a flowchart of a process for configuring an energy management application,

according to some embodiments.

[0049] FIGS. 36-39 are drawings of an interface for configuring spaces, which may be

generated by the BMS of FIG. 5, according to some embodiments.
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[0050] FIGS. 40-45 are drawings of an interface for configuring data sources, which may be

generated by the BMS of FIG. 5, according to some embodiments.

[0051] FIG. 46-49 are drawings of an interface for configuring meters, which may be

generated by the BMS of FIG. 5, according to some embodiments.

[0052] FIGS. 50-51 are additional drawings of the overview dashboard shown in FIGS. 19-34,

according to some embodiments.

[0053] FIG. 52 is a block diagram illustrating the analytics service of FIG. 6 in greater detail
showing a weather normalization module, an energy benchmarking module, a baseline
comparison module, a night/day comparison module, and a weekend/weekday comparison

module, according to some embodiments.

[0054] FIG. 53 is a flowchart of a process which may be performed by the weather

normalization module of FIG. 52, according to some embodiments.

[0055] FIG. 54 is a graph illustrating a regression model which may be generated by the

weather normalization module of FIG. 52, according to some embodiments.

[0056] FIG. 55 is a chart of energy use intensity values, which may be generated by the energy

benchmarking module of FIG. 52, according to some embodiments.

[0057] FIG. 56 is a chart of building energy consumption relative to a baseline, which may be

generated by the baseline comparison module of FIG. 52, according to some embodiments.

[0058] FIG. 57 is a chart of building energy consumption, which may be generated by the
night/day comparison module of FIG. 52, highlighting a day with a high nighttime-to-daytime

energy consumption ratio, according to some embodiments.

[0059] FIG. 58 is a chart of building energy consumption, which may be generated by the
weekend/weekday comparison module of FIG. 52, highlighting a weekend with a high weekend-

to-weekday energy consumption ratio, according to some embodiments.
[0060] FIG. 59 is an ad hoc interface which may be generated by the BMS of FIG. 5, according

to some embodiments.
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[0061] FIGS. 60-61 are interfaces for creating widgets in the ad hoc interface of FIG. 59,

according to some embodiments.

[0062] FIGS. 62-63 are interfaces for configuring widgets in the ad hoc interface of FIG. 59,

according to some embodiments.

[0063] FIGS. 64-66 are interfaces for aggregating and displaying timeseries data in the ad hoc

interface of FIG. 59, according to some embodiments.

[0064] FIGS. 67-69 are interfaces for creating and configuring heat map widgets in the ad hoc

interface of FIG. 59, according to some embodiments.

[0065] FIGS. 70-71 are interfaces for creating and configuring text box widgets in the ad hoc

interface of FIG. 59, according to some embodiments.

[0066] FIGS. 72-73 are interfaces for creating and configuring image widgets in the ad hoc

interface of FIG. 59, according to some embodiments.

[0067] FIGS. 74-75 are interfaces for creating and configuring date widgets in the ad hoc

interface of FIG. 59, according to some embodiments.

[0068] FIGS. 76-78 are interfaces for creating and configuring clock widgets in the ad hoc

interface of FIG. 59, according to some embodiments.

[0069] FIGS. 79-81 are interfaces for creating and configuring weather widgets in the ad hoc

interface of FIG. 59, according to some embodiments.

[0070] FIGS. 82-83 are interfaces for sharing the ad hoc interface of FIG. 59 with other users

or groups, according to some embodiments.

[0071] FIGS. 84-85 are interfaces for creating and configuring stacked chart widgets in the ad

hoc interface of FIG. 59, according to some embodiments.

[0072] FIGS. 86-87 are interfaces for creating and configuring pie chart widgets in the ad hoc

interface of FIG. 59, according to some embodiments.
-11-
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[0073] FIG. 88 is a point configuration interface with options to define a stuck point definition,

according to some embodiments.

[0074] FIG. 89 is a pending fault interface which can be used to display detected faults to a

user, according to some embodiments.
DETAILED DESCRIPTION

Overview

[0075] Referring generally to the FIGURES, a building management system (BMS) with
virtual data points, optimized data integration, and a framework-agnostic dashboard layout is
shown, according to various embodiments. The BMS is configured to collect data samples from
building equipment (e.g., sensors, controllable devices, building subsystems, etc.) and generate
raw timeseries data from the data samples. The BMS can process the raw timeseries data using a
variety of data platform services to generate optimized timeseries data (e.g., data rollup
timeseries, virtual point timeseries, fault detection timeseries, etc.). The optimized timeseries
data can be provided to various applications and/or stored in local or hosted storage. In some
embodiments, the BMS includes three different layers that separate (1) data collection, (2) data
storage, retrieval, and analysis, and (3) data visualization. This allows the BMS to support a
variety of applications that use the optimized timeseries data and allows new applications to
reuse the infrastructure provided by the data platform services. These and other features of the

BMS are described in greater detail below.
Building Management System and HVAC System

[0076] Referring now to FIGS. 1-4, an exemplary building management system (BMS) and
HVAC system in which the systems and methods of the present disclosure can be implemented
are shown, according to an exemplary embodiment. Referring particularly to FIG. 1, a
perspective view of a building 10 is shown. Building 10 is served by a BMS. A BMS is, in
general, a system of devices configured to control, monitor, and manage equipment in or around

a building or building area. A BMS can include, for example, a HVAC system, a security
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system, a lighting system, a fire alerting system, any other system that is capable of managing

building functions or devices, or any combination thereof.

[0077] The BMS that serves building 10 includes an HVAC system 100. HVAC system 100
can include a plurality of HVAC devices (e.g., heaters, chillers, air handling units, pumps, fans,
thermal energy storage, etc.) configured to provide heating, cooling, ventilation, or other services
for building 10. For example, HVAC system 100 is shown to include a waterside system 120
and an airside system 130. Waterside system 120 can provide a heated or chilled fluid to an air
handling unit of airside system 130. Airside system 130 can use the heated or chilled fluid to
heat or cool an airflow provided to building 10. An exemplary waterside system and airside
system which can be used in HVAC system 100 are described in greater detail with reference to

FIGS. 2-3.

[0078] HVAC system 100 is shown to include a chiller 102, a boiler 104, and a rooftop air
handling unit (AHU) 106. Waterside system 120 can use boiler 104 and chiller 102 to heat or
cool a working fluid (e.g., water, glycol, etc.) and can circulate the working fluid to AHU 106.
In various embodiments, the HVAC devices of waterside system 120 can be located in or around
building 10 (as shown in FIG. 1) or at an offsite location such as a central plant (e.g., a chiller
plant, a steam plant, a heat plant, etc.). The working fluid can be heated in boiler 104 or cooled
in chiller 102, depending on whether heating or cooling is required in building 10. Boiler 104
can add heat to the circulated fluid, for example, by burning a combustible material (e.g., natural
gas) or using an electric heating element. Chiller 102 can place the circulated fluid in a heat
exchange relationship with another fluid (e.g., a refrigerant) in a heat exchanger (e.g., an
evaporator) to absorb heat from the circulated fluid. The working fluid from chiller 102 and/or

boiler 104 can be transported to AHU 106 via piping 108.

[0079] AHU 106 can place the working fluid in a heat exchange relationship with an airflow
passing through AHU 106 (e.g., via one or more stages of cooling coils and/or heating coils).
The airflow can be, for example, outside air, return air from within building 10, or a combination
of both. AHU 106 can transfer heat between the airflow and the working fluid to provide heating
or cooling for the airflow. For example, AHU 106 can include one or more fans or blowers
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configured to pass the airflow over or through a heat exchanger containing the working fluid.

The working fluid can then return to chiller 102 or boiler 104 via piping 110.

[0080] Airside system 130 can deliver the airflow supplied by AHU 106 (i.e., the supply
airflow) to building 10 via air supply ducts 112 and can provide return air from building 10 to
AHU 106 via air return ducts 114. In some embodiments, airside system 130 includes multiple
variable air volume (VAV) units 116. For example, airside system 130 is shown to include a
separate VAV unit 116 on each floor or zone of building 10. VAV units 116 can include
dampers or other flow control elements that can be operated to control an amount of the supply
airflow provided to individual zones of building 10. In other embodiments, airside system 130
delivers the supply airflow into one or more zones of building 10 (e.g., via supply ducts 112)
without using intermediate VAV units 116 or other flow control elements. AHU 106 can include
various sensors (e.g., temperature sensors, pressure sensors, etc.) configured to measure
attributes of the supply airflow. AHU 106 can receive input from sensors located within AHU
106 and/or within the building zone and can adjust the flow rate, temperature, or other attributes

of the supply airflow through AHU 106 to achieve setpoint conditions for the building zone.

[0081] Referring now to FIG. 2, a block diagram of a waterside system 200 is shown,
according to an exemplary embodiment. In various embodiments, waterside system 200 can
supplement or replace waterside system 120 in HVAC system 100 or can be implemented
separate from HVAC system 100. When implemented in HVAC system 100, waterside system
200 can include a subset of the HVAC devices in HVAC system 100 (e.g., boiler 104, chiller
102, pumps, valves, etc.) and can operate to supply a heated or chilled fluid to AHU 106. The
HVAC devices of waterside system 200 can be located within building 10 (e.g., as components

of waterside system 120) or at an offsite location such as a central plant.

[0082] In FIG. 2, waterside system 200 is shown as a central plant having a plurality of
subplants 202-212. Subplants 202-212 are shown to include a heater subplant 202, a heat
recovery chiller subplant 204, a chiller subplant 206, a cooling tower subplant 208, a hot thermal
energy storage (TES) subplant 210, and a cold thermal energy storage (TES) subplant 212.
Subplants 202-212 consume resources (e.g., water, natural gas, electricity, etc.) from utilities to

-14-

4844-7916-0382

WILLOW TECH. EX. 1007
Page 109



Atty. Dkt. No.: 112444-0350

serve the thermal energy loads (e.g., hot water, cold water, heating, cooling, etc.) of a building or
campus. For example, heater subplant 202 can be configured to heat water in a hot water loop
214 that circulates the hot water between heater subplant 202 and building 10. Chiller subplant
206 can be configured to chill water in a cold water loop 216 that circulates the cold water
between chiller subplant 206 building 10. Heat recovery chiller subplant 204 can be configured
to transfer heat from cold water loop 216 to hot water loop 214 to provide additional heating for
the hot water and additional cooling for the cold water. Condenser water loop 218 can absorb
heat from the cold water in chiller subplant 206 and reject the absorbed heat in cooling tower
subplant 208 or transfer the absorbed heat to hot water loop 214. Hot TES subplant 210 and cold

TES subplant 212 can store hot and cold thermal energy, respectively, for subsequent use.

[0083] Hot water loop 214 and cold water loop 216 can deliver the heated and/or chilled water
to air handlers located on the rooftop of building 10 (e.g., AHU 106) or to individual floors or
zones of building 10 (e.g., VAV units 116). The air handlers push air past heat exchangers (e.g.,
heating coils or cooling coils) through which the water flows to provide heating or cooling for
the air. The heated or cooled air can be delivered to individual zones of building 10 to serve the
thermal energy loads of building 10. The water then returns to subplants 202-212 to receive

further heating or cooling.

[0084] Although subplants 202-212 are shown and described as heating and cooling water for
circulation to a building, it is understood that any other type of working fluid (e.g., glycol, CO2,
etc.) can be used in place of or in addition to water to serve the thermal energy loads. In other
embodiments, subplants 202-212 can provide heating and/or cooling directly to the building or
campus without requiring an intermediate heat transfer fluid. These and other variations to

waterside system 200 are within the teachings of the present invention.

[0085] Each of subplants 202-212 can include a variety of equipment configured to facilitate
the functions of the subplant. For example, heater subplant 202 is shown to include a plurality of
heating elements 220 (e.g., boilers, electric heaters, etc.) configured to add heat to the hot water
in hot water loop 214. Heater subplant 202 is also shown to include several pumps 222 and 224

configured to circulate the hot water in hot water loop 214 and to control the flow rate of the hot
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water through individual heating elements 220. Chiller subplant 206 is shown to include a
plurality of chillers 232 configured to remove heat from the cold water in cold water loop 216.
Chiller subplant 206 1s also shown to include several pumps 234 and 236 configured to circulate
the cold water in cold water loop 216 and to control the flow rate of the cold water through

individual chillers 232.

[0086] Heat recovery chiller subplant 204 is shown to include a plurality of heat recovery heat
exchangers 226 (e.g., refrigeration circuits) configured to transfer heat from cold water loop 216
to hot water loop 214. Heat recovery chiller subplant 204 is also shown to include several pumps
228 and 230 configured to circulate the hot water and/or cold water through heat recovery heat
exchangers 226 and to control the flow rate of the water through individual heat recovery heat
exchangers 226. Cooling tower subplant 208 is shown to include a plurality of cooling towers
238 configured to remove heat from the condenser water in condenser water loop 218. Cooling
tower subplant 208 is also shown to include several pumps 240 configured to circulate the
condenser water in condenser water loop 218 and to control the flow rate of the condenser water

through individual cooling towers 238.

[0087] Hot TES subplant 210 is shown to include a hot TES tank 242 configured to store the
hot water for later use. Hot TES subplant 210 can also include one or more pumps or valves
configured to control the flow rate of the hot water into or out of hot TES tank 242. Cold TES
subplant 212 is shown to include cold TES tanks 244 configured to store the cold water for later
use. Cold TES subplant 212 can also include one or more pumps or valves configured to control

the flow rate of the cold water into or out of cold TES tanks 244.

[0088] In some embodiments, one or more of the pumps in waterside system 200 (e.g., pumps
222,224,228, 230, 234, 236, and/or 240) or pipelines in waterside system 200 include an
isolation valve associated therewith. Isolation valves can be integrated with the pumps or
positioned upstream or downstream of the pumps to control the fluid flows in waterside system
200. In various embodiments, waterside system 200 can include more, fewer, or different types
of devices and/or subplants based on the particular configuration of waterside system 200 and the
types of loads served by waterside system 200.
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[0089] Referring now to FIG. 3, a block diagram of an airside system 300 is shown, according
to an exemplary embodiment. In various embodiments, airside system 300 can supplement or
replace airside system 130 in HVAC system 100 or can be implemented separate from HVAC
system 100. When implemented in HVAC system 100, airside system 300 can include a subset
of the HVAC devices in HVAC system 100 (e.g., AHU 106, VAV units 116, ducts 112-114,
fans, dampers, etc.) and can be located in or around building 10. Airside system 300 can operate
to heat or cool an airflow provided to building 10 using a heated or chilled fluid provided by

waterside system 200.

[0090] In FIG. 3, airside system 300 is shown to include an economizer-type air handling unit
(AHU) 302. Economizer-type AHUs vary the amount of outside air and return air used by the
air handling unit for heating or cooling. For example, AHU 302 can receive return air 304 from
building zone 306 via return air duct 308 and can deliver supply air 310 to building zone 306 via
supply air duct 312. In some embodiments, AHU 302 is a rooftop unit located on the roof of
building 10 (e.g., AHU 106 as shown in FIG. 1) or otherwise positioned to receive both return air
304 and outside air 314. AHU 302 can be configured to operate exhaust air damper 316, mixing
damper 318, and outside air damper 320 to control an amount of outside air 314 and return air
304 that combine to form supply air 310. Any return air 304 that does not pass through mixing
damper 318 can be exhausted from AHU 302 through exhaust damper 316 as exhaust air 322.

[0091] Each of dampers 316-320 can be operated by an actuator. For example, exhaust air
damper 316 can be operated by actuator 324, mixing damper 318 can be operated by actuator
326, and outside air damper 320 can be operated by actuator 328. Actuators 324-328 can
communicate with an AHU controller 330 via a communications link 332, Actuators 324-328
can receive control signals from AHU controller 330 and can provide feedback signals to AHU
controller 330. Feedback signals can include, for example, an indication of a current actuator or
damper position, an amount of torque or force exerted by the actuator, diagnostic information
(e.g., results of diagnostic tests performed by actuators 324-328), status information,
commissioning information, configuration settings, calibration data, and/or other types of

information or data that can be collected, stored, or used by actuators 324-328. AHU controller
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330 can be an economizer controller configured to use one or more control algorithms (e.g.,
state-based algorithms, extremum seeking control (ESC) algorithms, proportional-integral (PI)
control algorithms, proportional-integral-derivative (PID) control algorithms, model predictive

control (MPC) algorithms, feedback control algorithms, etc.) to control actuators 324-328.

[0092] Still referring to FIG. 3, AHU 302 is shown to include a cooling coil 334, a heating coil
336, and a fan 338 positioned within supply air duct 312. Fan 338 can be configured to force
supply air 310 through cooling coil 334 and/or heating coil 336 and provide supply air 310 to
building zone 306. AHU controller 330 can communicate with fan 338 via communications link
340 to control a flow rate of supply air 310. In some embodiments, AHU controller 330 controls

an amount of heating or cooling applied to supply air 310 by modulating a speed of fan 338.

[0093] Cooling coil 334 can receive a chilled fluid from waterside system 200 (e.g., from cold
water loop 216) via piping 342 and can return the chilled fluid to waterside system 200 via
piping 344. Valve 346 can be positioned along piping 342 or piping 344 to control a flow rate of
the chilled fluid through cooling coil 334. In some embodiments, cooling coil 334 includes
multiple stages of cooling coils that can be independently activated and deactivated (e.g., by
AHU controller 330, by BMS controller 366, etc.) to modulate an amount of cooling applied to
supply air 310.

[0094] Heating coil 336 can receive a heated fluid from waterside system 200(e.g., from hot
water loop 214) via piping 348 and can return the heated fluid to waterside system 200 via piping
350. Valve 352 can be positioned along piping 348 or piping 350 to control a flow rate of the
heated fluid through heating coil 336. In some embodiments, heating coil 336 includes multiple
stages of heating coils that can be independently activated and deactivated (e.g., by AHU
controller 330, by BMS controller 366, etc.) to modulate an amount of heating applied to supply
air 310.

[0095] Each of valves 346 and 352 can be controlled by an actuator. For example, valve 346
can be controlled by actuator 354 and valve 352 can be controlled by actuator 356. Actuators
354-356 can communicate with AHU controller 330 via communications links 358-360.
Actuators 354-356 can receive control signals from AHU controller 330 and can provide
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feedback signals to controller 330. In some embodiments, AHU controller 330 receives a
measurement of the supply air temperature from a temperature sensor 362 positioned in supply
air duct 312 (e.g., downstream of cooling coil 334 and/or heating coil 336). AHU controller 330
can also receive a measurement of the temperature of building zone 306 from a temperature

sensor 364 located in building zone 306.

[0096] In some embodiments, AHU controller 330 operates valves 346 and 352 via actuators
354-356 to modulate an amount of heating or cooling provided to supply air 310 (e.g., to achieve
a setpoint temperature for supply air 310 or to maintain the temperature of supply air 310 within
a setpoint temperature range). The positions of valves 346 and 352 affect the amount of heating
or cooling provided to supply air 310 by cooling coil 334 or heating coil 336 and may correlate
with the amount of energy consumed to achieve a desired supply air temperature. AHU
controller 330 can control the temperature of supply air 310 and/or building zone 306 by

activating or deactivating coils 334-336, adjusting a speed of fan 338, or a combination of both.

[0097] Still referring to FIG. 3, airside system 300 is shown to include a building management
system (BMS) controller 366 and a client device 368. BMS controller 366 can include one or
more computer systems (e.g., servers, supervisory controllers, subsystem controllers, etc.) that
serve as system level controllers, application or data servers, head nodes, or master controllers
for airside system 300, waterside system 200, HVAC system 100, and/or other controllable
systems that serve building 10. BMS controller 366 can communicate with multiple downstream
building systems or subsystems (e.g., HVAC system 100, a security system, a lighting system,
waterside system 200, etc.) via a communications link 370 according to like or disparate
protocols (e.g., LON, BACnet, etc.). In various embodiments, AHU controller 330 and BMS
controller 366 can be separate (as shown in FIG. 3) or integrated. In an integrated
implementation, AHU controller 330 can be a software module configured for execution by a

processor of BMS controller 366.

[0098] In some embodiments, AHU controller 330 receives information from BMS controller
366 (e.g., commands, setpoints, operating boundaries, etc.) and provides information to BMS
controller 366 (e.g., temperature measurements, valve or actuator positions, operating statuses,
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diagnostics, etc.). For example, AHU controller 330 can provide BMS controller 366 with
temperature measurements from temperature sensors 362-364, equipment on/off states,
equipment operating capacities, and/or any other information that can be used by BMS controller

366 to monitor or control a variable state or condition within building zone 306.

[0099] Client device 368 can include one or more human-machine interfaces or client
interfaces (e.g., graphical user interfaces, reporting interfaces, text-based computer interfaces,
client-facing web services, web servers that provide pages to web clients, etc.) for controlling,
viewing, or otherwise interacting with HVAC system 100, its subsystems, and/or devices. Client
device 368 can be a computer workstation, a client terminal, a remote or local interface, or any
other type of user interface device. Client device 368 can be a stationary terminal or a mobile
device. For example, client device 368 can be a desktop computer, a computer server with a user
interface, a laptop computer, a tablet, a smartphone, a PDA, or any other type of mobile or non-
mobile device. Client device 368 can communicate with BMS controller 366 and/or AHU

controller 330 via communications link 372.

[0100] Referring now to FIG. 4, a block diagram of a building management system (BMS) 400
1s shown, according to an exemplary embodiment. BMS 400 can be implemented in building 10
to automatically monitor and control various building functions. BMS 400 is shown to include
BMS controller 366 and a plurality of building subsystems 428. Building subsystems 428 are
shown to include a building electrical subsystem 434, an information communication technology
(ICT) subsystem 436, a security subsystem 438, a HVAC subsystem 440, a lighting subsystem
442 a lift/escalators subsystem 432, and a fire safety subsystem 430. In various embodiments,
building subsystems 428 can include fewer, additional, or alternative subsystems. For example,
building subsystems 428 can also or alternatively include a refrigeration subsystem, an
advertising or signage subsystem, a cooking subsystem, a vending subsystem, a printer or copy
service subsystem, or any other type of building subsystem that uses controllable equipment
and/or sensors to monitor or control building 10. In some embodiments, building subsystems
428 include waterside system 200 and/or airside system 300, as described with reference to

FIGS. 2-3.
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[0101] Each of building subsystems 428 can include any number of devices, controllers, and
connections for completing its individual functions and control activities. HVAC subsystem 440
can include many of the same components as HVAC system 100, as described with reference to
FIGS. 1-3. For example, HVAC subsystem 440 can include a chiller, a boiler, any number of air
handling units, economizers, field controllers, supervisory controllers, actuators, temperature
sensors, and other devices for controlling the temperature, humidity, airflow, or other variable
conditions within building 10. Lighting subsystem 442 can include any number of light fixtures,
ballasts, lighting sensors, dimmers, or other devices configured to controllably adjust the amount
of light provided to a building space. Security subsystem 438 can include occupancy sensors,
video surveillance cameras, digital video recorders, video processing servers, intrusion detection

devices, access control devices and servers, or other security-related devices.

[0102] Still referring to FIG. 4, BMS controller 366 is shown to include a communications
interface 407 and a BMS interface 409. Interface 407 can facilitate communications between
BMS controller 366 and external applications (e.g., monitoring and reporting applications 422,
enterprise control applications 426, remote systems and applications 444, applications residing
on client devices 448, etc.) for allowing user control, monitoring, and adjustment to BMS
controller 366 and/or subsystems 428. Interface 407 can also facilitate communications between
BMS controller 366 and client devices 448. BMS interface 409 can facilitate communications
between BMS controller 366 and building subsystems 428 (e.g., HVAC, lighting security, lifts,

power distribution, business, etc.).

[0103] Interfaces 407, 409 can be or include wired or wireless communications interfaces (e.g.,
jacks, antennas, transmitters, receivers, transceivers, wire terminals, etc.) for conducting data
communications with building subsystems 428 or other external systems or devices. In various
embodiments, communications via interfaces 407, 409 can be direct (e.g., local wired or wireless
communications) or via a communications network 446 (e.g., a WAN, the Internet, a cellular
network, etc.). For example, interfaces 407, 409 can include an Ethernet card and port for
sending and receiving data via an Ethernet-based communications link or network. In another

example, interfaces 407, 409 can include a WiFi transceiver for communicating via a wireless
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communications network. In another example, one or both of interfaces 407, 409 can include
cellular or mobile phone communications transceivers. In one embodiment, communications
interface 407 1s a power line communications interface and BMS interface 409 is an Ethernet
interface. In other embodiments, both communications interface 407 and BMS interface 409 are

Ethernet interfaces or are the same Ethernet interface.

[0104] Still referring to FIG. 4, BMS controller 366 is shown to include a processing circuit
404 including a processor 406 and memory 408. Processing circuit 404 can be communicably
connected to BMS interface 409 and/or communications interface 407 such that processing
circuit 404 and the various components thereof can send and receive data via interfaces 407, 409.
Processor 406 can be implemented as a general purpose processor, an application specific
integrated circuit (ASIC), one or more field programmable gate arrays (FPGAs), a group of

processing components, or other suitable electronic processing components.

[0105] Memory 408 (e.g., memory, memory unit, storage device, etc.) can include one or more
devices (e.g., RAM, ROM, Flash memory, hard disk storage, etc.) for storing data and/or
computer code for completing or facilitating the various processes, layers and modules described
in the present application. Memory 408 can be or include volatile memory or non-volatile
memory. Memory 408 can include database components, object code components, script
components, or any other type of information structure for supporting the various activities and
information structures described in the present application. According to an exemplary
embodiment, memory 408 is communicably connected to processor 406 via processing circuit
404 and includes computer code for executing (e.g., by processing circuit 404 and/or processor

406) one or more processes described herein.

[0106] In some embodiments, BMS controller 366 is implemented within a single computer
(e.g., one server, one housing, etc.). In various other embodiments BMS controller 366 can be
distributed across multiple servers or computers (e.g., that can exist in distributed locations).
Further, while FIG. 4 shows applications 422 and 426 as existing outside of BMS controller 366,
in some embodiments, applications 422 and 426 can be hosted within BMS controller 366 (e.g.,
within memory 408).
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[0107] Still referring to FIG. 4, memory 408 is shown to include an enterprise integration layer
410, an automated measurement and validation (AM&V) layer 412, a demand response (DR)
layer 414, a fault detection and diagnostics (FDD) layer 416, an integrated control layer 418, and
a building subsystem integration later 420. Layers 410-420 can be configured to receive inputs
from building subsystems 428 and other data sources, determine optimal control actions for
building subsystems 428 based on the inputs, generate control signals based on the optimal
control actions, and provide the generated control signals to building subsystems 428. The
following paragraphs describe some of the general functions performed by each of layers 410-

420 in BMS 400.

[0108] Enterprise integration layer 410 can be configured to serve clients or local applications
with information and services to support a variety of enterprise-level applications. For example,
enterprise control applications 426 can be configured to provide subsystem-spanning control to a
graphical user interface (GUI) or to any number of enterprise-level business applications (e.g.,
accounting systems, user identification systems, etc.). Enterprise control applications 426 can
also or alternatively be configured to provide configuration GUIs for configuring BMS controller
366. In yet other embodiments, enterprise control applications 426 can work with layers 410-
420 to optimize building performance (e.g., efficiency, energy use, comfort, or safety) based on

inputs received at interface 407 and/or BMS interface 409.

[0109] Building subsystem integration layer 420 can be configured to manage communications
between BMS controller 366 and building subsystems 428. For example, building subsystem
integration layer 420 can receive sensor data and input signals from building subsystems 428 and
provide output data and control signals to building subsystems 428. Building subsystem
integration layer 420 can also be configured to manage communications between building
subsystems 428. Building subsystem integration layer 420 translate communications (e.g.,
sensor data, input signals, output signals, etc.) across a plurality of multi-vendor/multi-protocol

systems.

[0110] Demand response layer 414 can be configured to optimize resource usage (e.g.,

electricity use, natural gas use, water use, etc.) and/or the monetary cost of such resource usage
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in response to satisfy the demand of building 10. The optimization can be based on time-of-use
prices, curtailment signals, energy availability, or other data received from utility providers,
distributed energy generation systems 424, from energy storage 427 (e.g., hot TES 242, cold
TES 244, etc.), or from other sources. Demand response layer 414 can receive inputs from other
layers of BMS controller 366 (e.g., building subsystem integration layer 420, integrated control
layer 418, etc.). The inputs received from other layers can include environmental or sensor
inputs such as temperature, carbon dioxide levels, relative humidity levels, air quality sensor
outputs, occupancy sensor outputs, room schedules, and the like. The inputs can also include
inputs such as electrical use (e.g., expressed in kWh), thermal load measurements, pricing

information, projected pricing, smoothed pricing, curtailment signals from utilities, and the like.

[0111] According to an exemplary embodiment, demand response layer 414 includes control
logic for responding to the data and signals it receives. These responses can include
communicating with the control algorithms in integrated control layer 418, changing control
strategies, changing setpoints, or activating/deactivating building equipment or subsystems in a
controlled manner. Demand response layer 414 can also include control logic configured to
determine when to utilize stored energy. For example, demand response layer 414 can determine

to begin using energy from energy storage 427 just prior to the beginning of a peak use hour.

[0112] In some embodiments, demand response layer 414 includes a control module
configured to actively initiate control actions (e.g., automatically changing setpoints) which
minimize energy costs based on one or more inputs representative of or based on demand (e.g.,
price, a curtailment signal, a demand level, etc.). In some embodiments, demand response layer
414 uses equipment models to determine an optimal set of control actions. The equipment
models can include, for example, thermodynamic models describing the inputs, outputs, and/or
functions performed by various sets of building equipment. Equipment models can represent
collections of building equipment (e.g., subplants, chiller arrays, etc.) or individual devices (e.g.,

individual chillers, heaters, pumps, etc.).

[0113] Demand response layer 414 can further include or draw upon one or more demand

response policy definitions (e.g., databases, XML files, etc.). The policy definitions can be
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edited or adjusted by a user (e.g., via a graphical user interface) so that the control actions
initiated in response to demand inputs can be tailored for the user’s application, desired comfort
level, particular building equipment, or based on other concerns. For example, the demand
response policy definitions can specify which equipment can be turned on or off in response to
particular demand inputs, how long a system or piece of equipment should be turned off, what
setpoints can be changed, what the allowable set point adjustment range is, how long to hold a
high demand setpoint before returning to a normally scheduled setpoint, how close to approach
capacity limits, which equipment modes to utilize, the energy transfer rates (e.g., the maximum
rate, an alarm rate, other rate boundary information, etc.) into and out of energy storage devices
(e.g., thermal storage tanks, battery banks, etc.), and when to dispatch on-site generation of

energy (e.g., via fuel cells, a motor generator set, etc.).

[0114] Integrated control layer 418 can be configured to use the data input or output of
building subsystem integration layer 420 and/or demand response later 414 to make control
decisions. Due to the subsystem integration provided by building subsystem integration layer
420, integrated control layer 418 can integrate control activities of the subsystems 428 such that
the subsystems 428 behave as a single integrated supersystem. In an exemplary embodiment,
integrated control layer 418 includes control logic that uses inputs and outputs from a plurality of
building subsystems to provide greater comfort and energy savings relative to the comfort and
energy savings that separate subsystems could provide alone. For example, integrated control
layer 418 can be configured to use an input from a first subsystem to make an energy-saving
control decision for a second subsystem. Results of these decisions can be communicated back

to building subsystem integration layer 420.

[0115] Integrated control layer 418 is shown to be logically below demand response layer 414.
Integrated control layer 418 can be configured to enhance the effectiveness of demand response
layer 414 by enabling building subsystems 428 and their respective control loops to be controlled
in coordination with demand response layer 414. This configuration may advantageously reduce
disruptive demand response behavior relative to conventional systems. For example, integrated

control layer 418 can be configured to assure that a demand response-driven upward adjustment
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to the setpoint for chilled water temperature (or another component that directly or indirectly
affects temperature) does not result in an increase in fan energy (or other energy used to cool a

space) that would result in greater total building energy use than was saved at the chiller.

[0116] Integrated control layer 418 can be configured to provide feedback to demand response
layer 414 so that demand response layer 414 checks that constraints (e.g., temperature, lighting
levels, etc.) are properly maintained even while demanded load shedding is in progress. The
constraints can also include setpoint or sensed boundaries relating to safety, equipment operating
limits and performance, comfort, fire codes, electrical codes, energy codes, and the like.
Integrated control layer 418 is also logically below fault detection and diagnostics layer 416 and
automated measurement and validation layer 412. Integrated control layer 418 can be configured
to provide calculated inputs (e.g., aggregations) to these higher levels based on outputs from

more than one building subsystem.

[0117] Automated measurement and validation (AM&V) layer 412 can be configured to verify
that control strategies commanded by integrated control layer 418 or demand response layer 414
are working properly (e.g., using data aggregated by AM&YV layer 412, integrated control layer
418, building subsystem integration layer 420, FDD layer 416, or otherwise). The calculations
made by AM&YV layer 412 can be based on building system energy models and/or equipment
models for individual BMS devices or subsystems. For example, AM&YV layer 412 can compare
a model-predicted output with an actual output from building subsystems 428 to determine an

accuracy of the model.

[0118] Fault detection and diagnostics (FDD) layer 416 can be configured to provide on-going
fault detection for building subsystems 428, building subsystem devices (i.e., building
equipment), and control algorithms used by demand response layer 414 and integrated control
layer 418. FDD layer 416 can receive data inputs from integrated control layer 418, directly
from one or more building subsystems or devices, or from another data source. FDD layer 416
can automatically diagnose and respond to detected faults. The responses to detected or

diagnosed faults can include providing an alert message to a user, a maintenance scheduling
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system, or a control algorithm configured to attempt to repair the fault or to work-around the

fault.

[0119] FDD layer 416 can be configured to output a specific identification of the faulty
component or cause of the fault (e.g., loose damper linkage) using detailed subsystem inputs
available at building subsystem integration layer 420. In other exemplary embodiments, FDD
layer 416 is configured to provide “fault” events to integrated control layer 418 which executes
control strategies and policies in response to the received fault events. According to an
exemplary embodiment, FDD layer 416 (or a policy executed by an integrated control engine or
business rules engine) can shut-down systems or direct control activities around faulty devices or

systems to reduce energy waste, extend equipment life, or assure proper control response.

[0120] FDD layer 416 can be configured to store or access a variety of different system data
stores (or data points for live data). FDD layer 416 can use some content of the data stores to
identify faults at the equipment level (e.g., specific chiller, specific AHU, specific terminal unit,
etc.) and other content to identify faults at component or subsystem levels. For example,
building subsystems 428 can generate temporal (i.e., time-series) data indicating the performance
of BMS 400 and the various components thereof. The data generated by building subsystems
428 can include measured or calculated values that exhibit statistical characteristics and provide
information about how the corresponding system or process (e.g., a temperature control process,
a flow control process, etc.) is performing in terms of error from its setpoint. These processes
can be examined by FDD layer 416 to expose when the system begins to degrade in performance

and alert a user to repair the fault before it becomes more severe.
Building Management System With Data Platform Services

[0121] Referring now to FIG. 5, a block diagram of another building management system
(BMS) 500 is shown, according to some embodiments. BMS 500 is configured to collect data
samples from building subsystems 428 and generate raw timeseries data from the data samples.
BMS 500 can process the raw timeseries data using a variety of data platform services 520 to
generate optimized timeseries data (e.g., data rollups). The optimized timeseries data can be
provided to various applications 530 and/or stored in local storage 514 or hosted storage 516. In
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some embodiments, BMS 500 separates data collection; data storage, retrieval, and analysis; and
data visualization into three different layers. This allows BMS 500 to support a variety of
applications 530 that use the optimized timeseries data and allows new applications 530 to reuse

the existing infrastructure provided by data platform services 520.

[0122] Before discussing BMS 500 in greater detail, it should be noted that the components of
BMS 500 can be integrated within a single device (e.g., a supervisory controller, a BMS
controller, etc.) or distributed across multiple separate systems or devices. For example, the
components of BMS 500 can be implemented as part of a METASYS® brand building
automation system or a METASYS® Energy Management System (MEMS), as sold by Johnson
Controls Inc. In other embodiments, some or all of the components of BMS 500 can be
implemented as part of a cloud-based computing system configured to receive and process data
from one or more building management systems. In other embodiments, some or all of the
components of BMS 500 can be components of a subsystem level controller (e.g., a HVAC
controller), a subplant controller, a device controller (e.g., AHU controller 330, a chiller
controller, etc.), a field controller, a computer workstation, a client device, or any other system or

device that receives and processes data from building equipment.

[0123] BMS 500 can include many of the same components as BMS 400, as described with
reference to FIG. 4. For example, BMS 500 is shown to include a BMS interface 502 and a
communications interface 504. Interfaces 502-504 can include wired or wireless
communications interfaces (e.g., jacks, antennas, transmitters, receivers, transceivers, wire
terminals, etc.) for conducting data communications with building subsystems 428 or other
external systems or devices. Communications conducted via interfaces 502-504 can be direct
(e.g., local wired or wireless communications) or via a communications network 446 (e.g., a

WAN, the Internet, a cellular network, etc.).

[0124] Communications interface 504 can facilitate communications between BMS 500 and
external applications (e.g., remote systems and applications 444) for allowing user control,
monitoring, and adjustment to BMS 500. Communications interface 504 can also facilitate
communications between BMS 500 and client devices 448. BMS interface 502 can facilitate
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communications between BMS 500 and building subsystems 428. BMS 500 can be configured
to communicate with building subsystems 428 using any of a variety of building automation
systems protocols (e.g., BACnet, Modbus, ADX, etc.). In some embodiments, BMS 500
receives data samples from building subsystems 428 and provides control signals to building

subsystems 428 via BMS interface 502.

[0125] Building subsystems 428 can include building electrical subsystem 434, information
communication technology (ICT) subsystem 436, security subsystem 438, HVAC subsystem
440, lighting subsystem 442, lift/escalators subsystem 432, and/or fire safety subsystem 430, as
described with reference to FIG. 4. In various embodiments, building subsystems 428 can
include fewer, additional, or alternative subsystems. For example, building subsystems 428 can
also or alternatively include a refrigeration subsystem, an advertising or signage subsystem, a
cooking subsystem, a vending subsystem, a printer or copy service subsystem, or any other type
of building subsystem that uses controllable equipment and/or sensors to monitor or control
building 10. In some embodiments, building subsystems 428 include waterside system 200
and/or airside system 300, as described with reference to FIGS. 2-3. Each of building
subsystems 428 can include any number of devices, controllers, and connections for completing
its individual functions and control activities. Building subsystems 428 can include building
equipment (e.g., sensors, air handling units, chillers, pumps, valves, etc.) configured to monitor

and control a building condition such as temperature, humidity, airflow, etc.

[0126] Still referring to FIG. 5, BMS 500 is shown to include a processing circuit 506
including a processor 508 and memory 510. Processor 508 can be a general purpose or specific
purpose processor, an application specific integrated circuit (ASIC), one or more field
programmable gate arrays (FPGAs), a group of processing components, or other suitable
processing components. Processor 508 is configured to execute computer code or instructions
stored in memory 510 or received from other computer readable media (e.g., CDROM, network

storage, a remote server, etc.).

[0127] Memory 510 can include one or more devices (e.g., memory units, memory devices,

storage devices, etc.) for storing data and/or computer code for completing and/or facilitating the
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various processes described in the present disclosure. Memory 510 can include random access
memory (RAM), read-only memory (ROM), hard drive storage, temporary storage, non-volatile
memory, flash memory, optical memory, or any other suitable memory for storing software
objects and/or computer instructions. Memory 510 can include database components, object
code components, script components, or any other type of information structure for supporting
the various activities and information structures described in the present disclosure. Memory
510 can be communicably connected to processor 508 via processing circuit 506 and can include
computer code for executing (e.g., by processor 508) one or more processes described herein.
When processor 508 executes instructions stored in memory 510, processor 508 generally

configures processing circuit 506 to complete such activities.

[0128] Still referring to FIG. 5, BMS 500 is shown to include a data collector 512. Data
collector 512 is shown receiving data samples from building subsystems 428 via BMS interface
502. In some embodiments, the data samples include data values for various data points. The
data values can be measured or calculated values, depending on the type of data point. For
example, a data point received from a temperature sensor can include a measured data value
indicating a temperature measured by the temperature sensor. A data point received from a
chiller controller can include a calculated data value indicating a calculated efficiency of the
chiller. Data collector 512 can receive data samples from multiple different devices within

building subsystems 428.

[0129] The data samples can include one or more attributes that describe or characterize the
corresponding data points. For example, the data samples can include a name attribute defining
a point name or ID (e.g., “B1F4R2.T-Z”), a device attribute indicating a type of device from
which the data samples is received (e.g., temperature sensor, humidity sensor, chiller, etc.), a unit
attribute defining a unit of measure associated with the data value (e.g., °F, °C, kPA, etc.), and/or
any other attribute that describes the corresponding data point or provides contextual information
regarding the data point. The types of attributes included in each data point can depend on the
communications protocol used to send the data samples to BMS 500. For example, data samples

received via the ADX protocol or BACnet protocol can include a variety of descriptive attributes
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along with the data value, whereas data samples received via the Modbus protocol may include a

lesser number of attributes (e.g., only the data value without any corresponding attributes).

[0130] In some embodiments, each data sample is received with a timestamp indicating a time
at which the corresponding data value was measured or calculated. In other embodiments, data
collector 512 adds timestamps to the data samples based on the times at which the data samples
are received. Data collector 512 can generate raw timeseries data for each of the data points for
which data samples are received. Each timeseries can include a series of data values for the
same data point and a timestamp for each of the data values. For example, a timeseries for a data
point provided by a temperature sensor can include a series of temperature values measured by
the temperature sensor and the corresponding times at which the temperature values were

measured.

[0131] Data collector 512 can add timestamps to the data samples or modify existing
timestamps such that each data sample includes a local timestamp. Each local timestamp
indicates the local time at which the corresponding data sample was measured or collected and
can include an offset relative to universal time. The local timestamp indicates the local time at
the location the data point was measured at the time of measurement. The offset indicates the
difference between the local time and a universal time (e.g., the time at the international date
line). For example, a data sample collected in a time zone that is six hours behind universal time
can include a local timestamp (e.g., Timestamp = 2016-03-18714: 10: 02) and an offset
indicating that the local timestamp is six hours behind universal time (e.g., Of fset = —6:00).
The offset can be adjusted (e.g., +1: 00 or —1: 00) depending on whether the time zone is in

daylight savings time when the data sample is measured or collected.

[0132] The combination of the local timestamp and the offset provides a unique timestamp
across daylight saving time boundaries. This allows an application using the timeseries data to
display the timeseries data in local time without first converting from universal time. The
combination of the local timestamp and the offset also provides enough information to convert
the local timestamp to universal time without needing to look up a schedule of when daylight
savings time occurs. For example, the offset can be subtracted from the local timestamp to
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generate a universal time value that corresponds to the local timestamp without referencing an

external database and without requiring any other information.

[0133] In some embodiments, data collector 512 organizes the raw timeseries data. Data
collector 512 can identify a system or device associated with each of the data points. For
example, data collector 512 can associate a data point with a temperature sensor, an air handler, a
chiller, or any other type of system or device. In various embodiments, data collector uses the
name of the data point, a range of values of the data point, statistical characteristics of the data
point, or other attributes of the data point to identify a particular system or device associated with
the data point. Data collector 512 can then determine how that system or device relates to the
other systems or devices in the building site. For example, data collector 512 can determine that
the identified system or device is part of a larger system (e.g., a HVAC system) or serves a
particular space (e.g., a particular building, a room or zone of the building, etc.). In some
embodiments, data collector 512 uses or creates an entity graph when organizing the timeseries
data. An example of such an entity graph is described in greater detail with reference to FIG.
10A.

[0134] Data collector 512 can provide the raw timeseries data to data platform services 520
and/or store the raw timeseries data in local storage 514 or hosted storage 516. As shown in FIG.
5, local storage 514 can be data storage internal to BMS 500 (e.g., within memory 510) or other
on-site data storage local to the building site at which the data samples are collected. Hosted
storage 516 can include a remote database, cloud-based data hosting, or other remote data
storage. For example, hosted storage 516 can include remote data storage located off-site

relative to the building site at which the data samples are collected.

[0135] Still referring to FIG. 5, BMS 500 is shown to include data platform services 520. Data
platform services 520 can receive the raw timeseries data from data collector 512 and/or retrieve
the raw timeseries data from local storage 514 or hosted storage 516. Data platform services 520
can include a variety of services configured to analyze and process the raw timeseries data. For
example, data platform services 520 are shown to include a security service 522, an analytics
service 524, an entity service 526, and a timeseries service 528. Security service 522 can assign
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security attributes to the raw timeseries data to ensure that the timeseries data are only accessible
to authorized individuals, systems, or applications. Entity service 526 can assign entity
information to the timeseries data to associate data points with a particular system, device, or
space. Timeseries service 528 and analytics service 524 can generate new optimized timeseries

from the raw timeseries data.

[0136] In some embodiments, timeseries service 528 aggregates predefined intervals of the raw
timeseries data (e.g., quarter-hourly intervals, hourly intervals, daily intervals, monthly intervals,
etc.) to generate new optimized timeseries of the aggregated values. These optimized timeseries
can be referred to as “data rollups” since they are condensed versions of the raw timeseries data.
The data rollups generated by timeseries service 528 provide an efficient mechanism for
applications 530 to query the timeseries data. For example, applications 530 can construct
visualizations of the timeseries data (e.g., charts, graphs, etc.) using the pre-aggregated data
rollups instead of the raw timeseries data. This allows applications 530 to simply retrieve and
present the pre-aggregated data rollups without requiring applications 530 to perform an
aggregation in response to the query. Since the data rollups are pre-aggregated, applications 530
can present the data rollups quickly and efficiently without requiring additional processing at

query time to generate aggregated timeseries values.

[0137] In some embodiments, timeseries service 528 calculates virtual points based on the raw
timeseries data and/or the optimized timeseries data. Virtual points can be calculated by
applying any of a variety of mathematical operations (e.g., addition, subtraction, multiplication,
division, etc.) or functions (e.g., average value, maximum value, minimum value,
thermodynamic functions, linear functions, nonlinear functions, etc.) to the actual data points
represented by the timeseries data. For example, timeseries service 528 can calculate a virtual
data point (pointl D) by adding two or more actual data points (point!/ D, and pointiD,) (e.g.,
pointiD; = pointID, + pointlD,). As another example, timeseries service 528 can calculate
an enthalpy data point (pointlD,) based on a measured temperature data point (pointlDs) and a
measured pressure data point (pointlDg) (e.g., pointiD, = enthalpy(pointiDg, pointlDy)).

The virtual data points can be stored as optimized timeseries data.
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[0138] Applications 530 can access and use the virtual data points in the same manner as the
actual data points. Applications 530 do not need to know whether a data point is an actual data
point or a virtual data point since both types of data points can be stored as optimized timeseries
data and can be handled in the same manner by applications 530. In some embodiments, the
optimized timeseries data are stored with attributes designating each data point as either a virtual
data point or an actual data point. Such attributes allow applications 530 to identify whether a
given timeseries represents a virtual data point or an actual data point, even though both types of

data points can be handled in the same manner by applications 530.

[0139] In some embodiments, analytics service 524 analyzes the raw timeseries data and/or the
optimized timeseries data to detect faults. Analytics service 524 can apply a set of fault
detection rules to the timeseries data to determine whether a fault is detected at each interval of
the timeseries. Fault detections can be stored as optimized timeseries data. For example,
analytics service 524 can generate a new timeseries with data values that indicate whether a fault
was detected at each interval of the timeseries. The time series of fault detections can be stored
along with the raw timeseries data and/or optimized timeseries data in local storage 514 or
hosted storage 516. These and other features of analytics service 524 and timeseries service 528

are described in greater detail with reference to FIG. 6.

[0140] Still referring to FIG. 5, BMS 500 is shown to include several applications 530
including an energy management application 532, monitoring and reporting applications 534,
and enterprise control applications 536. Although only a few applications 530 are shown, it 1s
contemplated that applications 530 can include any of a variety of applications configured to use
the optimized timeseries data generated by data platform services 520. In some embodiments,
applications 530 exist as a separate layer of BMS 500 (i.e., separate from data platform services
520 and data collector 512). This allows applications 530 to be isolated from the details of how
the optimized timeseries data are generated. In other embodiments, applications 530 can exist as
remote applications that run on remote systems or devices (e.g., remote systems and applications

444, client devices 448).
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[0141] Applications 530 can use the optimized timeseries data to perform a variety data
visualization, monitoring, and/or control activities. For example, energy management
application 532 and monitoring and reporting application 534 can use the optimized timeseries
data to generate user interfaces (e.g., charts, graphs, etc.) that present the optimized timeseries
data to a user. In some embodiments, the user interfaces present the raw timeseries data and the
optimized data rollups in a single chart or graph. For example, a dropdown selector can be
provided to allow a user to select the raw timeseries data or any of the data rollups for a given
data point. Several examples of user interfaces that can be generated based on the optimized

timeseries data are shown in FIGS. 15 and 17.

[0142] Enterprise control application 536 can use the optimized timeseries data to perform
various control activities. For example, enterprise control application 536 can use the optimized
timeseries data as input to a control algorithm (e.g., a state-based algorithm, an extremum
seeking control (ESC) algorithm, a proportional-integral (PI) control algorithm, a proportional-
integral-derivative (PID) control algorithm, a model predictive control (MPC) algorithm, a
feedback control algorithm, etc.) to generate control signals for building subsystems 428. In
some embodiments, building subsystems 428 use the control signals to operate building
equipment. Operating the building equipment can affect the measured or calculated values of the
data samples provided to BMS 500. Accordingly, enterprise control application 536 can use the
optimized timeseries data as feedback to control the systems and devices of building subsystems
428.

[0143] Still referring to FIG. 5, BMS 500 is shown to include a dashboard layout generator
518. Dashboard layout generator 518 is configured to generate a layout for a user interface (i.e.,
a dashboard) visualizing the timeseries data. In some embodiments, the dashboard layout is not
itself a user interface, but rather a description which can be used by applications 530 to generate
the user interface. In some embodiments, the dashboard layout is a schema that defines the
relative locations of various widgets (e.g., charts, graphs, etc.) which can be rendered and

displayed as part of the user interface. The dashboard layout can be read by a variety of different
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frameworks and can be used by a variety of different rendering engines (e.g., a web browser, a

pdf engine, etc.) or applications 530 to generate the user interface.

[0144] In some embodiments, the dashboard layout defines a grid having one or more rows and
one or more columns located within each row. The dashboard layout can define the location of
each widget at a particular location within the grid. The dashboard layout can define an array of
objects (e.g., JSON objects), each of which is itself an array. In some embodiments, the
dashboard layout defines attributes or properties of each widget. For example, the dashboard
layout can define the type of widget (e.g., graph, plain text, image, etc.). If the widget is a graph,
the dashboard layout can define additional properties such as graph title, x-axis title, y-axis title,
and the timeseries data used in the graph. Dashboard layout generator 518 and the dashboard

layouts are described in greater detail with reference to FIGS. 12-17.
Timeseries and Analytics Data Platform Services

[0145] Referring now to FIG. 6, a block diagram illustrating timeseries service 528 and
analytics service 524 in greater detail is shown, according to some embodiments. Timeseries
service 528 is shown to include a timeseries web service 602, a job manager 604, and a
timeseries storage interface 616. Timeseries web service 602 is configured to interact with web-
based applications to send and/or receive timeseries data. In some embodiments, timeseries web
service 602 provides timeseries data to web-based applications. For example, if one or more of
applications 530 are web-based applications, timeseries web service 602 can provide optimized
timeseries data and raw timeseries data to the web-based applications. In some embodiments,
timeseries web service 602 receives raw timeseries data from a web-based data collector. For
example, if data collector 512 is a web-based application, timeseries web service 602 can receive

data samples or raw timeseries data from data collector 512.

[0146] Timeseries storage interface 616 is configured to interact with local storage 514 and/or
hosted storage 516. For example, timeseries storage interface 616 can retrieve raw timeseries
data from a local timeseries database 628 within local storage 514 or from a hosted timeseries
database 636 within hosted storage 516. Timeseries storage interface 616 can also store
optimized timeseries data in local timeseries database 628 or hosted timeseries database 636. In

-36-
4844-7916-0382

WILLOW TECH. EX. 1007
Page 131



Atty. Dkt. No.: 112444-0350

some embodiments, timeseries storage interface 616 is configured to retrieve jobs from a local
job queue 630 within local storage 514 or from a hosted job queue 638 within hosted storage
516. Timeseries storage interface 616 can also store jobs within local job queue 630 or hosted
job queue 638. Jobs can be created and/or processed by job manager 604 to generate optimized

timeseries data from the raw timeseries data.

[0147] Still referring to FIG. 6, job manager 604 is shown to include a sample aggregator 608.
Sample aggregator 608 is configured to generate optimized data rollups from the raw timeseries
data. For each data point, sample aggregator 608 can aggregate a set of data values having
timestamps within a predetermined time interval (e.g., a quarter-hour, an hour, a day, etc.) to
generate an aggregate data value for the predetermined time interval. For example, the raw
timeseries data for a particular data point may have a relatively short interval (e.g., one minute)
between consecutive samples of the data point. Sample aggregator 608 can generate a data
rollup from the raw timeseries data by aggregating all of the samples of the data point having
timestamps within a relatively longer interval (e.g., a quarter-hour) into a single aggregated value

that represents the longer interval.

[0148] For some types of timeseries, sample aggregator 608 performs the aggregation by
averaging all of the samples of the data point having timestamps within the longer interval.
Aggregation by averaging can be used to calculate aggregate values for timeseries of non-
cumulative variables such as measured value. For other types of timeseries, sample aggregator
608 performs the aggregation by summing all of the samples of the data point having timestamps
within the longer interval. Aggregation by summation can be used to calculate aggregate values
for timeseries of cumulative variables such as the number of faults detected since the previous

sample.

[0149] Referring now to FIGS. 7A-7B, a block diagram 700 and a data table 750 illustrating an
aggregation technique which can be used by sample aggregator 608 is shown, according to some
embodiments. In FIG. 7A, a data point 702 is shown. Data point 702 is an example of a
measured data point for which timeseries values can be obtained. For example, data point 702 is
shown as an outdoor air temperature point and has values which can be measured by a
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temperature sensor. Although a specific type of data point 702 is shown in FIG. 7A, it should be
understood that data point 702 can be any type of measured or calculated data point. Timeseries
values of data point 702 can be collected by data collector 512 and assembled into a raw data

timeseries 704.

[0150] As shown in FIG. 7B, the raw data timeseries 704 includes a timeseries of data samples,
each of which is shown as a separate row in data table 750. Each sample of raw data timeseries
704 1s shown to include a timestamp and a data value. The timestamps of raw data timeseries
704 are ten minutes and one second apart, indicating that the sampling interval of raw data
timeseries 704 is ten minutes and one second. For example, the timestamp of the first data
sample 1s shown as 2015-12-31723: 10: 00 indicating that the first data sample of raw data
timeseries 704 was collected at 11:10:00 PM on December 31, 2015. The timestamp of the
second data sample is shown as 2015-12-31723: 20: 01 indicating that the second data sample
of raw data timeseries 704 was collected at 11:20:01 PM on December 31, 2015. In some
embodiments, the timestamps of raw data timeseries 704 are stored along with an offset relative
to universal time, as previously described. The values of raw data timeseries 704 start at a value
of 10 and increase by 10 with each sample. For example, the value of the second sample of raw

data timeseries 704 is 20, the value of the third sample of raw data timeseries 704 is 30, etc.

[0151] In FIG. 7A, several data rollup timeseries 706-714 are shown. Data rollup timeseries
706-714 can be generated by sample aggregator 608 and stored as optimized timeseries data.
The data rollup timeseries 706-714 include an average quarter-hour timeseries 706, an average
hourly timeseries 708, an average daily timeseries 710, an average monthly timeseries 712, and
an average yearly timeseries 714. Each of the data rollup timeseries 706-714 is dependent upon
a parent timeseries. In some embodiments, the parent timeseries for each of the data rollup
timeseries 706-714 is the timeseries with the next shortest duration between consecutive
timeseries values. For example, the parent timeseries for average quarter-hour timeseries 706 is
raw data timeseries 704. Similarly, the parent timeseries for average hourly timeseries 708 is
average quarter-hour timeseries 706; the parent timeseries for average daily timeseries 710 is

average hourly timeseries 708; the parent timeseries for average monthly timeseries 712 is
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average daily timeseries 710; and the parent timeseries for average yearly timeseries 714 is

average monthly timeseries 712.

[0152] Sample aggregator 608 can generate each of the data rollup timeseries 706-714 from the
timeseries values of the corresponding parent timeseries. For example, sample aggregator 608
can generate average quarter-hour timeseries 706 by aggregating all of the samples of data point
702 in raw data timeseries 704 that have timestamps within each quarter-hour. Similarly, sample
aggregator 608 can generate average hourly timeseries 708 by aggregating all of the timeseries
values of average quarter-hour timeseries 706 that have timestamps within each hour. Sample
aggregator 608 can generate average daily timeseries 710 by aggregating all of the time series
values of average hourly timeseries 708 that have timestamps within each day. Sample
aggregator 608 can generate average monthly timeseries 712 by aggregating all of the time series
values of average daily timeseries 710 that have timestamps within each month. Sample
aggregator 608 can generate average yearly timeseries 714 by aggregating all of the time series

values of average monthly timeseries 712 that have timestamps within each year.

[0153] In some embodiments, the timestamps for each sample in the data rollup timeseries
706-714 are the beginnings of the aggregation interval used to calculate the value of the sample.
For example, the first data sample of average quarter-hour timeseries 706 is shown to include the
timestamp 2015-12-31723: 00: 00. This timestamp indicates that the first data sample of
average quarter-hour timeseries 706 corresponds to an aggregation interval that begins at
11:00:00 PM on December 31, 2015. Since only one data sample of raw data timeseries 704
occurs during this interval, the value of the first data sample of average quarter-hour timeseries
706 is the average of a single data value (i.e., average(10) = 10). The same is true for the

second data sample of average quarter-hour timeseries 706 (i.e., average (20) = 20).

[0154] The third data sample of average quarter-hour timeseries 706 is shown to include the

timestamp 2015-12-31723:30: 00. This timestamp indicates that the third data sample of
average quarter-hour timeseries 706 corresponds to an aggregation interval that begins at
11:30:00 PM on December 31, 2015. Since each aggregation interval of average quarter-hour
timeseries 706 is a quarter-hour in duration, the end of the aggregation interval is 11:45:00 PM
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on December 31, 2015. This aggregation interval includes two data samples of raw data
timeseries 704 (i.e., the third raw data sample having a value of 30 and the fourth raw data
sample having a value of 40). Sample aggregator 608 can calculate the value of the third sample
of average quarter-hour timeseries 706 by averaging the values of the third raw data sample and
the fourth raw data sample (i.e., average(30,40) = 35). Accordingly, the third sample of
average quarter-hour timeseries 706 has a value of 35. Sample aggregator 608 can calculate the

remaining values of average quarter-hour timeseries 706 in a similar manner.

[0155] Still referring to FIG. 7B, the first data sample of average hourly timeseries 708 is
shown to include the timestamp 2015-12-31723: 00: 00. This timestamp indicates that the first
data sample of average hourly timeseries 708 corresponds to an aggregation interval that begins
at 11:00:00 PM on December 31, 2015. Since each aggregation interval of average hourly
timeseries 708 is an hour in duration, the end of the aggregation interval is 12:00:00 AM on
January 1, 2016. This aggregation interval includes the first four samples of average quarter-
hour timeseries 706. Sample aggregator 608 can calculate the value of the first sample of
average hourly timeseries 708 by averaging the values of the first four values of average quarter-
hour timeseries 706 (i.e., average(10,20,35,50) = 28.8). Accordingly, the first sample of
average hourly timeseries 708 has a value of 28.8. Sample aggregator 608 can calculate the

remaining values of average hourly timeseries 708 in a similar manner.

[0156] The first data sample of average daily timeseries 710 is shown to include the timestamp
2015-12-31700:00: 00. This timestamp indicates that the first data sample of average daily
timeseries 710 corresponds to an aggregation interval that begins at 12:00:00 AM on December
31, 2015. Since each aggregation interval of the average daily timeseries 710 is a day in
duration, the end of the aggregation interval is 12:00:00 AM on January 1, 2016. Only one data
sample of average hourly timeseries 708 occurs during this interval. Accordingly, the value of
the first data sample of average daily timeseries 710 is the average of a single data value (i.e.,
average(28.8) = 28.8). The same is true for the second data sample of average daily

timeseries 710 (i.e., average(87.5) = 87.5).
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[0157] In some embodiments, sample aggregator 608 stores each of the data rollup timeseries
706-714 in a single data table (e.g., data table 750) along with raw data timeseries 704. This
allows applications 530 to retrieve all of the timeseries 704-714 quickly and efficiently by
accessing a single data table. In other embodiments, sample aggregator 608 can store the various
timeseries 704-714 in separate data tables which can be stored in the same data storage device
(e.g., the same database) or distributed across multiple data storage devices. In some
embodiments, sample aggregator 608 stores data timeseries 704-714 in a format other than a data
table. For example, sample aggregator 608 can store timeseries 704-714 as vectors, as a matrix,

as a list, or using any of a variety of other data storage formats.

[0158] In some embodiments, sample aggregator 608 automatically updates the data rollup
timeseries 706-714 each time a new raw data sample is received. Updating the data rollup
timeseries 706-714 can include recalculating the aggregated values based on the value and
timestamp of the new raw data sample. When a new raw data sample is received, sample
aggregator 608 can determine whether the timestamp of the new raw data sample is within any of
the aggregation intervals for the samples of the data rollup timeseries 706-714. For example, if a
new raw data sample is received with a timestamp of 2016-01-01700: 52: 00, sample
aggregator 608 can determine that the new raw data sample occurs within the aggregation
interval beginning at timestamp 2016-01-01T700: 45: 00 for average quarter-hour timeseries
706. Sample aggregator 608 can use the value of the new raw data point (e.g., value = 120) to
update the aggregated value of the final data sample of average quarter-hour timeseries 706 (i.e.,

average(110,120) = 115).

[0159] If the new raw data sample has a timestamp that does not occur within any of the
previous aggregation intervals, sample aggregator 608 can create a new data sample in average
quarter-hour timeseries 706. The new data sample in average quarter-hour timeseries 706 can
have a new data timestamp defining the beginning of an aggregation interval that includes the
timestamp of the new raw data sample. For example, if the new raw data sample has a
timestamp of 2016-01-01701: 00: 11, sample aggregator 608 can determine that the new raw
data sample does not occur within any of the aggregation intervals previously established for
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average quarter-hour timeseries 706. Sample aggregator 608 can generate a new data sample in
average quarter-hour timeseries 706 with the timestamp 2016-01-01701: 00: 00 and can
calculate the value of the new data sample in average quarter-hour timeseries 706 based on the

value of the new raw data sample, as previously described.

[0160] Sample aggregator 608 can update the values of the remaining data rollup timeseries
708-714 in a similar manner. For example, sample aggregator 608 determine whether the
timestamp of the updated data sample in average quarter-hour timeseries is within any of the
aggregation intervals for the samples of average hourly timeseries 708. Sample aggregator 608
can determine that the timestamp 2016-01-01700: 45: 00 occurs within the aggregation interval
beginning at timestamp 2016-01-01700: 00: 00 for average hourly timeseries 708. Sample
aggregator 608 can use the updated value of the final data sample of average quarter-hour
timeseries 706 (e.g., value = 115) to update the value of the second sample of average hourly
timeseries 708 (i.e., average(65,80,95,115) = 88.75). Sample aggregator 608 can use the
updated value of the final data sample of average hourly timeseries 708 to update the final

sample of average daily timeseries 710 using the same technique.

[0161] In some embodiments, sample aggregator 608 updates the aggregated data values of
data rollup timeseries 706-714 each time a new raw data sample is received. Updating each time
a new raw data sample is received ensures that the data rollup timeseries 706-714 always reflect
the most recent data samples. In other embodiments, sample aggregator 608 updates the
aggregated data values of data rollup timeseries 706-714 periodically at predetermined update
intervals (e.g., hourly, daily, etc.) using a batch update technique. Updating periodically can be
more efficient and require less data processing than updating each time a new data sample is
received, but can result in aggregated data values that are not always updated to reflect the most

recent data samples.

[0162] In some embodiments, sample aggregator 608 is configured to cleanse raw data
timeseries 704. Cleansing raw data timeseries 704 can include discarding exceptionally high or
low data. For example, sample aggregator 608 can identify a minimum expected data value and
a maximum expected data value for raw data timeseries 704. Sample aggregator 608 can discard
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data values outside this range as bad data. In some embodiments, the minimum and maximum
expected values are based on attributes of the data point represented by the timeseries. For
example, data point 702 represents a measured outdoor air temperature and therefore has an
expected value within a range of reasonable outdoor air temperature values for a given
geographic location (e.g., between -20 °F and 110 °F). Sample aggregator 608 can discard a data
value of 330 for data point 702 since a temperature value of 330 °F is not reasonable for a

measured outdoor air temperature.

[0163] In some embodiments, sample aggregator 608 identifies a maximum rate at which a
data point can change between consecutive data samples. The maximum rate of change can be
based on physical principles (e.g., heat transfer principles), weather patterns, or other parameters
that limit the maximum rate of change of a particular data point. For example, data point 702
represents a measured outdoor air temperature and therefore can be constrained to have a rate of
change less than a maximum reasonable rate of change for outdoor temperature (e.g., five
degrees per minute). If two consecutive data samples of the raw data timeseries 704 have values
that would require the outdoor air temperature to change at a rate in excess of the maximum
expected rate of change, sample aggregator 608 can discard one or both of the data samples as
bad data.

[0164] Sample aggregator 608 can perform any of a variety of data cleansing operations to
identify and discard bad data samples. Several examples of data cleansing operations which can
be performed by sample aggregator 608 are described in U.S. Patent Application No. 13/631,301
titled “Systems and Methods for Data Quality Control and Cleansing” and filed September 28,
2012, the entire disclosure of which is incorporated by reference herein. In some embodiments,
sample aggregator 608 performs the data cleansing operations for raw data timeseries 704 before
generating the data rollup timeseries 706-714. This ensures that raw data timeseries 704 used to
generate data rollup timeseries 706-714 does not include any bad data samples. Accordingly, the

data rollup timeseries 706-714 do not need to be re-cleansed after the aggregation is performed.

[0165] Referring again to FIG. 6, job manager 604 is shown to include a virtual point

calculator 610. Virtual point calculator 610 is configured to create virtual data points and

-43-
4844-7916-0382

WILLOW TECH. EX. 1007
Page 138



Atty. Dkt. No.: 112444-0350

calculate timeseries values for the virtual data points. A virtual data point is a type of calculated
data point derived from one or more actual data points. In some embodiments, actual data points
are measured data points, whereas virtual data points are calculated data points. Virtual data
points can be used as substitutes for actual sensor data when the sensor data desired for a
particular application does not exist, but can be calculated from one or more actual data points.
For example, a virtual data point representing the enthalpy of a refrigerant can be calculated
using actual data points measuring the temperature and pressure of the refrigerant. Virtual data
points can also be used to provide timeseries values for calculated quantities such as efficiency,

coefficient of performance, and other variables that cannot be directly measured.

[0166] Virtual point calculator 610 can calculate virtual data points by applying any of a
variety of mathematical operations or functions to actual data points or other virtual data points.
For example, virtual point calculator 610 can calculate a virtual data point (pointiD;) by adding
two or more actual data points (pointi D, and pointiD,) (e.g., pointID; = pointID, +
pointiD,). As another example, virtual point calculator 610 can calculate an enthalpy data point
(pointiD,) based on a measured temperature data point (pointl Dg) and a measured pressure
data point (pointiDg) (e.g., pointlD, = enthalpy(pointiDsg, pointiDg)). In some instances, a
virtual data point can be derived from a single actual data point. For example, virtual point
calculator 610 can calculate a saturation temperature (pointl D) of a known refrigerant based on
a measured refrigerant pressure (pointiDg) (e.g., pointID, = T, (pointiDg)). In general,
virtual point calculator 610 can calculate the timeseries values of a virtual data point using the
timeseries values of one or more actual data points and/or the timeseries values of one or more

other virtual data points.

[0167] In some embodiments, virtual point calculator 610 uses a set of virtual point rules to
calculate the virtual data points. The virtual point rules can define one or more input data points
(e.g., actual or virtual data points) and the mathematical operations that should be applied to the
input data point(s) to calculate each virtual data point. The virtual point rules can be provided by
a user, received from an external system or device, and/or stored in memory 510. Virtual point

calculator 610 can apply the set of virtual point rules to the timeseries values of the input data
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points to calculate timeseries values for the virtual data points. The timeseries values for the
virtual data points can be stored as optimized timeseries data in local timeseries database 628

and/or hosted timeseries database 636.

[0168] Virtual point calculator 610 can calculate virtual data points using the values of raw
data timeseries 704 and/or the aggregated values of the data rollup timeseries 706-714. In some
embodiments, the input data points used to calculate a virtual data point are collected at different
sampling times and/or sampling rates. Accordingly, the samples of the input data points may not
be synchronized with each other, which can lead to ambiguity in which samples of the input data
points should be used to calculate the virtual data point. Using the data rollup timeseries 706-
714 to calculate the virtual data points ensures that the timestamps of the input data points are

synchronized and eliminates any ambiguity in which data samples should be used.

[0169] Referring now to FIG. 8, several timeseries 800, 820, 840, and 860 illustrating the
synchronization of data samples resulting from aggregating the raw timeseries data are shown,
according to some embodiments. Timeseries 800 and 820 are raw data timeseries. Raw data
timeseries 800 has several raw data samples 802-810. Raw data sample 802 is collected at time
t1; raw data sample 804 is collected at time t,; raw data sample 806 is collected at time t5; raw
data sample 808 is collected at time t,; raw data sample 810 is collected at time t5; and raw data

sample 812 is collected at time tg.

[0170] Raw data timeseries 820 also has several raw data samples 822, 824, 826, 828, and 830.
However, raw data samples, 822-830 are not synchronized with raw data samples 802-812. For
example, raw data sample 822 is collected before time t;; raw data sample 824 is collected
between times t, and t5; raw data sample 826 is collected between times t; and t,; raw data
sample 828 is collected between times t, and ts; and raw data sample 830 is collected between
times ts and tg. The lack of synchronization between data samples 802-812 and raw data
samples 822-830 can lead to ambiguity in which of the data samples should be used together to

calculate a virtual data point.
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[0171] Timeseries 840 and 860 are data rollup timeseries. Data rollup timeseries 840 can be
generated by sample aggregator 608 by aggregating raw data timeseries 800. Similarly, data
rollup timeseries 860 can be generated by sample aggregator 608 by aggregating raw data
timeseries 820. Both raw data timeseries 800 and 820 can be aggregated using the same
aggregation interval. Accordingly, the resulting data rollup timeseries 840 and 860 have
synchronized data samples. For example, aggregated data sample 842 is synchronized with
aggregated data sample 862 at time t;/. Similarly, aggregated data sample 844 is synchronized
with aggregated data sample 864 at time t,r; aggregated data sample 846 is synchronized with
aggregated data sample 866 at time t4/; and aggregated data sample 848 is synchronized with
aggregated data sample 868 at time t,/.

[0172] The synchronization of data samples in data rollup timeseries 840 and 860 allows
virtual point calculator 610 to readily identify which of the data samples should be used together
to calculate a virtual point. For example, virtual point calculator 610 can identify which of the
samples of data rollup timeseries 840 and 860 have the same timestamp (e.g., data samples 842
and 862, data samples 844 and 864, etc.). Virtual point calculator 610 can use two or more
aggregated data samples with the same timestamp to calculate a timeseries value of the virtual
data point. In some embodiments, virtual point calculator 610 assigns the shared timestamp of
the input data samples to the timeseries value of the virtual data point calculated from the input

data samples.

[0173] Referring again to FIG. 6, job manager 604 is shown to include a weather point
calculator 612. Weather point calculator 612 is configured to perform weather-based
calculations using the timeseries data. In some embodiments, weather point calculator 612
creates virtual data points for weather-related variables such as cooling degree days (CDD),
heating degree days (HDD), cooling energy days (CED), heating energy days (HED), and
normalized energy consumption. The timeseries values of the virtual data points calculated by
weather point calculator 612 can be stored as optimized timeseries data in local timeseries

database 628 and/or hosted timeseries database 636.
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[0174] Weather point calculator 612 can calculate CDD by integrating the positive temperature
difference between the time-varying outdoor air temperature Ty 4 and the cooling balance point

Ty for the building as shown in the following equation:
period
CDD - f maX{O, (TOA —_ TbC)} dt

where period is the integration period. In some embodiments, the outdoor air temperature Ty 4
is a measured data point, whereas the cooling balance point Ty is a stored parameter. To
calculate CDD for each sample of the outdoor air temperature Ty 4, weather point calculator 612
can multiply the quantity max{0, (Tp4 — Tpc)} by the sampling period At of the outdoor air
temperature Ty ,4. Weather point calculator 612 can calculate CED in a similar manner using
outdoor air enthalpy E, 4 instead of outdoor air temperature T 4. Outdoor air enthalpy Ep4 can

be a measured or virtual data point.

[0175] Weather point calculator 612 can calculate HDD by integrating the positive temperature
difference between a heating balance point T} for the building and the time-varying outdoor air

temperature T4 as shown in the following equation:
period

where period is the integration period. In some embodiments, the outdoor air temperature Ty 4
is a measured data point, whereas the heating balance point T,y 1s a stored parameter. To
calculate HDD for each sample of the outdoor air temperature Ty 4, weather point calculator 612
can multiply the quantity max{0, (T, — Tp4)} by the sampling period At of the outdoor air
temperature Ty 4. Weather point calculator 612 can calculate HED in a similar manner using

outdoor air enthalpy E, 4 instead of outdoor air temperature T 4.

[0176] In some embodiments, both virtual point calculator 610 and weather point calculator
612 calculate timeseries values of virtual data points. Weather point calculator 612 can calculate
timeseries values of virtual data points that depend on weather-related variables (e.g., outdoor air
temperature, outdoor air enthalpy, outdoor air humidity, outdoor light intensity, precipitation,
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wind speed, etc.). Virtual point calculator 610 can calculate timeseries values of virtual data
points that depend on other types of variables (e.g., non-weather-related variables). Although
only a few weather-related variables are described in detail here, it is contemplated that weather
point calculator 612 can calculate virtual data points for any weather-related variable. The
weather-related data points used by weather point calculator 612 can be received as timeseries

data from various weather sensors and/or from a weather service.

[0177] Still referring to FIG. 6, job manager 604 is shown to include a meter fault detector 614
and a scalable rules engine 606. Meter fault detector 614 and scalable rules engine 606 are
configured to detect faults in timeseries data. In some embodiments, meter fault detector 614
performs fault detection for timeseries data representing meter data (e.g., measurements from a
sensor), whereas scalable rules engine 606 performs fault detection for other types of timeseries
data. Meter fault detector 614 and scalable rules engine 606 can detect faults in the raw

timeseries data and/or the optimized timeseries data.

[0178] In some embodiments, meter fault detector 614 and scalable rules engine 606 receive
fault detection rules 620 and/or reasons 622 from analytics service 618. Fault detection rules 620
can be defined by a user via a rules editor 624 or received from an external system or device via
analytics web service 618. In various embodiments, fault detection rules 620 and reasons 622
can be stored in rules database 632 and reasons database 634 within local storage 514 and/or
rules database 640 and reasons database 642 within hosted storage 516. Meter fault detector 614
and scalable rules engine 606 can retrieve fault detection rules 620 from local storage 514 or

hosted storage and use fault detection rules 620 to analyze the timeseries data.

[0179] In some embodiments, fault detection rules 620 provide criteria that can be evaluated by
meter fault detector 614 and scalable rules engine 606 to detect faults in the timeseries data. For
example, fault detection rules 620 can define a fault as a data value above or below a threshold
value. As another example, fault detection rules 620 can define a fault as a data value outside a
predetermined range of values. The threshold value and predetermined range of values can be
based on the type of timeseries data (e.g., meter data, calculated data, etc.), the type of variable
represented by the timeseries data (e.g., temperature, humidity, energy consumption, etc.), the
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system or device that measures or provides the timeseries data (e.g., a temperature sensor, a

humidity sensor, a chiller, etc.), and/or other attributes of the timeseries data.

[0180] Meter fault detector 614 and scalable rules engine 606 can apply the fault detection
rules 620 to the timeseries data to determine whether each sample of the timeseries data qualifies
as a fault. In some embodiments, meter fault detector 614 and scalable rules engine 606 generate
a fault detection timeseries containing the results of the fault detection. The fault detection
timeseries can include a set of timeseries values, each of which corresponds to a data sample of
the timeseries data evaluated by meter fault detector 614 and scalable rules engine 606. In some
embodiments, each timeseries value in the fault detection timeseries includes a timestamp and a
fault detection value. The timestamp can be the same as the timestamp of the corresponding data
sample of the data timeseries. The fault detection value can indicate whether the corresponding
data sample of the data timeseries qualifies as a fault. For example, the fault detection value can
have a value of “Fault” if a fault is detected and a value of “Not in Fault” if a fault is not detected
in the corresponding data sample of the data timeseries. The fault detection timeseries can be
stored in local timeseries database 628 and/or hosted timeseries database 636 along with the raw

timeseries data and the optimized timeseries data.

[0181] Referring now to FIGS. 9A-9B, a block diagram and data table 900 illustrating the fault
detection timeseries is shown, according to some embodiments. In FIG. 9A, job manager 604 is
shown receiving a data timeseries 902 from local storage 514 or hosted storage 516. Data
timeseries 902 can be a raw data timeseries or an optimized data timeseries. In some
embodiments, data timeseries 902 is a timeseries of values of an actual data point (e.g., a
measured temperature). In other embodiments, data timeseries 902 is a timeseries of values of a
virtual data point (e.g., a calculated efficiency). As shown in data table 900, data timeseries 902
includes a set of data samples. Each data sample includes a timestamp and a value. Most of the
data samples have values within the range of 65-66. However, three of the data samples have

values of 42.

[0182] Job manager 604 can evaluate data timeseries 902 using a set of fault detection rules

620 to detect faults in data timeseries 902. In various embodiments, the fault detection can be
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performed by meter fault detector 614 (e.g., if data timeseries 902 is meter data) or by scalable
rules engine 606 (e.g., if data timeseries 902 is non-meter data). In some embodiments, job
manager 604 determines that the data samples having values of 42 qualify as faults according to

the fault detection rules 620.

[0183] Job manager 604 can generate a fault detection timeseries 904 containing the results of
the fault detection. As shown in data table 900, fault detection timeseries 904 includes a set of
data samples. Like data timeseries 902, each data sample of fault detection timeseries 904
includes a timestamp and a value. Most of the values of fault detection timeseries 904 are shown
as “Not in Fault,” indicating that no fault was detected for the corresponding sample of data
timeseries 902 (i.e., the data sample with the same timestamp). However, three of the data
samples in fault detection timeseries 904 have a value of “Fault,” indicating that the
corresponding sample of data timeseries 902 qualifies as a fault. As shown in FIG. 9A, job
manager 604 can store fault detection timeseries 904 in local storage 514 (e.g., in local timeseries
database 628) and/or hosted storage 516 (e.g., in hosted timeseries database 636) along with the

raw timeseries data and the optimized timeseries data.

[0184] Fault detection timeseries 904 can be used by BMS 500 to perform various fault
detection, diagnostic, and/or control processes. In some embodiments, fault detection timeseries
904 1s further processed by job manager 604 to generate new timeseries derived from fault
detection timeseries 904. For example, sample aggregator 608 can use fault detection timeseries
904 to generate a fault duration timeseries. Sample aggregator 608 can aggregate multiple
consecutive data samples of fault detection timeseries 904 having the same data value into a
single data sample. For example, sample aggregator 608 can aggregate the first two “Not in
Fault” data samples of fault detection timeseries 904 into a single data sample representing a
time period during which no fault was detected. Similarly, sample aggregator 608 can aggregate
the final two “Fault” data samples of fault detection timeseries 904 into a single data sample

representing a time period during which a fault was detected.

[0185] In some embodiments, each data sample in the fault duration timeseries has a fault

occurrence time and a fault duration. The fault occurrence time can be indicated by the
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timestamp of the data sample in the fault duration timeseries. Sample aggregator 608 can set the
timestamp of each data sample in the fault duration timeseries equal to the timestamp of the first
data sample in the series of data samples in fault detection timeseries 904 which were aggregated
to form the aggregated data sample. For example, if sample aggregator 608 aggregates the first
two “Not in Fault” data samples of fault detection timeseries 904, sample aggregator 608 can set
the timestamp of the aggregated data sample to 2015-12-31723:10: 00. Similarly, if sample
aggregator 608 aggregates the final two “Fault” data samples of fault detection timeseries 904,
sample aggregator 608 can set the timestamp of the aggregated data sample to

2015-12-31723:50: 00.

[0186] The fault duration can be indicated by the value of the data sample in the fault duration
timeseries. Sample aggregator 608 can set the value of each data sample in the fault duration
timeseries equal to the duration spanned by the consecutive data samples in fault detection
timeseries 904 which were aggregated to form the aggregated data sample. Sample aggregator
608 can calculate the duration spanned by multiple consecutive data samples by subtracting the
timestamp of the first data sample of fault detection timeseries 904 included in the aggregation
from the timestamp of the next data sample of fault detection timeseries 904 after the data

samples included in the aggregation.

[0187] For example, if sample aggregator 608 aggregates the first two “Not in Fault” data
samples of fault detection timeseries 904, sample aggregator 608 can calculate the duration of
the aggregated data sample by subtracting the timestamp 2015-12-31723: 10: 00 (i.e., the
timestamp of the first “Not in Fault” sample) from the timestamp 2015-12-31723:30: 00 (i.e,,
the timestamp of the first “Fault” sample after the consecutive “Not in Fault” samples) for an
aggregated duration of twenty minutes. Similarly, if sample aggregator 608 aggregates the final
two “Fault” data samples of fault detection timeseries 904, sample aggregator 608 can calculate
the duration of the aggregated data sample by subtracting the timestamp 2015-12-31723:50: 00
(i.e., the timestamp of the first “Fault” sample included in the aggregation) from the timestamp
2016-01-01700:10: 00 (i.e., the timestamp of the first “Not in Fault” sample after the
consecutive “Fault” samples) for an aggregated duration of twenty minutes.
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[0188] Referring now to FIG. 9C, a flow diagram illustrating how various timeseries can be
generated, stored, and used in BMS 500 is shown, according to some embodiments. Data
collector 512 is shown receiving data samples from building subsystems 428. In some
embodiments, the data samples include data values for various data points. The data values can
be measured or calculated values, depending on the type of data point. For example, a data point
received from a temperature sensor can include a measured data value indicating a temperature
measured by the temperature sensor. A data point received from a chiller controller can include
a calculated data value indicating a calculated efficiency of the chiller. Data collector 512 can

receive data samples from multiple different devices within building subsystems 428.

[0189] In some embodiments, each data sample is received with a timestamp indicating a time
at which the corresponding data value was measured or calculated. In other embodiments, data
collector 512 adds timestamps to the data samples based on the times at which the data samples
are received. Data collector 512 can generate raw timeseries data for each of the data points for
which data samples are received. Each timeseries can include a series of data values for the
same data point and a timestamp for each of the data values. For example, a timeseries for a data
point provided by a temperature sensor can include a series of temperature values measured by
the temperature sensor and the corresponding times at which the temperature values were

measured.

[0190] Data collector 512 can add timestamps to the data samples or modify existing
timestamps such that each data sample includes a local timestamp. Each local timestamp
indicates the local time at which the corresponding data sample was measured or collected and
can include an offset relative to universal time. The local timestamp indicates the local time at
the location the data point was measured at the time of measurement. The offset indicates the
difference between the local time and a universal time (e.g., the time at the international date
line). For example, a data sample collected in a time zone that is six hours behind universal time
can include a local timestamp (e.g., Timestamp = 2016-03-18714: 10: 02) and an offset
indicating that the local timestamp is six hours behind universal time (e.g., Of fset = —6:00).

The offset can be adjusted (e.g., +1: 00 or —1: 00) depending on whether the time zone is in
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daylight savings time when the data sample is measured or collected. Data collector 512 can
provide the raw timeseries data to control applications 536, data cleanser 644, and/or store the

raw timeseries data in timeseries storage 515 (i.e., local storage 514 and/or hosted storage 516).

[0191] Data cleanser 644 can retrieve the raw data timeseries from timeseries storage 515 and
cleanse the raw data timeseries. Cleansing the raw data timeseries can include discarding
exceptionally high or low data. For example, data cleanser 644 can identify a minimum
expected data value and a maximum expected data value for the raw data timeseries. Data
cleanser 644 can discard data values outside this range as bad data. In some embodiments, the
minimum and maximum expected values are based on attributes of the data point represented by
the timeseries. For example, an outdoor air temperature data point may have an expected value
within a range of reasonable outdoor air temperature values for a given geographic location (e.g.,

between -20 °F and 110 °F).

[0192] In some embodiments, data cleanser 644 identifies a maximum rate at which a data
point can change between consecutive data samples. The maximum rate of change can be based
on physical principles (e.g., heat transfer principles), weather patterns, or other parameters that
limit the maximum rate of change of a particular data point. For example, an outdoor air
temperature data point can be constrained to have a rate of change less than a maximum
reasonable rate of change for outdoor temperature (e.g., five degrees per minute). If two
consecutive data samples of the raw data timeseries have values that would require the outdoor
air temperature to change at a rate in excess of the maximum expected rate of change, data

cleanser 644 can discard one or both of the data samples as bad data.

[0193] Data cleanser 644 can perform any of a variety of data cleansing operations to identify
and discard bad data samples. Several examples of data cleansing operations which can be
performed by data cleanser 644 are described in U.S. Patent Application No. 13/631,301 titled
“Systems and Methods for Data Quality Control and Cleansing” and filed September 28, 2012,
the entire disclosure of which is incorporated by reference herein. In some embodiments, data
cleanser 644 performs the data cleansing operations for the raw data timeseries before sample
aggregator 608 generates the data rollup timeseries. This ensures that the raw data timeseries
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used to generate the data rollup timeseries does not include any bad data samples. Accordingly,
the data rollup timeseries do not need to be re-cleansed after the aggregation is performed. Data
cleanser 644 can provide the cleansed timeseries data to control applications 536, sample

aggregator 608, and/or store the cleansed timeseries data in timeseries storage 515.

[0194] Sample aggregator 608 can retrieve any data timeseries from timeseries storage 515
(e.g., a raw data timeseries, a cleansed data timeseries, a data rollup timeseries, a fault detection
timeseries, etc.) and generate data rollup timeseries based on the retrieved data timeseries. For
each data point, sample aggregator 608 can aggregate a set of data values having timestamps
within a predetermined time interval (e.g., a quarter-hour, an hour, a day, etc.) to generate an
aggregate data value for the predetermined time interval. For example, the raw timeseries data
for a particular data point may have a relatively short interval (e.g., one minute) between
consecutive samples of the data point. Sample aggregator 608 can generate a data rollup from
the raw timeseries data by aggregating all of the samples of the data point having timestamps
within a relatively longer interval (e.g., a quarter-hour) into a single aggregated value that

represents the longer interval.

[0195] For some types of timeseries, sample aggregator 608 performs the aggregation by
averaging all of the samples of the data point having timestamps within the longer interval.
Aggregation by averaging can be used to calculate aggregate values for timeseries of non-
cumulative variables such as measured value. For other types of timeseries, sample aggregator
608 performs the aggregation by summing all of the samples of the data point having timestamps
within the longer interval. Aggregation by summation can be used to calculate aggregate values
for timeseries of cumulative variables such as the number of faults detected since the previous

sample.

[0196] Sample aggregator 608 can generate any type of data rollup timeseries including, for
example, an average quarter-hour timeseries, an average hourly timeseries, an average daily
timeseries, an average monthly timeseries, and an average yearly timeseries, or any other type of
data rollup timeseries as described with reference to FIGS. 6-8. Each of the data rollup
timeseries may be dependent upon a parent timeseries. In some embodiments, sample
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aggregator 608 updates the aggregated data values of data rollup timeseries each time a new raw
data sample is received and/or each time the parent timeseries is updated. Sample aggregator
608 can provide the data rollup timeseries to control applications 536, virtual point calculator

610, and/or store the data rollup timeseries in timeseries storage 515.

[0197] Virtual point calculator 610 can retrieve any timeseries from timeseries storage 515 and
generate virtual point timeseries using the retrieved data timeseries. Virtual point calculator can
create virtual data points and calculate timeseries values for the virtual data points. A virtual
data point is a type of calculated data point derived from one or more actual data points. In some
embodiments, actual data points are measured data points, whereas virtual data points are
calculated data points. Virtual data points can be used as substitutes for actual sensor data when
the sensor data desired for a particular application does not exist, but can be calculated from one
or more actual data points. For example, a virtual data point representing the enthalpy of a
refrigerant can be calculated using actual data points measuring the temperature and pressure of
the refrigerant. Virtual data points can also be used to provide timeseries values for calculated
quantities such as efficiency, coefficient of performance, and other variables that cannot be

directly measured.

[0198] Virtual point calculator 610 can calculate virtual data points by applying any of a
variety of mathematical operations or functions to actual data points and/or other virtual data
points. For example, virtual point calculator 610 can calculate a virtual data point (pointiD3) by
adding two or more actual data points (pointiD; and pointiD,) (e.g., pointiD; = pointiD; +
pointiD,). As another example, virtual point calculator 610 can calculate an enthalpy data point
(pointiD,) based on a measured temperature data point (pointlDs) and a measured pressure

data point (pointlDg) (e.g., pointiD, = enthalpy(pointlDsg, pointlDy)).

[0199] In some instances, a virtual data point can be derived from a single actual data point.
For example, virtual point calculator 610 can calculate a saturation temperature (pointlD,) of a
known refrigerant based on a measured refrigerant pressure (pointiDg) (e.g., pointiD, =
Tsqe(pointlDg)). In general, virtual point calculator 610 can calculate the timeseries values of a
virtual data point using the timeseries values of one or more actual data points and/or the
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timeseries values of one or more other virtual data points. In some embodiments, virtual point
calculator 610 automatically updates the values of the virtual point timeseries whenever the
source data used to calculate the virtual data points is updated. Virtual point calculator 610 can
provide the virtual point timeseries to control applications 536, scalable rules engine 606, and/or

store the virtual point timeseries in timeseries storage 515.

[0200] Scalable rules engine 606 can retrieve any timeseries from timeseries storage 515 and
generate fault detection timeseries using the retrieved data timeseries. Scalable rules engine 606
can apply fault detection rules to the timeseries data to determine whether each sample of the
timeseries data qualifies as a fault. In some embodiments, scalable rules engine 606 generates a
fault detection timeseries containing the results of the fault detection, as described with reference
to FIGS. 9A-9B. The fault detection timeseries can include a set of timeseries values, each of

which corresponds to a data sample of the timeseries data evaluated by scalable rules engine 606.

[0201] In some embodiments, each timeseries value in the fault detection timeseries includes a
timestamp and a fault detection value. The timestamp can be the same as the timestamp of the
corresponding data sample of the data timeseries. The fault detection value can indicate whether
the corresponding data sample of the data timeseries qualifies as a fault. For example, the fault
detection value can have a value of “Fault” if a fault is detected and a value of “Not in Fault” if a
fault 1s not detected in the corresponding data sample of the data timeseries. In some
embodiments, scalable rules engine 606 uses the fault detection timeseries to generate derivative
timeseries such as a fault duration timeseries, as described with reference to FIGS. 9A-9B.
Scalable rules engine 606 can provide the fault detection timeseries to control applications 536

and/or store the fault detection timeseries in timeseries storage 515.

[0202] Each of the data platform services 520 (e.g., data cleanser 644, sample aggregator 608,
virtual point calculator 610, scalable rules engine 606, etc.) can read any data timeseries from
timeseries storage 515, generate new data timeseries (e.g., cleansed data timeseries, data rollup
timeseries, virtual point timeseries, fault detection timeseries, etc.), and store the new data
timeseries in timeseries storage 515. The new timeseries can be stored alongside the original

timeseries upon which the new timeseries i1s based such that the original timeseries does not need
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to be updated. This allows multiple services to concurrently read the same data timeseries from

timeseries storage 515 without requiring any service to lock the timeseries.

[0203] The timeseries stored in timeseries storage 515 can affect each other. For example, the
values of one or more first data timeseries can affect the values of one or more second data
timeseries based on the first data timeseries. The first and second data timeseries can be any of
the raw data timeseries, cleansed data timeseries, data rollup timeseries, virtual point timeseries,
fault detection timeseries, or any other timeseries generated by data platform services 520.
When the first timeseries is/are updated, the second timeseries can be automatically updated by
data platform services 520. Updates to the second timeseries can trigger automatic updates to
one or more third data timeseries based on the second data timeseries. It is contemplated that
any data timeseries can be based on any other data timeseries and can be automatically updated

when the base data timeseries is updated.

[0204] In operation, a raw data timeseries can be written to timeseries storage 515 by data
collector 512 as the data are collected or received from building subsystems 428. Subsequent
processing by data cleanser 644, sample aggregator 608, virtual point calculator 610, and
scalable rules engine 606 can occur in any order. For example, data cleanser 644 can cleanse the
raw data timeseries, a data rollup timeseries, a virtual point timeseries, and/or a fault detection
timeseries. Similarly, sample aggregator 608 can generate a data rollup timeseries using a raw
data timeseries, a cleansed data timeseries, another data rollup timeseries, a virtual point
timeseries, and/or a fault detection timeseries. Virtual point calculator 610 can generate a virtual
point timeseries based on one or more raw data timeseries, cleansed data timeseries, data rollup
timeseries, other virtual point timeseries, and/or fault detection timeseries. Scalable rules engine
606 can generate a fault detection timeseries using one or more raw data timeseries, cleansed
data timeseries, data rollup timeseries, virtual point timeseries, and/or other fault detection

timeseries.

[0205] Referring again to FIG. 6, analytics service 524 is shown to include an analytics web
service 618, fault detection rules 620 and reasons 622, a rules editor 624, and an analytics
storage interface 626. Analytics web service 618 is configured to interact with web-based
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applications to send and/or receive fault detection rules 620 and reasons 622 and results of data
analytics. In some embodiments, analytics web service 618 receives fault detection rules 620
and reasons 622 from a web-based rules editor 624. For example, if rules editor 624 is a web-
based application, analytics web service 618 can receive rules 620 and reasons 622 from rules
editor 624. In some embodiments, analytics web service 618 provides results of the analytics to
web-based applications. For example, if one or more of applications 530 are web-based
applications, analytics web service 618 can provide fault detection timeseries to the web-based

applications.

[0206] Analytics storage interface 626 is configured to interact with local storage 514 and/or
hosted storage 516. For example, analytics storage interface 626 can retrieve rules 620 from
local rules database 632 within local storage 514 or from hosted rules database 640 within hosted
storage 516. Similarly, analytics storage interface 626 can retrieve reasons 622 from local
reasons database 634 within local storage 514 or from hosted reasons database 642 within hosted
storage 516. Analytics storage interface 626 can also store rules 620 and reasons 622 within

local storage 514 and/or hosted storage 516.
Entity Graph

[0207] Referring now to FIG. 10A, an entity graph 1000 is shown, according to some
embodiments. In some embodiments, entity graph 1000 is generated or used by data collector
512, as described with reference to FIG. 5. Entity graph 1000 describes how a building is
organized and how the different systems and spaces within the building relate to each other. For
example, entity graph 1000 is shown to include an organization 1002, a space 1004, a system
1006, a point 1008, and a timeseries 1009. The arrows interconnecting organization 1002, space
1004, system 1006, point 1008, and timeseries 1009 identify the relationships between such
entities. In some embodiments, the relationships are stored as attributes of the entity described

by the attribute.

[0208] Organization 1002 is shown to include a contains descendants attribute 1010, a parent
ancestors attribute 1012, a contains attribute 1014, a located in attribute 1016, an occupied by
ancestors attribute 1018, and an occupies by attribute 1022. The contains descendants attribute
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1010 identifies any descendant entities contained within organization 1002. The parent ancestors
attribute 1012 identifies any parent entities to organization 1002. The contains attribute 1014
identifies any other organizations contained within organization 1002. The asterisk alongside the
contains attribute 1014 indicates that organization 1002 can contain any number of other
organizations. The located in attribute 1016 identifies another organization within which
organization 1002 is located. The number 1 alongside the located in attribute 1016 indicates that
organization 1002 can be located in exactly one other organization. The occupies attribute 1022
identifies any spaces occupied by organization 1002. The asterisk alongside the occupies

attribute 1022 indicates that organization 1002 can occupy any number of spaces.

[0209] Space 1004 is shown to include an occupied by attribute 1020, an occupied by ancestors
attribute 1018, a contains space descendants attribute 1024, a located in ancestors attribute 1026,
a contains spaces attribute 1028, a located in attribute 1030, a served by systems attribute 1038,
and a served by system descendants attribute 1034. The occupied by attribute 1020 identifies an
organization occupied by space 1004. The number 1 alongside the occupied by attribute 1020
indicates that space 1004 can be occupied by exactly one organization. The occupied by
ancestors attribute 1018 identifies one or more ancestors to organization 1002 that are occupied
by space 1004. The asterisk alongside the occupied by ancestors attribute 1018 indicates that

space 1004 can be occupied by any number of ancestors.

[0210] The contains space descendants attribute 1024 identifies any descendants to space 1004
that are contained within space 1004. The located in ancestors attribute 1026 identifies any
ancestors to space 1004 within which space 1004 is located. The contains spaces attribute 1028
identifies any other spaces contained within space 1004. The asterisk alongside the contains
spaces attribute 1028 indicates that space 1004 can contain any number of other spaces. The
located in attribute 1030 identifies another space within which space 1004 is located. The
number 1 alongside the located in attribute 1030 indicates that space 1004 can be located in
exactly one other space. The served by systems attribute 1038 identifies any systems that serve
space 1004. The asterisk alongside the served by systems attribute 1038 indicates that space

1004 can be served by any number of systems. The served by system descendants attribute 1034

-50-
4844-7916-0382

WILLOW TECH. EX. 1007
Page 154



Atty. Dkt. No.: 112444-0350

identifies any descendent systems that serve space 1004. The asterisk alongside the served by
descendant systems attribute 1034 indicates that space 1004 can be served by any number of

descendant systems.

[0211] System 1006 is shown to include a serves spaces attribute 1036, a serves space
ancestors attribute 1032, a subsystem descendants attribute 1040, a part of ancestors attribute
1042, a subsystems attribute 1044, a part of attribute 1046, and a points attribute 1050. The
serves spaces attribute 1036 identifies any spaces that are served by system 1006. The asterisk
alongside the serves spaces attribute 1036 indicates that system 1006 can serve any number of
spaces. The serves space ancestors attribute 1032 identifies any ancestors to space 1004 that are
served by system 1006. The asterisk alongside the serves ancestor spaces attribute 1032

indicates that system 1006 can serve any number of ancestor spaces.

[0212] The subsystem descendants attribute 1040 identifies any subsystem descendants of
other systems contained within system 1006. The part of ancestors attribute 1042 identifies any
ancestors to system 1006 that system 1006 is part of. The subsystems attribute 1044 identifies
any subsystems contained within system 1006. The asterisk alongside the subsystems attribute
1044 indicates that system 1006 can contain any number of subsystems. The part of attribute
1046 identifies any other systems that system 1006 is part of. The number 1 alongside the part
of attribute 1046 indicates that system 1006 can be part of exactly one other system. The points
attribute 1050 identifies any data points that are associated with system 1006. The asterisk
alongside the points attribute 1050 indicates that any number of data points can be associated

with system 1006.

[0213] Point 1008 is shown to include a used by system attribute 1048. The asterisk alongside
the used by system attribute 1048 indicates that point 1008 can be used by any number of
systems. Point 1008 is also shown to include a used by timeseries attribute 1054. The asterisk
alongside the used by timeseries attribute 1054 indicates that point 1008 can be used by any
number of timeseries (e.g., raw data timeseries virtual point timeseries, data rollup timeseries,
etc.). For example, multiple virtual point timeseries can be based on the same actual data point
1008. In some embodiments, the used by timeseries attribute 1054 is treated as a list of
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timeseries that subscribe to changes in value of data point 1008. When the value of point 1008
changes, the timeseries listed in the used by timeseries attribute 1054 can be identified and

automatically updated to reflect the changed value of point 1008.

[0214] Timeseries 1009 is shown to include a uses point attribute 1052. The asterisk alongside
the uses point attribute 1052 indicates that timeseries 1009 can use any number of actual data
points. For example, a virtual point timeseries can be based on multiple actual data points. In
some embodiments, the uses point attribute 1052 is treated as a list of points to monitor for
changes in value. When any of the points identified by the uses point attribute 1052 are updated,
timeseries 1009 can be automatically updated to reflect the changed value of the points used by

timeseries 1009.

[0215] Timeseries 1009 is also shown to include a used by timeseries attribute 1056 and a uses
timeseries attribute 1058. The asterisks alongside the used by timeseries attribute 1056 and the
uses timeseries attribute 1058 indicate that timeseries 1009 can be used by any number of other
timeseries and can use any number of other timeseries. For example, both a data rollup
timeseries and a virtual point timeseries can be based on the same raw data timeseries. As
another example, a single virtual point timeseries can be based on multiple other timeseries (e.g.,
multiple raw data timeseries). In some embodiments, the used by timeseries attribute 1056 is
treated as a list of timeseries that subscribe to updates in timeseries 1009. When timeseries 1009
is updated, the timeseries listed in the used by timeseries attribute 1056 can be identified and
automatically updated to reflect the change to timeseries 1009. Similarly, the uses timeseries
attribute 1058 can be treated as a list of timeseries to monitor for updates. When any of the
timeseries identified by the uses timeseries attribute 1058 are updated, timeseries 1009 can be

automatically updated to reflect the updates to the other timeseries upon which timeseries 1009 is
based.

[0216] Referring now to FIG. 10B, an example of an entity graph 1060 for a particular building
management system is shown, according to some embodiments. Entity graph 1060 is shown to
include an organization 1061 (“ACME Corp”). Organization 1061 be a collection of people, a
legal entity, a business, an agency, or other type of organization. Organization 1061 occupies
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space 1063 (“Milwaukee Campus™), as indicated by the occupies attribute 1064. Space 1063 is
occupied by organization 1061, as indicated by the occupied by attribute 1062.

[0217] In some embodiments, space 1063 is a top level space in a hierarchy of spaces. For
example, space 1063 can represent an entire campus (i.e., a collection of buildings). Space 1063
can contain various subspaces (e.g., individual buildings) such as space 1065 (“Building 1) and
space 1073 (“Building 2”), as indicated by the contains attributes 1068 and 1080. Spaces 1065
and 1080 are located in space 1063, as indicated by the located in attribute 1066. Each of spaces
1065 and 1073 can contain lower level subspaces such as individual floors, zones, or rooms
within each building. However, such subspaces are omitted from entity graph 1060 for
simplicity.

[0218] Space 1065 is served by system 1067 (“ElecMainMeter1”) as indicated by the served
by attribute 1072. System 1067 can be any system that serves space 1065 (e.g., a HVAC system,
a lighting system, an electrical system, a security system, etc.). The serves attribute 1070
indicates that system 1067 serves space 1065. In entity graph 1060, system 1067 is shown as an
electrical system having a subsystem 1069 (“LightingSubMeter1”) and a subsystem 1071
(“PlugLoadSubMeter2”) as indicated by the subsystem attributes 1076 and 1078. Subsystems
1069 and 1071 are part of system 1067, as indicated by the part of attribute 1074.

[0219] Space 1073 is served by system 1075 (“ElecMainMeter2”) as indicated by the served
by attribute 1084. System 1075 can be any system that serves space 1073 (e.g., a HVAC system,
a lighting system, an electrical system, a security system, etc.). The serves attribute 1082
indicates that system 1075 serves space 1073. In entity graph 1060, system 1075 is shown as an
electrical system having a subsystem 1077 (“LightingSubMeter3”) as indicated by the subsystem
attribute 1088. Subsystem 1077 is part of system 1075, as indicated by the part of attribute 1086.

[0220] In addition to the attributes shown in FIG. 10B, entity graph 1060 can include
“ancestors” and “descendants” attributes on each entity in the hierarchy. The ancestors attribute
can identify (e.g., in a flat list) all of the entities that are ancestors to a given entity. For
example, the ancestors attribute for space 1065 may identify both space 1063 and organization
1061 as ancestors. Similarly, the descendants attribute can identify all (e.g., in a flat list) of the
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entities that are descendants of a given entity. For example, the descendants attribute for space
1065 may identify system 1067, subsystem 1069, and subsystem 1071 as descendants. This
provides each entity with a complete listing of its ancestors and descendants, regardless of how

many levels are included in the hierarchical tree. This is a form of transitive closure.

[0221] In some embodiments, the transitive closure provided by the descendants and ancestors
attributes allows entity graph 1060 to facilitate simple queries without having to search multiple
levels of the hierarchical tree. For example, the following query can be used to find all meters

under the Milwaukee Campus space 1063:

/Systems?$filter=(systemType eq Jci.Be.Data. SystemType'Meter')

and ancestorSpaces/any(a:a/name eq 'Milwaukee Campus')

and can be answered using only the descendants attribute of the Milwaukee Campus space 1063.
For example, the descendants attribute of space 1063 can identify all meters that are
hierarchically below space 1063. The descendants attribute can be organized as a flat list and
stored as an attribute of space 1063. This allows the query to be served by searching only the
descendants attribute of space 1063 without requiring other levels or entities of the hierarchy to

be searched.

[0222] Referring now to FIG. 11, an object relationship diagram 1100 is shown, according to
some embodiments. Relationship diagram 1100 is shown to include an entity template 1102, a
point 1104, a timeseries 1106, and a sample 1108. In some embodiments, entity template 1102,
point 1104, timeseries 1106, and sample 1108 are stored as data objects within memory 510,
local storage 514, and/or hosted storage 516. Relationship diagram 1100 illustrates the
relationships between entity template 1102, point 1104, and timeseries 1106.

[0223] Entity template 1102 can include various attributes such as an ID attribute, a name
attribute, a properties attribute, and a relationships attribute. The ID attribute can be provided as
a text string and identifies a unique ID for entity template 1102. The name attribute can also be
provided as a text string and identifies the name of entity template 1102. The properties attribute

can be provided as a vector and identifies one or more properties of entity template 1102. The

-63-
4844-7916-0382

WILLOW TECH. EX. 1007
Page 158



Atty. Dkt. No.: 112444-0350

relationships attribute can also be provided as a vector and identifies one or more relationships of

entity template 1102.

[0224] Point 1104 can include various attributes such as an ID attribute, an entity template ID
attribute, a timeseries attribute, and a units ID attribute. The ID attribute can be provided as a
text string and identifies a unique ID for point 1104. The entity template ID attribute can also be
provided as a text string and 1dentifies the entity template 1102 associated with point 1104 (e.g.,
by listing the ID attribute of entity template 1102). Any number of points 1104 can be associated
with entity template 1102. However, in some embodiments, each point 11104 is associated with
a single entity template 1102. The timeseries attribute can be provided as a text string and
identifies any timeseries associated with point 1104 (e.g., by listing the ID string of any
timeseries 1106 associated with point 1104). The units ID attribute can also be provided as a text

string and identifies the units of the variable quantified by point 1104.

[0225] Timeseries 1106 can include various attributes such as an ID attribute, a samples
attribute, a transformation type attribute, and a units ID attribute. The ID attribute can be
provided as a text string and identifies a unique ID for timeseries 1106. The unique ID of
timeseries 1106 can be listed in the timeseries attribute of point 1104 to associate timeseries
1106 with point 1104. Any number of timeseries 1106 can be associated with point 1104. Each
timeseries 1106 is associated with a single point 1104. The samples attribute can be provided as
a vector and identifies one or more samples associated with timeseries 1106. The transformation
type attribute identifies the type of transformation used to generate timeseries 1106 (e.g., average
hourly, average daily, average monthly, etc.). The units ID attribute can also be provided as a

text string and identifies the units of the variable quantified by timeseries 1106.

[0226] Sample 1108 can include a timestamp attribute and a value attribute. The timestamp
attribute can be provided in local time and can include an offset relative to universal time. The
value attribute can include a data value of sample 1108. In some instances, the value attribute is
a numerical value (e.g., for measured variables). In other instances, the value attribute can be a

text string such as “Fault” if sample 1108 is part of a fault detection timeseries.
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Dashboard Layouts

[0227] Referring now to FIG. 12, a block diagram illustrating the operation of dashboard
layout generator 518 is shown, according to some embodiments. Dashboard layout generator
518 is shown receiving points 1202, raw timeseries data 1204, and optimized timeseries data
1206. Points 1202 can include actual data points (e.g., measured data points), virtual data points
(e.g., calculated data points) or other types of data points for which sample data is received at
BMS 500 or calculated by BMS 500. Points 1202 can include instances of point 1104, as
described with reference to FIG. 11. For example, each of points 1202 can include a point ID, an
entity template ID, an indication of one or more timeseries associated with the point, and a units
ID. Raw timeseries data 1204 can include the raw timeseries data collected or generated by data
collector 512. Optimized timeseries data 1206 can include data rollup timeseries, cleansed
timeseries, virtual point timeseries, weather point timeseries, fault detection timeseries, and/or

other types of timeseries data which can be generated or processed by job manager 604.

[0228] Dashboard layout generator 518 is shown generating a dashboard layout description
1208. In some embodiments, dashboard layout description 1208 is a framework agnostic layout
description which can be used to render a user interface (i.e., a dashboard layout) by a variety of
different rendering engines (e.g., a web browser, a PDF engine, etc.) and/or frameworks.
Dashboard layout description 1208 is not itself a user interface, but rather a schema which can be
used by applications 530 and other frameworks to generate a user interface. Many different
frameworks and applications 530 can read and use dashboard layout description 1208 to generate
a user interface according to the theming and sizing of the framework. In some embodiments,
dashboard layout description 1208 describes the dashboard layout using a grid of rows and

columns.

[0229] Referring now to FIG. 13, a grid 1300 illustrating dashboard layout description 1208 is

shown. Grid 1300 is shown as a m X n grid including m rows and n columns. The intersections
of the rows and columns define particular locations in grid 1300 at which widgets can be located.
For example, grid 1300 is shown to include a text widget 1302 at the intersection of the first row
and the second column. Grid 1300 also includes a graph widget 1304 at the intersection of the
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second row and the second column. In some embodiments, the locations of widgets 1302 and
1304 are defined by the row and column indices of grid 1300. For example, dashboard layout
description 1208 can define the location of text widget 1302 by specifying that text widget 1302
is located at the intersection of the first row and the second column of grid 1300. Similarly,
dashboard layout description 1208 can define the location of graph widget 1304 by specifying
that graph widget 1304 is located at the intersection of the second row and the second column of

grid 1300.

[0230] In some embodiments, dashboard layout description 1208 defines various properties for
each widget. For example, widgets 1302 and 1304 can have a widget type property defining the
type of the widget (e.g., text, graph, image, etc.). In some embodiments, widget 1302 has a text
property defining the text displayed by widget 1302. Widget 1304 can include graph properties
that define various attributes of the graph (e.g., graph title, x-axis title, y-axis title, etc.). In some
embodiments, graph widget 1304 includes a property that defines one or more timeseries of data
displayed in widget 1304. The timeseries can be different timeseries of the same data point (e.g.,
a raw data timeseries, an average hourly timeseries, an average daily timeseries, etc.) or
timeseries of different data points. In some embodiments, graph widget 1304 includes properties
that defines the widget name and a set of APIs that drive widget 1304 (e.g., service URLs or
database URLs).

[0231] In some embodiments, dashboard layout description 1208 includes a top level
dashboard element containing properties that apply to the entire dashboard layout. Such
properties can include, for example, dashboard name, whether the widgets are collapsible,
whether the dashboard is editable, and the grid layout. The grid layout can be defined as an array
of objects (e.g., widgets), each of which is an array of properties. The dashboard layout can be
static, dynamic, or user specific. Static layouts can be used when the layout does not change.
Dynamic layouts can be used to add more features to an existing dashboard. User specified
layouts can be used to allow the dashboard to be adjusted by the user (e.g., by adding or

removing widgets).

-66-
4844-7916-0382

WILLOW TECH. EX. 1007
Page 161



Atty. Dkt. No.: 112444-0350

[0232] Dashboard layout description 1208 can be used to drive various services. In some
embodiments, dashboard layout description 1208 enables providing a user interface as a service.
In this scenario, dashboard layout generator 518 can provide a framework with predefined
widgets. The framework can read dashboard layout description 1208 and render the user
interface. Providing the user interface as a service allows new widgets to be added to the
predefined widgets. In other embodiments, dashboard layout description 1208 enables providing

data visualization as a service.

[0233] Referring now to FIGS. 14-15, an example of a dashboard layout description 1400 and
a dashboard layout 1500 that can be generated from dashboard layout description 1400 are
shown, according to some embodiments. Referring particularly to FIG. 14, dashboard layout
description 1400 is shown to include several properties 1402 that apply to the entire dashboard
layout 1500. Properties 1402 are shown to include a name of dashboard layout 1500 and

properties defining whether dashboard layout 1500 is collapsible, maximizable, and/or editable.

[0234] In some embodiments, dashboard layout description 1400 is described in JSON format.
For example, dashboard layout description 1400 is shown to include a rows object 1404 and a
columns object 1406 contained within rows object 1404. Columns object 1406 contains two
elements. Accordingly, dashboard layout description 1400 defines a layout that includes a single
row and two columns within the row. Each of the columns includes a widget. For example, the
first element of columns object 1406 includes a first widget object 1408, whereas the second

element of columns object 1406 includes a second widget object 1410.

[0235] Widget object 1408 includes several properties 1412 defining various attributes of
widget object 1408. For example, widget object 1408 is shown to include properties defining a
widget name (i.e., MEMS Meter), a widget type (i.e., spline) and a widget configuration. The
spline type indicates that widget object 1408 defines a line graph. The widget configuration
property includes several sub-properties 1414 defining attributes of the line graph. Sub-
properties 1414 are shown to include a title, an x-axis label (i.e., datetime), a y-axis label (i.e.,

KW), a token API defining an API that drives widget object 1408, and a sample API defining
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another API that drives widget object 1408. Sub-properties 1414 also include a points property

defining several timeseries that can be displayed in widget object 1408.

[0236] Similarly, widget object 1410 includes several properties 1416 defining various
attributes of widget object 1410. For example, widget object 1410 is shown to include properties
defining a widget name (i.e., MEMS Meter), a widget type (i.e., column) and a widget
configuration. The column type indicates that widget object 1410 defines a bar graph. The
widget configuration property includes several sub-properties 1418 defining attributes of the bar
graph. Sub-properties 1418 are shown to include a title, an x-axis label (i.e., datetime), a y-axis
label (i.e., KWH), a token API defining an API that drives widget object 1410, and a sample API
defining another API that drives widget object 1410. Sub-properties 1418 also include a points

property defining several timeseries that can be displayed in widget object 1410.

[0237] Referring now to FIG. 15, dashboard layout 1500 is shown to include a title 1502, a
first widget 1504, and a second widget 1506. The text of title 1502 is defined by properties
1402, whereas first widget 1504 is defined by widget object 1408, and second widget 1506 is
defined by widget object 1410. Dashboard layout 1500 includes a single row and two columns
within the row. The first column includes first widget 1504, whereas the second column
includes second widget 1506. Widget 1504 is shown to include the title 1508 “MEMS Meter”
(defined by properties 1412) and a dropdown selector 1512 which can be used to select any of
the timeseries defined by sub-properties 1414. Similarly, widget 1506 is shown to include the
title 1510 “MEMS Meter” (defined by properties 1416) and a dropdown selector 1514 which can
be used to select any of the timeseries defined by sub-properties 1418.

[0238] Referring now to FIGS. 16-17, another example of a dashboard layout description 1600
and a dashboard layout 1700 that can be generated from dashboard layout description 1600 are
shown, according to some embodiments. Referring particularly to FIG. 16, dashboard layout
description 1600 is shown to include several properties 1602 that apply to the entire dashboard
layout 1700. Properties 1602 are shown to include a name of dashboard layout 1700 and

properties defining whether dashboard layout 1700 is collapsible, maximizable, and/or editable.
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[0239] In some embodiments, dashboard layout description 1600 is described in JSON format.
For example, dashboard layout description 1600 is shown to include a rows object 1604. Rows
object 1604 has two data elements, each defining a different row of dashboard layout 1700. The
first element of rows object 1604 contains a first a columns object 1606, whereas the second
element of rows object 1604 contains a second columns object 1607. Columns object 1606 has a
single element which includes a first widget object 1608. However, columns object 1607 has
two elements, each of which includes a widget object (i.e., widget objects 1610 and 1620).
Accordingly, dashboard layout description 1600 defines a layout that includes a first row with
one column and a second row with two columns. The first row contains widget object 1608.

The second row contains two widget objects 1610 and 1620 in adjacent columns.

[0240] Widget object 1608 includes several properties 1612 defining various attributes of
widget object 1608. For example, widget object 1608 is shown to include properties defining a
widget name (i.e., BTU Meter), a widget type (i.e., spline) and a widget configuration. The
spline type indicates that widget object 1608 defines a line graph. The widget configuration
property includes several sub-properties 1614 defining attributes of the line graph. Sub-
properties 1614 are shown to include a title, an x-axis label, a y-axis label, a token API defining
an API that drives widget object 1608, and a sample API defining another API that drives widget
object 1608. Sub-properties 1614 also include a points property defining several timeseries that
can be displayed in widget object 1608.

[0241] Similarly, widget object 1610 includes several properties 1616 defining various
attributes of widget object 1610. For example, widget object 1610 is shown to include properties
defining a widget name (i.e., Meter 1), a widget type (i.e., spline) and a widget configuration.
The spline type indicates that widget object 1610 defines a line graph. The widget configuration
property includes several sub-properties 1618 defining attributes of the line graph. Sub-
properties 1618 are shown to include a title, an x-axis label, a y-axis label, a token API defining
an API that drives widget object 1610, and a sample API defining another API that drives widget
object 1610. Sub-properties 1618 also include a points property defining several timeseries that

can be displayed in widget object 1610.
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[0242] Widget object 1620 includes several properties 1622 defining various attributes of
widget object 1620. For example, widget object 1620 is shown to include properties defining a
widget name (i.e., Meter 1), a widget type (i.e., spline) and a widget configuration. The spline
type indicates that widget object 1620 defines a line graph. The widget configuration property
includes several sub-properties 1624 defining attributes of the line graph. Sub-properties 1624
are shown to include a title, an x-axis label, a y-axis label, a token API defining an API that
drives widget object 1620, and a sample API defining another API that drives widget object
1620. Sub-properties 1624 also include a points property defining several timeseries that can be

displayed in widget object 1620.

[0243] Referring now to FIG. 17, dashboard layout 1700 is shown to include a title 1702, a
first widget 1704, a second widget 1706, and a third widget 1707. The text of title 1702 1s
defined by properties 1602. The content of first widget 1704 is defined by widget object 1608;
the content of second widget 1706 is defined by widget object 1610; and the content of third
widget 1707 i1s defined by widget object 1620. Dashboard layout 1700 includes two rows. The
first row includes a single column, whereas the second row includes two columns. The first row
includes first widget 1704, whereas the second row includes second widget 1706 in the first

column and third widget 1707 in the second column.

[0244] Widget 1704 is shown to include the title 1708 “BTU Meter” (defined by properties
1612) and a dropdown selector 1712 which can be used to select any of the timeseries defined by
sub-properties 1614. Similarly, widget 1706 is shown to include the title 1710 “Meter 17
(defined by properties 1616) and a dropdown selector 1714 which can be used to select any of
the timeseries defined by sub-properties 1618. Widget 1707 is shown to include the title 1711
“Meter 1” (defined by properties 1622) and a dropdown selector 1715 which can be used to

select any of the timeseries defined by sub-properties 1624.
Energy Management System User Interfaces

[0245] Referring now to FIGS. 18-51, several user interfaces which can be generated by
building management system 500 are shown, according to an exemplary embodiment. In some
embodiments, the user interfaces are generated by energy management application 532,
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monitoring and reporting application 534, enterprise control application 536, or other
applications 530 that consume the optimized timeseries data generated by data platform services
520. For example, the user interfaces can be generated by a building energy management system
which includes an instance of energy management application 532. One example of such a
building energy management system is the METASYS® Energy Management System (MEMS)
by Johnson Controls Inc. The building energy management system can be implemented as part
of building management system 500 (e.g., one of applications 530) or as a cloud-based
application (e.g., one of remote systems and applications 444) in communication with building
management system 500 via communications network 446 (e.g., the Internet, a LAN, a cellular

network, etc.).

[0246] Referring now to FIG. 18, a login interface 1800 is shown, according to an exemplary
embodiment. Login interface 1800 may be presented via a web browser and/or via an
application running on a client device (e.g., a desktop computer, a laptop computer, a tablet, a
smartphone, etc.). A user can enter access credentials via login interface 1800 (e.g., username
1802 and password 1804) to login to energy management application 532. Access credentials

entered via login interface 1800 may be sent to an authentication server for authentication.

Overview Dashboard

[0247] Referring now to FIGS. 19-34, an overview dashboard 1900 for energy management
application 532 is shown, according to an exemplary embodiment. Overview dashboard 1900
may be presented after the user logs in and may be the first interface that the user sees after
entering access credentials 1802-1804. Overview dashboard 1900 is shown to include a
navigation pane 1902 on the left side of dashboard 1900. A handle bar 1904 to the right of
navigation pane 1902 (immediately to the right of search box 1906) may allow a user to view or
hide navigation pane 1902. Overview dashboard 1900 may include a navigation tile 1908,
shown in the upper right corner. When navigation tile 1908 is selected (e.g., clicked, hovered
over, etc.) a pop-up window 2000 may appear (shown in FIG. 20). Pop-up window 2000 is

shown to include a dashboard button 2002 which may allow the user to navigate to dashboard
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1900, and a setting button 2004 which may allow the user to navigate to a setup interface 3600

(described in greater detail below).

[0248] As shown in FIG. 19, navigation pane 1902 includes a portfolio tab 1910. Portfolio tab
1910 may include an outline or hierarchy of the facilities which can be viewed and managed by
the user. For example, portfolio tab 1910 is shown to include a portfolio-level node 1912
indicating the name of the portfolio or enterprise managed by energy management application
532 (i.e., “ABC Corporation”) and two facility-level nodes 1914 and 1916 indicating the
facilities within the portfolio (i.e., “Ace Facility” and “Omega Facility”). In some embodiments,
the portfolio is a set of buildings associated with the enterprise. When portfolio-level node 1912
is selected, overview dashboard 1900 may display energy-related information for the portfolio.
For example, overview dashboard 1900 is shown displaying a chart 1918 of energy use intensity
(EUI) for the various facilities within the portfolio, an energy facts panel 1920 to the right of

chart 1918, and an energy consumption tracker 1922.

[0249] EUI chart 1918 may display the portfolio energy index as a function of the size of each
facility. The dependent variable shown on the vertical axis 1924 (kWh/sqft) may be calculated
by summing the total energy use for the facility and dividing by the size of the facility (e.g.,
square feet). A low EUI for a facility may indicate that the facility has a better energy
performance, whereas a high EUI for a facility may indicate that the facility has a worse energy
performance. The total energy use of the facility may be summed over a variety of different
intervals by selecting different time intervals. For example, a user can click buttons 1926 above
chart 1918 to select time intervals of one week, one month, three months, six months, one year,
or a custom time interval (shown in FIG. 21). Hovering over a bar 1928 or 1930 in chart 1918
may display a pop-up that indicates the value of the EUI and the name of the facility. In some
embodiments, EUI chart 1918 includes an average portfolio EUI line 1932 which indicates the
average EUI for all of the facilities. Average portfolio EUI line 1932 may allow a user to easily
compare the EUI of each facility to the portfolio average EUIL

[0250] In some embodiments, overview dashboard 1900 includes a chart of energy density for

the various facilities within the portfolio. Like EUI, energy density is an energy usage metric
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that is normalized to the area of the facility. However, energy density may be calculated based
on the change in energy usage between consecutive samples rather than the cumulative energy
usage over a time interval. In some embodiments, energy density is calculated by determining
the change or delta in energy usage (e.g., kWh) for the facility between consecutive samples of
the energy usage and dividing the change or delta by the size of the facility (e.g., square feet).
For example, if the energy consumption of a facility at 1:00 PM is 50 kWh and the energy
consumption of the facility at 2:00 PM is 70 kWh, the change or delta in energy consumption
between 1:00 PM and 2:00 PM would be 20 kWh. This delta (i.e., 20 kWh) can be divided by
the area of the facility to determine the energy density of the facility (e.g., kWh/sqft) for the time
period between 1:00 PM and 2:00 PM.

[0251] Throughout this disclosure, EUI is used as an example of an energy usage metric for a
facility. However, it should be understood that energy density can be used in addition to or in
place of EUI in any of the user interfaces, analytics, or dashboards described herein. Any
reference to EUI in the present disclosure can be replaced/supplemented with energy density (or

any other energy usage metric) without departing from the teachings of the present disclosure.

[0252] Energy facts panel 1920 may display the total amount of energy consumed by the
portfolio during the time interval selected by the user. For example, energy facts panel 1920 is
shown displaying an indication 1934 that the portfolio consumed 37,152 kWh during the month
of October 2015. In some embodiments, energy facts panel 1920 displays an indication 1936 of
the carbon footprint (i.e., CO2 emission) corresponding to the total energy consumption. Energy
management application 532 may automatically convert energy consumption to an amount of
CO2 emission and display the amount of CO2 emission via energy facts panel 1920. Both EUI
chart 1918 and energy facts panel 1920 may be automatically updated in response to a user

selecting a different time interval via EUI chart 1918.

[0253] Energy consumption tracker 1922 breaks down the total energy consumption into
various commodities such as electricity and natural gas. Energy consumption tracker 1922 may
include a chart 1938 which indicates the amount of each commodity consumed by each facility
during a particular time interval. The time interval may be selected by the user using buttons
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1940 displayed above the chart in energy consumption tracker 1922, Similar to the time interval
selection provided by EUI chart 1918, a user can select time intervals of one week, one month,

three months, six months, one year, or a custom time interval.

[0254] As shown in FIG. 22, selecting or hovering over a bar 1942, 1944, 1946, or 1948 for a
particular commodity in chart 1938 may display a pop-up 2200 that indicates the amount of the
commodity consumed by the corresponding facility during the user-selected time interval. For
example, hovering over gas bar 1942 within the Ace Facility row 1950 may display the amount
of gas consumption by the Ace Facility within the time interval. Similarly, hovering over gas bar
1946 within the Omega Facility row 1952 may display the amount of gas consumption by the
Omega Facility within the time interval. Gas consumption may be indicated in both units of
energy (e.g., kWh) and units of volume (e.g., cubic feet). Energy management application 532
may automatically convert commodity-specific units provided by an energy utility (e.g., cubic
feet) to units of energy (e.g., kWh) so that the energy consumption can be directly compared
across various commodities. Pop-up 2200 may also indicate the percentage of the total energy
consumption corresponding to the selected commodity. For example, pop-up 2200 in FIG. 22
indicates that gas consumption contributed to 12% of the total energy consumption for the Ace

Facility.

[0255] As shown in FIG. 23, selecting grid button 2302 to the right of time interval buttons
1940 may cause energy consumption tracker 1922 to display the energy consumption data 2304
in a grid format. Selecting expand button 2306 in the upper right corner of energy consumption
tracker 1922 (i.e., the diagonal arrow) may cause energy consumption tracker 1922 to expand to
fill the entire screen. Similarly, expand button 2308 in the upper right corner of EUI panel 2310
may cause EUI chart 1918 to expand to fill the entire screen. This may allow the user to easily
see detailed data for a long list of facilities which may not all fit within the compressed widgets

(i.e., EUI chart 1918 and energy consumption tracker 1922).

[0256] As shown in FIGS. 24-25, each of the widgets 2402 and 2404 shown in dashboard 1900
may include a settings button 2406 and 2408 (shown as a gear icon). Settings buttons 2406 and
2408 may allow the user to select different theme colors 2410 for the corresponding widget
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(shown in FIG. 24) and screenshot/export the data from the widgets 2402 and 2404 in various
formats 2502 such as .svg, .png, .jpeg, .pdf, .csv, etc. (shown in FIG. 25).

[0257] As shown in FIG. 26, selecting a particular facility 1914 or 1916 via portfolio tab 1910
may cause overview dashboard 1900 to display energy-related data for the selected facility 1914
or 1916. The energy-related data for a facility 1914 or 1916 may be similar to the energy-related
data for portfolio 1912. However, instead of breaking down the energy-related data by facility,
the data may be broken down by individual buildings within the selected facility. For example,
Ace Facility 1914 is shown to include a single building 2602 titled “Main Building.” When
building 2602 is selected, EUI chart 1918 and energy consumption tracker 1922 may display
energy consumption data for the selected building 2602. If additional buildings were included in
the selected facility 1914, energy-related data for such buildings may also be displayed when the
facility 1914 is selected.

[0258] As shown in FIG. 27, selecting a particular building 2602 via portfolio tab 1910 may
cause overview dashboard 1900 to display energy-related data for the selected building 2602.
Dashboard 1900 is shown to include four widgets including an energy consumption widget 2702,
an energy demand widget 2704, an energy consumption tracker widget 2706, and a building EUI
widget 2708. Energy consumption widget 2702 may display the energy consumption 2718 of
the selected building at various time intervals (e.g., weekly, daily, monthly, etc.). Each widget
2702-2708 may include a time interval selector 2710, 2712, 2714, or 2716 which allows the user
to select a particular interval of data displayed in each widget 2702-2708. Like the other time
selectors 1926 and 1940, a user can click the buttons within the time interval selectors 2710-2716
to select time intervals of one week, one month, three months, six months, one year, or a custom

time interval. In some embodiments, the one month interval is selected by default.

[0259] Energy demand widget 2704 may display an energy demand graph 2720 of the selected
building at various time intervals. Bars 2722 displayed in energy demand widget 2704 may
indicate the current energy demand of the selected building. For example, FIG. 27 shows the
energy demand for the building broken down by days, where the energy demand for each day is
represented by a bar 2722. In various embodiments, bars 2722 may represent average energy
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demand or peak energy demand. The dots 2724 displayed in energy demand widget 2704
represent the energy demand for the previous time interval, prior to the time interval displayed in
graph 2720. For example, a monthly graph 2720 may display the current energy demand for
each day of the month using bars 2722 and the previous energy demand for each day of the
previous month using dots 2724. This allows the user to easily compare energy demand for each
day of two consecutive months. At other levels of granularity, the energy demand graph 2720
may display yearly energy demand (each bar 2722 corresponding to a particular month), daily

energy demand (each bar 2722 corresponding to a particular hour), etc.

[0260] Energy consumption tracker widget 2706 may display a chart 2726 that indicates the
amount of each commodity (e.g., gas 2728 and electricity 2730) consumed by the selected
building 2602. Selecting or hovering over a commodity 2728 or 2730 in chart 2726 may display
a pop-up that indicates the amount of the commodity consumed by building 2602 during the
user-selected time interval. For example, hovering over the gas bar 2728 may display the
amount of gas consumption by building 2602 within the time interval. Gas consumption may be
indicated in both units of energy (e.g., kWh) and units of volume (e.g., cubic feet). Energy
management application 532 may automatically convert commodity-specific units provided by
an energy utility (e.g., cubic feet) to units of energy (e.g., kWh) so that the energy consumption
can be directly compared across various commodities. The pop-up may also indicate the

percentage of the total energy consumption corresponding to the selected commodity.

[0261] Building EUI widget 2708 may include an EUI graph 2732 indicating the building’s
EUIL Building EUI 2736 may be calculated by dividing the total energy consumption of building
2602 by the size of building 2602 (e.g., square feet). EUI graph 2732 may include an average
facility EUI line 2734 which represents the average EUI for the facility 1914 which includes the
selected building 2602. Average facility EUI line 2734 may allow a user to easily compare the
EUI of the selected building 2602 to the facility average EUL

[0262] As shown in FIG. 28, each widget 2802 (e.g., any of widgets 2702-2708) can be
expanded to fill the entire screen by selecting expand button 2804 in the upper right corner of
widget 2802. The data shown in each widget 2802 can be displayed in grid format by selecting
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grid button 2806 to the right of time interval selector 2808. Each widget 2802 may include a
settings button 2810 (shown as a gear icon). Settings button 2810 may allow the user to select
different theme colors for the corresponding widget 2802 and screenshot/export the data from

widget 2802 in various formats such as .svg, .png, .jpeg, .pdf, .csv, etc., as previously described.

[0263] In some embodiments, selecting a bar 2812 or other graphic representing data from a
particular time interval causes graph 2814 to display the selected data with an increased level of
granularity. For example, FIG. 29 shows a bar chart 2902 indicating the weekly energy
consumption of the Main Building 2602 with each bar 2904, 2906, 2908, 2910, and 2912
representing the energy consumption during a particular day. Selecting one of bars 2904-2912 in
chart 2902 may cause the energy consumption for the selected day to be broken down by hour
within the day (shown in FIG. 30). For example, FIG. 30 shows a bar chart 3002 with a bar 3004
for each hour of the day. Selecting one of bars 3004 in chart 3002 may cause the energy
consumption for the selected hour to be broken down even further (e.g., by fifteen minute
intervals, by five minute intervals, etc.) within the hour (shown in FIG. 31). For example, FIG.
31 shows a bar chart 3102 with a bar 3104, 3106, 3108, and 3110 for each fifteen minute interval
within the selected hour. It is contemplated that the energy consumption data can be displayed at
any level of granularity and that the user can transition between the different levels of granularity

by clicking bars 2904-2912, 3004, and/or 3104-3110 within charts 2902, 3002, and 3102.

[0264] As shown in FIGS. 32-33, a user can select specific ranges of data within each chart
3202 to zoom in on the selected range 3204 of data. For example, suppose a user wants to zoom
in on the data from October 5™ to October 28", The user can click within a chart 3202 and drag
the mouse cursor to draw a box 3206 around the desired range 3204 of data (shown in FIG. 32).
Once the desired range 3204 of data is selected, chart 3202 may be automatically updated to
display only the user-selected range 3204 of data (shown in FIG. 33). Selecting the reset zoom

button 3302 may cause chart 3202 to return to the previous view.

[0265] In some embodiments, overview dashboard 1900 is configured to allow a user to
navigate portfolio 1910 of buildings without requiring use of the navigation pane 1902. For
example, navigation pane 1902 can be collapsed (i.e., hidden) by clicking handle bar 1904 to the
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right of search box 1906. When navigation pane 1902 is hidden, the user can click an item in
hierarchical string 3304 at the top of overview tab 3306 (i.e., the string “ABC Corporation > Ace
Facility > Main Building” shown in FIG. 33) to select the corresponding enterprise, facility, or
building. Hierarchical string 3304 may be updated to show the lowest level of the hierarchy
currently selected and any higher levels of the hierarchy that contain the selected lower level.
For example, when Main Building 2602 is selected, hierarchical string 3304 may include the full
string “ABC Corporation > Ace Facility > Main Building.” However, if Ace Facility 1914 is
selected, hierarchical string 3304 may be updated to show only “ABC Corporation > Ace
Facility.”

[0266] As shown in FIG. 34, navigation pane 1902 includes a meter tab 3402. When meter tab
3402 is selected, a user can expand the hierarchy 3404 shown in navigation pane 1902 to show
various energy meters 3406 and 3408 located within each of the buildings. For example, the
Main Building 2602 is shown to include a floor 3410 (i.e., Floor 1) which includes a “Main
Electric Meter” 3406 and a “Main Gas Meter” 3408. Selecting any of the meters 3406-3408 in
meter tab 3402 may cause overview dashboard 1900 to display detailed meter data for the

selected meter.

[0267] The meter data is shown to include energy consumption data which may be displayed in
an energy consumption widget 3412, and energy demand data which may be displayed in an
energy demand widget 3414. Each widget 3412-3414 may include a time interval selector 3416
or 3418 which allows the user to select a particular interval of data displayed in each widget
3412-3414. Like the other time selectors 1926, 1940, and 2710-2716, a user can click the
buttons within time interval selectors 3414-3416 to select time intervals of one week, one month,
three months, six months, one year, or a custom time interval. In some embodiments, the one

month interval is selected by default.

[0268] Energy consumption widget 3412 may display the energy consumption measured by the
selected meter 3406 at various time intervals (e.g., weekly, daily, monthly, etc.). Energy
consumption widget 3412 is shown to include a total current energy consumption 3420 for the
selected time interval 3424 and the previous total energy consumption 3422 for a previous time
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interval 3426. In some embodiments, the previous time interval 3426 is the same month (or any
other duration selected via time interval selector 3416) from a previous year (or any other time
interval longer than the selected time interval). For example, the current time interval 3424 is
shown as October 2015, and the previous time interval 3426 is shown as October 2014. By
comparing the energy consumption during the same months of different years, changes in energy
consumption due to weather differences can be reduced so that the comparison is more
meaningful. Energy consumption widget 3412 may display an amount 3428 by which the
energy consumption has increased or decreased (e.g., a percent change) from the previous time

interval 3426 to the current time interval 3424.

[0269] Energy demand widget 3414 may display the energy demand measured by the selected
meter 3406 at various time intervals. Energy demand widget 3414 is shown to include a graph
3440. The bars 3430 displayed in graph 3440 may indicate the current energy demand measured
by the selected meter 3406. For example, FIG. 34 shows the energy demand for building 2602
broken down by days, where the energy demand for each day is represented by a bar 3430 in
graph 3440. In various embodiments, bars 3430 may represent average energy demand or peak
energy demand. Dots 3432 displayed in graph 3440 represent the energy demand for the
corresponding time period of the previous time interval, prior to the time interval displayed in
graph 3440. For example, a monthly graph 3440 may display the current energy demand for
each day of the month using bars 3430 and the previous energy demand for each day of the
previous month using dots 3432. This allows the user to easily compare energy demand for each
day of two consecutive months. At other levels of granularity, energy demand graph 3440 may
display yearly energy demand (each bar 3430 and dot 3432 corresponding to a particular month),
daily energy demand (each bar 3430 and dot 3432 corresponding to a particular hour), etc.

[0270] Referring now to FIG. 35 a flowchart of a process 3500 for configuring energy
management application 532 is shown, according to an exemplary embodiment. Process 3500 is
shown to include defining a space tree (step 3502), defining a data source (step 3504), testing a
connection to the ADX (step 3506), discovering data points (step 3508), mapping data points
(step 3510), updating point attributes if required (step 3512), syncing with the data platform (step
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3514), fetching historic data for the selected data points (step 3516), and mapping points to a
space tree to show the data on the dashboard (step 3518).

Setup Interface

[0271] Referring now to FIGS. 36-49, a setup interface 3600 which may be generated by
energy management application 532 is shown, according to an exemplary embodiment. In some
embodiments, setup interface 3600 is displayed in response to a user selecting settings button
2004 in overview dashboard 1900 (shown in FIG. 20). Setup interface 3600 is shown to include
various tiles 3602-3626 which correspond to different types of configurable settings. For
example, setup interface is shown to include a spaces tile 3602, a data sources tile 3604, a meter
configuration tile 3606, a tenant tile 3608, a notification tile 3610, a points tile 3612, a baseline
tile 3614, a degree days tile 3616, a faults tile 3618, a tariff tile 3620, a users tile 3622, a
schedule tile 3624, and an information tile 3626. Tiles 3602-3626 may be highlighted, marked,
colored, or otherwise altered to indicate that the corresponding settings require configuration
before overview dashboard 1900 will display meaningful data. For example, spaces tile 3602,
data sources tile 3604, and meter configuration tile 3606 are shown with markings 3628 in FIG.
26 to indicate that further configuration of the spaces, data sources, and meters used by energy

management application 532 is required.

[0272] As shown in FIGS. 36-39, selecting spaces tile 3602 may display a space setup interface
3700. Space setup interface 3700 is shown to include a space tree 3702. Space tree 3702 may
include the hierarchy 3404 of spaces shown in navigation pane 1902 of dashboard 1900. Spaces
may include, for example, portfolios 3704, facilities 3706-3708, buildings 3710-3712, floors
3714-3716, zones, rooms, or other types of spaces at any level of granularity. A user can add
spaces to space tree 3702 by selecting the plus button 3718 or remove spaces from space tree
3702 by selecting the trash button 3720. Spaces can also be added by uploading a data file 3730
(e.g., an Excel file) which defines space tree 3702.

[0273] Details of the selected space can be specified via space setup interface 3700. For

example, selecting portfolio 3704 “ABC Corporation” may allow a user to enter details of
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portfolio 3704 such as portfolio name 3722, a date format 3724, default units 3726, and a logo
3728 (shown in FIG. 36). Selecting a facility 3706-3708 may allow a user to enter details of the
facility such as the facility name 3732, address 3734, city 3736, state, country 3738, zip code
3740, latitude 3742, and longitude 3744 (shown in FIG. 37). Selecting a building 3802 may
allow a user to enter details of building 3802 such as the building name 3804, the gross floor area
3806, and the number of occupants 3808 (shown in FIG. 38). Floor area 3806 may be used by
energy management application 532 to calculate EUI, as previously described. Selecting a floor
3902 may allow a user to enter details of the floor 3902 such as the floor name 3904 and the
floor area 3906 (shown in FIG. 39).

[0274] As shown in FIG. 40, selecting data sources tile 3604 may display a data sources setup
interface 4000. Data sources setup interface 4000 may be used to define various data sources
4004 used by energy management application 532. For example, a user can define a new data
source by selecting a data source type (e.g., BACnet, CSV, FX, METASYS, etc.) via data source
type dropdown 4002. Other attributes of the data source can also be specified via data sources
setup interface 4000. Such attributes may include, for example, the data source name 4006,
server IP 4008, database path 4010, time zone 4012, username 4014, and password 4016.
Selecting enable box 4018 may enable the data source. Selecting add button 4020 may add the
data source to the list of data sources shown in chart 4030 at the bottom of interface 4000. After
a data source has been added, selecting test connection button 4022 may test whether the data

source is online and properly configured.

[0275] As shown in FIG. 41, data sources setup interface 4000 may include a data mapping tab
4102. Dropdown selector 4104 allows a user to select a particular data source (e.g., “ADX
Mumbai”). After selecting a data source, a user can click discover button 4106 to populate
points tree 4108 for the data source. Populating points tree 4108 may be performed
automatically by energy management application 532. For example, energy management
application 532 may send a command to the ADX to fetch the data points in response to a user
clicking discover button 4106. The “All meters” button 4110, “All points™ button 4112, and
“Unmapped points” button 4114 may be used to filter the points by type, mapping status, and/or
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other attributes. Each button 4110-4114 can be toggled on/off to define a variety of different
filters. For example, all meters button 4110 and unmapped points button 4114 can both be
selected to view only unmapped meters. Similarly, all points button 4112 and unmapped points

button 4114 can be selected to view all unmapped points.

[0276] As shown in FIGS. 42-44, point mapping may be performed by dragging and dropping
points from points tree 4108 onto the window 4200 to the right of points tree 4108. Any number
of points can be mapped by simply dragging and dropping (shown in FIG. 42). Attributes 4302
of the mapped data points 4304 may be displayed (shown in FIG. 43). Mapped data points 4304
can be individually selected and deleted by checking check boxes 4306 next to mapped data
points 4304 and selecting “delete mapping” button 4308. Attributes 4302 of a mapped data point
4304 can be edited by clicking on the data point 4304. For example, selecting a data point 4304
may cause a point configuration pop-up 4400 to be displayed (shown in FIG. 44), which allows
the user to change the attributes 4302 of the data point 4304 such as units, minimum value,
maximum value, point name, etc. After the data points 4304 have been mapped, the user can
click the “Sync” button 4310 (shown in FIG. 43) to synchronize the mapped data points 4304
with the data platform (e.g., data platform services 520).

[0277] As shown in FIG. 45, data sources setup interface 4000 may include a historical data
tab 4502. Historical data tab 4502 allows a user to select a data source 4504 and request a list of
data points 4508 mapped to the data source (e.g., by clicking request button 4506). A user can
enter a time interval (e.g., a range of dates) into date fields 4510 and click submit button 4512 to

request historical data for the selected data points for the user-specified time interval.

[0278] As shown in FIG. 46, selecting meter configuration tile 3606 may display a meter
configuration interface 4600. Meter configuration interface 4600 is shown to include a points
tree 4602, a meter distribution tree 4604, and a system details panel 4606. Points tree 4602
includes a dropdown selector 4608 which allows a user to specify a data source (e.g., ADX
Mumbai) and display a list of points 4610 associated with the data source. List of points 4610
can be filtered to show only meters by selecting “All meters” button 4612 and/or all points by
selecting “All points” button 4614. Meter distribution tree 4604 includes spaces tree 4616,
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which allows the user to select a particular space. Selecting a space via meter distribution tree
4604 may cause a selected point to be associated with the space and may cause system details

panel 4606 to be displayed.

[0279] System details panel 4606 allows a user to define a new meter. For example, the user
can specify the type of system (e.g., meter, air handling unit, VAV box, chiller, boiler, heat
exchanger, pump, fan, etc.). Selecting “meter” from the system dropdown menu 4618 identifies
the new item as a meter. The user can specify the nature of the meter via the meter nature
dropdown menu 4620. For example, the user can specify whether the meter measures electricity,
gas, steam, water, sewer, propane, fuel, diesel, coal, BTU, or any other type of commodity which
can be measured by a meter. The user can specify the meter type (e.g., online, virtual, baseline,
calculated point, fault, etc.) via the meter type dropdown menu 4622. Finally the user can enter
the meter name in the meter name box 4624. The information can be saved by clicking save

button 4626.

[0280] As shown in FIGS. 47-49, the selected space 4702 in meter distribution tree 4604 may
be updated to include the type of commodity 4704 measured by the meter 4706 (e.g.,
“Electricity””) and the name of the meter 4706 which measures the commodity (e.g., “Electric
Meter””). This may occur automatically in response to the user clicking save button 4626. Points
4802-4804 can be added to the user-specified meter 4706 by dragging and dropping points 4802-
4804 from point tree 4602 onto meter 4706 in meter distribution tree 4604 (shown in FIG. 48).
Existing meters 4902 which measure a particular commodity can be added to meter distribution
tree 4604 by dragging and dropping meters 4902 from points tree 4602 onto the commodity (e.g.,
electricity 4904) in meter distribution tree 4604 (shown in FIG. 49).

[0281] Referring now to FIGS. 50-51, overview dashboard 1900 may be automatically updated
to display data from the new spaces added and configured via setup interface 3600. For
example, portfolio 1910 is shown to include the newly added facility 5002 “IEC Mumbai” in
navigation pane 1902. The energy-related data associated with new facility 5002 is also shown

in EUI widget 2402 and energy consumption tracker widget 2404 (shown in FIG. 50).
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[0282] As shown in FIG. 51, any meters 5102-5104 associated with the new space may also be
displayed in navigation pane 1902. Data provided by meters 5102-5104 may be shown in energy
consumption widget 2702 and energy demand widget 2704, which may be the same or similar as
previously described. For example, widgets 2702-2704 shown in FIG. 51 may be configured to
display meter data for a current time period 5106 and a previous time period 5108. Current time
period 5106 may be populated using real-time data received from meters 5102-5104. Previous
time period 5108 may be unpopulated until historical data is retrieved for meters 5102-5104 (as
described with reference to FIG. 45). After historical data is retrieved, dashboard 1900 may be
automatically updated to display the historical data along with the current data in energy

consumption widget 2702 and energy demand widget 2704.
Energy Analytics

[0283] Referring now to FIG. 52, a block diagram illustrating analytics service 524 in greater
detail is shown, according to an exemplary embodiment. Analytics service 524 can be
implemented as one of data platform services 520 in BMS 500 (as described with reference to
FIGS. 5-6), as a separate analytics system in BMS 500, or as a remote (e.g., cloud-based)
analytics system outside BMS 500. Analytics service 524 can receive input from components of
BMS 500 (e.g., local storage 514, hosted storage 516, meters 5204, etc.) as well as external
systems and devices (e.g., weather service 5202). For example, analytics service 524 can use the
timeseries data from local storage 514 and/or hosted storage 516 in combination with weather
data from weather service 5202 and meter data from meters 5204 to perform various energy
analytics. Analytics service 524 can provide results of the energy analytics as outputs to
applications 530, client devices 448, and remote systems and applications 444. In some
embodiments, analytics service 524 stores the results of the analytics as timeseries data in local

storage 514 and/or hosted storage 516.

[0284] Analytics service 524 is shown to include a weather normalization module 5208.
Weather normalization module 5208 can be configured normalize the energy consumption data
for a facility, building, or other space to remove the effects of weather. By normalizing the

energy consumption data in this way, changes in the normalized energy consumption data can be
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attributed factors other than weather (e.g., occupancy load, equipment efficiency, etc.). Weather
normalization module 5208 can determine an expected energy usage after removing the effects
of weather and can generate normalized energy usage statistics including, for example, a
difference between actual and expected energy usage, a percentage change, a coefficient of
variation of root mean square error (CVRME), and other energy usage statistics based on the

normalized energy usage data.

[0285] In some embodiments, weather normalization module 5208 receives historical meter
data. Historical meter data can include historical values for measurable amounts of resource
consumption including, for example, electric consumption (kWh), water consumption (gallons),
and natural gas consumption (mmBTU). The historical meter data can be received as timeseries
data from local storage 514 or hosted storage 516, collected from meters 5204 over time, or
received from an energy utility (e.g., as part of an energy bill). In some embodiments, the
historical meter data includes one year or more of historical meter data. However, the historical
meter data may cover other time periods in various other embodiments (e.g., six months, three
months, one month, etc.). Weather normalization module 5208 can also receive current meter

data from meters 5204.

[0286] In some embodiments, weather normalization module 5208 receives weather data from
weather service 5202. Weather data can include outside air temperature measurements, humidity
measurements, rainfall amounts, wind speeds, or other data indicative of weather conditions. In
some embodiments, the weather data includes cooling degree day (CDD) data and heating degree
day (HDD) data. CDD data and HDD data can be provided as timeseries data having a CDD
value and/or HDD value for each element of the timeseries. In some embodiments, CDD and

HDD are defined as:
CDDL = max(O, TOA,i - TBalancePoint)
HDD; = max(0, Tpaiancepoint — TOA,i)

where T, ; 1s the outside air temperature at time step i and Tpgiancepoint 1S @ temperature

parameter (e.g., 60 degrees F). Tpuianceroint Can be set/adjusted by a user, or can be
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automatically set/adjusted based on the temperature setpoint for the building or space being

controlled.

[0287] Insome embodiments, Tp,; is the average daily outside air temperature. Tp,; can be
calculated as an average of the hourly temperature values or as an average of the high and low
temperature values for the day. For example, Tp4; can be calculated using either of the
following equations:

X321 Toaj
Toas ===

_ Thigh,i — Tlow,i
Toai = - 3
where Ty is the hourly outside air temperature at hour j of day i, Th;gp,; 1s the highest
temperature value of day i, and Ty, ; is the lowest temperature value of day i. In some
embodiments, CDD and HDD are provided as timeseries data by weather service 5202. In other
embodiments, weather service 5202 provides T4 as timeseries data and weather normalization
module 5208 calculates the CDD timeseries and HDD timeseries based on the timeseries values

of TOA‘

[0288] In some embodiments, weather normalization module 5208 uses the weather data and
meter data to predict an amount of energy usage for the building or space after removing the
effects of weather. Weather normalization module 5208 can compare the expected amount of
energy usage to the actual amount of energy usage (defined by the meter data) to determine a
difference or delta between the expected normalized energy usage and the actual energy usage,

as shown in the following equation:
AUsage; = Usageexpected,i — Usagegciuai,i

where Usagecxpectea,i 15 the expected amount of energy usage after removing the effects of
weather and Usageg yq1,; 1s the actual amount of energy usage measured by meters 5204. In
some embodiments, weather normalization module 5208 calculates a percentage change between
the actual usage and the expected usage, as shown in the following equation:
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Usag eactual,i - Usag eexpected,i

Usag eexpected,i

Percentage Change = 100 *

where each of Usagegciuari and Usageexpeciea,i 1 @ timeseries value at time step i.

[0289] In some embodiments, weather normalization module 5208 calculates a coefficient of
variation of root mean square error (CVRME) based on the actual and expected energy usage
values. CVRME is a measure of performance between the actual energy usage values and the
expected energy usage values. Given a timeseries of n values for each timeseries, weather

normalization module 5208 can calculate CVRME as follows:

CVRME =

where Y, is the predicted energy usage at time step i (i.e., Usageexpectea,i)- Yi 1s the actual

energy usage at time step i (i.e., Usagegciuar i), and Y is the mean of the timeseries Y.

[0290] Referring now to FIG. 53, a flowchart of a process 5300 for normalizing energy
consumption data to remove the effects of weather is shown, according to an exemplary
embodiment. Process 5300 can be performed by weather normalization module 5208 normalize
the energy consumption data for a facility, building, or other space to remove the effects of

weather on the energy consumption values.

[0291] Process 5300 is shown to include calculating normalized CDD, HDD, and energy
consumption for each time interval in a baseline period (step 5302). In some embodiments, the
baseline period is a previous year and each time interval in the baseline period is a month in the
previous year. However, it is contemplated that the baseline period and time intervals can have
any duration in various other embodiments. In some embodiments, the normalized CDD, HDD,
and energy consumption values are average CDD, HDD, and energy consumption values for
each time interval. For example, the normalized CDD value for a given month can be calculated
by dividing the total CDD for the month (i.e., the sum of the CDD values for each day in the
month) by the number of days in the month, as shown in the following equation:
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m — Zmon.th CDD
# days in month

where CDD is the normalized CDD value (CDD/day) and CDD is a daily CDD value for a given
day in the month.

[0292] Similarly, the normalized HDD value for a given month can be calculated by dividing
the total HDD for the month (i.e., the sum of the HDD values for each day in the month) by the

number of days in the month, as shown in the following equation:

m — Zmontih HDD
# days in month
where HDD is the normalized HDD value (HDD/day) and HDD is a daily HDD value for a given
day in the month.

[0293] The normalized energy consumption for a given month can be calculated by dividing
the total energy consumption for the month by the number of days in the month, as shown in the

following equation:

Zmonth Usage
# days in month

Usage =

where Usage is the normalized energy consumption value (kWh/day) and Usage is a daily

energy consumption value for a given day in the month. Each of the normalized values CDD,

HDD, and Usage can be calculated for each time interval (e.g., each month) in the baseline
period (e.g., previous year) to generate a timeseries of values (e.g., monthly values) for the

baseline period.

[0294] Still referring to FIG. 53, process 5300 is shown to include generating an energy
consumption model using the baseline CDD, HDD, and energy consumption values (step 5304).

In some embodiments, the energy consumption model has the form:

Usage = by + b, * CDD + b, * HDD
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where the values of by, b,, and b, are determined by applying a regression (e.g., weighted least

squares) to the timeseries of values for CDD, HDD, and Usage. An example of an energy

consumption model which can be generated in step 5304 is shown in FIG. 54.

[0295] Referring to FIG. 54, a graph 5400 of timeseries values is shown, according to an
exemplary embodiment. Graph 5400 plots the timeseries of normalized CDD values CDD (x-
axis) against the corresponding energy consumption values Usage (y-axis). The normalized
HDD values are omitted for simplicity. Each point 5402 in graph 5400 represents a pairing of a

normalized CDD value and the corresponding normalized energy consumption value. Line 5404

represents the relationship between the variables CDD and Usage. The following equation can

be used to represent the simplified model shown in FIG. 54:
Usage = by + by * CDD

where the values of by, and b, are determined by applying a regression (e.g., weighted least

squares) to the timeseries of values for CDD and Usage. For example, the regression may
generate values of by = 20.1 kWh/day and b; = 200.1 CDD/day, which results in the simplified

model:
Usage = 20.1 + 200.1 « CDD

[0296] Referring again to FIG. 53, process 5300 is shown to include estimating normalized
energy consumption for a current time period by applying current CDD and HDD values to the
energy consumption model (step 5306). In some embodiments, the current time period is a
current month. The current CDD and HDD values can be received from weather service 5202 or
calculated by weather normalization module 5208 based on current weather conditions, as
described with reference to FIG. 52. In some embodiments, the current CDD and HDD values
are normalized CDD and HDD values for the current month, which can be calculated as

described with reference to step 5302.
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[0297] Step 5306 can include using the current CDD and HDD values as inputs to the energy

consumption model and solving for the energy consumption value. For example, if the current

CDD value is CDD = 50 %, the simplified model can be solved as follows:

Usage = 20.1 + 200.1 * CDD

Usage = 20.1 + 200.1 * 50

Tsage = 10,0251V

day

[0298] Process 5300 is shown to include multiplying the normalized energy consumption
estimate by the duration of the current time period to determine the total expected energy
consumption during the current time period (step 5308). For example, if the current time period
has a duration of 31 days, the normalized energy consumption Usage can be multiplied by 31 to
determine the expected energy consumption for the current month. The following equations
show an example of the calculation performed in step 5308 using the normalized energy

consumption value calculated in step 5306:

Usageexpectea = Usage * duration

31 days
*
(ly y

k
Usageexpectea = 10,025.1 7
Usageexpectea = 310,778.1 kWh

[0299] Process 5300 is shown to include generating energy consumption statistics based on
expected and actual energy consumption during the current time period (step 5310). The
expected energy consumption may be the value Usagegypeciea calculated in step 5308. The
actual energy consumption may be the value Usage ,,rent, which can be measured by meters
5204, received from local storage 514 or hosted storage 516, obtained from a utility (e.g., a

utility bill), or otherwise observed during the current time period.

[0300] The energy consumption statistics may include, for example, a difference or delta
between the expected normalized energy usage Usagegxpecrea and the actual energy usage
Usage . rrent (€.8., AUsage), a percentage change between the actual usage Usage . ;rent and
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the expected usage Usagegxpecied. @ CVRME based on the actual and expected energy usage
values, or other statistics derived from the actual energy usage Usage ,ren: and the expected
energy usage Usagegxpecrea- These and other energy consumption statistics can be calculated
by weather normalization module 5208 as previously described. Process 5300 can be repeated
periodically (e.g., monthly) to calculate energy consumption statistics for each time period (e.g.,

each month) as that time period becomes the current time period.

[0301] In some embodiments, the number of data points used to generate the energy
consumption model is at least twice the number of parameters in the model. For example, for an
energy consumption model with three parameters by, b;, and b, a minimum of six data points
(e.g., six months of historical data) may be used to train the model. In some embodiments, a full
year of data is used to train the energy consumption model. If less than a full year of historical
data is used, weather normalization module 5208 may flag the resulting energy consumption
model as potentially unreliable. Once a full year of data has been collected, weather
normalization module 5208 may remove the flag to indicate that the energy consumption model

is no longer potentially unreliable.

[0302] In some embodiments, weather normalization module 5208 uses up to three years of
historical data to train the energy consumption model. Using up to three years of data can
minimize the impact of an anomalous year but reduces the likelihood of the baseline model
changing (non-stationarity). In some embodiments, weather normalization module 5208
recalculates the energy consumption model on the first of each month with all available data up
to but not exceeding three years. In addition to automatically updating the energy consumption
model periodically, a user-defined trigger can be used to force a recalculation of the baseline
model. The user-defined trigger can be a manual trigger (e.g., a user selecting an option to
update the model) which allows the model to be updated in cases where a known change has

occurred in the building (e.g., new zone added, hours of operation extended, etc.).

[0303] In some embodiments, historical data collected before the user-defined trigger is
excluded when retraining the energy consumption model in response to the user-defined trigger.
Alternatively, the user-defined trigger can require the user to specify a date, which is used as a
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threshold before which all historical data is excluded when retraining the model. If a user does
not specify a date, weather normalization module 5208 may use all available data by default. If
the user specifies the current date, weather normalization module 5208 may wait for a
predetermined amount of time (e.g., six months) before retraining the energy consumption model
to ensure that sufficient data is collected. The predetermined amount of time may be the
minimum amount of time required to collect the minimum number of data points needed to
ensure reliability of the model (e.g., twice the number of parameters in the model). During the
waiting period, weather normalization module 5208 may display a message indicating that

estimates cannot be generated until the end of the waiting period.

[0304] Referring again to FIG. 52, analytics service 524 is shown to include an energy
benchmarking module 5210. Energy benchmarking module 5210 can be configured compare the
energy consumption of a given building or facility to benchmark energy consumption values for
buildings of a similar type. Energy benchmarking module 5210 may also compare the energy
consumption of a given building or facility to baseline typical buildings of similar type in

different geographical locations.

[0305] In some embodiments, energy benchmarking module 5210 receives historical meter
data. Historical meter data can include historical values for measurable amounts of resource
consumption including, for example, electric consumption (kWh), water consumption (gallons),
and natural gas consumption (mmBTU). The historical meter data can be received as timeseries
data from local storage 514 or hosted storage 516, collected from meters 5204 over time, or
received from an energy utility (e.g., as part of an energy bill). In some embodiments, the
historical meter data includes one year or more of historical meter data. However, the historical
meter data may cover other time periods in various other embodiments (e.g., six months, three
months, one month, etc.). Energy benchmarking module 5210 can also receive current meter

data from meters 5204.

[0306] Energy benchmarking module 5210 may receive building parameters from parameters
database 5206. Building parameters may include various characteristics or attributes of the
building such as building area (e.g., square feet), building type (e.g., one of a plurality of

-02-
4844-7916-0382

WILLOW TECH. EX. 1007
Page 187



Atty. Dkt. No.: 112444-0350

enumerated types), building location, and building benchmarks for the applicable building type
and/or location. Building benchmarks can include benchmark energy consumption values for the
building. The benchmarks can be ASHRAE benchmarks for buildings in the United States or
other local standards for buildings in different countries. In some embodiments, the benchmarks
specify an energy use intensity (EUI) value and/or energy density value for the building. EUI is

a normalized metric which quantifies the energy consumption of a building per unit area over a

W r). Similarly, energy density is a normalized metric which

given time period (e.g., TtZeyear

quantifies the change in energy consumption of the building per unit area over a given time

AKWh . -
). EUIs and energy densities can also be calculated for other commodities

period (e.g., TeZvhour

such as water consumption, natural gas consumption, etc.

[0307] Energy benchmarking module 5210 can use the historical meter data and building
parameters to calculate EUI values and/or energy density values for the building. In some
embodiments, energy benchmarking module 5210 calculates EUI values and/or energy density
values for one-year time periods. This may allow the EUI values and/or energy density values to
be directly compared to ASHRAE standards, which are defined by year. However, it is
contemplated that EUI and/or energy density can be calculated for any time period (e.g.,
monthly, weekly, daily, hourly, etc.) to allow for comparison with other standards or benchmarks

that use different time periods.

[0308] In some embodiments, energy benchmarking module 5210 collects energy consumption
data, energy density values, and/or EUI values for all buildings in a portfolio and separates the
buildings by type of building. Energy benchmarking module 5210 can plot all buildings of a
single type on one plot along with benchmarks for that building type at different geographical
locations (e.g., different cities). An example of a plot 5500 which can be generated by energy
benchmarking module 5210 is shown in FIG. 55. Plot 5500 shows all of the buildings in the
customer’s portfolio that have the building type “Office Building.” These building include
Building A, Building B, Building C, and Building D. Plot 5500 shows the EUI values for each
of Buildings A, B, C, and D. Plot 5500 also shows typical or benchmark EUI values for typical
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buildings of the same type (i.e., office buildings) in various geographic locations (e.g., Houston,
Miami, Chicago, San Francisco, Kansas City, Fairbanks, Phoenix). The visualization shown in
plot 5500 allows the customer to see how their buildings compare to similar buildings in their
city or other cities with similar weather patterns. Although only EUI is shown, it should be
understood that plot 5500 can include energy density in addition to EUI or in place of EUI in

various embodiments.

[0309] Referring again to FIG. 52, analytics service 524 is shown to include a baseline
comparison module 5212. Baseline comparison module 5212 can be configured to compare
various timeseries against a baseline. For example, baseline comparison module 5212 can
compare energy consumption, energy demand, EUI, energy density, or other timeseries which
characterize the energy performance of a building. Baseline comparison module 5212 can
compare timeseries at any level of granularity. For example, baseline comparison module 5212
can compare timeseries for an entire facility, a particular building, space, room, zone, meter
(both physical meters and virtual meters), or any other level at which timeseries data can be

collected, stored, or aggregated.

[0310] Baseline comparison module 5212 can compare timeseries data for any commodity
(e.g., electricity, natural gas, water, etc.) and at any time duration (e.g., yearly, monthly, daily,
hourly, etc.). In some embodiments, energy benchmarking module 5210 receives historical
meter data. Historical meter data can include historical values for measurable amounts of
resource consumption including, for example, electric consumption (kWh), water consumption
(gallons), and natural gas consumption (mmBTU). The historical meter data can be received as
timeseries data from local storage 514 or hosted storage 516, collected from meters 5204 over
time, or received from an energy utility (e.g., as part of an energy bill). In some embodiments,
baseline comparison module 5212 receives the EUI values and/or energy density values
generated by energy benchmarking module 5210, the energy usage statistics generated by
weather normalization module 5208, or other timeseries which characterize the energy

performance of a building or other space. Different EUI calculations and/or energy density
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calculations can be used to generate the EUI values and/or energy density values for different

time periods, as described with reference to energy benchmarking module 5210.

[0311] Baseline comparison module 5212 can compare timeseries against various baselines.
The baselines may be threshold values which can be generated in any of a variety of ways. For
example, some baselines may be defined or set by a user. Some baselines can be calculated from
historical data (e.g., average consumption, average demand, average EUI, average energy
density, etc.) and other building parameters. Some baselines can be set by standards such as
ASHRAE 90.1 (e.g., for building-level standards). Baseline comparison module 5212 may
receive building parameters from parameters database 5206. Building parameters may include
various characteristics or attributes of the building such as building area (e.g., square feet),
building type (e.g., one of a plurality of enumerated types), building location, etc. Baseline
comparison module 5212 can use the building parameters to identify appropriate benchmarks

against which the timeseries can be compared.

[0312] Baseline comparison module 5212 can output the baselines as well as results of the
baseline comparisons. The results can include indications of whether the samples of the
timeseries are above or below the baseline, fault triggers and time stamps, or other results which
can be derived from the baseline comparison (e.g., compliance or non-compliance with a
standard, fault indications, etc.). For example, baseline comparison module 5212 may apply
fault detection rules which define faults relative to baseline. In some embodiments, a fault is
defined as a predetermined number of samples above a baseline or below a baseline. Baseline
comparison module 5212 can compare each sample of a timeseries to a baseline to determine, for
each sample, whether the sample is above or below the baseline. If a threshold number of
samples fulfil the criteria of a fault detection rule (e.g., three consecutive samples above baseline,
five of ten consecutive samples above baseline, etc.), baseline comparison module 5212 may
generate a fault indication. The fault indications can be stored as timeseries data in local storage
514 or hosted storage 516 or provided to applications 530, client devices 448, and/or remote

systems and applications 444.
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[0313] In some embodiments, baseline comparison module 5212 generates plots or graphs
which indicate the results of the baseline comparisons. An example of a graph 5600 which can
be generated by baseline comparison module 5212 is shown in FIG. 56. Graph 5600 plots the
values of a building energy consumption timeseries 5602 relative to a baseline 5604. For each
sample of timeseries 5602, baseline comparison module 5212 can compare the value of the
sample to baseline 5604. Any samples that exceed baseline 5604 (i.e., samples, 5606), can be
automatically highlighted, colored, or otherwise marked by baseline comparison module 5212 in
graph 5600. This allows a user to readily identify and distinguish the samples 5606 that exceed
baseline 5604.

[0314] Referring again to FIG. 52, analytics service 524 is shown to include a night/day
comparison module 5214. Night/day comparison module 5214 can be configured to compare
night building energy loads against day building energy loads. The night/day comparison can be
performed for energy consumption, energy demand, EUI, energy density, or other timeseries
which characterize the energy performance of a building. In some embodiments, night/day
comparison module 5214 calculates a ratio of the minimum night load to the peak day load and
compares the calculated ratio to a threshold (e.g., 0.5). If the ratio deviates from a threshold by a
predetermined amount (e.g., greater than 1.2 times the threshold ratio), night/day comparison

module 5214 can generate a fault indication which indicates a high nightly load.

[0315] In some embodiments, night/day comparison module 5214 receives historical meter
data. Historical meter data can include historical values for measurable amounts of resource
consumption including, for example, electric consumption (kWh), water consumption (gallons),
and natural gas consumption (mmBTU). The historical meter data can be received as timeseries
data from local storage 514 or hosted storage 516, collected from meters 5204 over time, or
received from an energy utility (e.g., as part of an energy bill). In some embodiments, the
historical meter data includes one year or more of historical meter data. However, the historical
meter data may cover other time periods in various other embodiments (e.g., six months, three
months, one month, etc.). Night/day comparison module 5214 can also receive current meter

data from meters 5204.
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[0316] In some embodiments, night/day comparison module 5214 receives timeseries data
from local storage 514 and/or hosted storage 516. The timeseries data can include one or more
timeseries of energy consumption, energy demand, EUI, energy density, or other timeseries
which characterize the energy performance of a building. In some embodiments, night/day
comparison module 5214 receives a building schedule as an input. Night/day comparison
module 5214 can use the building schedule to separate the timeseries into night portions (e.g.,
samples of the timeseries with timestamps at night) and day portions (e.g., samples of the
timeseries with timestamps during the day). In some embodiments, the building schedule is an
occupancy schedule. In other embodiments, the building schedule defines the sunrise time and
sunset time at the geographic location of the building. Night/day comparison module 5214 can
receive the building schedule as an input or can automatically generate the building schedule.
For example, night/day comparison module 5214 can automatically determine the sunrise times
and sunset times for a building based on the date and the geographic location of the building

(e.g., zip code, latitude and longitude, etc.).

[0317] Night/day comparison module 5214 can use the timeseries data to calculate a load ratio
Qrqtio Tor the one or more timeseries. In some embodiments, the load ratio Q.40 1S a ratio of
the minimum load during night hours (e.g., a minimum of the timeseries samples designated as
nighttime samples) to the maximum load during day hours (e.g., a maximum of the timeseries
samples designated as daytime samples). For example, night/day comparison module 5214 can

calculate the load ratio for a given timeseries using the following equation:

Qmin
Qratio =

Qmax

where Q,nin 1s the minimum load during night hours and Q4 1s the maximum load during day
hours. Night/day comparison module 5214 can calculate the load ratio Q,4¢;, for each timeseries
using the samples of the timeseries. Night/day comparison module 5214 can generate a value of
Qratio for each day of each timeseries. In some embodiments, night/day comparison module

5214 stores the daily values of Q,,;;, as a new timeseries in local storage 514 and/or hosted
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storage 516. Each element of the new timeseries may correspond to a particular day and may

include the calculated value of Q, ., for that day.

[0318] Night/day comparison module 5214 can receive a threshold parameter from parameters
database 5206. The threshold parameter may be a threshold ratio between night load and day
load. In some embodiments, the threshold ratio has a value of approximately T = 0.5.
However, it is contemplated that the threshold ratio can have any value in various other
embodiments. The value of the threshold ratio can be defined/updated by a user, automatically
calculated based on a history of previous night loads and day loads, or otherwise determined by

night/day comparison module 5214.

[0319] Night/day comparison module 5214 can compare the calculated load ratio Q,4¢;0 to the
threshold value T (or to some function of the threshold 7). In some embodiments, night/day
comparison module 5214 determines whether the calculated load ratio Q,4¢i, €xceeds the
threshold T by a predetermined amount (e.g., 20%). For example, night/day comparison module
5214 can evaluate the following inequality to determine whether the calculated load ratio Q440

exceeds the threshold T by a predetermined amount 9:
Q‘r‘atio 20T

where the parameter 0 is a indicates an amount or percentage by which the ratio Q,.4¢;, must
exceed the threshold T to qualify as a fault. For example, a value of 8 = 1.2 indicates that the

ratio Qpqri0 qualifies as a fault if Q.44 €xceeds the threshold T by 20% or more.

[0320] Night/day comparison module 5214 can output the load ratio timeseries as well as the
results of the threshold comparisons. The results can include indications of whether the
calculated load ratios Q,4;;, are above or below the threshold value T (or a function of the
threshold value T), fault triggers and time stamps, or other results which can be derived from the
threshold comparison (e.g., compliance or non-compliance with a standard, fault indications,
etc.). For example, night/day comparison module 5214 may apply fault detection rules which
define faults relative to threshold 7. In some embodiments, a fault is defined as a predetermined

number of samples of Q,.4;, that satisfy the inequality Q, ;0 = 6 * T. The fault indications can
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be stored as timeseries data in local storage 514 or hosted storage 516 or provided to applications

530, client devices 448, and/or remote systems and applications 444,

[0321] In some embodiments, night/day comparison module 5214 generates plots or graphs
which indicate the results of the threshold comparisons. An example of a graph 5700 which can
be generated by night/day comparison module 5214 is shown in FIG. 57. Graph 5700 plots a
timeseries 5702 of building energy consumption for a three day period. For each day (e.g., Day
1, Day 2, Day 3), night/day comparison module 5214 may identify all of the samples of
timeseries 5702 with timestamps during that day. Night/day comparison module 5214 may also
classify each sample of timeseries 5702 as either a night sample or a day sample based on the
time at which the sample was recorded. Samples obtained during night hours may be classified

as night samples, whereas samples obtained during day hours may be classified as day samples.

[0322] For each day, night/day comparison module 5214 may identify the minimum of the
night samples for that day (i.e., Qi) and the maximum of the day samples for that day (i.e.,
Qmax). Night/day comparison module 5214 can calculate a ratio Q,4;;, for each day using the

following equation:

Qmin
Qratio =

Qmax

and can compare the calculated ratio to a threshold T (or a function of threshold T') as shown in

the following inequality:
Q‘ratia =0T

If the ratio Q4 for a given day satisfies the inequality, night/day comparison module 5214 can
automatically highlight, color, or otherwise mark the samples for that day in graph 5700. For
example, samples 5704 for Day 2 may be colored red to indicate that the ratio Q,.q;, for Day 2
exceeds the threshold T by the amount 8 (e.g., 20%).

[0323] Referring again to FIG. 52, analytics service 524 is shown to include a
weekend/weekday comparison module 5216. Weekend/weekday comparison module 5216 can
be configured to compare weekend building energy loads against weekday building energy
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loads. The weekend/weekday comparison can be performed for energy consumption, energy
demand, EUI, energy density, or other timeseries which characterize the energy performance of a
building. In some embodiments, weekend/weekday comparison module 5216 calculates a ratio
of the weekend load to the to the weekday load and compares the calculated ratio to a threshold
(e.g., 0.5). If the ratio deviates from a threshold by a predetermined amount (e.g., greater than
1.2 times the threshold ratio), weekend/weekday comparison module 5216 can generate a fault

indication which indicates a high weekend load.

[0324] In some embodiments, weekend/weekday comparison module 5216 receives historical
meter data. Historical meter data can include historical values for measurable amounts of
resource consumption including, for example, electric consumption (kWh), water consumption
(gallons), and natural gas consumption (mmBTU). The historical meter data can be received as
timeseries data from local storage 514 or hosted storage 516, collected from meters 5204 over
time, or received from an energy utility (e.g., as part of an energy bill). In some embodiments,
the historical meter data includes one year or more of historical meter data. However, the
historical meter data may cover other time periods in various other embodiments (e.g., six
months, three months, one month, etc.). Weekend/weekday comparison module 5216 can also
receive current meter data from meters 5204. In some embodiments, weekend/weekday
comparison module 5216 receives timeseries data from local storage 514 and/or hosted storage
516. The timeseries data can include one or more timeseries of energy consumption, energy
demand, EUI, energy density, or other timeseries which characterize the energy performance of a

building.

[0325] Weekend/weekday comparison module 5216 can use the timeseries data to calculate a
load ratio Q.44 for the one or more timeseries. In some embodiments, the load ratio Q.44 1S a
ratio of the average load during the weekend (e.g., an average of the timeseries samples
designated as weekend samples) to the average load during the weekdays (e.g., an average of the
timeseries samples designated as weekday samples). For example, weekend/weekday
comparison module 5216 can calculate the load ratio for a given timeseries using the following

equation:
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_ Qweckend
Qratio -
Qweekday

where Qyeerena 1 the average load during the weekend and Qeeraay 1S the average load during
the weekdays. Weekend/weekday comparison module 5216 can calculate the load ratio Q440
for each timeseries using the samples of the timeseries. Weekend/weekday comparison module
5216 can generate a value of Q,4;;, for each week of each timeseries. In some embodiments,
weekend/weekday comparison module 5216 stores the daily values of Q,.4:;, as a new timeseries
in local storage 514 and/or hosted storage 516. Each element of the new timeseries may

correspond to a particular week and may include the calculated value of Q,;;, for that week.

[0326] Weekend/weekday comparison module 5216 can receive a threshold parameter from
parameters database 5206. The threshold parameter may be a threshold ratio between weekend
load and weekday load. In some embodiments, the threshold ratio has a value of approximately
T = 0.5. However, it is contemplated that the threshold ratio can have any value in various other
embodiments. The value of the threshold ratio can be defined/updated by a user, automatically
calculated based on a history of previous weekend loads and weekday loads, or otherwise

determined by weekend/weekday comparison module 5216.

[0327] Weekend/weekday comparison module 5216 can compare the calculated load ratio
Qratio to the threshold value T (or to some function of the threshold T). In some embodiments,
weekend/weekday comparison module 5216 determines whether the calculated load ratio Q40
exceeds the threshold T by a predetermined amount (e.g., 20%). For example,
weekend/weekday comparison module 5216 can evaluate the following inequality to determine

whether the calculated load ratio Q,.4s;, €xceeds the threshold T by a predetermined amount 6:
Q‘ratio =20x*T

where the parameter 0 is a indicates an amount or percentage by which the ratio Q,.4;;, must
exceed the threshold T to qualify as a fault. For example, a value of 8 = 1.2 indicates that the

ratio Qyqti0 qualifies as a fault if Q,4¢i, €xceeds the threshold T by 20% or more.
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[0328] Weekend/weekday comparison module 5216 can output the load ratio timeseries as
well as the results of the threshold comparisons. The results can include indications of whether
the calculated load ratios Q,.4;;, are above or below the threshold value T (or a function of the
threshold value T), fault triggers and time stamps, or other results which can be derived from the
threshold comparison (e.g., compliance or non-compliance with a standard, fault indications,
etc.). For example, weekend/weekday comparison module 5216 may apply fault detection rules
which define faults relative to threshold T. In some embodiments, a fault is defined as a
predetermined number of samples of Q40 that satisfy the inequality Q40 = 6 * T. The fault
indications can be stored as timeseries data in local storage 514 or hosted storage 516 or

provided to applications 530, client devices 448, and/or remote systems and applications 444.

[0329] In some embodiments, weekend/weekday comparison module 5216 generates plots or
graphs which indicate the results of the threshold comparisons. An example of a graph 5800
which can be generated by weekend/weekday comparison module 5216 is shown in FIG. 58.
Graph 5800 plots a timeseries 5802 of building energy consumption for a one-week period. For
each week, weekend/weekday comparison module 5216 may identify all of the samples of
timeseries 5802 with timestamps during that week. Weekend/weekday comparison module 5216
may also classify each sample of timeseries 5802 as either a weekend sample or a weekday
sample based on the time at which the sample was recorded. Samples obtained during weekend
days (i.e., Saturday and Sunday) may be classified as weekend samples, whereas samples

obtained during weekdays (i.e., Monday-Friday) may be classified as weekday samples.

[0330] For each week, weekend/weekday comparison module 5216 may calculate the average
of the weekday samples for that week (i.e., Qweeraay) and the average of the weekend samples
for that week (i.e., Queerena). Weekend/weekday comparison module 5216 can calculate a ratio

Qrqtio Tor each week using the following equation:

_ Qweekend
Qratio -7
Qweekday

and can compare the calculated ratio to a threshold T (or a function of threshold T') as shown in
the following inequality:
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Qratia =0T

If the ratio Q4 for a given day satisfies the inequality, weekend/weekday comparison module

5216 can automatically highlight, color, or otherwise mark the weekend samples for that week in
graph 5800. For example, samples 5804 for the weekend may be colored red to indicate that the

ratio Q,q4:i0 €xceeds the threshold T by the amount 6 (e.g., 20%).

Ad Hoc Dashboard

[0331] Referring now to FIGS. 59-87, several user interfaces which can be generated by
building management system 500 are shown, according to an exemplary embodiment. In some
embodiments, user interfaces are generated by energy management application 532, monitoring
and reporting application 534, enterprise control application 536, or other applications 530 that
consume the optimized timeseries data generated by data platform services 520. For example,
the user interfaces can be generated by a building energy management system which includes an
instance of energy management application 532. One example of such a building energy
management system is the METASYS® Energy Management System (MEMS) by Johnson
Controls Inc. The building energy management system can be implemented as part of building
management system 500 (e.g., one of applications 530) or as a cloud-based application (e.g., one
of remote systems and applications 444) in communication with building management system

500 via communications network 446 (e.g., the Internet, a LAN, a cellular network, etc.).

[0332] In some embodiments, the user interfaces are components of an ad hoc dashboard 5900.
Ad hoc dashboard 5900 may be displayed when a user clicks ad hoc tab 5902 shown in FIG. 59.
Ad hoc dashboard 5900 may be customizable to allow the user to create and configure various
types of widgets. The widgets can be configured to visually present timeseries data from local
storage 514 or hosted storage 516, as well as other types of information. For example, ad hoc
dashboard 5900 can be customized to include charting widgets, data visualization widgets,
display widgets, time and date widgets, weather information widgets, and various other types of
widgets. Several examples of user interfaces for creating and configuring widgets are described

in detail below.
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Creating Widgets

[0333] Referring now to FIGS. 60-61, a user interface 6000 for creating widgets is shown,
according to an exemplary embodiment. User interface 6000 may be displayed as a popup when
a user clicks the “Create Widgets” button 5904 in ad hoc dashboard 5900. Interface 6000 may
allow a user to enter a widget name 6002 (“Widget 1) and select a type of widget to create. In
some embodiments, the user selects a widget type by selecting an option presented via one of

dropdown menus 6004-6012.

[0334] Selecting data visualization dropdown menu 6004 may display a list of data
visualization widgets that can be created. In some embodiments, the data visualization widgets
include a heat map widget, a radial gauge widget, a histogram widget, and a psychometric chart
widget. Selecting charting dropdown menu 6006 may display a list of charting widgets that can
be created. In some embodiments, the charting widgets include a line chart widget, an area chart
widget, a column chart widget, a bar chart widget, a stacked chart widget, and a pie chart widget.
Selecting time and date dropdown menu 6008 may display a list of time and date widgets that
can be created. In some embodiments, the time and date widgets include a date display widget, a
digital clock widget, and an analog clock widget. Selecting display dropdown menu 6010 may
display a list of display widgets that can be created. In some embodiments, the display widgets
include a data point widget, a data grid widget, a text box widget, and an image widget.
Selecting weather dropdown menu 6012 may display a list of weather widgets that can be
created. In some embodiments, the weather widgets include a current weather information

widget and a weather forecast widget.

[0335] After the user selects a widget via one of dropdown menus 6004-6012, the user can
click save button 6014 to create an empty widget of the selected type. An example of an empty
widget 6102 which can be created is shown in FIG. 61. Empty widget 6102 may include the
widget name 6002 and text 6104 indicating that no data is currently associated with empty
widget 6102. Empty widget 6102 can be associated with one or more timeseries via widget

configuration interface 6200.
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Configuring Widgets

[0336] Referring now to FIGS. 62-63, a widget configuration interface 6200 is shown,
according to an exemplary embodiment. Widget configuration interface 6200 allows a user to
associate an empty widget 6102 with one or more timeseries or other types of data. For example,
points from meter tree 6204 can be dragged and dropped into empty widget 6102 to associate the
corresponding timeseries data with empty widget 6102. Although only a meter tree 6204 is
shown, points can also be dragged and dropped from other types of trees such as an equipment
tree. Upon dragging and dropping a point into empty widget 6102, a chart of the timeseries data
associated with the selected point may begin populating. Empty widget 6102 can also be
configured by selecting options button 6202 and selecting “configure widget” from dropdown
menu 6206. Dropdown menu 6206 may also include options to delete or duplicate the selected
widget. Duplicating a widget may include duplicating any points mapped to the widget as well

as the widget’s size and theme.

[0337] FIG. 63 illustrates a configure widget popup 6300 which may be displayed in response
to a user selecting the configure widget option via dropdown menu 6206. Configure widget
popup 6300 is an example of a configuration interface for a line chart widget. A line chart
widget can be created by selecting the create widgets button 5904 in ad hoc dashboard 5900 and
selecting line chart from the charting dropdown menu 6006. When a user drags and drops any
point from meter tree 6204, a line chart 6302 with a single line may appear. Line chart 6302

may plot the timeseries samples associated with the selected point. The x-axis of line chart 6302
may be units of time, whereas the y-axis of line chart 6302 may be the unit of measure (UOM) of
the selected point (e.g., kWh, kW, etc.). An axis label 6304 with the UOM of the timeseries may
be displayed along the y-axis.

[0338] If a second point with a different UOM is added to line chart 6302 (e.g., by dragging
and dropping the second point), line chart 6302 may be automatically updated to include a
second line plotting the timeseries samples associated with the second point. The different UOM
may be displayed along the y-axis of line chart 6302 on the opposite side (e.g., right side) from
the UOM of the first point. An axis label 6306 with the UOM of the second point may be
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displayed along the y-axis of line chart 6302. Any number of points can be added to line chart
6302 regardless of whether the points have the same or different UOM.

[0339] In some embodiments, timeseries with different units of measure may be displayed in
different colors in line chart 6302, whereas timeseries with same units of measure may be
displayed in the same color but as different line types (e.g., solid lines, dashed lines, etc.). The
axis labels 6304, 6304, and 6308 and numerical values along the y-axes of line chart 6302 may
have the same colors as the timeseries plotted in the corresponding UOM. For example, axis
label 6304 and the corresponding numerical values along the left side of line chart 6302 may be
colored blue along with any lines which present data in that UOM (e.g., kWh, energy). Axis
label 6306 and the corresponding numerical values along the right side of line chart 6302 may be
colored green along with any lines which present data in that UOM (e.g., kW, power). A
different color may be used for each axis label and timeseries line associated with a different

UoM.

[0340] In some embodiments, configure widget popup 6300 displays a list 6310 of the points
mapped to the widget. Each point in points list 6310 may identify the point name and may allow
the user to edit the names of the mapped points, delete one or more of the mapped points, define
the decimal places for the values of the mapped points, and make other edits to the mapped
points. Configure widget popup 6300 may also allow the user to edit the widget title. A preview
of the chart 6302 may be displayed in configure widget popup 6300 to allow the user to see the

changes in real time without closing configure widget popup 6300.

[0341] After a widget has been created, the user can click save button 6208 to save the widget
to ad hoc dashboard 5900. In some embodiments, a different ad hoc dashboard 5900 can be
created for each level of building space, meter, and equipment. The widgets saved to a particular
ad hoc dashboard 5900 may be displayed when dashboard 5900 is refreshed (e.g., by refreshing a
webpage in which ad hoc dashboard 5900 is displayed).
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Data Aggregation Widget

[0342] Referring now to FIGS. 64-66, a data aggregation interface 6400 is shown, according to
an exemplary embodiment. Data aggregation interface 6400 allows a user to view the timeseries
data associated with a particular data point with different levels of granularity. For example,
interface 6400 is shown to include an energy consumption widget 6402 which displays the
timeseries data associated with an energy consumption timeseries. Depending on the timeframe
selected via timeframe selector 6410, different data aggregation options 6406 may be displayed.
For example, if one year is selected via timeframe selector 6410, data aggregation options 6406
may include hourly, daily, weekly, and monthly (default). If six months is selected via
timeframe selector 6410, data aggregation options 6406 may include hourly, daily, weekly, and
monthly (default). If three months is selected via timeframe selector 6410, data aggregation
options 6406 may include hourly, daily, weekly, and monthly (default). If one month is selected
via timeframe selector 6410, data aggregation options 6406 may include hourly, daily (default),
and weekly. If one week is selected via timeframe selector 6410, data aggregation options 6406

may include fifteen minutes, hourly, and daily (default). The default value may be highlighted.

[0343] Different data aggregation options 6406 may also be displayed for custom time periods.
For example, if a custom time period of less than one week is selected via timeframe selector
6410, data aggregation options 6406 may include fifteen minutes, hourly, and daily. If a custom
time period between one week and one month is selected via timeframe selector 6410, data
aggregation options 6406 may include fifteen minutes, hourly, daily, and weekly. If a custom
time period of one month or longer is selected via timeframe selector 6410, data aggregation

options 6406 may include hourly, daily, weekly, and monthly.

[0344] In some embodiments, widget 6402 is automatically updated to display the timeseries
data associated with the selected aggregation option. For example, widget 6402 may display an
hourly data rollup timeseries for the point if the hourly data aggregation option is selected via
aggregation options 6406. However, widget 6402 may display a weekly data rollup timeseries
for the same point if the weekly data aggregation option is selected via aggregation options 6406.
The x-axis of chart 6408 may also be updated based on the selected data aggregation option. For
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example, widget 6402 may include a chart 6408 with an x-axis scaled to daily energy
consumption values when the daily aggregation option is selected (shown in FIG. 64). However,
widget 6402 may include a chart 6602 with an x-axis scaled to weekly energy consumption
values when the weekly aggregation option is selected (shown in FIG. 66). In some
embodiments, widget 6402 includes a chart 6502 with an x-axis scaled to one data aggregation
option (e.g., weekly), whereas the data presented in chart 6502 may be from a more granular
timeseries. For example, FIG. 65 shows a chart 6502 with an x-axis scaled to weekly intervals

and displaying hourly values of the energy consumption.

Heat Map Widget

[0345] Referring now to FIGS. 67-69, an interface 6700 for creating and configuring a heat
map widget 6702 is shown, according to an exemplary embodiment. Heat map widget 6702 can
be created by selecting the create widgets button 5904 in ad hoc dashboard 5900 and selecting
heat map from the data visualization dropdown menu 6004. When a user drags and drops any
meter point from meter tree 6204, a heat map 6706 may appear. In some embodiments, heat map
6706 is automatically overwritten if the user drags and drops a second meter point from meter
tree 6204. Interface 6700 may display a message indicating that the point mapping has been

appended or changed when heat map 6706 is updated with a second meter point.

[0346] Heat map 6706 may present timeseries data as a plurality of cells 6710. Each of cells
6710 may correspond to one sample of the corresponding timeseries. For example, heat map
6706 is shown displaying hourly values of an energy consumption timeseries. Each row of heat
map 6706 corresponds to a particular day, whereas each column of heat map 6706 corresponds to
an hour of the day. Cells 6710 located at the intersections of the rows and columns represent the
hourly values of the energy consumption timeseries. In some embodiments, the hourly energy
consumption values (or any other type of data presented via heat map 6707) are indicated by the
color or other attribute of cells 6710. For example, cells 6710 may have different colors that
represent different energy consumption values. A key 6708 indicates the colors that represent
different numerical values of the energy consumption timeseries. As new samples of the
timeseries are collected, new cells 6710 may be added to heat map 6706. Hovering over any of
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cells 6710 may display the timestamp of the sample associated with the cell, the point name,

and/or the numerical value of the sample associated with the cell.

[0347] In some embodiments, heat map widget 6702 includes an options button 6712.
Selecting options button 6712 may display a configure widget popup 6800 (shown in FIG. 68).
Configure widget popup 6800 may allow a user to edit the widget title 6802, delete the mapped
point, edit the names of the mapped point, define the decimal places for the values of the mapped
point, edit the minimum and maximum of the color range for heat map 6706, and select a color
palate for heat map 6706. In some embodiments, configure widget popup 6800 includes a
preview of heat map 6706. Heat map widget 6702 may automatically update heat map 6706
based on the time interval and custom filter selected. For example, selecting a time interval of
one week may result in heat map 6706 which includes hourly values for each hour in the selected
week (shown in FIG. 67). However, selecting a time interval of one year may result in heat map
6902 which includes energy consumption values (e.g., hourly, daily, etc.) for each day in the

year.

Text Box Widget

[0348] Referring now to FIGS. 70-71, an interface 7000 for creating and configuring a text box
widget 7002 is shown, according to an exemplary embodiment. Text box widget 7002 can be
created by selecting the create widgets button 5904 in ad hoc dashboard 5900 and selecting text
box from the display dropdown menu 6010. Clicking anywhere within text box widget 7002
may display a menu 7004 to add or edit text. A user can change the font, size, color, or other
attributes of the text via menu 7004. Clicking outside text box widget 7002 may hide menu
7004. Text box widget 7002 can be moved, resized, duplicated, and deleted by selecting various

options presented via interface 7000.
Image Widget

[0349] Referring now to FIGS. 72-73, an interface 7200 for creating and configuring an image
widget 7202 is shown, according to an exemplary embodiment. Image widget 7202 can be
created by selecting the create widgets button 5904 in ad hoc dashboard 5900 and selecting
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image from the display dropdown menu 6010. When image widget 7202 is first created, widget
7202 may be blank or may display text that instructs a user how to upload an image 7204 to
widget 7202. Image 7204 can be selected via a configure widget popup 7300. Configure widget
popup 7300 may allow the user to edit the widget title 7302 and select an image via image
selector 7304. The selected image 7204 may occupy the entire area of image widget 7202.

Time and Date Widgets

[0350] Referring now to FIGS. 74-78, an interface 7400 for creating and configuring time and
date widgets is shown, according to an exemplary embodiment. Time and date widgets can
include a date widget 7402 (shown in FIG. 74), a digital clock widget 7602 (shown in FIG. 76),
and an analog clock widget 7702 (shown in FIG. 77). Date widget 7402 can be created by
selecting the create widgets button 5904 in ad hoc dashboard 5900 and selecting date display
from the time & date dropdown menu 6008. Date widget 7402 may include graphics or text
7404 that indicates the current date, day of the week, month, year, or other date information.
Date widget 7402 can be edited via a configure widget popup 7500 which allows a user to edit
the widget title 7502, time zone 7504, and other information associated with date widget 7402.

[0351] Digital clock widget 7602 can be created by selecting the create widgets button 5904 in
ad hoc dashboard 5900 and selecting digital clock from the time & date dropdown menu 6008.
Similarly, analog clock widget 7702 can be created by selecting the create widgets button 5904
in ad hoc dashboard 5900 and selecting analog clock from the time & date dropdown menu
6008. Digital clock widget 7602 may include a digital clock 7604, whereas analog clock widget
7702 may include an analog clock 7704. Clock widgets 7602 and 7702 can be edited via a
configure widget popup 7800 which allows a user to edit the widget title 7802, time zone 7804,
and other information associated with clock widgets 7602 and 7702.

Weather Widgets

[0352] Referring now to FIGS. 79-81, an interface 7900 for creating and configuring weather
widgets i1s shown, according to an exemplary embodiment. Weather widgets can include a
current weather widget 7902 (shown in FIG. 79) and a weather forecast widget 8002 (shown in
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FIG. 80). Current weather widget 7902 can be created by selecting the create widgets button
5904 in ad hoc dashboard 5900 and selecting current weather from the weather dropdown menu
6012. Current weather widget 7902 may include graphics or text that indicate a geographic
location 7904 and the current weather 7906 at the geographic location 7904.

[0353] Weather forecast widget 8002 can be created by selecting the create widgets button
5904 in ad hoc dashboard 5900 and selecting weather forecast from the weather dropdown menu
6012. Weather forecast widget 8002 may include graphics or text that indicate a geographic
location 8004, the current weather 8006 at the geographic location 8004, and a forecast of future
weather 8008 at the geographic location 8004. Weather widgets 7902 and 8002 can be edited via
a configure widget popup 8100 which allows a user to edit the widget title 8102, location 8104,

date range 8106, and other information associated with weather widgets 7902 and 8002.

Dashboard Sharing

[0354] Referring now to FIGS. 82-83, a dashboard sharing interface 8300 is shown, according
to an exemplary embodiment. Sharing interface 8300 may be displayed in response to selecting
share icon 8202 in ad hoc dashboard 5900. Sharing interface 8300 can be used to share an
instance of ad hoc dashboard 5900 with other users or groups once ad hoc dashboard 5900 has
been created. Sharing interface 8300 is shown to include a users tab 8310 and a groups tab 8312.
Selecting users tab 8310 may display a list of users 8302 present in the system along with their
roles 8304 and email addresses 8306. Similarly, selecting groups tab 8312 may display a list of
groups present in the system (e.g., administrators, building owners, service technicians, etc.).
Sharing interface 8300 may allow one or more users or groups to be selected. Clicking share

button 8314 may then share ad hoc dashboard 5900 with the selected users or groups.

[0355] In some embodiments, sharing interface 8300 automatically checks whether the users or
groups are authorized to view ad hoc dashboard 5900. This check may be performed before

populating the list of users 8302 and groups or in response to a user or group being selected. For
example, only authorized users may be shown in the list of users 8302 in some embodiments. In

other embodiments, all users and groups may be displayed in sharing interface 8300, but a
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warning message may be provided if an unauthorized user or group is selected. When ad hoc
dashboard 5900 is shared, another tab may be added to the interfaces provided to the users with
whom ad hoc dashboard 5900 is shared. The users can select the new tab may to view the shared

instance of ad hoc dashboard 5900.

Stacked Chart Widget

[0356] Referring now to FIGS. 84-85, an interface 8400 for creating and configuring a stacked
chart widget 8402 is shown, according to an exemplary embodiment. Stacked chart widget 8402
can be created by selecting the create widgets button 5904 in ad hoc dashboard 5900 and
selecting stacked chart from the charting dropdown menu 6006. Upon dragging and dropping a
point into stacked chart widget 8402, a stacked chart 8404 of the timeseries data associated with
the selected point may begin populating. Any number of points can be added to stacked chart
widget 8402 as long as the points have the same unit of measure. In some embodiments,
interface 8400 is configured to display a notification that only points with the same unit of

measure are allowed if a user attempts to add points with different units of measure.

[0357] Stacked chart 8404 is shown to include a set of columns 8412. Each of columns 8412
may correspond to a particular time and may be associated with one or more samples that have
timestamps of the corresponding time. If multiple points are added to stacked chart 8404, each
of columns 8412 may be divided into multiple portions. For example, each of columns 8412 is
shown to include a first portion 8406, a second portion 8408, and a third portion 8410. Each of
portions 8406-8410 may correspond to a different timeseries or different point. The values of the
corresponding timeseries may be represented by the size or height of each portion 8406-8410. In
other embodiments, stacked chart 8404 may include horizontal bars rather than vertical columns
8412. A key or legend 8414 may indicate the names of the points associated with each portion
8406-8410. In some embodiments, point names are displayed in the format “meter/equipment

name - point name.”

[0358] In some embodiments, interface 8400 is configured to display a tooltip when a user

hovers over any portion 8406-8410 of columns 8412. The tooltip may display various attributes
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of meter, sample, or timeseries associated with the portion. For example, hovering over portion
8406 may cause the tooltip to display the timestamp associated with the column 8412 in which
portion 8406 is located, the name of the meter associated with portion 8406 (e.g., Meter1-kWh),
the timeseries value associated with portion 8406 (e.g., 134 kWh), and the percentage of the total
column 8412 which portion 8406 comprises (e.g., 13%). For example, if the total energy
consumption of a particular column 8412 (i.e., the sum of portions 8406-8410) is 1000 kWh and
portion 8406 has a value of 130 kWh, the tooltip may display a percentage of 13% since 130
kWh is 13% of the total 1000 kWh.

[0359] Stacked chart widget 8402 can be edited via a configure widget popup 8500. Configure
widget popup 8500 may allow a user to edit the widget title 8502, edit the names of the mapped
points 8504, delete the mapped points 8504, define decimal places for the mapped points 8504,
and make other adjustments to the configuration of stacked chart widget 8402. In some
embodiments, configure widget popup 8500 includes a preview of stacked chart 8404. The
preview of stacked chart 8404 can be automatically updated in real time when changes are made
via configure widget popup 8500 to allow the user to view the effects of the changes before
applying the changes to stacked chart 8404. Stacked chart widget 8402 may include options to
resize, maximize, duplicate, delete, move, adjust the theme, and otherwise edit stacked chart
widget 8402. In some embodiments, stacked chart widget 8402 includes data aggregation
options (as described with reference to FIGS. 64-66), unit conversion options, and supports

weather service points.

Pie Chart Widget

[0360] Referring now to FIGS. 86-87, an interface 8600 for creating and configuring a pie
chart widget 8602 is shown, according to an exemplary embodiment. Pie chart widget 8602 can
be created by selecting the create widgets button 5904 in ad hoc dashboard 5900 and selecting
pie chart from the charting dropdown menu 6006. Upon dragging and dropping a point into pie
chart widget 8602, a pie chart 8604 of the timeseries data associated with the selected point may
begin populating. Any number of points can be added to pie chart widget 8602 as long as the
points have the same unit of measure. In some embodiments, interface 8600 is configured to
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display a notification that only points with the same unit of measure are allowed if a user

attempts to add points with different units of measure.

[0361] If multiple points are added to pie chart 8604, pie chart 8604 may be divided into
multiple portions. For example, pie chart 8604 is shown to include a first portion 8606, a second
portion 8608, and a third portion 8610. Each of portions 8606-8610 may correspond to a
different timeseries or different point. The values of the corresponding timeseries may be
represented by the size or arc length of each portion 8606-8610. A key or legend 8614 may
indicate the names of the points associated with each portion 8606-8610. In some embodiments,

point names are displayed in the format “meter/equipment name - point name.”

[0362] In some embodiments, interface 8600 is configured to display a tooltip when a user
hovers over any portion 8606-8610 of pie chart 8604. The tooltip may display various attributes
of meter, sample, or timeseries associated with the portion. For example, hovering over portion
8606 may cause the tooltip to display the name of the meter associated with portion 8606 (e.g.,
Meter1-kWh), the timeseries value associated with portion 8606 (e.g., 134 kWh), and the
percentage of the total pie chart 8604 which portion 8606 comprises (e.g., 13%). For example, if
the total energy consumption represented by pie chart 8604 (i.e., the sum of portions 8606-8610)
1s 1000 kWh and portion 8606 has a value of 130 kWh, the tooltip may display a percentage of
13% since 130 kWh i1s 13% of the total 1000 kWh.

[0363] Pie chart widget 8602 can be edited via a configure widget popup 8700. Configure
widget popup 8700 may allow a user to edit the widget title 8702, edit the names of the mapped
points 8704, delete the mapped points 8704, define decimal places for the mapped points 8704,
and make other adjustments to the configuration of pie chart widget 8602. In some
embodiments, configure widget popup 8700 includes a preview of pie chart 8604. The preview
of pie chart 8604 can be automatically updated in real time when changes are made via configure
widget popup 8700 to allow the user to view the effects of the changes before applying the
changes to pie chart 8604. Pie chart widget 8602 may include options to resize, maximize,

duplicate, delete, move, adjust the theme, and otherwise edit pie chart widget 8602.
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Stuck Point Detection

[0364] Referring now to FIG. 88, a point configuration interface 8800 is shown, according to
an exemplary embodiment. Interface 8800 may be a component of data sources setup interface
4000, as described with reference to FIGS. 40-45. In some embodiments, point configuration
interface 8800 is displayed when a user selects data sources tile 3604 in setup interface 4000 and
selects a data point 4304. Point configuration interface 8800 allows the user to change various
attributes 4302 of the data point 4304 such as units, minimum value, maximum value, point

name, etc.

[0365] In some embodiments, point configuration interface 8800 allows a user to define a stuck
point definition for the selected point 4304. The stuck point definition may be treated as a fault
detection rule which can be evaluated by analytics service 524. For example, point configuration
interface 8800 is shown to include a detect stuck point checkbox 8802. When checkbox 8802 is
selected, analytics service 524 may begin monitoring the selected point 4304. Interface 8800
may also allow a user to choose a time period associated with the stuck point definition. For
example, point configuration interface 8800 is shown to include a time period box 8804 which
allows the user to define a threshold amount of time to use in the stuck point definition (e.g., one

hour, two days, etc.).

[0366] Analytics service 524 may monitor the value of the selected point 4304 and may
determine whether the value has remained same for an amount of time exceeding the threshold
amount of time specified via time period box 8804. If the value of the point has not changed for
an amount of time exceeding the threshold, analytics service 524 may determine that the point is
stuck and may generate a stuck point fault indication 8902 (shown in FIG. 89). Analytics service
524 may display the stuck point fault indication 8902 along with other fault indications in
pending faults window 8900.

Configuration of Exemplary Embodiments

[0367] The construction and arrangement of the systems and methods as shown in the various

exemplary embodiments are illustrative only. Although only a few embodiments have been
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described in detail in this disclosure, many modifications are possible (e.g., variations in sizes,
dimensions, structures, shapes and proportions of the various elements, values of parameters,
mounting arrangements, use of materials, colors, orientations, etc.). For example, the position of
elements can be reversed or otherwise varied and the nature or number of discrete elements or
positions can be altered or varied. Accordingly, all such modifications are intended to be
included within the scope of the present disclosure. The order or sequence of any process or
method steps can be varied or re-sequenced according to alternative embodiments. Other
substitutions, modifications, changes, and omissions can be made in the design, operating
conditions and arrangement of the exemplary embodiments without departing from the scope of

the present disclosure.

[0368] The present disclosure contemplates methods, systems and program products on any
machine-readable media for accomplishing various operations. The embodiments of the present
disclosure can be implemented using existing computer processors, or by a special purpose
computer processor for an appropriate system, incorporated for this or another purpose, or by a
hardwired system. Embodiments within the scope of the present disclosure include program
products comprising machine-readable media for carrying or having machine-executable
instructions or data structures stored thereon. Such machine-readable media can be any available
media that can be accessed by a general purpose or special purpose computer or other machine
with a processor. By way of example, such machine-readable media can comprise RAM, ROM,
EPROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium which can be used to carry or store desired
program code in the form of machine-executable instructions or data structures and which can be
accessed by a general purpose or special purpose computer or other machine with a processor.
Combinations of the above are also included within the scope of machine-readable media.
Machine-executable instructions include, for example, instructions and data which cause a
general purpose computer, special purpose computer, or special purpose processing machines to

perform a certain function or group of functions.
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[0369] Although the figures show a specific order of method steps, the order of the steps may
differ from what is depicted. Also two or more steps can be performed concurrently or with
partial concurrence. Such variation will depend on the software and hardware systems chosen
and on designer choice. All such variations are within the scope of the disclosure. Likewise,
software implementations could be accomplished with standard programming techniques with
rule based logic and other logic to accomplish the various connection steps, processing steps,

comparison steps and decision steps.
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WHAT IS CLAIMED IS:

1. A building energy management system comprising;

building equipment operable to monitor and control a variable in the building energy
management system and configured to provide raw data samples of a data point associated with
the variable;

a data collector configured to collect the raw data samples from the building equipment
and generate a raw data timeseries comprising a plurality of the raw data samples;

one or more data platform services configured to generate one or more optimized data
timeseries from the raw data timeseries;

a timeseries database configured to store a plurality of timeseries associated with the data
point, the plurality of timeseries comprising the raw data timeseries and the one or more
optimized data timeseries; and

an energy management application configured to generate an ad hoc dashboard
comprising a widget and to associate the widget with the data point, wherein the widget is
configured to display a graphical visualization of the plurality of timeseries associated with the
data point and comprises interactive user interface options for switching between the plurality of

timeseries associated with the data point.

2. The building energy management system of Claim 1, wherein the data platform services
comprise a sample aggregator configured to:

automatically generate a data rollup timeseries comprising a plurality of aggregated data
samples by aggregating the raw data samples as the raw data samples are collected from the
building equipment; and

store the data rollup timeseries in the timeseries database as one of the optimized data

timeseries.
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3. The building energy management system of Claim 1, wherein the data platform services
comprise a virtual point calculator configured to:

create a virtual data point representing a non-measured variable;

calculate data values for a plurality of samples of the virtual data point as a function of
the raw data samples;

generate a virtual point timeseries comprising the plurality of samples of the virtual data
point; and

store the virtual point timeseries in the timeseries database as one of the optimized data

timeseries.

4, The building energy management system of Claim 1, wherein the data platform services
comprise an analytics service configured to:

perform one or more analytics using the raw data timeseries;

generate a results timeseries comprising a plurality of result samples indicating results of
the analytics; and

store the results timeseries in the timeseries database as one of the optimized data

timeseries.

5. The building energy management system of Claim 1, wherein the ad hoc dashboard
comprises a widget creation interface comprising a plurality of selectable widget types, each of
the widget types corresponding to a different type of widget the ad hoc dashboard is configured
to create, the widget types comprising at least one of:

a charting widget;

a data visualization widget;

a display widget;

a time or date widget; and

a weather information widget.
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6. The building energy management system of Claim 1, wherein the widget is a charting
widget configured to display a chart of the plurality of timeseries associated with the data point,
the chart comprising at least one of:

a line chart;

an area chart;

a column chart;

a bar chart;

a stacked chart; and

a pie chart.

7. The building energy management system of Claim 1, wherein:

the timeseries database is configured to store a plurality of timeseries associated with a
plurality of different data points;

the ad hoc dashboard is configured to associate the widget with each of the plurality of
timeseries associated with the plurality of different data points; and

the widget is configured to display a graphical visualization of each of the plurality of

timeseries associated with the widget.

8. The building energy management system of Claim 7, wherein the widget is configured to:

determine a unit of measure for each of the plurality of timeseries associated with the
widget;

generate a line chart comprising a plurality of lines, each of the plurality of lines
corresponding to one or the plurality of timeseries associated with the widget;

assign a common color to each of the plurality of lines corresponding to timeseries with
the same unit of measure; and

assign different colors to each of the plurality of lines corresponding to timeseries with

different units of measure.
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9. The building energy management system of Claim 1, wherein the widget is configured to:

generate a heat map comprising a plurality of cells, each of the cells corresponding to a
different sample of the data point associated with the widget;

identify a numerical data value for each of the samples corresponding to the cells of the
heat map; and

assign a color to each cell of the heat map based on the numerical data value of the

corresponding sample.

10. The building energy management system of Claim 1, wherein the ad hoc dashboard is
configured to:

display a points list comprising a plurality of points detected in the building energy
management system,;

receive a user input dragging and dropping one or more of the points from the points list
onto the widget; and

associate the one or more points with the widget in response to the user input dragging

and dropping one or more of the points from the points list onto the widget.

11. A method for generating an ad hoc dashboard in a building energy management system,
the method comprising;

operating building equipment to monitor and control a variable in the building energy
management system,;

collecting raw data samples of a data point associated with the variable from the building
equipment;

generating a raw data timeseries comprising a plurality of the raw data samples;

generating one or more optimized data timeseries from the raw data timeseries;

storing a plurality of timeseries associated with the data point in a timeseries database,
the plurality of timeseries comprising the raw data timeseries and the one or more optimized data
timeseries; and

generating an ad hoc dashboard comprising a widget associated with the data point,
wherein the widget is configured to display a graphical visualization of the plurality of timeseries
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associated with the data point and comprises interactive user interface options for switching

between the plurality of timeseries associated with the data point.

12. The method of Claim 11, wherein generating the one or more optimized data timeseries
comprises:

automatically generating a data rollup timeseries comprising a plurality of aggregated
data samples by aggregating the raw data samples as the raw data samples are collected from the
building equipment; and

storing the data rollup timeseries in the timeseries database as one of the optimized data

timeseries.

13. The method of Claim 11, wherein generating the one or more optimized data timeseries
comprises:

creating a virtual data point representing a non-measured variable;

calculating data values for a plurality of samples of the virtual data point as a function of
the raw data samples;

generating a virtual point timeseries comprising the plurality of samples of the virtual
data point; and

storing the virtual point timeseries in the timeseries database as one of the optimized data

timeseries.

14. The method of Claim 11, wherein generating the one or more optimized data timeseries
comprises:

performing one or more analytics using the raw data timeseries;

generating a results timeseries comprising a plurality of result samples indicating results
of the analytics; and

storing the results timeseries in the timeseries database as one of the optimized data

timeseries.
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15. The method of Claim 11, further comprising presenting, via the ad hoc dashboard, a
widget creation interface comprising a plurality of selectable widget types, each of the widget
types corresponding to a different type of widget the ad hoc dashboard is configured to create,
the widget types comprising at least one of:

a charting widget;

a data visualization widget;

a display widget;

a time or date widget; and

a weather information widget.

16. The method of Claim 11, further comprising displaying, in the widget, a chart of the
plurality of timeseries associated with the data point, the chart comprising at least one of:

a line chart;

an area chart;

a column chart;

a bar chart;

a stacked chart; and

a pie chart.

17. The method of Claim 11, further comprising:

storing a plurality of timeseries associated with a plurality of different data points in the
timeseries database;

associating the widget with each of the plurality of timeseries associated with the
plurality of different data points; and

displaying, in the widget, a graphical visualization of each of the plurality of timeseries

associated with the widget.
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18. The method of Claim 17, further comprising;:

determining a unit of measure for each of the plurality of timeseries associated with the
widget;

generating a line chart comprising a plurality of lines, each of the plurality of lines
corresponding to one or the plurality of timeseries associated with the widget;

assigning a common color to each of the plurality of lines corresponding to timeseries
with the same unit of measure; and

assigning different colors to each of the plurality of lines corresponding to timeseries

with different units of measure.

19. The method of Claim 11, further comprising:

generating a heat map comprising a plurality of cells, each of the cells corresponding to a
different sample of the data point associated with the widget;

identifying a numerical data value for each of the samples corresponding to the cells of
the heat map; and

assigning a color to each cell of the heat map based on the numerical data value of the

corresponding sample.

20. The method of Claim 11, further comprising:

displaying a points list comprising a plurality of points detected in the building energy
management system,;

receiving a user input dragging and dropping one or more of the points from the points
list onto the widget; and

associating the one or more points with the widget in response to the user input dragging

and dropping one or more of the points from the points list onto the widget.
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ABSTRACT

A building energy management includes building equipment, one or more data platform services,
a timeseries database, and an energy management application. The building equipment operate
to monitor and control a variable and provide raw data samples of a data point associated with

5  the variable. The timeseries database stores a plurality of timeseries associated with the data
point. The plurality of timeseries include a timeseries of the raw data samples and the one or
more optimized data timeseries generated by the data platform services based on the raw data
timeseries. The energy management application generates an ad hoc dashboard including a
widget and associates the widget with the data point. The widget displays a graphical

10 visualization of the plurality of timeseries associated with the data point and includes interactive

user interface options for switching between the plurality of timeseries associated with the data

point.
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U.S. Patent Application Filing Date of Pages, Columns, Lines,
Examiner | Cite Document Cited %ocument Name of Patentee or Applicant of Where Relevant
Initials* No.' Serial Number-Kind Code? MMV-DD-YYYY Cited Document Passages or Relevant
(if known) Figures Appear
FOREIGN PATENT DOCUMENTS
. Pages, Columns, Lines,
Examiner | Cite Foreign Patentapocument Publication Date Name of Patentee or Where Relevant
Initials* No.' Country Code”Number MM-DD-YYYY Applicant of Cited Documents Passages or Relevant .
Kind Code’ (if known) Figures Appear T
NON PATENT LITERATURE DOCUMENTS
Exami Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the
g No. | item (book, magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue number(s), [ T°
' publisher, city and/or country where published.
A3 Search Report for International Application No. PCT/US2017/013831, mail date March 31, 2017, 14
pages.
Examiner Date
Signature Considered

4826-2604-8071.1

WILLOW TECH. EX. 1007
Page 231



PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY @ﬁ?

Ten
Ziebert, Josaph NOTIFICATION OF TRANSMITTAL OF
FOLEY & LARDNER LLP THE INTERNATIONAL SEARCH REPORT AND

THE WRITTEN OPINION OF THE INTERNATIONAL

3000 K Bireet, N.W. Suite 600 SEARCHING AUTHORITY, OR THE DECLARATION

Washington DC 20607-5103
ETATS-UNIS YAMERIQUE

{(FOT Rule 44.1)

Date of matling
{dayimonintyear)

31 Mareh 2017 {31-03-2017)

Applicant's or agent's file reference

112444-0351 FOR FURTHER ACTION See paragraphs 1 and 4 below
trternational application No. Intemetional filing date

N et . 2 »

POT/US2017/01 3831 (Rayimonthysar) 17 January 2017 {17-01-2017)
Applicand

W

JOHNTZON CONTROLE TECHNOLOGY COMPANY

o

)

! The applicant is hereby notified that the interational search report and the writien opinion of the international Searching
=4 Authority have been estabfishad and are transmitted herewith,

Fliing of amendments and sintement under Articte 19;

The applicart is enfilled, if ke so wishes, to amend the olaims of the International Application {see Rule 46):

When? The time limit for filing such amendments is normally two months from the dete of transmittai of the
international Searah Heport.

How?  Dirsclly fo the infernational Bureau of WIFO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Fasoimile No.: {41-22) 338.82.70

For more defailed instructions, see POT Applicant's Guide, Intemational Phase, paragraphs 8.004 -8.011.

[:] The applicant is heraby notitied that no intermnational search report will be estsbiished and thal the deciaration under
Ariicle 17{2)(a) o that affect and the written opirion of the Inlernational Searching Authorily are ransmitted herewithy,

i"'“} With regard to ahy protest against sayment of {an) additional fee{s) under Rule 402, the apglicant is nedified that:
L

the protest together with the decision therson has been transmitted to the Infernational Bureau togethar with any
applicant's raguest to forward the dexts of both the protest and the decision thereon 1o the designated Dffices,
‘ ; no decision has been made yet an the protest; the applicant will be notifisd as soon as adecision is mads.

. Reminders

The applicant may submit comments on an informal basis on the written opinion of the International Searching Autharity
o the International Bureau, These commants will be made available to the public affer intemational publication. The

international Bureau will sand a sopy of such commenis to all designated Offices unlass an internationat prefirminary

axsmination report has been or is 1o be established.

Shortly after the expiration of 18 maonths from the priority date, the internationsi appiscatmv will be published by the
intermational Bureai f the applicant wishes to avoid or postpone publication, & notice of withdrawal of the international
appilication, or of the priority olaim, must reach the intemational Buresu before the compled
irternationsl publication (Rules 90bis1 and S0bis.3).

Within 18 muonths from the pricrity date, but only in respect of some designated Offices, & dernand for international prefiminary
axamination must be filed # the applicant wishes to postpone the entry into the national phase until 30 manths from the pricrity
date (in soime Offices even .atsr: ctherwise, the appiicant rmust, within 20 months from the pricrity date, perform the
prescribed acts for eniry inte thie national pha&e before those designated Offices. In respact of ather dsmgnafcd Chfices, the
time fimit of 30 months (or iater} will apply everyif no demand is filed within 18 monthe. For details about the applicable fimes
firits, Cifive by Cffice, see www.wipo.inVpatienfextsime_limits himl and the RPOT dpplicant's Guide, National Chaplers.

r of the techinical preparations for

Within 1@ months from the priority dale, the applicant may request that 8 supplementary internstional search be carried
atit by a different Infernational Searching Authority that offers thia sevice (Rule 4354, ‘} The provedure for requesting
supplemerniary interational search is described in the POT Applcant's Guide, Intamational Fhase, paragraphs 8 D06-8 032,

Name and mailing address of the Infernational Searching Authority  { Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2 Vi Ay dlieiies
NL-2280 HV Pijswilk VIVIEN, Angélique
G5 1 (+31 70y 340-2040 Tel: +48 {6)89 2399-8784

Fax: (+31-70) 340-3016

Form PCTASAZ20 (July 2014)
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PATENT COOPERATION TREATY

INTERNATIONAL SEARCH REPORT

{(POT Avticle 18 and Rules 43 and 44)

Applicant’s or agent's fils reference
ppiicant's or agents Ma re'e FOR FURTHER ses Form PCT/ASARL20
1924440351 ACTION as well as, where applicabis, item 5 below.
Interational application No. International fifing date fdayimontiviaar; {Earliest) Priority Date (dawmonthrivear)
PCTAISZ017/013831 17 January 2047 (17-01-247} 22 January 2016 (22-01-2016)

Applicant

SJOHNGOM CONTROLS TECHNOLOGY DOMPANY

This international search report has been prepared by this internalional Searching Authority and istransmitted to the applicant
according to Article 18. & copy is being transmitted to the Internationa! Burssu.

This international search report consists of a fotal of 3 sheets
iX }is also accompanisd by a copy of each prior art document cited in this report.

1. Basis of the report
a.  With regard to the language, the international search was carried out on the basis of;

the intemational apglication in the language in which I was filed
B afransiation of the intenational application inie , which is the language

of atranslation furnished for the purposes of international search (Rules 12.30a) and 23.1()

=2

Oooon

This internalional search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 31 (Rule 43.80/(a)).

With regard to any ructectide and/or aming acid sequence disclosed in the international application, see Box No. |,

2. Cartain claims were found unsearchable (See Box No. [}
3. Undty of invention is facking (see Box No HI}
4. With regard (o the title,

the texd is approved as submitted by the applicant

the et has been established by this Authority to read as follows:

(5 3

5. With regard to the abstract,
X1 thetext is approved as submitted by the appiicant

E':g the text has been ealablished, scoording to Rule 88.2, by this Authority as it appears in Box No. [V, The applicant
may, within ona month from the date of mailing of this International search report, submit comments o this Authority

G With regard to the drawings,
a. thefigure of the drawings io be published with the abstract is Figure No. 53
ﬂ as suggested by the applicant

E ; as selected by this Authority, becauss the applicant failed to suggest a figure

iX as selecled by this Authority, bessuse this figure belter characterizes the invention
b none of the figures i to be publishad with the abstract

Form PCTASAZ1Q (first sheet) (January 2015}
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INTERNATIONAL SEARCH REPORT

international application No

PCT/US2017/013831

A, CLASSIFICATIO
INV. GD6Q58/06
ADD.

N OF SUBJECT MATTER

o

Agcording to international Patent Classifization (IPC) or to bioth nalional slessifiestion and 180

B. FIELOS SEARCHED

Minfaum documentation searched (elassification system followed by dassification symbois)
e
G060

Bocumentation searched other than rinimum documeatation ta the extent that sush doouments are included in the fields searched

EPQ-Internal

Electranic data base consulied during the Interational search {name of date base and, where practivable, search terms used)

C. DOCURENTS CONSIDERED TO BE RELEVANT

Category” | Gilslion of ducument, with indication, where appropriate, of the relevant passages
passag

Belevant to clsim No.

US 2011/087938 Al (RAY BETH A [US] ET AL}
14 April 2011 (2011-04-14)

paragraph [0002] - paragraph [0685]
paragraph [0006} - paragraph [0068]
paragraph [8629] - paragraph [0041]
figures 1,1le

1-28

D Fudher doourments are listed in the oontinuation of Bax G,

Bew patent family annex.

on

* Special satxgories of sked doouments : 3 X )

0 faber docurnent published afier the intemational filing date or priorty
date and not in conflist with the application but sited to understand
the principie or theory undarlying the invention

document defining the general sisie of the ant which is not considered
1o be of particulsr relevance

weoe i At . i I 3 biyin g
£ eﬁmggggma\.sn or patent but published on or after the international 3" doumant of partioular relevance; the slaimad invention cannat be

: aotisiderad novel or sannot be considered te involve an irventive

L° docurment which reay throw doubts on priority olaim(s} orwhish Is step when the dosumert is tsken alons
ofted i sstabish the p‘ig’i‘”ﬁ“"“ date of another citatian or other ¥ desument of paricular relevance; the slaimed invartion aannot be
speuial reason (as specifiad) considerad to invoi nventive siep when the dozument |

"OF dasument referning 1o an oral disclnsure, use, exhibition or cther sambined with one o more ather sush doouments, such cambination
means being nbvinua to & parson skilied in the art

ent published prior o the international filing date but later than

the pricrity date claimed ‘&" dosument mambsar of the same patent family

Date of the actual sompletion of $s intemational search

21 March 2817 31783726317

Date of maiiing of the international searh report

Name and maifing address of the [SAS

European Patant Offize, PB, 5218 Patentlaan 2
WL - 2280 HY Riswik
[+31-700) 2452040,

Authorized officer

(431-78) 340-3018 Reing, Bernarde

Fomm POTHSA/Z10 (pecand sheel} (Aprii 2008)
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IMTERNATIONAL SEARCH REPORT

information on patent family members

International application Mo

PLTAS2617 /013831

Patent document Publication Patent family Publication
cited in searsh report date mernbar{s) date
Us 2811087988 Al 14-84-2011  HONE

Forn POTASARIC {patent family annex) (Apsil 2005}
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information on Ssarch Siralegy - Pilct phase (see GJ 2015, AZ6)
The type of information contained Iy this sheet may change during the pilat for improving
the usefuiness of this new service.

Application Number

PCT/US2017 /613831

EPO FORM PU4ALE

TITLE: BUILDING ENERGY MANAGEMENT SYSTEM WITH ENERGY AMALYTICS AND AD HOC

DASHBOARD

APPLICANT: JOHNSON CONTROLS TECHNGLOGY COMPANY
IPC CLASSIFICATION: BO6Q50/66

EXAMINER: Reino, Bernarde

COHSULTED DATABASES: DOSYS, EPODOC

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:

Pl
CPC: GBGOLG/B6, GEBQR0/16
F1/F-TERMS:

KEYWGRDS OR OTHER ELEMENTS FEATURING THE INYENTION:
building, energy, management system

monitor, sensor

collect, analyze, database

timeseries, data points

application, dashboard, widget. user interface
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING ALUTHCRITY

To: PCT

) o WRITTEN OPINION OF THE
seg form PCTASAR20 INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis. 1)

Date of malling
{(davinonthiear} see larm POTASAZIO (second shest)
Applicant's or agent's fle reference FOR FURTHER ACTION
see form PCTASARLZO Ses paragraph 2 befow
i ntern aionat application Ne. International fling date {dayimoenthirear) Friority date {dawinonthiear)
POTAIS2017/013831 17.01.2617 22012048

Intermational Patent Classifi

NV, GOBQHBCAE

tion (IPC) or both national classifivation and IPC

Applicant
JOHNSON CONTROLS TECHNOLOGY COMPANY

1. This opinion contains indications relating o the following tems:

X Box No. | Basis of the opinion

3 BoxNo. il Priority

{3 Box Ne. #l  Non-establishment of opinion with regard to novelly, inventive step and industrial zpplicabifity

03 Box Ne. IV Lack of unity of invention

H BoxNo. ¥  HAeasoned staternent undsr Rule 4300, 1{a}{i) with regard Io novedly, inventive step and industrial
applicability; citations and exgdanations suppeorting such statermnant

{1 BoxNe. VI Certain documents cited

[d Box Ne, VIi  Certain defects In the International applisation

L3 Box No. ¥l Certain chearvations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this apinion will usuaily ke considered to be a
written opinion of the Infernational Preliminary Examining Authority {"IPEA”"} excent that this does not apply where
the applicant chooses an Authority other than this one 1o be the [PEA and the chosen IPEA has notfed the
international Bureau under Rule 88.1hbis(b) that writlen opinions of this international Searching Autharity

wiil not he so congidered.

if this opinion is, as provided above, considered to be a writen opinion of the IPEA, the applicant is invitad (o
submil {o the IPEA a wrilten reply together, whers appropriate. with amendmanis, befora the exgiration of 2 months
from tha date of mailing of Form PCTASARL20 or before the expiration of 22 months from the pricrity date,
whichaver expires later,

For further options, sea Form PCTASALZ0.

Mame and mailing address of the ISA: R Date of completion of Authorized Officer § !
this apinton ‘ T,
gj}) Eurcpean Patent Office see form R “}
aee form o3 >l o £ 3
B 20295 Munich PUTASARIO Reino, Bernardo kS Q} i
Tel, +4% 59 2308 - | Telephone No, £49 63 22360 s
Fax: +4% 88 5399 - 4488 | s

Form POTASARSZT {Cover Sheet) (January 2015}
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2017013831

Box No.i Basis of ihe opinion

1. With regard to the language, this opinion has been esteblished on the basis of
¥ the international application in the languags in which it was Hed.

1 a transtation of the iniermational application into |, which is the language of a ransiation furnished for the
purposes of international search {Rules 12.3(a) and 23.1 (b))

o

.3 This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 21 (Rule 43bis. 1(a))

3. 1 with regard to any nucleotide andr aming acid sequencs disclosad in the international application, this
apinion has bean establishad on the basis of a sequence listing:

a. L] forming part of the international application as filad:
1 in the form of an Annex CBT.25 text file,

L2 on paper or in the form of an image file.

b. [ furmished together with the international application under PCT Rule 13ter. 1(a} for the purposes of
intsrnational search only in the form of an Annex CST.28 taxt file,

¢ [ fumnished subseguent o the infernational filing date for the purposes of international search anly:
3 in the form of an Annex CGBT.25 text file (Rule 13ter.1(a)).
1 on paper or in the form of an image file (Rule 13ter.1(b} and Administrative Instructions, Section

713).

4. [ in addition, in the case that more than one version or copy of a sequence listing has been filed or furished,
the required stalements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or dees not go beyond the application as filed, as appropriste, wers
furnished.

5. Additional comments:

Form PCTASA/237 {danuary 2018}
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WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

interrational application Ne.
PCTAIS2017013881

Box No. ¥V  Reasoned statement under Ruls 43508 1(a){i) with regard 1o novelly, inventive step ar
industrial applicability; ciiations and explanations supporting such stalement

1. Statement

MNovelty (N)

Inventive stap (IS)

Industriad applicability (IA)

2. Citations and explanations

see separate sheet

Form PCTASA/2ZT (January 2015)

Yas:

Mo

Yeg:

No:

Claims
Claims

Claims
Claims
Claims
Claims
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WRITTEN OPINION OF THE international application No.
INTERMNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/AS2017/013831

FReasoned siatement with regard o novelty, inventive step or industrial
applicability; citations and explanations supporting such siatement

1 Background

1.1 The present application is directed 10 a building energy management system,.
in the background section (specifically par. [0003]) it is stated that a BMS
{building management system} can coilect data from sensors, which are ther
combined into streams of (raw) timeseries data. Applisations can then con-
sume the timeseries data and process it 50 as to generate views.
These processing steps are thus performed at guery time and are argued o
involve a significant delay in the data presentation.

s
™o

The above is considerad {0 be the problem which the present application at-
tempts o solve.

1.3 The proposed sclution essentially involves an "analviics servics” {claim 1) or
“data platform services” (claim 11) configured to perform one or more analyt-
ics on the collected {raw} imeseries datg so as to generate a "results time-
garfes” (Claim 1) or a "optimized timeseries” (olaim 11).

The raw {collected) and resulls (optimized) timeseries are then siored in a
daiabase, for subsequent retrisval and visualization,

2 Technicat features

n

The present application is daseribed in the context of building management,
which may e.g. include an HVAQC system.

The aspects related 1o said underlving infrastructure (recited In par.j0082]
through [01077) are technical features which provide the data being pro-
cessed {"data variables”y with technical character,

However the features themselves ("alrside sysiem”, "hot water lcop®, etc.) are

manifestly not part of the polentially inventive technical contribution to the pri
or arf.

2.2 With regard to the computer aspects recifed in or implied by the present appli-
cation, it is noted that they effectively amount 10 a general-purpose networked
computer, namely a computer being capabie of receiving data from the sen-

Form POTASAZET (Separale Sheet) (Sheet 1) (EPO-April 2005}
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WRITTEN OPINION OF THE intgrnational application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) POT/US2017/013831

5018, processing i, storing it and providing an interactive user interface for vi-
sualization.

Nothing in the application as filed (specifically, pars.[0373)-{0374] on page
108) appears to describe or imply that the computing means go heyond a
commonplace compuier.

N
3

it is noted that the procaessing of the data, regardless of the {echnical charac-
ter of the data itself, does not appear to involve any technical considerations
which might indicate that a technical problem is being addressed or solved,

Specifically, the claimed "analytics service" {or "data platform services"y apply
sommonplace statistical techniques (regression analysis, interpolation, ete.)
50 as o obtain data which may be useful for an operator.

However, the resulls being obtained are not uged in a technical manner, Le.
do not serve as feedback 1o control the technical elements which are being
measured (sensed.

n ¢

Thus e.g. the calculation of the "night-fo-day foad ratic” (claim 9) appears (o
be based exclusively on financial aspects and not as a means o e.g. decide
whether some elements may be turmed on or off based on the calculated re-

aults.

o
e

Therefore, in substance, the present application seffectively amounts to the
use of generic computing means for processing data according to a specified,
given, set of rules.

The « potential ~ technical contribution of the present application may howev-
er 0e based on the technical problem identified above initem 1.1

3 Skilied person and prior art

3
s,

The skilled person is therefore considered to be a computer spacialist (within

the context of buliding management), as the problem being addressed in the

present application relates 1o processing and displaying dala in response to a
guery, Le. it is a computer problem independent of the nature of the underly-

ing data being gathered, processed and displayed.

€
(¢

Reference is made 1o the following document:
D1 US 2011/0874988 A1 (RAY BETH A [US] ET AL} 14 April 2011

Form POT/ASAZRY (Separale Sheet) (Sheet 2) (EPC-April 2008}
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WRITTEN OPINION OF THE International application Nao.
INTERMNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2017/013851

D1 discloses a building management system, comprising essentially the
same technical infrastructure as the present application {cf. par.[0002]-{0005]
as well as fig.1) which measure data, process it and provide various means
for visualizing relevant data (e.q. fig.11e shows an application containing a
number of "widgets™).

3.3 Furthermore, the focus of D1 is on user interface aspects {par.J0005]) and
therefore D1 is considered to represent the closest prior art to the present ap-
plication.

4 nventive step

4.1 Claims 1 and 11

4.1.1  The systems of claims 1 and 11 effectively comprise the following three lay-
K

« {a) underlying infrastructure with equipment for monitoring and controi-

ling;

« (b} data collection, analytics and siorage;

« {c) application providing a front-end user interface.
Aspect (a) is clearly present in the prior art {par.J0002}0004], see aiso "BMS
devices 12 infig.1).
Aspect (¢) is also clearly present in the prior art (of. par.[0029], figs.1 and 11e,
etc.).

4.1.2 Regarding the collection, analytics and siorage it is noted that the measured
data i D1 is processed by & "information aggregation and normalization ser-
vice 22" as well as by a "presentation server 28", which provides the data to
the energy management application (client terminal).

The combination of 22 and 26 in D1 is therefore eguivalent 1o the combination
of the claimed data collector, analytics (or data platform) service and
database.

Having regard to the technical features, the subject matter of claims 1 and 11
would thereiore lack novelty under Article 33(2) PCT.

4.1.3  As noted above initem 2.3, the specific processing of the coliscled data as
not considered o have a technical effect and therefore do not addrass or
solve a technical problem.

Form POTASAIZET (Saparate Sheeat) {Sheat ) (EPC-Aprfi 2005)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL BEARCHING
AUTHORITY (SEPARATE SHEET CTHAS2017/0713831

Therefore the subject matier of claims 1 and 11 aiso lacks inventive sisp in
the senze of Articie 33(8) PCT.

4.2 Claims 2-10 and 12-20

The additional fealures recited in claims 2-10 and 12-14 provids further char-
acterisations of the data analysis being performed, which, as noted above,
does not result in a further technical effect being achieved and thersfore do
not provide sufficient basis for acknowledging inventive step in the sense of
Article 33(3) PCT.

Similarly, aspects related to the {interactive) display of data (claims 15-20) are
not, in the context of the present application, considerad to give rise to g fur-
ther technical effect and therefore do not provide a technical solutionto a
iechnical problem.

The subject matier of claims 2-10 and 12-20 therefore does not involve an in-
venlive step in the sense of Article 33(8) PCT.

Form POTABAJZST (Separate Sheel) (Sheet 4} (EFO-Aprit 2005)
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Possible steps after receipt of the international search report (ISR} and written
opinion of the international Searching Authority {Wonsa)

General For all international applications, the competent International Ssarching

information Authority (ISA] will establish an international search report {13R) accompanied
by a wrilten opinion of the International Searching Authority (WO/ISA)Y. The
WOASA may be responded (o by

= filing informal comments with the International Bureau of WIPD {(ig)
{where no demand for international preliminary examination {demand}
is filed)

»  filing amendments under Art. 18 PCT (this can be done whether of not
a demand is filed)

= filing amendments under Art. 34 PCT andlor formal cbservations in
response to objections raised in the WONSA (where & demand /s
actually filed)

This document explaing these possibilities.

Filing informal After receipt of the ISR and WO/ISA, the applicant may fils informal comments

commentis on the WUVISA, directly with the 1B (see International Search and Pretiminary
Examination Guidefines 2.15). These will be communicated to the
daesignatedfelected Offices, together with the international Preliminary Report
on Patentability (iPRP} at 30 months from the priority date,

Amending claims  The applicant may file amended clalms under Art. 10 POT, directly with the
under B by the later of the following dates:

Art. 18 BCT
‘ ¢ 2 months from the date of mailing of the 18R and the WO/ISA
» 18 months from the priority date

However, any such amendment recaived by the IB after the expiration of the
applicable time limit shall be considered to have been recsived on time by
the 1B, if it reaches it befors the technicad preparations for international
publication have been completed (the 15th day prior to the date of publication,
see PCT Applicant's Guide, International Phase, 9.013).

For further information, please see Rule 46 POT as well as form PCTHSAZ20.

Please also note that, when filing amended claims under Art. 19 PCT, such
amendments shall be accompanied by a letter identifying the amendments
made and also the basis for the amendments in the application as originally
filed (Rule 46.5(b) PCT). Whers o demand is filed, failure to comply with this
requiremant may result in the amendments being ignored in the International
Prefiminary Examination Report (iPER), see Rule 70.2{c-big) PCT.

WIRNCTHMe YR DANTANHOON | o
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Filing a demand  In principle, the WONSA will be considered to be the written opinicn of the

for international  International Preliminary Examining Authority (IPEA). Where the WOHSA

proliminary issusd by the EPO as ISA gives a positive opinicn on the international

examination application and the invention to which it relates, filing a demand with the EBO
as IPEA.would normally be unnecessary, since a positive IPRE would ANYWay
be established by the 1B based on the WO/ISA (see also further below}.

if the applicant wishes to file a2 demand {for example, to allow him to argue his
case in international preliminary examination with regard to objections raised in
a negative WO/SA before the IPEA issues an IPER), this must be done befors
expiration of 3 months after the date of mailing of the ISR and WO/ISA or
22 months after priority date, whichever sxpires later {Rule 54bis PCT).
Amendments under Art. 34 PCT can be filed with the IPEA, normally at the
same time as filing the demand (Rule 86.1{b) PCT) or within the time fimit set
for reply to any wiilten opinion issued during international preliminary
examination by the IPEA.

If a demand is fled al the EPO as IPEA and no comments/amendments have
been recaived by the time the EPQ starts drawing up the IPER (Rule 66.4b6is
PCT}, the WOASA will be transformed by the IPEA into an IPER {alsc called
the IPRP (Chapter I} which would merely refiect the content of the WONSA
{Qd 19/2011, 532). The demand can still be withdrawn {Art. 37 PCT).

Please also note that, when filing amendments under Art, 34 PCT, such
amendments shall be accompanied by a leiter which identifies the
amandments made and also the basis for the amendments in the application
as originally filed (Rule 66.8(a) PCT). Failure to comply with this requirement
may resull in the amendments being ignored in the IPER {IPRP {Chapter 1)),
see Rule 70.2{c-his) PCT,

Filing arequest  The applicant may, with the IB, file a request for supplementary international

for supplementary search under Ruls 456i5.1 PCT. The present ISR and WO/HSA may also be

international taken into account in the execution of that supplementary international search,

saarch provided that these are available to the Authority charged with this task before
it starts the supplementary search (Rule 456/5.5 PCT).

This Kind of request cannot be filed specilying the ISA who did the
international search.

Mere information on this topic can be found in the BOT Applicant’s Guide,
Chapter 8 (hito:/fwww wipo intiocen/quide/ing 8. himi).

End of the Where no demand is filed, at the end of the international phase, the 1B will
international transform the WOASA into the IPRP {PCT Chapter 1} {Rule 44bis PCT), which
phase will then be ansmitted together with possible informal comments o the

designated Offices. Where a demand is filed, the WOASA is not fransformed
inta an IPRP {Chapter 1} by the 1B, but rather the IPEA will establish an PER,
(the IPER is the same as the IPRP (PCT Chapter i}, see Rule 70.15 PCT).
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If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
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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 application as 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.
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Atty. Dkt. No. 112444-0350

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Barkha Shah

Title: BUILDING ENERGY MANAGEMENT
SYSTEM WITH AD HOC DASHBOARD

Application No.: 15/408,404

Filing Date: 1/17/2017

Examiner: Fennema, Robert E.

Art Unit: 2126

Confirmation No.: 7924

INFORMATION DISCLOSURE STATEMENT
UNDER 37 CFR § 1.56

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

Applicant submits herewith documents for the Examiner’s consideration in accordance

with 37 CFR §§ 1.56, 1.97, and 1.98.

Applicant respectfully requests that each listed document be considered by the Examiner
and be made of record in the present application and that an initialed copy of Form PTO/SB/08
be returned in accordance with MPEP § 609,

Applicant requests that, in accordance with 37 CFR § 1.98(d), the Examiner review all
applications relied on for an earlier effective filing date under 35 U.S.C. 120, including
Application No. 15/182,580, filed June 14, 2016 and Application No. 15/182,579, filed June 14,
2016, for copies of references of record therein that are not being provided here; although

Applicant would be pleased to provide copies of any such documents at the Examiner’s request.

The submission of any document herewith is not an admission that such document

constitutes prior art against the claims of the present application or that such document is

4813-3511-9943 1 1
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Atty. Dkt. No. 112444-0350

considered material to patentability as defined in 37 CFR § 1.56(b). Applicant does not waive
any rights to take any action which would be appropriate to antedate or otherwise remove as a
competent reference any document submitted herewith. However, in accordance with MPEP

§ 609.04(a)(I), Applicant hereby states that for items for which the date of publication supplied
does not include the month of publication, the year of publication is sufficiently earlier than the
effective U.S. filing date and any foreign priority date so that the particular month of publication

1s not in issue.

CONCISE EXPLANATION OF RELEVANCE

Documents Al and A3 were cited during the prosecution of a co-pending PCT

application.

TIMING OF THE DISCLOSURE

The listed documents are being submitted in compliance with 37 CFR § 1.97(b), before
the mailing date of the first Office Action on the merits.

Although Applicant believes that no fee is required, the Commissioner is hereby

authorized to charge any additional fees which may be due to Deposit Account Number 19-0741.

Respectfully submitted,

Date April 18, 2017 By /James M. Campbell/
FOLEY & LARDNER LLP James M. Campbell
Customer Number: 26371 Attorney for Applicant
Telephone:  (414) 297-5565 Registration No. 69,087

Facsimile: (414) 297-4900

4813-3511-9943 1 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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/408,404 01/17/2017 Barkha Shah 112444-0350
CONFIRMATION NO. 7924
26371 PUBLICATION NOTICE
FOLEY & LARDNER LLP
3000 K STREET N.W. N AT ST
SUITE 600 000000093066057

WASHINGTON, DC 20007-5109

Title:BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Publication No.US-2017-0212668-A1
Publication Date:07/27/2017

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

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

page 1 of 1
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PTO/SB/08 (modified
4 Substitute for form 1449/PTO Complete if Known

INFORMATION DISCLOSURE Application Number 15/408,404
STATEMENT BY APPLICANT Filing Date 1/17/2017
. . First Named Inventor Barkha Shah
Date Submitted: August 21, 2017 Art Unit 5126
(use as many sheets as necessary) Examiner Name Fennema, Robert E.
\Sheet | 1 [ of |1 Attomey Docket Number | 16BE035-US2 (116048-0134) Py

U.S. PATENT DOCUMENTS

_ ] Document Number o ) Pages, Columns, Lines,
Examiner | Cite > Publication Date Name of Patentee or Applicant of Where Relevant
Initials* No." Number-Kind Code” (if MM-DD-YYYY Cited Document Passages or Relevant

known) Figures Appear

UNPUBLISHED U.S. PATENT APPLICATION DOCUMENTS

U.S. Patent Application Pages, Columns, Lines,

Examiner | Cite Document f.:'"ng Date of Name of Patentee or Applicant of Where Relevant
P 1 - - > Cited Document .

Initials No. Serial Number-Kind Code Cited Document Passages or Relevant

. MM-DD-YYYY .

(if known) Figures Appear

FOREIGN PATENT DOCUMENTS
. Pages, Columns, Lines,
Examiner | Cite Foreign Patent Document Publication Date Name of Patentee or Where Relevant
Initials™ No.' Country Code”Number MM-DD-YYYY Applicant of Cited Documents Passages or Relevant
Kind Code® (if known) Figures Appear T°

NON PATENT LITERATURE DOCUMENTS

| oy | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), ttle of the
fias | No. | item (book, magazine, journal, serial, symposium, catalog, etc.) date, page(s), volume-issue number(s), | T°

Initials*
s publisher, city and/or country where published.
A1 Search Report for International Application No. PCT/US2017/035524, mail date July 24, 2017, 14
pages.
Examiner Date
Signature Considered
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEABCHING AUTHORITY @@T
To:
Ziebert, Jusaph N NOTIFISATION OF TRANSMITTAL OF
FOLEY & LARDNER LLP THE INTERNATIONAL SEARCH RERPORT AND
3000 K Strect. 1AW, Suite 600 THE WRITTEN OPINION OF THE INTERNATIONAL
T SRR TR T, e SEARCHING ALTHORITY, OR THE DECLARATION
Washington DG 20007-5109

ETATS-UNIS D'AMERICGUE

{(POT Rule 44.1)

Date of mailing
{davmontiryasr)

24 July 2047 (24-07-8017)

Applicant's or agent's He reference

1124440566 FOR FURTHER ACTION See paragraphs 1 and 4 below
international appiication No. International filing daie
PCTUSZ017/035824 {dayimonth/year)

1 .JKine Z017 (81-068-2017)

Applinant

JOHNSON CONTROLS TECHNOLOGY COMPANY

1. m The applicant is hereby notified thal the intermnational search raport and the written opinion of the International Searshing
=~ Athority have been established and are transmitted herewith,

Fiiing of amendments and staiement under Article 19

The applicant is entitled, if he so wishes, to amend the olaims of the International Application {s2e Fide 48):

When?  The time limit for filing such amendments is normally twe menths from the date of transmittal ot the
Intermational Search Report.

How?  Diractly tothe intemational Bureau of WIPQ, 34 chemin des Colombatfes
1211 Geneva 20, Switzerdand, Fascimile No.: (41-22) 338,82 7%

For mare detalled instructions, see POT Appiinants Siuide, Internalional Phase, paragraphs 8.004 - 8.011.

2 U The applivant is hereby notified that no international search report will be established and that the dedlaration tinder
Artigle 17(2){(a) to that =ffect and the written opinion of the Intemational Searching Authority are transmitted herewith,

3. m With regard to any protest against payment of {an} additional fee{s) under Bule 40.2, the applicant is notified that:

the protest together with the decision therecn has been ransmittad fo the International Buresuiogether with any
spplicant’s request to forward the texts of both the protest and the decision thereon to the designated Officss.
D o dacision has been made yat on the protest; the applicant will be notified as soon as a decision is mare.

4. Reminders
The applicant may submit comments on an informal basis on the written opinien of the International Searching Authority
1o the international Bursau, These comments will be made avafiabie to the public after international publication. The
International Bureau wilf send a copy of such comments to all designated Offices uniess sn intermational prafiminary
examination report has been or is tt be eslablished,
Shortly after the expiration of 18 months from the pricrity dats, the internationst applicetion wi be published by the
Intemnational Bureau, if the applicant wishes o aveid or posipone publication, a notice of withdrawal of the irternational
application, or of the priority claim, must redch the Infernational Bureau briore the completion of the teshnical preparations for
international publization (Rules 90bfs.1 and 800&.3).
Within 19 months from the priority date, but only in respest of some designated Offices, a dernand for intemational preliminary
examination must be filed if the applicant wishes io posipone the entry into the national phase until 3¢ months from the priarty
date (in sorne Offices even later); otherwise, the sppticant must, within 20 monihs from the pricrity date, perform the
scribed acts for entry into the natienal phase before those designated Offises, In respact of other designated Ofices, the
time imit of 30 months {or lsfer} will apply even if no demand is fHled within 12 months. For datails about the applioabls fime
fimits, Gffice by Office, see vovw wipo.intpelfendextsfime_limits.himl and the PQT Applicant's Guide, National Chapters.

Within 18 manths from the priority date, the applicant may request that 3 supplementary international search be sarried
out by a different International Searching Authority that offers this senvice (Fuls 485/¢.1). The procedure for requiesting
supplementary internationat search is deseribed in the POT Applicants Guilds, International Phasa, paragraphs 8.005-8.032,

Name and malling address of the international Searching Authority | Authorized officer

““““““““““ European Patent Office, P.B, 5818 Patentlaan 2 SISELMAIR. Sabin
NL-2280 HY Rijswik ZEISELMAIR, Sabine
O el (31-70) 840-2040 Tel: +48 {0)8G 2309-2151
Fax: (#31-70) 340-3016

Form POTASAZED (huly 2014)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

{FCT Article 18 and Rules 43 and 44}

Applicant’s or agent’s file reference
Bp g FOR FURTHER sae Form PCTASA/220
11 24440456 ACTION a3 well as, where applivable, item § below.
intemational application MNo. international Hling date {daymonthivear; (Farliest) Pricrity Date /davimonth/year)
PCTAIG2017/036524 1dune 2017 {01-06-2017) 14 dune 2618 (14-06-2016)

Applicant

SJOHMNBON CONTROLS TECHMOLOGY COMPANY

This infemational search report has been prepared by this International Searching Authority and is ransmiited to' the applicant
ording to Ardicls 18, 4 copy is being transmitted ic the International Bureau.

This infermational search report consists of a total of ____3 __________ sheats.
ftis aiso accompanied by a copy of each prior art decument cited ir this report.

1. Basis of the repor
a.  With regard to the language, the intermational search was carried out on the basis of:

the international application in the language in which & was filed

[

a transiation of the international application inte , which 13 the language
of a ranslation furnished for the purposss of intemational search {(Pules 12 3(a) ard 23.1(b))

b E_-—i This international search report hag been established taking into ascount the rectification of an obvious mistake
authorized by or notified to this Autho inder Rule 91 {(Fule 43 8bis{a))

o E:} With regard o any nuclectide and/or amino acld sequence disclosed in the international appiication, ses Box No, |

Certain claims were fotind unsearchable (See Box No, I

]

£Q
fa—

Unity of invention is lacking (see Box No [1l)

4. With regard to the title,
X thetextis approved as submitied by the applicant

E ihe text has besn established by this Authority to read as follows:

5. With regard to the abstract,
¥ the text is approved as submitted by the applicant

[:f the text has been established, according to Rule 38.2, by this Authority as it appsars in Box No. IV. The applizent
may, within one month from the date of malling of this international searsh report, submit somments to this Authority

&, With regard o the drawings,
a. the figure of the drawings to be published with the abstract s Figure No. B
Ej as suggested by the applcant
B a5 selected by this Authority, because the applicant failed to suggest a figurs
E as selocted by tiis Authority, becauss this figure better sharacterizes the invention

o3 m none of the figures is 1o be published with the abatract

Form PCTASAZ 1D (first sheet) (January 2018)
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INTERNATIONAL SEARCH REPORT

International application Mo

PCT/US2017/035524

A CLA%IFiC/}‘TION QF S}!E’«.}E{)T MATTER
INV.  GOBQ50706
ADD.

Aooording to Intsmational Prient Classification (IPC) or to hoth national slassifisation and [FG

B, FIELDS SEARCHED

Minirm doctimeniation searshed elassfication system followed by classification symbols}

GU6Q

Documentation seached other thar minimum dosumentation to the extert that such documents sre insluded in the fialds seamhed

Electzanie data base donsulted during the intemationsl search {name of data base and, where practicable, sesrch terms used)

EPG-Internal

. DOCUMENTS COMNSIBERED TO BE RELEVANT

Categery” | Citation of dosument, with indication, where appropriate, of the relevant passages Relevsnt to claim e

A US 2011/087988 Al (RAY BETH A& [US] ET AL) 1-20
14 April 2011 {2611-84-14)
paragraph [8002] - paragraph [6885]
paragraph {0806] - paragraph [G088]
paragraph [002%] - paragraph [0041]
figures 1,11se

E] Furher dosuments ae listed inthe sontinuation of Box G. See patent family annex.

¥ Spedial categories of cited documeants ¢ -

A" dosument defining the general siate of the art whish is not considered
1o be of particular palevance
carlier application or patent but published an of after the internationat oy
filing date
LY dosument whi

the prinsiple r theory underying the invention

~

may throw doubts on priority olaim{s} or whish is step when the docuiment is taken alone

later dusument published after the interational filing date or priarity
date and nat in senfliot with the application but oited to understang

dacwrment of particular relevance; the olimed inventinn cannct be
sonsidered novel or cannot be considerad io involve an invertive

14 July 2617 2470772017

el b ol e it 5 & other nitation or o R .. . . . ., .
fﬁzzi:ﬁ ;:E{fgz P m‘:’ﬂzﬂ;}kﬁwn date of another siafion ot other ¥ dosument of particular relevance; the claimed invention sannct Be
FDBGIATPRRS T }.5..: P L L eehsidered fo involve an inventive step when the doaument is

Q" desurnent referring to an aral disclosure, use, exhibition or other sombinsd with one ur more other sush decuments, such sombination
means neing obvious 1o 2 person skified in the art

P dooument published drior to the international fiing date but later than
the priority date slrimed "% document member of the same patent family

Date of the acteal sempiation of the intemational searsh Date of majiing of the intermational search report

MName and mailing address of the 184/ Authorized cfficar

Europaan Patent Office, P.B. 53818 Patentlaan 2
ML HY Rijmwik

Tel {(+31-70) 348-2040, 2
Fae (42170 340-3618 Reino, Bernarde

29
<3

Foirn FOTASA/ZI0 (second shest) {Apil 2005)
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INTERMATIONAL SEARCH REPORT

information on patent family members

lnternationat application No
PCT/USE017 /035524

Patent docurment Publication Fatent family Publication
cited in search report date memberfs) date

US 2011687988 Al 14-04-2011  NONE

Fom POTASA/Z 10 (patent family annsx) (April 2005}
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H Application Numbel
information on Search Stralegy - Piot phase (see OJ 2015, A85) pplication Number
T T S eamiaa. ™ tois shectmay change during the pilo for impraving PCT/US2817/035524

EPC FORM POAAL2

TITLE: BUILDING MANAGEMENT SYSTEM WITH VIRTUAL POINTS AND OPTIMIZED DATA
IHTEGRATION

APPLICANT: JOHNSON CONTROLS TECHNOLOGY COMPANY
IPC CLASSIFICATION: GO6(Q56/86

EXAMINER: Reino, Bernarde

CONSULTED DATABASES: DOSYS, EPODOC

CLASSIFICATION SYMBOLS DEFINING EXTENT OF THE SEARCH:
1PC:

CPC: GOBQS0/06, GBEOSE/18

FI/F=-TERMS:

KEYWORDS OR OTHER ELEMENTS FEATURING THE INVENTION:
building management system

menitor, sensor, control

coltect, analyre, database

timeseries, data points, rollup, aggregate, viriual point
application, dashboard, widget, user interface
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PATENT COOPERATION TREATY

From the

INTERNATIONAL SEARCHING AUTHORITY

To:

see form POTASARL20

PCT

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY

{(PCT Rule 435i5.1)

Date of mailing
{caymorthisear)

seg form PCTASAZTO {second shest)

Apg;iicarx{‘s or agent's dils referance
see form PCTABSARZZ0

FOR FURTHER ACTION

See paragraph 2 below

Intermnational application No.

POTAIS2017035524

internationa fillng date {daymanih/,f‘;ér)

21.06.2047

i Priority date (dapinanitiyear)

P 14.06.2018

WY, GosC5008

international Paterd Classification IPC) or both national ¢l

cation and IPC

Applicart

JOHNSON CONTROLS TECHMOLOGY COMPANY

! Box No. |
! Box No. i

&

] Priority
3 Box No. il

]

B

! Box No. IV
Box No. V

{1 Box No. VI
(1 Box No. vl
(1 Box No. vt

2. FURTHER ACTION

will not ba so considered.

whichever expiras iater.

1. This opinion contains indications retating 1o the following items:

Basis of the opinion

Non-establishment of opinion with regard to novelly, inventive step and industrial applicability
Lack of unity of invention

Reasonad statement under Hule 43bis. 1{a}{i} with regard fo novelly, inventive step and industrial
applicability; citations and explanations supperting such statement

Certain documents sited
Cartain defects in the infernationai application

Certain cbagrvations on tha internafional application

if a demand for international preliminary examination is mads, this opinion will usually be considered fo be 5
wiitten apinion of the Intermational Preliminary Examining Authority ("IPEA™) except that this does not apply whare
the applicant chooses an Authority other than ihis one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 86.1bis(b] that written opinions of this International Searching Authority

tf this opinion is, as provided above, sonsidered to be a written opinion of the IPEA, the applicant is invited to
submil fo the IPEA a wrilten reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of malling of Form PCTASAR20 or balors the axpiration of 22 mornths from the pricrity date,

Feor further options, ses Form PCTASALZ20.

Mame and mailing address of the ISA:

9

European Patent Office

D-80295 Murict
Tel +42.89 2389 - ¢
Fax: +4% 89 2339 - 4485

Drate of completion of
this opinion

s=e form
PCTASARIO

Authorized Officer

Raino, Bernardo

5

Telephone MNe, +49 89 2399-0 P o

Form PCTASARZIT (Cover Sheet} {(January 2015)
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WRITTEN OPINION OF THE international application Mo.
INTERNATIONAL SEARCHING AUTHORITY PCTAISZ2017035524

Box No.l  Basis of the opinion

1. With ragard fo the language, this opinion has been estabdishad on the basis of:
E  the international application in the language in which it was filed.

[0 atranslation of the international application into |, whigh is the language of & ransiation furnishad for the
purposes of international search (Rules 12.3(a) and 23.1 (b))

2. 00 This opinion has been established taking into account the rectification of an cbvious mistake autharized
by or notified 1o this Authorily under Rule 91 (Rule 43bis.1(a)

3. 0 with regard o any nucleotide andir amine acid sequence disciosed in the international application, this
opinion has bean established on the basis of a sagquence listing:

a. [ forming part of the international application as filed:
[ in the form of an Annex CAT.25 text file.
{1 on paper or in the farm of an image file.

b. [ furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international ssarch only in the form of an Annex O/8T.25 text file.

. Ll furnished subsequent to the international filing dete for the purposes of internaticnal search only:
L3 in the form of an Annex O8T.25 texi file (Rule 13ter.1(a)).
L on paper or in the form of an image file (Rule 13er.1{l) and Administrative Instructions, Section

713}

4. 01 in addition, in the case that more than one varsion of copy of a sequence listing has been filed or urnished,
the reguired statements that the information in the subseguent or adgditional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnighed.

5, Additional commaenis:

Form POTASA/ 237 (Januvary 2015)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING AUTHORITY FOTAUSR017035524

Box No. V. Reasoned statement under Rule 43545, 1(a}{i) with regard fo novelty, inventive siep or
indusirial applicability; cilations and explanations supporting such siatement

1. Btatement

Nowvalty (N Yea: {iaims 1-20
Ner Claims
nventive step (I8} Yes: Claims
No:  Claims 1-20
industrial applicabifity {1A) Yes: Claims 1-20

Noo Claims

2. Okations and explanations

seg separate sheet

Formi PCTASA/237 (January 2015)

WILLOW TECH. EX. 1007
Page 259



WHITTEN OPINION OF THE international application Ne.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCTAIS2017/035524

Rellem ¥V

Reasoned statement with regard to novelly, inventive step or industrial
applicabilily; citations and explanations supporting such slalement

1 Background
1.1 The present application is directed {o a building management system.

it the background section (specifically par.[0003]) it is stated that a BMS
{(building management system) can collect data from sensors, which are then
combined inlo streams of {raw} timeseries data. Applications can then con-
sume the timeseries data and process it so as o generate views.

These processing steps are thus performed at query time and are argued 1o
involve a significant delay in the dala presentation.

1.2 The above is considered o be the problem which the present application at-
tempis o solve.

1.3 The proposed solution essentially involves g "sample aggregator' {claim 1) or
“virtual point calcudator” (claim 12) configurad to perform one or more analyt-
ics on the collected {raw) timeseries data so as to generate a "data roflup
fimeserias” (claim 1) or & "virtual point timesearfas” {claim 12).

The raw {coliected) and results timeseries are then stored in a database, for
subsequent retrieval and visualization.

2 Technical feaiures

o
b,

The present application is described in the context of building management,
which may e.g. include an HVAC system.

The aspects related to said underlying infrastructure (recited in par.[0050]
through [C075]) are technical features which provide the data being pro-
cessed ("data variables") with technical character.
However the features themselves (“airside system”, "hot water loop”, efc.) are
manifestly not part of the potentially inventive technical contribution to the pri-
of art.

2.2 With regard to the computer aspects recited in or implied by the present appli-
cation, it is noted that they effectively amount to g general-purpose networked
computer, namely a computer being capable of receiving data from the sen-

Form POTHSARET (Separate Sheet) (Sheet 1) (EPO-April 2008}
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2.3

Lo
o

s0r8, processing i, storing i and providing an interactive user interface for vi-
sualization.

Nothing in the application as filed {specdifically, pars [0219]-{0220] on pages
62-63} appears to describe or imply that the computing means go beyond a
commongiace complier.

it is noted that the processing of the data, regardless of the technical charag-
ter of the data itself, does not appear to involve any techrical considerations
which might indicate that a technical problem is being addressed or solved.

Specifically, the claimed "sample aggregator' (or "virtual point calculator”y ap-
ply commoaonplace statistical techniques (regression analysis, interpolation,
ete.) so as to obtain data which may be useful for an operator.

Furthermore, the results being obtained are not used in a technical manner,
i.e. do not serve as fesdback to control the technical elements which are be-
ing measured (sensed).

Therefore, in substance, the present application effectively amounts fo the
use of generic computing means for processing data according to a specified,
given, sef of rules.

The — potential - technical contribution of the present application may howev-
er be based on the fechnical problem identified above initem 1.1,

Skilled person and prior art

The skilled person is therefore considered {o be a computer specialist {within
the context of building management), as the problem being addressed in the
present application relates to processing and displaying data in response to a
query, L.e. itis & computer problem independent of the nature of the underly-
ing data being gathered, processed and displayed.

Refarence is made 1o the following document:
Y US 2011/087988 At (RAY BETH A [US] ET AL)
14 April 2011

D1 discloses a building management system, comprising essentially the
same technical infrasiructure as the present application (cf. par.[0002]-[0005]
as well as fig.1) which measure data, process it and provide various means

Form POTASA/ZAT (Separate Sheet) (Sheeat 2} (EPC-Aprit 2008)
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AUTHORITY (SEPARATE SHEET) PCT/US2017/035524

for visualizing relevant data (e.g. fig.11e shows an application containing a
number of "widgeis").

3.3 Furthermare, the focus of D1 is on user interface aspects {par.[0005]) and
therefore D1 is considered {o represent the closest prior art 10 the present ap-

plication.
4 Inventive slep
4.1 Claims 1 and 12

4.1.1 The systems of claims 1 and 12 effectively comprise the following three lay-
ars;
» {a} underlying infrastructure with equipment for monitoring and conirol-
ling:
» (b} data collection, analytics and storage;
» {¢) application providing a front-end user interface.
Aspect {a) is clearly present in the prior art (par.JOC02]-[0004], see alsn "BMS
davices 12" in fig.1).
Aspect (o) is also clearly present in the prior art {¢f. par[0028], figs.1 and 11e,
ete.).
4.1.2 Regarding the collection, analytics and storage it is noted that the measursd
data in 01 is processed by a “information aggregation and normalization ser-
vice 22" as well as by a "presentation server 26", which provides the daia o
the energy management application {(client terminal}.
The combination of 22 and 26 in D1 is therefore squivalent to the combination

of the claimed data collector, aggregator {or virtual point calculator) and
database.

Having regard to the technical features, the subject matter of claims 1 and 12
would therefore lack novelty under Article 33(2) PCT.

4.1.3  As noted above in item 2.3, the gpeciiic processing of the collecied data is
not considered o have a lechnical effect and therefore do not address or
solve a technical problem.

Therefore the subject matter of claims 1 and 12 also lacks inventive step In
the sense of Article 33(3) PCT.

Forrn POTABARR? (Separate Shest) (Sheet 3) (EPO-April 2008}
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4.2 Claims 2-11 and 13-20

The additional features recited in claims 2-11 and 13-20 provide further char-
acterisations of the data analysis being performed, which, as noted above,
does not result in a further technical effect being achieved and therefore do
not provide sufficient basis for acknowledging inventive step in the sense of
Article 33(3) PCT,

The subject matter of claims 2-11 and 13-20 therefore does not involve an in-
ventive step in the sense of Article 33(3) PCT.

Form PCTASA/ZET (Separate Sheet) (Sheat 4) (EPC-Aprit 2008)
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Possible steps after receipt of the international search report (ISR} and written
opinion of the International Searching Authority (WO/ISA)

General For all international applications, the competent international Searching

information Authorily {ISA} will establish an international ssarch report (ISR} accompanied
by a wiitten opinion of the International Searching Authority (WOASA). The
WOASA may ba responded o by

e filing informal comments with the International Bureau of WIPO {8
{(where no demand for intemnational preliminary examination {demand}
is filed)

= filing amendmants under Art. 19 PCT {this can be done whether or not
a dernand is filed)

« filing amendments under Art. 34 PCT andfor formal obsarvations in
response to objections raised in the WONSA (where a demand /s
actually filed}

This document explains these possibilities.

Filing informal After receipt of the ISR and WOMISA, the applicant may fle informal comments

comments on the WOASA, directly with the 1B (ses International Search and Preliminary
Examination Guidslines 2.15). These will be communicated to the
designated/slected Offices, together with the Intemational Preliminary Report
on Patentability (IPRP) at 30 months from the priority date.

Amending claims  The applicant may file amended claims under At 18 PCT, directly with the
under 1B by the later of the following dates:

Art. 18 PCT
' = 2 months from the date of mailing of the 18R and the WOASA
¢ 16 months from the priority date

However, any such amendment received by the 1B after the expiration of the
applicable time limit shall be considered to have been received on time by
the 1B, if it reaches it before the technical preparations for international
publfication have been completed (the 15th day prior to the date of publication,
see PCT Applicant's Guide, International Phase, 9.013).

For further information, please ses Ruls 48 PCT as well as form POTASA/220.

Please also note that, when filing amended claime under Art. 18 PCT, such
amendments shall be accompanied by a letter identifving the amendmenis
made and also the basis for the amendments in the application as originally
filed (Rule 46.8(b} PCT). Where a demand is filed, failure to conyply with this
requirement may result in the amendments being ignored in the International
Preliminary Examination Report (IPER), see Rule 70.2{c-bis} PCT.
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Filing ademand  In principle, the WONSA will be considered to be the written opinion of the

for international  International Prefiminary Examining Authority (IPEA). Where the WO/ISA

preliminary issued by the EPO as 1SA gives a positive opinion on the international

examination application and the invention to which it relates, filing a demand with the ERQ
as IPEA.would normally be unnacessary, since a positive IPRP would anyway
be established by the 18 based on the WO/ISA (see also further balow),

if the applicant wishes to file a demand (for example, to allow him to argue his
case in international preliminary examination with regard {o objections raised in
a negative WO/SA before the IPEA issues an IPER), this must be done before
axpiration of 3 months after the date of mailing of the ISR and WO/ASA or
22 months afler priority date, whichever oxpires later (Rule 54bis PCT).
Amendments under Arl. 34 PCT can be filed with the IPEA, normally at the
same time as filing the demand (Rule 66.1{b} PCT} or within the time limit set
for reply to any written opinion issued during international preliminary
examination by the IPEA.

if a demand is filed at the EPO as IPEA and no commenis/amendmernts have
been received by the tims the EPO starts drawing up the IPER (Rule 68.450s
PCT), the WONSA will be transformed by the IPEA into an IPER {also called
the IPRP (Chapter N} which would merely raflect the content of the WOASA
{OJ 1072011, 532). The demand can st be withdrawn {Art. 37 PCT).

Please alse note that, when filing amendments under Art. 34 BCT, such
amendments shall be accompanisd by a lefter which identifies the
amendments made and also the basis for the amendmenis in the application
as originally filed (Rule 66.8(a) PCT). Failure to comply with this requirement
ray result in the amendments being ignored in the IPER (IPRP {Chapter #)),
see Rule 70.2{c-bis) PCT,

Filing 2 request  The applicant may, with the IB, file a request for supplemantary international

for supplementary search under Rule 45bis,1 PCT. The present ISR and WOASA may aiso be

infernational taken into account in the execution of that supplementary international search,

search provided that these are available i¢ the Authority charged with this task before
it starts the supplementary search (Rule 45bis.5 PCT

This kind of request cannot be filad specifying the SA who did the
international search.

More information on this topic can be found in the PCT Applicant’s Guids,
Chapter 8 (hito//www . wipo.int/pocten/auide/ind8 himi).

End of the Where no demand is filed, at the end of the international phase, the IB will
international transform the WOASA into the IPRP (PCT Chapter [}y (Rule 44bis PCT), which
phase will then be transmilted together with possibie informal comments o the

designated Offices. Where a demand is filed, the WO/SA is not transformed
into an IPRP {Chapter 1) by the IB, but rather the IPEA will establish an IPER,
{the IPER is the same as the |[PRP (POT Chapter H), see Rule 70.15 PCT).
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the application.

WILLOW TECH. EX. 1007
Page 267




Atty. Dkt. No. 16BE035-US2 (116048-0134)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Barkha Shah

Title: BUILDING ENERGY MANAGEMENT
SYSTEM WITH AD HOC DASHBOARD

Application No.: 15/408,404

Filing Date: 1/17/2017

Examiner: Fennema, Robert E.

Art Unit: 2126

Confirmation No.: 7924

INFORMATION DISCLOSURE STATEMENT
UNDER 37 CFR § 1.56

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

Applicant submits herewith documents for the Examiner’s consideration in accordance

with 37 CFR §§ 1.56, 1.97, and 1.98.

Applicant respectfully requests that each listed document be considered by the Examiner
and be made of record in the present application and that an initialed copy of Form PTO/SB/08
be returned in accordance with MPEP § 609.

The submission of any document herewith is not an admission that such document
constitutes prior art against the claims of the present application or that such document is
considered material to patentability as defined in 37 CFR § 1.56(b). Applicant does not waive
any rights to take any action which would be appropriate to antedate or otherwise remove as a
competent reference any document submitted herewith. However, in accordance with MPEP
§ 609.04(a)(I), Applicant hereby states that for items for which the date of publication supplied

does not include the month of publication, the year of publication is sufficiently earlier than the

4815-0596-3853.1 1
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Atty. Dkt. No. 16BE035-US2 (116048-0134)

effective U.S. filing date and any foreign priority date so that the particular month of publication

is not in issue.

CONCISE EXPLANATION OF RELEVANCE

Document A1l was cited during the prosecution of a co-pending PCT application.

TIMING OF THE DISCLOSURE

The listed document is being submitted in compliance with 37 CFR § 1.97(b), before the

mailing date of the first Office Action on the merits.

Although Applicant believes that no fee is required, the Commissioner is hereby

authorized to charge any additional fees which may be due to Deposit Account Number 19-0741.

Respectfully submitted,

Date August 21, 2017 By /James M. Campbell/
FOLEY & LARDNER LLP James M. Campbell
Customer Number: 146598 Attorney for Applicant
Telephone:  (414) 297-5565 Registration No. 69,087

Facsimile: (414) 297-4900

4815-0596-3853.1 2
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PTOAIAER (07-12)

Approved for use through 11/38/2014, OMB 08510035

.S, Patent and Trademark Office; U.8 DEPARTMENT OF COMMERCE

Ungar the Paperwork Reduction Act of 1995, no persons are reguired 1o respond to a coflection of information unless it displays a vatid OMB contral number,

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

{ heraby revoke all previcus powers of attornay given in the application identified in the attached statement
under 37 CFR 3.73(c).
i heraby appoint
Praciifionars associated with Customer Nurmber: 371
OR

E ; Practifioner(s) named bajow {if more than lan patert practitioners a2 10 ba named, then a customer numbar must be wsed):

Name Registration Name Registration
Number Number

As attarey(s) or agent(s) to reprasent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and aff paterst applications a ssigned only to the undersigned according to the USPTO assignmernt records or assignments decy ments
attached to this form in accordance with 37 CFR 3.73{(c). )

Please change the somespondence address for the application identified in the attached statement under 37 CFR 3,73(c) to:

The address assodiated with Custorner Number: 26371
OR

Firm af
individual Name

Address

1 City

Country

Telephone Email

Assignee Namme and Address: Johnson Controls Technology Company
49204 Halyard Drive
Flymouth, Mishigan 48170

A copy of this form, together with a statement under 37 CFR 3.73{¢} {Form PTQ/SB/AE or equivalent) is required to be
Filed in sach application in which this form is used. The statement under 37 CFR 3.73{c) may be corapisted by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attornay is to be filed.

SIGNATURE of Assignes of Record
vhose signatye and }iﬁl@«is"sqpp{igd below is authorized to act on behalf of the assignee

The individual

Signature RS ‘ " Date Juby SO A%
Name Frank A. Voliolina Telephone
Title Vice President & Treasurer

This collection of information is required by 37 CFR 1.31, 1.32 and 1.33. The-information is requirad to obtain o retain a benefit by the public which is to fle {and
by the USPTC to process) an application. Confidentiafity is govemed by 3511.8.C. 122 and 37 CFR 1.11 and 1. 14, This collection is estimated ta taks 3 minutes
10 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 andfor suggestions for reducing this burden, shauld be sent ta the Chief information Officer,
1.8, Patent and Trademark Office, 1.8, Depadment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.0, Box 1450, Alexandria, VA 223131450,

i you need assistance in completing the form, call 1-860-PTQ-9183 and select aption 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

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 information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

Applicant/Patent Owner: Johnson Controls Technology Company

Application No./Patent No.: 15/408,404 Filed/Issue Date: /17/2017

Titleg: BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

Johnson Controls Technology Company a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. D An assignee of less than the entire right, title, and interest (check applicable box):

[_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s} holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. D The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose gne of options A or B below):

A. An assignment from the inventor(s) of the patent application/patent identified above. The assighment was recorded in
the United States Patent and Trademark Office at Reel 8416t¢ , Frame 0374 , or for which a copy
thereof is attached.

B. |: A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. 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.
2. 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.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). 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 1.11 and 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 upen 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, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Approved for use through 01/31/2013. OMB 0651-0031

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 information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(¢c)

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.

4. 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.

5. 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.

6. 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.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

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

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

fJames M. Campbeall/ May 14, 2018
Signature Date
James M. Campbell 69,087
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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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. Avrecord 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. Arecord 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. Arecord 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. Arecord 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. Avrecord 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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Electronic Acknowledgement Receipt

EFS ID: 32609935
Application Number: 15408404
International Application Number:
Confirmation Number: 7924

Title of Invention:

BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

First Named Inventor/Applicant Name:

Barkha Shah

Customer Number:

26371

Filer:

James M. Campbell/Linda Vanderboom

Filer Authorized By:

James M. Campbell

Attorney Docket Number:

16BE035-US2 (116048-0134)

Receipt Date: 14-MAY-2018
Filing Date: 17-JAN-2017
Time Stamp: 10:51:52

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:
Document Document Description File Name File Slze(B}ttes)l Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
1320860
1 Power of Attorney 116048-0134_POA.pdf no 1
6d63e1ea817673c1b59%4efc5385a71663c3
Warnings:
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Information:

95785
Assignee showing of ownership per37 | 116048-0134_373_Statement.
2 no 3
CFR3.73 pdf
e51b288793de80397a6fbfad53fbd79a7eb
Warnings:
Information:
Total Files Size (in bytes){ 1416645

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 application as 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.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PQ. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov’

APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRSTNAMED APPLICANT | ATTY. DOCKET NO./TITLE |
15/408,404 01/17/2017 Barkha Shah 16BE035-US2 (116048-0134)
CONFIRMATION NO. 7924
26371 POA ACCEPTANCE LETTER
FOLEY & LARDNER LLP

3000 K STREET N.W.

3000 K ST IR AT T LAV

WASHINGTON, DC 20007-5109

Date Mailed: 05/17/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 05/14/2018.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/vnguyen/

page 1 of 1
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PTO/SB/25

Doc Code: DIST.E.FILE U.S. Patent and Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department of Commerce
Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING

REJECTION OVER A PENDING "REFERENCE" APPLICATION

Application Number 15408404

Filing Date 17-Jan-2017

First Named Inventor Barkha Shah

Attorney Docket Number 16BE035-US2 (116048-0134)

Title of Invention

BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

X Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

XI This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

Johnson Controls Technology Company 100%

The owner(s) of percent interest listed above in the instant application hereby disclaims, except as provided below, the terminal
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the
full statutory term of any patent granted on pending reference Application Number(s)

15182580 filed on 06/14/2016
15182579 filedon 06/14/2016

as the term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the
grant of any patent on the pending reference application. The owner hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are
commonly owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its
SUCCESSOrs 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 of any patent granted on said reference application, "as the
term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the grant of
any patent on the pending reference application,” in the event that any such patent granted on the pending reference
application: 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, is reissued, or is in any manner terminated prior to the expiration of its full statutory term as shortened
by any terminal disclaimer filed prior to its grant.

@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.
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O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicant claims the following fee status:

O Small Entity
(O Micro Entity

(® Regular Undiscounted

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

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

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

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 35421

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signat
ignature /Joseph N. Ziebert/

Name Joseph N. Ziebert

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number:

15408404

Filing Date:

17-Jan-2017

Title of Invention:

BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

First Named Inventor/Applicant Name:

Barkha Shah

Filer:

Joseph N. Ziebert/Linda Vanderboom

Attorney Docket Number:

16BE035-US2 (116048-0134)

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
STATUTORY OR TERMINAL DISCLAIMER 1814 1 160 160
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:
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Description

Fee Code

Quantity

Amount

Sub-Total in
USD(S)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 15408404
Filing Date: 17-Jan-2017

Applicant/Patent under Reexamination: Shah

Electronic Terminal Disclaimer filed on May 24, 2018

X APPROVED

This patent is subject to a terminal disclaimer

1 DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 32719746
Application Number: 15408404
International Application Number:
Confirmation Number: 7924

Title of Invention:

BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD

First Named Inventor/Applicant Name:

Barkha Shah

Customer Number:

26371

Filer:

Joseph N. Ziebert/Linda Vanderboom

Filer Authorized By:

Joseph N. Ziebert

Attorney Docket Number:

16BE035-US2 (116048-0134)

Receipt Date: 24-MAY-2018
Filing Date: 17-JAN-2017
Time Stamp: 16:42:43

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $160

RAM confirmation Number

052518INTEFSW16424100

Deposit Account

190741

Authorized User

Linda Vanderboom

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

37 CFR 1.17 (Patent application and reexamination processing fees)

37 CFR 1.21 (Miscellaneous fees and charges)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
36661
1 Terminal Disclaimer-Filed (Electronic) eTerminal-Disclaimer.pdf no 2
f63add48bda9336c915a45732592af 7bf921)
d4ee
Warnings:
Information:
30804
2 Fee Worksheet (SB06) fee-info.pdf no 2
a37a2a64a3bf033fca9b20f2c4a249560095
ccfé
Warnings:
Information:
Total Files Size (in bytes){ 67465

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 application as 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.
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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

26371 7590 07/05/2018 I EXAMINER |
FOLEY & LARDNER LLP CHOL DAVID E
3000 K STREET N.W.
SUITE 600 I ART UNIT PAPER NUMBER |
WASHINGTON, DC 20007-5109 2174

UNITED STATES OF AMERICA
DATE MAILED: 07/05/2018

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

15/408,404 01/17/2017 Barkha Shah 16BE035-US2 7924
TITLE OF INVENTION: BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD (116048-0134)

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

nonprovisional UNDISCOUNTED $1000 $0 $0 $1000 10/05/2018

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:

I. 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 (f 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: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980. It is
patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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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
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected 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.

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

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

26371 7590 07/05/2018 I hereby certify that this Fee(s) Transmittal is being deposited with the United
FOLEY & LARDNER LLP States Postal Service with sufficient postage for first class mail in an envelope
3000 K STREET N.W addressed to the Mail Stop ISSUE FEE address above, or being facsimile

BN transmitted to the USPTO (571) 273-2885, on the date indicated below.
SUITE 600 —
WASHINGTON, DC 20007-5109 Deposhiors pane)
UNITED STATES OF AMERICA (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
15/408.,404 01/17/2017 Barkha Shah 16BE035-US2 7924

TITLE OF INVENTION: BUILDING ENERGY MANAGEMENT SYSTEM WITH AD HOC DASHBOARD (116048-0134)

I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1000 $0 $0 $1000 10/05/2018
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHOIL DAVID E 2174 715-735000
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
a 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
(] "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. 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 [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (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 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.

| Applicant asserting small entity status. See 37 CFR 1.27 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.

| Applicant changing to regular undiscounted fee 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 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
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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

[ apeLicationvo. | FILING DATE FIRST NAMED INVENTOR | ATrorNEY DOCKETNO. | CoNFIRMATIONNO. |
15/408.,404 01/17/2017 Barkha Shah 16BE035-US2 7924
(116048-0134)
EXAMINER |
26371 7590 07/05/2018
FOLEY & LARDNER LLP CHOL DAVIDE
3000 K STREET N.W.
SUITE 600 I ART UNIT PAPERNUMBER |
WASHINGTON, DC 20007-5109 2174

UNITED STATES OF AMERICA
DATE MAILED: 07/05/2018

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 3of 3
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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
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responsibility to recommend improvements in records management practices and programs, under authority
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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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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. ] The allowed claim(s) is/are 1-20. 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
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
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Certified copies:
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1. [ Certified copies of the priority documents have been received.
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3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

O 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 number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheei(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.
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1. X] Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment
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3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

/DAVID CHOVl/
Primary Examiner, Art Unit 2174
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Application/Control Number: 15/408,404 Page 2

Art Unit: 2174

Allowable Subject Matter
1. The present application, filed on or after March 16, 2013, is being examined
under the first inventor to file provisions of the AlA.
2. Claims 1-20 are allowed.
3. The following is an examiner’s statement of reasons for allowance:

The prior art is silent in teaching wherein building equipment operable to monitor
and control a variable in the building energy management system and configured to
provide raw data samples of a data point associated with the variable; a data collector
configured to collect the raw data samples from the building equipment and generate a
raw data timeseries comprising a plurality of the raw data samples; one or more data
platform services configured to generate one or more optimized data timeseries from
the raw data timeseries; a timeseries database configured to store a plurality of
timeseries associated with the data point, the plurality of timeseries comprising the raw
data timeseries and the one or more optimized data timeseries; and an energy
management application configured to generate an ad hoc dashboard comprising a
widget and to associate the widget with the data point, wherein the widget is configured
to display a graphical visualization of the plurality of timeseries associated with the data
point and comprises interactive user interface options for switching between the plurality
of timeseries associated with the data point and in combination with all other claimed
elements of independent claims 1 and 11.

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
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Art Unit: 2174

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 DAVID CHOI whose telephone number is (571)270-
3780. The examiner can normally be reached on Monday-Thursday: 8:30am - 6:30pm.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Dennis Chow can be reached on 571-272-7767. 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.

/DAVID CHOl/
Patent Examiner, Art Unit 2174
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor Name: Barkha Shah

Title: BUILDING ENERGY MANAGEMENT SYSTEM
WITH AD HOC DASHBOARD

Appl. No.: 15/408,404

Filing Date: 1/17/2017

Examiner: Choi, David E.

Art Unit: 2174

Confirmation Number: 7924

AMENDMENT UNDER 37 CFR 1.312

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Applicant acknowledges receipt of a Notice of Allowance in the above-captioned

application. Please amend the application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this document.
Remarks begin on page 9 of this document.

Please amend the application as follows:
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Amendments to the Claims:

This listing of claims will replace all prior versions and listings of claims in the application:

Listing of Claims:

1. (Original) A building energy management system comprising:

building equipment operable to monitor and control a variable in the building energy
management system and configured to provide raw data samples of a data point associated with
the variable;

a data collector configured to collect the raw data samples from the building equipment
and generate a raw data timeseries comprising a plurality of the raw data samples;

one or more data platform services configured to generate one or more optimized data
timeseries from the raw data timeseries;

a timeseries database configured to store a plurality of timeseries associated with the data
point, the plurality of timeseries comprising the raw data timeseries and the one or more
optimized data timeseries; and

an energy management application configured to generate an ad hoc dashboard
comprising a widget and to associate the widget with the data point, wherein the widget is
configured to display a graphical visualization of the plurality of timeseries associated with the
data point and comprises interactive user interface options for switching between the plurality of

timeseries associated with the data point.

2. (Original) The building energy management system of Claim 1, wherein the data
platform services comprise a sample aggregator configured to:

automatically generate a data rollup timeseries comprising a plurality of aggregated data
samples by aggregating the raw data samples as the raw data samples are collected from the
building equipment; and

store the data rollup timeseries in the timeseries database as one of the optimized data

timeseries.

4810-9658-2509.1
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3. (Original) The building energy management system of Claim 1, wherein the data
platform services comprise a virtual point calculator configured to:

create a virtual data point representing a non-measured variable;

calculate data values for a plurality of samples of the virtual data point as a function of
the raw data samples;

generate a virtual point timeseries comprising the plurality of samples of the virtual data
point; and

store the virtual point timeseries in the timeseries database as one of the optimized data

timeseries.

4. (Currently Amended) The building energy management system of Claim 1, wherein the
data platform services comprise an analytics service configured to:

perform one or more analytics using the raw data timeseries;

generate a results timeseries comprising a plurality of result samples indicating results of
[[the]] analytics; and

store the results timeseries in the timeseries database as one of the optimized data

timeseries.

5. (Original) The building energy management system of Claim 1, wherein the ad hoc
dashboard comprises a widget creation interface comprising a plurality of selectable widget
types, each of the widget types corresponding to a different type of widget the ad hoc dashboard
is configured to create, the widget types comprising at least one of’

a charting widget;

a data visualization widget;

a display widget;

a time or date widget; and

a weather information widget.
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6. (Original) The building energy management system of Claim 1, wherein the widget is a
charting widget configured to display a chart of the plurality of timeseries associated with the
data point, the chart comprising at least one of:

a line chart;

an area chart;

a column chart;

a bar chart;

a stacked chart; and

a pie chart.

7. (Original) The building energy management system of Claim 1, wherein:

the timeseries database is configured to store a plurality of timeseries associated with a
plurality of different data points;

the ad hoc dashboard is configured to associate the widget with each of the plurality of
timeseries associated with the plurality of different data points; and

the widget is configured to display a graphical visualization of each of the plurality of

timeseries associated with the widget.

8. (Original) The building energy management system of Claim 7, wherein the widget is
configured to:

determine a unit of measure for each of the plurality of timeseries associated with the
widget;

generate a line chart comprising a plurality of lines, each of the plurality of lines
corresponding to one or the plurality of timeseries associated with the widget;

assign a common color to each of the plurality of lines corresponding to timeseries with
the same unit of measure; and

assign different colors to each of the plurality of lines corresponding to timeseries with

different units of measure.
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9. (Original) The building energy management system of Claim 1, wherein the widget is
configured to:

generate a heat map comprising a plurality of cells, each of the cells corresponding to a
different sample of the data point associated with the widget;

identify a numerical data value for each of the samples corresponding to the cells of the
heat map; and

assign a color to each cell of the heat map based on the numerical data value of the

corresponding sample.

10.  (Original) The building energy management system of Claim 1, wherein the ad hoc
dashboard is configured to:

display a points list comprising a plurality of points detected in the building energy
management system,

receive a user input dragging and dropping one or more of the points from the points list
onto the widget; and

associate the one or more points with the widget in response to the user input dragging

and dropping one or more of the points from the points list onto the widget.

11. (Original) A method for generating an ad hoc dashboard in a building energy
management system, the method comprising:

operating building equipment to monitor and control a variable in the building energy
management system;

collecting raw data samples of a data point associated with the variable from the building
equipment;

generating a raw data timeseries comprising a plurality of the raw data samples;

generating one or more optimized data timeseries from the raw data timeseries;

storing a plurality of timeseries associated with the data point in a timeseries database,
the plurality of timeseries comprising the raw data timeseries and the one or more optimized data

timeseries; and
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generating an ad hoc dashboard comprising a widget associated with the data point,
wherein the widget is configured to display a graphical visualization of the plurality of timeseries
associated with the data point and comprises interactive user interface options for switching

between the plurality of timeseries associated with the data point.

12. (Original) The method of Claim 11, wherein generating the one or more optimized data
timeseries comprises:

automatically generating a data rollup timeseries comprising a plurality of aggregated
data samples by aggregating the raw data samples as the raw data samples are collected from the
building equipment; and

storing the data rollup timeseries in the timeseries database as one of the optimized data

timeseries.

13.  (Original) The method of Claim 11, wherein generating the one or more optimized data
timeseries comprises:

creating a virtual data point representing a non-measured variable;

calculating data values for a plurality of samples of the virtual data point as a function of
the raw data samples;

generating a virtual point timeseries comprising the plurality of samples of the virtual
data point; and

storing the virtual point timeseries in the timeseries database as one of the optimized data

timeseries.

14.  (Currently Amended) The method of Claim 11, wherein generating the one or more
optimized data timeseries comprises:

performing one or more analytics using the raw data timeseries;

generating a results timeseries comprising a plurality of result samples indicating results
of [[the]] analytics; and

storing the results timeseries in the timeseries database as one of the optimized data

timeseries.
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15. (Original) The method of Claim 11, further comprising presenting, via the ad hoc
dashboard, a widget creation interface comprising a plurality of selectable widget types, each of
the widget types corresponding to a different type of widget the ad hoc dashboard is configured
to create, the widget types comprising at least one of:

a charting widget;

a data visualization widget;

a display widget;

a time or date widget; and

a weather information widget.

16. (Original) The method of Claim 11, further comprising displaying, in the widget, a chart
of the plurality of timeseries associated with the data point, the chart comprising at least one of:
a line chart;
an area chart;
a column chart;
a bar chart;
a stacked chart; and

a pie chart.

17. (Original) The method of Claim 11, further comprising:
storing a plurality of timeseries associated with a plurality of different data points in the

timeseries database;

associating the widget with each of the plurality of timeseries associated with the
plurality of different data points; and

displaying, in the widget, a graphical visualization of each of the plurality of timeseries

associated with the widget.

18. (Original) The method of Claim 17, further comprising:

determining a unit of measure for each of the plurality of timeseries associated with the

widget;
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generating a line chart comprising a plurality of lines, each of the plurality of lines
corresponding to one or the plurality of timeseries associated with the widget;

assigning a common color to each of the plurality of lines corresponding to timeseries
with the same unit of measure; and

assigning different colors to each of the plurality of lines corresponding to timeseries

with different units of measure.

19. (Original) The method of Claim 11, further comprising:

generating a heat map comprising a plurality of cells, each of the cells corresponding to a
different sample of the data point associated with the widget;

identifying a numerical data value for each of the samples corresponding to the cells of
the heat map; and

assigning a color to each cell of the heat map based on the numerical data value of the

corresponding sample.

20. (Original) The method of Claim 11, further comprising:

displaying a points list comprising a plurality of points detected in the building energy
management system,

receiving a user input dragging and dropping one or more of the points from the points
list onto the widget; and
associating the one or more points with the widget in response to the user input dragging and

dropping one or more of the points from the points list onto the widget.
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REMARKS

This amendment is being filed prior to payment of the issue fee. Entry of the foregoing
amendment is respectfully requested. The amendment is to correct minor and potential
antecedent basis issues in the claims. The amendment does not change the scope of the claims.

Accordingly, entry of the amendment is requested.
Status of Claims

Claims 4 and 14 have been amended. No new matter has been added. These
amendments are made without prejudice or disclaimer. After amending the claims as set forth,
claims 1-20 remain pending in this application. Applicant respectfully requests reconsideration

of these claims.

Concluding Remarks

The Examiner is invited to contact the undersigned by telephone if it is felt that a
telephone interview would advance prosecution. The Commissioner is hereby authorized to
charge any additional fees which may be required regarding this application, or credit any
overpayment, to Deposit Account No. 19-0741. If any extensions of time are needed for timely
acceptance of papers submitted herewith, Applicant hereby petitions for such extension under 37

CFR. §1.136 and authorizes payment of any such extensions fees to Deposit Account No. 19-

0741.

Respectfully submitted,
Date 7/10/2018 By /Joseph N. Ziebert/
FOLEY & LARDNER LLP Joseph N. Ziebert
Customer Number: 146598 Attorney for Applicant
Telephone:  (414) 297-5768 Registration No. 35,421

Facsimile: (414) 297-4900
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REMARKS

These comments on Statement of Reasons for Allowance under 37 C.F.R. § 1.104 are

intended to be responsive to the Notice of Allowance dated July 5, 2018.

The Commissioner is hereby authorized to charge any additional fees which may be

required for this application to Deposit Account No. 19-0741.
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FOLEY & LARDNER LLP Joseph N. Ziebert
Customer Number: 26371 Attorney for Applicant
Telephone:  (414) 297-5768 Registration No. 35,421

Facsimile: (414) 297-4900
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Application No. Applicant(s)
. . 15/408,404 SHAH ET AL.
Response to Rule 312 Communication _ .
Examiner Art Unit
DAVID CHOI 2174

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —

1. The amendment filed on 10 July 2018 under 37 CFR 1.312 has been considered, and has been:
a)[] entered.

b) X entered as directed to matters of form not affecting the scope of the invention.

c)[] disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) and

the required fee to withdraw the application from issue.
d) [] disapproved. See explanation below.

e)[] entered in part. See explanation below.

/DAVID CHOl/
Primary Examiner, Art Unit 2174

U.S. Patent and Trademark Office
PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 20180718
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OK TO ENTER: /D.E.C/

Atty. Dkt. No. 16BE035-US2 (116048-0134)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
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Examiner: Choi, David E.

Art Unit: 2174

Confirmation Number: 7924

AMENDMENT UNDER 37 CFR 1.312

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Applicant acknowledges receipt of a Notice of Allowance in the above-captioned

application. Please amend the application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this document.
Remarks begin on page 9 of this document.

Please amend the application as follows:
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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):

Barkha Shah, Mumbai, INDIA;

Johnson Controls Technology Company, Plymouth, MI;
Vivek Narain, Greater Noida, INDIA;

Vipul Devre, Kalyan West, INDIA;

Youngchoon Park, Brookfield, WI;

Gerald A. Asp, Milwaukee, WI;

Peter A. Craig, Pewaukee, W1;

Vijaya S. Chennupati, Brookfield, WI;

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)
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Case L21-ov-017968-MN Document 3 Filed 12/22/21 Page § of 2 PagellD # 705

AQ 120 (Rev. 08/10}

O iail Stop 8 REPORT ON THE
' Director of the .S, Patent and Trademark Oifice FILING OR BETERMEINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 aud/or 15 U.S.C. § 1116 vou are hereby advised that a court action has been
filed in the U.S, District Court for the District of Delaware on the folowing
] Trademarks or W Patemts. ¢ (] the patent action involves 33 U 8., § 292y
DOCKET NO. DATE FOLED U.8. DISTRICT COURT
12/2272021 for the District of Delaware
PLAINTIFF DEFENDANT
JOHNSON CONTROLS TECHNCOLOGY COMPANY WALLOW TECHNOLOGY CORPORATION PTY
LIITED, WILLOW TECHNOLOGIES, LLC, and
WALLOW TECHNOLOGY USA, INC.
PATENT OR DATE OF PATENT T TR OF PATEN T
TRADEMARK NO, OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 US 7,031,880 Bt 4/18/2006 Johnson Controls Technology Company
2 US 10,055,114 B2 8/21/2018 Johnson Controls Technology Company
3 US 10,821,872 B2 2/16/2021 Johnson Controls Technology Company
4 US 11,073,876 B2 7/27/2021 Johnson Controls Technology Company
5 US 10,515,088 B2 12/24/2019 Johnson Controls Technology Company

* see attached additional patents
In the above—entitled case, the following patent(s) trademark(s) have been inciuded:

DATE INCLUDED INCLUDED BY
1 Amendment 0 Answer 3 Cross Bill [] Other Pleading
PATENT OR DATE OF PATENT T TR v T A DEMARK
ITRADEMARK NO, R TRADEMARK HOLDER OF PATENT OR TRADEM!
i
5
4
S

{n the above-—cuiitied case, the following decision hias been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy +—Upon initiation of action, mail this copy te Birectsr  Copy 3—Upon termination of action, mail this copy to Birector
{opy 2—Upon filing decument adding patent(s), mail thic copy to Birector Copy 4-—Case fide copy
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Case 1.21-cyv-01706-MN

JOHNSON CONTROLS TECHNOLOGY

COMPANY,

Document & Filed 12/22/21 Page 2 of 2 PagetD # 708

IN THE UNITED STATES DISTRICT COURT

FOR THE DISTRICT OF DELAWARE

Plaintiff,

V.

WILLOW TECHNOLOGY
CORPORATION PTY LIMITED, WILLOW | JURY TRIAL DEMANDED
TECHNOLOGIES, LLC, and WILLOW
TECHNOLOGY USA, INC.,

Defendants.

C.A. No.

REPORT ON THE FILING OR DETERMINATION OF AN ACTION REGARDING A
PATENT OR TRADEMARK (continued)

PATENT OR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK
TRADEMARK NO OR TRADEMARK
6 US 11,038,709 B2 | 6/15/2021 Johnson Controls Technology Company
7 US 11,108,587 B2 | 8/31/2021 Johnson Controls Technology Company
8 US 10,534,326 B2 | 1/14/2020 Johnson Controls Technology Company
9 US 11,024,292 B2 | 6/1/2021 Johnson Controls Technology Company
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Page 1 of 1 PageiD # 889

-
{

Cage 2:22-cv-00243-IRG-RSP . Document 10 Fied Q7120422

AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE

’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court for the Eastern District of Texas on the following
[ Trademarks or [A Patents. ( [ the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:22-CV-243 6/29/2022 for the Eastern District of Texas

PLAINTIFF DEFENDANT

JOHNSON CONTROLS TECHNOLOGY COMPANY

WILLOW TECHNOLOGY CORPORATION LIMITED

TR%E&TR%\IO_ %‘;TfR(fDPEﬁfg; HOLDER OF PATENT OR TRADEMARK
1 11,070,390 7/20/2021 JOHNSON CONTROLS TECHNOLOGY COMPAN
2 10,854,194 12/1/2020 JOHNSON CONTROLS TECHNOLOGY COMPAN
3 11,016,998 5/25/2021 JOHNSON CONTROLS TECHNOLOGY COMPAN
4 11,113,295 9/7/2021 JOHNSON CONTROLS TECHNOLOGY COMPAN
5

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY
¥ Amendment ] Answer [ Cross Bill [ Other Pleading

TRASE AR o, R ARG HOLDER OF PATENT OR TRADEMARK
1 10,055,114 8/21/2018 JOHNSON CONTROLS TECHNOLOGY COMPAN
2 10,921,972 2/16/2021 JOHNSON CONTROLS TECHNOLOGY COMPAN
3 10,515,098 12/24/2019 JOHNSON CONTROLS TECHNOLOGY COMPAN
4 11,024,292 6/1/2021 JOHNSON CONTROLS TECHNOLOGY COMPAN
5

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 3—Upon termination of action, mail this copy to Director
Copy 4—Case file copy

Copy 1—Upon initiation of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director
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