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INFORMATION TECHNOLOGY -
UPNP DEVICE ARCHITECTURE -

Part 4-13: Audio Video Device Control Protocol — Level 2 —
Rendering Control Service

FOREWORD

1) ISO (International Organization for Standardization) and IEC (International Electrotechnical Commission) form‘the
specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in
the development of International Standards. Their preparation is entrusted to technical committees; any-ISO and
IEC member body interested in the subject dealt with may participate in this preparatory work. 4nternational
governmental and non-governmental organizations liaising with ISO and IEC also participate in this“preparation.

2) In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee are circulated to pational bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the nationalbodies casting a vote.

3) The formal decisions or agreements of IEC and ISO on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technpical committee has representation
from all interested IEC and ISO member bodies.

4) IEC, ISO and ISO/IEC publications have the form of recommendations fQr international use and are accepted by
IEC and ISO member bodies in that sense. While all reasonable efforts are made to ensure that the technical
content of IEC, ISO and ISO/IEC publications is accurate, IEC orASO cannot be held responsible for the way in
which they are used or for any misinterpretation by any end user:

5) In order to promote international uniformity, IEC and ISO\member bodies undertake to apply IEC, ISO and
ISO/IEC publications transparently to the maximum extent.possible in their national and regional publications.
Any divergence between any ISO/IEC publication_ahd the corresponding national or regional publication
should be clearly indicated in the latter.

6) 1SO and IEC provide no marking procedure to (indicate their approval and cannot be rendered responsible for
any equipment declared to be in conformity with an ISO/IEC publication.

7) All users should ensure that they have the-latest edition of this publication.

8) No liability shall attach to IEC or JS©>or its directors, employees, servants or agents including individual experts
and members of their technical committees and IEC or ISO member bodies for any personal injury, property
damage or other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
and expenses arising out of‘the'publication of, use of, or reliance upon, this ISO/IEC publication or any other IEC,
ISO or ISO/IEC publications)

9) Attention is drawn to\the normative references cited in this publication. Use of the referenced publications is
indispensable forthe-correct application of this publication.

IEC and ISO draw attention to the fact that it is claimed that compliance with this document may involve the use of
patents as indicated below.

ISO and JE€ take no position concerning the evidence, validity and scope of the putative patent rights. The holders
of the putative patent rights have assured IEC and ISO that they are willing to negotiate free licences or licences
under<easonable and non-discriminatory terms and conditions with applicants throughout the world. In this respect,
the'statements of the holders of the putative patent rights are registered with IEC and ISO.

:Iltl:;: uulpulat;ull :Iab ;Illl\.JIIIIU\.JI :Eu alluI :GU t:ldt It :IGD patcut O}J}J:;bdt;ullb Ul Uldlltcul }Jatl.‘;lltb.
Information may be obtained from:

Intel Corporation

Standards Licensing Department
5200 NE Elam Young Parkway
MS: JFS-98

USA - Hillsboro, Oregon 97124

Microsoft Corporation has informed IEC and ISO that it has patent applications or granted patents as listed below:

6101499 / US; 6687755 / US; 6910068 / US; 7130895 / US; 6725281 / US; 7089307 / US; 7069312 / US;
10/783 524 /US
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Information may be obtained from:
Microsoft Corporation
One Microsoft Way
USA — Redmond WA 98052
Philips International B.V. has informed IEC and ISO that it has patent applications or granted patents.

Information may be obtained from:

Philips International B.V. — IP&S

High Tech campus, building 44 3A21
NL — 5656 Eindhoven

NXP B.V. (NL) has informed IEC and ISO that it has patent applications or granted patents.
Information may be obtained from:
NXP B.V. (NL)
High Tech campus 60
NL — 5656 AG Eindhoven
Matsushita Electric Industrial Co. Ltd. has informed IEC and ISO that it has patent applications or granted patents.
Information may be obtained from:
Matsushita Electric Industrial Co. Ltd.
1-3-7 Shiromi, Chuoh-ku
JP — Osaka 540-6139

Hewlett Packard Company has informed IEC and ISO that it has patent applications or granted patents as listed
below:

5956 487 / US; 6 170 007 / US; 6 139 177 / US; 6 §29-936 / US; 6 470 339 / US; 6 571 388 / US; 6 205
466 / US

Information may be obtained from:

Hewlett Packard Company
1501 Page Mill Road
USA — Palo Alto, CA 94304

Samsung Electronics Co. Ltd. has informed’|[EC and ISO that it has patent applications or granted patents.
Information may be obtained from:

Digital Media Businessy‘Samsung Electronics Co. Ltd.
416 Maetan-3 Dong, .Yeongtang-Gu,
KR — Suwon City, 443-742

Attention is drawn to.\the possibility that some of the elements of this document may be the subject of patent rights
other than those identified above. IEC and ISO shall not be held responsible for identifying any or all such patent
rights.

ISO/IEC 29341-4-13 was prepared by UPnP Implementers Corporation and adopted, under the PAS procedure, by
joint technical committee ISO/IEC JTC 1, Information technology, in parallel with its approval by national bodies of
ISO andtEC.

The list of all currently available parts of the ISO/IEC 29341 series, under the general title Universal plug and play
(UPnP) architecture. can be found on the IEC web site

This International Standard has been approved by vote of the member bodies, and the voting results may be
obtained from the address given on the second title page.
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ORIGINAL UPNP DOCUMENTS
(informative)

Reference may be made in this document to original UPnP documents. These references are retained in order to
maintain consistency between the specifications as published by ISO/IEC and by UPnP Implementers Corporation.
The following table indicates the original UPnP document titles and the corresponding part of ISO/IEC 29341:

UPnP Document Title

ISO/IEC 29341 Part

UPnP Device Architecture 1.0

UPnP Basic:1 Device

UPNP AV Architecture:1

UPnP MediaRenderer:1 Device
UPnP MediaServer:1 Device

UPnP AVTransport:1 Service

UPNP ConnectionManager:1 Service
UPNP ContentDirectory:1 Service
UPNP RenderingControl:1 Service
UPnP MediaRenderer:2 Device
UPnP MediaServer:2 Device

UPnP AV Datastructure Template:1
UPNP AVTransport:2 Service

UPNP ConnectionManager:2 Service
UPnP ContentDirectory:2 Service
UPNP RenderingControl:2 Service
UPNP ScheduledRecording:1

UPNP DigitalSecurityCamera: 1 Device

UPnNP DigitalSecurityCameraMotionlmage:1 Service

UPnNP DigitalSecurityCameraSettings:1 Service
UPNP DigitalSecurityCameraStilllmage:1 Service
UPnP HVAC_System:1 Device

UPnP HVAC_ZoneThermostat:1 Device
UPNP ControlValve:1 Service

UPNnP HVAC_FanOperatingMode:1 Service
UPnP FanSpeed:1 Service

UPNP HouseStatus:1 Service

UPNnP HVAC_SetpointSchedule: 1 Sérvice
UPnP TemperatureSensor:1 Service

UPnP TemperatureSetpoint:1_Service

UPnP HVAC_UserOperatingMode:1 Service
UPnP BinaryLight:1 Device

UPNnP DimmableLight:I*Device

UPNP Dimming:1 Service

UPNP SwitchRower:1 Service

UPNP InternetGatewayDevice:1 Device

UPnP LANDevice:1 Device

UPNnP WANDevice:1 Device
UPnP\WANConnectionDevice:1 Device
UPaP"WLANAccessPointDevice:1 Device
UPNhP LANHostConfigManagement:1 Service
UPnP Layer3Forwarding:1 Service

UPnP LinkAuthentication:1 Service

UPNP RadiusClient:1 Service

UPNnP WANCableLinkConfig:1 Service

UPnP WANCommonlnterfaceConfig:1 Service
UPnP WANDSLLinkConfig:1 Service

UPNnP WANEthernetLinkConfig:1 Service
UPnP WANIPConnection:1 Service

URRDP \WANPOTSLinkCaonfia-1 Sorvico.

ISO/IEC 29341-1
ISO/IEC 29341-2
ISO/IEC 29341-3-1
ISO/IEC 29341-3-2
ISO/IEC 29341-3-3
ISO/IEC 29341-3-10
ISO/IEC 29341-3-11
ISO/IEC 29341-3-12
ISO/IEC 29341-3-13
ISO/IEC 29341-4-2
ISO/IEC 29341-4-3
ISO/IEC 29341-4-4
ISO/IEC 293414-10
ISO/IEC 29344%4-11
ISO/IEC 29341-4-12
ISO/IE€29341-4-13
ISQ/IEC 29341-4-14
ISO/IEC 29341-5-1
ISO/IEC 29341-5-10
ISO/IEC 29341-5-11
ISO/IEC 29341-5-12
ISO/IEC 29341-6-1
ISO/IEC 29341-6-2
ISO/IEC 29341-6-10
ISO/IEC 29341-6-11
ISO/IEC 29341-6-12
ISO/IEC 29341-6-13
ISO/IEC 29341-6-14
ISO/IEC 29341-6-15
ISO/IEC 29341-6-16
ISO/IEC 29341-6-17
ISO/IEC 29341-7-1
ISO/IEC 29341-7-2
ISO/IEC 29341-7-10
ISO/IEC 29341-7-11
ISO/IEC 29341-8-1
ISO/IEC 29341-8-2
ISO/IEC 29341-8-3
ISO/IEC 29341-8-4
ISO/IEC 29341-8-5
ISO/IEC 29341-8-10
ISO/IEC 29341-8-11
ISO/IEC 29341-8-12
ISO/IEC 29341-8-13
ISO/IEC 29341-8-14
ISO/IEC 29341-8-15
ISO/IEC 29341-8-16
ISO/IEC 29341-8-17
ISO/IEC 29341-8-18

ISOUEC.20344.8.1Q

9
UPnP WANPPPConnection:1 Service
UPnP WLANConfiguration:1 Service
UPnP Printer:1 Device
UPnP Scanner:1.0 Device
UPnP ExternalActivity:1 Service
UPnP Feeder:1.0 Service
UPnNP PrintBasic:1 Service
UPnP Scan:1 Service
UPnP QoS Architecture:1.0
UPnP QosDevice:1 Service
UPnP QosManager:1 Service
UPNP QosPolicyHolder:1 Service
UPnP QoS Architecture:2
UPnP QOS v2 Schema Files
UPnP QosDevice:2 Service

ISO/IEC 29341-8-20
ISO/IEC 29341-8-21
ISO/IEC 29341-9-1
ISO/IEC 29341-9-2
ISO/IEC 29341-9-10
ISO/IEC 29341-9-11
ISO/IEC 29341-9-12
ISO/IEC 29341-9-13
ISO/IEC 29341-10-1
ISO/IEC 29341-10-10
ISO/IEC 29341-10-11
ISO/IEC 29341-10-12
ISO/IEC 29341-11-1
ISO/IEC 29341-11-2
ISO/IEC 29341-11-10
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UPnP Document Title

UPNnP QosManager:2 Service

UPNP QosPolicyHolder:2 Service
UPnP RemoteUIClientDevice:1 Device
UPnP RemoteUlServerDevice:1 Device
UPnP RemoteUIClient:1 Service

UPnP RemoteUlServer:1 Service
UPNP DeviceSecurity:1 Service

UPnP SecurityConsole:1 Service

29341-4-13 © ISO/IEC:2008(E)

ISO/IEC 29341 Part

ISO/IEC 29341-11-11
ISO/IEC 29341-11-12
ISO/IEC 29341-12-1

ISO/IEC 29341-12-2

ISO/IEC 29341-12-10
ISO/IEC 29341-12-11
ISO/IEC 29341-13-10
ISO/IEC 29341-13-11
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1 Overview and Scope

This service template is compliant with the UPnP Device Architecture version 1.0. It defines a service type
referred to herein as RenderingControl.

1.1 Introduction

Most rendering devices contain a number of dynamically configurable attributes that affect how the current
content is rendered. For example, video rendering devices, such as TVs, allow user control of display

CHATACIETISTTS SUCIT a5 DITZHIIESS and CONrast, wiereas audio TeNderng devices alfow COIMTIot Of audio
characteristics such as volume, balance, equalizer settings, etc. The RenderingControl service is intended to
provide control points with the ability to query and/or adjust any rendering attribute that the device supports,

The RenderingControl service enables a control point to:
e Discover the set of attributes supported by the device.
e Retrieve the current setting of any supported attribute
e  Change the setting of (that is: control) any modifiable attribute
e Restore the settings defined by a named Preset
The RenderingControl service DOES NOT:
e  Control the flow of the associated content (for example, Play, StopyPause, Seek, etc.).
e Provide a mechanism to enumerate locally stored content.
e Provide a mechanism to select the content that is to be rendered.

e Provide a mechanism to send content to another device(via the home network or direct connection).

1.2 Multi-input Devices

Some high-end AV device are capable of receiving multiple pieces of content at the same time and combining
that content together so that it can be rendered together using a single set of output hardware. For example, while
displaying a TV program, high-end TVs can also display additional content (for example, VCR content) in a PIP
(Picture-In-Picture) window. Similarly, a Karaoke machine can mix together the background music with a
singer’s voice so that both sounds are played together on the same set of speakers.

As with all devices, the RenderingControl service allows a control point to adjust the output characteristics of the
post-mixed content before it is actually rendered. However, in many cases, control points may need to control
the output characteristics of the individual input content before it is mixed together with the other input content.
In order to support this, thg"RenderingControl service includes an /nstancelD argument with each action that
allows the control pointte identify on which content the action is to be applied (for example, the post-mixed
content or one of thePre=mixed input content items).

By convention, anZustancelD of 0 indicates that the invoked action MUST be applied to the post-mixed content.
Similarly, eachypre-mixed input content is assigned a unique /nstancel/D whose value is a non-zero, positive
integer. Referto Section 2.5, “Theory of Operation” for additional information.

1.3 Notation

® In this document, features are described as Required, Recommended, or Optional as follows:

The key words “MUST,” “MUST NOT,” “REQUIRED,” “SHALL,” “SHALL NOT,” “SHOULD,”
“SHOULD NOT,” “RECOMMENDED,” “MAY,” and “OPTIONAL” in this specification are to be
interpreted as described in [RFC 2119].

In addition, the following keywords are used in this specification:

PROHIBITED - The definition or behavior is an absolute prohibition of this specification. Opposite of
REQUIRED.

CONDITIONALLY REQUIRED - The definition or behavior depends on a condition. If the specified
condition is met, then the definition or behavior is REQUIRED, otherwise it is PROHIBITED.

CONDITIONALLY OPTIONAL — The definition or behavior depends on a condition. If the specified
condition is met, then the definition or behavior is OPTIONAL, otherwise it is PROHIBITED.
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These keywords are thus capitalized when used to unambiguously specify requirements over protocol
and application features and behavior that affect the interoperability and security of implementations.
When these words are not capitalized, they are meant in their natural-language sense.

e  Strings that are to be taken literally are enclosed in “double quotes”.
e  Words that are emphasized are printed in italic.

e Keywords that are defined by the UPnP AV Working Committee are printed using the forum character
style.

e Keywords that are defined by the UPnP Device Architecture are printed using the arch character stylet

[ 1)

e A double colon delimiter, “::”, signifies a hierarchical parent-child (parent::child) relationship between
the two objects separated by the double colon. This delimiter is used in multiple contexts, for example:
Service::Action(), Action():: Argument, parentProperty::childProperty.

1.3.1 Data Types

This specification uses data type definitions from two different sources. The UPnP DeviceArchitecture defined
data types are used to define state variable and action argument data types [DEVICE]. Th¢ XML Schema
namespace is used to define property data types [XML SCHEMA-2].

For UPnP Device Architecture defined Boolean data types, it is strongly RECOMMENDED to use the value “0”
for false, and the value “1” for true. However, when used as input argumentsthevalues “false”, “no”, “true”,
“yes” may also be encountered and MUST be accepted. Nevertheless, it is.strorigly RECOMMENDED that all

state variables and output arguments be represented as “0” and “1”.

For XML Schema defined Boolean data types, it is strongly RECOMMENDED to use the value “0” for false,
and the value “7” for true. However, when used as input propertiés, the values “false”, “true” may also be
encountered and MUST be accepted. Nevertheless, it is stronglyy RECOMMENDED that all properties be

represented as “0” and “/”.

1.3.2 Strings Embedded in Other Strings

Some string variables and arguments described in.fliis document contain substrings that MUST be independently
identifiable and extractable for other processing. This requires the definition of appropriate substring delimiters
and an escaping mechanism so that these delimiters can also appear as ordinary characters in the string and/or its
independent substrings. This document uses-embedded strings in two contexts — Comma Separated Value (CSV)
lists (see Section 1.4.1, “Comma Separated Value (CSV) Lists”) and property values in search criteria strings.
Escaping conventions use the backslash character, “\” (character code U+005C), as follows:

a. Backslash (“\”) is represented as “\\” in both contexts.
b. Comma (*,”) is
1. representéd as “\,” in individual substring entries in CSV lists
2. not escaped in search strings
c. Doublg quote (“) is
1. .ot escaped in CSV lists
2.) 'not escaped in search strings when it appears as the start or end delimiter of a property value

“\””

3. represented as in search strings when it appears as a character that is part of the property value

11:33 Extended Backus-Naur Form

Extended Backus-Naur Form is used in this document for a formal syntax description of certain constructs. The
usage here is according to the reference [EBNF].

1.3.3.1 Typographic conventions for EBNF

Non-terminal symbols are unquoted sequences of characters from the set of English upper and lower case
letters, the digits “0” through “9”, and the hyphen (“-”"). Character sequences between ' single quotes'
are terminal strings and MUST appear literally in valid strings. Character sequences between (*comment
delimiters¥*) are English language definitions or supplementary explanations of their associated symbols.
White space in the EBNF is used to separate elements of the EBNF, not to represent white space in valid strings.
White space usage in valid strings is described explicitly in the EBNF. Finally, the EBNF uses the following
operators:
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Table 1-1: EBNF Operators

Operator | Semantics

ti= definition — the non-terminal symbol on the left is defined by one or more alternative
sequences of terminals and/or non-terminals to its right.

alternative separator — separates sequences on the right that are independently allowed
definitions for the non-terminal on the left.

x nall vnpeﬁﬁeﬂ_me&r\n tha oyaaracciogs +0 140 106 NI AN - Zaro-otr-taaka-tiniaa
nutre 15-the-expression-to-Hste - MAY-occHiZero-or-aore-Hmes:

+ non-null repetition — means the expression to its left MUST occur at least once and
MAY occur more times.

[ ] optional — the expression between the brackets is optional.

() grouping — groups the expressions between the parentheses.

- character range — represents all characters between the left and right character'operands
inclusively.

1.4 Derived Data Types

This section defines a derived data type that is represented as a string data type ‘with special syntax. This
specification uses string data type definitions that originate from two differenf-sources. The UPnP Device
Architecture defined string data type is used to define state variable and action argument string data types. The
XML Schema namespace is used to define property xsd:string data types. The following definition applies to
both string data types.

141 Comma Separated Value (CSV) Lists

The UPnP AV services use state variables, action argumerifs and properties that represent lists — or one-
dimensional arrays — of values. The UPnP Device Architecture, Version 1.0 [DEVICE], does not provide for
either an array type or a list type, so a list type is defined here. Lists MAY either be homogeneous (all values are
the same type) or heterogeneous (values of different'types are allowed). Lists MAY also consist of repeated
occurrences of homogeneous or heterogeneous.subsequences, all of which have the same syntax and semantics
(same number of values, same value types and in the same order). The data type of a homogeneous list is string
or xsd:string and denoted by CSV (x), where x is the type of the individual values. The data type of a
heterogeneous list is also string or x§d:string and denoted by CSV (x, y, z), where x, y and z are the types of the
individual values. If the number ofvalues in the heterogeneous list is too large to show each type individually,
that variable type is represented:as*CSV (heterogeneous), and the variable description includes additional
information as to the expected sequence of values appearing in the list and their corresponding types. The data
type of a repeated subsequence list is string or xsd:string and denoted by CSV ({x, y, z}), where x, y and z are
the types of the individual values in the subsequence and the subsequence MAY be repeated zero or more times.

e A listis represented as a string type (for state variables and action arguments) or xsd:string type (for
propetties).
e Commas separate values within a list.

e “Integer values are represented in CSVs with the same syntax as the integer data type specified in
[DEVICE] (that is: optional leading sign, optional leading zeroes, numeric ASCII)

e Boolean values are represented in state variable and action argument CSVs as either “0” for false or “1”

A Y DA WA Pk w LY
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false, no, 1, true, yes.

e Boolean values are represented in property CSVs as either “0” for false or “/” for true. These values are
a subset of the defined Boolean data type values specified in [XML SCHEMA-2]: 0, false, 1, true.

e Escaping conventions for the comma and backslash characters are defined in Section 1.3.2, “Strings
Embedded in Other Strings”.

e  White space before, after, or interior to any numeric data type is not allowed.

e  White space before, after, or interior to any other data type is part of the value.
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Table 1-2: CSV Examples

Type refinement Value Comments

of string

CSV (string) or “+artist,-date” List of 2 property sort

CSV (xsd:string) criteria.

CSV (int) or “1,-5,006,0,+7” List of 5 integers.

CSV (xsd:integer)

CSV (boolean) or “0,1,1,0” List of 4 booleans

CSV (xsd:Boolean)

CSV (string) or “Smith\, Fred,Jones\, Davey” List of 2 names,

CSV (xsd:string) “Smith, Fred” and
“Jones, Davey”

CSV (i4,string,ui2) “-29837, string with leading blanks,0” Note that the second value

or CSV (xsd:int, is ¢ stringlwith leading

xsd:string, blanks’

xsd:unsignedShort)

CSV (i4) or “3,4” Hlegal CSV. White space

CSV (xsd:int) ishot allowed as part of
an integer value.

CSV (string) or “, List of 3 empty string

CSV (xsd:string) values

CSV (heterogeneous) | “Alice,Marketing,5,Sue,R&D,21,Dave,Finance,7” | List of unspecified
number of people and
associated attributes. Each
person is described by 3
elements: a name string,
a department string and
years-of-service ui2 or a
name xsd:string, a
department xsd:string and
years-of-service
xsd:unsignedShort.

1.5 Management of XML Namespaces in Standardized DCPs

UPnP specifications make extensive use of XML namespaces. This allows separate DCPs, and even separate
components of an individual DCP, to be designed independently and still avoid name collisions when they share
XML documents=Every name in an XML document belongs to exactly one namespace. In documents, XML
names appear/in.one of two forms: qualified or unqualified. An unqualified name (or no-colon-name) contains
no colon (“Y?)characters. An unqualified name belongs to the document’s default namespace. A qualified name
is two ne*colon-names separated by one colon character. The no-colon-name before the colon is the qualified
name’s'namespace prefix, the no-colon-name after the colon is the qualified name’s “local” name (meaning local
to‘the'namespace identified by the namespace prefix). Similarly, the unqualified name is a local name in the
default namespace.

The formal name of a namespace is a URI. The namespace prefix used in an XML document is not the name of
the namespace. The namespace name is, or should be, globally unique. It has a single definition that is accessible
to anyone who uses the namespace. It has the same meaning anywhere that it is used, both inside and outside
XML documents. The namespace prefix, however, in formal XML usage, is defined only in an XML document.
It must be locally unique to the document. Any valid XML no-colon-name may be used. And, in formal XML
usage, no two XML documents are ever required to use the same namespace prefix to refer to the same
namespace. The creation and use of the namespace prefix was standardized by the W3C XML Committee in
[XML-NMSP] strictly as a convenient local shorthand replacement for the full URI name of a namespace in
individual documents.

All AV object properties are represented in XML by element and attribute names, therefore, all property names
belong to an XML namespace.
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For the same reason that namespace prefixes are convenient in XML documents, it is convenient in specification
text to refer to namespaces using a namespace prefix. Therefore, this specification declares a “standard” prefix
for all XML namespaces used herein. In addition, this specification expands the scope where these prefixes have
meaning, beyond a single XML document, to all of its text, XML examples, and certain string-valued properties.
This expansion of scope does not supercede XML rules for usage in documents, it only augments and
complements them in important contexts that are out-of-scope for the XML specifications.

All of the namespaces used in this specification are listed in the Tables “Namespace Definitions” and “Schema-
related Information”. For each such namespace, Table 1-3, “Namespace Definitions” gives a brief description of

Htsnarma (o TTRT and 1tc dafinad otandard® pneafiy pmaoma Sosme namacnacac tnoludad 10 thoca toblac ara naot
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directly used or referenced in this document. They are included for completeness to accommodate those
situations where this specification is used in conjunction with other UPnP specifications to construct a complete
system of devices and services. The individual specifications in such collections all use the same standard prefix.
The standard prefixes are also used in Table 1-4, “Schema-related Information”, to cross-reference additional
namespace information. This second table includes each namespace’s valid XML document root elements (if
any), its schema file name, versioning information (to be discussed in more detail below), and linksto the entries
in the Reference section for its associated schema.

The normative definitions for these namespaces are the documents referenced in Table 1¢3.The schemas are
designed to support these definitions for both human understanding and as test tools. However, limitations of the
XML Schema language itself make it difficult for the UPnP-defined schemas to acecurately represent all details
of the namespace definitions. As a result, the schemas will validate many XML, documents that are not valid
according to the specifications.

The Working Committee expects to continue refining these schemas after.Specification release to reduce the
number of documents that are validated by the schemas while violating,the specifications, but the schemas will
still be informative, supporting documents. Some schemas might become normative in future versions of the
specifications.

Table 1-3: Namespace Definitions

Standard
Name- Normative Definition

space Document
Prefix Namespace Name Namespace Description Reference

AV Working @mittee defined namespaces

av: urn:schemas-upnp-org:av:av Common data types for use in AV [AV-XSD]
schemas

avs: urn:schemas-upnp-org:av:avs Common structures for use in AV schemas | [AVS-XSD]

avdt: urn:schemas-upnp-org:av:avdt Datastructure Template [AVDT]

avt-event: | urn:schemas-upnp-Qrgimetadata-1-0/AVT/ Evented LastChange state variable for [AVT]
AVTransport

didl-lite: urn:schemas-dpnp-org:metadata-1-0/DIDL- Structure and metadata for [CDS]

Lite/ ContentDirectory

res-event: | urn:Sehemas-upnp-org:metadata-1-0/RCS/ Evented LastChange state variable for [RCS]
RenderingControl

SIs: urn:schemas-upnp-org:av:srs Metadata and structure for [SRS]
ScheduledRecording

sps-event: | urn:schemas-upnp-org:av:srs-event Evented LastChange state variable for [SRS]
ScheduledRecording

upnp: urn:schemas-upnp-org:metadata- 1-0/upnp/ Metadata for ContentDirectory [CDS]

Externally defined namespaces

dc: http://purl.org/dc/elements/1.1/ Dublin Core [DC-TERMS]
xsd: http://www.w3.0rg/2001/XMLSchema XML Schema Language 1.0 [XML SCHEMA-1]
[XML SCHEMA-2]
xsi: http://www.w3.0rg/2001/XMLSchema- XML Schema Instance Document schema | Sections 2.6 & 3.2.7 of
instance [XML SCHEMA-1]

xml: http://www.w3.0org/XML/1998/namespace The “xml:” Namespace [XML-NS]
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Table 1-4: Schema-related Information

Standard Relative URI and File
Name- Name

space e Form 1
Prefix e Form 2 Valid Root Element(s) Schema Reference

AV Working Committee Defined Namespaces

av: o av-vn-yyyymmdd.xsd n/a [AV-XSD]
e av-vn.xsd

avs: e avs-vn-yyyymmdd.xsd <Features> [AVS-XSD]
e avs-vn.xsd <stateVariableValuePairs>

avdt: o avdt-vn-yyyymmdd.xsd <AVDT> [AVDT]

e avdt-vn.xsd

avt-event: | e avt-event-vn-yyyymmdd.xsd | <Event> [AVT-EVENT-XSD]

e avt-event-vn.xsd

didl-lite: | e didl-lite-vn-yyyymmdd.xsd | <DIDL-Lite> [DIDL-LITE-XSD]
o didl-lite-vn.xsd
rcs-event: | e rcs-event-vn-yyyymmdd.xsd | <Event> [RCS-EVENT-XSD]
e rcs-event-va.xsd
SIS: o srs-vn-yyyymmdd.xsd <srs> [SRS-XSD]
e srs-vn.xsd
srs-event: | e srs-event-va-yyyymmdd.xsd | <StateEvent> [SRS-EVENT-XSD]
e srs-event-va.xsd
upnp: e upnp-vn-yyyymmdd.xsd n/a [UPNP-XSD]
e upnp-vn.xsd
Externally Defi A Namespaces
de: Absolute URL: http://dublincore.org/schemas/xmls/simpledc20021212.xsd [DC-XSD]
xsd: n/a <schenla> [XMLSCHEMA-XSD]
Xsi: n/a n/a
xml: n/a [XML-XSD]

1.5.1 Namespace Prefix Requirements

There are many occurrences-in this specification of string data types that contain XML names (property names).
These XML names in-strings will not be processed under namespace-aware conditions. Therefore, all
occurrences in instance’documents of XML names in strings MUST use the standard namespace prefixes as
declared in Table\=3. In order to properly process the XML documents described herein, control points and
devices MUST use namespace-aware XML processors [ XML-NMSP] for both reading and writing. As allowed
by [ XML-NMSP], the namespace prefixes used in an instance document are at the sole discretion of the
documentiereator. Therefore, the declared prefix for a namespace in a document MAY be different from the
standard prefix. All devices MUST be able to correctly process any valid XML instance document, even when it
uses\a non-standard prefix for ordinary XML names. It is strongly RECOMMENDED that all devices use these
standard prefixes for all instance documents to avoid confuision on the part of both human and machine readers

These standard prefixes are used in all descriptive text and all XML examples in this and related UPnP
specifications. Also, each individual specification may assume a default namespace for its descriptive text. In
that case, names from that namespace may appear with no prefix.

The assumed default namespace, if any, for each UPnP AV specification is given in Table 1-5, “Default
Namespaces for the AV Specifications”.

Note: all UPnP AV schemas declare attributes to be “unqualified”, so namespace prefixes are never used with
AV Working Committee defined attribute names.
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Table 1-5:  Default Namespaces for the AV Specifications

AV Specification Name Default Namespace Prefix

AVTransport:2 avt-event:
ConnectionManager:2 n/a
ContentDirectory:2 didl-lite:
MediaRenderer:2 n/a
MediaServer:2 n/a
RenderingControl:2 rcs-event:
ScheduledRecording: 1 STS:

1.5.2 Namespace Names, Namespace Versioning and Schema Versioning
Each namespace that is defined by the AV Working Committee is named by a URN.

In order to enable both forward and backward compatibility, the UPnP TC has established the general policy that
namespace names will not change with new versions of specifications, even when the specification changes the
definition of a namespace. But, namespaces still have version numbers that refleet\definitional changes. Each
time the definition of a namespace is changed, the namespace’s version numbgr,is incremented by one.
Therefore, namespace version information must be provided with each XMLinstance document so that the
document’s receiver can properly understand its meaning. This is achievéd)by the following rules:

e Every release of a schema is identified by a version numbér, and date of the form “n-yyyymmdd”, where
n corresponds to the namespace definition version numbet and yyyymmdd is the year, month and day in
the Gregorian calendar that the schema is released.

For example, the new version numbers of the preéexisting “DIDL-Lite” and “upnp” schemas are “2”.
Versions for new schemas, such as “srs” are “I%

For each schema, the version-date will appear in two places:

1. Inthe schema file name, according to the naming structure shown in Table 1-4, “Schema-related
Information”.

2. As the value of the versien attribute of each schema’s schema root element.

Namespaces are referenced in both’'schema and XML instance documents by namespace name. The namespace
name appears as the value of aitxmlns attribute. The xm1lns attribute also declares a namespace prefix that will
be used to qualify names from-eéach namespace. Schemas are referenced in both schema and XML instance
documents by URI in the.schemaLocation attribute. See section 1.5.3, “Namespace Usage Examples” . Two
different forms of URLare available, each with a different meaning. All UPnP AV-defined schema URIs share a
common base path-of “http://www.upnp.org/schemas/av/”. Each schema URI has two unique relative forms (see
Table 1-4, “Schéma-related Information”), according to which version of a namespace and its representative
schema is of interest. The allowed relative URI forms are:

1. schema-root-name “-v” version-date
Wwhere version-date is a full version-date of the form n-yyyymmdd. This form references the schema
whose “root” name (typically the standardized prefix name used for the namespace that the schema
represents) and version-date match schema-root-name and version-date, respectively.

2. schema-root-name “-v” version
where version is an integer representing the namespace’s version number. This form references the
most recent version of the schema whose root name and namespace version number match schema-
root-name and the version, respectively.

Usage rules for schema location URIs are as follows:
e All instance documents, whether generated by a service or a control point, MUST use Form 1.
e All UPnP AV published schemas that reference other UPnP AV schemas will also use Form 1.

e Validation of XML instance documents in UPnP AV systems potentially serves two purposes. The first
is based on standard XML and XML Schema semantics: the document’s creator asserts that the
document is syntactically correct with respect to the referenced schema. The receiving processor can
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confirm this with a validating parser that uses the referenced schema(s). The second is based on UPnP
AV namespace semantics. The receiving processor knows that the XML instance document is supposed
to conform to one or more specific UPnP AV specifications. Since the second context is actually the
more important context for instance document processing, the receiving processor MAY validate the
instance document against any version of a schema that satisfies its needs in assessing the acceptability
of the received instance document.

1.5.3 Namespace Usage Examples

........ o on L afo \Vi Q nee-da nen arme or-the \Vi hean Q nea

namespace “http:://www.w3.0rg/2002/XMLSchema-instance”. A single occurrence of the attribute can declare
the location of one or more schemas. The schemaLocat ion attribute value consists of a whitespace separated
list of values: namespace name followed by its schema location URL. This pair-sequence is repeated as
necessary for the schemas that need to be located for this instance document.

Example 1:

Sample DIDL-Lite XML Document. This document assumes version-date 2-20060531 of the~didl-lite:”
namespace/schema combination and (a possible later) version 2-20061231 of “upnp:”. Thélines with the gray
background show how to express this versioning information in the instance document.

<?xml version="1.0" encoding="UTF-8"?>
<DIDL-Lite
xmlns:dc="http://purl.org/dc/elements/1.1/"
xmlns="urn:schemas-upnp-org:metadata-1-0/DIDL-Lite A"
xmlns:upnp="urn:schemas-upnp-org:metadata-1-0/upnp/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="
urn:schemas-upnp-org:metadata-1-0/DIDL-Lite/
http://www.upnp.org/schemas/av/didl-1ite-v2-20060531.xsd
urn:schemas-upnp-org:metadata-1-0/upnp/
http://www.upnp.org/schemas/av/upip-v2-20061231.xsd">
<item id="18" parentID="13" restricted="0">
</item>
</DIDL-Lite>

Example 2:

Sample srs XML Document. This\document assumes version 1-20060531 of the “srs:” namespace/schema
combination. Again, the line§ with the gray background show how to express this versioning information in the
instance document.

<?xml version=/M1+0" encoding="UTF-8"?>
<srs
xmlns="urrn:schemas-upnp-org:av:srs"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemal.ocation="
urhigchemas-upnp-org:av:srs
http://www.upnp.org/schemas/av/srs-v1-20060531.xsd" >

</srs>

1.6 Vendor-defined Extensions

Whenever vendors create additional vendor-defined state variables, actions or properties, their assigned names
and XML representation MUST follow the naming conventions and XML rules as specified in [DEVICE],
Section 2.5, “Description: Non-standard vendor extensions”.
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http://www.w3.org/XML/1998/namespace
http://www.w3.org/2001/xml.xsd
http://www.w3.org/TR/1999/REC-xml-names-19990114
http://www.w3.org/TR/2004/REC-xmlschema-1-20041028/
http://www.w3.org/TR/2004/REC-xmlschema-2-20041028/
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2 Service Modeling Definitions

21 Service Type

The following service type identifies a service that is compliant with this template:

urn:schemas-upnp-org:service:RenderingControl.2

The shorthand RenderingControl is used herein to refer to this service type.

2.2 State Variables
Table 2-1: State Variables

Variable Name Allowed Value Default Eng.
Value Units

LastChange R string

PresetNamelList R string CSV2 (string)

Brightness [0 ui2 See Table 2-2

Contrast [0 ui2 See Table 2-3

Sharpness [0} ui2 See Table 2-4

RedVideoGain @) ui2 See Table 2-5

GreenVideoGain @) ui2 See Table.2-6

BlueVideoGain [0} ui2 See.Fable 2-7

RedVideoBlackLevel [0} ui2 See Table 2-8

GreenVideoBlackLevel @) ui2 See Table 2-9

BlueVideoBlackLevel @) ui2 See Table 2-10

ColorTemperature [0) ui2 See Table 2-11

HorizontalKeystone [0} i2 See Table 2-12

VerticalKeystone o) i2 See Table 2-13

Mute (0] boolean

Volume3 [0) ui2 See Table 2-14

VolumeDB O i2 See Table 2-15 1/256 dB
Loudness 0 boolean

A_ARG TYPE_ Channel R string See Table 2-16

A_ARGN\FYPE InstancelD R ui4

A ARG TYPE PresetName See Table 2-17

[~
: E
E. | |=.
= =
g

AURG_TYPE DevicelUDN Q

A _ARG_TYPE Servicelype [0} string

A_ARG_TYPE ServicelD o string

A ARG TYPE _ [0} string

StateVariableValuePairs

A_ARG TYPE [0) string CSV (string)

StateVariableList

Non-standard state variables X TBD TBD TBD TBD

implemented by an UPnP
vendor go here.
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1 R=REQUIRED, O = OPTIONAL, X = Non-standard.

2 (CSV stands for Comma-Separated Value list. The type between brackets denotes the UPnP data type used for
the elements inside the list. CSV is defined more formally in the ContentDirectory service template.

3 The Volume and VolumeDB state variables are defined as a pair. Therefore, each implementation of this
service MUST either support both of them or support none of them. At all times, these two state variables
MUST remain synchronized with each other (that is: both of them MUST always represent the same volume

setting).

Table 2-2:  allowedValueRange for Brightness
Value R/O
minimum 0 R
maximum Vendor defined R
step 1 R
Table 2-3:  allowedValueRange for Contrast
Value R/O
minimum 0 R
maximum Vendor defined R
step 1 R
Table 2-4:  allowedValueRange for Sharpness
Value R/O
minimum 0 R
maximum Vendor defined R
step 1 R
Table 2-5:  allowedValueRange)for RedVideoGain
Value R/O
minimum 0 R
maximum Vendor-defined R
step y) R
Table 2-6: < allowedValueRange for GreenVideoGain
Value R/O
mihithum | 0 R
TTAXITIOTT [ errdor ey et yiy
step 1 R
Table 2-7:  allowedValueRange for BlueVideoGain
Value R/O
minimum 0 R
maximum | Vendor defined R
step 1 R
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Table 2-8:  allowedValueRange for RedVideoBlackLevel
Value R/O

minimum | 0 R

maximum Vendor defined R

step 1 R

29341-4-13 © ISO/IEC:2008(E)

minimum 0 R

maximum Vendor defined R

step 1 R

Table 2-10: allowedValueRange for BlueVideoBlackLevel
Value R/O

minimum 0 R

maximum Vendor defined R

step 1 R

Table 2-11: allowedValueRange for ColorTemperature
Value R/O

minimum 0 P

maximum Vendor defined R

step 1 R

Table 2-12: allowedValueRange for HorizontalKeystone
Value R/O

minimum Vendor defined MUST be <= 0) R

maximum Vendor defipred R

Step 1 R

Table 2-13: allowedValueRange for VerticalKeystone
Value R/O

minimuxh Vendor defined (MUST be <= 0) R

maXihum Vendor defined R

— L R

Table 2-14: allowedValueRange for Volume
Value R/O

minimum 0 R

maximum | Vendor defined R

Step 1 R
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Table 2-15: allowedValueRange for VolumeDB

Value R/O
minimum Vendor defined R
maximum Vendor defined R
step Vendor defined [0}

“Master” R

“LF” o

“RF” o

“CF o

“LFE” (@)

“LS” o

“RS” o

“LFC” o

“RFC” o

“SD” (@)

“SL” (@)

“SR” Q

“r o

“B” (@)

Vendor-defined

Table 2-17: allowedValueList for A ARG TYPE PresetName

Value R/O

“FactoryDefaults” R

“InstallationDefaults? [0)

Vendor defined

2.21 ~kastChange

This state'variable is used exclusively for eventing purposes to allow clients to receive meaningful event
notifications whenever the state of the device changes. The LastChange state variable identifies all of the state
variables that have changed since the last time the LastChange state variable was evented. Refer to Section 2.3.1,

Event Modet™*for additionat informartion.

The format of this state variable conforms to the XML schema described in [RCS-EVENT-XSD]. The following
res-event XML document illustrates a typical example of the schema:

<?xml version="1.0" encoding="UTF-8"?>
<Event
xmlns="urn:schemas-upnp-org:metadata-1-0/RCS/"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="
urn:schemas-upnp-org:metadata-1-0/RCS/
http://www.upnp.org/schemas/av/rcs-event-v1-20060531.xsd" >
<InstancelID val="0">
<Brightness val="36"/>


http://www.upnp.org/schemas/av/rcs-event-v1-20060531.xsd
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<Contrast val="54"/>
</InstancelID>
<InstancelID val="1">
<Mute channel="Master" wval="0"/>
<Volume channel="CF" val="24"/>

</InstancelID>

</Eventcs

As illustrated above, the LastChange state variable contains a single root element whose body contains one,'of
more [nstancelD elements, each corresponding to a (virtual) instance of the RenderingControl service, whose
state has changed since the last time the LastChange state variable was evented. Each InstancelD element
contains one or more state variable elements that identify all of the state variables within that instang¢ that
changed. Each state variable element contains the new (current) value of that state variable.

In the example above, the Brightness and Contrast setting of instance 0 has changed to 36 and)54, respectively.
Additionally, the Mute setting on the Master channel of instance 1 has been set to 0 (false) (that is: muting has
been turned off) and the Volume of the Center Front channel of instance 1 has been set to 24.

Note: Only the audio-related state variables include a channel attribute, which identifies the audio channel that
has experienced a change.

When a given state variable (within the same instance) changes multiple times before the moderation period of
the LastChange state variable expires, only one state variable elementforthe affected state variable will appear
within the /nstancelD element. The previous state variable elementfor the affected state variable MUST be

removed and replaced with a new state variable element that reflects the most recent value of that state variable.

State variable elements MAY appear in any order within a given'/nstancelD element. This implies that no
meaning may be deduced from the order in which the state-variables for a given instance are listed. Similarly, the
order of InstancelD elements has no particular meaning'and they MAY appear in any order.

For example, when the Brightness of instance 0 changes from 26 to 54 then to 48, and the Brightness of instance
1 changes from 54 to 35, then to 11, LastChange\isset to the following:

<?xml version="1.0" encoding="UTF-8"7?>
<Event
xmlns="urn:schemas-upnp-0xg:metadata-1-0/RCS/"
xmlns:xsi="http://www.w3+0rg/2001/XMLSchema-instance"
xsi:schemalocation="
urn:schemas-upnpforg:metadata-1-0/RCS/
http://www.upnp ;0rg/schemas/av/rcs-event-v1-20060531.xsd" >
<InstancelID val="0">
<Brightness val="48"/>
</Instancé&ib>
<Instang&elD val="1">
<Brightness val="11"/>
</InstancelID>
</Event's

The LastChange state variable is the only state variable that is evented using the standard UPnP event

mechanism. All other state variables are indirectly evented via the LastChange state variable event. Refer to
Section 2.3.1, “Event Model” for additional details.

Note that the LastChange state variable is XML and therefore needs to be escaped using the normal XML rules
(see [XML] — Section 2.4 Character Data) before being transmitted as an event.

2.2.2 PresetNamelList

This state variable contains a comma-separated list of valid preset names currently supported by this device. Its
value changes if/when the device changes the set of presets that it supports. This may occur in conjunction with a
vendor-defined action or some other non-UPnP event. This state variable will include any of the predefined
presets that are supported by the device.
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2.2.3 Brightness

This unsigned integer state variable represents the current brightness setting of the associated display device. Its
value ranges from a minimum of 0 to some device specific maximum. A numerical change of 1 corresponds to
the smallest incremental change that is supported by the device.

Higher values increase the brightness of the display’s output.

2.2.4 Contrast

value ranges from a minimum of 0 to some device specific maximum. A numerical change of 1 corresponds to
the smallest incremental change that is supported by the device.

Higher values increase the contrast of the display’s output.

2.2.5 Sharpness

This unsigned integer state variable represents the current sharpness setting of the associated display device. Its
value ranges from a minimum of 0 to some device specific maximum. A numerical changeof-1 corresponds to
the smallest incremental change that is supported by the device.

Higher values accentuate fine detail.

2.2.6 RedVideoGain

This unsigned integer state variable represents the current setting of the red\gain control for the associated
display device. Its value ranges from a minimum of 0 to some device gpecific maximum. A numerical change of
1 corresponds to the smallest incremental change that is supported by'the device.

Higher values increase the intensity of red in the display’s outpuit. See Section 2.2.27.1, “xxxVideoGain and
xxxVideoBlackLevel” for additional information.

2.2.7 GreenVideoGain

This unsigned integer state variable represents the eiifrent setting of the green gain control for the associated
display device. Its value ranges from a minimum'0f 0 to some device specific maximum. A numerical change of
1 corresponds to the smallest incremental chafige that is supported by the device.

Higher values increase the intensity of green in the display’s output. See Section 2.2.27.1, “xxxVideoGain and
xxxVideoBlackLevel” for additional imformation.

2.2.8 BlueVideoGain

This unsigned integer statevariable represents the current setting of the blue gain control for the associated
display device. Its valug-ranges from a minimum of 0 to some device specific maximum. A numerical change of
1 corresponds to the smalest incremental change that is supported by the device.

Higher values inet€ase the intensity of blue in the display’s output. See Section 2.2.27.1, “xxxVideoGain and
xxxVideoBlackLevel” for additional information.

2.2.9 S\ RedVideoBlackLevel

This Unsigned integer state variable represents the current setting for the minimum output intensity of red for the
assoeiated display device. Its value ranges from a minimum of 0 to some device specific maximum. A numerical

chance of 1 corresnonds-to-the smallest incremental chanae thatis sunnorted by the device
=) r =) rr J

Higher values increase the minimum output intensity of red in the display’s output. See Section 2.2.27.1,
“xxxVideoGain and xxxVideoBlackLevel” for additional information.

2.210 GreenVideoBlackLevel

This unsigned integer state variable represents the current setting for the minimum output intensity of green for
the associated display device. Its value ranges from a minimum of 0 to some device specific maximum. A
numerical change of 1 corresponds to the smallest incremental change that is supported by the device.

Higher values increase the minimum output intensity of green in the display’s output. See Section 2.2.27.1,
“xxxVideoGain and xxxVideoBlackLevel” for additional information.
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2.2.11 BlueVideoBlackLevel

This unsigned integer state variable represents the current setting for the minimum output intensity of blue for
the associated display device. Its value ranges from a minimum of 0 to some device specific maximum. A
numerical change of 1 corresponds to the smallest incremental change that is supported by the device.

Higher values increase the minimum output intensity of blue in the display’s output. See Section 2.2.27.1,
“xxxVideoGain and xxxVideoBlackLevel” for additional information.

2.2.12 ColorTemperature

This unsigned integer state variable represents the current setting for the color quality of white for the associated
display device. Its value ranges from a minimum of 0 to some device specific maximum. A numerical change of
1 corresponds to the smallest incremental change that is supported by the device

Lower values produce warmer shades of white (that is: biased towards yellow/orange) and higher valuesproduce
cooler shades of white (that is: biased towards blue).

2.2.13 HorizontalKeystone

This signed integer state variable represents the current level of compensation for horizontal distortion
(described below) of the associated display device. Its value ranges from device-speeific negative number to a
device specific positive number. Zero does not need to be in the middle of this rangg,dlthough it will be for most
devices. A numerical change of 1 corresponds to the smallest incremental change that is supported by the device.

Horizontal distortion can occur when the display device is horizontally misalighed from the center of the
viewing screen. For example, when a video/still-image projection device 3 shifted to the left or right of the
display screen, the image becomes distorted (one side is taller than théther). The HorizontalKeystone state
variable is used to compensate for this type of distortion.

Note: The following descriptions illustrate the effect of the HowizontalKeystone state variable when applied to a
projection device that is properly centered with respect to the'wiewing screen (for example, no misalignment
distortion exists).

The left side of the display’s output decreases in size'as the value becomes more negative (that is: moves farther
away from zero in a negative direction). This prodiices a trapezoidal-shape image with the left and right edges
remaining parallel, but with the left side shorter than the right side.

The right side of the display’s output decreases in size as the value increases (that is: moves farther from zero in
a positive direction). This produces a trapezoidal-shape image with the left and right edge remaining parallel, but
with the right side shorter than the left side.

Negative Values - Zero - Positive Values

Figure 1: Horizontal Keystone

2.2 14 VerticalKeystone

This signed integer state variable represents the current level of compensation for vertical distortion (described
belew) of the associated display device. Its value ranges from device-specific negative number to a device
specific positive number. Zero does not need to be in the middle of this range, although it will be for most

devices. A numerical change of 1 corresponds to the smallest incremental change that is supported by the device.

Vertical distortion can occur when the display device is vertical misaligned from the center of the viewing screen.
For example, when a video/still-image projection device is moved above or below the display screen, the image
becomes distorted (that is: the top and bottom edges have different lengths). The VerticalKeystone state variable
is used to compensate for this type of distortion.

Note: The following descriptions illustrate the effect of the VerticalKeystone state variable when applied to a
projection device that is properly centered with respect to the viewing screen (for example, no misalignment
distortion exists).

The bottom edge of the display’s output decreases in size as the value becomes more negative (that is: moves
farther away from zero). This produces a trapezoidal-shape image with the top and bottom edges remaining
parallel, but with the bottom edge shorter than the top edge.
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The top edge of the display’s output decreases in size as the value increases (that is: moves farther from zero in a
positive direction). This produces a trapezoidal-shape image with the top and bottom edges remaining parallel,
but with the top edge shorter than the bottom edge.

Positive Values

Negative Values - Zero -

Figure 2: Vertical Keystone

2.215 Mute

This boolean state variable represents the current mute setting of the associated audio channel. A value of TRUE
(that is: a numerical value of 1) indicates that the output of the associated audio channel is currently. muted (that
is: that channel is not producing any sound).

2.2.16 Volume

This unsigned integer state variable represents the current volume setting of the assocrated’audio channel. Its
value ranges from a minimum of 0 to some device specific maximum, N. This implies,that the device supports
exactly (N+1) discrete volume settings for this audio channel. A numerical change\0f +1 or -1 selects the next
available volume setting up or down respectively.

Lower values produce a quieter sound and higher values produce a louderSound. A value of 0 represents the
quietest level of sound and a value of N represents the loudest level of’sound supported by the device for that
channel.

2.217 VolumeDB

This signed integer state variable represents the current volume setting of the associated audio channel. Its value
represents the current volume setting, expressed in decibel'(dB). However, to represent volume settings with a
resolution better than 1 dB, the integer value MUST.be interpreted as having the decimal point between the Most
Significant Byte (MSB) and the Least Significant-Byte (LSB). This effectively results in a volume setting range
from +127.9961 dB (0x7FFF) down to -127.9961°dB (0x8001) in steps of 1/256 dB or 0.00390625 dB (0x0001),
providing an available range and resolution farbeyond what is typically needed. The value corresponding to
0x8000 is invalid.

Each implementation of this service MUST specify a vendor-defined minimum value (MinValue) and maximum
value (MaxValue). The MinValue and MaxValue values can be retrieved through the GetVolumeDBRange()
action. Most implementations-will not support all incremental values between the supported minimum and
maximum values. If a control'point attempts to set VolumeDB to an unsupported value, the device will set the
volume to the closest setting that is supported by the device for the associated channel. Lower values (including
negative values) produce-a quieter sound and larger values produce a louder sound. A value of MinValue dB
represents the quietest Tevel of sound and a value of MaxValue dB represents the loudest level of sound
supported by th€ dévice for that channel.

Note:>  Since MinValue and MaxValue will typically be used to generate user interface elements (like
volume sliders), it is important to report a reasonable value for MinValue rather than the actual
value implemented by the physical volume control. For instance, if a physical volume control
has a lowest position 0 that is effectively a mute of the output signal (-.0 dB), and the next
higher position 1 corresponds to -70 dB, it would not be wise to report MinValue =-127.9961

dB (the lowest available value to represent -©) since this would have adverse results when
used to draw a linear dB scale in the user interface. Instead, a more reasonable value of, say -
75 dB could be reported to represent the quietest position 0 of the control.

2.2.18 Loudness

This Boolean state variable represents the current loudness setting of the associated audio channel. A value of
TRUE (that is: a numerical value of 1) indicates that the loudness effect is active.

2219 A ARG TYPE Channel

This state variable is introduced to provide type information for the Channel input argument in various actions of
the RenderingControl service. It is used to identify a particular channel of an audio stream. A channel, except the
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Master channel, is associated with the location of the speaker where the audio data stream is to be presented. It is
customary to refer to a channel using the spatial position of the associated speaker as described below.

The Master channel is a logical channel and, therefore, has no spatial position associated with it. A one-channel
channel cluster does not have spatial position associated with it either and will use the Master channel to control
its properties.

The following channel spatial positions are defined:

Master (Master)

FeftFront(EH

Right Front (RF)

Center Front (CF)

Low Frequency Enhancement (LFE) [Super woofer]
Left Surround (LS)

Right Surround (RS)

Left of Center (LFC) [in front]
Right of Center (RFC) [in front]
Surround (SD) [rear]

Side Left (SL) [left wall]

Side Right (SR) [right wall]
Top (T) [overhead]

Bottom (B) [bottom]

A channel cluster is the collection of all channels, including the Master channel, within an audio stream. A single
channel (mono) cluster has only one channel — the Master channel. A4wo-channel (stereo) cluster has three
channels — the Master channel, the Left Front channel, and the Right Front channel. In this specification, only
the Master channel is REQUIRED. All other channels are OPTIONAL, see Table 2-16, “allowedValueList for
A_ARG_TYPE Channel” for details.

2.2.20 A ARG TYPE InstancelD

This state variable is introduced to provide type infermation for the /nstancelD input argument in various actions
of the RenderingControl service. It specifies the wirtual instance of the RenderingControl service to which the
associated action MUST be applied. A value of)“0” indicates that the action MUST be applied to the global
(post-mix) stream, as shown in Figure 4: Virtual Instances of RCS.

2221 A ARG TYPE PresetName

This state variable is introduced to.provide type information for the PresetName input argument in the
SelectPreset action of the RefideringControl service. This string argument is used to specify the name of a device
preset. This MAY include @ny of the names listed in the PresetNamelList state variable or any of the predefined
presets (listed below) thatjare supported by the device.

Table 2-18: Predefined Names of Some Common Presets

Value Definition

“FactoryDefaults” The factory settings defined by the device’s manufacturer.
“InstatlationDefaults” The installation settings defined by the installer of the device. This

may or may not be the same as the Factory defaults.

2222 A ARG TYPE DeviceUDN

This state variable is introduced to provide type information for the RenderingControlUDN argument in certain
actions. It is a string value containing the UDN of the device.

2223 A ARG TYPE ServiceType

This state variable is introduced to provide type information for the ServiceType argument in certain actions. It is
a string value containing the service type and version number of a service such as “RenderingControl:2”.
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2224 A ARG TYPE ServicelD

This state variable is introduced to provide type information for the Serviceld argument in certain actions. It is a
string value containing the service ID of a service.

2.2.25 A ARG TYPE StateVariableValuePairs

This state variable is introduced to provide type information for the StateVariableValuePairs argument in certain
actions. This state variable contains a list of state variable names and their values. The list of state variables
whose name/value pair is requested is given by another argument to the action. The structure of the

StateVariableValuePairs argument 1s defined 1 [AVS-XSD]. The following XML fragment 1llustrates a typical
example of the schema:

<?xml version="1.0" encoding="UTF-8"?>
<stateVariableValuePairs
xmlns="urn:schemas-upnp-org:av:avs"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="
urn:schemas-upnp-org:av:avs
http://www.upnp.org/schemas/av/avs-v1-20060531.xsd" >
<stateVariable variableName="Brightness">

4
</stateVariables>
<stateVariable variableName="Volume" channel="Master">
50
</stateVariables>
<!—- More state variable value pairs can be\inserted here -->

</stateVariableValuePairss>

The relevant variableNames MUST be either all or a subset (as-tequired) of the defined RenderingControl state
variables except for LastChange, PresetNameList, and any4 ARG TYPE xxx state variables.

2.2.26 A ARG TYPE StateVariableList

This state variable is introduced to provide type-information for the StateVariableList argument in certain actions.
It is a CSV list of state variable names. Thiswariable MAY contain one or more (as required) of the defined
RenderingControl state variable names exeept LastChange, PresetNameList, and any A ARG _TYPE xxx state
variable names. The asterisk (“*”’) can‘bespecified to indicate all relevant variable names (excluding
LastChange, PresetNamelList, and any.#l_ARG TYPE xxx state variables.)

2.2.27 Relationships between State Variables

Except for the LastChangevand two volume-related state variables (that is: Volume and VolumeDB), all state
variables operate independently. However, whenever any (non A ARG TYPE xxx) state variable changes, a
state change descriptoris added to the LastChange state variable to reflect the modified state. Refer to the
description of the-LastChange state variable and overall eventing model for more details.

2.2.27.1. "xxxVideoGain and xxxVideoBlackLevel

As deseribéd in Section 2.2.6, “RedVideoGain” thru Section 2.2.11, “BlueVideoBlackLevel”, a pair of state
variables is defined to control the output intensity of each primary color (that is: red, green, and blue). The state
variable pair associated with each color includes one state variable to control the gain of that color and one state

variable to-control the maimimum-outputintencsit of that color (For avamanle PoJ17 JooC 47 and
e+ -+ tHR-otHpHHHteRsy-o+that +oF-HoF-eXainp+e; amemass -t

RedVideoBlackLevel).

Although these two state variables are associated with the same color, they function independently from each
other (that is: changing the value of one state variable does not affect the value of the other). However, each state
variable within a given pair (that is: associated with a given color) may affect the output intensity of that color.
For example, while displaying a static image, increasing the value of either the RedVideoGain or
RedVideoBlackLevel state variables may cause an increase the amount of red that is displayed. Similarly,
decreasing either state variable may cause a decrease in the amount of red.
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The precise effect of these two variables may vary from device to device. However, as a common example, the
RedVideoGain controls the multiplication factor between the input and output intensity of the color red and the
RedVideoBlackLevel controls minimum output intensity of red regardless of the input intensity. Thus, a typical
implementation may be described using a variation of the following formula:

Red Output Intensity = RedVideoGain * Red Input Intensity + RedVideoBlackLevel

2.2.27.2 Volume and VolumeDB

There MUST be a one-to-one correspondence between the supported values for the Volume state variable and the

VolumeDB state variable as both stafe variables actually represent the same physical volume confrol. Therefore
if the Volume state variable supports (N+1) values, then the VolumeDB state variable MUST also support (N
values. In particular, a Volume value of 0 MUST correspond to a VolumeDB value of MinValue dB, and a Q
Volume value of N MUST correspond to a VolumeDB value of MaxValue dB. Note that although the Z@%k
state variable can take all (N+1) contiguous integer values between 0 and N, this does not imply that the dctual
volume increments MUST be constant over the entire supported range. The Volume state variable WST be
considered merely as an index into an array Vol() of possible volume settings that the physical, volume control
actually implements. Likewise, the VolumeDB state variable can only take the (N+1) discre ues contained in
the above mentioned array.

VolumeDB = Vol(Volume), Volume € [0,N] C)
As an example, consider a physical volume control that implements 45 differen;\}s; 1ons (N=44). The loudest

position corresponds to 0 dB (MaxValue = 0 dB) and the quietest position co nds to -72 dB (MinValue = -
72 dB). The control has 3 zones that each offer different step resolutions: B\e7 en 0 and -24 dB, the resolution is
1 dB, between -24 and -48 dB, the resolution is 2 dB, and between -48 and)-72 dB, the resolution is 3 dB. The
following figure shows the relationship between the Volume and VolunteDB state variables.

Volume )

1y

0 22 24 26 28 30 32 34 36 38 40 42 44

21 23 25 27 29 31 33 35 37 39 41 43

VolumeDB
4 22 -20 -18 -16 -14 12 10 -8 -6 -4 -2 0dB

-23 21 -19 17 -15 13 11 -9 7 -5 -3 -

-00dB -72] -12 dB 0dB



https://standardsiso.com/api/?name=d7079ade03efd69d899f5e39819ba11f

29341-4-13 © ISO/IEC:2008(E) -33 -

2.3 Eventing and Moderation

As the table below summarizes, the RenderingControl specification uses moderated eventing for only one of its
standard state variables and no eventing for the rest.

Table 2-19: Event moderation

Variable Name Evented Moderated Max Event Logical Min Delta
Event Rate' Combination per Event2

LastChange YES YES 0.2 seconds

PresetNameList NO NO

Brightness NO NO

Contrast NO NO

Sharpness NO NO

RedVideoGain NO NO

GreenVideoGain NO NO

BlueVideoGain NO NO

RedVideoBlackLevel NO NO

GreenVideoBlackLevel NO NO

BlueVideoBlackLevel NO NO

ColorTemperature NO NO

HorizontalKeystone NO NO

VerticalKeystone NO NO

Mute NO N@

Volume NO NO

VolumeDB NO NO

Loudness NQ NO

A ARG TYPE Channel NO NO

A ARG TYPE Instancell) NO NO

A ARG TYPE PresetName NO NO

A ARG TYPE DéviceUDN NO NO

A_ARG_TYPE/ServiceType NO NO

A_ARG . AVPE ServicelD NO NO

A _ARG-TYPE _ NO NO

StateVariableValuePairs

A ARG TYPE_ NO NO

StateVariableList

Non-standard state variables NO NO

implemented by a UPnP vendor

g0 here

1 Determined by N, where Rate = (Event)/(N secs).

2 (N) * (allowedValueRange Step).

Note: Non-standard state variables MUST also be evented through the LastChange event mechanism.
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2.31 Event Model

Since the RenderingControl service supports multiple virtual instances (via the /nstancelD argument included in
each action), the traditional UPnP eventing model is unable to differentiate between multiple instances of the
same state variable. Therefore, the RenderingControl service event model defines a specialized state variable
(LastChange) that is used exclusively for eventing individual state changes. In this model, the LastChange state
change is the only variable that is evented using the standard UPnP event mechanism. All other state variables
are indirectly evented via the LastChange state variable. (Note: A ARG _TYPE state variables are not evented,
either directly or indirectly.)

‘When the value of a state variable changes, information about that change 1s added to the LastChange state
variable as described in Section 2.2.1, “LastChange.” As a result of modifying the LastChange state variable,(its
new value (that is: the information describing the original state change) is evented using the standard UPnPR,
eventing mechanism. In this manner, the change to the original state variable is indirectly evented to all
interested control points.

Since the LastChange state variable is a moderated state variable, multiple state changes are accumulated in the
LastChange state variable until its moderation period expires. When this occurs, the current yalue of the
LastChange state variable is sent out using the standard UPnP eventing mechanism. This notification informs
interested control points of all state changes that have occurred since the previous LastChasnge event was sent.

After the LastChange state variable is evented, its contents is cleared out in preparation for the next state change.
(Note: The act of clearing out the sfale contents of the LastChange state variable-does not need to generate
another event notification even though its value has changed. Doing so wouldonly generate unnecessary
network traffic.). Because the LastChange state variable is moderated, a giyen'State variable MAY change
multiple times before the current moderation period expires. In such cases,the LastChange state variable will
contain a single entry for that state variable reflecting its current (mostdecent) value.

The standard UPnP event mechanism indicates that when a control point subscribes to receive events, the current
values of all evented state variables are returned to the subscriber: However, since the LastChange state variable
is the only state variable that is directly evented (that is: all other state variables are indirectly evented via the
LastChange state variable), it is not very meaningful to tespond to an event subscription request with the current
value of the LastChange state variable. Its value is too, transitory to be of any use to the subscribing control

point. Therefore, when an event subscription is recgived, the device MUST respond with the current values of all
(indirectly evented) state variables within all validinstances of this service. Refer to Section 2.2.1, “LastChange”
for additional information.
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2.4 Actions

The following tables and subsections define the various RenderingControl actions. Except where noted, if an
invoked action returns an error, the state of the device will be unaffected.

Table 2-20: Actions

Name R/O'
ListPresets() R
SelectPreset() R
GetBrightness() (0]
SetBrightness 0
GetContrast() [0}
SetContrast (0]
GetSharpness() Q
SetSharpness (0]
GetRedVideoGain() 0]
SetRedVideoGain() 0]
GetGreenVideoGain() 0]
SetGreenVideoGain() [0)
GetBlueVideoGain() 0]
SetBlueVideoGain() 0]
GetRedVideoBlackLevel() 0]
SetRedVideoBlackLevel() 0]
GetGreenVideoBlackLevel() 0]
SetGreenVideoBlackLevel() 0]
GetBlueVideoBlackLevel() 0]
SetBlueVideoBlackLevel() 0]
GetColorTemperature() 0
SetColorTemperaturf) [0}
GetHorizontalKeystone() 0
SetHorizontelKeystone() 0
GetVertistlKeystone() o
SefWevticalKeystone() 0]
ittt +
SetMute [0}
GetVolume() 0]
SetVolume() 0]
GetVolumeDB() 0]
SetVolumeDB() 0]
GetVolumeDBRange() [0}
GetLoudness() 0
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Name R/O'
SetLoudness 0]
GetStateVariables() 0]
SetStateVariables() 0]
Non-standard actions implemented by a UPnP vendor go here X

1 R=REQUIRED, O = OPTIONAL, X = Non-standard.

Note: Non-standard actions MUST be implemented in such a way that they do not interfere with the basic
operation of the RenderingControl service; that is: these actions MUST be optional and do not need to be
invoked for the RenderingControl service to operate normally.

241 ListPresets()

This action returns a list of the currently defined presets. The CurrentPresetNameList OUF argument contains a
comma-separated list of preset names that include both predefined (static) presets anduser-defined (dynamically
created) presets that may be created via a private vendor-defined action.

2411 Arguments
Table 2-21: Arguments for ListPresets()

Argument Direction relatedStateVariable
InstancelD IN A ARG TYPE InstancelD
CurrentPresetNamelList out PresetNamelList

241.2 Dependency on State

None.

2413 Effect on State

None.

2414 Errors
Table 2-22: Error Codes for ListPresets()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceIlD | The specified /nstancelD is invalid.

2.4.2 SelectPreset()

This action restores (a subset) of the state variables to the values associated with the specified preset. The
specified preset name MAY be one of the predefined presets (listed in Table 2-18, “Predefined Names of Some
Common Presets™) or one of the user-defined presets that may have been created via a private vendor-defined
action. The selected preset determines which state variables will be affected.
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2421 Arguments
Table 2-23: Arguments for SelectPreset()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
PresetName IN A_ARG TYPE PresetName

2.4.2.2 Dependency on State
None.

2.4.2.3 Effect on State

This action sets the state of the service to the values associated with the specified preset.

24.2.4 Errors
Table 2-24: Error Codes for SelectPreset()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section en.Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architectureséction on Control.
701 Invalid Name The specified name is not dwalid preset name.
702 Invalid InstanceIlD | The specified /nstancéliD)s invalid.

2.4.3 GetBrightness()

This action retrieves the current value of the Brighfiess state variable of the specified instance of this service.

2431 Arguments
Table 2-25: Arguments for GetBrightness()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
CurrentBrightness our Brightness

24.3.2 Dependency on State

None.

2.4.3.3 Effect on State

None,

4.2 A = o
Pl P =ITVIO

Lo}
r 4

Table 2-26: Error Codes for GetBrightness()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.

702 Invalid InstanceIlD | The specified /nstancelD is invalid.
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244 SetBrightness()

This action sets the Brightness state variable of the specified instance of this service to the specified value.
2441 Arguments

Table 2-27: Arguments for SetBrightness()

Argument Direction relatedStateVariable
S5t BN A—ARGIYPEJnstancelD
DesiredBrightness IN Brightness

2442 Dependency on State

None.

2443  Effect on State

This action affects the Brightness state variable of the specified instance of this service.
2444 Errors

Table 2-28: Error Codes for SetBrightness()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecturessection on Control.
500-599 TBD See UPnP Device Architectire section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceIlD | The specified /nsttuicelD is invalid.

245 GetContrast()

This action retrieves the current value of thesContrast state variable of the specified instance of this service.
2451 Arguments

Table 2-29: Arguments for,GetContrast()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE InstancelD
CurrentContrast out Contrast

24.5.2 Dependency on State

None.

24.5.3  Effect on State

Nane.

2454 Errors

Table 2-30: Error Codes for GetContrast()

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.
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246 SetContrast()

This action sets the Contrast state variable of the specified instance of this service to the specified value.
2.4.61 Arguments

Table 2-31: Arguments for SetContrast

Argument Direction relatedStateVariable
Frstareadt LA ARGV R ustaneetlD
DesiredContrast IN Contrast

2.4.6.2 Dependency on State

None.

2.4.6.3  Effect on State

This action affects the Contrast state variable of the specified instance of this service.
2464 Errors

Table 2-32: Error Codes for SetContrast()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecturessection on Control.
500-599 TBD See UPnP Device Architectire section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceIlD | The specified /nsttuicelD is invalid.

247 GetSharpness()

This action retrieves the current value of thesSharpness state variable of the specified instance of this service.
2471 Arguments

Table 2-33: Arguments for.GetSharpness()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE InstancelD
CurrentSharpness, our Sharpness

24.7.2 Dependency on State

None.

24.7.3  Effect on State

Ncne

24.7.4 Errors

Table 2-34: Error Codes for GetSharpness()

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.
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2.4.8 SetSharpness()

This action sets the Sharpness state variable of the specified instance of this service to the specified value.

2481 Arguments
Table 2-35: Arguments for SetSharpness()

Argument Direction relatedStateVariable
Srstarcets LA 4—ARG—IVPLE Lustameall
DesiredSharpness IN Sharpness

2.4.8.2 Dependency on State

None.

2.4.8.3 Effect on State
This action affects the Sharpness state variable of the specified instance of this service.

2.4.8.4 Errors
Table 2-36: Error Codes for SetSharpness()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecttre section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceIlD | The specified /nsttuicelD is invalid.

249 GetRedVideoGain()

This action retrieves the current value of the'®Ret/Video Gain state variable of the specified instance of this
service.

2491 Arguments
Table 2-37: Arguments for GetRedVideoGain()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE InstancelD
CurrentRedVidéoCidin our RedVideoGain

249.2 Dependency on State

None.

2.4.9.3 Effect on State

None.
2494 Errors
Table 2-38: Error Codes for GetRedVideoGain()

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.

500-599 TBD See UPnP Device Architecture section on Control.

600-699 TBD See UPnP Device Architecture section on Control.
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errorCode  errorDescription | Description

702 Invalid InstanceID | The specified /nstancelD is invalid.

2410 SetRedVideoGain()

This action sets the RedVideoGain state variable of the specified instance of this service to the specified value.

24101 Arguments

Table 2-39: Arguments for SetRedVideoGain()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
DesiredRedVideoGain IN RedVideoGain

2.4.10.2 Dependency on State

None.

2.4.10.3 Effect on State

This action affects the RedVideoGain state variable of the specified instance, 0f this service.

2.4.10.4 Errors
Table 2-40: Error Codes for SetRedVideoGain()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Arehitecture section on Control.
500-599 TBD See UPnP Deviee Architecture section on Control.
600-699 TBD See UPnP-Device Architecture section on Control.
702 Invalid InstancelD | The specified /nstancelD is invalid.

2.411 GetGreenVideoGair()

This action retrieves the current.value of the GreenVideoGain state variable of the specified instance of this
service.

24111 Arguments
Table 2-41: Arguments for GetGreenVideoGain()

Argument Direction relatedStateVariable
Instancetd IN A_ARG_TYPE InstancelD
CurrentGreenVideoGain our GreenVideoGain

2.411.2 Dependency on State
None.

2.4.11.3 Effect on State

None.
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2.4.11.4 Errors
Table 2-42: Error Codes for GetGreenVideoGain()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

2.412 SetGreenVideoGain()

This action sets the GreenVideoGain state variable of the specified instance of this service to the specified value.

24121 Arguments
Table 2-43: Arguments for SetGreenVideoGain()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE\InstancelD
DesiredGreenVideoGain IN GreenVideoGain

24.12.2 Dependency on State

None.

2.4.12.3 Effect on State

This action affects the GreenVideoGain state variable ofithe specified instance of this service.

2.4.12.4 Errors
Table 2-44: Error Codes for SetGreenYideoGain()

errorCode | errorDescription = Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 InvalidinstanceIlD | The specified /nstancelD is invalid.

2.413 GetBlueVideoGain()

This actionyretrieves the current value of the BlueVideoGain state variable of the specified instance of this
servicé:

24131 Arguments

Table 2-45: Arguments for GetBlueVideoGain()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE InstancelD
CurrentBlueVideoGain our BlueVideoGain

2.4.13.2 Dependency on State

None.
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2.4.13.3 Effect on State

None.

2.4.13.4 Errors
Table 2-46: Error Codes for GetBlueVideoGain()

errorCode | errorDescription Description

400-499 TBD See UPaP Device Architecture section on Control
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

2.414 SetBlueVideoGain()

This action sets the BluelVideoGain state variable of the specified instance of this serviceto-the specified value.

24141 Arguments
Table 2-47: Arguments for SetBlueVideoGain()

Argument Direction relatedStateVariable
InstancelD IN A_ARG TYPE InstancelD
DesiredBlueVideoGain IN BluieVideoGain

24142 Dependency on State

None.

2.4.14.3 Effect on State

This action affects the BlueVideoGain state variable of the specified instance of this service.

2.4.14.4 Errors
Table 2-48: Error Codes for SetBlueVideoGain()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

2415 GetRedVideoBlackLevel()

This action retrieves the current value of the RedVideoBlackLevel state variable of the specified instance of this

service.

24151 Arguments
Table 2-49: Arguments for GetRedVideoBlackLevel()

Argument Direction relatedStateVariable

InstancelD IN A_ARG_TYPE InstancelD

CurrentRedVideoBlackLevel our RedVideoBlackLevel
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2.4.15.2 Dependency on State

None.

2.4.15.3 Effect on State

None.

2.4.15.4 Errors

ErrorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

2.416 SetRedVideoBlackLevel()

This action sets the RedVideoBlackLevel state variable of the specified instance/of| this service to the specified
value.

24161 Arguments
Table 2-51: Arguments for SetRedVideoBlackLevel()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
DesiredRedVideoBlackLevel IN RedVideoBlackLevel

2.4.16.2 Dependency on State

None.

2.4.16.3 Effect on State

This action affects the RedVideoBlackLevel state variable of the specified instance of this service.

2.4.16.4 Errors
Table 2-52: Errotr-Codes for SetRedVideoBlackLevel()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
T02 Tnvatid instancelD | T he speciticd 1nslancel D 1S mvatid.

2.417 GetGreenVideoBlackLevel()

This action retrieves the current value of the GreenVideoBlackLevel state variable of the specified instance of
this service.
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24171 Arguments
Table 2-53: Arguments for GetGreenVideoBlackLevel()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
CurrentGreenVideoBlackLevel our GreenVideoBlackLevel

2.417.2 Dependency on State
None.

2.4.17.3 Effect on State

None.

2.4.17.4 Errors
Table 2-54: Error Codes for GetGreenVideoBlackLevel()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section en.Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architectureséction on Control.
702 Invalid InstanceID | The specified /nstancelD iSinvalid.

2.418 SetGreenVideoBlackLevel()

This action sets the GreenVideoBlackLevel state variablerof the specified instance of this service to the specified
value.

24181 Arguments
Table 2-55: Arguments for SetGreenVideoBlackLevel()

Argument Direction relatedStateVariable
InstancelD IN A ARG_TYPE InstancelD
DesiredGreenVideoBlacklievel IN GreenVideoBlackLevel

2.4.18.2 Dependency on State

None.

2.4.18.3 " 'Effect on State

This action affects the GreenVideoBlackLevel state variable.

24.18.4 Errors

Table 2-56: Error Codes for SetGreenVideoBlackLevel()

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.

702 Invalid InstanceID | The specified /nstancelD is invalid.
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2.419 GetBlueVideoBlackLevel()

This action retrieves the current value of the BlueVideoBlackLevel state variable of the specified instance of this
service.

24191 Arguments
Table 2-57: Arguments for GetBlueVideoBlackLevel()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
CurrentBlueVideoBlackLevel our BlueVideoBlackLevel

2.419.2 Dependency on State

None.

2.4.19.3 Effect on State

None.

2.4.19.4 Errors
Table 2-58: Error Codes for GetBlueVideoBlackLevel()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture’section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified fustancelD is invalid.

2.4.20 SetBlueVideoBlackLevelf)

This action sets the BlueVideoBlackLevelstate variable of the specified instance of this service to the specified
value.

2.4.20.1 Arguments
Table 2-59: Arguments for SetBlueVideoBlackLevel()

Argument Direction relatedStateVariable
InstancelD IN A ARG_TYPE InstancelD
DesiredBlueKidteOBlackLevel IN BlueVideoBlackLevel

2.4.20;2° Dependency on State

None.

2.4.20.3 Effect on State

This action affects the BlueVideoBlackLevel state variable of the specified instance of this service.
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2.4.20.4 Errors
Table 2-60: Error Codes for SetBlueVideoBlackLevel()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

2.4.21 GetColorTemperature()

This action retrieves the current value of the ColorTemperature state variable of the specified instance of this
service.

24.21.1 Arguments

Table 2-61: Arguments for GetColorTemperature()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE) InstancelD
CurrentColorTemperature our ColorTemperature

2.4.21.2 Dependency on State

None.

2.4.21.3 Effect on State

None.

2.4.21.4 Errors
Table 2-62: Error Codes for GetColorTemperature()

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstancelD | The specified [nstancelD is invalid.

2.4.22 ~SétColorTemperature()

This attion sets the ColorTemperature state variable of the specified instance of this service to the specified
valgey

2.4.2271 Arguments
Table 2-63: Arguments for SetColorTemperature()

Argument Direction relatedStateVariable

InstancelD IN A_ARG_TYPE InstancelD

DesiredColorTemperature IN ColorTemperature
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2.4.22.2 Dependency on State

None.

2.4.22.3 Effect on State

This action affects the ColorTemperature state variable of the specified instance of this service.

2.4.22.4 Errors

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

2.4.23 GetHorizontalKeystone()

This action retrieves the current value of the HorizontalKeystone state variable of'the specified instance of this
service.

2.4.23.1 Arguments
Table 2-65: Arguments for GetHorizontalKeystone()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
CurrentHorizontalKeystone ouT HorizontalKeystone

2.4.23.2 Dependency on State

None.

2.4.23.3 Effect on State

None.

2.4.23.4 Errors
Table 2-66: Error-Codes for GetHorizontalKeystone()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
T02 Tnvatid instancelD | T he speciticd 1nslancel D 1S mvatid.

2.4.24 SetHorizontalKeystone()

This action sets the HorizontalKeystone state variable of the specified instance of this service to the specified
value.
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24241 Arguments
Table 2-67: Arguments for SetHorizontalKeystone()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
DesiredHorizontalKeystone IN HorizontalKeystone

2.4.24.2 Dependency on State
None.

2.4.24.3 Effect on State

This action affects the HorizontalKeystone state variable of the specified instance of this service.

2.4.24.4 Errors
Table 2-68: Error Codes for SetHorizontalKeystone()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section en.Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architectureséction on Control.
702 Invalid InstanceID | The specified /nstancelD iSinvalid.

2.4.25 GetVerticalKeystone()

This action retrieves the current value of the VerticalKévstone state variable of the specified instance of this
service.

2.4.251 Arguments
Table 2-69: Arguments for GetVerticalKeystone()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE InstancelD
CurrentVerticalKeystone outr VerticalKeystone

2.4.25.2 Dependency on State

None.

2.4.25.3~ "Effect on State

None.

24.25.4 Errors

Table 2-70: Error Codes for GetVerticalKeystone()

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.

702 Invalid InstanceID | The specified /nstancelD is invalid.
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2.4.26 SetVerticalKeystone()

This action sets the VerticalKeystone state variable of the specified instance of this service to the specified value.

2.4.26.1 Arguments
Table 2-71: Arguments for SetVerticalKeystone()

Argument Direction relatedStateVariable
Srstarcets LA 4—ARG—IVPLE Lustameall
DesiredVerticalKeystone IN VerticalKeystone

2.4.26.2 Dependency on State

None.

2.4.26.3 Effect on State

This action affects the VerticalKeystone state variable of the specified instance of this service.

2.4.26.4 Errors
Table 2-72: Error Codes for SetVerticalKeystone()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecttre section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceIlD | The specified /nsttuicelD is invalid.

2427 GetMute()

This action retrieves the current value of the'd{uze setting of the channel for the specified instance of this service.

2.4.271 Arguments
Table 2-73: Arguments for,GetMute()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE InstancelD
Channel IN A_ARG_TYPE Channel
CurrentMute our Mute

2.4.27:2/ Dependency on State

Noney

~ LL. & 0oL L
—24.27-3—EffectonState

None.
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2.4.27.4 Errors
Table 2-74: Error Codes for GetMute()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

703 Invalid Channel The specified Channel is invalid.

2.4.28 SetMute()

This action sets the Mute state variable of the specified instance of this service to the specifiedyalue.

2.4.28.1 Arguments
Table 2-75: Arguments for SetMute()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _EYPE InstancelD
Channel IN A_ARG_TYPE Channel
DesiredMute IN Mute

2.4.28.2 Dependency on State

None.

2.4.28.3 Effect on State

This action affects the Mute state variable of the specified instance of this service.

2.4.28.4 Errors
Table 2-76: Error Codes for SetlMute()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 ITBD See UPnP Device Architecture section on Control.
702 Invalid InstanceIlD | The specified /nstancelD is invalid.

703 Invalid Channel The specified Channel is invalid.

24.29 GetVolume()

This action retrieves the current value of the Volume state variable of the specified channel for the specified
instance of this service. The CurrentVolume (OUT) argument contains a value ranging from 0 to a device-
specific maximum, N. See Section 2.2.16, “Volume” for more details.
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24291 Arguments
Table 2-77: Arguments for GetVolume()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
Channel IN A_ARG _TYPE Channel
CurrentVolume our Volume

2.4.29.2 Dependency on State

None.

2.4.29.3 Effect on State

None.

2.4.29.4 Errors
Table 2-78: Error Codes for GetVolume()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architectureséction on Control.
600-699 TBD See UPnP Device Architecture’section on Control.
702 Invalid InstanceIlD | The specified /nstancéliD)s invalid.

703 Invalid Channel The specified Chamiiel is invalid.

2430 SetVolume()

This action sets the Volume state variable of the specified instance and channel to the specified value. The
DesiredVolume input argument contains a yaltie ranging from 0 to a device-specific maximum, N. See Section
2.2.16, “Volume” for more details.

2.4.30.1 Arguments
Table 2-79: Argumentsifor SetVolume()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
Channel IN A_ARG _TYPE Channel
Desiredoklme IN Volume

24.30.2 Dependency on State

Neone.

2.4.30.3 Effect on State

This action affects the Volume and VolumeDB state variables of the specified instance and channel. Both state
variables need to change consistently.
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2.4.30.4 Errors
Table 2-80: Error Codes for SetVolume()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

703 Invalid Channel The specified Channel is invalid.

2.4.31 GetVolumeDB()

This action retrieves the current value of the VolumeDB state variable of the channel for the specified instance of
this service. The CurrentVolume (OUT) argument represents the current volume setting in units of 1/256
decibels (dB). See Section 2.2.17, “VolumeDB” for more details.

24311 Arguments
Table 2-81: Arguments for GetVolumeDB()

Argument Direction relatedStateVariable
InstancelD IN A_4RG TYPE InstancelD
Channel IN ACARG _TYPE Channel
CurrentVolume ouT VolumeDB

2.4.31.2 Dependency on State

None.

2.4.31.3 Effect on State

None.

2.4.31.4 Errors
Table 2-82: Error Codes for GetVolumeDB()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

703 Invalid Channel The specified Channel is invalid.

2432 SetVolumeDB()

This action sets the VolumeDB state variable of the specified instance and channel to the specified value. The
DesiredVolume argument represents the desired volume setting in units of 1/256 decibels (dB). See Section
2.2.17, “VolumeDB” for more details.
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24321 Arguments
Table 2-83: Arguments for SetVolumeDB()

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
Channel IN A_ARG _TYPE Channel
DesiredVolume IN VolumeDB

2.4.32.2 Dependency on State

None.

2.4.32.3 Effect on State

This action affects the Volume and VolumeDB state variables of the specified instance and chapnel. Both state
variables need to change consistently.

2.4.32.4 Errors
Table 2-84: Error Codes for SetVolumeDB()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstangelD is invalid.

703 Invalid Channel The specified Channel is invalid.

2.4.33 GetVolumeDBRange()

This action retrieves the valid range for the VolumeDB state variable of the channel for the specified instance of
this service. The MinValue and MaxValue(OUT) arguments identify the range of valid values for the VolumeDB
state variable in units of 1/256 decibels)(dB). See Section 2.2.17, “VolumeDB” for more details.

2.4.33.1 Arguments
Table 2-85: Arguments/for GetVolumeDBRange()

Argument Direction relatedStateVariable
InstancelD IN A_ARG_TYPE InstancelD
Channel IN A ARG _TYPE Channel
MinVadie our VolumeDB

MaxJValue our VolumeDB

2.4.33.2 Dependency on State

None.

2.4.33.3 Effect on State

None.
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2.4.33.4 Errors
Table 2-86: Error Codes for GetVolumeDBRange()

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

703 Invalid Channel The specified Channel is invalid.

2.4.34 GetlLoudness()

This action retrieves the current value of the Loudness setting of the channel for the specified instance of this
service.

24341 Arguments
Table 2-87: Arguments for GetLoudness()

Argument Direction relatedStateVariable
InstancelD IN A_ARG OYPE InstancelD
Channel IN AARG _TYPE Channel
CurrentLoudness our Loudness

2.4.34.2 Dependency on State

None.

2.4.34.3 Effect on State

None.

2.4.34.4 Errors
Table 2-88: Error Codes for-GetLoudness()

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

703 Invalid Channel The specified Channel is invalid.
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2.4.35 SetlLoudness()

This action sets the specified value of the Loudness state variable of the channel for the specified instance of this
service to the specified value.

2.4.351
Table 2-89: Arguments for SetLoudness()

Arguments

Argument Direction relatedStateVariable
InstancelD IN A_ARG _TYPE InstancelD
Channel IN A_ARG _TYPE Channel
DesiredLoudness IN Loudness

2.4.35.2 Dependency on State

None.

2.4.35.3 Effect on State

This action affects the Loudness state variable of the specified instance of this service.

2.4.35.4 Errors
Table 2-90: Error Codes for SetLoudness()

errorCode

errorDescription

Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Deyice Architecture section on Control.
702 Invalid InstanceID | The specified /nstancelD is invalid.

703 Invalid Channel The specified Channel is invalid.

2.4.36 GetStateVariables()

This action returns the current collection of RenderingControl state variable names and their respective values
that are associated with the RenderingControl instance indicated by the input argument /nstancelD. The
StateVariableList argumernt specifies which state variables are captured. Vendor-extended state variables can be
specified in this arguméntyas well. If the value of the StateVariableList argument is set to “*”, the action MUST
return all the supportedistate variables of the service, including the vendor-extended state variables except for
LastChange, PresetameList, and any A_ARG TYPE xxx variables. When the action fails and the error code
indicates “invalid StateVariableList”, the control point should inspect the list or invoke successive Getxxx()
actions for each of the state variables instead. RenderingControl service implementations that want to participate
in scenario$ that use bookmarks MUST implement this optional action. Furthermore, when creating or
manipitating bookmarks, control points should set the StatevariableList argument to “*” when invoking this
action. This ensures that the maximum available set of state information is stored within the bookmark item.

2.4.50.T Arguments

Table 2-91: Arguments for GetStateVariables()

Argument Direction relatedStateVariable

InstancelD IN A_ARG _TYPE InstancelD
StateVariableList IN A_ARG _TYPE StateVariableList
StateVariableValuePairs our A_ARG _TYPE StateVariableValuePairs
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2.4.36.2 Dependency on State

None.

2.4.36.3 Effect on State

None.

2.4.36.4 Errors

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 TBD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
702 Invalid InstancelD | The specified /nstancelD is invalid for this AVTranspost.
704 Invalid Some of the variables are invalid.

StateVariableList
705 [l-formed CSV The CSV list is not well formed.

List

2.4.37 SetStateVariables()

This action extracts the values from the StateVariableValuePairs'IN argument and copies these values to the
corresponding RenderingControl state variables associated with.the RenderingControl instance indicated by the
input argument [nstancelD. The RenderingControlUDN, ServiceType and Serviceld argument values are used
for compatibility checking by the device. If this action isinivoked to replace all of the state variable values, the
device MUST check whether the RenderingControlUDN; ServiceType and Serviceld input arguments match
those of the device. If this is the case, all state variable values will be replaced. Otherwise, the current state
variable values MUST NOT be overwritten and.the appropriate error code MUST be returned. The
StateVariableList argument is a CSV list of state variable names that were accepted by the RenderingControl
service. RenderingControl service implemgntations that want to participate in scenarios that use bookmarks
MUST implement this optional action.When the StateVariableValuePairs IN parameter includes variable
name/value pairs which cannot be set (such as LastChange and PresetNameList) the action must return the
appropriate error code.

24371 Arguments
Table 2-93: Arguments for SetStateVariables()

Argument Direction relatedStateVariable

InstancelD IN A_ARG TYPE InstancelD
RenderiitggQontrolUDN IN A_ARG TYPE DeviceUDN
Sewigelype IN A_ARG TYPE Servicelype

Seviceld IN A ARG TYPE ServicelD
StateVariableValuePairs IN A_ARG TYPE StateVariableValuePairs
StateVariableList our A_ARG TYPE StateVariableList
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2.4.37.2 Dependency on State

None.

2.4.37.3 Effect on State

None.

2.4.37.4 Errors

errorCode  errorDescription | Description

400-499 TBD See UPnP Device Architecture section on Control.

500-599 TBD See UPnP Device Architecture section on Control.

600-699 TBD See UPnP Device Architecture section on Control.

702 Invalid InstancelD | The specified /nstancelD is invalid for this AVTranspost.

706 Invalid State One of the StateVariableValuePairs contains an‘invalid value.
Variable Value

707 Invalid The specified MediaRenderer’s UDN is.different from the UDN
MediaRenderer’s value of the MediaRenderer.
UDN

708 Invalid Service The specified ServiceType is invalid.
Type

709 Invalid Service Id | The specified Serviceld, isinvalid.

710 State Variables StateVariableValuePRairs includes variables that are not allowed to
Specified be set. For example, LastChange and/or PresetNameList must not
Improperly be included.

2.4.38 Relationships Between-Actions
There is no inherent relationship betweemany of the various actions. All actions MAY be called in any order.
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2.4.39 Common Error Codes

The following table lists error codes common to actions for this service type. If an action results in multiple
errors, the most-specific error SHOULD be returned.

Table 2-95: Common Error Codes

errorCode | errorDescription Description

400-499 TBD See UPnP Device Architecture section on Control.
500-599 1BD See UPnP Device Architecture section on Control.
600-699 TBD See UPnP Device Architecture section on Control.
701 Invalid Name The specified name is not a valid preset name.
702 Invalid InstanceID | The specified /nstancelD is invalid.
703 Invalid Channel The specified Channel is invalid.
704 Invalid Some of the variables are invalid.
StateVariableList
705 [l-formed CSV The CSV list is not well formed.
List
706 Invalid State One of the StateVariableValuePairscontains an invalid value.
Variable Value
707 Invalid The specified MediaRenderer’s\UDN is different from the UDN
MediaRenderer’s value of the MediaRenderet:
UDN
708 Invalid Service The specified ServieeType is invalid.
Type
709 Invalid Service Id The specified>Serviceld is invalid.
710 State Variables StateVariableValuePairs includes variables that are not allowed to
Specified be set. For example, LastChange and/or PresetNameList must not
Improperly bedneluded.
Note 1: The errorDescription field retutned by an action does not necessarily contain human-readable text (for
example, as indicated in the second column of the Error Code tables.) It may contain machine-readable
information that provides mofe)detailed information about the error. It is therefore not advisable for a control
point to blindly display theé.errorDescription field contents to the user.
Note 2: 800-899 Error.Cedes are not permitted for standard actions. See UPnP Device Architecture section on
Control for more details.
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2.5 Theory of Operation

2.51 Multi-input Devices

Many traditional rendering devices are capable of receiving and rendering only a single item of content at a time.
For example, traditional TVs can only receive and display a single TV show at a time, and a stereo system can
only play a single song at a time. However, more and more devices are able to receive and render multiple items
of content at the same time even though there is only a single piece of rendering hardware (for example, a single
TV screen or a single set of speakers). This capability is known as mixing

As an example, while watching TV, a small Picture-in-a-Picture (PIP) can be overlaid on top of the main TV
show so that another TV show (or VCR tape) can be watched at the same time. Although the TV contains a
single set of output hardware (for example, a single screen), the TV can take multiple items of content, mixithem
together, and render them both on the one screen. Similarly, a karaoke system takes a singer’s voice, mixes it
with some background music, and renders it on a single set of speakers.

In the examples above, these multi-content devices support a fixed number of input streams. However, there are
some devices that support an arbitrary number of input streams. For example, a PC can take,some video content
and mix it with the PC’s display and render it in its own PC window. Depending on the processing power of the
PC, it can mix together and render a variable number of video-windows.

In these examples, some advanced devices have the ability to control the rendering eharacteristics of each input
item independently from each other as well as the post-mixed stream. For example, with a karaoke device, the
volume of the singer’s voice and the volume of the background music canbé.adjusted independently.
Additionally, the volume of the post-mixed stream (that is: singer + background) can be adjusted as a whole
without affecting the relative settings of each individual input stream.

Per-stream Post-mix
Control Control

RV

— | RCS_ID=ID1 —J |
|

|
|

—  »!| RCS.ID=ID2 —>| Mix  |——m| RCS_ID=0 |—p
| |
| |

—»| RCS_ID=1D3 —>| |
I

ID1, D2, ID3 >0

Figure 4: Virtual Instances of RCS

In order'to support these types of devices, it is necessary for the RenderingControl service (RCS) to support

multiple virtual instances of the service. As shown in Figure 4, a full-featured, high-end device that supports
mn]ﬁplp im;mt streams MIIST anign a Imiqnp virtual instance of the Ppndpringpnntrnl service ta each inpnt

stream. Each of these instances is assigned a unique ID (labeled RCS _ID in Figure 4) which can be used to
adjust the rendering characteristics of its associated content without affecting any of the other input streams.
Additionally, a default instance (ID=0) is assigned to control the rendering characteristics of the post-mixed
stream (that is: all input content as a whole).

InstancelDs are used by control points when invoking RenderingControl service actions. The /nstancelD
argument (included with each action) allows the control point to indicate on which stream the invoked action
MUST be applied. In order to control the rendering characteristics of an individual input stream (independently
from all of the other streams) the control point uses the /nstancelD associated with that stream. In order to
control the rendering characteristics of the post-mixed stream, the control point uses /nstancelD = 0.

New virtual instances of the RenderingControl service (that is: new /nstancelDs) are allocated outside of the
RenderingControl service using some external mechanism. As of this writing, only one allocation mechanism is
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defined. As described in the MediaRenderer device template, the device’s

ConnectionManager: : PrepareForConnection() action assigns an /nstancelD to the input stream (that is: each
connection) that is being prepared. The number of instances that a device can support depends on the device’s
implementation. (Refer to the MediaRenderer device templates for additional information).

As defined by the UPnP Architecture, a device’s description document contains a single service description

document for each (physical) service that is implemented by the device. However, when a device supports

multiple virtual instances of the RenderingControl service, all of these virtual instances are represented by the

service description document for the one (physical) RenderingControl service. In this case, the RenderingControl
. b " . A . A 1ahle h

However, each non-zero instance MAY support a different subset of /nstancelD = 0 than the other non-zerq
virtual instances. For those state variables that are supported by a non-zero instance, each instance MUST
support the identical a/lowedValueList and/or allowedValueRange as InstancelD = 0. If an unsupported action is
invoked on a non-zero instance, the action will return error code 401 (Invalid Action).

As described in the MediaRenderer device template, a rendering device that contains multiple,independent
rendering hardware (for example, two independent display screen, or two independent sets ofteutput speakers)
MUST be modeled as multiple instantiations of the MediaRenderer device, each with itsown RenderingControl,
ConnectionManager, and (OPTIONAL) AVTransport services. In other words, from an UPnP AV modeling
point of view, each output on a physical rendering device is treated as a completelydndependent Media
Rendering device. Refer to the MediaRenderer device template for more information.

2.5.2 Presets

Named presets allow a control point to put the device in a predetermined state in which certain state variables are
set to predefined values. The set of currently available presets is listedin the PresetNamelList state variable.
Since a device is permitted to add or remove support for individual presets (for example, in conjunction with a
vendor—defined action), the PresetNamelList state variable is (indirectly) evented as described in Section 2.3,
“Eventing and Moderation.” Additionally, a control point canuse the ListPresets() action to obtain an up to date
list of supported presets.

A user can select one of the supported presets using the SelectPreset() action. This causes the device to set itself
to a known state as defined by the selected preset.The exact definition of each preset is device-specific.

2.5.3 Controlling the Display of Visual Content

The RenderingControl service exposes.anuimber of state variables that allow control points to control the
appearance of visual content. These include such characteristics as brightness, contrast, color intensity, etc. In
order to control these characteristics; the control point simply invokes the appropriate action. For most of these
actions, the desired setting of the display characteristics is passed in by the control point. In most cases, this
argument is a positive number-between 0 and some device-specific maximum value. Each incremental value
(that is: an increase or decr¢dse by one) corresponds to the smallest amount of change supported by the device.

Determine the current Brightness setting of the main display:
e Invoke GeiBrightness() with an InstancelD of zero.

e A return value of 13 indicates that the display’s Brightness is currently set to 13 steps (that is: 13
device-specific increments) above the dimmest setting that is supported by the device.

Set.the Brightness of the PIP display to the dimmest setting supported by the device:

Py Invoke anRVfrrlvfm/)co‘/) sath-the PIP’s TucotancolD and o Brighinocs cﬁfﬁng of0
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254 Controlling Audio Content

The RenderingControl service exposes a set of state variables that can be used to control the audio output of a
device. These include various characteristics such as volume, mute, and loudness. However, unlike most visual
content, audio content is typically composed of one or more channels (for example, a left and right channel). The
RenderingControl service allows control points to control each of these channels independently or as a whole. To
accomplish this, it is necessary for the control point to identify the channel that is to be controlled. This is
accomplished via the Channel argument included in each action that is associated with the audio portion of an
input stream. Each channel is uniquely named as described in Section 2.2.19, “4_ARG TYPE Channel.” The

Master channel allows a control pninf tocontrol the audio content as awhole The Master control influences all

audio channels at the same time. Note however that it is conceptually a separate volume control (in each
channel) and MUST NOT affect the current settings of the Volume state variables for the individual channels:
The following figure provides an example for a 6-channel (LF, RF, CF, LFE, LS, and RS) volume contro]. [Che
Master channel is actually a gang-coupled 6-channel volume control that impacts all channels at the same time
with the same amount of volume change.

r —7)

o A7
oA
. A
rs — /217

Optional Required

Figure5:)6-channel Volume Control

When controlling the volume of a particular channel, control points can choose between two different
representations of the volume setting. One representation uses the Volume state variable and the other
representation uses the VolumeDpB state variable. As described in Section 2.2.27.2, “Volume and VolumeDB,” the
Volume state variable represents-volume as a contiguous set of positions numbered from 0 to some device-
specific maximum, and the Jo/umeDB state variable represents volume in units of 1/256 of a decibel (dB). Two
pairs of actions (one pair foreach representation) are provided to get and set the volume of a channel.

The following example describes some scenarios that might help clarify the use of the Get/SetVolume() and
Get/SetVolumeDB[)-actions.

Consider a velume control that is implemented as follows:
e Impl€mented Channels: “Master”, “LF”, “RF”, “CF”, “LFE”, “LS”, “RS”

o  All'Channels: 46 positions (N=45), end-of-scale mute implemented, MinValue = -72 dB, MaxValue = 0 dB,
1'dB resolution between 0 dB and -24 dB, 2 dB resolution between -24 dB and -48 dB, 3 dB resolution
between -48 dB and -72 dB. (See Figure 3 above). The Master control is used to control the overall volume

setting of the device whereas all other controls are intended to balance the different channels.

e At first power-up, the initial settings are: Master set to position 17 (-30 dB), all other channels set to
position 32 (-12 dB)

Note:  The current specification does not allow for different ranges for the controls on a per-channel basis. The
Service Description contains only one entry for the Volume state variable. Therefore it is assumed that
all volume controls are created equal for all channels and also for all virtual instances of the
RenderingControl service. A future version of this specification will remedy this limitation.
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Set the volume of the audio content (as a whole) to the quietest setting:

Invoke the SetVolume() action with the Channel argument set to “Master” and the DesiredVolume argument
set to 0.

Set the volume of the audio content (as a whole) 20 notches/steps higher than the current setting:

Invoke the GetVolume() action with the Channel argument set to “Master”. As a result of the previous
example, the CurrentVolume out argument returns a value of 0 indicating that the audio content is being
rendered at volume position 0; that is: the quietest setting supported by the device. A GetVolumeDB() action

4220 Lo d000 . ALl AN
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CurrentVolume OUT argument, which corresponds to -72 dB. A GetVolumeDB() action with the Channel
argument set to any other channel will still return -12 dB (0xF400 — increments of 1/256 dB)

Invoke the SetVolume() action with the Channel argument set to “Master” and the DesiredVolume ‘argument
set to 20 (0 + 20). This corresponds to the 20" quietest setting supported by the device. A GerlolumeDB()
action with the Channel argument set to “Master” will now return -6144 (0xE800) in the CurréritVolume
OUT argument, which corresponds to -24 dB.

Set the volume of the Center channel 5dB higher than the Master channel:

Invoke the GetVolumeDB() action with the Channel argument set to “CF” (for the Genter Front channel). In
this example, the CurrentVolume OUT argument still returns a value of -3072\(@xF400), which indicates
that the audio content on the Center Front channel is being rendered at -12 @B relative to the Master
channel.

Invoke the SetVolumeDB() action with the Channel argument set to “GF” and the DesiredVolume argument
set to -1792 (0xF900) (-3072 + 1280 increments of 1/256dB) , which corresponds to -7 dB.

Double the volume of the entire audio content:

(Note: Increasing the volume by 6dB doubles the volume level.)

Invoke the GetVolumeDB() action with the Channelargument set to “Master”. Based on the previous
example, the CurrentVolume OUT argument returned -6144 (0xE800), which indicates that the overall
volume level is at -24dB.

Invoke the SetVolumeDB() action with the.Channel argument set to “Master” and the DesiredVolume
argument set to -4608 (0xEEO00) (-6144 +1536 increments of 1/256dB), which corresponds to -18dB (-
24+6).
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3 XML Service Description

<?xml version="1.0"?>
<scpd xmlns="urn:schemas-upnp-org:service-1-0">
<specVersion>
<major>l</major>
<minor>0</minor>
</specVersion>
<actionList>

<action>
<name>ListPresets</name>
<argumentLists>
<argument>
<names>InstanceID</name>
<direction>in</direction>
<relatedStateVariable>
A ARG TYPE InstancelD Q;x
</relatedStateVariable> Cb
</argument> (1/
<argument> Q/
<name>CurrentPresetNameList</name> Q}
<directions>out</directions> ()
<relatedStateVariable> \%
PresetNameList @)
</relatedStateVariable> Q
</argument> <>
</argumentList> \52
</actions> k§>
<action>
<name>SelectPreset</name> ngb
<argumentList> 4&
<argument>
<name>InstanceID<£ﬁame>
<d1rect10n>£E< rection>
<relatedStateVariables>
A ARG TY¥RE InstanceID
</re1ated$tbteVar1ab1e>
</argumen .
<argume §
<n resetName</name>
zgi ction>in</direction>
latedStateVariable>
GJ\*’ A ARG TYPE PresetName
</relatedStateVariable>

Q9< /argument >
‘s§> /argumentL1st>

action>
?\ <action>
<name>GetBrlghtness</name>
<argumentLi

<argument>

<name>InstanceID</name>
<direction>in</direction>
<relatedStateVariable>
A ARG TYPE InstancelD
</relatedStateVariable>
</argument>
<argument>
<name>CurrentBrightness</name>
<direction>out</direction>
<relatedStateVariable>
Brightness
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</relatedStateVariable>
</argument>
</argumentList>
</action>
<action>
<name>SetBrightness</name>
<argumentList>
<argument>
<name>InstanceID</name>

<directionsin</directions
<relatedStateVariable>
A ARG TYPE InstancelD
</relatedStateVariable>
</argument>
<argument>
<name>DesiredBrightness</name>
<direction>in</direction>
<relatedStateVariable>
Brightness
</relatedStateVariable>

</argument>
</argumentList>

</action>
<action>
<name>GetContrast</name>

<argumentList> <5k
<

<argument>

<name>InstanceID</name> \\
<direction>iE</direction>s‘s>
<relatedStateVariable>

A ARG TYPE Instanaé§g

</relatedStatevVariables

</argument > <§5’

<argument>
<name>Curren&@jﬁtrast</name>
<directionxofit</directions>
<relatedStafevariables>

Contrast
</rei2€§ﬁ$tateVariable>
</argumenkt >
</argu nEiist>
</actionq
<actiop3\
< >SetContrast</name>
gumentList>

<argument ument >

§<5?~ <name>InstanceID</name>

VN <d1rectlon>1n</d1rect10n>
& <relatedStateVariable>
QD A ARG TYPE InstancelD

</relatedStateVariable>
</argument>
<argument>
<names>DesiredContrast</name>
<direction>in</direction>
<relatedStateVariable>
Contrast
</relatedStateVariable>
</argument>
</argumentList>
</action>
<action>
<name>GetSharpness</name>
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<argumentList>
<argument>

<name>InstanceID</name>
<direction>in</direction>
<relatedStateVariable>

A ARG TYPE InstancelD
</relatedStateVariable>

29341-4-13 © ISO/IEC:2008(E)

</argument>
<argument>
<nam€3CUTT€ﬁtSﬁafpﬁE33?7ﬁEm§>

<directions>out</direction>
<relatedStateVariable>
Sharpness
</relatedStateVariable>
</argument>
</argumentList>
</action>
<action>
<name>SetSharpness</name>
<argumentLists>
<argument>
<name>InstanceID</name>
<direction>in</direction>
<relatedStateVariable>
A ARG TYPE InstanceID Q
</relatedStateVariable> <D
</argument> <2
<argument> \\
<name>DesiredSharpness</n§§g>
<direction>iE</directiggé
<relatedStateVariabl
Sharpness N 3
</relatedStatevariable>
</argument>
</argumentList> \{:\'O
</action> *{D
<action>
<name>GetRedVifeoGain</name>
<argumentLi

<argu
< §§g>1nstanceID</name>

qégzrection>ig</direction>
relatedStateVariable>

QD A ARG TYPE InstancelD

<éS> </relatedStateVariable>
</argument>
&
e
o)

<argument>

<names>CurrentRedVideoGain</name>
<direction>out</directions>
<relatedStateVariable>

b(
\/

>
(19‘5

\‘</O
o

S
\
(s)\

RedVideoGain
</relatedStateVariable>
</argument>
</argumentList>
</action>
<action>
<name>SetRedVideoGain</name>
<argumentList>
<argument>
<names>InstanceID</name>
<direction>in</direction>
<relatedStateVariable>
A ARG TYPE InstancelD
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