
1 

Multi-screen media delivery systems and methods 

Field of the invention 
The present invention relates to a system in which media content (especially video 

5 content, comprising a visual track and an audio track) is delivered to multiple devices, 
each having at least one screen. 

Background of the invention 

10 The recent emergence of multi-screen social TV is dramatically transforming the TV 

experience. First, the traditional "lean backward" video watching experience (i.e. passive 
consumption of video content) has been integrated with a "lean forward" experience, 
implying a deeper engagement with the content, such as a social networking experience. 
Second, social TV aims to offer ubiquitous services which are available at any time, on 

15 any device, at an affordable price. Thirdly, with the significant growth of media 
consumption across multiple screens, users may want to transfer ongoing sessions from 
one device to another without interruption of video streaming. 

However, existing systems suffer from significant limitations. For example, with regard 
20 to the transfer of ongoing sessions from one device to another, one proposal by Apple 

Inc. allows a single session running on a first device to be migrated to a second device 
(but not for transfer in a reverse direction). Furthermore, large scale deployment of 

multi-screen social TV is very limited. 

25 Advertising is one of the major ways to make revenue for the content providers (i.e., TV 
stations, social networks, websites, etc.). Leveraging social networks can better take 

advantage of the users' demographic information and target their ads appropriately. There 

are presently two ways to distribute advertisements over social networks: 

1) Embedding online advertisements into social networking website (e.g., facebook, 
30 weibo). However, this approach does not really make use of the social relationships of 



2 

each user. As a result, it cannot provide better advertising effectiveness than other online 

advertising methods. 
2) The users deliberately share advertisements on their social, network, so that their 
friends can view the shared advertising. However, this approach requires massive user 

5 operations (e.g., finding the URL of advertisement, creating a new page and editing it), 
thus degrading the user experience. 

The integration of TV experience and social networking is increasingly popular 
nowadays. However, currently, it is not an easy task for users to share real-time TV 

10 program information over personal social networks. First, the users have to deliberately 
take a few photos in front of the TV screen. Then they use some graphics editing tools 
(e.g., Photoshop) to synthesize those images into a new one (a "synthesis image"). 
Finally, they login to their social networking account and post the synthesis image 

manually. This approach requires a lot of user operations, thus significantly degrading the 
15 user experience and limiting its adoption rate. 

Summary of the invention 

The present invention aims to provide new and useful systems and methods for delivery 

20 of media content. The content delivery method may be in a social context (i.e. in the 

context of a social network defined by social network data), potentially leading to a 
content-driven social fabric. 

In general terms the present invention proposes a cloud computing model in which a 

25 plurality of independent physical computer systems cooperate to implement a virtual 
computer system ("cloud") which communicates with multiple video display devices 
each of which has at least one screen. The virtual computer system receives media 
content from one or more sources of media content, and delivers the media content 
selectively to the video display devices. For each of a plurality of users of the virtual 

30 computer system, there is a corresponding process (referred to in this document as a 
"cloudclone", which is an example of what is referred to in the literature as a "service 



3 

container") running on the virtual computer system which coordinates the delivery of the 
content to one or more of the video display devices which are associated with the 

corresponding user. 

5 The invention makes possible a multi-screen social TV system for content consumption 

via the use of display devices which are heterogeneous media outlets (e.g., TV screens, 

smart phones, tablets, laptops and computers). In this system, all those devices are 

connected with a powerful cloud, which has full knowledge of each user's real time 
sessions. The ongoing sessions on the client sides are always synchronized with the 

10 corresponding cloudclone. 

In a first aspect of the invention, one or more of the the users are each associated with a 
respective plurality of the video display devices, and, for each of those users, the 
corresponding cloudclone includes respective threads for managing the transfer of media 

15 content to each of the video display devices associated with the user. 

Based on this concept, the invention further proposes a session migration scheme to allow 
users to migrate (transfer) sessions among the plurality of display devices, such as taking 

away an ongoing session from a TV screen to a mobile device, or vice versa. 

20 
In a second aspect of the invention, which may be used in combination with the first 

aspect, pre-determined relationships exist between the users, i.e. one of more of the users 

each have a predetermined relationship with a respective set of one or more other users 

(his/her "friends"). The virtual computer system is arranged, based on the actions of one 
25 of the users, to modify the content delivered to the other user(s) in the respective set. 

In one example of this concept, the invention proposes a novel approach to redistribute 
video (such as advertisements) to users' friends over the cloud based social TV platform, 

by retransmitting information to the respective cloudclones of one or more of the friends. 
30 This can improve both the user experience and advertising coverage. 
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Furthermore, the invention proposes a novel way to collect video frames from TV 
programs, which will be synthesized into a new image (in gif or other .picture format) to 

represent the playing video, and posted to a social networking website. This solution is 
expected to further drive the wide adoption of social TV. 

5 ' 
Brief description of the drawings 

Embodiments of the invention will now be described for the sake of example only with 
reference to the following figures in which: 

Fig. 1, which is composed of Figs. 1(a) and (b), shows the generic framework of 
10 an embodiment of the invention; 

Fig. 2 shows schematically the interaction between a cloudclone instance and a 
number of display devices; 

Fig. 3 shows schematically an implementation of the cloudclone instance; 
Fig. 4 illustrates the concept of the transfer of a session between multiple display 

15 devices; 

Fig. 5 illustrates the steps of a first session migration process; 
Fig. 6.illustrates the steps of a second session migration process; 
Fig. 7, which is composed of Figs 7(a) and 7(b), shows the steps of two session 

recognition and migration processes; 

20 Fig. 8, which is composed of Figs. 8(a)-(d), shows a process of selecting a session 

running on a first display device, for migration to a second device; 
Fig. 9 shows the steps of a method for synchronized advertising video watching, 

performed by the embodiment; 

Fig. 10 shows the steps of a method for delivering a personalized TV station 
25 experience/performed by the embodiment; 

Fig. 11 shows the steps of a method for automatic advertising data posting, 
performed by the embodiment; 

Fig. 12 shows the steps of a process carried out by the embodiment for creating a 
synthesis image for social networks; and 

30 Fig. 13 shows a graphical user interface (GUI) for use by one of the display 
devices of the embodiment. 
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Detailed description of the embodiment 

1. Framework 

5 
Fig. 1(a) shows the generic system framework of an embodiment of the invention which 

is a multi-screen cloud social TV system. The system includes three segments: one or 
more content sources, a media cloud, and a plurality of video display devices ("video 
outlets"). We now describe these segments of the system in detail. 

10 
(i) Content Sources 

This section of the embodiment can includeany existing source of video content, or any 
such sources as are proposed in the future. The content services are illustrated as 

15 ; including video-on-demand server(s) 1 and IPTV server(s) 2. Known content sources 

falling into these categories provide: 

• Live TV Video Streams: these include not only the most traditional live video 
streams from TV channels, but also the streams from any third-party live content 
brokers such as Hulu. 

20 • On-Demand TV Video Streams: there could be either Over-The-Top (OTT) 
contents from VOD distributors, managed contents for service providers, or User 

Generated Contents (UGCs) from Digital Video Recorder (DVR) and Personal 

Video Recorder (PVR). 

25 As additionally shown in Fig. 1, the media cloud may also access further third party 
server(s) 3. These may include servers which implement a social network 3, and/or are 

Extensible Messaging and Presence Protocol (XMPP) servers. The servers 3 may 
additionally or alternatively include servers providing advertising content. The 

significance of these possibilities is discussed below. 

30 

(ii) Media Cloud 
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The media cloud is provided by a plurality of independent physical computer systems 

which cooperate to provide a single virtual computer system. Each of the plurality of 

independent physical computer systems typically has its own power source, and its own 
5 operating system, typically running according to its own system clock. Each of the 

plurality of computer systems communicates according to a pre-defined protocol with one 

or more others of the plurality of computer systems. Collectively the plurality of 
computer systems span a geographically distributed or co-located space, such that the 
plurality of computer systems include one or more pairs of computer systems which are 

10 located close to each other, or at least 10 kms apart, at least 100 kms apart or even 1000 
km apart. 

The media cloud is configured to provide the virtual computing system in the form of a 
layered service model, including three layers shown in Fig. 1(b): 

15 
1. A media cloud infrastructure. This provides "Infrastructure-as-a-Service". There 

is a resource pool powered by visualization technology in a set of data centers. Those 
resources can be utilized on demand to provide elastic computation and storage capability 
to the upper layers. 

20 2. A media service platform, relying upon the infrastructure provided by layer 1. The 

media service platform provides a "platform-as-a-service", i.e. a solution stack as a 
service. Specifically, a wide variety of tools, libraries and interfaces are provided by this 
layer. The offerings facilitate the deployment of the media cloud on resource allocation, 
cloudclone management, media service discovery and etc. Examples of tools which may 

25 be provide at this layer include (i) transcoding (that is, converting media content from one 
content protocol to another); (ii) operation of an process explained below and referred to 

as the "cloudclone". More generally, the services in this layer can be roughly classified 

into two categories: media-specific services and management-related services. Media 
services can be further divided into four classes, including: (i) media processing (e.g., 

30 encoding, decoding, transcoding, feature extraction, etc), (ii) content delivery (e.g., cache, 

prefetching, placement, streaming), (iii) media adaptation (e.g, rate adaption, rendering, 
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retargeting, mashup, etc), and (iv) media analytics (metadata analysis, tagging, 

visualization, etc). Management-related services include account management, 

authentication, device management via cloudclone, etc. 
3. A media application layer, relying upon the platform provided by layer 1. The 

5 media application layer provides "software-as-a-service". That is, the media application 
layer is a software delivery model. It instantiates the multi-screen cloud social TV system 

as a service, where the software and the major associated data are hosted on the cloud, so 

that only a thin client is required on the client side, i.e. in the video outlets. The media 
application layer provides the functionality for video streaming, for chat sessions between 

10 users, and more generality for services which are visible to users. This minimizes the 

functional requirements of the application software installed on the video outlets (see' 
below). 

(iii) Video Outlets 

15 
The term "video outlet" refers to a video display device that a user uses for video 
consumption. Such a device typically has both a screen and one or more sound 

generators. The term is used to include any video display device which exists now or will 

exist in future. It is generally in the locality of a user, and so may also be referred to as a 
20 "local device". Some video devices can be viewed by multiple people at once (e.g. a 

family), but each video display device is associated with (e.g. registered to) a single 
"user". In some circumstances one of the display devices may actually be associated with 

a plurality of people (e.g. a device which is registered as being owned by a family or a 
club), and in this case the term "user" is used to encompass this plurality of people. In 

25 other words, the various video display devices in the embodiment of Fig.l are divided 
into a plurality of. sub-sets (each sub-set including one or more of the video outlets), and 

each sub-set of video'outlets is associated with a respective one of the users. 

A certain user may add to the display device(s) associated with him by logging onto the 

30 virtual computer system with a new display device. Similarly, a certain user can reduce 
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the number of display device(s) associated with him by logging one or more of those 
devices out from the virtual computer system. 

Note that in some versions of the embodiment, a given video display device may change 
5 its association. For example, a first user may sell or lend a video display device 

associated with him to a second of the users, who registers it in his/her own name. Thus, 
the video display device has moved from the sub-set of display devices associated with 
the first user, to the sub-set of devices associated with a second user. In another example, 
a certain display device may be available for temporary use by another of multiple users, 

10 and becomes temporarily associated with a user who chooses to use it. 

In today's technology, there are three types of video outlets: 

• TV: This refers to devices 4 which are primarily designed for passive watching of 
video. Increasingly TV devices are operated to function as Internet-protocol TVs 

15 (EPTV), such that a TV becomes an Internet-connected device. The connection to 
the media cloud can be made using a set-top box 5 or a built-in Internet 

connection in the TV. 

• Laptop/PC: Laptops and PCs 6 are Internet-connected devices having a physical 

keyboard to enable content entry. They typically get access to Internet to obtain 

20 the media contents from media cloud throughout Ethernet, Wifi, or some kind of 
Internet communication protocol. 

• Tablet/Smartphones 7 are mobile devices which obtain video content wirelessly 

from media cloud via either 3G/4G networks or Wifi. 

25 Any combination of these may be used as the video outlets 4, 6,7 of the present invention 

without being modified, except that they incorporate an application (i.e. a section of 

software) configured to interact with the media cloud. In the case of a TV, the application 
may be replaced by a TV box via which the TV communicates with one of the servers of 

the media cloud. 
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The media cloud communicates with the display devices 4, 6, 7 to deliver content to 
them. It presents different graphic user interfaces to different display devices. 

The design of.the multi-screen cloud social TV system of Fig. 1 is guided by two 
5 fundamental motivation's: 

• to reduce the required hardware specifications of the content sources and media 

outlets, by offloading computing-intensive tasks into the cloud infrastructure; 

• to provide the best flexibility to all the stakeholders in the digital media value 
chain, by leveraging all three alternative cloud service models. 

10 
2. Distributed Cloudclone Architecture 

This section describes an process which runs on the virtual computer system to support 
multi-screen service orchestration. This technique is introduced to handle the scalability 

15 challenge of maintaining all the session information across different media outlets that 
are. associated with the same user. ^ . 

The generic idea of distributed cloudclone architecture is to instantiate a personal digital 
clone in the cloud to manage all the session information for the video outlets associated 

20 with a single respective user. 

Each cloudclone is instantiated on the virtual computer system. This is described in more 

detail below. The cloudclone instance will migrate in the cloud infrastructure to best 

serve its corresponding users. Finally, all the cloudclone instances form a logical ring, via 
25 a distributed hash table (DHT), to allow fast routing and information retrieval. 

Fig. 2 shows the logical structure of a personal digital cloudclone instance 10, and its 
interaction with the media outlets associated with the respective user. The user is 

associated with n display devices (media outlets) 11. The cloudclone runs a list of n 
30 virtual device threads 13, which are virtual modules of the cloudclone. Each of those 

threads 13 is mapped to one of the participatory display devices 11. A unique virtual ID is 
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used to identify each pair of them. These are denoted by VID 1,... VID n. Copies of all the 
active applications on the display devices are also running on the corresponding 
cloudclone. The profiles and status of those applications are orchestrated by the virtual 
device threads via an inter device message bus. As a result, the pairs with the same virtual 

5 ID run exactly the same applications simultaneously, and synchronize with each other 
once there is any user input from the client side. Notice that each user has another unique 

user ID, shown as User ID 1, which may be mapped into more than one of the virtual IDs. 

The cloudclone 10 includes a resource pool (system resources including computing, 

10 networking and storage capabilities), and a virtual operation system (the operating system 
of the display device running on the virtual machine), and threads for each of the n 
associated display devices 11 which manage the communication between the cloudclone 
and the respective display devices. 

15 Note that each of the display devices 11 comprises local hardware, which runs a local 

operating system. The operating system generates a graphical user interface (GUI). The 

display device 11 includes a user profile which consists of information pertaining to the 
user, and an application profile which consists of information pertaining to the specific 

application used by the user on the display device 11. For example, a certain user might 
20 run a social network application (APP) on his smartphone while watching TV on his TV 

screen. Both applications are managed by his cloudclone and embodied by a respective 
application running in the cloudclone. Each application is linked to the VID 

corresponding to the respective device. 

25 In total there are N applications running on the n display devices 11, some of which may 
be applications which are simultaneously running on two or more of the display devices 
11. As mentioned above, the cloudclone 10 duplicates these applications. To do this the 

cloudclone has modules (labeled App 1, ..App i, App i+1, ...App N) which duplicate the 

respective applications, and the inter-device message bus interfaces between the N 

30 modules which correspond to the applications, and the n modules which correspond to 
the devices. 
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Fig. 3 illustrates how the cloudclones are structured in the media cloud. A given 

cloudclone is implemented by a DHT ring of independent physical computer systems 

(servers) 12, which is a subset of all the physical computer systems which collectively 

5 form the cloud. The ring of physical server systems 12 include servers which are in direct 
communication with the display devices 11. This provides fast routing and information 
retrieval. Specifically, in the DHT key space, each cloudclone is uniquely determined by 

a key. As long as the key is specified, the route length (i.e. starting at any entry point on 
the ring, the average number of intermediate nodes that relay a request sent from the 

10 entry point to any other node on the ring) scales as 0(m), where m is the total number of 

nodes in the DHT ring. This architecture also offers high scalability (i.e., support for at 

least a hundred cloudclones, at least a thousand cloudclones, or even up to millions of 
cloudclones), autonomy, and fault tolerance. 

15 
3. Session Migration 

In this section, we describe how session migration across different media outlets works in 

the generic system framework of Figs. 1-3. 

20 
3.1 Generic Concept of Session Migration 

Session migration refers to the feature in which individual sessions on one media outlet 

can seamlessly migrate to another media outlet, with the minimum human intervention, 

25 as illustrated in Fig. 4 in which a session migrates from an EPTV to a mobile display 
device, and vice versa. This is implemented via the media cloud with which both display 

devices are in communication, although the user may not be aware of that fact. 

Each object displayed in a screen is considered as a session, providing the feasibility of 

30 migrating individual objects, while leaving other sessions undisturbed. The two devices 
involved with a migration are considered as a master device and a slave device. The 
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master device is the one which has some ongoing sessions to be migrated to the slave 
device. The slave device can also return the migrated session back to the master device 

during the session backward migration. The former is called forward session migration 
and the latter is called backward session migration. For example, the IPTV in Fig. 4 is the 

5 master device, in which there are three ongoing applications; while the mobile device is 
the slave device. It is able to take away the session 2 from the master device, and return it 

back to the master device as well. 

3.2 Generic Session Migration Flow 
10 

Fig. 5 shows the transition diagram for forward migration. The generic flow for session 
migration from the master device to the slave device includes five steps: 

• Device Authentication: The slave device uses the same user ID as used in the 
master device to log in the media cloud, so that its corresponding cloudclone can 

15 be found and utilized. After the cloudclone has successfully launched the 

according virtual machine (i.e. the thread which is part of the cloudclone, and 
which is shown in Fig. 2 by a corresponding VID label; this thread might be one 

• which is newly created, or alternatively, especially in the case that the slave 

device was previously logged in, it might be a pre-existing thread which is re-
20 activated) , the slave device gets the authentication from the media cloud. A 

simple authentication mechanism should be used. Example techniques for device 

authentication include, but are not limited to, direct login from the slave device 

with a personalized account, scanning a QR code or a color code on the master 
device, biometric authentication, or using other session recognition techniques. 

25 • Information Exchange: Once the connection between the cloudclone and the slave 
device is established, the information about the ongoing sessions running on the 

master device will be sent to the slave device via its virtual identity in the 
cloudclone. Moreover, information from the master device can be captured by the 

slave device through a sensory function of the slave device. For example, the 

30 slave device may take a video or photo of the screen of the master device, and 

extract information from that. 
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Interest Indication: Based on the session information, users can select one or more 

sessions to be migrated from the master device to the slave one, according to their 

personal interests. Intuitive human-machine interfaces can be used for this step. 

Example techniques for this purpose include, but are not limited to: using a finger 

to crop out an interesting session from a photo taken by the slave device of the 
master screen; a simple touch on the interesting session on the photo taken of the 

master screen; or other intuitive human gestures. 

Triggering Mechanism: Upon the completion of interest indication, a human-
gesture based triggering mechanism enables users to trigger the session migration 

in the most intuitive manner. Example triggering actions include, but are not 
limited to, shaking (or flipping, flicking) the slave device, pulling the slave device 
toward the user, or swinging the slave device to the left or the right. 

Session Reestablishment: The selected session(s) from the master device will be 

established on the slave device. This migration is orchestrated by the digital 

cloudclone. The original session(s) can either terminate or continue on the master 

device, depending on the system configuration. 

Fig. 6 shows the transition diagram for backward migration. The generic flow from 
session migration from the slave device back to the master device includes four steps: 

20 • Interest Indication: When returning back the sessions from the slave device to the 
master device, the users are again allowed to choose one or more sessions to be 

migrated. Intuitive human-machine interfaces should be sought in this step, for 

example, checking a box associated with each session, or simply touching a 

migrated session. 

25 • Triggering Mechanism: Similar to the forward session migration, an event based 

triggering mechanism enables convenient session migration trigger from the 
users. For example, the user can literally "throw" the chosen session back to the 
master device. Other possible triggers actions include pushing the slave device 
away from the user and toward the master screen. It is also possible to use a voice 

30 command to trigger session migration. 

10 

15 
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• Authentication: During the backward session migration, the migration request 

should contain the information about the ID of master device, which is obtained 

during the forward session migration. The according virtual machine will be 

configured to make ready to process the migration. 

5 • Session Reestablishment: Finally, the selected sessions will be terminated on the 
slave device. Simultaneously, this session is reestablished on the master device if 
it was previously terminated on the master device. 

3.3 Session Migration Implementation 

10 
In this section, we describe a system which implements the session migration process 
described generically above. 

Fig. 7(a) illustrates the steps of the forward session migration process. Initially, we 
15 assume that one or more ongoing sessions are running on both the master device and its 

cloudclone (step 0 in Fig. 7(a)). To start a session migration, the user is required to log 
the slave device into the cloud to get authentication (step 1). Upon the confirmation (step 
2), the session information on the master device is then sent to the slave device (step 3). 
Although for the sake of simplicity step 3 is illustrated as including a direct message from 

20 the Television to the mobile device, in fact all information flow is conducted via the 
cloudclone. In a variant of the embodiment, the application layer of the master and slave 

device operating system may include software such that no separate login authentication 

will be required. 

25 The user of the slave device may indicate interest in one or more sessions running on the 

master device by choosing them. This is conveniently done by indicating a region of 

interest (ROI) (step 4). The ROI may be on the screen of the master device. Alternatively, 
if the slave device itself displays regions corresponding to the ongoing sessions (for 

example, the slave device may display an image of the screen of the master device), by 
30 selecting a region of interest on the slave device screen. 
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The user sends a session migration request via the user interface of the slave device to the 

cloud for the one or more selected sessions to be migrated via the user interface (step 5). 

Based on this request, the cloudclone will process to recognize the sessions (step 6) and 
send a message to. the slave device seeking a confirmation (step 7). After the user 

receives this confirmation message, he/she can trigger the session migration (step 8). 
Finally, the selected sessions on the master device are either terminated or left to run 
concurrently on their own (step 9), and a new synchronization process is established 
between the slave device and the cloud to reestablish the selected sessions (step 10). The 
selected sessions then continue to run on the slave device (step 11). 

Fig. 7(b) illustrates the implemented workflow of the backward session migration. Again, 
the figure assumes there are ongoing sessions running on both the slave devices and the 
corresponding cloudclone at the beginning (step 0). Again the user chooses a session 
(step l),and sends an interest indication to the cloud (step 2). The cloud recognizes this 

15 (step 3), and sends a confirmation request (step 4). By the user giving this confirmation 

(step 5), the backward session migration can be triggered. Finally, the session 

reestablishment is processed: the session on the slave device is either terminated or left to 

run concurrently on its own(step 6), and the selected sessions are migrated back to the 

master device (step 7), where they continue to run (step 8). 

20 4. Session Recognition and Migration 

In this section, we discuss two processes, either or both of which may be carried out by the 
embodiment, to recognize sessions which are to be transferred. We also explain how the 
embodiment completes the session migration of Section 3. 

In a first of the two processes, it is assumed that the user wishes to perform a transfer such 
25 as the one illustrated in Fig. 4 and Fig. 7(a), and has for that purpose used a slave device 

with a camera to capture one or more images of the screen of a master device (the "origin 
screen"). The screen of the master device includes multiple areas corresponding 

respectively to multiple sessions running on the master device. An example of a possible 

origin screen is shown in Fig. 8(a), and the captured image is shown in Fig. 8(b). The 
30 captured image is then used to recognize one of the sessions, and initiate the migration. 
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There are four steps involved in the session recognition and migration: screen edge 

detection, image correction, region of interest (ROI) extraction, and session migration 

triggering. These steps are performed by the application in the slave device. 

4.1 Screen Edge Detection 

5 The captured images inevitably contain some surrounding information. The target of screen 

edge detection is to extract the real display zone. The screen edge detection relies on a set 
of assisted position markers which the origin screen is arranged to display. Inspired by the 

implementation of QR code, the embodiment places three position detection patterns on the 
left top, right top, and left bottom corner respectively, and one alignment marker on the 

10 right corner. These areas are the squares at the corners of Fig. 8(a). 

It is assumed that the captured image of the origin screen is a colour image. If so, prior to 
applying the edge detection algorithm, the embodiment uses a thresholding method to turn 

the captured color image into a binary one, which is much easier to process, and the 
processing time can be shortened as well. Then the embodiment performs a scan line 

15 operation to find the position detection patterns and the alignment marker on the binary 
image. Specifically, according to the feature of those markers, the algorithm detects them 
by three steps. First, it tries to find 7 horizontal concessive pixels following 1:1:3:1:1 for 
position detection patterns (1:1:1:1:1 for alignment marker) in alternative black and white 

style in sequence, to determine a list of potential candidates. Second, the algorithm verifies 
20 those candidates by checking their vertical patterns. If some of them do not follow the same 

style, the embodiment filters them out of the candidate list. Finally, if the candidate list 
contains less than three position detection patterns, then the screen edge detection has to be 

re-conducted by automatically capturing a new image. Otherwise, if there are more than 

three candidates, the embodiment selects the most likely three by considering their 
25 expected coordinates. 

4.2 Image Correction 
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Since the captured images usually suffer from distortion, rotation and offset, having the 
edge information is not enough to retrieve the image as shown in the main screen. An 

image correction algorithm is required to re-sharp the captured image. The embodiment 
uses an algorithm to do this which is based on a pinhole camera model and uses a camera 

5 matrix to correct the image by normalizing every coordinates. Specifically, in the pinhole 
camera model, we consider the mapping from the coordinates on the corrected image to 
the captured one, which can be given by, 

(x A L "N a b c (r 

K = y = d e f j 

I1; i 
I 

C*
0 lu 

where K refers the coordinate (x,y, 1 ) on the desired image after correction, L is the 
10 coordinate (i,j, 1) on the captured image, T is the camera matrix, standing for the 

projection from L to K . In T , a, b, c, d, e, f g, h are all constant parameters, which 
define each Specific projection. By substituting L with the captured coordinates of the 

position detection patterns and alignment marker, and K with the corresponding 
coordinates of those marker after correction, we can determine all the constant parameters. 

15 By multiplying both sides of Eqn. (1) by T " 1 , we have, 

'a b \ c -1 fx) 
L = j = T1K = d e f 

J h 1 J 
In this way, we can fill each single pixel (x,y,l ) on the corrected image by finding the 
corresponding one (ij,l ) on the captured image. Notice that if the mapped coordinates i 

and j are non-integer, we adopt linear interpolation to calculate an approximate pixel based 

20 on the neighboring ones. Fig. 8(c) shows the image of Fig. 8(b) after the correction. 

4.3 Extract Region of Interest 

The extraction of region of interest (ROI) is a process to map the selected coordinate on 

the mobile device into the particular ongoing sessions. Specifically, the users are required 
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to touch one or more interested sessions to be transferred on the corrected image via the 
touch screen. Then the selected coordinates of touch points will be sent to the media 
cloud to determine which sessions are to be transferred. 

5 Due to the different screen size and resolution of different devices, the corrected image, 

which is displayed on the mobile device, may zoom in/out the origin image on the main 
screen with some offsets. As a result, we still have to re-size the captured image. 
Assuming the corrected image has been zoomed in for J- times with an offset t (tx,ty), we 

could map any of its point p ( x, y) to the according one P Q(X0, yo) on the main screen as, 

10 P0 = (p-t)A. (3) 

As a result, the media cloud calculates the real coordinates Po according to. the touch 
points p sent from the mobile devices, and then the sessions can be determined. Fig. 8(d) 
shows the image of Fig. 8(c) with an extracted ROI highlighted. 

4.4 Alternative method of session selection 

15 We now turn to the second process which may be used by the embodiment for selecting 
processes for transfer. In this alternative, the cloudclone is triggered (e.g. by a request 

from the slave device) to generate a synthetic image having areas representing sessions 
running on the master device, and transmitting the synthetic image to the slave device for 
display on the screen of the slave device. Using the synthetic image, the user can easily 

20 select an area of interest on the screen of the slave device, and input a command to cause 

the corresponding session to migrate to the slave device. 

4.5 Session Transfer Trigger 

Once a session has been selected for transfer using the process of steps 4.1-4.3 or step 
25 4.4, a trigger mechanism is needed to inform the media cloud to fulfill it. 



19 

The most intuitive and comfortable way is for the user to perform a gesture which is a 
trigger. This can be implemented by talcing advantage of an accelerometer or any other 

type of sensor which is provided in a mobile device. Specifically, the embodiment can 
capture gestures such as flipping in and out. Once such gestures are completed by the 

v : 
5 users, the session transfer is triggered. The media cloud can either maintain or terminate 

the ongoing sessions on the main screen, after transferring those sessions to the mobile 
device. 

10 5. Video Redistribution over Multi-screen Cloud Social TV 

We now tum to two applications of the embodiment of Fig. 1 which exploit the 
possibility of the cloudclone being able to employ pre-stored relationships (social 
network information) between users, such as being able to interact with a server which 

15 operates a social network. A first of these applications is to permit redistribution of 
videos, such as advertising material, between multiple users. 

The embodiment can do this in three ways: 

1) Synchronized video watching with remote friends. When a viewer is watching an 
20 video, such as an advertising video, on the multi-screen cloud social TV platform, he /she 

can share it with his /her online friends. As a result, they can watch the same video at the 
same pace, and have video/text chatting to discuss the playing advertisement at the same 
time. 
2) Personalized TV station. A viewer can arrange a set of videos (including 

25 advertising videos and other media contents) into a personalized playing list. Then he/she 
can post this list to his social network. As a result, once his/her friends view this list, the 
videos will play in the order defined by the viewer. Thus, a personalized TV station 
experience is achieved. 
3) Automatically posting videos, such as advertising videos, and related information 

30 to social networks. When a viewer is watching video on TV, he/she can transfer the 

ongoing video from TV screen to a mobile device by making a simple gesture (e.g., 
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flipping the mobile device). Then the video as well as any related advertising information 
(e.g., commodity details, price, comments by others, and purchasing link, etc.) will show 
in the mobile device. Furthermore, this record maybe automatically posted to. this user's 
social networks. Thus, the advertising has been redistributed to his/her friend(s). . 

5 
These three possibilities have several advantages over known systems for sharing videos 
such as advertising material: 

1) Advanced User Experience. Users do not need to fulfill complicated operations to 
redistribute advertisements. All the intelligence is hidden in the cloud. 

10 2) The technique fully takes advantage of social network information. Users only 

redistribute the advertisements to their friends, who they think will be probably interested 
in those contents. This scheme can help to improve the advertising effectiveness. 
3) Scalability and Flexibility. Since the embodiment uses cloud computing 
technology, the advertisement redistribution application can be scalable and flexible 

15 when the number of user requests goes up and down. 

Fig. 9 shows how watching of video (such as an advertising video) can be synchronized 

between users of the embodiment. Let us assume that there are two users: User A and 

User B who have a predefined relationship (they are "friends"). It is also assumed that 
20 they are both online when the process of Fig. 8 commences. User A is watching a video, 

such as an advertising video ("step 0"), and he/she wants to share it with User B. 

Step 1. To start this synchronized advertising video watching, user A should first send an 
invitation to user B via the media cloud. 

25 Step 2. The media cloud forwards the invitation to User B. 
Step 3. User B accepts/declines this invitation. 

Step 4. After User B accepts the invitation, the media cloud will synchronize the two 

cloudclones to make them have the same session information (e.g., video playing). 

Step 5. Both User A and User B are watching the same thing at the same pace. Since User 

30 A is the initiator, he/she can control the video playing (e.g., pause, forward, and 
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backward), while User B always have the same view, because their cloudclones are 

synchronized in the cloud. 

Fig. 10 shows how the embodiment can be used to produce a personalized TV station 

5 experience. Let us assume that User A wants to share a few videos with his/her friend, 
User B. 

Step 1. User A first obtains video information (e.g., video name, introductions, etc.) from 
the media cloud. 
Step 2. User A can pick some of those videos, and arrange them into a personalized list in 

10 any order. 
Step 3. User A uploads this list to the media cloud. 

Step 4. The cloud posts this list to the user's social network, so that all his/her friends can 
view it. 
Step 5. One of User A's friends, User B, wants to watch the listed videos, and sends a 

15 viewing request to the media cloud. 
Step 6. The cloud automatically maps this list to those corresponding content sources. 
Step 7. The cloud streams the videos to User B. 

In this way, User A creates a personalized TV station, and those listed videos are -
redistributed to User B. 

20 
Fig. 11 shows how the embodiment can be used to produce automatic advertising data 
posting. Assume that one user is watching advertising video on a TV screen-, and he/she 
wants to find more details (e.g., price, purchasing link, comments, etc.) about this 
advertisement by using a mobile device. 

25 
Step 1. The user may use any mobile device (e.g., mobile phone, tablet) to request a 

transfer of the ongoing sessions from the TV screen to the mobile device. 
Step 2. After the media cloud receives the transfer request, it will retrieve the related 

information about the playing advertising video. 

30 Step 3. When all the information is retrieved, it will be sent to the mobile device. 
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Step 4. At the same time, the cloudclone may also automatically post this viewing record 
to the user's social network. 

6. Sharing a composite media objects using Social Networks 

5 
A second application of the embodiment of Fig. 1 which exploits the possibility of the 

cloudclone being able to employ pre-stored relationships (social network information) 

between users, is to use it to generate a composite medial object ("synthesis image") and 

share it shared based on those relationships. 

10 
The key idea is that when a viewer is watching a TV program in front of the TV screen, 
he/she can collect the current real-time video frame from TV screen to mobile device by 
performing a simple gesture (e.g., flipping the mobile device). The viewer can choose to 
collect a number of images as the ongoing TV program is playing. When he/she has 

15 finished the collection, those images will be automatically synthesize into a new. one (the 
synthesis object) according to some pattern. Finally, the synthesis image will be posted to 
the viewer's social networking website. 

This approach has the following advantages: 

20 1) Advanced User Experience. Users do not need to fulfill complicated operations to 

post synthesis images based on real-time TV programs. All the intelligence is hidden in 
the cloud. Users can just focus on the contents. 

2) Scalability and Flexibility. Since the embodiment uses cloud computing 
technology, the application can be scalable and flexible when the number of user requests 

25 goes up and down. 

Fig. 12 shows the steps of the method for creating and sharing the synthesis image using 
a social network. Assuming a user is initially watching TV'programs in front of a TV 

screen, and he/she wants to share some chosen frames of the playing program with 

30 his/her friends. In this case, the method works as follows. 
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Step 1. The user sends a frame capture request to the user's cloudclone by flipping a 
mobile device which is connected to the cloudclone. 

Step 2. Upon receiving the user request, the cloudclone will cache the current frame of 
the playing program, and send it to the user's mobile device. 

5 Step 3. The user needs to decide whether to capture more frames. If yes, go to step 1, 
otherwise, go to step 4. 

Step 4. The cloudclone synthesizes the set of captured images into a new one, according 

to any user defined pattern. 
Step 5. The synthesis image is automatically posted to the social networking websites , by 

10 using the associated account. 

7. Front-End User Features 

We illustrate the set of front-end user features via the schematic web GUI in Figure 13 
15 which is generated by one of the display devices of Fig. 1. The GUI permits the user to 

perform the following functions, using the areas of the GUI which are labeled in Fig. 13 

by the corresponding numbers: 

1) Content acquisition from diverse sources: the system will provide a "one-button" 
20 method, with flexible configuration capability, for consumers to acquire video contents 

from different sources, including local DVRs, OTT content portals (e.g., Youtube), 
shared resources from friend/family, and live TV streams. In this system, the content, 

once acquired from its original source, is stored securely in the cloud. 

25 2) Adaptive video streaming player: the video playback feature has self-adjusting 
capability to match the conditions in the network, screen size, content format, and user 
preference. This feature enables better QoE for the consumers, in a changing 

environment. For example, the video quality can be adjusted in response to the wireless 
channel condition, minimizing the probability of freezing frames. 

30 
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3) Communication by text, voice and video over private and public social 
networking: the prototype will provide this function for the end users to communicate 
their friends from both private group and public social networking profiles, while 
watching the video clip. In addition to the PIP (Picture in Picture) composition as 

5 provided by other social TV applications, the embodiment uses the video session 
migration feature to allow the user to migrate the communication session from the TV 

screen to other devices (smartphone, tablet, etc) to best explore the interaction capability 

of these smaller screens, thus offering a better QoE to ease user adoption and increase 

user stickiness. 
10 

4) Video session migration enables the viewers to migrate video sessions across 
multiple screens with intuitive HCI techniques, minimizing the learning process. 

5) User metadata for contents: Making interactive marketing real time is another 
15 significant value proposition. The system allows the users to insert comments (e.g., text, 

voice, picture, video) associated with the video clip in different time stamps. These user 
generated contents will be published along the video of focus for community 
consumption. These UGCs can be used for example, to mine social-directed content 

commendation, ad insertion, and marketing research and feedback, etc. 
20 

6) Collaborative content overlay: the system allows multiple viewers to edit the 
video clip on the main screen with additional content overlay. These changes are 
published associated with the main content for differentiated consumption. One 
application of this feature is enabling multiple-user video editing remotely, making it 

25 possible to engage the power of a global team without the associated cost of distance. 
Online e-leaming is another potential application of this feature. 
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Claims 

1. An apparatus comprising a plurality of independent physical computer systems 
arranged to cooperate to implement a virtual computer system, 

5 the virtual computer system being arranged to communicate with multiple video 
display devices each of which has at least one screen, the video display devices having 

predefined relationships with a plurality of users whereby each of the users is associated 
with a respective sub-set of the display devices; 

the virtual computer system being arranged to communicate with a plurality of 
10 databases storing media content, and to deliver the media content selectively to the video 

display devices, 
the virtual computer system being arranged to perform, for each said user, a 

respective process referred to as a cloudclone, 

each cloudclone including: 
15 respective threads for each of the corresponding sub-set of video display devices, 

which manage the transfer of media content to the corresponding sub-set of video display 
devices; 

one or more applications which obtain media content from at least one of the 

databases; and 
20 a message bus which transfers content from the one or more applications 

selectively to the threads. 

2. An apparatus according to claim 1 for which, when for one or more of said users 
there are a plurality of said display devices in the corresponding sub-sets of display 

25 devices, each of the corresponding cloudclones run a respective computing thread for 

each of the display devices in the respective sub-set of display devices, each of the 

threads mimicking processes running on the corresponding display device. 

3. An apparatus according to claim 1 in which each of the cloudclones is performed 

30 by a respective sub-set of the plurality of independent computer systems which are 
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associated pairwise by key data contained in the cloudclone, and which include computer 
systems which communicate with the corresponding sub-set of display devices. 

4. An apparatus according to claim 1 in which the key data for each cloudclone 

5 associates the respective sub-set of the independent computer systems as a respective 
distributed-hash-table ring. 

5. An apparatus according to claim 1 in which the virtual computer system is 
arranged to operate as a plurality of layers, comprising: 

10 a media cloud infrastructure layer; 

a media service platform, relying upon the media cloud infrastructure layer, and 
comprising a library of tools; 

a media application layer, relying upon the media service platform, and providing 
services visible to the users. 

15 
6. An apparatus according to any preceding claim which is operative to modify any 
of said cloudclones to add a new display device to the corresponding sub-set of display 

devices, by initiating a corresponding thread within the cloudclone. 

20 7. An apparatus according to any preceding claim which is operative, when the 

message bus of a cloudclone is streaming content to a first of the corresponding sub-set of 
display devices, to perform a first session migration operation of modifying the operation 

of the message bus to begin to stream the content to a second of the sub-set of display 
devices. 

25 
8. An apparatus according to claim 7 in which during the first session migration 

operation, the streaming of the content to the first display device is interrupted; 

the apparatus further being operative to perform a second session migration 

operation in which the apparatus ceases streaming the content to the second display 

30 device, and recommences transmission to the first display device. 
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9. An apparatus according to claim 7 which is operative to simultaneously stream 
multiple sessions to the first display device for simultaneous display in respective regions 

of the screen of the first display device, and to transfer a selected one of the session to the 
second device in the first session migration operation. 

- 5 

10. An apparatus according to claim 9 in which the second display device is 

configured to display on its screen an image including a plurality of regions, the regions 
corresponding to the respective sessions on the first display device, and the selection is by 

selection of the corresponding region of the screen. 

10 
11. An apparatus according to claim 10 in which the image is obtained by image 
capture from the screen of the first display device. 

12. An apparatus according to claim 10 in which the image is generated by the virtual 
15 computer system based on data in the cloudclone. 

13. An apparatus according to any of claims 7-12 in which the virtual computing 
system receives a trigger for one of the session migration operations in the form of a 

signal indicative of motion of one of the display devices. 
20 

14. An apparatus according to any preceding claim wherein each cloudclone includes 
one or more applications, 

each application being associated with one or more of the corresponding sub-set 

of display devices, mimicking an application running on the one or more display devices, 

25 and controlling the presentation of content on the one or more display devices. 

15. An apparatus according to any preceding claim in which the cloudclone is 

operative to access predefined social data which for each of first ones of the users defines 

a corresponding set of second ones of the users; 
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the apparatus being operative based on actions by each first user to modify media 
content delivered to at least one of the display devices associated with the corresponding 
set of second users. 

5 16. An apparatus according to claim 15 in which is operative to modify the 
cloudclones of the second users to receive a video stream which is selected by the first 
user and simultaneously streamed to the first user. 

17. An apparatus according to claim 15 in which is operative to modify the 
10 cloudclones of the second users to receive a video stream which is pre-selected by the 

first user. 

18. An apparatus according to claim 15 which is operative to receive from each first 
user a selection of images from content streamed to the first user, and to make the 

15 selected images available to the corresponding set of second users. 

19. An apparatus according to any of claims 15-18 which is operative to receive text 
input from the first user, and display the text input to the second users. 

20 20. An apparatus comprising a plurality of independent physical computer systems 

arranged to cooperate to implement a virtual computer system, 
the virtual computer system being arranged to communicate with multiple video 

display devices each of which has at least one screen, the video display devices having 
predefined relationships with a plurality of users whereby each of the users is associated 

25 with a respective sub-set of the display devices; 
the virtual computer system being arranged to communicate with a plurality of 

databases storing media content, and to deliver the media content selectively to the video 

display devices, 

the virtual computer system being arranged to perform, for each said user, a 

30 respective process referred to as a cloudclone, to control delivery of media content from 
the databases to the corresponding sub-set of the display devices; 
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the virtual computer system further being operative to access predefined social 
data which for each of first ones of the users defines a corresponding set of second ones 

of the users, and, based on actions by each first user, to modify media content transmitted 
by the virtual computer system to at least one display device associated with each of the 

5 corresponding set of second users. 

21. A method for performance by a plurality of independent computer systems 
arranged to cooperate to implement a virtual computer system, to deliver media content 

to multiple video display devices each of which has at least one screen, the video display 
10 devices having predefined relationships with a plurality of users whereby each of the 

users is associated with a respective sub-set of the display devices; 

the method including performing, for each said user, a respective process referred 
to as a cloudclone; 

each cloudclone including: 
15 respective threads for each of the corresponding sub-set of video display devices, 

which manage the transfer of media content to the corresponding sub-set of video display 
devices; 

one or more applications which obtain media content from at least one content 

database; and 
20 a message bus which transfers content from the one or more applications 

selectively to the threads. 

22. A method according to claim 21 further including modifying the message bus 
thereby causing video which is being streamed to a first of the corresponding sub-set of 

25 display devices to be streamed to a second of the corresponding sub-set of display 
devices. 

23. A method for performance by a plurality of independent computer systems 
arranged to cooperate to implement a virtual computer system, to deliver media content 

30 to multiple video display devices each of which has at least one screen, the video display 
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devices having predefined relationships with a plurality of users whereby each of the 
users is associated with a respective sub-set of the display devices; 

the method including performing for each said user, a respective process referred 
to as a cloudclone, to control delivery of media content from the databases to the 

5 corresponding sub-set of the display devices; 

the virtual computer system further being operative to access predefined social 

data which for each of first ones of the users defines a corresponding set of second ones 
of the users, and, based on actions by each first user, to modify media content transmitted 

by the virtual computer system to at least one display device associated with each of the 
10 corresponding set of second users. 


