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1 Introduction
This document provides the requirements on MPEG User Description (MPEG-UD). The MPEG-UD conceptual processing model is also presented so as to support all the use cases described in [1]. 
The document is organized as follows: Section 2 provides an overview and the scope of MPEG-UD. Section 3 defines the terminologies related to this standard. In Section 4, the requirements are stated. Section 5 presents the conceptual processing model of MPEG-UD. Section 6 concludes the document.
2 MPEG User Description: Overview and Scope
2.1 Overview
Nowadays, big data, leading to a myriad of choices, surround us. To be able to make a good and easy decision in a reasonably short time, we do need recommendations. A recommendation system can satisfy such user needs. Among all the choices that some given services offer, a recommendation system provides a set of recommendations, taking into account the user and context information. 
The aim of MPEG User Description, further referred to as MPEG-UD, is to ensure interoperability among recommendation services, which take into account the user and its context when generating recommendations for the user.
Users are described in many different and non-interoperable ways. In order to achieve interoperability, we need a standard description of User (UD). Users typically operate in context. Therefore, we also need a standard description of Context (CD). User and Context descriptions are needed for Service Providers to provide recommendations that satisfy the needs of Users in given Context. Therefore, we also need a standard description of recommendation Service (SD). Applications are used to respond to user’s request. They may be run by the user himself, or by service provider. Therefore, the application needs a standard way of representing Recommendation Description (RD). The RD is composed not only of subsets from UD/CD/SD, but also of additional logical relations and metadata related to the subsets.
2.2 Scope
MPEG-UD standardizes the following three data formats, presented in Figure 1: User Description (UD), Context Description (CD), and Service Description (SD), and Recommendation Description (RD). 
· UD (User Description): a set of descriptions which may contain static and dynamic information about the user , including some other data like the history of the user’s interactions, preferences,  security settings regarding these information, etc.
· CD (Context Description): a set of descriptions that describe the environmental situation in which the user operates or is located, e.g., user’s device in use, physical position, environmental variables (temperature, humidity, sound level, etc.), security settings regarding these information, etc.
· SD (Service Description): a set of descriptions containing pertinent information (including security settings) about the service (or a set of sub-services), that is offered to the end-user application, e.g. video on demand, maps, etc.
· RD (Recommendation Description) is a set of Recommended Information elements provided to the applications, in a structured, efficient, and compact form, when a customer requests a service in a certain environment. RD may include information extracted from UD, CD, SD; additional logical relations among UD/CD/SD (or their subsets) and metadata may be also included into RD. The operation of producing the RD, performed by Recommendation Engines, may have various ranges of complexity and performance, depending on the Recommendation Engine. The RD may have a general format, independent of the application.
In Figure 1, red elements indicate the formats specified by MPEG-UD. 
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Figure 1 Conceptual Model of MPEG-UD (red elements UD/CD/SD/RD indicate the formats specified by MPEG-UD)
It has to be noticed that while some of the standard components, namely UD, CD, and SD refer to the description of specific entities or artifacts, respectively services, context and users, the RD is of a different nature. To better explain the need of having RD as a standard component in MPEG-UD, let us use the following example.

A user wants to make a holyday and hopes to find a good recommendation using his/her mobile mashup application which aggregates access to the most popular holyday planning websites. The UD of the user contains a record of all the images used in the last months by the user, but it does not contain any textual description. The Recommendation Engine, integrated with the mobile app, reads the UD and identifies among the recorded images some which relate to specific touristic places (e.g. the Mole Antonelliana in Torino). This is done thanks to a specific proprietary technology embedded in the Recommendation Engine which is capable of recognizing Italian touristic places by visual features. A touristic service provider X among the ones aggregated by the mobile application provides a service description containing information about the available search modalities. These are: textual search and visual search. The Recommendation Engine infers that the only possibility to recommend something to the user for his/her vacation is to launch a visual query on the visual search index of the service X. To this aim it proposes to the application a data structure, expressed in a standard format, in which a reference to the picture to be used as query and a reference (URL) to the visual search service to contact is contained. The mobile application then uses the picture as an example to search over the visual search index provided by service X and retrieve results to be presented to the user. The search service returns a list of possible vacations in Torino. The user finally selects a vacation in Piedmont with a stop in Torino to visit the Egyptian museum. 

Another example can be done in the domain of Smart TV services. Recent introduction of Smart TVs gives an uncountable number of possible choices of programs for a consumer, through the internet connection as well as through the broadcast channels. In such an environment, TV manufacturers consider including recommendation functionalities within the TV, to help their customers selecting the program (SD) according to their preferences (UD) and context (CD). The recommendation solution can be acquired from other business entities with expertise in this field. With the "standardized" RD, a business entity, which has a solution for the recommendation engine, can provide an interoperable recommendation service. Then, TV manufacturers only need to provide a light application which takes the recommendation expressed in RD and provides customized recommendations to the users. Assuming that several recommendation service providers are available, the user may be asked to select one of these services. In such an environment, a standard format for RD ensures the following three benefits. First, TV manufacturers are not constrained to select a specific recommendation engine nor to build one by themselves. Second, consumers have choices of selecting a recommendation service tailored to their preferences and context. Finally, recommendation service providers will compete to provide better services, without being tied to a specific TV manufacturer.
From the above explanations, it can be concluded that the RD is a way to make the interface between recommender systems and Applications a standard one, so that Applications can manage to use different recommender systems, depending e.g. on licensing, performance or application domain constraints.

The connection between Applications and user, context and service descriptions realized through RD (and Recommendation Engines) ensures interoperability at this level, avoiding that each application will have to implement its own recommendation technology.
3 Terminology
The terms in this document are defined as follows. 
	General 
	Description

	MPEG-UD
	Three standard descriptions that contain information about user, context, and service.

	UD 
(User Description)
	a set of data which may contain static and/or dynamic information about the user, e.g. identity, interactions, preferences, security settings regarding these information, etc. 

	CD 
(Context Description)
	a set of data that describe the context and environmental situation in which the user is located, e.g., device in use, physical position, environmental variables (temperature, humidity, etc.), traffic conditions, security settings regarding these information, etc.

	SD 
(Service Description)
	a set of data containing pertinent information (including security settings) about services (or a set of sub-services) 

	RD (Recommendation Description)
	a set of recommendation data, containing subsets from UD/CD/SD and additional logical relations and metadata related to the subsets; the Application may subsequently process the RD to build final recommendation for the user

	User
	a human or a software agent, an industrial process or a device that is performing autonomous activities

	Service
	Any Independent, value-adding operation, which brings values to users, or applications providing benefits responding to user’s needs

	Context
	an environmental situation for the user, e.g., device in use, physical location, etc.

	Application
	an entity in charge of responding to the users’ requests (e.g. an interface allowing users to choose their preferred programs on a Smart TV).

	UD/CD/SD Managers
	entities that provide functionalities of filtering, accessing, storing, editing, updating and securing UD/CD/SD.

	Recommendation Engine
	a process (or a set of processes) in charge of exploiting all available information contained in UD, CD and SD to produce a compact information, i.e. RD, for the enriched user experience; the way in which Recommendation Engine works is out of the scope of the MPEG-UD standard

	Usage Role
	a function that a piece of data performs in a specific usage, e.g., the same picture referenced in a UD can be used for a query or as an illustrative example.


4 Requirements
According to the use cases described in [1], a collection of requirements for MPEG-UD is derived in the following subsections. 
4.1 General Requirements
4.1.1 Structure
	Requirement: 

	The MPEG-UD shall be defined in a structured way.

	Note: 

	This requirement is meant to ensure efficient access to any sub-set of the MPEG-UD components.

	Example: 

	The structure of MPEG-UD components can be hierarchical.
4.1.2 Extensibility
Requirement: 
The MPEG-UD shall be extensible with application dependent components.



4.1.3 Security & Privacy & Traceability
	Requirement: 

	· The MPEG-UD shall provide means to protect sensitive/confidential personal data from improper usages. 
· The MPEG-UD shall provide means to trace usages of sensitive/confidential personal data. 


4.1.4 Access, Modularity, and Adaptivity 
	Requirement: 

	The MPEG-UD shall provide means for role-based access to any part of its structure, and for the adaptation of that data collection.

	Note: 

	Ensuring flexibility in the UD, CD, SD aggregation

	Example: 

	Role-dependent UD, CD, SD, access (policeman and physician are provided different info)


4.1.5 Licensing
	Requirement: 

	The MPEG-UD shall provide licensing information about descriptions

	Note: 

	This license information concerns the rights granted by the description owners to the requesting application about the usage of delivered MPEG-UD modules.

	Example: 

	The user can decide to give his/her UD information for a fee.


4.1.6 Priorities
	Requirement: 

	The MPEG-UD components shall have different priorities. 

	Note: 

	That means that for particular users/context/service some part of the UD/CD/SD can be ignored in order to speed-up the processing of the other components and to reduce the updating latency.

	Example: 

	In an emergency situation, if the car should stop at once, the description of the fuel status can be ignored.


4.1.7 Compatibility
	Requirement: 

	The MPEG-UD shall support the existing MPEG user related standards.

	Note: 

	This means to take advantage of existing MPEG standards.

	Example: 

	An exhaustive list of existing UD-related standards including non-exhaustive list of tools that might be relevant for MPEG-UD is:
· MPEG-7 MDS as defined in ISO/IEC 15938-5 including - among others - Usage Information, User Preferences, Usage History, User Interaction Tools, Social Networks 
· MPEG-21 DIA as defined in ISO/IEC 21000-7 including - among others - Usage Context Description including User Characteristics, Terminal Capabilities, Network Characteristics, Natural Context Characteristics 



4.2 User Description Requirements
4.2.1 User Identification 

	Requirement: 

	The UD shall support a mean to identify a user. 

	Note: 

	User’s ID can be any sequence of symbols which can uniquely identify the user, such as a URL or e-mail addresses in the context of current service.XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"

	Example: 

	· John Smith’s ID for the service X is jhsmith@serviceX.com
· Intelligent robot A’s ID is “IR-0001”.XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"


4.2.2 Birthdate and Birthplace
	Requirement: 

	The UD shall support description of user's birthdate and birthplace. 

	Note: 

	Different information may be provided by the service provider depending on the age of the user. The description of age can be provided by several ways, such as an age group (0~9, 10~19, 19+, etc.), an exact age (17, 19, etc.), or an indirect description (by providing birth year and date.)XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"

	Example 

	· Age description of 19+ allows display of contents intended for adults only. 

· XE "Extract right"

XE "rights:Extract right"

XE "editor specification"Age description of 15~18 prohibits provision of age-sensitive information. XE "Edit right"


4.2.3 Gender

	Requirement: 

	The UD shall support description of user's gender. 

	Note: 

	Different information may be provided by the service provider depending on the gender of the user. XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"

	Example 

	· Locations of man's dress store can be provided by an AR application, when the information in need is not specified, if the user's gender is male. 

· XE "Extract right"

XE "rights:Extract right"

XE "editor specification"Locations of nail shops can be provided by an AR application, when the information in need is not specified, if the user's gender is female. XE "Edit right"


4.2.4 Profession

	Requirement: 

	The UD shall support description of user's profession/profession group. 

	Note: 

	Different information may be provided by the service provider depending on the profession or profession group of the user. The description of profession group can be provided by several ways. An example of the profession group may be engineer/sales/management, etc. XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"

	Example 

	An AR application may provide detailed specification of a car for engineers, while price comparison of the cars in similar class   is provided for people in sales by default. XE "Edit right"


4.2.5 User’s Specialties

	Requirement: 

	The UD shall be able to represent user’s specialties in relation to the service that he/she uses. 

	Note: 

	This field may be represented in keywords or in topic IDs.

	Example: 


The specialties of a professional news editor may include sports and entertainment.
4.2.6 Additional User Information 

	Requirement: 

	The UD shall not be limited to the user information listed above. 

	Note: 

	User information may include user’s name, address of residence and work, birthdate, age, age group, gender, contact information, profession, specialties, physical attributes, body size, etc. The examples given here are not intended to be exhaustive list of user information.XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"

	Example:

	· User information of Tom contains name “Tom Somebody”, age “45”, gender “Male”, telephone number “1-234-5678”. XE "Edit right"

	· Intelligent robot A’s profession is cleaner, and A’s specialty is vacuum cleaning of outdoor space.XE "Edit right"


4.2.7 Interactions with Other Users (Social Networks)
	Requirement: 

	The UD shall provide means to describe social network information.

	Note: 

	This includes information about a user in the context of social networks, which can be used e.g., in order to recommend news stories.

	Example: 


User specific information (gender, age, emotional state, etc.), interests (events), trust score, preferred social/news platforms, recent tweets/news stories, etc.
4.2.8 Interaction with Multimedia
	Requirement: 

	The UD shall be able to represent interaction of users with heterogeneous multimedia data, i.e. with data coming from different sources and of different media types.

	Note: 

	This means that multimodal data collections (e.g. thematic aggregates of images, text and video) should be considered as a whole, and that it’s the interaction of users with the entirety of this heterogeneous aggregation that should be properly modeled and tracked.

	Example: 


The user reads a web page, then in the same session of a certain application, plays a video: this should be recorded by UD as pertaining to the entity “page and video”
4.2.9 Data Usage
	Requirement: 

	The UD shall unambiguously distinguish different usages that users make of the different data items.

	Note: 

	This means that granularity of user interaction with data must be properly captured by UD.

	Example: 


The user plays a video for 10 seconds, then rewinds the video from start and replays it, then read a web page.
4.2.10 Actions with Data
	Requirement: 

	The UD shall categorize and unambiguously define a list of possible user’s actions with data. 

	Note: 

	Users can perform many different actions with data. They can read, update, create data. Multimedia data is even more complex since it can give birth to interactive experiences. These actions have different semantics, and thus they have to be clearly identified and distinguished. This means that it is not sufficient to rely on free textual descriptions of these actions, but that these actions must be properly identified

	Example: 


“PLAY”, “REMOVE FROM LIST”, “FORWARD”, “COMMENT”, “REWIND TO 01:00:00”
4.2.11 Classification of User Experience when Interacting with Application
	Requirement: 

	The UD shall be able to represent the kind of experience the user is having with application: retrieval error, retrieval success, retrial, feedback, satisfaction, motivation, etc.

	Note: 

	This means that user experience with application must be tracked and the results of this tracking should be properly represented by user description.

	Example: 


The user put a query to an S&R application, then discards the results. Then the user changes the query and uses the results.
4.2.12 Multi-Domain Identification of Users

	Requirement: 

	The UD shall be able to carry multi-domain identification information.

	Note: 

	A user has many identifiers (e.g., different nicknames, accounts, legal identity documents); it shall be possible to link different identities to the same user.

	Example: 
Facebook nickname, personal e-mail account.


4.2.13 Proxies and Authorizations
	Requirement: 

	The UD shall be able to describe authorizations and proxies granted between users on fragments of the respective UD.

	Note: 

	Users may want to give other users the rights to access their own objects or services

	Example: 


The authorization to drive one’s car by a guest driver
4.2.14 User Language Description
	Requirement: 

	The UD shall be able to represent user’s native language and other available languages for the source language.

	Note: 

	This means that the user’s native language and other languages should be represented in the UD to be referenced as the source languages when providing translation service.

	Example: 


Imagine an intelligent translation system that will know from the UD what languages the user will speaks to the translation system without setting the source language options a priori.
4.2.15 Preferences on Languages and Speaking Manners
	Requirement: 

	The UD shall be able to represent user’s preferences related to languages and speaking styles.

	Note: 

	· This means that the user’s preferred target language and other frequently used languages should be represented in the UD to be referenced as the target languages when providing translation service.
· This means that the granularity and richness of the user’s speech characteristics along with the speech preferences should be described in UD so that the output of the speech translation system will be in natural styles.

	Example: 


· Imagine an intelligent translation system that will know from the UD what languages are used as the output of the translation system without setting the target language options a priori; in some countries, several languages are possible and the translation system will select among them what the user prefers considering context information.
· Sociolinguistics show that female speech and male speech are different from each other in terms of speech style; there are also individual speech styles; in some situation, the translation output should reflect on the gender and age of the person who speaks to the automatic translation system.
4.2.16 Accessibility
	Requirement: 

	The UD shall be able to represent specific user accessibility needs.

	Note: 

	This means that user specificity (e.g. disabilities) should be able to be represented in MPEG-UD.

	Example: 


When a user with hearing deficiency wants to watch a TV news program, he may want to understand through the caption script rather that the sign language; however, some other user may prefer a specific kind of sign languages.
4.2.17 Service Usage Preferences
	Requirement: 

	The UD shall be able to represent user’s preferences with regard to a given service, or a service category.

	Note: 

	In information providing services, user may have preference on story types. The stories may come from mass media, social media, or from books.

	Example: 

	In a news providing service, user may prefer happy stories of good deeds to crimes, scandals, or gossips.
4.2.18 Preference on Presentation Style
Requirement: 
The UD shall be able to represent user’s preferred presentation style for each of his devices for getting information and for communication.
Note: 
The user can specify his/her favorite style of how certain content is presented to him/her through each specific device. This service may require the combined usage of user description and context description.
Example: 
The user may prefer pushed updates from twitter for his/her mobile phone, but may not want pushed updates from Times on his/her PC.
4.2.19 Preference on Service Provider
Requirement: 
The UD shall support description of user's preferred service provider. 
Note: 
The user may be in favor of a specific service provider for a certain service. When a multiple service providers are available for similar service, the preferred service provider shall be selected.  The service provider information shall include the information needed to use the service (service description), such as the URL, the type, and the cost information of the service, to name a few.XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"
Example 
· For a location-based service, Mr. Somebody prefers service provider A, as it provides better customization for him. 

· XE "Extract right"

XE "rights:Extract right"

XE "editor specification"When product information is searched, Mr. Somebody prefers service provider B, as it gives more detailed information on the specification of the product. XE "Edit right"
4.2.20 Personalization Profile
Requirement: 
The UD shall support description of the profile for which the service personalization is to be provided. 
Note: 
When a service is requested by a known user, the user may want to different kind of personalization (e.g. family, individual, class, etc.). XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"
Example 
· When Mr. Somebody turns on the TV, he wants the TV to be customized for his family view, by default. Sometimes, he changes his preference to "personal view." 



4.2.21 Interested Topics
	Requirement: 

	The UD shall be able to represent user’s explicit topics of interest in communication, articles, etc. 

	Example: 

	The user may be interested in topics such as politics, cultural events, or economy.
4.2.22 Interested Media
Requirement: 
The UD shall be able to represent a list of media in which the user is interested in order to get information and for communication.
Example: 
The user may prefer getting news from twitter, Times, and certain blogs.



4.2.23 Intention 
	Requirement: 

	The UD shall be able to represent user’s intention in getting information, for communication, etc.

	Note: 

	Intention can be represented in text or other predefined IDs of intention categories. User's intention may be obtained by recognizing facial expression, gesture, posture, voice, texts, and by acquiring biological sensor data, or other means.

	Example: 

	· The user was preparing for a vacation trip on an island with his family including children. He is looking for a hotel, then the hotel recommendation service provider should consider the user’s intention of looking for good children-friendly hotels.
· When the user says, “It is raining and I am bored. Is there anything interesting to do now?”, the chatting assistant should know that the user wants to recommend something to do at home


4.2.24 Emotion
	Requirement: 


The UD shall be able to represent user’s emotion, including its changes over time. The UD shall also be able to categorize various emotions. 
4.2.25 User’s Age-related Functional Limitation
	Requirement: 

	The UD shall be able to represent user’s age-related functional limitation in detail in terms of accessibility needs. It should include consideration for aged people.

	Note: 

	The age-related functional limitation features of the user should be represented in a systematic way so that it covers well possible weakness to access to the service in any area.

	Example: 

	The music in the web should be played in a certain way so that the user can hear it through aged people’s smartphone.


4.2.26 Different Abilities
	Requirement: 

	The UD shall be able to represent user’s differences in his/her abilities in detail in terms of accessibility needs. 

	Note: 

	The different ability features of the user should be represented in a systematic way so that it covers well possible weakness to access to the service in any area.

	Example: 

	The spoken words should be translated into the text automatically so that a person with limited hearing capability can read it through his smart TV.
4.2.27 History of Service Usage
Requirement: 
The UD shall be able to represent user’s history for a given service, such as searching or movie recommendations.
Note: 
Different information may be provided by the service provider depending on the search history of the user. The search history can be simply stored/provided by a list of keywords that are used for search. The search history can be stored/provided by a more complex way to include other relevant information such as the user's situation information (time or location) in which the search is made, in addition to the search keywords. XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"
Example 
· When the recent search keywords are "starbucks" and "coffeebean", than the AR application may provide nearby coffee shop information. 

· When the recent search history shows names of foods, the AR application may provide nearby restaurant information with additional menu information. XE "Edit right"
4.2.28 Capturing Context and Service Information
Requirement: 
The UD shall support capturing context and service information at the time of content/service usage. 
Note: 
In the recording the usage history, a service description (the service used) with the context information (time, location, device, etc.) as well as the user information should be recorded together. When this information is recorded together, there should be the additional linking information to tie them together.XE "Embed right"

XE "rights:Embed right"

XE "Loan right"

XE "rights:Loan right"
4.2.29 Score of Satisfaction
Requirement: 
The UD shall be able to represent the score of satisfaction about the service.
Note: 
There should be a systematic way of saving the user experiences in UD along with his satisfaction scores with the system.
Example: 
The user, John, likes the new accessibility function in his TV program with the satisfaction score 10 which means he was fully satisfied with the function yesterday.



4.2.30 Additional User Information
	Requirement: 

	The UD shall be able to support additional user’s information, not limited by the previously listed information.

	Note: 

	The UD shall be able to be further extended as new user information is needed.

	Example: 

	A new social network is launched and the user subscribes to it

	


4.3 Context Description Requirements
4.3.1 Static Information of current device in use 
	Requirement: 

	The CD shall be able to represent static information of the device currently in use.

	Note: 

	The information may include device information which does not change in time, unless the user intentionally change, such as the type of the device, maker, network service provider, etc.

	Example: 

	The mobile phone currently in use is Galaxy IV made by Samsung, with android OS over SK telecom.


4.3.2 Dynamic Information of Current Device in Use
	Requirement: 

	The CD should be able to represent dynamic information of the current device in use.

	Note: 

	The information may include device information which may dynamically changes over time, such as battery level, available memory size, CPU utilization level, and available network bandwidth.

	Example: 

	The mobile phone currently in use is at 50% of battery level, 2 Gbit of memory available, operating at 32 Mbps network bandwidth.


4.3.3 Available Device

	Requirement: 

	The CD shall support description of the available devices at a given moment.

	Note: 

	When a user wants to change the device in use, the user should be able to acquire a list of available devices through the context information.

	Example 

	Mr. Somebody was watching a movie using his mobile phone on his way home. When he arrived at home, he wants to continue watching this movie using a device with larger display. As the larger TV is occupied by his wife, he has to use the smart pad.  (Session mobility)



4.3.4 Time of the Day 
	Requirement: 

	The CD shall support description of the time of the day when a service is requested.

	Note: 

	Different information may be provided by the service provider depending on the time of the day. The description of the time information may be provided by several ways, such as the exact time (6AM, 16:30, etc.) or as an approximate description of time (morning, afternoon, evening, night, lunch time, etc.). 

	Example 

	· In the morning, a location-based service may provide the locations of coffee shops. 
· At the lunch time, a location-based service may provide the locations of restaurants that the user prefers for lunch. 



4.3.5 Season
	Requirement: 

	The CD shall support description of the season when a service is requested.

	Note: 

	Different information may be provided by the service provider depending on the season. A description of the season may be provided by one of the four seasons (Spring, Summer, Fall, Winter), by region specific season information (Monsoon season, Dry season), or by more detailed description of four seasons (Early Spring, Late Summer, etc.), or combinations of the above. 

	Example 

	An AR system may provide information related to hot drinks during the winter, while information related to cold drinks are provided during the summer.



4.3.6 Temperature
	Requirement: 

	The CD shall support description of the temperature when a service is requested.

	Note: 

	Different information may be provided by the service provider depending on the environmental temperature at the time of the request.

	Example 

	When the outdoor temperature is below zero in Celsius, the AR system provides information related to winter jacket.



4.3.7 Weather
	Requirement: 

	The CD shall support description of the weather when a service is requested.

	Note: 

	Different information may be provided by the service provider depending on the weather. 

	Example 

	When a navigational service is requested for walk to the destination, a path containing indoor path as much as possible may be provided, if it is raining.



4.3.8 Geographic Location Information
	Requirement: 

	The CD shall support description of the geographic location when a service is requested.

	Note: 

	Different information may be provided by the service provider depending on the location of the user. The description of location can be provided by several ways, such as GPS information (latitude, longitude degrees) or name of the location (e.g. geographic name).

	Example 

	· The information provided may be limited by the legal jurisdiction of the location.
· The locations of the coffee shops provided may be different depending on where the user is.



4.3.9 Semantic Location Information
	Requirement: 

	The CD shall support description of the semantic location when a service is requested. 

	Note: 

	Different information or a different type of personalization may be provided by the service provider depending on the conceptual location in which a service is requested. 

	Example 

	· When Mr. Somebody turns on the TV at his home, he wants the TV to be customized for either his family or for himself. On the other hand, when he turns on the TV at his classroom, he wants the TV to be customized for his students/class.
· "At home" or "At work"



4.3.10 Additional Viewing Environmental Information
	Requirement: 

	The CD shall be able to support additional user’s viewing environmental information, not limited by the previously listed information.

	Note: 

	The CD shall be able to describe user’s viewing environmental information, not limited to the already mentioned information such as time, season, temperature, weather, location, etc. Also, the CD shall be able to be further extended as new environmental information is needed.

	Example: 

	The service provider provides different service to the user depending on the intensity of illumination and loudness of ambient noise in real time.



4.3.11 Aggregation of Context Information 
	Requirement: 

	The CD shall support aggregation of context information stored/generated at multiple devices/location.

	Note: 

	Context information may be stored/generated at multiple devices/location. In such cases, the context information from multiple sources should be aggregated for service.

	Example 

	When Mr. Somebody uses his smartphone with the smart TV located at home, the context information may reside in his smartphone as well as the smart TV. For customized service, the context information from two devices should be aggregated before transferred to the service provider.



4.3.12 Sharing/Synchronizing 
	Requirement: 

	The CD shall provide means for sharing and synchronizing fragment of CD information.

	Note: 

	Several users in the same environment may experience a fragment of their CD information being synchronized, when necessary.

	Example 

	When a car enters into a new highway, parts of the CD information (such as traffic info, weather conditions, etc.) can be automatically synchronized with the corresponding CD information from information generated by the cars already on that highway.



4.4 Service Description Requirements
4.4.1 Social Networks and Communities
	Requirement: 

	· The SD shall be able to represent social networks and communities that can be supported by the service provider. 
· The SD shall be able to represent the characteristics of each of the social networks and communities.
· The SD shall support different types of social networks and communities.

	Note: 

	The characteristics of a community can be the relationships between the community members and the user, such as family, friends, or colleagues. Other characteristics of a community may include their common interests, age range or other information.

	Example: 

	· The characteristics of a community A in Facebook is “family” of the user
· SD information can be delivered to Facebook and Twitter simultaneously.



4.4.2 Social Activities 
	Requirement: 

	· The SD shall represent social activities of a given community that can be supported by the service provider. 
· The SD shall represent the period of observing social activities of the community.

	Example: 

	The topics discussed last week in the community A are bikes, mountains and trains.
4.4.3 Usage Permissions 
Requirement: 
The SD shall be able to represent information about the allowed usages of provided multimedia objects.
Note: 
The service provider should be able to describe what kind of actions/operations the user can perform on the multimedia content provided as a result of the service.
Example: 
Service provider A is a video/movie provider, who only allows viewing of its video/movie, while service provider B allows also copying of its video/movie to different devices.
4.4.4 Supported Multimedia Objects
Requirement: 
The SD shall be able to represent a list of available multimedia objects.

Note: 
The service provider can provide a list of multimedia object (e.g. video, audio, music, photos, and aural/visual objects) that it can provide as its service. 
Example: 
· The Service Provider “B” wants to provide a list of icons for a map drawing service.

· The application demands a list of visual objects that can be freely presented to the user to illustrate the surrounding sightseeing.
4.4.5 Supported Representation Formats 
Requirement: 
The SD shall express the available formats of multimedia objects. 
Note: 
The service provider should describe the available content formats (e.g. mp3, jpeg, jpeg2000, mpeg4avc, etc.).
4.4.6 Limit of Usage 
Requirement: 
The SD shall support expressions to restrict usage of the service depending on the license of subscription.

Note: 
The service provider should be able to restrict access of service by user according to the subscription level of user.
Example: 
The service provider can give access to partial service to free user.
Mr. Anybody subscribes to a cable service which allows his family to view programs from channel 1 to 99, while Mr. Somebody subscribes to a cable service which allows his family to view programs from channel 1 to 299.
4.4.7 Service Products Category 
Requirement: 
The SD shall support description of the service category. 
Note: 
To help the application to choose the service, the SD shall support description of service category
Example 
· Location-Based AR service may want to get information from the location-based service provider. 
· When a user is indoor (in a shopping mall), the AR application may want to get service from the product information service. 
4.4.8 Service Products Information 
Requirement: 
The SD shall support description of the products that the service is providing. 
Note: 
Different information may be provided by the service provider, even for service providers of the same category. The application should be able to select the service based on the information that can be provided by the service. 
Example 
Service A in product information category provides product specification including dimensions, weight, material, manufacturer, origin of the product, and special care instructions. 
Service B in product information category provides price, dealer information, dealer contact information, with brief product description such as name, brief textual description and size.
4.4.9 Service Level Agreement
Requirement: 
The SD shall support description of the service level agreement connected with the usage of the service.
Note: 
Each service provider may have different service agreement models and ways of making revenue from the service. When a user is connected to a specific service, there shall be description related to the service fees, availability, latency, etc. There should also be description of service subscription.
Example 
· Service A is charged $0.25 for every 10 service requests. 
· Service B provides unlimited number of service use, for subscribers with $9.99 subscription fee per month.
4.4.10 Aggregated Services
Requirement: 
The SD shall support description of elementary services composing one aggregated service. 
Note: 
A certain service provider may have multiple services available. The SD should be able to provide a list of available service to the application/user, so that the application/user may be able to select one service of desire from the list. 
Example 
· When Mr. Somebody turns on a TV, there are more than 100 programs provided by the TV. 
· The recommendation engine of a smart TV may provide a list of programs as a recommended program.
4.4.11 Baseline Information
Requirement: 
The SD shall support description of the list of user information and/or context information needed for the service execution. 
Note: 
A certain service provider may use medical information of the user for personalized service, while other services may not. In such cases, the service provider shall be able to specify that the service is using the specific information for service.
Example 
A diet program provided by a certain restaurant may require some medical information of the customer to recommend dishes.
4.4.12 Service Priorities
Requirement: 
The SD shall provide different priorities among available services.  
Note: 
This refers to the possibility of prioritizing available services.
Example 
My broadcaster owns three channels with different quality, one with 4K UHD, one with HD, and one with SD providing same contents. This service provider wants these channels to be recommended to the customer with different priority, hoping to provide better service. 
4.4.13 Service Messages
Requirement: 
The SD shall support the description of any relevant service messages
Example 
When the service that the user requested could not be found, the system shows an error message “Service not found”.
When the service provides a specific instruction for emergency, this message should be included in the service description.
4.4.14 Additional Service Information

Requirement: 
The SD shall be able to support additional service-related information, not limited by the previously listed information.
Note: 
The SD shall be able to be further extended as new service-related information is needed.
Example: 
When a new kind of service is launched for the first time, there is the need to include the needed data into SD to enable a minimum level of interoperability.



4.5 Recommendation Description Requirements
	4.5.1 Representation of Usage Roles of UD, CD and SD elements
Requirement: 

	The RD shall unambiguously identify the usage roles and contain or reference the portions of CD, SD or UD which are relevant for specific recommendation purposes. 

	Note: 

	This means that the same part of e.g. UD can have different roles depending on the application in use. For certain applications a picture can be used in a query, in other applications it can be used as an example to be shown. Identifying these roles is the task of the Recommendation Engine, which shall represent the role of each component using the RD format.

	Example: 

	A picture X seen by the user Y in New York is recommended to be used as a query picture to search other pictures of New York on a image search service in the context of a touristic recommendation engine.




4.5.2 Objects Classification Representation
	Requirement: 

	The RD shall be able to group elements of UD, CD and SD and label the resulting groups. 

	Note: 

	This means that the RD shall have the ability to represent the output of a generic classifier implemented within the Recommendation Engine.

	Example: 

	The UD of a user contains references to the books read by the user in the last year. The Recommendation Engine classifies each book according to a subject taxonomy and produces a RD containing a set of groups, each corresponding to an identified class. The application can then select which class to use in order to find similar books on Amazon.




4.5.3 History of Acceptance 

	Requirement: 

	The RD shall be able to distinguish acceptance level expressed by the user about used objects.

	Note: 

	This means that the RD shall have the ability to represent and group used objects in terms of the level of acceptance that users express on them.

	Example: 

	The UD of a user contains references to the videos seen by the user in the last year. In addition to that, each video is also associated with information about how long the user has used the video or if the user has interrupted the video after few seconds. The Recommendation Engine may interpret this behavior as a level of acceptance expressed by the user and thus distinguish positive cases (i.e., the user has seen all the video) from negative ones. This is reflected in specific grouping structures in the RD. 




4.5.4 Representation of Objects Equivalence

	Requirement: 

	The RD shall be able to represent equivalence of UD, SD or CD elements with respect to specific usages. 

	Note: 

	This means that the RD shall have the ability to represent that two or more different elements of the same type (e.g., two pictures) are equivalent from the point of view of some application usage, so that the application can choose to use either one.

	Example: 

	The UD of a user contains references to the pictures taken by the user during his vacation in Vienna. The Recommendation Engine integrates CDVS descriptors and it is therefore able to identify different pictures of the same monument, It then represents in the RD that pictures of the same monument are equivalent.




4.5.5 Process Representation

	Requirement: 

	The RD shall be able to represent process chains for the usage of services. 

	Note: 

	This means that the RD shall have the ability to represent how to combine the usage of different services in the context of a specific application, taking into account possible contextual information (from CD). 

	Example: 

	The UD of a user contains references to a book read by a user. The user wants to be recommended of further readings about the same topic. A service X is able to extract pictures from books (according to its SD) and a service Y is able to perform visual search using pictures and to return textual descriptions of pictures. A service is able to return books via a standard full text search query. The Recommendation Engine infers that service X must be used before service Y, and that service Y is to be used before service Z. So that it instructs the application accordingly.




4.5.6 Representation of objects relationships

	Requirement: 

	The RD shall be able to represent relationships among UD, CD or SD elements. 

	Note: 

	This means that the RD shall have the ability to represent that a certain element is a copy or it is similar to another element. This information can be used profitably by the applications.

	Example: 

	The UD of a user contains references to the videos taken by the user during his vacation in Vienna. The Recommendation Engine integrates video fingerprint technology and it is therefore able to identify that a video X is actually a scaled copy of another one, It then represents this situation in the RD so that the application is able to select the appropriate resolution to show.




5 Conclusions
The MPEG-UD standard is composed of four standard representation formats, namely the UD, CD, SD, and RD. The present document provides related terminology. 
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