Sefora Directora
DIRECCION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. S. D
Referencia : Expediente No. NC2020/0008371
Asunto . Solicitud de patente para MECANISMOS DE SENALIZACION PARA

RANGOS IGUALES Y OTROS PARAMETROS DE DRA PARA LA
CODIFICACION DE VIDEO

Solicitante : QUALCOMM INCORPORATED

Fecha de solicitud : 8 de julio de 2020

RECONOCIMIENTO DE CONCESION EN LA USPTO

Andrés Rincdn Uscdategui, obrando como apoderado del solicitante en el asunto antes identificado,
de conformidad con lo dispuesto en la Resolucién 59669 de 2020, respetuosamente me permito
solicitar el reconocimiento del tramite frente a la Oficina Estadounidense de Patentes y Marcas
(USPTO), correspondiente a la solicitud 16/244,871 de 10 de enero de 2019, la cual se invoca como
prioridad en la solicitud de la referencia y en la solicitud internacional PCT/US2019/013267, de la
cual esta solicitud es entrada en fase nacional. Lo anterior teniendo en cuenta los siguientes

documentos:

1. Formulario de procedimiento acelerado de examenes de patente (PPH).

2. Notificacién de aceptacion de la solicitud (Notice of Allowance) de fecha 12 de mayo de
2020, emitido por la USPTO como Oficina de Examen Anterior (OEA), con la traduccion de

sus apartes relevantes al espafiol.

INNOVACION PARA LOS NEGOCIOS
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Copia de la patente US 10,778,979 B2 correspondiente a la concesién de la solicitud

16/244,871.

Reivindicaciones concedidas por la USPTO con su respectiva traduccién al espafiol;

Nuevo capitulo reivindicatorio conformado por 29 reivindicaciones, basado en el capitulo

concedido por la USPTO.

Pago en linea por concepto de modificacidn del capitulo reivindicatorio.

Pago en linea por 19 reivindicaciones adicionales.

Finalmente, aporto a continuacion una tabla donde se consigna la correspondencia de las
reivindicaciones que han sido determinadas como patentables u otorgables en la USPTO y

aquellas presentadas junto con el presente memorial como modificacién voluntaria:

TABLA DE CORRESPONDENCIA

Reivindicaciones modificadas presentadas ante | Reivindicaciones consideradas otorgables por la

la SIC como OSP junto con este memorial USPTO (16/244,871)

Reivindicacion 1

Reivindicacion 1

Reivindicacién 2

Reivindicacién 2

Reivindicacion 3

Reivindicacion 3

Reivindicacién 4

Reivindicacién 4

Reivindicacién 5

Reivindicacién 5

Reivindicacion 6

Reivindicacion 6

Reivindicacién 7

Reivindicacién 7

Reivindicacién 8

Reivindicacién 8

Reivindicacion 9

Reivindicacion 9

Reivindicacién 10

Reivindicacién 10

Reivindicacion 11

Reivindicacion 11

Reivindicaciéon 12

Reivindicacién 12

Reivindicaciéon 13

Reivindicaciéon 13

Reivindicacion 14

Reivindicacion 14




Reivindicacion 15

Reivindicacion 15

Reivindicacién 16

Reivindicacién 16

Reivindicacion 17

Reivindicacion 17

Reivindicacién 18

Reivindicacién 18

Reivindicacién 19

Reivindicaciéon 19

Reivindicacion 20

Reivindicacion 20

Reivindicacién 21

Reivindicacién 21

Reivindicacion 22

Reivindicacion 22

Reivindicacion 23

Reivindicacion 23

Reivindicacion 24

Reivindicacion 24

Reivindicacion 25

Reivindicacion 25

Reivindicacién 26

Reivindicacién 26

Reivindicacién 27

Reivindicacién 27

Reivindicacion 28

Reivindicacion 28

Reivindicacién 29

Reivindicacién 29

Se considera entonces, que las

reivindicaciones presentadas son

“suficientemente

correspondientes” a las concedidas por la USPTO, ya que las reivindicaciones presentadas ante
la SIC se refieren a la misma materia que aquella consideradas como otorgables por la Oficina de

Examen Anterior (OEA).

Cumpliendo asi lo dispuesto para que una solicitud sea aceptada en el procedimiento acelerado
de exdmenes de patente entre la USPTO actuando como OEA y la SIC, atentamente solicito que
se continue con el trdmite correspondiente a esta solicitud de patente de invencién tomando en

cuenta la concesion en dicha OEA.

Sefiora Directora,

ANDRES RINCON USCATEGUI
C.C. 79.780.910 de Bogot3
T.P.114.908

EPM\MVM\ID-750327\WPC14439
Agte: 517 - 38



Espacio reservado para el adhesivo de radicacion

Industria y Comercio
SUPERINTENDENCIA

DIRECCION DE NUEVAS CREACIONES
Procedimiento acelerado de examenes de patente (PPH)

1 | NUMERO DE SOLICITUD ANTE LA SIC  NC2020/0008371

GLOBAL -PPH [X] Prais Estados Unidos de

América 3| PCT-PPH [] rais

4 | PROSUR [] Pais 5| Alianza del Pacifico (AdP) [] pais

6 | OFICINA DE PRIMERA PRESENTACION (OPP) [] | 7| OFICINA DE EXAMEN ANTERIOR (OEA) ]

NUMERO DE SOLICITUD O PUBLICACION DE LA SOLICITUD (OPP) O
8 | NUMERO DE SOLICITUD EN OFICINA DE EXAMEN ANTERIOR (OEA): X | '-US16/244.871
NUMERO DE SOLICITUD PCT: O

9 | [ | REPRESENTANTE LEGAL X APODERADO

] APELLIDOS ] _ NOMBRES IDENTIFICACION
RINCON USCATEGUI JOSE ANDRES C.C.79.780.910 T.P.114.908
DIRECCION Carrera4 # 72A - 35 No. TELEFONO 3473611
CIUDAD Bogota, D.C. (E;E);CBI%%NICO cavelier@cavelier.com

) No. RADICACION O
PAIS COLOMBIA PROTOCOLO DE
PODER GENERAL

10 | CONDICIONES PARA ACCEDER A ESTE PROCESO:

10.1. DATOS DE PRIORIDAD X sl [INO

(33) PAIS DE ORIGEN CODIGO PAIS (31) NUMERO (32) FECHA (AAAA/MM/DD)
1.Estados Unidos de América us 62/616,383 2018/01/11
2.Estados Unidos de América us 16/244,871 2019/01/10

10.2. DATOS SOLICITUD INTERNACIONAL PCT []SI []NO

Solicitud Internacional No. PCT/US2019/013267 Fecha 2019/01/11
Publicacién Internacional No.  WQ/2019/140244 Fecha 2019/07/18

*El solicitante presenta una copia de la(s) reivindicacion(es) patentable(s) u otorgable(s) de la solicitud de la Oficina de
Primera Presentacion que profirié el examen de patentabilidad, junto con una traduccion al castellano. [X] SI  [] NO
*El solicitante presenta los resultados de busqueda de la Oficina de Examen Anterior, junto con una traduccion al
castellano [1sI [INO

REQUISITOS PARA EL RECONOCIMIENTO DE LOS RESULTADOS DE EXAMENES DE PATENTABILIDAD
EFECTUADOS A SOLICITUDES EXTRANJERAS

Para que la Superintendencia de Industria y Comercio pueda reconocer los resultados de examenes de patentabilidad
producidos por otras Oficinas de Propiedad Industrial se debe cumplir con las siguientes condiciones:

(a) Al momento de solicitar el examen de patentabilidad, si el solicitante pide que se reconozcan examenes de patentabilidad
de otras oficinas extranjeras, debera aportar junto con el pago de la tasa correspondiente, los siguientes anexos:

(i) Copia de las resoluciones, fallos o decisiones que han sido relevantes para la determinacién de la patentabilidad de la(s)
solicitud(es) en la Oficina que haya proferido el examen de patentabilidad que contienen reivindicaciones patentables u

otorgables que son la base de la peticidn, y si es del caso, su traduccién al castellano. XIsl [INO
(ii) Copia de todas las reivindicaciones determinadas como patentables u otorgables en la Oficina que profirié el examen de
patentabilidad y, si es del caso, su traduccion al castellano. Xsi [INO

(iii) Copia de los antecedentes, informacion o documentos citados por el examinador de la Oficina de Primera Presentacion
del examen de patentabilidad, en las resoluciones, fallos o decisiones correspondientes, incluyendo la literatura no patente.
Los documentos de patente deberan presentarse siempre y cuando no estén disponibles para la Superintendencia de Industria

y Comercio mediante el simple acceso a bases de datos gratuitas. sl XINO
(iv) Una tabla de correspondencias de las reivindicaciones que han sido determinadas como patentables u otorgables en la
solicitud de la Oficina que haya proferido el examen de patentabilidad. XIsl [INO

FIRMA DEL SOLICITANTE, DEL APODERADO O DEL REPRESENTANTE LEGAL

Ut Junto a cada firma, indicar el nombre del firmante y su calidad (si tal calidad no es obvia al leer el petitorio)

/o

ANDRES RINCON USCATEGUI
C.C. No. 79.780.910 de Bogota
T.P.A. No. 114.908 del C.S.J.

P102-F20 Vr3 (2017-07-31)




10 | TABLA DE CORRESPONDENCIA DE REIVINDICACIONES

(iv)

Reivindicaciones en la solicitud en
Colombia

Reivindicaciones concedidas por la
Oficina de Examen Anterior

Explicacion sobre la suficiente
correspondencia 6 Comentarios

(USPTO) que explican la correspondencia
Las reivindicaciones 1 a 29 del capitulo
reivindicatorio de la solicitud de patente
NC2020/0008371 actualmente
1-29 1-29 presentado  corresponden a las

reivindicaciones 1 a 29 concedidas por
la USPTO como Oficina de Examen
Anterior.

EPM\MVM\ID-750325\WPC14439
Agte: 517 - 38

P102-F20 Vr3 (2017-07-31)



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.UsSpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
156222 7590 05/12/2020
Polsinelli/Qualcomm DULEY, JANESE
2049 Century Park East, Suite 2900
Los Angeles, CA 90067 | ART UNIT PAPERNUMBER |
2488
DATE MAILED: 05/12/2020
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
16/244,.871 01/10/2019 Adarsh Krishnan RAMASUBRAMONIAN 181625 (626299) 8081

TITLE OF INVENTION: SIGNALING MECHANISMS FOR EQUAL RANGES AND OTHER DRA PARAMETERS FOR VIDEO CODING

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

nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/12/2020

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 (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

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

IMPORTANT REMINDER: 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), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

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

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

156222 7590 05/12/2020 Certificate of Mailing or Transmission
Polsinelli/Qualcomm I hereby certify that this Fee(s) Transmittal is being deposited with the United
. States Postal Service with sufficient postage for first class mail in an envelope
2049 Century Park East, Suite 2900 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Los Angeles, CA 90067 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

(Typed or printed name)

(Signature)

(Date)

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

16/244,871 01/10/2019 Adarsh Krishnan RAMASUBRAMONIAN 181625 (626299) 8081

TITLE OF INVENTION: SIGNALING MECHANISMS FOR EQUAL RANGES AND OTHER DRA PARAMETERS FOR VIDEO CODING

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1000 $0.00 $0.00 $1000 08/12/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
DULEY, JANESE 2488 375-240030
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). 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) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

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

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/244.871 01/10/2019 Adarsh Krishnan RAMASUBRAMONIAN 181625 (626299) 8081
| EXAMINER |
156222 7590 05/12/2020
Polsinelli/Qualcomm DULEY, JANESE

2049 Century Park East, Suite 2900
Los Angeles, CA 90067

| ART UNIT PAPER NUMBER |

2488

DATE MAILED: 05/12/2020

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

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

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

outlined in 37 CFR 1.705.

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

Page 3 of 3
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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 30 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. 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 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. Arecord 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.



Application No. Applicant(s)
) o 16/244,871 RAMASUBRAMONIAN et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
JANESE DULEY 2488 Yes

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

1.4} This communication is responsive to 4/28/2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J 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 1-29 . 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.

4[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) LJAll by (JSome  *c) [J None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [J 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 result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

0 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 sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

1.0 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

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

3.0 Examiner's Comment Regarding Requirement for Deposit 7. J Other .

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

{JANESE DULEY/
Examiner, Art Unit 2488

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200506



Application/Control Number: 16/244,871 Page 2
Art Unit: 2488

DETAILED ACTION

Applicant(s) Response to Official Action

The response filed on April 28, 2020 has been entered and made of record.

Notice of Pre-AIA or AIA Status

The present application, filed on or after March 16, 2013, is being examined under the first

inventor to file provisions of the AIA.

In the cvent the determination of the status of the spplication as subject 1o AIA 33 US.C 102
and 1032 {or as subject to pre-ATA 35 U.5.C 1072 and 103) 1s inworrect, any correction of
the statutory basis {or the rejection will not be considered a new ground of rejection i the prior

art relicd epon, and the rationale supporting the rejection, would be the same under either status.

Reasons for Allowance

The following is an examiner’s statement of reasons for allowance: The instant invention is

related to signaling mechanisms for equal ranges and other DRA parameters for video coding.

Prior art was found and applied in the previous actions. However, in consideration of amended

claims and applicant’s arguments, see pages 9-13, filed 4/28/2020,with respect to 35 USC 103



Application/Control Number: 16/244,871 Page 3
Art Unit: 2488

have been fully considered and are persuasive. Applicant uniquely claimed a distinct feature in
the instant invention: “parameters divide a range of input values to the piecewise linear function
into a plurality of non-overlapping ranges, the plurality of non-overlapping ranges including a
first range and a set of ranges, wherein the first range has a first length and each range of the
set of ranges has a second length that is different from the first length” are not found or
suggested in the prior art. During an updated search the Examiner was unable to find a reference
disclosing or suggesting the featured invention.

The various claimed limitations mentioned in the claims are not taught or suggested by

the prior art taken either singly or in combination, with emphasize that it is each claim,

taken as a whole, including the interrelationships and interconnections between various

claimed elements make them allowable over the prior art of record.

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

Allowance.”

1. Claims 1, 8, 17, 22 are allowed.

2. Claims 2-7, 9-16, 18-21, 23-29 are also allowed since they are depended upon allowed

base claim as set forth above.
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Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JANESE DULEY whose telephone number is (571)272-5844.
The examiner can normally be reached on Monday-Thursday 8am-5pm, Friday 8am-12pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Sath Perungavoor can be reached on (571)272-7455. 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.

/Janese Duley/

Examiner, Art Unit 2488



Razones para conceder

Lo que sigue son las declaraciones del examinador con respecto a sus razones para la
concesion. La presente invencidon se refiere mecanismos de sefializacion para rangos

iguales y otros parametros de DRA para la codificacion de video.

Se encontrd arte previo, el que fue opuesto en oficios anteriores. Sin embargo, en
consideracion de las reivindicaciones modificadas y de los argumentos del solicitante, ver
paginas 9-13, presentadas el 4/28/2020, con respecto a 35 USC 103 han sido consideradas
totalmente y son persuasivas. El solicitante reivindicé exclusivamente una caracteristica
diferente en la presente invencién: “los pardmetros dividen un rango de valores de
entrada a la funcion lineal a trozos en una pluralidad de rangos no superpuestos, la
pluralidad de rangos no superpuestos incluyen un primer rango y un conjunto de rangos,
en donde el primer rango tiene una primera longitud y cada conjunto de rangos tiene una
segunda longitud que es diferente de la primera longitud”, que no se encuentra ni se
sugiere en el arte previo. Durante una busqueda actualizada, el examinador fue incapaz de

encontrar un antecedente que describa o sugiera la caracteristica de la invencion.

Las diversas limitaciones reivindicadas mencionadas en las reivindicaciones no se
ensefan ni se sugieren individualmente o en combinacién, enfatizando que es que

cada reivindicacion, consideradas en su totalidad, incluyendo la interrelacidén e

interconexion entre diversos elementos reivindicados, hacen que sean patentables

frente al arte previo encontrado.

Cualesquier comentarios considerados necesarios por el solicitante deberdn presentante a
mas tardar con el pago de la tasa de emisidn y, para evitar retrasos en el procesamiento,

preferiblemente deben acompanar la tasa de emisidon. Dichas presentaciones deben



marcarse claramente como “Comentarios en la Declaracion de Razones para la

Aceptacion”.

1. Las reivindicaciones 1, 8, 17, 22 son patentables.
2. Las reivindicaciones 2-7, 9-16, 18-21, 23-29 también lo son, dado que dependen de

reivindicaciones de base patentables, como se menciona anteriormente.
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FIG. 9
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FIG. 10
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1100

QObtaining video data, wherein, for a portion of a video frame of the video data,
the video data includes parameters describing a piecewise linear function for
dynamic range adjustment of colors in the portion of the video frame, wherein the
parameters divide a range of input values to the piecewise linear function into
multiple non-overlapping ranges, wherein the non-overlapping ranges includes a
first range having a first length and a set of ranges each having a second length,
and wherein the first length is different from the second length
1102

I

Generating a data structure for the parameters
1104

!

Setting an indicator in the data structure to indicate that the non-overlapping
ranges includes the set of ranges each having the second length
1106

'

Setting a first value in the data structure to indicate the second length
1108

'

Generating encoded video data from the video data, wherein the data structure is
included with the encoded video data
1110

FIG. 11
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1200

Obtaining encoded video data
1202

I

Determining, for a portion of a video frame from the encoded video data, a data
structure including parameters describing a piecewise linear function for dynamic
range adjustment of colors in the portion of the video frame, wherein the
parameters divide a range of input values to the piecewise linear function into
multiple non-overlapping ranges
1204

I

Determining, from an indicator in the data structure, that the non-overlapping
ranges includes a first range having a first length and a set of ranges each having a
second fength, wherein the first length is different from the second length
1206

I

Determining, using a first value in the data structure, the second length
1208

:

Determining the first length using information provided by the data structure
1210

y

Reconstructing the piecewise linear function using the first length, the second
length, and scale factors associated with each of the non-overlapping ranges,
wherein the scale factors are included in the data structure
1212

I

Decoding the portion of the video frame
1214

I

Applying the piecewise linear function to the colors in the portion of the video
frame to perform dynamic range adjustment
1216

FIG. 12
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SIGNALING MECHANISMS FOR EQUAL
RANGES AND OTHER DRA PARAMETERS
FOR VIDEO CODING

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/616,383, filed on Jan. 11, 2018, the entirety of
which is hereby incorporated by reference for all purposes.

FIELD

This application is related to video systems and methods.
For example, this application is related to the field of coding
of'video signals with High Dynamic Range (HDR) and Wide
Color Gamut (WCG) representations. The application speci-
fies signaling and operations applied to video data in certain
color spaces to enable more efficient compression of HDR
and WCG video data. Benefits of the subject matter of this
application include improving the compression efficiency of
hybrid based video coding systems utilized for coding HDR
and WCG video data.

BACKGROUND

Examples of video coding standards include ITU-T
H.261, ISO/IEC MPEG-1 Visual, ITU-T H.262 or ISO/IEC
MPEG-2 Visual, ITU-T H.263, ISO/IEC MPEG-4 Visual
and ITU-T H.264 (also known as ISO/IEC MPEG-4 AVC),
including its Scalable Video Coding (SVC) and Multi-view
Video Coding (MVC) extensions. In addition, a video cod-
ing standard, namely High Efficiency Video Coding
(HEVC), has been developed by the Joint Collaboration
Team on Video Coding (JCT-VC) of ITU-T Video Coding
Experts Group (VCEG) and ISO/IEC Motion Picture
Experts Group (MPEG). The latest HEVC draft specifica-
tion is available as “Recommendation ITU-T H.265: High
Efficiency Video Coding (HEVC),” http://www.itu.int/rec/
T-REC-H.265-201504-1/en.

BRIEF SUMMARY

In various implementations, provided are systems such as
encoding and decoding devices, methods, and computer-
readable medium for encoding and decoding video data.
Dynamic Range Adjustment can be used to correct distor-
tions that can occur when the dynamic range of the colors in
video are transformed. In various examples, Dynamic Range
Adjustment can be performed using a piecewise linear
function that takes as input a range of color values. Param-
eters describing the piecewise linear function can be
encoded into a bitstream, and the parameters can be used by
a decoder to reconstruct the piecewise linear function.

Dynamic Range Adjustment can be used to improve the
efficiency of compression of video data. For example, pro-
cess can be performed at an encoding device that converts
video data into a format that may be more suitable for
compression, such that fewer bits may be necessary to
encode the video data without affecting the quality of the
decoded video data. An inverse process can be performed at
a decoding device that converts the data back to the same
format as the input video data.

Dynamic Range Adjustment can further be used to con-
vert the video data into a representation that is suitable for
a particular type of display. The characteristics of a display,
to which the representation can be convert, can include, for
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example, the peak luminance of the display, the dynamic
range of the display, the color gamut of the display, and/or
the color primaries used by the display. In some examples,
Dynamic Range Adjustment may be used to convert video
data from SDR to HDR, or vice versa, as may be applicable.

Various techniques can be used to signal parameters that
can be used for Dynamic Range Adjustment. The techniques
can result in reducing the amount of bits required to encode
the parameters, particularly when the range of input values
to the piecewise linear function can be divided into segments
or partitions each having the same length. These techniques
can also be taken advantage of when the range of input
values can be divided into a set of range each having the
same length, and one range that has a different length.

According to at least one example, a method of encoding
video is provided that includes obtaining, at an encoding
device, video data, wherein, for a portion of a video frame
of the video data, the video data includes parameters
describing a piecewise linear function for dynamic range
adjustment of colors in the portion of the video frame,
wherein the parameters divide a range of input values to the
piecewise linear function into a plurality of non-overlapping
ranges, wherein the plurality of non-overlapping ranges
includes a first range having a first length and a set of ranges
each having a second length, and wherein the first length is
different from the second length. The method further
includes generating a data structure for the parameters. The
method further includes setting an indicator in the data
structure to indicate that the plurality of non-overlapping
ranges includes the set of ranges each having the second
length. The method further includes setting a first value in
the data structure to indicate the second length. The method
further includes generating encoded video data from the
video data, wherein the data structure is included with the
encoded video data.

In another example, an encoding device is provided that
includes a memory configured to store video data and a
processor. The processor is configured to and can generate a
data structure for the parameters. The processor is config-
ured to and can set an indicator in the data structure to
indicate that the plurality of non-overlapping ranges
includes the set of ranges each having the second length. The
processor is configured to and can set a first value in the data
structure to indicate the second length. The processor is
configured to and can generate encoded video data from the
video data, wherein the data structure is included with the
encoded video data.

In another example, a computer-readable medium is pro-
vided having stored thereon instructions that when executed
by a processor, cause the processor to perform operations
including obtaining, at an encoding device, video data,
wherein, for a portion of a video frame of the video data, the
video data includes parameters describing a piecewise linear
function for dynamic range adjustment of colors in the
portion of the video frame, wherein the parameters divide a
range of input values to the piecewise linear function into a
plurality of non-overlapping ranges, wherein the plurality of
non-overlapping ranges includes a first range having a first
length and a set of ranges each having a second length, and
wherein the first length is different from the second length.
The instructions further cause the processor to generate a
data structure for the parameters. The instructions further
cause the processor to set an indicator in the data structure
to indicate that the plurality of non-overlapping ranges
includes the set of ranges each having the second length. The
instructions further cause the processor to set a first value in
the data structure to indicate the second length. The instruc-
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tions further cause the processor to generate encoded video
data from the video data, wherein the data structure is
included with the encoded video data.

In another example, an apparatus is provided that includes
means for obtaining video data, wherein, for a portion of a
video frame of the video data, the video data includes
parameters describing a piecewise linear function for
dynamic range adjustment of colors in the portion of the
video frame, wherein the parameters divide a range of input
values to the piecewise linear function into a plurality of
non-overlapping ranges, wherein the plurality of non-over-
lapping ranges includes a first range having a first length and
a set of ranges each having a second length, and wherein the
first length is different from the second length. The apparatus
further includes a means for generating a data structure for
the parameters. The apparatus further includes a means for
setting an indicator in the data structure to indicate that the
plurality of non-overlapping ranges includes the set of
ranges each having the second length. The apparatus further
includes a means for setting a first value in the data structure
to indicate the second length. The apparatus further includes
a means for generating encoded video data from the video
data, wherein the data structure is included with the encoded
video data.

In some aspects, the first value indicates the second length
as a difference between an end value and a start value of each
of the set of ranges.

In some aspects, the first value indicates the second length
by indicating a difference between a fixed value and the
second length.

In some aspects, the methods, apparatuses, and computer-
readable medium described above further comprise setting a
second value in the data structure to indicate the first length.

In some aspects, the first range includes a first set of input
values from a beginning of the range of input values, and
wherein the set of ranges include a second set input values,
from the range of input values, that follow the first set of
input values.

In some aspects, the plurality of non-overlapping ranges
includes a second range having a third length, wherein the
third length is different from the second length. In these
aspects, the methods, apparatuses, and computer-readable
medium described above further comprise setting a second
indicator in the data structure to indicate that the plurality of
non-overlapping ranges includes the first range and the
second range. These aspects further comprise setting a third
value in the data structure to indicate the third length.

In some aspects, the first value is equal to a number of
ranges in the set of ranges multiplied by the second length.

In some aspects, the set of ranges include a first set of
input values from a beginning of the range of input values,
and wherein the first range includes a second set of input
values, from the range of input values, that follow the first
set of input values.

In some aspects, the parameters further include scale
factors associated with each of the plurality of non-overlap-
ping ranges. In these aspects, the methods, apparatuses, and
computer-readable medium described above further com-
prise adding the scale factors to the data structure.

In some aspects, the methods, apparatuses, and computer-
readable medium described above further comprise includ-
ing the data structure in a Supplementary Enhancement
Information (SEI) message, a slice header, or a parameter
set.

According to at least one example, a method of decoding
video data is provided that includes The method further
includes determining, for a portion of a video frame from of
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the encoded video data, a data structure including param-
eters describing a piecewise linear function for dynamic
range adjustment of colors in the portion of the video frame,
wherein the parameters divide a range of input values to the
piecewise linear function into a plurality of non-overlapping
ranges. The method further include determining, from an
indicator in the data structure, that the plurality of non-
overlapping ranges include a first range having a first length
and a set of ranges each having a second length, wherein the
first length is different from the second length. The method
further includes determining, using a first value in the data
structure, the second length. The method further includes
determining the first length using information provided by
the data structure. The method further includes reconstruct-
ing the piecewise linear function using the first length, the
second length, and scale factors associated with each of the
plurality of non-overlapping ranges, wherein the scale fac-
tors are included in the data structure. The method further
includes decoding the portion of the video frame. The
method further includes applying the piecewise linear func-
tion to the colors in the portion of the video frame to perform
dynamic range adjustment.

In another example, a decoding is provided that includes
a memory configured to store video data and a processor.
The processor is configured to and can determine, for a
portion of a video frame from of the encoded video data, a
data structure including parameters describing a piecewise
linear function for dynamic range adjustment of colors in the
portion of the video frame, wherein the parameters divide a
range of input values to the piecewise linear function into a
plurality of non-overlapping ranges. The processor is con-
figured to and can determine, from an indicator in the data
structure, that the plurality of non-overlapping ranges
include a first range have a first length and a set of ranges
each having a second length, wherein the first length is
different from the second length. The processor is configured
to and can determine, using a first value in the data structure,
the second length. The processor is configured to and can
determine the first length using information provided by the
data structure. The processor is configured to and can
reconstruct the piecewise linear function using the first
length, the second length, and scale factors associated with
each of the plurality of non-overlapping ranges, wherein the
scale factors are included in the data structure. The processor
is configured to and can decode the portion of the video
frame. The processor is configured to and can apply the
piecewise linear function to the colors in the portion of the
video frame to perform dynamic range adjustment.

In another example, a computer-readable medium is pro-
vided having stored thereon instructions that when executed
by a processor, cause the processor to perform operations
including obtaining encoded video data. The instructions
can further cause the processor to determine, for a portion of
a video frame from of the encoded video data, a data
structure including parameters describing a piecewise linear
function for dynamic range adjustment of colors in the
portion of the video frame, wherein the parameters divide a
range of input values to the piecewise linear function into a
plurality of non-overlapping ranges. The instructions can
further cause the processor to determine, from an indicator
in the data structure, that the plurality of non-overlapping
ranges include a first range having a first length and a set of
ranges each having a second length, wherein the first length
is different from the second length. The instructions can
further cause the processor to determine, using a first value
in the data structure, the second length. The instructions can
further cause the processor to determine the first length
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using the data structure. The instructions can further cause
the processor to reconstruct the piecewise linear function
using the first length, the second length, and scale factors
associated with each of the plurality of non-overlapping
ranges, wherein the scale factors are included in the data
structure. The instructions can further cause the processor to
decode the portion of the video frame. The instructions can
further cause the processor to apply the piecewise linear
function to the colors in the portion of the video frame to
perform dynamic range adjustment.

In another example, an apparatus is provided that includes
means for obtaining encoded video data. The apparatus
further comprises means for determining, for a portion of a
video frame from of the encoded video data, a data structure
including parameters describing a piecewise linear function
for dynamic range adjustment of colors in the portion of the
video frame, wherein the parameters divide a range of input
values to the piecewise linear function into a plurality of
non-overlapping ranges. The apparatus further comprises
means for determining, from an indicator in the data struc-
ture, that the plurality of non-overlapping ranges include a
first range having a first length and a set of ranges each
having a second length, wherein the first length is different
from the second length. The apparatus further comprises
means for determining, using a first value in the data
structure, the second length. The apparatus further com-
prises means for determining the first length using the data
structure. The apparatus further comprises means for recon-
structing the piecewise linear function using the first length,
the second length, and scale factors associated with each of
the plurality of non-overlapping ranges, wherein the scale
factors are included in the data structure. The apparatus
further comprises means for decoding the portion of the
video frame. The apparatus further comprises means for
applying the piecewise linear function to the colors in the
portion of the video frame to perform dynamic range adjust-
ment.

In some aspects, the first value provides the second length
and wherein a second value in the data structure provides the
first length.

In some aspects, the first value indicates the second length
by indicating a different between a fixed value and the
second length.

In some aspects, a second value in the data structure
provides the first length. In these aspects, the methods,
apparatuses, and computer-readable medium further com-
prise determining from an index associated with the second
value that the first range includes a first set of input values
from a beginning of the range of input values, and wherein
the set of ranges include a second set input values, from the
range of input values, that follow the first set of input values.

In some aspects, the methods, apparatuses, and computer-
readable medium described above further comprise deter-
mining, from a second indicator in the data structure, that the
plurality of non-overlapping ranges includes a second range
having a third length, wherein third length is different from
the second length. These aspects further comprise determin-
ing the third length from a third value in the data structure.

In some aspects, the first length is equal to a total length
of the set of ranges, and wherein determining the second
length includes dividing the first length by a number of
ranges in the set of ranges.

In some aspects, the methods, apparatuses, and computer-
readable medium described above further comprise deter-
mining, based on the first value, that the set of ranges include
a first set of input values from a beginning of the range of
input values, and wherein the first range includes a second
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set of input values, from the range of input values, that
follow the first set of input values.

In some aspects, the parameters are included in a Supple-
mentary Enhancement Information (SEI) message, a slice
header, or a parameter set.

This summary is not intended to identify key or essential
features of the claimed subject matter, nor is it intended to
be used in isolation to determine the scope of the claimed
subject matter. The subject matter should be understood by
reference to appropriate portions of the entire specification
of this patent, any or all drawings, and each claim.

The foregoing, together with other features and embodi-
ments, will become more apparent upon referring to the
following specification, claims, and accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

Iustrative examples of the of various implementations
are described in detail below with reference to the following
drawing figures:

FIG. 1 includes a block diagram illustrating a system that
includes an encoding device and a decoding device;

FIG. 2 illustrates the dynamic range of typical human
vision, in comparison with the dynamic range of various
display types;

FIG. 3 illustrates an example of a chromaticity diagram;

FIG. 4 includes a diagram illustrating an example of a
process for converting high-precision linear RGB video data
for purposes of encoding the video data;

FIG. 5 includes a diagram illustrating an example of a
process for restoring converted HDR video data, obtained
from a decoded bitstream produced by a decoder;

FIG. 6 includes a chart that illustrates examples of lumi-
nance curves produced by transfer functions;

FIG. 7 includes a graph illustrating an example of input
values to PQ_TF;

FIG. 8 includes a graph illustrating an example of an LCS
function;

FIG. 9 includes a graph that plots a y-value for a range of
input values of x, according to a piecewise linear function
for dynamic range adjustment;

FIG. 10 includes a graph that plots a y-value for a range
on x values, according to a piecewise linear function for
dynamic range adjustment;

FIG. 11 includes a flowchart that illustrates an example of
a process for encoding video data;

FIG. 12 includes a flowchart illustrating an example of a
process for decoding video data;

FIG. 13 is a block diagram illustrating an example encod-
ing device; and

FIG. 14 is a block diagram illustrating an example decod-
ing device.

DETAILED DESCRIPTION

Certain aspects and embodiments of this disclosure are
provided below. Some of these aspects and embodiments
may be applied independently and some of them may be
applied in combination as would be apparent to those of skill
in the art. In the following description, for the purposes of
explanation, specific details are set forth in order to provide
a thorough understanding of embodiments of the applica-
tion. However, it will be apparent that various embodiments
may be practiced without these specific details. The figures
and description are not intended to be restrictive.
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The ensuing description provides examples only, and is
not intended to limit the scope, applicability, or configura-
tion of the disclosure. Rather, the ensuing description of the
examples will provide those skilled in the art with an
enabling description for implementing an example. It should
be understood that various changes may be made in the
function and arrangement of elements without departing
from the spirit and scope of the application as set forth in the
appended claims.

Specific details are given in the following description to
provide a thorough understanding of the embodiments.
However, it will be understood by one of ordinary skill in the
art that the embodiments may be practiced without these
specific details. For example, circuits, systems, networks,
processes, and other components may be shown as compo-
nents in block diagram form in order not to obscure the
embodiments in unnecessary detail. In other instances, well-
known circuits, processes, algorithms, structures, and tech-
niques may be shown without unnecessary detail in order to
avoid obscuring the embodiments.

Also, it is noted that individual embodiments may be
described as a process which is depicted as a flowchart, a
flow diagram, a data flow diagram, a structure diagram, or
a block diagram. Although a flowchart may describe the
operations as a sequential process, many of the operations
can be performed in parallel or concurrently. In addition, the
order of the operations may be re-arranged. A process is
terminated when its operations are completed, but could
have additional steps not included in a figure. A process may
correspond to a method, a function, a procedure, a subrou-
tine, a subprogram, etc. When a process corresponds to a
function, its termination can correspond to a return of the
function to the calling function or the main function.

The term “computer-readable medium” includes, but is
not limited to, portable or non-portable storage devices,
optical storage devices, and various other mediums capable
of storing, containing, or carrying instruction(s) and/or data.
A computer-readable medium may include a non-transitory
medium in which data can be stored and that does not
include carrier waves and/or transitory electronic signals
propagating wirelessly or over wired connections. Examples
of a non-transitory medium may include, but are not limited
to, a magnetic disk or tape, optical storage media such as
compact disk (CD) or digital versatile disk (DVD), flash
memory, memory or memory devices. A computer-readable
medium may have stored thereon code and/or machine-
executable instructions that may represent a procedure, a
function, a subprogram, a program, a routine, a subroutine,
a module, a software package, a class, or any combination
of instructions, data structures, or program statements. A
code segment may be coupled to another code segment or a
hardware circuit by passing and/or receiving information,
data, arguments, parameters, or memory contents. Informa-
tion, arguments, parameters, data, etc. may be passed, for-
warded, or transmitted via any suitable means including
memory sharing, message passing, token passing, network
transmission, or the like.

Furthermore, embodiments may be implemented by hard-
ware, software, firmware, middleware, microcode, hardware
description languages, or any combination thereof. When
implemented in software, firmware, middleware or micro-
code, the program code or code segments to perform the
necessary tasks (e.g., a computer-program product) may be
stored in a computer-readable or machine-readable medium.
A processor(s) may perform the necessary tasks.

As more devices and systems provide consumers with the
ability to consume digital video data, the need for efficient
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video coding techniques becomes more important. Video
coding is needed to reduce storage and transmission require-
ments necessary to handle the large amounts of data present
in digital video data. Various video coding techniques may
be used to compress video data into a form that uses a lower
bit rate while maintaining high video quality. As used herein,
“coding” can refer to “encoding” and “decoding.”

Color volume transformation is a process by which the
range of colors in a video can be transformed, for example
to reduce the color volume for purposes of encoding or
compressing the video data. An inverse color transformation
process can restore the reduced color volume to the original
color volume. The transformation may be a lossy process,
meaning that some color information may be lost by the
transformation process, which cannot be recovered when the
inverse transformation is applied. Because of data loss or
other issues distortions may occur in the colors in the video,
such as bleeding or mismatching colors.

Dynamic Range Adjustment (DRA) is a process for
compensating for distortions that may occur during color
volume transformation. Dynamic Range Adjustment can
compensate for changes in the dynamic range of the colors
in a video that may occur during color volume transforma-
tion. Dynamic Range Adjustment can include representing
the dynamic range of a group of video frames, of one video
frame, and/or of a portion of a video frame using a piecewise
linear function. An encoder can signal parameters that
describe the piecewise linear function in a bitstream (e.g.,
encode the parameter values and include the encoded values
in the bitstream), along with other data that represents the
video frames. A decoder can then use the parameters to
reconstruct the piecewise linear function, and use the piece-
wise linear function to adjust the dynamic range of the
corresponding group of frames, frame, and/or portion of a
video frame.

Video data may be compressed in order to reduce the
number of bits used to represent the data. The compression
can be performed such that the trade-off between the quality
of the reconstructed video and the number of bits used to
represent the data satisfies a particular application and/or a
metric determined to be satisfactory for consumers of the
content. A Dynamic Range Adjustment may be applied on
video data such that the video data is converted to a domain
that is capable of providing a better trade-off of quality and
number of bits. An inverse process can restore the video data
back to the original domain.

Dynamic Range Adjustment may also be applied to
convert video such that it is suitable for a particular type of
display. The video data may be encoded as such, or may be
coded after application of Dynamic Range Adjustment. The
resultant video may be suitable for a particular set (e.g., Set
A) of display characteristics. A corresponding Dynamic
Range Adjustment may be applied at the decoder to convert
the decoded video such that the converted video is suitable
for a different set (e.g., Set B) of display characteristics.
When the display characteristics match Set A, Dynamic
Range Adjustment may not need to be performed at the
decoder. The set of characteristics of display may include,
for example, peak luminance of display, dynamic range,
color gamut, and/or color primaries of the display, among
other examples. In some examples, Set A may also apply to
an SDR display (or HDR display) and Set B may apply to
a HDR display (or SDR display). In these examples,
Dynamic Range Adjustment maps the content from SDR to
HDR (or HDR to SDR).

Signaling (e.g., describing in an encoded bitstream) a
piecewise linear function can require a certain number of
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bits, which may represent redundant information. For
example, one way to describe a piecewise linear function is
to divide the range of input values for the function into
segments that each have constant slope, in which case the
function can be signaled by including the length of each
segment and the slope of each segment in the encoded data.
For some content, the function may be such that the seg-
ments can be of equal length, in which case the length
component is redundant. In this example, coding efficiency
(e.g., the compactness of the bitstream) can be improved by
signaling only the slope of each segment. For some content,
however, only a portion of the range can be divided into
segments having constant slopes. For example, for some
content, the range of input values can be divided into a set
of ranges having equal lengths and one range that has a
different length. In this example, one option for signaling in
the ranges is to indicate the length of each range and the
slope. This may be less efficient, because the length com-
ponent of the equal-length ranges will be the same and thus
redundantly signaled. An alternative option is to divide all of
the range of input values, including the one range of unequal
length, into equal lengths, and signaling the slope of each
resulting segment. This may also be less efficient, because in
this case multiple lengths would be signaled for a range that
could otherwise be signaled using one length.

In various implementations, provided are systems, meth-
ods, and instructions stored on computer-readable medium
for encoding a piecewise linear function used from Dynamic
Range Adjustment, and for decoding parameters that can be
used to reconstruct the piecewise linear function. The
parameters for the piecewise linear function can be included
in a data structure, which can be provided with the encoded
video data to which the parameters apply.

In various examples, the range of input values to the
piecewise linear function can be divided into non-overlap-
ping ranges. When the ranges include a set that each have the
same length, the one length can be indicated in a data
structure. This can reduce the number of bits needed to
encode the data structure, in that the individual lengths of the
ranges need not be included in the data structure. When the
ranges also include one or possibly two ranges that are not
of the same length as the ranges that have the same length,
then the data structure can include separate components to
indicate one or both of these other lengths, or one or both
lengths can be derived from parameters used to indicate the
lengths of the ranges that are of the same length. This
enables the one value for indicating the lengths of the ranges
that are of the same length to be used, without having to
resort to individually indicating the lengths of each of the
ranges.

Referring to FIG. 1, a video source 102 may provide the
video data to the encoding device 104. The video source 102
may be part of the source device, or may be part of a device
other than the source device. The video source 102 may
include a video capture device (e.g., a video camera, a
camera phone, a video phone, or the like), a video archive
containing stored video, a video server or content provider
providing video data, a video feed interface receiving video
from a video server or content provider, a computer graphics
system for generating computer graphics video data, a
combination of such sources, or any other suitable video
source.

The video data from the video source 102 may include
one or more input pictures or frames. A picture or frame of
a video is a still image of a scene. The encoder engine 106
(or encoder) of the encoding device 104 encodes the video
data to generate an encoded video bitstream. In some
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examples, an encoded video bitstream (or “video bitstream”
or “bitstream™) is a series of one or more coded video
sequences. A coded video sequence (CVS) includes a series
of'access units (AUs) starting with an AU that has a random
access point picture in the base layer and with certain
properties up to and not including a next AU that has a
random access point picture in the base layer and with
certain properties. For example, the certain properties of a
random access point picture that starts a CVS may include
a RASL flag (e.g., NoRaslOutputFlag) equal to 1. Other-
wise, a random access point picture (with RASL flag equal
to 0) does not start a CVS. An access unit (AU) includes one
or more coded pictures and control information correspond-
ing to the coded pictures that share the same output time.
Coded slices of pictures are encapsulated in the bitstream
level into data units called network abstraction layer (NAL)
units. For example, an HEVC video bitstream may include
one or more CVSs including NAL units. Each of the NAL
units has a NAL unit header. In one example, the header is
one-byte for H.264/AVC (except for multi-layer extensions)
and two-byte for HEVC. The syntax elements in the NAL
unit header take the designated bits and therefore are visible
to all kinds of systems and transport layers, such as Trans-
port Stream, Real-time Transport (RTP) Protocol, File For-
mat, among others.

Two classes of NAL units exist in the HEVC standard,
including video coding layer (VCL) NAL units and non-
VCL NAL units. A VCL NAL unit includes one slice or slice
segment (described below) of coded picture data, and a
non-VCL NAL unit includes control information that relates
to one or more coded pictures. In some cases, a NAL unit
can be referred to as a packet. An HEVC AU includes VCL
NAL units containing coded picture data and non-VCL NAL
units (if any) corresponding to the coded picture data.

NAL units may contain a sequence of bits forming a
coded representation of the video data (e.g., an encoded
video bitstream, a CVS of a bitstream, or the like), such as
coded representations of pictures in a video. The encoder
engine 106 generates coded representations of pictures by
partitioning each picture into multiple slices. A slice is
independent of other slices so that information in the slice is
coded without dependency on data from other slices within
the same picture. A slice includes one or more slice segments
including an independent slice segment and, if present, one
or more dependent slice segments that depend on previous
slice segments. The slices are then partitioned into coding
tree blocks (CTBs) of luma samples and chroma samples. A
CTB of luma samples and one or more CTBs of chroma
samples, along with syntax for the samples, are referred to
as a coding tree unit (CTU). A CTU is the basic processing
unit for HEVC encoding. A CTU can be split into multiple
coding units (CUs) of varying sizes. A CU contains luma and
chroma sample arrays that are referred to as coding blocks
(CBs).

The luma and chroma CBs can be further split into
prediction blocks (PBs). A PB is a block of samples of the
luma component or a chroma component that uses the same
motion parameters for inter-prediction or intra-block copy
prediction (when available or enabled for use). The luma PB
and one or more chroma PBs, together with associated
syntax, form a prediction unit (PU). For inter-prediction, a
set of motion parameters (e.g., one or more motion vectors,
reference indices, or the like) is signaled in the bitstream for
each PU and is used for inter-prediction of the luma PB and
the one or more chroma PBs. The motion parameters can
also be referred to as motion information. A CB can also be
partitioned into one or more transform blocks (TBs). ATB
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represents a square block of samples of a color component
on which the same two-dimensional transform is applied for
coding a prediction residual signal. A transform unit (TU)
represents the TBs of luma and chroma samples, and cor-
responding syntax elements.

A size of a CU corresponds to a size of the coding mode
and may be square in shape. For example, a size of a CU
may be 8x8 samples, 16x16 samples, 32x32 samples, 64x64
samples, or any other appropriate size up to the size of the
corresponding CTU. The phrase “NxN” is used herein to
refer to pixel dimensions of a video block in terms of vertical
and horizontal dimensions (e.g., 8 pixelsx8 pixels). The
pixels in a block may be arranged in rows and columns. In
some examples, blocks may not have the same number of
pixels in a horizontal direction as in a vertical direction.
Syntax data associated with a CU may describe, for
example, partitioning of the CU into one or more PUs.
Partitioning modes may differ between whether the CU is
intra-prediction mode encoded or inter-prediction mode
encoded. PUs may be partitioned to be non-square in shape.
Syntax data associated with a CU may also describe, for
example, partitioning of the CU into one or more TUs
according to a CTU. A TU can be square or non-square in
shape.

According to the HEVC standard, transformations may be
performed using transform units (TUs). TUs may vary for
different CUs. The TUs may be sized based on the size of
PUs within a given CU. The TUs may be the same size or
smaller than the PUs. In some examples, residual samples
corresponding to a CU may be subdivided into smaller units
using a quadtree structure known as residual quad tree
(RQT). Leaf nodes of the RQT may correspond to TUs.
Pixel difference values associated with the TUs may be
transformed to produce transform coefficients. The trans-
form coefficients may then be quantized by the encoder
engine 106.

Once the pictures of the video data are partitioned into
CUs, the encoder engine 106 predicts each PU using a
prediction mode. The prediction unit or prediction block is
then subtracted from the original video data to get residuals
(described below). For each CU, a prediction mode may be
signaled inside the bitstream using syntax data. A prediction
mode may include intra-prediction (or intra-picture predic-
tion) or inter-prediction (or inter-picture prediction). Intra-
prediction utilizes the correlation between spatially neigh-
boring samples within a picture. For example, using intra-
prediction, each PU is predicted from neighboring image
data in the same picture using, for example, DC prediction
to find an average value for the PU, planar prediction to fit
aplanar surface to the PU, direction prediction to extrapolate
from neighboring data, or any other suitable types of pre-
diction. Inter-prediction uses the temporal correlation
between pictures in order to derive a motion-compensated
prediction for a block of image samples. For example, using
inter-prediction, each PU is predicted using motion com-
pensation prediction from image data in one or more refer-
ence pictures (before or after the current picture in output
order). The decision whether to code a picture area using
inter-picture or intra-picture prediction may be made, for
example, at the CU level.

In some examples, the one or more slices of a picture are
assigned a slice type. Slice types include an I slice, a P slice,
and a B slice. An I slice (intra-frames, independently decod-
able) is a slice of a picture that is only coded by intra-
prediction, and therefore is independently decodable since
the I slice requires only the data within the frame to predict
any prediction unit or prediction block of the slice. A P slice
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(uni-directional predicted frames) is a slice of a picture that
may be coded with intra-prediction and with uni-directional
inter-prediction. Each prediction unit or prediction block
within a P slice is either coded with Intra prediction or
inter-prediction. When the inter-prediction applies, the pre-
diction unit or prediction block is only predicted by one
reference picture, and therefore reference samples are only
from one reference region of one frame. A B slice (bi-
directional predictive frames) is a slice of a picture that may
be coded with intra-prediction and with inter-prediction
(e.g., either bi-prediction or uni-prediction). A prediction
unit or prediction block of a B slice may be bi-directionally
predicted from two reference pictures, where each picture
contributes one reference region and sample sets of the two
reference regions are weighted (e.g., with equal weights or
with different weights) to produce the prediction signal of
the bi-directional predicted block. As explained above, slices
of one picture are independently coded. In some cases, a
picture can be coded as just one slice.

A PU may include the data (e.g., motion parameters or
other suitable data) related to the prediction process. For
example, when the PU is encoded using intra-prediction, the
PU may include data describing an intra-prediction mode for
the PU. As another example, when the PU is encoded using
inter-prediction, the PU may include data defining a motion
vector for the PU. The data defining the motion vector for a
PU may describe, for example, a horizontal component of
the motion vector (Ax), a vertical component of the motion
vector (Ay), a resolution for the motion vector (e.g., integer
precision, one-quarter pixel precision, or one-eighth pixel
precision), a reference picture to which the motion vector
points, a reference index, a reference picture list (e.g., List
0, List 1, or List C) for the motion vector, or any combina-
tion thereof.

The encoding device 104 may then perform transforma-
tion and quantization. For example, following prediction,
the encoder engine 106 may calculate residual values cor-
responding to the PU. Residual values may comprise pixel
difference values between the current block of pixels being
coded (the PU) and the prediction block used to predict the
current block (e.g., the predicted version of the current
block). For example, after generating a prediction block
(e.g., issuing inter-prediction or intra-prediction), the
encoder engine 106 can generate a residual block by sub-
tracting the prediction block produced by a prediction unit
from the current block. The residual block includes a set of
pixel difference values that quantify differences between
pixel values of the current block and pixel values of the
prediction block. In some examples, the residual block may
be represented in a two-dimensional block format (e.g., a
two-dimensional matrix or array of pixel values). In such
examples, the residual block is a two-dimensional represen-
tation of the pixel values.

Any residual data that may be remaining after prediction
is performed is transformed using a block transform, which
may be based on discrete cosine transform, discrete sine
transform, an integer transform, a wavelet transform, other
suitable transform function, or any combination thereof. In
some cases, one or more block transforms (e.g., sizes 32x32,
16x16, 8x8, 4x4, or the like) may be applied to residual data
in each CU. In some examples, a TU may be used for the
transform and quantization processes implemented by the
encoder engine 106. A given CU having one or more PUs
may also include one or more TUs. As described in further
detail below, the residual values may be transformed into
transform coefficients using the block transforms, and then
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may be quantized and scanned using TUs to produce seri-
alized transform coefficients for entropy coding.

In some examples following intra-predictive or inter-
predictive coding using PUs of a CU, the encoder engine
106 may calculate residual data for the TUs of the CU. The
PUs may comprise pixel data in the spatial domain (or pixel
domain). The TUs may comprise coefficients in the trans-
form domain following application of a block transform. As
previously noted, the residual data may correspond to pixel
difference values between pixels of the unencoded picture
and prediction values corresponding to the PUs. Encoder
engine 106 may form the TUs including the residual data for
the CU, and may then transform the TUs to produce trans-
form coefficients for the CU.

The encoder engine 106 may perform quantization of the
transform coeflicients. Quantization provides further com-
pression by quantizing the transform coefficients to reduce
the amount of data used to represent the coefficients. For
example, quantization may reduce the bit depth associated
with some or all of the coefficients. In one example, a
coeflicient with an n-bit value may be rounded down to an
m-bit value during quantization, with n being greater than m.

Once quantization is performed, the coded video bit-
stream includes quantized transform coefficients, prediction
information (e.g., prediction modes, motion vectors, block
vectors, or the like), partitioning information, and any other
suitable data, such as other syntax data. The different ele-
ments of the coded video bitstream may then be entropy
encoded by the encoder engine 106. In some examples, the
encoder engine 106 may utilize a predefined scan order to
scan the quantized transform coefficients to produce a seri-
alized vector that can be entropy encoded. In some
examples, encoder engine 106 may perform an adaptive
scan. After scanning the quantized transform coefficients to
form a vector (e.g., a one-dimensional vector), the encoder
engine 106 may entropy encode the vector. For example, the
encoder engine 106 may use context adaptive variable
length coding, context adaptive binary arithmetic coding,
syntax-based context-adaptive binary arithmetic coding,
probability interval partitioning entropy coding, or another
suitable entropy encoding technique.

As previously described, an HEVC bitstream includes a
group of NAL units including VCL NAL units and non-VCL
NAL units. VCL NAL units include coded picture data
forming a coded video bitstream. For example, a sequence
of bits forming the coded video bitstream is resent in VCL
NAL units. Non-VCL NAL units may contain parameter sets
with high-level information relating to the encoded video
bitstream, in addition to other information. For example, a
parameter set may include a video parameter set (VPS), a
sequence parameter set (SPS), and a picture parameter set
(PPS). Examples of goals of the parameter sets include bit
rate efficiency, error resiliency, and providing systems layer
interfaces. Each slice references a single active PPS, SPS,
and VPS to access information that the decoding device 112
may use for decoding the slice. An identifier (ID) may be
coded for each parameter set, including a VPS ID, an SPS
ID, and a PPS ID. An SPS includes an SPS ID and a VPS
ID. A PPS includes a PPS ID and an SPS ID. Each slice
header includes a PPS ID. Using the IDs, active parameter
sets can be identified for a given slice.

A PPS includes information that applies to all slices in a
given picture. Because of this, all slices in a picture refer to
the same PPS. Slices in different pictures may also refer to
the same PPS. An SPS includes information that applies to
all pictures in a same coded video sequence (CVS) or
bitstream. As previously described, a coded video sequence
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is a series of access units (AUs) that starts with a random
access point picture (e.g., an instantaneous decode reference
(IDR) picture or broken link access (BLA) picture, or other
appropriate random access point picture) in the base layer
and with certain properties (described above) up to and not
including a next AU that has a random access point picture
in the base layer and with certain properties (or the end of
the bitstream). The information in an SPS may not change
from picture to picture within a coded video sequence.
Pictures in a coded video sequence may use the same SPS.
The VPS includes information that applies to all layers
within a coded video sequence or bitstream. The VPS
includes a syntax structure with syntax elements that apply
to entire coded video sequences. In some examples, the
VPS, SPS, or PPS may be transmitted in-band with the
encoded bitstream. In some examples, the VPS, SPS, or PPS
may be transmitted out-of-band in a separate transmission
than the NAL units containing coded video data.

A video bitstream can also include Supplemental
Enhancement Information (SEI) messages. For example, an
SEI NAL unit can be part of the video bitstream. In some
examples, an SEI message can be signaled separately from
the video bitstream. In some cases, an SEI message can
contain information that is not needed by the decoding
process. For example, the information in an SEI message
may not be essential for the decoder to decode the video
pictures of the bitstream, but the decoder can be use the
information to improve the display or processing of the
pictures (e.g., the decoded output). The information in an
SEI message can be embedded metadata. In one illustrative
example, the information in an SEI message could be used
by decoder-side entities to improve the viewability of the
content. In some instances, certain application standards
may mandate the presence of such SEI messages in the
bitstream so that the improvement in quality can be brought
to all devices that conform to the application standard (e.g.,
the carriage of the frame-packing SEI message for frame-
compatible plano-stereoscopic 3DTV video format, where
the SEI message is carried for every frame of the video,
handling of a recovery point SEI message, use of pan-scan
scan rectangle SEI message in DVB, in addition to many
other examples).

The output 110 of the encoding device 104 may send the
NAL units making up the encoded video data over the
communications link 120 to the decoding device 112 of the
receiving device. The input 114 of the decoding device 112
may receive the NAL units. The communications link 120
may include a channel provided by a wireless network, a
wired network, or a combination of a wired and wireless
network. A wireless network may include any wireless
interface or combination of wireless interfaces and may
include any suitable wireless network (e.g., the Internet or
other wide area network, a packet-based network, WiFi™,
radio frequency (RF), UWB, WiFi-Direct, cellular, Long-
Term Evolution (LTE), WiMax™, or the like). A wired
network may include any wired interface (e.g., fiber, ether-
net, powerline ethernet, ethernet over coaxial cable, digital
signal line (DSL), or the like). The wired and/or wireless
networks may be implemented using various equipment,
such as base stations, routers, access points, bridges, gate-
ways, switches, or the like. The encoded video data may be
modulated according to a communication standard, such as
a wireless communication protocol, and transmitted to the
receiving device.

In some examples, the encoding device 104 may store
encoded video data in storage 108. The output 110 may
retrieve the encoded video data from the encoder engine 106
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or from the storage 108. Storage 108 may include any of a
variety of distributed or locally accessed data storage media.
For example, the storage 108 may include a hard drive, a
storage disc, flash memory, volatile or non-volatile memory,
or any other suitable digital storage media for storing
encoded video data.

The input 114 of the decoding device 112 receives the
encoded video bitstream data and may provide the video
bitstream data to the decoder engine 116 or to storage 118 for
later use by the decoder engine 116. The decoder engine 116
may decode the encoded video bitstream data by entropy
decoding (e.g., using an entropy decoder) and extracting the
elements of the one or more coded video sequences making
up the encoded video data. The decoder engine 116 may then
rescale and perform an inverse transform on the encoded
video bitstream data. Residual data is then passed to a
prediction stage of the decoder engine 116. The decoder
engine 116 then predicts a block of pixels (e.g., a PU). In
some examples, the prediction is added to the output of the
inverse transform (the residual data).

The decoding device 112 may output the decoded video to
a video destination device, which may include a display or
other output device for displaying the decoded video data to
a consumer of the content. In some aspects, the video
destination device 122 may be part of the receiving device
that includes the decoding device 112. In some aspects, the
video destination device 122 may be part of a separate
device other than the receiving device.

In some examples, the video encoding device 104 and/or
the video decoding device 112 may be integrated with an
audio encoding device and audio decoding device, respec-
tively. The video encoding device 104 and/or the video
decoding device 112 may also include other hardware or
software that is necessary to implement the coding tech-
niques described above, such as one or more microproces-
sors, digital signal processors (DSPs), application specific
integrated circuits (ASICs), field programmable gate arrays
(FPGAs), discrete logic, software, hardware, firmware or
any combinations thereof. The video encoding device 104
and the video decoding device 112 may be integrated as part
of a combined encoder/decoder (codec) in a respective
device. An example of specific details of the encoding
device 104 is described below with reference to FIG. 13. An
example of specific details of the decoding device 112 is
described below with reference to FIG. 14.

Extensions to the HEVC standard include the Multiview
Video Coding extension, referred to as MV-HEVC, and the
Scalable Video Coding extension, referred to as SHVC. The
MV-HEVC and SHVC extensions share the concept of
layered coding, with different layers being included in the
encoded video bitstream. Fach layer in a coded video
sequence is addressed by a unique layer identifier (ID). A
layer ID may be present in a header of a NAL unit to identify
a layer with which the NAL unit is associated. In MV-
HEVC, different layers usually represent different views of
the same scene in the video bitstream. In SHVC, different
scalable layers are provided that represent the video bit-
stream in different spatial resolutions (or picture resolution)
or in different reconstruction fidelities. The scalable layers
may include a base layer (with layer ID=0) and one or more
enhancement layers (with layer IDs=1, 2, . . . n). The base
layer may conform to a profile of the first version of HEVC,
and represents the lowest available layer in a bitstream. The
enhancement layers have increased spatial resolution, tem-
poral resolution or frame rate, and/or reconstruction fidelity
(or quality) as compared to the base layer. The enhancement
layers are hierarchically organized and may (or may not)
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depend on lower layers. In some examples, the different
layers may be coded using a single standard codec (e.g., all
layers are encoded using HEVC, SHVC, or other coding
standard). In some examples, different layers may be coded
using a multi-standard codec. For example, a base layer may
be coded using AVC, while one or more enhancement layers
may be coded using SHVC and/or MV-HEVC extensions to
the HEVC standard.

Various standards have also been defined that describe the
colors in a captured video, including the contrast ratio (e.g.,
the brightness or darkness of pixels in the video) and the
color accuracy, among other things. Color parameters can be
used, for example, by a display device that is able to use the
color parameters to determine how to display the pixels in
the video. One example standard from the International
Telecommunication Union (ITU), ITU-R Recommendation
BT.709 (referred to herein as “BT.709”), defines a standard
for High-Definition Television (HDTV). Color parameters
defined by BT.709 are usually referred to as Standard
Dynamic Range (SDR) and standard color gamut. Another
example standard is ITU-R Recommendation BT.2020 (re-
ferred to herein as “BT.20207), which defines a standard for
Ultra-High-Definition Television (UHDTV). The color
parameters defined by BT.2020 are commonly referred to as
High Dynamic Range (HDR) and Wide Color Gamut
(WCG). Dynamic range and color gamut are referred to
herein collectively as color volume.

Next generation video applications are anticipated to
operate with video data representing captured scenery with
HDR and WCG. Parameters of the utilized dynamic range
and color gamut are two independent attributes of video
content, and their specification for purposes of digital tele-
vision and multimedia services are defined by several inter-
national standards. For example, as noted above, BT.709
defines parameters for HDTV, such as SDR and standard
color gamut, and BT. 2020 specifies UHDTV parameters
such as HDR and wide color gamut. There are also other
standards development organizations documents specifying
these attributes in other systems, e.g. P3 color gamut is
defined in SMPTE-231-2 and some parameters of HDR are
defined STMPTE-2084.

Dynamic range can be defined as the ratio between the
minimum and maximum brightness of a video signal.
Dynamic range can also be measured in terms of f-stops. For
instance, in cameras, an f-stop is the ratio of the focal length
of'a lens to the diameter of camera’s aperture. One f-stop can
correspond to a doubling of the dynamic range of a video
signal. As an example, MPEG defines HDR content as
content that features brightness variations of more than 16
f-stops. In some examples, a dynamic range between 10 to
16 f-stops is considered an intermediate dynamic range,
though in other examples this is considered an HDR
dynamic range. The human visual system is capable for
perceiving much larger dynamic range, however, the human
visual system includes an adaptation mechanism to narrow
the simultaneous range.

FIG. 2 illustrates the dynamic range of typical human
vision 202, in comparison with the dynamic range of various
display types. FIG. 2 illustrates a luminance range 200, in a
nits log scale (e.g., in cd/m* logarithmic scale). By way of
example, starlight is at approximately 0.0001 nits, or -4 on
the illustrated luminance range 200, and moonlight is at
about 0.01 nits (-2 on the luminance range 200). Typical
indoor light may be between 1 and 100 nits (0 and 2 on the
luminance range 200). Sunlight may be between 10,000 nits
and 1,000,000 nits (4 and 6 on the luminance range 200).
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Human vision 202 is capable of perceiving anywhere
between less than 0.0001 nits to greater than 1,000,000 nits,
with the precise range varying from person to person. The
dynamic range of human vision 202 includes a simultaneous
dynamic range 204. The simultaneous dynamic range 204 is
defined as the ratio between the highest and lowest lumi-
nance values at which objects can be detected, while the eye
is at full adaption. Full adaptation occurs when the eye is at
a steady state after having adjusted to a current ambient light
condition or luminance level. Though the simultaneous
dynamic range 204 is illustrated in the example of FIG. 2 as
between about 0.1 nits and about 3200 nits, the simultaneous
dynamic range 204 can be centered at other points along the
luminance range 200 and the width can vary at different
luminance levels. Additionally, the simultaneous dynamic
range 204 can vary from one person to another.

FIG. 2 further illustrates an approximate dynamic range
for SDR displays 206 and HDR display 208. SDR displays
include monitors, televisions, tablet screens, smart phone
screens, and other display devices that are capable of dis-
playing SDR content. HDR displays include, for example,
ultra-high-definition televisions and other display devices
that are capable of displaying HDR content.

BT.709 provides that the dynamic range of SDR displays
206 can be about 0.1 to 100 nits, or about 10 f-stops, which
is significantly less than the dynamic range of human vision
202. The dynamic range of SDR displays 206 is also less
than the illustrated simultaneous dynamic range 204. Some
video application and services are regulated by Rec.709 and
provide SDR, and typically support a range of brightness (or
luminance) of around 0.1 to 100 nits. SDR displays are also
unable to accurately reproduce night time conditions (e.g.,
starlight, at about 0.0001 nits) or bright outdoor conditions
(e.g., around 1,000,000 nits). Some SDR displays, however,
may support a peak brightness larger than 100 nits, and may
display SDR content with in a range outside 0.1 to 100 nits.

Next generation video services are expected to provide
dynamic range of up-to 16 f-stops. HDR displays can cover
a wider dynamic range than can SDR displays. For example,
HDR displays may have a dynamic range of about 0.01 nits
to about 5600 nits (or 16 f-stops). While HDR displays also
do not encompass the dynamic range of human vision, HDR
displays may come closer to being able to cover the simul-
taneous dynamic range 204 of the average person. Specifi-
cations for dynamic range parameters for HDR displays can
be found, for example, in BT.2020 and ST 2084.

Color gamut describes the range of colors that are avail-
able on a particular device, such as a display or a printer.
Color gamut can also be referred to as color dimension. FIG.
3 illustrates an example of a chromaticity diagram 300,
overlaid with a triangle representing an SDR color gamut
304 and a triangle representing an HDR color gamut 302.
Values on the curve 306 in the diagram 300 are the spectrum
of colors; that is, the colors evoked by a wavelength of light
in the visible spectrum. The colors below the curve 306 are
non-spectral: the straight line between the lower points of
the curve 306 is referred to as the line of purples, and the
colors within the interior of the diagram 300 are unsaturated
colors that are various mixtures of a spectral color or a
purple color with white. A point labeled D65 indicates the
location of white for the illustrated spectral curve 306. The
curve 306 can also be referred to as the spectrum locus or
spectral locus, representing limits of the natural colors.

The triangle representing an SDR color gamut 304 is
based on the red, green, and blue color primaries as provided
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by BT.709. The SDR color gamut 304 is the color space used
by HDTVs, SDR broadcasts, and other digital media con-
tent.

The triangle representing the wide HDR color gamut 302
is based on the red, green, and blue color primaries as
provided by BT.2020. As illustrated by FIG. 3, the HDR
color gamut 302 provides about 70% more colors than the
SDR color gamut 304. Color gamuts defined by other
standards, such as Digital Cinema Initiatives (DCI) P3
(referred to as DCI-P3) provide some colors outside the
HDR color gamut 302, but do not fully contain the HDR
color gamut 302. DCI-P3 is used for digital move projection.

Table 1 illustrates examples of colorimetry parameters for
selected color spaces, including those provided by BT.709,
BT.2020, and DCI-P3. For each color space, Table 1 pro-
vides an x and a y coordinate for a chromaticity diagram.

TABLE 1
Colorimetry parameters for selected color spaces
Color ‘White Point Primary Colors
Space X, Yo X Vr X Ye  Xp Vs
DCI-P3 0.314 0.351 0.68 0.32 0.265 0.69 0.15 0.06
BT.709 0.3127 0.329 0.64 033 03 0.6 015 0.06
BT.2020 0.3127 0.329 0.708 0.292 0.170 0.797 0.131 0.046

Video data with a large color volume (e.g., video data with
a high dynamic range and wide color gamut) can be acquired
and stored with a high degree of precision per component.
For example, floating point values can be used to represent
the luma and chroma values of each pixel. As a further
example, 4:4:4 chroma format, where the luma, chroma-
blue, and chroma-red components each have the same
sample rate, may be used. The 4:4:4 notation can also be
used to refer to the Red-Green-Blue (RGB) color format. As
a further example, a very wide color space, such as that
defined by International Commission on Illumination (CIE)
1931 XYZ, may be used. Video data represented with a high
degree of precision may be nearly mathematically lossless.
A high-precision representation, however, may include
redundancies and may not be optimal for compression.
Thus, a lower-precision format that aims to display the color
volume that can be seen by the human eye is often used.

FIG. 4 includes a diagram illustrating an example of a
process 400 for converting high-precision linear RGB 402
video data for purposes of encoding the video data. The
converted HDR data may have a lower precision and may be
more easily compressed. The example process 400 includes
a non-linear transfer function 404, which can compact the
dynamic range, a color conversion 406 that can produce a
more compact or robust color space, and a quantization 408
function that can convert floating point representations to
integer representations. The output of the quantization 408
function can be input into an encoder 410, which can
compress or encode the data to produce an encoded bit-
stream. The encoder 410 can use, for example, the AVC
HEVC, or VP8/VP9/VP10 standards. The bitstream can be
stored and/or transmitted.

In various examples, linear RGB 402 data, which can
have a high dynamic range and a floating point representa-
tion, can be compacted using the non-linear transfer function
404. An example of a non-linear transfer function 404 is the
perceptual quantizer defined in ST 2084. The output of the
transfer function 404 can be converted to a target color space
by the color conversion 406. The target color space can be
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one that is more suitable for compression, such as YCbCr.
Quantization 408 can then be used to convert the data to an
integer representation. The output of the quantization 408
can be provided to an encoder 410, which can produce an
encoded bitstream from the data.

FIG. 5 includes a diagram illustrating an example of a
process 500 for restoring converted HDR video data,
obtained from a decoded bitstream produced by a decoder
522. The uncompressed or decoded video signal can be
transmitted to an end consumer device using, for example,
a high-speed digital interface. Examples of consumer elec-
tronic devices and transmission mediums include digital
televisions, digital cable, satellite or terrestrial set-top boxes,
mobile devices, and related peripheral devices, such as
Digital Versatile Disc (DVD) players and/or recorders, and
other related decoding devices and consumer devices. In
some examples, the decoder 522 can perform steps of the
process 500. In some examples, an end consumer electronic
device can perform steps of the process 500.

The process 500 can operate on HDR video data that was
converted according to the process 400 of FIG. 4, and can
approximately produce the high-precision linear RGB 402
video data that was input into the process 400. As illustrated
in FIG. 5, the process 500 includes inverse quantization 524
(e.g., for converting integer representations to floating point
representations), an inverse color conversion 526, and an
inverse transfer function 528.

The inverse quantization 524 of FIG. 5 includes perform-
ing the inverse of the computations performed for the
quantization 408 of FIG. 4. Similarly, the inverse color
conversion 526 includes performing the inverse of the
computations performed for the color conversion 406, and
the inverse transfer function 528 includes performing the
inverse of the computations performed for the transfer
function 402. For the sake of clarity, the discussion that
follows provides examples of the transfer function 404, the
color conversion 406, and the quantization 408, with the
understanding that, unless provided otherwise, these
examples also apply to the inverse transfer function 528,
inverse color conversion 426, and inverse quantization 524.
Additionally, the order of the steps of the example processes
400 and 500 are illustrative of the order in which the steps
can be performed. In other examples, the steps can occur in
a different order. For example, the color conversion 406 can
precede the transfer function 404. In another example, the
inverse color conversion 526 can be performed after the
inverse transfer function 5284. In other examples, additional
processing can also occur. For example, spatial sub sampling
may be applied to color components.

The transfer function can be used to map the digital values
in an image to and from optical energy. Optical energy,
which is also referred to as optical power, is the degree to
which a lens, mirror, or other optical system converges or
diverges light. The transfer function can be applied to the
data in an image to compact the dynamic range. Compacting
the dynamic range may enable video content to represent the
data with a limited number of bits. The transfer function can
be a one-dimensional, non-linear function that can either
reflect the inverse of the electro-optical transfer function
(EOTF) of an end consumer display (e.g., as specified for
SDR in BT.709), or approximate the human visual system’s
perception of brightness changes (e.g., as a provided for
HDR by the perceptual quantizer (PQ) transfer function
specified in ST 2084). An electro-optical transfer function
describes how to turn digital values, referred to as code
levels or code values, into visible light. For example, an
EOTF can map the code levels back to luminance values.
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The inverse process of the electro-optical transform is the
optical-electro transform (OETF), which can produce code
levels from luminance.

FIG. 6 includes a chart that illustrates examples of lumi-
nance curves produced by transfer functions. Each curve
charts a luminance value at different code levels. Curves for
the transfer functions defined by BT.709 (curve 602) and ST
2084 (curve 604) are illustrated, as well as a representative
curve 606 for 10-bit SDR data. FIG. 6 also illustrates
dynamic ranges enabled by each transfer function. In other
examples, curves can separately be drawn for red (R), green
(G), and blue (B) color components.

ST 2084 provides a transfer function that can more
efficiently support a higher dynamic range data. The transfer
function of ST 2084 is applied to normalized, linear R, G,
and B values, which produces non-linear representations,
referred to herein as R', G', and B'. ST 2084 further defines
normalization by NORM=10000, which is associated with a
peak brightness of 10,000 nits. The R', G', and B' values can
be calculated as follows:

R'=PQ_TF(max(0,min(R/NORM,1)))
G'=PQ_TF(max(0,min(G/NORM,1)))

B'=PQ_TF(max(0,min(B3/NORM,1))) M

In Equation (1), the transfer function, PQ_TF, is defined
as follows:

PQ_TRL) = (M]mz
- 1+l
2610 1
my = 3096 X i 0.1593017578125
2523
my = 7096 x 128 =78.84375
3424
e =3 ca+ 1= ooz = 0.8359375
2413
[ 7096 x32 =18.8515625
2932
c3 = 7096 x32 =18.6875

FIG. 7 includes a graph illustrating an example of the
input values to PQ_TF (e.g., linear color values) normalized
to arange of 0 . . . 1 and corresponding output values (e.g.,
non-linear color values). As illustrated in this graph, 1% of
the dynamic range of the input signal (e.g., representing low
illumination) is converted to 50% of the dynamic range of
the output signal.

The electro-optical transfer function can be defined as a
function with a floating point accuracy. By having floating
point accuracy, it is possible to avoid introducing errors into
a signal that incorporates the non-linearity of the function
when an inverse function (e.g., an optical-electro transfer
function) is applied. This inverse transfer function specified
by ST 2048 is as follows:

R=10000*inversePQ_TF(R")

G=10000*inversePQ_TF(G")

B=10000*inversePQ_TF(B")

In Equation (2), the inverse
inversePQ_TF, is defined as follows:

@

transfer function,
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max|(V"2 —¢p), 0]

i PQ_THN) =
inversePQ_TRN) ( I

2610 1
my = Jse % 7 = 01593017578125
2523
m = Jog X128 = 78.84375
3424
er=es—ep+ 1= Jrop = 08359375
2413
€2 = Jrog X 32 = 188515625
2032
€3 = Jgg X 32 = 18.6875

With floating point accuracy, sequential application of an
EOTF and OETF can provide near exact reconstruction
without errors. Representation of the linear color data using
an EOTF, however, may not be optimal for streamlining or
broadcasting services. Additional processing, as described
below, can produce a more compact representation of the
non-linear R'G'B' data, which has fixed-bit accuracy.

Other transfer functions and inverse transfer functions
have been defined. A video coding system can use one of
these other transfer functions and inverse transfer functions
instead of or in addition those provided by ST 2084.

Color conversion can reduce the size of the color space of
the linear RGB input. Image capture systems often capture
images as RGB data. The RGB color space, however, can
have a high degree of redundancy among color components.
RGB is thus not optimal for producing a compact represen-
tation of the data. To achieve a more compact and more
robust representation, RGB components can be converted to
a more uncorrelated color space, such as YCbCr, which may
be more suitable for compression. The YCbCr color space
separates the brightness in the form of luminance and color
information in different un-correlated components, includ-
ing luma (Y), chroma-blue (Cb), and chroma-red (Cr).

The YCbCr color space is one target color space used by
BT.709. BT.709 provides the follow conversion for the
non-linear R', G, and B' values to a non-constant luminance
representation, Y', Cb, and Cr:

Y = 021264 R +0.7152+G +0.0722 €)
BV
= 13536
o K=Y
T

The conversion provided by Equation (3) can also be
implemented using the following approximate conversions,
which avoids the division for the Cb and Cr components:

Y'=0.212600*R"+0.715200%*G"+0.072200*B’
Cb=-0.114572*R’-0.385428*G'+0.500000*B’

Cr=0.500000*R"-0.454153*G'-0.045847*B’ 4

The BT.2020 specifies the following conversion process
from R', G', and B' to Y, Cb, and Cr:
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Y =0.2627+ R +0.6780% G’ +0.0593+ B’ ®)
LBy
= 18814
o K-y
"= 14746

The conversion provided by Equation (5) can also be
implemented using the following approximate conversion,
which avoids the division for the Cb and Cr components:

Y'=0.262700*R"+0.678000* G'+0.059300* B’
Cb=-0.139630*R"-0.360370*G"+0.500000*B’

Cr=0.500000*R"-0.459786* G'-0.040214*B’ (6)

In these and other examples, the input color space (e.g.,
the R'G'B' color space) an the output color space (e.g., the
Y'CbCr color space) remain normalized. Thus, for input
values normalized in the range of O . . . 1 the output values
will also be mapped to the range of 0 . . . 1. In some
examples, values of Cb and Cr are normalized in the range
of -0.5 to 0.5, where Cb and Cr values both equal to 0
indicate grey colors. Color transforms implemented with
floating point accuracy can approach perfect reconstruction,
resulting in a lossless process.

After color conversion, the input data, now in the target
color space, may still be represented with a high-bit depth
(e.g., with floating point accuracy) and may be lossless. This
degree of accuracy, however, may be redundant and exces-
sive for most consumer electronics applications. In some
examples, 10-bit to 12-bit accuracy, in combination with the
PQ transfer function, may be sufficient for the HDR data to
have 16 f-stops with a distortion that is just below what is
noticeable by human vision. HDR data with 10-bit accuracy
can further be coded by most video coding systems.

Quantization can convert the data to a target bit depth.
Quantization is a lossy process, meaning that some infor-
mation is lost, and may be a source of inaccuracy in the
output HDR data.

The following equations provide an example of quanti-
zation that can be applied to code words in the target color
space. In this example, input values for Y, Cb, and Cr that
have floating point accuracy can be converted into fixed bit
depth values BitDepthY for the Y value and BitDepthC for
the chroma values (Cb and Cr).

Dy~Clipl y(Round((1<<(BitDepth;~8))*(219*Y"+
16))

D,=Clip1 ~(Round((1<<(BitDepth —8))*(224*Ch+
128))

D,=Clipl ARound((1<<(BitDepth—8))*(224*Cr+
128))) M

In the above:

Round(x)=Sign(x)*Floor(Abs(x)+0.5)

Sign (x)=-1 if x<0, 0 if x=0, 1 if x>0

Floor(x) the largest integer less than or equal to x

Abs(x)=x if x>=0, —x if x<0

Clipl Y(x)=Clip3(0, (1<<BitDepthY)-1, x)

Clip1C(x)=Clip3(0, (1<<BitDepthC)-1, x)

Clip3(x,y,z)=x if z<x, y if z>y, z otherwise

In some cases, converting video data with a large color
volume to video data with a more compact color volume can
result in dynamic range changes. These dynamic range
changes may be visible in the reconstructed video as dis-
tortions, such as color mismatches or color bleeding, among
other examples. Dynamic Range Adjustment (DRA) is a
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technique for compensating for the dynamic range changes,
and lessening possible distortions. DRA was proposed in
“Dynamic Range Adjustment SEI to enable High Dynamic
Range video coding with Backward-Compatible Capabil-
ity,” D. Rusanovskyy, A. K. Ramasubramonian, D. Bug-
dayci, S. Lee, J. Sole, and M. Karczewicz, VCEG document
COM16-C 1027-E, September 2015, which is hereby incor-
porated by reference in its entirety and for all purposes.

In various examples, DRA can be implemented using a
piece-wise linear function f(x) that is defined for a group of
non-overlapping dynamic range partitions, which are also
referred to herein as ranges, where each range partition or
range includes a set of input values x (e.g., input color
values). The ranges are represented herein by {Ri}, where i
is an index of each respective range and i=0 . . . N-1,
inclusive, with N being the total number of ranges used for
defining the DRA function. As an example, it can be
assumed that the ranges are defined by a minimum and a
maximum x value that belong to the each respective range
Ri; for example for the input values [x,, x,,,-1], X, and x,, ,
can denote minimum value of the ranges Ri and R(i+1)
respectively. Applied to the Y color component of the video
(e.g., the luma value), the DRA function S, can be defined
using a scale value S, ; and an offset value O,,,, which can be
applied to every input value (that is, for every x€[x,,
X,,;—11]). The DRA function can thus be defined as the set of
scal}e}: and offset values for each input value, or S,={S, .
o,.}.

yUsing this definition for the DRA function, for any range
Ri and for every x€[x,, x,,;-1], an output value X can be
calculated as follows:

X :Syyl-x (x— Oyyl-) (®)

An inverse DRA mapping for the luma component Y can
be conducted at a decoder. In this case, the DRA function S,
can be defined by the inverse of the scale value S, and the
offset value O, ;. The inverse scale value and offset value can
be applied to every X€E[X,, X,,,-1].

Using this definition of the inverse DRA function, for any
range Ri and for every output value X€[X,, X,,,-1], a
reconstructed x value can be calculated as follows:

X=X/S, 40, ; (©)]

ADRA mapping process (e.g., for encoding purposes) can
also be defined for the chroma components, Cb and Cr. In
the following example, u denotes a sample of a Cb color
component that belongs to the range Ri. In this example,
u€(y,, v,,,-1]. The DRA function S,, for a chroma sample
can also be defined using a scale value S, ; and an offset
value O,,,, such that S,={S,, ., O, ,}. An output value U can
thus be calculated as follows:

U=S,, x(u-0, }+Offset

In Equation (10), Offset is equal to 2®**#7%-1) and denotes
a bi-polar Cb, Cr signal offset.

An inverse DRA mapping for the chroma components Cb
and Cr can also be defined and can be performed at a
decoder. In the following example, U denotes a sample of a
remapped Cb color component from the range Ri, where
uelu,, U,,,-1]. In this example, the Cb component can be
reconstructed using the following equation:

10)

u=(U-Offset)/S, +0, ; (11)

obitdepth-1) 404 denotes

In Equation (11), Offset is equal to
a bi-polar Cb, Cr signal offset.

An additional technique for reducing distortion that can
occur when modifying the color space of a video is Luma-
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driven Chroma Scaling (L.CS). Luma-Driven Chroma Scal-
ing was proposed in JCTVC-W0101 HDR CE2: Report on
CE2.a-1 LCS, A. K. Ramasubramonian, J. Sole, D.
Rusanovskyy, D. Bugdayci, and M. Karczewicz, which is
hereby incorporated by reference in its entirety and for all
purposes.

LCS is a technique by which chroma information (e.g., Cb
and Cr samples) is adjusted by taking advantage of bright-
ness information associated with a processed chroma
sample. Similar to the DRA approach described above, LCS
includes applying a scaling factor S,, for the Cb component
and a scaling factor S, for the Cr component. With LCS,
however, instead of defining the DRA function as a piece-
wise linear function (e.g., as S,={S, 0, } for a set of
ranges {R;} accessible by chroma values u or v as in
Equations (3) or (4)), the LCS approach uses the luma value
Y to derive a scale factor for the chroma sample. For
example, mapping of the chroma sample u (or v) for
purposes of encoding the video data can be performed using
the following equation:

U=S,, (V)x(u-Offset)+Offset (12)

The inverse LCS process, for decoding purposes, can be
defined as follows:

u=(U-Offset)/S,, ;(Y)+Offset (13)

As a further example, for a given pixel located at (%, y),
chroma samples Cb(x, y) and/or Cr(x, y) are scaled with a
factor derived from a corresponding LCS function S, (or
S.,.) accessed using luma value Y'(x, y).

In the forward mapping process (e.g., when processing for
encoding) for chroma samples, Cb (or Cr) values and an
associated luma value Y' are taken as an input to the chroma
scale function S, (or S,) and Cb or Cr are converted into
Cb' and Cr' as shown below in Equation (14).

CH'xy)=Scp(Y(x¥)xCh(xy),
Crxy)=Se (Y& Cr(x.y)

On decoding, the inverse LCS process is applied, and
reconstructed Cb' or Cr' are converted to Cb or Cr as shown
below in Equation (15).

(14)

_ Ch(x, y) (15)
o) = 5 T )

o'y
D= S

FIG. 8 includes a graph illustrating an example of an LCS
function. In this example, chroma components of pixels that
have a smaller luma value are multiplied with smaller
scaling factors.

In various examples, DRA sample scaling can be related
to the quantization parameters used in an encoding or
decoding process. As discussed further below, a block-
transform-based video coding process (such as HEVC), uses
a scalar quantizer to adjust the compression ratio. Quanti-
zation can be applied to transform coefficients. The scalar
quantizer can be controlled by a quantization parameter
(QP), with the relationship between the QP and the scalar
quantizer defined as follows:

scalar = exp(%)] X log(2.0) (16
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The relationship between the scalar quantizer and the QP
value can be defined by the inverse function, as follows:

QP=log 2(scalar)x 17

The DRA technique discussed above effectively scales the
pixel data. In view of transform properties, the DRA scaling
can be mapped, for a large class of signals, to the scalar
applied in the transform domain. For example, the following
relationship can be defined:

dQP=log 2(scaleDRA)x6 (18)

In Equation (18), dQP is an approximate QP offset intro-
duced by applying DRA to the input data.

In various examples, parameters that describe a piecewise
linear function that can be used for Dynamic Range Adjust-
ment can be signaled (e.g., encoded into) a bitstream. The
encoded parameters can then be decoded at a decoder, which
can use the parameters to reconstruct the piecewise linear
function. To describe the piecewise linear function, the range
of input values (which may be, in some examples, luma
values) for the function can be divided into segments or
ranges that each have a constant slope. The parameters for
the piecewise linear function can then include values that
describe the ranges (e.g., lengths of the ranges, a quantity of
the ranges, etc.) and scale values (e.g., describing the slope
of each range). Examples of signaling DRA parameters are
described in “HDR CEG6: Test 4.1 Reshaper from m37064,”
D. B. Sansli, A. K. Ramasubramonian, D. Rusanovskyy, J.
Sole, and M. Karczewicz, JCTVC-W0103, San Diego,
Calif., February, 2016, which is incorporated by reference
herein in its entirety and for all purposes. The DRA param-
eters can be included, for example, in an SEI message, a
slice header, and/or a parameter set (e.g., an SPS, a PPS, or
another type of parameter set).

The following illustrates a partial example of a data
structure that can be used to encode the parameters that
describe a piecewise linear function. In various examples,
the data structure can include other components that, for the
sake of clarity, are not illustrated here. The values in the data
structure can be applied, for example, to a group of video
frames, to one video frame, and/or to a portion of a video
frame:

pic__parameter_set_rbsp( )
dra_ enabled_ flag
if (dra__enabled_ flag) {
num__luma_dra_in_ranges
for (i =0; i <= num_luma_dra_in ranges; i++)
delta_ luma_ change_ points[i]
for (i = 0; i <= num_ luma_dra_in ranges; i++)
delta_ scale_ val[i]

In this example data structure, the dra_enabled_flag com-
ponent can be used to indicate that Dynamic Range Adjust-
ment is enabled. The num_luma_dra_in_ranges component
can indicate the number of ranges into which the input
values (which are luma values, in this example) have been
divided. The delta_luma_change_points[i] component can
indicate the length of each range, and the delta_scale_valli]
can indicate a scale value, which indicates a slope, for each
range. In this example, the lengths of the ranges is indicated
relative to the input values; that is, the lengths are indicates
by a “change point” or input value where one range ends and
another begins.

For some content, the ranges may be equal in length. In
these cases, the number of bits needed to encode the
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piecewise linear function can be reduced. For example, the
length of the ranges need not be indicated in the bitstream.
Instead, a flag, referred to herein as “equal_ranges_flag,” can
be included in the above data structure, which indicates that
the lengths of the ranges can be derived from a specified
value (e.g., a bit depth of the color components or a value
indicated in the bitstream, among other examples) and a
number of ranges indicated in the bitstream. In this example,
coding efficiency is improved because only the scale values
and the number of ranges need to be signaled.

For some content, however, even signaling only the scale
values and the number of ranges may add unnecessary bits
to the bitstream. For example, in some cases, it may be
known that the input values (e.g., the luma samples) are
restricted to a specific range, either because the video was
designed to have limited luma values or because an analysis
of the histogram of the video so indicates. In this example,
signaling scale values for ranges that are not occupied
because the ranges fall outside the restricted range can result
in unnecessary bits being added to the output bitstream.

In other cases, the ranges of input values may be such that
part of the range can be divided into segments or partitions
of equal length, but one part or two parts of the range have
a slope such that these parts cannot have the same length at
the other ranges. FIG. 9 includes a graph that plots a y-value
for a range of input values of x, according to a piecewise
linear function for dynamic range adjustment. The x values
can be luma values from pixels in a video frame, for
example. In this example, the range of x values includes five
ranges, R0, R1, R2, R3, and R4, that each have an approxi-
mately constant slope. As illustrated in this example, four of
the ranges, R1, R2, R3, and R4 are of the same length, while
one range, R0, has a different length.

The example data structure illustrated above can be used
to encode the piecewise linear function illustrated in FIG. 9,
but using this data structure can result in some redundant
data being encoded. For example, the data structure can
result in each of ranges R1, R2, R3 and R4 being individu-
ally encoded into the bitstream, and because each have a
same length, the one length value will be encoded into the
bitstream three times. In this example, more efficiency can
be achieved if the common length value is only encoded into
the bitstream once.

As another example, the data structure illustrated above
can be used along with the equal_ranges_flag. In this
example the range of x values into equal parts can be divided
into equal parts, and the ranges each having the same length
can be indicates using the equal_ranges_flag. In the example
of FIG. 9, this would result in R0 being divided into three
parts. In this case, however, redundant data is also encoded,
in that the ranges that encompass R0 would each have a
same scale value. More efficiency can be achieved if the
common scale value can be encoded only once.

In various examples, a data structure such as is described
above can be modified so that a piecewise linear function
can be efficiently encoded when the range of input values for
the function can be divided into ranges of equal lengths, can
partially be divided into ranges or partitions of equal lengths,
or cannot be divided into ranges of equal lengths. As in the
example data structure above, information such as the
lengths of the ranges or the start or end positions of the
ranges need not be indicated in the data structure. Instead,
these and other parameters can be derived at a decoder using
a deterministic derivation process, as discussed further
below.

In a first example, the data structure that can include an
indicator that can indicate to a decoder that the ranges into
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which the input values have been divided includes a set of
ranges that have a same length. The set of ranges may be
referred to herein as the set of equal length ranges. The
indicator is referred to in the example below as “equal_
ranges_{flag,” and can be a 1-bit value. In this example, when
the equal_ranges_flag is equal to zero, then the range of
input values was not divided into any ranges having the
same length, or may have been divided into a few ranges
having the same length and a few having different lengths,
with the ranges having the same length being discontinuous,
being equal to or fewer than the number of ranges having
different lengths, and/or being located between ranges hav-
ing different lengths. In this example, each length of each
range of input values is indicated in the data structure. In the
examples below, the component used to indicate the lengths
of the ranges is called “delta_luma_change_points,” which
can be an array having an index for each range of input
values.

In the preceding example, when the equal_ranges_flag is
set to 1, then either the all of range of input values has been
divided into segments of equal length, or the range of input
values has been divided into one set having the same length
and one having a different length. In either of these cases,
one component of the data structure can be used to indicate
the length of the equal length segments. In the examples
below, this component is referred to as “delta_luma_val.”

In one example, the one range having a different length
(which may be referred to herein as the unequal length
range) is at the beginning of the range of input values. That
is, as illustrated in FIG. 9, the unequal length range can
include input values from the beginning of the range of input
values, with the remaining input values being divided into
equal lengths. In this example, the length of the unequal
length range can be indicated using delta_luma_change_
points[0] (e.g., index zero of the delta_luma_change_points
component). When all the ranges have the same length (e.g.,
there is no unequal length range), then delta_luma_change_
points[0] can indicate this length, such that no special
handling or additional components are needed to distinguish
between there being one unequal length range and no
unequal length range. In some other examples, when all the
ranges have the same length, delta_luma_change_points[0]
need not be signaled and delta_luma_val can be used to
derive the length of the equal ranges.

Continuing the first example, a decoder receiving the data
structure can derive the lengths of the ranges (e.g., the
delta_luma_change_points value for each range) using the
delta_luma_val. For example, the delta_luma_val can indi-
cate a difference between the end value and the start value
of each of the equal length ranges.

As another example, delta_luma_val can specify the
lengths of the equal length ranges relative to a fixed value
that is the same at both the encoder and the decoder. For
example, the fixed value can be a maximum value that the
range of input values can have when all the ranges, including
the unequal length range, have the same length. In this
example, delta_luma_val can be used to indicate the differ-
ence between the fixed value (e.g., the maximum possible
value of the input values) and the length of the equal length
ranges. The delta_luma_val can be a signed value in this
example. As an example, assuming that the contents of a
video have a maximum luma value of 1000, that the values
from 1 to 300 form one range, and that the values from 301
to 1000 form nine equal length ranges, the equal length
ranges have a length of about 78. In this example, delta_lu-
ma_val can be set to 22, so that, at the decoder, the length
of the equal length ranges can be determined as follows:
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(1000/10)-22=78. In this example, the number of bits
needed to encode delta_luma_val may be less than when
delta_lum_val indicates the absolute length of the equal
length ranges.

As another example, delta_luma_val can be used to
indicate a difference between the length of the equal length
ranges if all of the ranges were contained in the equal length
ranges and the actual length of the equal length ranges. In
this example, the delta_luma_val can be a signed value. As
an example, assuming a maximum luma value of 1000, that
the values from 1 to 300 form an unequal length range, and
that the remaining values form nine equal ranges each
having a length of 78, then delta_luma_val can be set to -8,
and the decoder can derive the length of the equal length
ranges as follows: ((1000-300)/10)-(-8)=78. As in the
previous example, in this example, the number of bits
needed to encode delta_luma_val may be less than when
delta_luma_val indicates the absolute length of the equal
length ranges.

In a second example, there may be situations where the
range of input values for the piecewise linear function can be
divided into a set having equal lengths, a first range having
a different length, and second range that may have the same
length as the first range or may have a different length
entirely. This may occur, for example, in a graph similar to
the graph of FIG. 9, where the slope of the y-values initially
changes little then changes more. In this second example,
the data structure can include an indicator that can indicate
whether the ranges include one unequal length range or two
unequal length ranges. In the examples below, this indicator
is referred to as “luma_range_scale_mode,” which can be a
2-bit value. In this example, the equal_ranges_flag can also
be used to indicate whether some or all of the ranges are
equal in length.

In this second example, as in the previous example,
delta_luma_change_points can indicate the lengths of all of
the ranges when equal_ranges_flag indicates all the lengths
are signaled (e.g., either because there are no equal length
ranges, or because the equal length ranges are not arranged
in a manner that enables the equal length ranges to be
described as a group), and delta_luma_val can indicate the
length of the equal length ranges when equal_ranges_flag
indicates that there are equal_length_ranges. The delta_lu-
ma_change_points[0] can indicate the length of the first
unequal length range when there is at least one unequal
length range, and can be set to the length of the equal length
ranges when all the ranges are of the same length.

When luma_range_scale_mode indicates that the ranges
include two of unequal length, then delta_luma_change_
points[1] can be used to indicate the length of the second
unequal length range. In some examples, the second unequal
length range may have the same scale value as the first
unequal length range, in which case only one scale value
needs to be signaled for both unequal length ranges.

In some cases, the piecewise linear function may be such
that the length and offset of the unequal length range need
not be encoded, and can be derived at the decoder based on
parameters for the equal length ranges. FIG. 10 includes a
graph that plots a y-value for a range on x values, according
to a piecewise linear function for dynamic range adjustment.
In this example, the piecewise linear function can be divided
into a set of equal length ranges (R0, R1, R2, and R3) and
one range having a different length (R4). For this example,
the data structure can include the equal_ranges_flag, to
indicate that the range of input values have all or in part been
divided into ranges having the same length. When the
equal_ranges_flag indicates that all the range lengths are
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provided (e.g., either because there are no equal length
ranges, or because the equal length ranges are not arranged
in a manner that enables the equal length ranges to be
described as a group), then a component of the data struc-
ture, referred to below as “range_length,” can be used to
indicate the length of the ranges. The range_length compo-
nent can be an array that includes an index for each range.

When equal_ranges_{flag indicates that the ranges include
a set of ranges having the same lengths, then a value referred
to below as “equal_range_length” can be used to indicate a
total length of the equal length ranges, which can be
computed by multiplying the number of equal length ranges
by the length of each of the equal length ranges. As
illustrated in the example of FIG. 10, the equal_range_
length can also indicate the offset at which the unequal
length range can be found. In this example, the unequal
length range ends as the maximum possible value of the
input values.

As an example, assuming a maximum luma value of
1000, that the unequal length range includes the values 701
through 1000, and that there are nine equal length ranges,
then equal_range_length can have a value of 78. A decoder
can then derive the combined length of the equal length
ranges as follows: 78x9=702 or about 700. The decoder can
further derive the length of the unequal length range as
follows: 1000-700=300.

Several example implementations of the above-described
methods will now be described. The following examples
implement one or more of the examples described above.

The example implementations are illustrated using syntax
structures and semantics. Changes to the syntax structure
and semantics are indicated as follows: [[text within double
brackets]] indicates deletions and underlined text indicates
additions.

First Example

Syntax

pic__parameter_set_rbsp( ) Descriptor
u(l)
dra_ enabled_ flag u(l)
if( dra_enabled_flag ) {
num__scale_ frac_ bits u4)
num__scale__int_ bits u4)
num__luma_dra_in_ranges ue(v)
equal_ranges_ flag u(l)
delta_ luma_ change points[ O ]
if( equal__ranges flag)
delta_ luma_ val u(v)
ese
for(i=1;i<=num_luma_ dra_in_ ranges; i++ )
delta_ luma_ change points[ i ] u(v)
for(i=0;i<num_luma_dra_in_ranges; i++ )
dra_scale_val[ i ] u(v)

cont_cb__gp_ offset
cont_cr__qp__offset
base__qp

s(v)
s(v)
s(v)

Semantics

equal_ranges_flag equal to O specifies that the syntax
element delta_luma_change_points[i] is signaled for i in the
range of 1 to num_luma_dra_in_ranges, inclusive. equal_
ranges_flag equal to 1 specifies that delta_luma_change_
points[i] is signaled for i in the range of 1 to num_luma_d-
ra_in_ranges, inclusive, is not signaled and is derived using
delta_luma_val:
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delta_luma_val is used to derive the value of the input
ranges when equal_ranges_flag is set equal to 0. When not
present, the value of delta_luma_val is inferred to be equal
to 0. The number of bits used to signal delta_luma_val is
equal to in_bit_depth.

Note that although in_bit_depth refers to the bit depth of
the component samples, the numbers of bit used to signal
delta_luma_val may be explicitly signaled or derived from
other syntax elements in the bitstream.

When equal_ranges_flag is equal to 1, the value of
delta_luma_change_points[i] is derived as follows for i in
the range of 1 to num_luma_dra_in_ranges, inclusive:

delta_luma_change_points[i]=delta_luma_val

Alternatively, the signaled value of delta_luma_val is
used to specify a difference between a fixed value of the
range length and the actual range length. In such cases,
delta_luma_val may be signaled as a signed number, e.g.
coded as s(v) syntax element. An example of the derivation
of delta_luma_change_points[i] is as follows:

deltaVal=(1<<in bit depth)/num_luma dra_in_
ranges—delta_luma_val delta_luma change
points[i]=deltaVal

An example of the derivation of the input ranges is given
below, but it is to be understood that there may be other ways
of deriving that is not specified in this disclosure:

inRanges[0]=delta_luma_change_points[0]
for(i=1;i<=num_luma_dra_in_ranges;i++)

inRanges[i]=inRanges[i—1]+delta_luma_change_
points[i]

Alternatively, the value of deltaVal is derived as follows:

deltaVal=((1<<in bit depth)-delta luma_change
points[0])Y/num_luma_dra_in_ranges—delta_lu-
ma._val

The inRanges| | so derived and dra_scale_val[ | may be
used to derive a look-up table that is used to perform the
DRA mapping.

If inRanges[num_luma_dra_in_ranges] is less than
(1<<in_bit_depth) the scale values corresponding to the
sample values in the range of inRanges[num_luma_dra_in_
ranges| to (1<<in bit depth), inclusive, may be derived to be
equal to 0 or equal to inRanges[num_luma_dra_in_ranges—
11.

The syntax elements cont_cb_qgp_offset, cont_cr_qp_off-
set, and base_qp are used to derive the DRA parameters for
mapping the chroma samples.

cont_cb_qp_offset is used to derive a scale value for the
Cb container samples. The value of cont_cb_qp_offset is in
the range of -24 to 24, inclusive.

cont_cr_qp_offset is used to derive a scale value for the Cr
container samples. The value of cont_cb_qp_offset is in the
range of —24 to 24, inclusive.

An example of scale value derived for Cb and Cr from
cont_cb_qp_offset and cont_cr_qp_offset is as follows:

scaleCh=2(cont_cb_ap_ofset/6)

scaleCy=2(contcr_gp_ofsetl6)

base_qgp is used to derive additional scale value for
chroma based on the chroma QP tables specified in the Table
8-10 of the HEVC standard. The value of base_qp is in the
range of 0 to 51, inclusive.

In some embodiments cont_cb_qgp_offset and cont_
cr_qgp_offset may be used to derive the scale values of any
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two components of the signal. The calculation of the scale
values from cont_cb_qp_offset and cont_cr_qp_offset may
be implemented in fixed-point arithmetic, or performed
using look-up tables.

In some embodiments, the value of base_qp is signaled as
a difference to a fixed number to reduce the number of bits
needed to signal. In other embodiments, the scale value may
be derived from base_gp using other tables defined similarly
as Table 8-10, and the base_qp may be replaced by signaling
an index to the table.

Second Example

This example is similar to example 1, except the signaling
of syntax element specifying how the scale values are
derived for ranges that do not have explicit signaling of
dra_scale_val.

Syntax
pic__parameter_ set_ rbsp( ) Descriptor
u(l)
dra_ enabled_ flag u(l)
if( dra_enabled_flag ) {
num__scale_ frac_ bits u4)
num__scale__int_ bits u4)
num__luma_dra_in_ranges ue(v)
equal__ranges_ flag u(l)
delta_ luma_ change points[ O ] u(v)
luma_ range scale_ mode u(2)
if( luma_ range_scale__mode > 0 )
delta_ luma_ change_ points[ 1 ] u(v)
if("equal__ranges_ flag )
delta_ luma_ val u(v)
Else
for(i=(luma_range_scale_mode?2:1);i<=
num__luma_dra_ In_ ranges; i++ )
delta_Tuma_change points[ i | u(v)
for(i=(luma_range_scale_mode?1:0);i<
num__luma_ dra_in_ ranges; i++ )
dra_scale_val[ 1] u(v)

cont_cb__gp_ offset
cont_cr__qp__offset
base__qp

}

s(v)
s(v)
s(v)

Semantics

luma_range_scale_mode is used to specify the derivation
of scale value dra_scale_val[l]. When luma range scale
mode is equal to 1, the syntax element dra_scale_val[1] is
set equal to (1<<num_scale_frac_bits). When luma_rang-
e_scale_mode is equal to 2, the syntax element dra_scal-
e_val[1] is set equal to 0. When luma_range_scale_mode is
equal to 3, the syntax element dra_scale_val[1] is set equal
to dra_scale_val[2].

The value of delta_luma_change points[i] may be
derived as follows for i in the range of 2 to num_luma_d-
ra_in_ranges, inclusive, or using the value delta_luma_val:

deltaVal=((1<<in bit depth)-delta_luma_change
points[0]-delta_luma_change_points[1])/num_
luma_dra_in_ranges delta_luma_change_points
[{]=deltaVal

In some alternatives, the value of luma_range_scale_m-
ode may not affect the relation of equal_ranges_flag and
delta_luma_change_points[1].

In other alternatives, the syntax eclement delta_lu-
ma_change_points[0] may not be signaled.

The value of luma_range_scale_mode is described here to
indicate how the value of scale corresponding to one range
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value is derived, or how the DRA parameters are derived
based on the value. It is to be understood that similar syntax
elements may also be specified for other ranges.

Third Example

This example can be used when a set of equal length
ranges numerically precede an unequal length range, as
illustrated in FIG. 10.

Syntax

pic_parameter_ set_ rbsp( ) Descriptor
u(l)
dra_ enabled_ flag u(l)
if( dra_enabled_flag ) {
dra_ global_ offset_ value u(v)
luma_ change_ points[ 0 ] u(v)
num__dra_ ranges ue(v)
equal_ranges_ flag u(l)
if( equal__ranges_ flag )
equal__range_ length u(v)
gse
for(i=1;i<=num_luma dra_in_ranges; i++ )
range_ length[ i ] u(v)
for(i=0;i<num_luma_dra_in_ranges; i++ )
dra_scale_val[i] u(v)

cont_cb_qp_offset
cont_cr__qp__offset
base__qp

s(v)
s(v)
s(v)

Semantics

num_dra_ranges specifies the number of ranges defining
the DRA function

dra_global_offset_value specifies an x value where the
DRA function results in y=0, and is used to derive other
parameters of the DRA (e.g. a local offset for range RO0).

luma_change_points[0] specifies the starting x value
where the ranges are signaled using an equal range length or
specifies the range length. The value of luma_change-
s_points[0] can be in the range of 0 to 1023, inclusive.

In one alternative, the following constraint is added:

The value of luma_change_points[0] can be greater than
or equal to dra_global_offset_value.

equal_ranges_flag equal to 1 specifies that the DRA
function is defined through equal length ranges.

equal range length specifies the length of all of the equal
length ranges that define the DRA function.

If delta_luma_change_points[0]>dra_global_offset_
value, the DRA function may need to be defined with an
additional range, aka R[-1], parameters of which are not
signaled, but may be derived at the decoder side as follows:

length of the range R[-1]=delta_luma_change_points
[0]-dra_global_offset_value

A piece-wise linear (PWL) scale for the range R[-1]=
scale [0], is a scale value signaled for neighboring range,
parameters of which have been signaled, namely range R[0].

If it is not possible to fully define the DRA function for all
of the possible values of X, e.g.
num_dra_ranges*equal_range_length<MAX_X, the DRA
function may be defined with an additional range, ak.a.
R[num_dra_ranges], parameters of which are not signaled,
but may be derived at the decoder side as follows:

length of the range R[num_dra_ranges]=-MAX_X-
num_dra_ranges*equal_range_length,
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where MAX_X indicates a maximum value that the input
component x may take. In some embodiments, the values of
MAX_X may be determined after accounting for other
ranges that are not signaled. For example, if the maximum
value of input x is 1023, and delta_luma_change_points[0]
is signaled, MAX_X is equal to 1024—delta_luma_change-
s_points[0].

PWL scale for the range R[num_dra_ranges]=scale
[num_dra_ranges—1], is a scale value signaled for a neigh-
boring range, parameters of which have previously been
signaled, namely range R[num_dra_ranges-1].

FIG. 11 includes a flowchart that illustrates an example of
a process 1100 for encoding video data. The process 1100
can be implemented, for example, by an encoding device
that includes a memory and a processor. In this example, the
memory can be configured to store video data, and the
processor can be configured to perform the steps of the
process 1100 of FIG. 11. For example, the encoding device
can include a non-transitory computer-readable medium that
can store instructions that, when executed by the processor,
can cause the processor to perform the steps of the process
1100. In some examples, the encoding device can include a
camera for capturing video data.

At step 1102, the process 1100 includes obtaining video
data, wherein, for a portion of a video frame of the video
data, the video data includes parameters describing a piece-
wise linear function for dynamic range adjustment of colors
in the portion of the video frame, wherein the parameters
divide a range of input values to the piecewise linear
function into multiple of non-overlapping ranges, wherein
the of non-overlapping ranges includes a first range having
a first length and a set of ranges each having a second length,
and wherein the first length is different from the second
length. In some examples, the portion of the video frame
includes less than all of a video frame. In some examples,
the portion of the video frame includes all of a video frame.
In some examples, the parameters that describe the piece-
wise linear function can apply to more than one video frame.

In some examples, the range of input values are luma
values from pixels in the portion of the video frame. In these
examples, the chroma values can be derived from the
parameters. In these and other examples, the length of a
range can indicate a number of luma values, of the possible
luma values in the portion of the video frame, that are
included the range.

In some examples, the first range includes a first set of
input values from a beginning of the range of input values.
In these examples, the set of ranges include a second of set
input values, from the range of input values, that follow the
first set of input values.

At step 1104, the process 1100 includes generating a data
structure for the parameters. The data structure can include
components such a value indicating the number ranges in the
non-overlapping ranges and a scale factor for each of the
ranges, and other information, as described below.

At step 1106, the process 1100 includes setting an indi-
cator in the data structure to indicate that the non-overlap-
ping ranges includes the set of ranges each having the
second length. In some examples, all of the non-overlapping
ranges have the same length (e.g., the first length is the same
as the second length), in which case the steps that follow also
apply. In other examples, when the non-overlapping ranges
do not include ranges having a same length, or have ranges
of the same length that cannot be grouped together, then the
steps that follow do not apply, and each of the lengths is
indicated in the data structure.
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At step 1108, the process 1100 includes setting a first
value in the data structure to indicate the second length. In
some examples, the first value indicates the second length as
a difference between an end value and a start value of each
of the set of ranges. In some examples, the first value
indicates the second length by indicating a difference
between a fixed value and the second length. For example,
the fixed value can be a maximum possible value for range
of input values, or can be a value included in the data
structure. In this example, the lengths of the set of ranges can
be computed by dividing the fixed value by the total number
of ranges (e.g., the number of ranges in the set of ranges plus
the first range) and then subtracting the first value. In some
examples, the lengths can be computed by subtracting the
length of the first range (which can be provided in the data
structure) from the fixed value and dividing the result by the
total number of ranges, and then subtracting the first value.

In some examples, the first value is equal to a number of
ranges in the set of ranges multiplied by the second length.
In these examples, the first value is thus the sum of the
lengths of the set of ranges. Additionally, in some examples,
the first value can indicate an offset within the range of input
values where the first range starts. For example, the set of
ranges can include a first set of input values from a begin-
ning of the range of input values, and the first range can
include a second set of input values, from the range of input
values, that follow the first set of input values. In this
example, the first value can indicate where the second set of
input values start.

In some examples, the process 1100 can include setting a
second value in the data structure to indicate the first length.
In some examples, the second value is not included in the
data structure, and is instead derived from other values in the
data structure. For example, when the first value indicates an
offset within the range of input values, then the first length
can be determined by subtracting the offset from a maximum
input value.

At step 1110, the process 1100 includes generating
encoded video data from the video data, wherein the data
structure is included with the encoded video data. Generat-
ing the encoded video data can include performing steps as
are discussed below with respect to FIG. 13. In some
examples, the data structure can be included in an SEI
message, which can be incorporated into the encoded video
data or can be provided separately. The SEI message can
apply the parameters in the data structure to a group of video
frames, one video frame, or a slice of a video frame. In some
examples, the data structure can be included in a slice header
or a parameter set, such as a sequence parameter set, a
picture parameter set, a video parameter set, or another type
of parameter set. In this example, the parameters in the data
structure can be applied to the portion of the video data to
which the slice header or parameter set applies, which can
be a slice from a video frame, a whole video frame, or a
group of video frames.

In some examples, the non-overlapping ranges include a
second range having a third length, which is different from
the second length. In this example, the non-overlapping
ranges thus include two ranges whose lengths are not the
same as the lengths of the set of ranges. In this example, the
process 1100 of FIG. 11 can further include setting a second
indicator in the data structure to indicate that the non-
overlapping ranges include the first range and the second
range. The process can also include setting a third value in
the data structure to indicate the third length.

FIG. 12 includes a flowchart illustrating an example of a
process 1200 for decoding video data. The process 1200 can
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be implemented, for example, by a decoding device that
includes a memory and a processor. In this example, the
memory can be configured to store encoded video data, and
the processor can be configured to perform the steps of the
process 1200 of FIG. 12. For example, the decoding device
can include a non-transitory computer-readable medium that
can store instructions that, when executed by the processor,
can cause the processor to perform the steps of the process
1200. In some examples, the decoding device can include a
camera for capturing video data. In some examples, the
decoding device can include a display for displaying
decoded video data. In some examples, the decoding device
is a mobile device with a camera for capturing video data
and a display for displaying the video data.

At step 1202, the process 1200 includes obtaining
encoded video data. The encoded video data can be
obtained, for example, from a storage location in a memory
of the decoding device. Alternatively or additionally, the
encoded video data can be obtained from a storage location
external to the decoding device, such as a locally attached
hard drive or other storage device. Alternatively or addi-
tionally, the encoded video data can be obtained from a
network location.

At step 1204, the process 1200 includes determining, for
a portion of a video frame from the encoded video data, a
data structure including parameters describing a piecewise
linear function for dynamic range adjustment of colors in the
portion of the video frame, wherein the parameters divide a
range of input values to the piecewise linear function into
multiple non-overlapping ranges. The portion of the video
frame can be less than all of one video frame, a whole video
frame, or a group of video frames. In some examples, the
data structure is determined from an SEI message incorpo-
rated into the encoded video data or provided with the
encoded video data. In these examples, the parameters in the
SEI message can be applied to a group of video frames, one
video frame, or a slice of a video frame. In some examples,
the data structure is determined from a slice header or a
parameter set, such as a sequence parameter set, a picture
parameter set, a video parameter set, or another type of
parameter set. In this example, the parameters in the data
structure can be applied to the portion of the video data to
which the slice header or parameter set applies, which can
be a slice from a video frame, a whole video frame, or a
group of video frames.

At step 1206, the process 1200 includes determining,
from an indicator in the data structure, that the non-over-
lapping ranges include a first range having a first length and
a set of ranges each having a second length, wherein the first
length is different from the second length.

The indicator can, for example, indicate the presence of
the set of ranges in the non-overlapping ranges. In some
examples, determining that the non-overlapping ranges
include a first range is based on a second value in the data
structure that provides the first length. In some examples, all
of the ranges are the same length, in which case the first
length can be indicated in the structure as the same as the
second length. In some examples, none of the ranges are the
same length, or it is not possible to describe the ranges that
are of the same length as a group. In these examples, the
ranges of each of the lengths of the ranges is included in the
data structure, and the steps that follow do not apply.

In some examples, a second value in the data structure
provides the first length. In these examples, the process can
further include determining, from an index associated with
the second value, that the first range includes a first set of
input values from a beginning of the range of input values,
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and that the set of ranges include a second set of input
values, from the range of input values, that follow the first
set of input values.

At step 1208, the process 1200 includes determining,
using a first value in the data structure, the second length. In
some examples, the first value provides (e.g., is equal to) the
second length. In some examples, the first value indicates
the second length by indicating a difference between a fixed
value and the first length. In some examples, the fixed value
can be a maximum possible value for range of input values,
or can be a value included in the data structure. In this
examples, the decoding device can determine the second
length by dividing the fixed value by the total number of
ranges (e.g., the number of ranges in the set of ranges plus
the first range) and then subtracting the first value. In some
examples, the decoding device can determine the second
length by subtracting the length of the first range (which can
be provided in the data structure) from the fixed value and
dividing the result by the total number of ranges, and then
subtracting the first value.

At step 1210, the process 1200 includes determining the
first length using information provided by the data structure.
In some examples, the first length is indicated using a value
in the data structure. In some examples, the first length is
equal to a total length of the set of ranges, in which case the
decoding device can determine the first length by subtracting
the first length from a maximum value of the range of input
values. Also in this example, the decoding device can
determine the second length includes dividing the first
length by a number of ranges in the set of ranges. In some
examples, process 1200 may also include determining,
based on the first value, that the set of ranges includes a first
set of input values from a beginning of the range of input
values, and wherein the first range includes a second set of
input values, from the range of input values, that follow the
first set of input values.

At step 1212, the process 1200 includes reconstructing the
piecewise linear function using the first length, the second
length, and scale factors associated with each of the non-
overlapping ranges, wherein the scale factors are included in
the data structure. Reconstructing the piecewise linear func-
tion can include, for example, multiplying each range of the
non-overlapping ranges by the scale factor associated with
each range. Once reconstructed, the piecewise linear func-
tion can provide an output value for each possible input
value, where the input values are color values from the
portion of the input video frame.

At step 1214, the process 1200 includes decoding the
portion of the video frame. Decoding the video frame can
include performing steps such as are described below with
respect to FIG. 14.

At step 1216 of FIG. 12, the process 1200 includes
applying the piecewise linear function to the colors in the
portion of the video frame to perform dynamic range adjust-
ment, as discussed above.

In some examples, the process 1200 further includes
determining, from a second indicator in the data structure,
that the non-overlapping ranges include a second range
having a third length, where third length is different from the
second length. In these examples, the non-overlapping
ranges include two ranges that have different lengths than
the set of ranges. In these examples, the process 1200 can
further include determining the third length from a third
value in the data structure.

The methods and operations discussed herein may be
implemented using compressed video, and may be imple-
mented in an example video encoding and decoding system
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(e.g., system 100). In some examples, a system includes a
source device that provides encoded video data to be
decoded at a later time by a destination device. The source
device can, for example, provide the video data to a desti-
nation device via a computer-readable medium. In some
examples, the computer-readable medium is transitory. In
some examples, the computer-readable medium is non-
transitory. The source device and the destination device can
be any of a wide range of devices, including desktop
computers, notebook (i.e., laptop) computers, tablet com-
puters, smartphones, cellular communication devices, wire-
less communication devices, set-top boxes, televisions, cam-
eras, display devices, digital media players, video gaming
consoles, video streaming device, or the like. In some cases,
the source device and the destination device may be
equipped for wireless communication.

The destination device may receive the encoded video
data to be decoded via the computer-readable medium. The
computer-readable medium can be any type of medium or
device capable of moving the encoded video data from the
source device to the destination device. In one example,
computer-readable medium can be a communication
medium to enable the source device to transmit encoded
video data directly to the destination device in real-time. The
encoded video data may be modulated according to a
communication standard, such as a wireless communication
protocol, and transmitted to the destination device. The
communication medium can include any wireless or wired
communication medium, such as a radio frequency (RF)
spectrum and/or one or more physical transmission lines.
The communication medium may form part of a packet-
based network, such as a local area network, a wide-area
network, or a global network such as the Internet. The
communication medium may include routers, switches, base
stations, or any other equipment that may be useful to
facilitate communication from the source device to the
destination device.

In some examples, encoded data may be output from an
output interface to a storage device. A storage device is one
example of a non-transitory computer-readable medium.
Similarly, encoded data may be accessed from the storage
device by an input interface. The storage device may include
any of a variety of distributed or locally accessed data
storage media, such as a magnetic, optical, or solid-state
drive, Blu-ray discs, DVDs, CD-ROMs, flash memory,
volatile or non-volatile memory, or any other suitable digital
storage media for storing encoded video data. In a further
example, the storage device may correspond to a file server
or another intermediate storage device that may store the
encoded video generated by the source device. The desti-
nation device may access stored video data from the storage
device via streaming or download. The file server may be
any type of server capable of storing encoded video data and
transmitting that encoded video data to the destination
device. Example file servers include a web server (e.g., for
a website), an FTP server, network attached storage (NAS)
devices, or a local disk drive. The destination device may
access the encoded video data through any standard data
connection, including an Internet connection. This may
include a wireless channel (e.g., a Wi-Fi connection), a
wired connection (e.g., DSL, cable modem, etc.), or a
combination of both that is suitable for accessing encoded
video data stored on a file server. The transmission of
encoded video data from the storage device may be a
streaming transmission, a download transmission, or a com-
bination thereof.

20

25

40

45

38

The techniques of this disclosure are not limited to
wireless applications or settings. The techniques may be
applied to video coding in support of any of a variety of
multimedia applications, such as over-the-air television
broadcasts, cable television transmissions, satellite televi-
sion transmissions, Internet streaming video transmissions,
such as dynamic adaptive streaming over HTTP (DASH),
digital video that is encoded onto a data storage medium,
decoding of digital video stored on a data storage medium,
or other applications. In some examples, system may be
configured to support one-way or two-way video transmis-
sion to support applications such as video streaming, video
playback, video broadcasting, and/or video telephony.

In one example, the source device includes a video
source, a video encoder, and a output interface. The desti-
nation device may include an input interface, a video
decoder, and a display device. The video encoder of source
device may be configured to apply the techniques disclosed
herein. In other examples, a source device and a destination
device may include other components or arrangements. For
example, the source device may receive video data from an
external video source, such as an external camera. Likewise,
the destination device may interface with an external display
device, rather than including an integrated display device.

The example system above is merely one example. Tech-
niques for processing video data in parallel may be per-
formed by any digital video encoding and/or decoding
device. The techniques may also be performed by a video
encoder/decoder, typically referred to as a “CODEC.” More-
over, the techniques of this disclosure may also be per-
formed by a video preprocessor. The source device and the
destination device are merely examples of such coding
devices in which the source device generates coded video
data for transmission to the destination device. In some
examples, the source and destination devices may operate in
a substantially symmetrical manner such that each of the
devices include video encoding and decoding components.
Hence, example systems may support one-way or two-way
video transmission between video devices, e.g., for video
streaming, video playback, video broadcasting, or video
telephony.

The video source of the source device may include a video
capture device, such as a video camera, a video archive
containing previously captured video, and/or a video feed
interface to receive video from a video content provider. As
a further example, the video source may generate computer
graphics-based data as source video, or a combination of live
video, archived video, and computer generated video. In
some cases, if the video source is a video camera, the source
device and the destination device may form camera phones
or video phones, for example. As mentioned above, how-
ever, the techniques described in this disclosure may be
applicable to video coding in general, and may be applied to
wireless and/or wired applications. In each case, the cap-
tured, pre-captured, or computer-generated video may be
encoded by the video encoder. The encoded video informa-
tion may then be output by the output interface onto the
computer-readable medium.

As noted the computer-readable medium may include
transient media, such as a wireless broadcast or wired
network transmission, or storage media (that is, non-transi-
tory storage media), such as a hard disk, flash drive, compact
disc, digital video disc, Blu-ray disc, or other computer-
readable media. In some examples, a network server (not
shown) may receive encoded video data from the source
device and provide the encoded video data to the destination
device, e.g., via network transmission. Similarly, a comput-
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ing device of a medium production facility, such as a disc
stamping facility, may receive encoded video data from the
source device and produce a disc containing the encoded
video data. Therefore, the computer-readable medium may
be understood to include one or more computer-readable
media of various forms, in various examples.

The input interface of the destination device receives
information from the computer-readable medium. The infor-
mation of the computer-readable medium may include syn-
tax information defined by the video encoder, which is also
used by the video decoder, that includes syntax elements that
describe characteristics and/or processing of blocks and
other coded units, e.g., group of pictures (GOP). A display
device displays the decoded video data to a user, and may
include any of a variety of display devices such as a cathode
ray tube (CRT), a liquid crystal display (LCD), a plasma
display, an organic light emitting diode (OLED) display, or
another type of display device. Various embodiments of the
application have been described.

As noted above, a source device can perform encoding,
and thus an include an encoding device to perform this
function. As also noted above, a destination device can
perform decoding, and thus can include a decoding device.
Example details of the encoding device 104 and the decod-
ing device 112 of FIG. 1 are shown in FIG. 13 and FIG. 14,
respectively. FIG. 13 is a block diagram illustrating an
example encoding device 104 that may implement one or
more of the techniques described in this disclosure. The
encoding device 104 may, for example, generate the syntax
structures described herein (e.g., the syntax structures of a
VPS, SPS, PPS, or other syntax elements). The encoding
device 104 may perform intra-prediction and inter-predic-
tion coding of video blocks within video slices. As previ-
ously described, intra-coding relies, at least in part, on
spatial prediction to reduce or remove spatial redundancy
within a given video frame or picture. Inter-coding relies, at
least in part, on temporal prediction to reduce or remove
temporal redundancy within adjacent or surrounding frames
of a video sequence. Intra-mode (I mode) may refer to any
of several spatial based compression modes. Inter-modes,
such as uni-directional prediction (P mode) or bi-prediction
(B mode), may refer to any of several temporal-based
compression modes.

The encoding device 104 includes a partitioning unit 35,
prediction processing unit 41, filter unit 63, picture memory
64, summer 50, transform processing unit 52, quantization
unit 54, and entropy encoding unit 56. The prediction
processing unit 41 includes a motion estimation unit 42, a
motion compensation unit 44, and an intra-prediction pro-
cessing unit 46. For video block reconstruction, the encod-
ing device 104 also includes an inverse quantization unit 58,
an inverse transform processing unit 60, and a summer 62.
The filter unit 63 is intended to represent one or more loop
filters such as a deblocking filter, an adaptive loop filter
(ALF), and a sample adaptive offset (SAO) filter. Although
the filter unit 63 is shown in FIG. 13 as being an in-loop
filter, in other configurations, the filter unit 63 may be
implemented as a post-loop filter. A post processing device
57 may perform additional processing on encoded video
data generated by the encoding device 104. The techniques
of this disclosure may in some instances be implemented by
the encoding device 104. In other instances, however, one or
more of the techniques of this disclosure may be imple-
mented by the post processing device 57.

As shown in FIG. 13, the encoding device 104 receives
video data, and the partitioning unit 35 partitions the data
into video blocks. The partitioning may also include parti-

10

15

20

25

30

35

40

45

50

55

60

65

40

tioning into slices, slice segments, tiles, or other larger units,
as wells as video block partitioning, e.g., according to a
quadtree structure of LCUs and CUs. The encoding device
104 generally illustrates the components that encode video
blocks within a video slice to be encoded. The slice may be
divided into multiple video blocks (and possibly into sets of
video blocks referred to as tiles). The prediction processing
unit 41 may select one of multiple possible coding modes,
such as an intra-prediction coding modes or an inter-predic-
tion coding modes, for the current video block, based on
error results (e.g., coding rate and the level of distortion, or
the like). The prediction processing unit 41 may provide the
resulting intra- or inter-coded block to a first summer 50 to
generate residual block data and to a second summer 62 to
reconstruct the encoded block for use as a reference picture.

The intra-prediction processing unit 46 within the predic-
tion processing unit 41 may perform intra-prediction coding
of the current video block relative to one or more neighbor-
ing blocks in the same frame or slice as the current block to
be coded to provide spatial compression. The motion esti-
mation unit 42 and the motion compensation unit 44 within
the prediction processing unit 41 perform inter-predictive
coding of the current video block relative to one or more
predictive blocks in one or more reference pictures to
provide temporal compression.

The motion estimation unit 42 may be configured to
determine the inter-prediction mode for a video slice accord-
ing to a predetermined pattern for a video sequence. The
predetermined pattern may designate video slices in the
sequence as P slices, B slices, or Generalized P and B (GPB)
slices (a slice that has identical reference picture lists, List
0 and List 1). The motion estimation unit 42 and the motion
compensation unit 44 may be highly integrated, but are
illustrated separately for conceptual purposes. Motion esti-
mation, performed by the motion estimation unit 42, is the
process of generating motion vectors, which estimate
motion for video blocks. A motion vector, for example, may
indicate the displacement of a prediction unit (PU) of a video
block within a current video frame or picture relative to a
predictive block within a reference picture.

A predictive block is a block that is found to closely match
the PU of the video block to be coded in terms of pixel
difference, which may be determined by sum of absolute
difference (SAD), sum of square difference (SSD), or other
difference metrics. In some examples, the encoding device
104 may calculate values for sub-integer pixel positions of
reference pictures stored in picture memory 64. For
example, the encoding device 104 may interpolate values of
one-quarter pixel positions, one-eighth pixel positions, or
other fractional pixel positions of the reference picture.
Therefore, the motion estimation unit 42 may perform a
motion search relative to the full pixel positions and frac-
tional pixel positions and output a motion vector with
fractional pixel precision.

The motion estimation unit 42 calculates a motion vector
for a PU of a video block in an inter-coded slice by
comparing the position of the PU to the position of a
predictive block of a reference picture. The reference picture
may be selected from a first reference picture list (List 0) or
a second reference picture list (List 1), each of which
identify one or more reference pictures stored in the picture
memory 64. The motion estimation unit 42 sends the cal-
culated motion vector to the entropy encoding unit 56 and
the motion compensation unit 44.

Motion compensation, performed by the motion compen-
sation unit 44, may involve fetching or generating the
predictive block based on the motion vector determined by
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motion estimation, possibly performing interpolations to
sub-pixel precision. Upon receiving the motion vector for
the PU of the current video block, the motion compensation
unit 44 may locate the predictive block to which the motion
vector points in a reference picture list. The encoding device
104 forms a residual video block by subtracting pixel values
of the predictive block from the pixel values of the current
video block being coded, forming pixel difference values.
The pixel difference values form residual data for the block,
and may include both luma and chroma difference compo-
nents. The summer 50 represents the component or compo-
nents that perform this subtraction operation. The motion
compensation unit 44 may also generate syntax elements
associated with the video blocks and the video slice for use
by the decoding device 112 in decoding the video blocks of
the video slice.

The intra-prediction processing unit 46 may intra-predict
a current block, as an alternative to the inter-prediction
performed by the motion estimation unit 42 and the motion
compensation unit 44, as described above. In particular, the
intra-prediction processing unit 46 may determine an intra-
prediction mode to use to encode a current block. In some
examples, the intra-prediction processing unit 46 may
encode a current block using various intra-prediction modes,
e.g., during separate encoding passes, and the intra-predic-
tion unit processing 46 may select an appropriate intra-
prediction mode to use from the tested modes. For example,
the intra-prediction processing unit 46 may calculate rate-
distortion values using a rate-distortion analysis for the
various tested intra-prediction modes, and may select the
intra-prediction mode having the best rate-distortion char-
acteristics among the tested modes. Rate-distortion analysis
generally determines an amount of distortion (or error)
between an encoded block and an original, unencoded block
that was encoded to produce the encoded block, as well as
a bit rate (that is, a number of bits) used to produce the
encoded block. The intra-prediction processing unit 46 may
calculate ratios from the distortions and rates for the various
encoded blocks to determine which intra-prediction mode
exhibits the best rate-distortion value for the block.

In any case, after selecting an intra-prediction mode for a
block, the intra-prediction processing unit 46 may provide
information indicative of the selected intra-prediction mode
for the block to the entropy encoding unit 56. The entropy
encoding unit 56 may encode the information indicating the
selected intra-prediction mode. The encoding device 104
may include in the transmitted bitstream configuration data
definitions of encoding contexts for various blocks as well as
indications of a most probable intra-prediction mode, an
intra-prediction mode index table, and a modified intra-
prediction mode index table to use for each of the contexts.
The bitstream configuration data may include intra-predic-
tion mode index tables and modified intra-prediction mode
index tables (also referred to as codeword mapping tables).

After the prediction processing unit 41 generates the
predictive block for the current video block via either
inter-prediction or intra-prediction, the encoding device 104
forms a residual video block by subtracting the predictive
block from the current video block. The residual video data
in the residual block may be included in one or more TUs
and applied to the transform processing unit 52. The trans-
form processing unit 52 transforms the residual video data
into residual transform coefficients using a transform, such
as a discrete cosine transform (DCT) or a conceptually
similar transform. The transform processing unit 52 may
convert the residual video data from a pixel domain to a
transform domain, such as a frequency domain.
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The transform processing unit 52 may send the resulting
transform coeflicients to the quantization unit 54. The quan-
tization unit 54 quantizes the transform coefficients to fur-
ther reduce bit rate. The quantization process may reduce the
bit depth associated with some or all of the coefficients. The
degree of quantization may be modified by adjusting a
quantization parameter. In some examples, the quantization
unit 54 may then perform a scan of the matrix including the
quantized transform coefficients. Alternatively or addition-
ally, the entropy encoding unit 56 may perform the scan.

Following quantization, the entropy encoding unit 56
entropy encodes the quantized transform coefficients. For
example, the entropy encoding unit 56 may perform context
adaptive variable length coding (CAVLC), context adaptive
binary arithmetic coding (CABAC), syntax-based context-
adaptive binary arithmetic coding (SBAC), probability inter-
val partitioning entropy (PIPE) coding or another entropy
encoding technique. Following the entropy encoding by the
entropy encoding unit 56, the encoded bitstream may be
transmitted to the decoding device 112, or archived for later
transmission or retrieval by the decoding device 112. The
entropy encoding unit 56 may also entropy encode the
motion vectors and the other syntax elements for the current
video slice being coded.

The inverse quantization unit 58 and the inverse transform
processing unit 60 apply inverse quantization and inverse
transformation, respectively, to reconstruct the residual
block in the pixel domain for later use as a reference block
of a reference picture. The motion compensation unit 44
may calculate a reference block by adding the residual block
to a predictive block of one of the reference pictures within
a reference picture list. The motion compensation unit 44
may also apply one or more interpolation filters to the
reconstructed residual block to calculate sub-integer pixel
values for use in motion estimation. The summer 62 adds the
reconstructed residual block to the motion compensated
prediction block produced by the motion compensation unit
44 to produce a reference block for storage in the picture
memory 64. The reference block may be used by the motion
estimation unit 42 and the motion compensation unit 44 as
a reference block to inter-predict a block in a subsequent
video frame or picture.

In this manner, the encoding device 104 of FIG. 13
represents an example of a video encoder configured to
generate syntax for an encoded video bitstream. The encod-
ing device 104 may, for example, generate a data structure
that includes parameters of a piecewise linear function, as
described above. The encoding device 104 may perform any
of the techniques described herein, including the processes
described above with respect to FIGS. 11 and 12. The
techniques of this disclosure have generally been described
with respect to the encoding device 104, but as mentioned
above, some of the techniques of this disclosure may also be
implemented by the post processing device 57. Furthermore,
devices other than the example encoding device 104, having
similar or different components, can be used to perform the
techniques described herein.

FIG. 14 is a block diagram illustrating an example decod-
ing device 112. The decoding device 112 includes an entropy
decoding unit 80, prediction processing unit 81, inverse
quantization unit 86, inverse transform processing unit 88,
summer 90, filter unit 91, and picture memory 92. The
prediction processing unit 81 includes motion compensation
unit 82 and intra prediction processing unit 84. The decoding
device 112 may, in some examples, perform a decoding pass
generally reciprocal to the encoding pass described with
respect to the encoding device 104 from FIG. 13.
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During the decoding process, the decoding device 112
receives an encoded video bitstream that represents video
blocks of an encoded video slice and associated syntax
elements sent by the encoding device 104. In some
examples, the decoding device 112 may receive the encoded
video bitstream from the encoding device 104. In some
examples, the decoding device 112 may receive the encoded
video bitstream from a network entity 79, such as a server,
a media-aware network element (MANE), a video editor/
splicer, or other such device configured to implement one or
more of the techniques described above. The network entity
79 may or may not include the encoding device 104. Some
of the techniques described in this disclosure may be imple-
mented by the network entity 79 prior to the network entity
79 transmitting the encoded video bitstream to the decoding
device 112. In some video decoding systems, the network
entity 79 and the decoding device 112 may be parts of
separate devices, while in other instances, the functionality
described with respect to the network entity 79 may be
performed by the same device that includes the decoding
device 112.

The entropy decoding unit 80 of the decoding device 112
entropy decodes the bitstream to generate quantized coeffi-
cients, motion vectors, and other syntax elements. The
entropy decoding unit 80 forwards the motion vectors and
other syntax elements to the prediction processing unit 81.
The decoding device 112 may receive the syntax elements at
the video slice level and/or the video block level. The
entropy decoding unit 80 may process and parse both
fixed-length syntax elements and variable-length syntax
elements in or more parameter sets, such as a VPS, SPS, and
PPS.

When the video slice is coded as an intra-coded (I) slice,
the intra prediction processing unit 84 of the prediction
processing unit 81 may generate prediction data for a video
block of the current video slice based on a signaled intra-
prediction mode and data from previously decoded blocks of
the current frame or picture. When the video frame is coded
as an inter-coded (i.e., B, P or GPB) slice, the motion
compensation unit 82 of the prediction processing unit 81
produces predictive blocks for a video block of the current
video slice based on the motion vectors and other syntax
elements received from the entropy decoding unit 80. The
predictive blocks may be produced from one of the reference
pictures within a reference picture list. The decoding device
112 may construct the reference frame lists, List O and List
1, using default construction techniques based on reference
pictures stored in the picture memory 92.

The motion compensation unit 82 determines prediction
information for a video block of the current video slice by
parsing the motion vectors and other syntax elements, and
uses the prediction information to produce the predictive
blocks for the current video block being decoded. For
example, the motion compensation unit 82 may use one or
more syntax elements in a parameter set to determine a
prediction mode (e.g., intra- or inter-prediction) used to code
the video blocks of the video slice, an inter-prediction slice
type (e.g., B slice, P slice, or GPB slice), construction
information for one or more reference picture lists for the
slice, motion vectors for each inter-encoded video block of
the slice, inter-prediction status for each inter-coded video
block of the slice, and other information to decode the video
blocks in the current video slice.

The motion compensation unit 82 may also perform
interpolation based on interpolation filters. The motion com-
pensation unit 82 may use interpolation filters as used by the
encoding device 104 during encoding of the video blocks to
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calculate interpolated values for sub-integer pixels of refer-
ence blocks. In this case, the motion compensation unit 82
may determine the interpolation filters used by the encoding
device 104 from the received syntax elements, and may use
the interpolation filters to produce predictive blocks.

The inverse quantization unit 86 inverse quantizes, or
de-quantizes, the quantized transform coefficients provided
in the bitstream and decoded by the entropy decoding unit
80. The inverse quantization process may include use of a
quantization parameter calculated by the encoding device
104 for each video block in the video slice to determine a
degree of quantization and, likewise, a degree of inverse
quantization that should be applied. The inverse transform
processing unit 88 applies an inverse transform (e.g., an
inverse DCT or other suitable inverse transform), an inverse
integer transform, or a conceptually similar inverse trans-
form process, to the transform coefficients in order to
produce residual blocks in the pixel domain.

After the motion compensation unit 82 generates the
predictive block for the current video block based on the
motion vectors and other syntax elements, the decoding
device 112 forms a decoded video block by summing the
residual blocks from the inverse transform processing unit
88 with the corresponding predictive blocks generated by
the motion compensation unit 82. The summer 90 represents
the component or components that perform this summation
operation. If desired, loop filters (either in the coding loop or
after the coding loop) may also be used to smooth pixel
transitions, or to otherwise improve the video quality. A filter
unit 91 is intended to represent one or more loop filters such
as a deblocking filter, an adaptive loop filter (ALF), and a
sample adaptive offset (SAO) filter. Although the filter unit
91 is shown in FIG. 14 as being an in-loop filter, in other
configurations, the filter unit 91 may be implemented as a
post-loop filter. The decoded video blocks in a given frame
or picture are then stored in the picture memory 92, which
stores reference pictures used for subsequent motion com-
pensation. The picture memory 92 also stores decoded video
for later presentation on a display device, such as the video
destination device 122 shown in FIG. 1.

The decoding device 112 of FIG. 14 represents an
example of a video decoder configured to parse the syntax
of'an encoded video bitstream, and approximately reproduce
the original video data for subsequent display. The decoding
device may, for example, parse a data structure that includes
parameters of a piecewise linear function, and apply the
piecewise linear function to decoded data to perform
Dynamic Range Adjustment, as discussed above. The
decoding device 112 may perform any of techniques dis-
cussed herein, including the processes described above with
respect to FIGS. 11 and 12. Additionally, devices other than
the example decoding device 112, which have similar or
different components, can be used to perform the techniques
described herein.

In the foregoing description, aspects of the application are
described with reference to specific embodiments thereof,
but those skilled in the art will recognize that the application
is not limited thereto. Thus, while illustrative embodiments
of the application have been described in detail herein, it is
to be understood that the inventive concepts may be other-
wise variously embodied and employed, and that the
appended claims are intended to be construed to include
such variations, except as limited by the prior art. Various
features and aspects of the above-described examples may
be used individually or jointly. Further, embodiments can be
utilized in any number of environments and applications
beyond those described herein without departing from the



US 10,778,979 B2

45

broader spirit and scope of the specification. The specifica-
tion and drawings are, accordingly, to be regarded as illus-
trative rather than restrictive. For the purposes of illustra-
tion, methods were described in a particular order. It should
be appreciated that in other embodiments, the methods may
be performed in a different order than that described.

Where components are described as being “configured to”
perform certain operations, such configuration can be
accomplished, for example, by designing electronic circuits
or other hardware to perform the operation, by programming
programmable electronic circuits (e.g., microprocessors, or
other suitable electronic circuits) to perform the operation,
or any combination thereof.

The various illustrative logical blocks, modules, circuits,
and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as elec-
tronic hardware, computer software, firmware, or combina-
tions thereof. To clearly illustrate this interchangeability of
hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described
above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software
depends upon the particular application and design con-
straints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for
each particular application, but such implementation deci-
sions should not be interpreted as causing a departure from
the scope of the present application.

The techniques described herein may also be imple-
mented in electronic hardware, computer software, firm-
ware, or any combination thereof. Such techniques may be
implemented in any of a variety of devices such as general
purposes computers, wireless communication device hand-
sets, or integrated circuit devices having multiple uses
including application in wireless communication device
handsets and other devices. Any features described as mod-
ules or components may be implemented together in an
integrated logic device or separately as discrete but interop-
erable logic devices. If implemented in software, the tech-
niques may be realized at least in part by a computer-
readable data storage medium that includes program code
including instructions that, when executed, performs one or
more of the methods described above. The computer-read-
able data storage medium may form part of a computer
program product, which may include packaging materials.
The computer-readable medium may include memory or
data storage media, such as random access memory (RAM)
such as synchronous dynamic random access memory
(SDRAM), read-only memory (ROM), non-volatile random
access memory (NVRAM), electrically erasable program-
mable read-only memory (EEPROM), FLASH memory,
magnetic or optical data storage media, and the like. The
techniques additionally, or alternatively, may be realized at
least in part by a computer-readable communication medium
that carries or communicates program code in the form of
instructions or data structures and that can be accessed, read,
and/or executed by a computer, such as propagated signals
or waves.

The program code may be executed by a processor, which
may include one or more processors, such as one or more
digital signal processors (DSPs), general purpose micropro-
cessors, an application specific integrated circuits (ASICs),
field programmable logic arrays (FPGAs), or other equiva-
lent integrated or discrete logic circuitry. Such a processor
may be configured to perform any of the techniques
described in this disclosure. A general purpose processor
may be a microprocessor; but in the alternative, the proces-
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sor may be any conventional processor, controller, micro-
controller, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, multiple micro-
processors, one Oor more Mmicroprocessors in conjunction
with a DSP core, or any other such configuration. Accord-
ingly, the term “processor,” as used herein may refer to any
of the foregoing structure, any combination of the foregoing
structure, or any other structure or apparatus suitable for
implementation of the techniques described herein. In addi-
tion, in some aspects, the functionality described herein may
be provided within dedicated software modules or hardware
modules configured for encoding and decoding, or incorpo-
rated in a combined video encoder-decoder (CODEC).

What is claimed is:

1. A method of encoding video data, comprising:

obtaining, at an encoding device, video data, the video
data including parameters describing a piecewise linear
function for dynamic range adjustment of colors in a
portion of a video frame, wherein the parameters divide
a range of input values to the piecewise linear function
into a plurality of non-overlapping ranges, the plurality
of non-overlapping ranges including a first range and a
set of ranges, wherein the first range has a first length
and each range of the set of ranges has a second length
that is different from the first length;

generating a data structure for the parameters;

setting an indicator in the data structure to indicate that the
plurality of non-overlapping ranges includes the set of
ranges with each range having the second length;

based on the plurality of non-overlapping ranges includ-
ing the set of ranges with each range having the second
length, setting a first value in the data structure to
indicate the second length for the set of ranges; and

generating encoded video data from the video data,
wherein the data structure is included with the encoded
video data.

2. The method of claim 1, wherein the first value indicates
the second length as a difference between an end value and
a start value of each of the set of ranges.

3. The method of claim 1, wherein the first value indicates
the second length by indicating a difference between a fixed
value and the second length.

4. The method of claim 1, further comprising:

setting a second value in the data structure to indicate the
first length.

5. The method of claim 1, wherein the first range includes

a first set of input values from a beginning of the range of
input values, and wherein the set of ranges include a second
set of input values, from the range of input values, that
follow the first set of input values.

6. The method of claim 1, wherein the parameters further
include scale factors associated with each of the plurality of
non-overlapping ranges, and further comprising:

adding the scale factors to the data structure.

7. The method of claim 1, further comprising:

including the data structure in a Supplementary Enhance-
ment Information (SEI) message, a slice header, or a
parameter set.

8. An encoding device, comprising:

a memory configured to store video data, the video data
including parameters describing a piecewise linear
function for dynamic range adjustment of colors in a
portion of a video frame, wherein the parameters divide
a range of input values to the piecewise linear function
into a plurality of non-overlapping ranges, the plurality
of non-overlapping ranges including a first range and a
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set of ranges, wherein the first range has a first length
and each range of the set of ranges has a second length
that is different from the first length; and

a processor configured to:

generate a data structure for the parameters;

set an indicator in the data structure to indicate that the
plurality of non-overlapping ranges includes the set
of ranges with each range having the second length;

based on the plurality of non-overlapping ranges
including the set of ranges with each range having
the second length, set a first value in the data
structure to indicate the second length for the set of
ranges; and

generate encoded video data from the video data,
wherein the data structure is included with the
encoded video data.

9. The encoding device of claim 8, wherein the first value
indicates the second length as a difference between an end
value and a start value of each of the set of ranges.

10. The encoding device of claim 8, wherein the first
value indicates the second length by indicating a difference
between a fixed value and the second length.

11. The encoding device of claim 8, wherein the processor
is further configured to:

set a second value in the data structure to indicate the first

length.

12. The encoding device of claim 8, wherein the first
range includes a first set of input values from a beginning of
the range of input values, and wherein the set of ranges
include a second set of input values, from the range of input
values, that follow the first set of input values.

13. The encoding device of claim 8, wherein the param-
eters further include scale factors associated with each of the
plurality of non-overlapping ranges, and wherein the pro-
cessor is further configured to:

add the scale factors to the data structure.

14. The encoding device of claim 8, wherein the processor
is further configured to:

include the data structure in a Supplementary Enhance-

ment Information (SEI) message, a slice header, or a
parameter set.

15. The encoding device of claim 8, further comprising:

a camera for capturing video data.

16. The encoding device of claim 8, wherein the encoding
device comprises a mobile device.

17. A method for decoding video data, comprising:

obtaining encoded video data;
determining, for a portion of a video frame from the
encoded video data, a data structure including param-
eters describing a piecewise linear function for
dynamic range adjustment of colors in the portion of
the video frame, wherein the parameters divide a range
of input values to the piecewise linear function into a
plurality of non-overlapping ranges;
determining, from an indicator in the data structure, that
the plurality of non-overlapping ranges include a first
range and a set of ranges, wherein the first range has a
first length and each range of the set of ranges has a
second length that is different from the first length;

determining, using a first value in the data structure, the
second length, the first value being included in the data
structure based on the plurality of non-overlapping
ranges including the set of ranges with each range
having the second length;

determining the first length using the data structure;

reconstructing the piecewise linear function using the first

length, the second length, and scale factors associated
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with each of the plurality of non-overlapping ranges,
wherein the scale factors are included in the data
structure;

decoding the portion of the video frame; and

applying the piecewise linear function to the colors in the

portion of the video frame to perform dynamic range
adjustment.

18. The method of claim 17, wherein the first value
provides the second length and wherein a second value in the
data structure provides the first length.

19. The method of claim 17, wherein the first value
indicates the second length by indicating a difference
between a fixed value and the second length.

20. The method of claim 17, wherein a second value in the
data structure provides the first length, and further compris-
ing:

determining from an index associated with the second

value that the first range includes a first set of input
values from a beginning of the range of input values,
and wherein the set of ranges include a second set of
input values, from the range of input values, that follow
the first set of input values.

21. The method of claim 17, wherein the parameters are
included in a Supplementary Enhancement Information
(SEI) message, a slice header, or a parameter set.

22. A decoding device, comprising:

a memory configured to store encoded video data; and

a processor configured to:

determine, for a portion of a video frame from the
encoded video data, a data structure including
parameters describing a piecewise linear function for
dynamic range adjustment of colors in the portion of
the video frame, wherein the parameters divide a
range of input values to the piecewise linear function
into a plurality of non-overlapping ranges;

determine, from an indicator in the data structure, that
the plurality of non-overlapping ranges include a first
range and a set of ranges, wherein the first range has
a first length and each range of the set of ranges has
a second length that is different from the second first
length;

determine, using a first value in the data structure, the
second length, the first value being included in the
data structure based on the plurality of non-overlap-
ping ranges including the set of ranges with each
range having the second length;

determine the first length using information provided
by the data structure;

reconstruct the piecewise linear function using the first
length, the second length, and scale factors associ-
ated with each of the plurality of non-overlapping
ranges, wherein the scale factors are included in the
data structure;

decode the portion of the video frame; and

apply the piecewise linear function to the colors in the
portion of the video frame to perform dynamic range
adjustment.

23. The decoding device of claim 22, wherein the first
value provides the second length and wherein a second value
in the data structure provides the first length.

24. The decoding device of claim 22, wherein the first
value indicates the second length by indicating a difference
between a fixed value and the second length.

25. The decoding device of claim 22, wherein a second
value in the data structure provides the first length, and
wherein the processor is further configured to:
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determine from an index associated with the second value
that the first range includes a first set of input values
from a beginning of the range of input values, and
wherein the set of ranges include a second set of input
values, from the range of input values, that follow the 5
first set of input values.

26. The decoding device of claim 22, wherein the param-
eters are included in a Supplementary Enhancement Infor-
mation (SEI) message, a slice header, or a parameter set.

27. The decoding device of claim 22, further comprising: 10

a camera for capturing video data.

28. The decoding device of claim 22, further comprising:

a display for displaying decoded video data.

29. The decoding device of claim 22, wherein the decod-
ing device comprises a mobile device. 15
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CLAIMS

1. A method of encoding video data, comprising:

obtaining, at an encoding device, video data, the video data including parameters
describing a piecewise linear function for dynamic range adjustment of colors in a portion of a
video frame, wherein the parameters divide a range of input values to the piecewise linear function
into a plurality of non-overlapping ranges, the plurality of non-overlapping ranges including a first
range and a set of ranges, wherein the first range has a first length and each range of the set of
ranges has a second length that is different from the first length;

generating a data structure for the parameters;

setting an indicator in the data structure to indicate that the plurality of non-overlapping
ranges includes the set of ranges with each range having the second length;

based on the plurality of non-overlapping ranges including the set of ranges with each range
having the second length, setting a first value in the data structure to indicate the second length for
the set of ranges; and

generating encoded video data from the video data, wherein the data structure is included

with the encoded video data.

2. The method of claim 1, wherein the first value indicates the second length as a

difference between an end value and a start value of each of the set of ranges.

3. The method of claim 1, wherein the first value indicates the second length by

indicating a difference between a fixed value and the second length.

4. The method of claim 1, further comprising:

setting a second value in the data structure to indicate the first length.

5. The method of claim 1, wherein the first range includes a first set of input values
from a beginning of the range of input values, and wherein the set of ranges include a second set

of input values, from the range of input values, that follow the first set of input values.

6. The method of claim 1, wherein the parameters further include scale factors
associated with each of the plurality of non-overlapping ranges, and further comprising:

adding the scale factors to the data structure.

Page 1 of §



181625

7. The method of claim 1, further comprising:
including the data structure in a Supplementary Enhancement Information (SEI) message,

a slice header, or a parameter set.

8. An encoding device, comprising:

a memory configured to store video data, the video data including parameters describing a
piecewise linear function for dynamic range adjustment of colors in a portion of a video frame,
wherein the parameters divide a range of input values to the piecewise linear function into a
plurality of non-overlapping ranges, the plurality of non-overlapping ranges including a first range
and a set of ranges, wherein the first range has a first length and each range of the set of ranges has
a second length that is different from the first length; and

a processor configured to:

generate a data structure for the parameters;

set an indicator in the data structure to indicate that the plurality of non-overlapping
ranges includes the set of ranges with each range having the second length;

based on the plurality of non-overlapping ranges including the set of ranges with
each range having the second length, set a first value in the data structure to indicate the
second length for the set of ranges; and

generate encoded video data from the video data, wherein the data structure is

included with the encoded video data.

9. The encoding device of claim 8, wherein the first value indicates the second length

as a difference between an end value and a start value of each of the set of ranges.

10. The encoding device of claim 8, wherein the first value indicates the second length

by indicating a difference between a fixed value and the second length.

11. The encoding device of claim 8, wherein the processor is further configured to:

set a second value in the data structure to indicate the first length.

12. The encoding device of claim 8, wherein the first range includes a first set of input
values from a beginning of the range of input values, and wherein the set of ranges include a second

set of input values, from the range of input values, that follow the first set of input values.
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13. The encoding device of claim 8, wherein the parameters further include scale
factors associated with each of the plurality of non-overlapping ranges, and wherein the processor
is further configured to:

add the scale factors to the data structure.

14. The encoding device of claim 8, wherein the processor is further configured to:
include the data structure in a Supplementary Enhancement Information (SEI) message, a

slice header, or a parameter set.

15. The encoding device of claim 8, further comprising:

a camera for capturing video data.

16. The encoding device of claim 8, wherein the encoding device comprises a mobile

device.

17. A method for decoding video data, comprising:

obtaining encoded video data;

determining, for a portion of a video frame from the encoded video data, a data structure
including parameters describing a piecewise linear function for dynamic range adjustment of
colors in the portion of the video frame, wherein the parameters divide a range of input values to
the piecewise linear function into a plurality of non-overlapping ranges;

determining, from an indicator in the data structure, that the plurality of non-overlapping
ranges include a first range and a set of ranges, wherein the first range has a first length and each
range of the set of ranges has a second length that is different from the first length;

determining, using a first value in the data structure, the second length, the first value being
included in the data structure based on the plurality of non-overlapping ranges including the set of
ranges with each range having the second length;

determining the first length using the data structure;

reconstructing the piecewise linear function using the first length, the second length, and
scale factors associated with each of the plurality of non-overlapping ranges, wherein the scale
factors are included in the data structure;

decoding the portion of the video frame; and

applying the piecewise linear function to the colors in the portion of the video frame to
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perform dynamic range adjustment.

18. The method of claim 17, wherein the first value provides the second length and

wherein a second value in the data structure provides the first length.

19. The method of claim 17, wherein the first value indicates the second length by

indicating a difference between a fixed value and the second length.

20. The method of claim 17, wherein a second value in the data structure provides the
first length, and further comprising:

determining from an index associated with the second value that the first range includes a
first set of input values from a beginning of the range of input values, and wherein the set of ranges
include a second set of input values, from the range of input values, that follow the first set of input

values.

21. The method of claim 17, wherein the parameters are included in a Supplementary

Enhancement Information (SEI) message, a slice header, or a parameter set.

22. A decoding device, comprising:
a memory configured to store encoded video data; and
a processor configured to:

determine, for a portion of a video frame from the encoded video data, a data
structure including parameters describing a piecewise linear function for dynamic range
adjustment of colors in the portion of the video frame, wherein the parameters divide a
range of input values to the piecewise linear function into a plurality of non-overlapping
ranges;

determine, from an indicator in the data structure, that the plurality of non-
overlapping ranges include a first range and a set of ranges, wherein the first range has a
first length and each range of the set of ranges has a second length that is different from
the first length;

determine, using a first value in the data structure, the second length, the first value
being included in the data structure based on the plurality of non-overlapping ranges

including the set of ranges with each range having the second length;
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determine the first length using information provided by the data structure;

reconstruct the piecewise linear function using the first length, the second length,
and scale factors associated with each of the plurality of non-overlapping ranges, wherein
the scale factors are included in the data structure;

decode the portion of the video frame; and

apply the piecewise linear function to the colors in the portion of the video frame

to perform dynamic range adjustment.

23.  The decoding device of claim 22, wherein the first value provides the second length

and wherein a second value in the data structure provides the first length.

24. The decoding device of claim 22, wherein the first value indicates the second length

by indicating a difference between a fixed value and the second length.

25. The decoding device of claim 22, wherein a second value in the data structure
provides the first length, and wherein the processor is further configured to:

determine from an index associated with the second value that the first range includes a
first set of input values from a beginning of the range of input values, and wherein the set of ranges
include a second set of input values, from the range of input values, that follow the first set of input

values.

26. The decoding device of claim 22, wherein the parameters are included in a

Supplementary Enhancement Information (SEI) message, a slice header, or a parameter set.

217. The decoding device of claim 22, further comprising:

a camera for capturing video data.

28. The decoding device of claim 22, further comprising:
a display for displaying decoded video data.

29.  The decoding device of claim 22, wherein the decoding device comprises a mobile

device.
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REIVINDICACIONES

1. Un método para codificacién de datos de video que comprende:

obtener, en un dispositivo de codificacion, datos de video, los datos de video
incluyen parametros que describen una funcién lineal a trozos para el ajuste de rango
dinamico de colores en la porcion del fotograma, en donde los parametros dividen un
rango de valores de entrada a la funcién lineal a trozos en una pluralidad de rangos no
superpuestos, en donde la pluralidad de rangos no superpuestos incluye un primer rango
que tiene una primera longitud y un conjunto de rangos, en donde el primer rango tiene
una primera longitud y cada rango del conjunto de rangos tiene una segunda longitud que
es diferente de la primera longitud;

generar una estructura de datos para los parametros;

establecer un indicador en la estructura de datos para indicar que la pluralidad de
rangos no superpuestos incluye el conjunto de rangos con cada rango que tiene la
segunda longitud;

basado en la pluralidad de rangos no superpuestos que incluyen el conjunto de
rangos con cada rango que tiene la segunda longitud, establecer un primer valor en la
estructura de datos para indicar la segunda longitud para el conjunto de rangos; y

generar datos de video codificado a partir de los datos de video, en donde la
estructura de datos se incluye con los datos de video codificado.
2. El método de acuerdo con la reivindicacién 1, en donde el primer valor indica la
segunda longitud como una diferencia entre un valor final y un valor inicial de cada uno de
los conjuntos de rangos.
3. El método de acuerdo con la reivindicacién 1, en donde el primer valor indica la
segunda longitud al indicar una diferencia entre un valor fijo y la segunda longitud.
4, El método de acuerdo con la reivindicacion 1, que comprende, ademas:

establecer un segundo valor en la estructura de datos para indicar la primera
longitud.
5. El método de acuerdo con la reivindicacién 1, en donde el primer rango incluye un
primer conjunto de valores de entrada a partir de un comienzo del rango de valores de
entrada, y en donde el conjunto de rangos incluye un segundo conjunto de valores de
entrada, a partir del rango de valores de entrada, que sigue al primer conjunto de valores
de entrada.
6. El método de acuerdo con la reivindicacion 1, en donde los parametros incluyen,

ademas, factores de escala asociados con cada una de las pluralidades de los rangos no



superpuestos y comprenden, ademas:
agregar los factores de escala a la estructura de datos.
7. El método de acuerdo con la reivindicacién 1 que comprende, ademas:
incluir la estructura de datos en un mensaje de informacion de mejora
suplementaria (SEI), un encabezado de corte 0 un conjunto de parametros.
8. Un dispositivo de codificacion que comprende:
una memoria configurada para almacenar datos de video, los datos de video
incluyen parametros que describen una funcién lineal a trozos para el ajuste de rango
dinamico de colores en la porcion del fotograma, en donde los parametros dividen un
rango de valores de entrada para la funcion lineal a trozos en una pluralidad de rangos no
superpuestos, en donde la pluralidad de rangos no superpuestos incluye un primer rango
y un conjunto de rangos, en donde el primer rango tiene una primera longitud y cada
rango del conjunto de rangos tiene una segunda longitud que es diferente de la primera
longitud; y
un procesador configurado para:
generar una estructura de datos para los parametros;
establecer un indicador en la estructura de datos para indicar que la
pluralidad de rangos no superpuestos incluye el conjunto de rangos con cada rango que
tiene la segunda longitud;
basado en la pluralidad de rangos no superpuestos que incluyen el
conjunto de rangos con cada rango que tiene la segunda longitud, establecer un primer
valor en la estructura de datos para indicar la segunda longitud para el conjunto de
rangos; y
generar datos de video codificado a partir de los datos de video, en donde
la estructura de datos se incluye con los datos de video codificado.
9. El dispositivo de codificacion de acuerdo con la reivindicacién 8, en donde el
primer valor indica la segunda longitud como una diferencia entre un valor final y un valor
inicial de cada uno de los conjuntos de rangos.
10. El dispositivo de codificacion de acuerdo con la reivindicacién 8, en donde el
primer valor indica la segunda longitud al indicar una diferencia entre un valor fijo y la
segunda longitud.
11. El dispositivo de codificacion de acuerdo con la reivindicacién 8, en donde el
procesador ademas se configura para:

establecer un segundo valor en la estructura de datos para indicar la primera



longitud.
12. El dispositivo de codificacion de acuerdo con la reivindicacion 8, en donde el
primer rango incluye un primer conjunto de valores de entrada a partir de un comienzo del
rango de valores de entrada, y en donde el conjunto de rangos incluye un segundo
conjunto de valores de entrada, a partir del rango de valores de entrada, que sigue al
primer conjunto de valores de entrada.
13. El dispositivo de codificacion de acuerdo con la reivindicacion 8, en donde los
parametros incluyen, ademas, factores de escala asociados con cada una de las
pluralidades de los rangos no superpuestos, y en donde el procesador ademas se
configura para:

agregar los factores de escala a la estructura de datos.
14. El dispositivo de codificacion de acuerdo con la reivindicaciéon 8, en donde el
procesador ademas se configura para:

incluir la estructura de datos en un mensaje de informacion de mejora
suplementaria (SEI), un encabezado de corte o un conjunto de parametros.
15. El dispositivo de codificacion de acuerdo con la reivindicacion 8 que comprende,
ademas:

una camara para capturar datos de video.
16. El dispositivo de codificacion de acuerdo con la reivindicacién 8, en donde el
dispositivo de codificacién comprende un dispositivo movil.
17. Un método para decodificacion de datos de video que comprende:

obtener datos de video codificado;

determinar, para una porcion de un fotograma a partir de los datos de video
codificado, una estructura de datos que incluye parametros que describen una funcién
lineal a trozos para el ajuste de rango dindmico de colores en la porcién del fotograma, en
donde los parametros dividen un rango de valores de entrada a la funcién lineal a trozos
en una pluralidad de rangos no superpuestos;

determinar, a partir de un indicador en la estructura de datos, que la pluralidad de
los rangos no superpuestos incluye un primer rango y un conjunto de rangos, en donde el
primer rango tiene una primera longitud y cada rango del conjunto de rangos tiene una
segunda longitud que es diferente de la primera longitud;

determinar, utilizando un primer valor en la estructura de datos, la segunda
longitud, estando el primer valor incluido en la estructura de datos basado en la pluralidad

de rangos no superpuestos que incluyen el conjunto de rangos con cada rango que tiene



la segunda longitud;

determinar la primera longitud utilizando la estructura de datos;

reconstruir la funcién lineal a trozos utilizando la primera longitud, la segunda
longitud y los factores de escala asociados con cada pluralidades de los rangos no
superpuestos, en donde los factores de escala se incluyen en la estructura de datos;

decodificar la porcion del fotograma; y

aplicar la funcion lineal a trozos a los colores en la porcién del fotograma para
realizar el ajuste de rango dinamico.
18. El método de acuerdo con la reivindicacion 17, en donde el primer valor
proporciona la segunda longitud y en donde un segundo valor en la estructura de datos
proporciona la primera longitud.
19. El método de acuerdo con la reivindicacion 17, en donde el primer valor indica la
segunda longitud al indicar una diferencia entre un valor fijo y la segunda longitud.
20. El método de acuerdo con la reivindicacién 17, en donde un segundo valor en la
estructura de datos proporciona la primera longitud y comprende, ademas:

determinar a partir de un indice asociado con el segundo valor que el primer rango
incluye un primer conjunto de valores de entrada a partir de un comienzo del rango de
valores de entrada, y en donde el conjunto de rangos incluye un segundo conjunto de
valores de entrada, a partir del rango de valores de entrada, que sigue al primer conjunto
de valores de entrada.
21. El método de acuerdo con la reivindicaciéon 17, en donde los parametros se
incluyen en un mensaje de informacion de mejora suplementaria (SEI), un encabezado de
corte 0 un conjunto de parametros.
22. Un dispositivo de decodificacion que comprende:

una memoria configurada para almacenar datos de video codificado; y

un procesador configurado para:

determinar, para una porcion de un fotograma a partir de los datos de video
codificado, una estructura de datos que incluye parametros que describen una funcién
lineal a trozos para el ajuste de rango dinamico de colores en la porcion del fotograma, en
donde los parametros dividen un rango de valores de entrada a la funcién lineal a trozos
en una pluralidad de rangos no superpuestos;
determinar, a partir de un indicador en la estructura de datos, que la

pluralidad de los rangos no superpuestos incluye un primer rango y un conjunto de

rangos, en donde el primer rango tiene una primera longitud y cada rango del conjunto de



rangos tiene una segunda longitud, que es diferente de la primera longitud,;

determinar, utilizando un primer valor en la estructura de datos, la segunda
longitud, estando el primer valor incluido en la estructura de datos basado en la pluralidad
de rangos no superpuestos que incluye el conjunto de rangos con cada rango que tiene la
segunda longitud;

determinar la primera longitud utilizando la informacién proporcionada por
la estructura de datos;

reconstruir la funcion lineal a trozos utilizando la primera longitud, la
segunda longitud y los factores de escala asociados con cada una de las pluralidades de
los rangos no superpuestos, en donde los factores de escala se incluyen en la estructura
de datos;

decodificar la porcion del fotograma; y

aplicar la funcion lineal a trozos a los colores en la porcion del fotograma
para realizar el ajuste de rango dinamico.
23. El dispositivo de decodificaciéon de acuerdo con la reivindicacién 22, en donde el
primer valor proporciona la segunda longitud y en donde un segundo valor en la estructura
de datos proporciona la primera longitud.
24. El dispositivo de decodificaciéon de acuerdo con la reivindicacién 22, en donde el
primer valor indica la segunda longitud al indicar una diferencia entre un valor fijo y la
segunda longitud.
25. El dispositivo de decodificacién de acuerdo con la reivindicacion 22, en donde un
segundo valor en la estructura de datos proporciona la primera longitud, y en donde el
procesador ademas se configura para:

determinar a partir de un indice asociado con el segundo valor que el primer rango

incluye un primer conjunto de valores de entrada a partir de un comienzo del rango de
valores de entrada, y en donde el conjunto de rangos incluye un segundo conjunto de
valores de entrada, a partir del rango de valores de entrada, que sigue al primer conjunto
de valores de entrada.
26. El dispositivo de decodificacion de acuerdo con la reivindicacion 22, en donde los
parametros se incluyen en un mensaje de informacion de mejora suplementaria (SEl), un
encabezado de corte o un conjunto de parametros.
27. El dispositivo de decodificacion de acuerdo con la reivindicacion 22 que
comprende, ademas:

una camara para capturar datos de video.



28. El dispositivo de decodificacion de acuerdo con la reivindicacion 22 que
comprende, ademas:

una pantalla para visualizar datos de video decodificados.
29. El dispositivo de decodificacién de acuerdo con la reivindicacién 22, en donde el

dispositivo de decodificacion comprende un dispositivo maovil.
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Sefora Directora
DIRECCION DE NUEVAS CREACIONES

Superintendencia de Industria y Comercio

E. S. D
Referencia :  Expediente No. NC2020/0008371
Asunto :  Solicitud de patente para MECANISMOS DE SENALIZACION PARA

RANGOS IGUALES Y OTROS PARAMETROS DE DRA PARA LA
CODIFICACION DE VIDEO

Solicitante : QUALCOMM INCORPORATED

Fecha de solicitud : 8 dejulio de 2020

MODIFICACIONES VOLUNTARIAS

ANDRES RINCON USCATEGUI, identificado como aparece al pie de mi firma, obrando como
apoderado de la sociedad solicitante para el asunto en referencia, doy alcance a mi memorial de

PPH con el fin de modificar el capitulo reivindicatorio actualmente presentado.

De esta forma, se presenta junto con este memorial un nuevo Capitulo Reivindicatorio, que tiene
como base tanto el capitulo reivindicatorio actualmente presentado como las ensenanzas de la

descripcién de la solicitud, tal como se sefiala a continuacidn:
1.1 En la nueva reivindicacion 1:

e Se ha eliminado el fragmento “en donde, para una porcidon de un fotograma de datos de
video”.

e Se ha precisado que el primer valor en la estructura de datos para indicar la segunda
longitud, se realiza de acuerdo con la pluralidad de rangos no superpuestos que incluyen el
conjunto de rangos con cada rango que tiene la segunda longitud. Esta modificacion
encuentra pleno sustento en la descripcion, por ejemplo, en los parrafos [0007], [0214] y
[00215].

e Se han hecho cambios menores de redaccién para mayor claridad.

1.2 En la nueva reivindicacion 2 se ha corregido un error tipografico. De esta manera, se ha

reemplazado “indicar” por “indica”.
1.3 En la nueva reivindicacién 8:

e Se ha eliminado el fragmento “en donde, para una porcién de un fotograma de datos de

video”.

INNOVACION PARA LOS NEGOCIOS
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ABOGADEOS

e Se ha precisado que el primer valor en la estructura de datos para indicar la segunda
longitud, se realiza de acuerdo con la pluralidad de rangos no superpuestos que incluyen el
conjunto de rangos con cada rango que tiene la segunda longitud. Esta modificacion
encuentra pleno sustento en la descripcidon, por ejemplo, en los parrafos [0008], [0209],
[0214] y [0215]

e Se han hecho cambios menores de redaccién para mayor claridad.

1.4 Se ha corregido un error obvio en la reivindicacidn 16. Asi, se ha reemplazado “dispositivo
de decodificacién” por “dispositivo de codificacién”, de conformidad con lo divulgado en la

reivindicacion 8.
1.5 En la nueva reivindicacion 17:

e Se ha precisado que la pluralidad de los rangos no superpuestos incluye un primer rango y
un conjunto de rangos, lo cual encuentra soporte en la descripcién, por ejemplo, en los
parrafos [0020], [0029], [0223]

e Se ha precisado que el primer valor en la estructura de datos que se utiliza para determinar
la segunda longitud esta incluido “en la estructura de datos basado en la pluralidad de
rangos no superpuestos que incluyen el conjunto de rangos con cada rango que tiene la
segunda longitud”. Esta modificacidon encuentra soporte en la descripcidon en los parrafos

[0020], [0214] y [0215].

1.6 En la nueva reivindicacion 22:

e Se ha precisado que la pluralidad de los rangos no superpuestos incluye un primer rango y
un conjunto de rangos, lo cual encuentra soporte en la descripcion, por ejemplo, en los
parrafos [0023], [0029], [0209] y [0223].

e Se ha precisado que el primer valor en la estructura de datos que se utiliza para determinar
la segunda longitud esta incluido “en la estructura de datos basado en la pluralidad de
rangos no superpuestos que incluyen el conjunto de rangos con cada rango que tiene la
segunda longitud”. Esta modificacién encuentra soporte en la descripcion en los parrafos

[0023], [0214] y [0215].

1.7 En la nueva reivindicacién 28, se ha corregido un error tipografico. Asi, se ha reemplazado
el término “codificado” por “decodificado”, lo cual tiene sentido a la luz de las reivindicaciones que

le preceden y encuentra soporte en la descripcidn en el parrafo [0220].

1.8 Se han hecho cambios menores de redaccidn en la nueva reivindicacion 29 para mas claridad

a la misma.

En vista de lo anterior, me permito resaltar que el nuevo Capitulo Reivindicatorio presentado se
ajusta completamente a lo exigido por el Articulo 34 de la Decisién 486 de 2000, ya que no
constituye de ninguna manera una ampliacidn de la proteccién que corresponderia a la divulgacién

contenida en la solicitud inicial.
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Amablemente solicito a ese Despacho aceptar la modificacidn aqui presentada y considerar el
capitulo reivindicatorio adjunto al presente memorial durante las etapas siguientes del tramite

administrativo de la solicitud de patente de referencia.

ANEXOS
1. Nuevo capitulo reivindicatorio conformado por 29 reivindicaciones;
2. Pago en linea por concepto de modificacién del capitulo reivindicatorio;
3. Pago en linea por 19 reivindicaciones adicionales.

Sefiora Directora,

ANDRES RINCON USCATEGUI
C.C. 79.780.910 de Bogota
T.P. 114.908
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REIVINDICACIONES

1. Un método para codificacién de datos de video que comprende:

obtener, en un dispositivo de codificacion, datos de video, los datos de video
incluyen parametros que describen una funcién lineal a trozos para el ajuste de rango
dinamico de colores en la porcién del fotograma, en donde los parametros dividen un rango
de valores de entrada a la funcion lineal a trozos en una pluralidad de rangos no
superpuestos, en donde la pluralidad de rangos no superpuestos incluye un primer rango
que tiene una primera longitud y un conjunto de rangos, en donde el primer rango tiene una
primera longitud y cada rango del conjunto de rangos tiene una segunda longitud que es
diferente de la primera longitud;

generar una estructura de datos para los parametros;

establecer un indicador en la estructura de datos para indicar que la pluralidad de
rangos no superpuestos incluye el conjunto de rangos con cada rango que tiene la segunda
longitud;

basado en la pluralidad de rangos no superpuestos que incluyen el conjunto de
rangos con cada rango que tiene la segunda longitud, establecer un primer valor en la
estructura de datos para indicar la segunda longitud para el conjunto de rangos; y

generar datos de video codificado a partir de los datos de video, en donde la
estructura de datos se incluye con los datos de video codificado.
2. El método de acuerdo con la reivindicacién 1, en donde el primer valor indica la
segunda longitud como una diferencia entre un valor final y un valor inicial de cada uno de
los conjuntos de rangos.
3. El método de acuerdo con la reivindicacién 1, en donde el primer valor indica la
segunda longitud al indicar una diferencia entre un valor fijo y la segunda longitud.
4, El método de acuerdo con la reivindicacion 1, que comprende, ademas:

establecer un segundo valor en la estructura de datos para indicar la primera
longitud.
5. El método de acuerdo con la reivindicacién 1, en donde el primer rango incluye un
primer conjunto de valores de entrada a partir de un comienzo del rango de valores de
entrada, y en donde el conjunto de rangos incluye un segundo conjunto de valores de
entrada, a partir del rango de valores de entrada, que sigue al primer conjunto de valores
de entrada.
6. El método de acuerdo con la reivindicacién 1, en donde los parametros incluyen,

ademas, factores de escala asociados con cada una de las pluralidades de los rangos no



superpuestos y comprenden, ademas:
agregar los factores de escala a la estructura de datos.
7. El método de acuerdo con la reivindicacién 1 que comprende, ademas:
incluir la estructura de datos en un mensaje de informacion de mejora suplementaria
(SEIl), un encabezado de corte o un conjunto de parametros.
8. Un dispositivo de codificacion que comprende:
una memoria configurada para almacenar datos de video, los datos de video
incluyen parametros que describen una funcién lineal a trozos para el ajuste de rango
dinamico de colores en la porcién del fotograma, en donde los parametros dividen un rango
de valores de entrada para la funcién lineal a trozos en una pluralidad de rangos no
superpuestos, en donde la pluralidad de rangos no superpuestos incluye un primer rango y
un conjunto de rangos, en donde el primer rango tiene una primera longitud y cada rango
del conjunto de rangos tiene una segunda longitud que es diferente de la primera longitud;
y
un procesador configurado para:
generar una estructura de datos para los parametros;
establecer un indicador en la estructura de datos para indicar que la
pluralidad de rangos no superpuestos incluye el conjunto de rangos con cada rango que
tiene la segunda longitud;
basado en la pluralidad de rangos no superpuestos que incluyen el conjunto
de rangos con cada rango que tiene la segunda longitud, establecer un primer valor en la
estructura de datos para indicar la segunda longitud para el conjunto de rangos; y
generar datos de video codificado a partir de los datos de video, en donde la
estructura de datos se incluye con los datos de video codificado.
9. El dispositivo de codificacién de acuerdo con la reivindicacion 8, en donde el primer
valor indica la segunda longitud como una diferencia entre un valor final y un valor inicial de
cada uno de los conjuntos de rangos.
10. El dispositivo de codificacién de acuerdo con la reivindicacion 8, en donde el primer
valor indica la segunda longitud al indicar una diferencia entre un valor fijo y la segunda
longitud.
11. El dispositivo de codificacion de acuerdo con la reivindicacién 8, en donde el
procesador ademas se configura para:
establecer un segundo valor en la estructura de datos para indicar la primera

longitud.



12. El dispositivo de codificacion de acuerdo con la reivindicacion 8, en donde el primer
rango incluye un primer conjunto de valores de entrada a partir de un comienzo del rango
de valores de entrada, y en donde el conjunto de rangos incluye un segundo conjunto de
valores de entrada, a partir del rango de valores de entrada, que sigue al primer conjunto
de valores de entrada.
13. El dispositivo de codificacion de acuerdo con la reivindicacion 8, en donde los
parametros incluyen, ademas, factores de escala asociados con cada una de las
pluralidades de los rangos no superpuestos, y en donde el procesador ademas se configura
para:

agregar los factores de escala a la estructura de datos.
14. El dispositivo de codificacion de acuerdo con la reivindicacion 8, en donde el
procesador ademas se configura para:

incluir la estructura de datos en un mensaje de informacion de mejora suplementaria
(SEI), un encabezado de corte o un conjunto de parametros.
15. El dispositivo de codificacion de acuerdo con la reivindicacion 8 que comprende,
ademas:

una camara para capturar datos de video.
16. El dispositivo de codificacion de acuerdo con la reivindicacién 8, en donde el
dispositivo de codificacion comprende un dispositivo movil.
17. Un método para decodificacion de datos de video que comprende:

obtener datos de video codificado;

determinar, para una porcion de un fotograma a partir de los datos de video
codificado, una estructura de datos que incluye parametros que describen una funcion lineal
a trozos para el ajuste de rango dinamico de colores en la porcion del fotograma, en donde
los parametros dividen un rango de valores de entrada a la funcion lineal a trozos en una
pluralidad de rangos no superpuestos;

determinar, a partir de un indicador en la estructura de datos, que la pluralidad de
los rangos no superpuestos incluye un primer rango y un conjunto de rangos, en donde el
primer rango tiene una primera longitud y cada rango del conjunto de rangos tiene una
segunda longitud que es diferente de la primera longitud;

determinar, utilizando un primer valor en la estructura de datos, la segunda longitud,
estando el primer valor incluido en la estructura de datos basado en la pluralidad de rangos
no superpuestos que incluyen el conjunto de rangos con cada rango que tiene la segunda

longitud;



determinar la primera longitud utilizando la estructura de datos;

reconstruir la funcién lineal a trozos utilizando la primera longitud, la segunda
longitud y los factores de escala asociados con cada pluralidades de los rangos no
superpuestos, en donde los factores de escala se incluyen en la estructura de datos;

decodificar la porcién del fotograma; y

aplicar la funcion lineal a trozos a los colores en la porcién del fotograma para
realizar el ajuste de rango dinamico.
18. El método de acuerdo con la reivindicacion 17, en donde el primer valor proporciona
la segunda longitud y en donde un segundo valor en la estructura de datos proporciona la
primera longitud.
19. El método de acuerdo con la reivindicacion 17, en donde el primer valor indica la
segunda longitud al indicar una diferencia entre un valor fijo y la segunda longitud.
20. El método de acuerdo con la reivindicacion 17, en donde un segundo valor en la
estructura de datos proporciona la primera longitud y comprende, ademas:

determinar a partir de un indice asociado con el segundo valor que el primer rango
incluye un primer conjunto de valores de entrada a partir de un comienzo del rango de
valores de entrada, y en donde el conjunto de rangos incluye un segundo conjunto de
valores de entrada, a partir del rango de valores de entrada, que sigue al primer conjunto
de valores de entrada.
21. El método de acuerdo con la reivindicacion 17, en donde los parametros se incluyen
en un mensaje de informacién de mejora suplementaria (SEI), un encabezado de corte o
un conjunto de parametros.
22. Un dispositivo de decodificacion que comprende:

una memoria configurada para almacenar datos de video codificado; y

un procesador configurado para:

determinar, para una porcion de un fotograma a partir de los datos de video
codificado, una estructura de datos que incluye parametros que describen una funcion lineal
a trozos para el ajuste de rango dinamico de colores en la porcion del fotograma, en donde
los parametros dividen un rango de valores de entrada a la funcion lineal a trozos en una
pluralidad de rangos no superpuestos;
determinar, a partir de un indicador en la estructura de datos, que la

pluralidad de los rangos no superpuestos incluye un primer rango y un conjunto de rangos,
en donde el primer rango tiene una primera longitud y cada rango del conjunto de rangos

tiene una segunda longitud, que es diferente de la primera longitud;



determinar, utilizando un primer valor en la estructura de datos, la segunda
longitud, estando el primer valor incluido en la estructura de datos basado en la pluralidad
de rangos no superpuestos que incluye el conjunto de rangos con cada rango que tiene la
segunda longitud;

determinar la primera longitud utilizando la informacion proporcionada por la
estructura de datos;

reconstruir la funcién lineal a trozos utilizando la primera longitud, la segunda
longitud y los factores de escala asociados con cada una de las pluralidades de los rangos
no superpuestos, en donde los factores de escala se incluyen en la estructura de datos;

decodificar la porcién del fotograma; y

aplicar la funcién lineal a trozos a los colores en la porcion del fotograma para
realizar el ajuste de rango dinamico.
23. El dispositivo de decodificaciéon de acuerdo con la reivindicacién 22, en donde el
primer valor proporciona la segunda longitud y en donde un segundo valor en la estructura
de datos proporciona la primera longitud.
24. El dispositivo de decodificaciéon de acuerdo con la reivindicacién 22, en donde el
primer valor indica la segunda longitud al indicar una diferencia entre un valor fijo y la
segunda longitud.
25. El dispositivo de decodificacion de acuerdo con la reivindicaciéon 22, en donde un
segundo valor en la estructura de datos proporciona la primera longitud, y en donde el
procesador ademas se configura para:

determinar a partir de un indice asociado con el segundo valor que el primer rango
incluye un primer conjunto de valores de entrada a partir de un comienzo del rango de
valores de entrada, y en donde el conjunto de rangos incluye un segundo conjunto de
valores de entrada, a partir del rango de valores de entrada, que sigue al primer conjunto
de valores de entrada.
26. El dispositivo de decodificacion de acuerdo con la reivindicacion 22, en donde los
parametros se incluyen en un mensaje de informacion de mejora suplementaria (SEI), un
encabezado de corte o un conjunto de parametros.
27. El dispositivo de decodificacion de acuerdo con la reivindicacion 22 que comprende,
ademas:
una camara para capturar datos de video.

28. El dispositivo de decodificacion de acuerdo con la reivindicacion 22 que comprende,

ademas:



una pantalla para visualizar datos de video decodificados.
29. El dispositivo de decodificacién de acuerdo con la reivindicacién 22, en donde el

dispositivo de decodificacion comprende un dispositivo maovil.
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