
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(19) World Intellectual Property 
(1) Organization11111111111111111111111I1111111111111i1111liiiii 

International Bureau (10) International Publication Number 

(43) International Publication Date W O 2023/149835 Al 
10 August 2023 (10.08.2023) W IPO I PCT 

(51) International Patent Classification: (72) Inventors: BJORKMAN, Andreas; Stenkilsvaigen 13, 187 
H04N 21/234 (2011.0 1) H04N 7/15 (2006.0 1) 77 TABY (SE). NILSSON, Anders; Sankt Olofsgatan 22, 
H04L 12/18 (2006.01) H04N21/2187(2011.01) 52147 FALKOPING (SE). ERLMAN, Lars; Pipblisarvai

gen 12, 793 35 LEKSAND (SE). BLANKENS, Per; En(21) International Application Number:mnstgB126NB ER SESOQ ST 
PCT/SE2023/050090 mansvaig 6B3, 182 46 ENEBYBERG (SE). SORQVIST, 

Maxx; Vallvagen 7, 746 36 BALSTA (SE). RAG
(22) International Filing Date: NARSSON, Marcus; Ostanvindsgatan 13 c, 417 17 GOTE

03 February 2023 (03.02.2023) BORG (SE).  

(25) Filing Language: English (74) Agent: NORENS PATENTBYRA AB; Box 10198, 100 

(26) Publication Language: English 55 STOCKHOLM (SE).  

(30) Priority Data: (81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 

2250113-4 04February2022(04.02.2022) SE AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, 
(71) Applicant: LIVEARENA TECHNOLOGIES AB CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM, 

[SE/SE]; Box 112 08,100 61 STOCKHOLM (SE). DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, 
HN, HR, HU, ID, IL, IN, IQ, I, IS, IT, JM, JO, JP, KE, 
KG, KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, 

(54) Title: SYSTEM AND METHOD FOR PRODUCING A VIDEO STREAM 

Fig.9 

S1 Start 

S2 Collect first and second primary streams 

S3 Deliberately delayfirst and/or second primary streams 

S4 Produce shared video stream based on first but not second primary 
stream 

S5 Detect trigger 

S6 Produce shared video stream based on second primarystream 

Produce shared video stream based on first primary stream but 
S7 with cropping, zooming, panning and/or focus shift of first 

primary stream 

S8 Publish first produced video stream 

S9 End 

(57) Abstract: Method for providing a shared digital video stream, comprising in a collecting step (S2), collecting a first and a second 
I digital video stream; in a first production step (S4), producing the shared stream based on said first stream so that said first source is 

visible in the shared stream, but so that said second source is not visible in the shared stream; in a trigger detection step (S5), analysing 
said first and/or second stream to detect a trigger, based on detection of a predetermined image and/or audio pattern, the trigger being 

" a detected gazing or a gesture; in a second production step (S6,S7), producing the shared stream based on said second stream and/or 
based on said first source but with at least one of a different cropping, a different zooming, a different panning or a different focus 

enplane selection; and in a publishing step (S8), providing said output stream to a consumer. The invention also relates to a computer 
software product and to a system.
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System and method for producing a video stream 

The present invention relates to a system, computer software product and method for pro

ducing a digital video stream, and in particular for producing a digital video stream based 

5 on two or more different digital input video streams. In preferred embodiments, the digital 

video stream is produced in the context of a digital video conference or a digital video con

ference or meeting system, particularly involving a plurality of different concurrent users.  

The produced digital video stream may be published externally or within a digital video con

ference or digital video conference system.  

10 

In other embodiments, the present invention is applied in contexts that are not digital video 

conferences, but where several digital video input streams are handled concurrently and 

combined into a produced digital video stream. For instance, such contexts may be educa

tional or instructional.  

15 

There are many known digital video conference systems, such as Microsoft Teams, 

Zoom© and Google® Meet, offering two or more participants to meet virtually using digital 

video and audio recorded locally and broadcast to all participants to emulate a physical 

meeting.  

20 

There is a general need to improve such digital video conference solutions, in particular with 

respect to the production of viewed content, such as what is shown to whom at what time, 

and via what distribution channels.  

25 For instance, some systems automatically detect a currently talking participant, and show 

the corresponding video feed of the talking participant to the other participants. In many 

systems it is possible to share graphics, such as the currently displayed screen, a viewing 

window or a digital presentation. As virtual meetings become more complex, however, it 

quickly becomes more difficult for the service to know what of all currently available infor

30 mation to show to each participant at each point in time.
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In other examples a presenting participant moves around on a stage while talking about 

slides in a digital presentation. The system then needs to decide whether to show the 

presentation, the presenter or both, or to switch between the two.  

5 It may be desirable to produce one or several output digital video streams based on a num

ber of input digital video streams by an automatic production process, and to provide such 

produced digital video stream or streams to one or several consuming entities.  

However, in many cases it is difficult for a dynamic conference screen layout manager or 

70 other automated production function to select what information to show, due to a number 

of technical difficulties facing such digital video conference systems.  

Firstly, since a digital video meeting has a real-time aspect, it is important that latency is 

low. This poses problems when different incoming digital video streams, such as from dif

15 ferent participants joining using different hardware, are associated with different latencies, 

frame rates, aspect ratios or resolutions. Many times, such incoming digital video streams 

need processing for a well-formed user experience.  

Secondly, there is a problem with time synchronisation. Since the various input digital video 

20 streams, such as external digital video streams or digital video streams provided by partici

pants, are typically fed to a central server or similar, there is no absolute time to synchronise 

each such digital video feed to. Like too high latency, unsynchronised digital video feeds will 

lead to poor user experiences.  

25 Thirdly, multi-party digital video meetings can involve different digital video streams having 

different encodings or formats, that require decoding and re-encoding in turn producing 

problems in terms of latency and synchronisation. Such encoding is also computationally 

burdensome and therefore costly in terms of hardware requirements.  

30 Fourthly, the fact that different digital video sources may be associated with different frame 

rates, aspect ratios and resolutions may also result in that memory allocation needs may



WO 2023/149835 PCT/SE2023/050090 

3 

vary unpredictably requiring continuous balancing. This potentially results in additional la

tency and synchronisation problems. The result is large buffer requirements.  

Fifthly, participants may experience various challenges in terms of variable connectivity, 

5 leaving/reconnecting etc., posing further challenges in automatically producing a well

formed user experience.  

These problems are amplified in more complex meeting situations, for instance involving 

many participants; participants using different hardware and/or software to connect; ex

70 ternally provided digital video streams; screen-sharing; or multiple hosts.  

The corresponding problems arise in said other contexts where an output digital video 

stream is to be produced based on several input digital video streams, such as in digital 

video production systems for education and instruction.  

15 

Swedish application SE 2151267-8, which has not been published at the effective date of 

the present application, discloses various solutions to the above-discussed problems.  

Swedish application 2151461-7, which also not been published at the effective date of the 

20 present application, discloses various solutions specific to the handling of latency in multi

participant digital video environments, such as when different groups of participants are 

associated with different general latency.  

There are still problems related to achieving an automated production of a meeting of the 

25 above-discussed types. In particular, in case several cameras are available in such an auto

mated production, it has proven difficult to use the respective image output of such cam

eras in a way that feels natural and intuitive to a participant of the meeting.  

The present invention solves one or several of the above described problems.  

30
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Hence, the invention relates to a method for providing a shared digital video stream, the 

method comprising in a collecting step, collecting from a first digital video source a first 

digital video stream and from a second digital video source a second digital stream; in a first 

production step, producing the shared digital video stream as an out-put digital video 

5 stream based on consecutively considered frames of said first digital video stream so that 

image information from said first digital video source is visible in the shared digital video 

stream, but so that image information from said second digital video source is not visible in 

the shared digital video stream; in a trigger detection step, automatically detecting a trigger 

by performing at least one of a) digitally analysing said first digital video stream to automat

70 ically detect the trigger in the form of a participant depicted in the first digital video stream 

gazing towards, or making a predetermined gesture in relation to, an object depicted in said 

second digital video stream, the detection being based on information about a relative ori

entation of the first camera, said participant and said object, the detection further being 

based on a digital image-based determination of at least one of a body direction, a head 

75 direction, a gaze direction and a gesture direction of the participant in question; and b) dig

itally analysing said first and/or second digital video stream to automatically detect the trig

ger in the form of a transition of a gaze direction of the participant depicted in said second 

digital video stream from not gazing into the second camera to gazing into the second cam

era, the trigger being instructive, according to a predetermined production rule, to alter the 

20 production mode of the shared digital video stream; in a second production step, initiated 

in response to the detection of said trigger, producing the shared digital video stream as an 

output digital video stream based on consecutively considered frames of said second digital 

video stream so that image information from said second digital video source is visible in 

the shared digital video stream, and/or producing the shared digital video stream as an out

25 put digital video stream based on consecutively considered frames of said first digital video 

source but with at least one of a different cropping, a different zooming, a different panning 

or a different focus plane selection of said first digital video stream as compared to the first 

production step (S4); and in a publishing step, continuously providing said output digital 

video stream to a consumer of the shared digital video stream.  

30
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Furthermore, the invention relates to a computer software product for providing a shared 

digital video stream, the computer software function being arranged to, when executing, 

perform a collecting step, wherein a first digital video stream is collected from a first dig

ital video source and a second digital stream is collected from a second digital video source; 

5 a first production step, wherein the shared digital video stream is produced as an output 

digital video stream based on consecutively considered frames of said first digital video 

stream so that image information from said first digital video source is visible in the shared 

digital video stream, but so that image information from said second digital video source is 

not visible in the shared digital video stream; a trigger detection step, wherein a trigger is 

10 automatically detected by performing at least one of a) digitally analysing said first digital 

video stream to automatically detect the trigger in the form of a participant depicted in the 

first digital video stream gazing towards, or making a predetermined gesture in relation to, 

an object depicted in said second digital video stream, the detection being based on infor

mation about a relative orientation of the first camera, said participant and said object, the 

75 detection further being based on a digital image-based determination of at least one of a 

body direction, a head direction, a gaze direction and a gesture direction of the participant 

in question; and b) digitally analysing said first and/or second digital video stream to auto

matically detect the trigger in the form of a transition of a gaze direction of the participant 

depicted in said second digital video stream from not gazing into the second camera to gaz

20 ing into the second camera, the trigger being instructive, according to a predetermined pro

duction rule, to alter the production mode of the shared digital video stream; a second pro

duction step, initiated in response to the detection of said trig-ger, wherein the shared dig

ital video stream is produced as an output digital video stream based on consecutively con

sidered frames of said second digital video stream so that image information from said sec

25 ond digital video source is visible in the shared digital video stream, and/or the shared dig

ital video stream is produced as an output digital video stream based on consecutively con

sidered frames of said first digital video source but with at least one of a different cropping, 

a different zooming, a different panning or a different focus plane selection of said first 

digital video stream as compared to the first production step; and a publishing step, wherein 

30 said output digital video stream is continuously provided to a consumer of the shared digital 

video stream.
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Moreover, the invention relates to a system for providing a shared digital video stream, the 

system comprising a central server in turn comprising a collecting function, arranged to col

lect from a first digital video source a first digital video stream and from a second digital 

5 video source a second digital stream; a first production function, arranged to produce the 

shared digital video stream as an output digital video stream based on consecutively con

sidered frames of said first digital video stream so that image information from said first 

digital video source is visible in the shared digital video stream, but so that image infor

mation from said second digital video source is not visible in the shared digital video stream; 

70 a trigger detection function, arranged to automatically detect a trigger by performing at 

least one of a) digitally analysing said first digital video stream to automatically detect the 

trigger in the form of a participant depicted in the first digital video stream gazing towards, 

or making a predetermined gesture in relation to, an object depicted in said second digital 

video stream, the detection being based on information about a relative orientation of the 

75 first camera, said participant and said object, the detection further being based on a digital 

image-based determination of at least one of a body direction, a head direction, a gaze di

rection and a gesture direction of the participant in question; and b) digitally analysing said 

first and/or second digital video stream to automatically detect the trigger in the form of a 

transition of a gaze direction of the participant depicted in said second digital video stream 

20 from not gazing into the second camera to gazing into the second camera, the trigger being 

instructive, according to a predetermined production rule, to alter the production mode of 

the shared digital video stream; a second production function, arranged to be initiated in 

response to the detection of said trigger, and to produce the shared digital video stream as 

an output digital video stream based on consecutively considered frames of said second 

25 digital video stream so that image information from said second digital video source is visi

ble in the shared digital video stream, and/or to produce the shared digital video stream as 

an output digital video stream based on consecutively considered frames of said first digital 

video source but with at least one of a different cropping, a different zooming, a different 

panning or a different focus plane selection of said first digital video stream as compared to 

30 the first production function; and a publishing function, arranged to continuously provide 

said output digital video stream to a consumer of the shared digital video stream.
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In the following, the invention will be described in detail, with reference to exemplifying 

embodiments of the invention and to the enclosed drawings, wherein: 

5 Figure 1 illustrates a first exemplifying system; 

Figure 2 illustrates a second exemplifying system; 

Figure 3 illustrates a third exemplifying system; 

Figure 4 illustrates a central server; 

Figure 5 illustrates a first method; 

10 Figures 6a-6f illustrate subsequent states in relation to the different method steps in the 

method illustrated in Figure 5; 

Figure 7 illustrates, conceptually, a common protocol; 

Figure 8 illustrates a fourth exemplifying system; 

Figure 9 illustrates a second method; and 

75 Figures 10a-11b illustrate, from above and in various configurations, cameras and partici

pants.  

All Figures share reference numerals for the same or corresponding parts.  

20 Figure 1 illustrates a system 100 according to the present invention, arranged to perform a 

method according to the invention for providing a digital video stream, such as a shared 

digital video stream.  

The system 100 may comprise a video communication service 110, but the video communi

25 cation service 110 may also be external to the system 100 in some embodiments. As will be 

discussed, there may be more than one video communication service 110.  

The system 100 may comprise one or several participant clients 121, but one, some or all 

participant clients 121 may also be external to the system 100 in some embodiments.  

30 

The system 100 may comprise a central server 130.
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As used herein, the term "central server" is a computer-implemented functionality that is 

arranged to be accessed in a logically centralised manner, such as via a well-defined API 

(Application Programming Interface). The functionality of such a central server may be im

5 plemented purely in computer software, or in a combination of software with virtual and/or 

physical hardware. It may be implemented on a standalone physical or virtual server com

puter or be distributed across several interconnected physical and/or virtual server com

puters.  

70 The physical or virtual hardware that the central server 130 runs on, in other words that 

computer software defining the functionality of the central server 130, may comprise a per 

se conventional CPU, a per se conventional GPU, a per se conventional RAM/ROM memory, 

a per se conventional computer bus, and a per se conventional external communication 

functionality such as an internet connection.  

15 

Each video communication service 110, to the extent it is used, is also a central server in 

said sense, that may be a different central server than the central server 130 or a part of 

the centralserver 130.  

20 Correspondingly, each of said participant clients 121 may be a central server in said sense, 

with the corresponding interpretation, and physical or virtual hardware that each partici

pant client 121 runs on, in other words that computer software defining the functionality 

of the participant client 121, may also comprise a per se conventional CPU/GPU, a per se 

conventional RAM/ROM memory, a per se conventional computer bus, and a per se con

25 ventional external communication functionality such as an internet connection.  

Each participant client 121 also typically comprises or is in communication with a computer 

screen, arranged to display video content provided to the participant client 121as a part of 

an ongoing video communication; a loudspeaker, arranged to emit sound content provided 

30 to the participant client 121 as a part of said video communication; a video camera; and a 

microphone, arranged to record sound locally to a human participant 122 to said video
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communication, the participant 122 using the participant client 121in question to partici

pate in said video communication.  

In other words, a respective human-machine interface of each participating client 121 al

5 lows a respective participant 122 to interact with the client 121in question, in a video com

munication, with other participants and/or audio/video streams provided by various 

sources.  

In general, each of the participating clients 121 comprises a respective input means 123, 

10 that may comprise said video camera; said microphone; a keyboard; a computer mouse or 

trackpad; and/or an API to receive a digital video stream, a digital audio stream and/orother 

digital data. The input means 123 is specifically arranged to receive a video stream and/or 

an audio stream from a central server, such as the video communication service 110 and/or 

the central server 130, such a video stream and/or audio stream being provided as a part of 

75 a video communication and preferably being produced based on corresponding digital data 

input streams provided to said central server from at least two sources of such digital data 

input streams, for instance participant clients 121 and/or external sources (see below).  

Further generally, each of the participating clients 121 comprises a respective output means 

20 124, that may comprise said computer screen; said loudspeaker; and an API to emit a digital 

video and/or audio stream, such stream being representative of a captured video and/or 

audio locally to the participant 122 using the participant client 121 in question.  

In practice, each participant client 121 may be a mobile device, such as a mobile phone, 

25 arranged with a screen, a loudspeaker, a microphone and an internet connection, the mo

bile device executing computer software locally or accessing remotely executed computer 

software to perform the functionality of the participant client 121in question. Correspond

ingly, the participant client 121 may also be a thick or thin laptop or stationary computer, 

executing a locally installed application, using a remotely accessed functionality via a web 

30 browser, and so forth, as the case may be.
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There may be more than one, such as at least three or even at least four, participant clients 

121 used in one and the same video communication of the present type.  

There may be at least two different groups of participating clients. Each of the participating 

5 clients may be allocated to such a respective group. The groups may reflect different roles 

of the participating clients, different virtual or physical locations of the participating clients 

and/or different interaction rights of the participating clients.  

Various available such roles may be, for instance, "leader" or "conferencier", "speaker", 

10 "panel participant", "interacting audience" or "remote listener".  

Various available such physical locations may be, for instance, "on the stage", "in the panel", 

"in the physically present audience" or "in the physically remote audience".  

15 A virtual location may be defined in terms of the physical location, but may also involve a 

virtual grouping that may partly overlap with said physical locations. For instance, a physi

cally present audience may be divided into a first and a second virtual group, and some 

physically present audience participants may be grouped together with some physically dis

tant audience participants in one and the same virtual group.  

20 

Various available such interaction rights may be, for instance, "full interaction" (no re

strictions), "can talk but only after requesting the microphone" (such as raising a virtual 

hand in a video conference service), "cannot talk but write in common chat" or "view/listen 

only".  

25 

In some instances, each role defined and/or physical/virtual location may be defined in 

terms of certain predetermined interaction rights. In other instances, all participants having 

the same interaction rights form a group. Hence, any defined roles, locations and/or inter

action rights may reflect various group allocations, and different groups may be disjoint or 

30 overlapping, as the case may be.
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This will be exemplified below.  

The video communication may be provided at least partly by the video communication ser

vice 110 and at least partly by the central server 130, as will be described and exemplified 

5 herein.  

As the term is used herein, a "video communication" is an interactive, digital communica

tion session involving at least two, preferably at least three or even at least four, video 

streams, and preferably also matching audio streams that are used to produce one or sev

70 eral mixed or joint digital video/audio streams that in turn is or are consumed by one or 

several consumers (such as participant clients of the discussed type), that may or may not 

also be contributing to the video communication via video and/or audio. Such a video com

munication is real-time, with or without a certain latency or delay. At least one, preferably 

at least two, or even at least four, participants 122 to such a video communication is in

15 volved in the video communication in an interactive manner, both providing and consuming 

video/audio information.  

At least one of the participant clients 121, or all of the participant clients 121, may comprise 

a local synchronisation software function 125, that will be described in closer detail below.  

20 

The video communication service 110 may comprise or have access to a common time ref

erence, as will also be described in closer detail below.  

Each of the at least one central server 130 may comprise a respective API 137, for digitally 

25 communicating with entities external to the central server 130 in question. Such communi

cation may involve both input and output.  

The system 100, such as said central server 130, may furthermore be arranged to digitally 

communicate with, and in particular to receive digital information, such as audio and/or 

30 video stream data, from, an external information source 300, such as an externally provided 

video stream. That the information source 300 is "external" means that it is not provided
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from or as a part of the central server 130. Preferably, the digital data provided by the ex

ternal information source 300 is independent of the central server 130, and the central 

server 130 cannot affect the information contents thereof. For instance, the external infor

mation source 130 may be live captured video and/or audio, such as of a public sporting 

5 event or an ongoing news event or reporting. The external information source 130 may also 

be captured by a web camera or similar, but not by any one of the participating clients 121.  

Such captured video may hence depict the same locality as any one of the participant clients 

121, but not be captured as a part of the activity of the participant client 121 per se. One 

possible difference between an externally provided information source 300 and an inter

10 nally provided information source 120 is that internally provided information sources may 

be provided as, and in their capacityas, participantsto a video communication of the above

defined type, whereas an externally provided information source 300 is not, but is instead 

provided as a part of a context that is external to said video conference 

75 There mayalso be several external information sources 300, that provide digital information 

of said type, such as audio and/or video streams, to the central server 130 in parallel.  

As shown in Figure 1, each of the participating clients 121 may constitute the source of a 

respective information (video and/or audio) stream 120, provided to the video communi

20 cation service 110 by the participating client 121in question as described.  

The system 100, such as the central server 130, may be further arranged to digitally com

municate with, and in particular to emit digital information to, an external consumer 150.  

For instance, a digital video and/or audio stream produced by the central server 130 may 

25 be provided continuously, in real-time or near real-time, to one or several external consum

ers 150 via said API 137. Again, that the consumer 150 is "external" means that the con

sumer 150 is not provided as a part of the central server 130, and/or that it is not a party to 

the said video communication.  

30 Unless not stated otherwise, all functionality and communication herein is provided digitally 

and electronically, effected by computer software executing on suitable computer
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hardware and communicated over a digital communication network or channel such as the 

internet.  

Hence, in the system 100 configuration illustrated in Figure 1, a number of participant cli

5 ents 121 take part in a digital video communication provided by the video communication 

service 110. Each participant client 121 may hence have an ongoing login, session or similar 

to the video communication service 110, and may take part in one and the same ongoing 

video communication provided by the video communication service 110. In other words, 

the video communication is "shared" among the participant clients 121and therefore also 

10 by corresponding human participants 122.  

In Figure 1, the central server 130 comprises an automatic participant client 140, being an 

automated client corresponding to participant clients 121 but not associated with a human 

participant 122. Instead, the automatic participant client 140 is added as a participant client 

75 to the video communication service 110 to take part in the same shared video communica

tion as participant clients 121. As such a participant client, the automatic participant client 

140 is granted access to continuously produced digital video and/or audio stream(s) pro

vided as a part of the ongoing video communication by the video communication service 

110, and can be consumed by the central server 130 via the automatic participant client 

20 140. Preferably, the automatic participant client 140 receives, from the video communica

tion service 110, a common video and/or audio stream that is or may be distributed to each 

participant client 121; a respective video and/or audio stream provided to the video com

munication service 110 from each of one or several of the participant clients 121 and re

layed, in raw or modified form, bythe video communication service 110 to all or requesting 

25 participant clients 121; and/or a common time reference.  

The central server 130 may comprise a collecting function 131 arranged to receive video 

and/or audio streams of said type from the automatic participant client 140, and possibly 

also from said external information source(s) 300, for processing as described below, and 

30 then to provide a produced, such as shared, video stream via the API 137. For instance, this 

produced video stream may be consumed by the external consumer 150 and/or by the
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video communication service 110 to in turn be distributed by the video communication ser

vice 110 to all or any requesting one of the participant clients 121.  

Figure 2 is similar to Figure 1, but instead of using the automatic client participant 140 the 

5 central server 130 receives video and/or audio stream data from the ongoing video com

munication via an API 112 of the video communication service 110.  

Figure 3 is also similar to Figure 1, but shows no video communication service 110. In this 

case, the participant clients 121 communicate directlywith the API 137 of the central server 

70 130, for instance providing video and/or audio stream data to the central server 130 and/or 

receiving video and/or audio stream data from the central server 130. Then, the produced 

shared stream may be provided to the external consumer 150 and/or to one or several of 

the client participants 121.  

15 Figure 4 illustrates the central server 130 in closer detail. As illustrated, said collecting func

tion 131may comprise one or, preferably, several, format-specific collecting functions 131a.  

Each one of said format-specific collecting functions 131a may be arranged to receive a 

video and/or audio stream having a predetermined format, such as a predetermined binary 

encoding format and/or a predetermined stream data container, and may be specifically 

20 arranged to parse binary video and/or audio data of said format into individual video 

frames, sequences of video frames and/or time slots.  

The central server 130 may further comprise an event detection function 132, arranged to 

receive video and/or audio stream data, such as binary stream data, from the collecting 

25 function 131 and to perform a respective event detection on each individual one of the 

received data streams. The event detection function 132 may comprise an Al (Artificial In

telligence) component 132a for performing said event detection. The event detection may 

take place without first time-synchronising the individual collected streams.  

30 The central server 130 further comprises a synchronising function 133, arranged to time

synchronise the data streams provided by the collecting function 131 and that may have
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been processed by the event detection function 132. The synchronising function 133 may 

comprise an Al component 133a for performing said time-synchronisation.  

The central server 130 may further comprise a pattern detection function 134, arranged to 

5 perform a pattern detection based on the combination of at least one, but in many cases at 

least two, such as at least three or even at least four, such as all, of the received data 

streams. The pattern detection may be further based on one, or in some cases at least two 

or more, events detected for each individual one of said data streams by the event detec

tion function 132. Such detected events taking into consideration by said pattern detection 

10 function 134 may be distributed across time with respect to each individual collected 

stream. The pattern detection function 134 may comprise an Al component 134a for per

forming said pattern detection. The pattern detection may further be based on the above

discussed grouping, and in particular be arranged to detect a particular pattern occurring 

onlywith respect to one group; with respect to only some but not all groups; orwith respect 

75 to all groups.  

The central server 130 further comprises a production function 135, arranged to produce a 

produced digital video stream, such as a shared digital video stream, based on the data 

streams provided from the collecting function 131, and possibly further based on any de

20 tected events and/or patterns. Such a produced video stream may at least comprise a video 

stream produced to comprise one or several of video streams provided by the collecting 

function 131, raw, reformatted ortransformed, and may also comprise corresponding audio 

stream data. As will be exemplified below, there may be several produced video streams, 

where one such produced video stream may be produced in the above-discussed way but 

25 further based on a another already produced video stream.  

All produced video streams are preferably produced continuously, and preferably in near 

real-time (after discounting any latencies and delays of the types discussed hereinbelow).  

30 The central server 130 may further comprise a publishing function 136, arranged to publish 

the produced digital video stream in question, such as via API 137 as described above.
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It is noted that Figures 1, 2 and 3 illustrate three different examples of how the central 

server 130 can be used to implement the principles described herein, and in particular to 

provide a method according to the present invention, but that other configurations, with or 

5 without using one or several video communication services 110, are also possible.  

Hence, Figure 5 illustrates a method for providing said produced digital video stream. Fig

ures 6a-6f illustrates different digital video/audio data stream states resulting from the 

method steps illustrated in Figure 5.  

10 

In a first step, the method starts.  

In a subsequent collecting step, respective primary digital video streams 210, 301 are col

lected, such as by said collecting function 131, from at least two of said digital video sources 

75 120, 300. Each such primary data stream 210, 301 may comprise an audio part 214 and/or 

a video part 215. It is understood that "video", in this context, refers to moving and/or still 

image contents of such a data stream. Each primary data stream 210, 301 may be encoded 

according to any video/audio encoding specification (using a respective codec used by the 

entity providing the primary stream 210, 301 in question), and the encoding formats may 

20 be different across different ones of said primary streams 210, 301 concurrently used in one 

and the same video communication. It is preferred that at least one, such as all, of the pri

mary data streams 210, 301 is provided as a stream of binary data, possibly provided in a 

per se conventional data container data structure. It is preferred that at least one, such as 

at least two, or even all of the primary data streams 210, 301 are provided as respective live 

25 video recordings.  

It is noted that the primary streams 210, 301may be unsynchronised in terms of time when 

they are received by the collecting function 131. This may mean that they are associated 

with different latencies or delays in relation to each other. For instance, in case two primary 

30 video streams 210, 301 are live recordings, this may imply that they are associated, when
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received by the collecting function 131, with different latencies with respect to the time of 

recording.  

It is also noted that the primary streams 210, 301may themselves be a respective live cam

5 era feed from a web camera; a currently shared screen or presentation; a viewed film clip 

or similar; or any combination of these arranged in various ways in one and the same screen.  

The collecting step is shown in Figures 6a and 6b. In Figure 6b, it is also illustrated how the 

collecting function 131 can store each primary video stream 210, 301 as bundled au

70 dio/video information or as audio stream data separated from associated video stream 

data. Figure 6b illustrates how the primary video stream 210, 301data is stored as individual 

frames 213 or collections/clusters of frames, "frames" here referring to time-limited parts 

of image data and/or any associated audio data, such as each frame being an individual still 

image or a consecutive series of images (such as such a series constituting at the most 1 

75 second of moving images) together forming moving-image video content.  

In a subsequent event detection step, performed by the event detection function 132, said 

primary digital video streams 210, 301 are analysed, such as by said event detection func

tion 132 and in particular said Al component 132a, to detect at least one event 211 selected 

20 from a first set of events. This is illustrated in Figure 6c.  

It is preferred that this event detections step may be performed for at least one, such as at 

least two, such as all, primary video streams 210, 301, and that it may be performed indi

vidually for each such primary video stream 210, 301. In other words, the event detection 

25 step preferably takes place for said individual primary video stream 210, 301 only taking 

into consideration information contained as a part of that particular primary video stream 

210, 301 in question, and particularly without taking into consideration information con

tained as a part of other primary video streams. Furthermore, the event detection prefera

bly takes place without taking into consideration any common time reference 260 associ

30 ated with the several primary video streams 210, 301.
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On the other hand, the event detection preferably takes into consideration information 

contained as a part of the individually analysed primary video stream in question across a 

certain time interval, such as a historic time interval of the primary video stream that is 

longer than seconds, such as at least0.1seconds, such as at least1second.  

5 

The event detection may take into consideration information contained in audio and/or 

video data contained as a part of said primary video stream 210, 301.  

Said first set of events may contain any number of types of events, such as a change of slides 

70 in a slide presentation constituting or being a part of the primary video stream 210, 301 in 

question; a change in connectivity quality of the source 120, 300 providing the primary 

video stream 210, 301in question, resulting in an image quality change, a loss of image data 

or a regain of image data; and a detected movement physical event in the primary video 

stream 210, 301 in question, such as the movement of a person or object in the video, a 

75 change of lighting in the video, a sudden sharp noise in the audio or a change of audio qual

ity. It is realised that this is not intended to be an exhaustive list, but that these examples 

are provided in order to understand the applicability of the presently described principles.  

In a subsequent synchronising step, performed by the synchronisation function 133, the 

20 primary digital video streams 210 are time-synchronised. This time-synchronisation may be 

with respect to a common time reference 260. As illustrated in Figure 6d, the time-synchro

nisation may involve aligning the primary video streams 210, 301in relation to each other, 

for instance using said common time reference 260, so that they can be combined to form 

a time-synchronised context. The common time reference 260 may be a stream of data, a 

25 heartbeat signal or other pulsed data, or a time anchor applicable to each of the individual 

primary video streams 210, 301. The common time reference can be applied to each of the 

individual primary video streams 210, 301 in a way so that the informational contents of 

the primary video stream 210, 301in question can be unambiguously related to the com

mon time reference with respect to a common time axis. In other words, the common time 

30 reference may allow the primary video streams 210, 301to be aligned, via time shifting, so 

as to be time-synchronised in the present sense. In other embodiments, the time-
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synchronisation may be based on known information about a time difference between the 

primary video streams 210, 301 in question, such as based on measurements.  

As illustrated in Figure 6d, the time-synchronisation may comprise determining, for each 

5 primary video streams 210, 301, one or several timestamps 261, such as in relation to the 

common time reference 260 or for each video stream 210, 301 in relation to another video 

stream 210, 301 or to other video streams 210, 301.  

In a subsequent pattern detection step, performed by the pattern detection function 134, 

10 the hence time-synchronised primary digital video streams 210, 301are analysed to detect 

at least one pattern 212 selected from a first set of patterns. This is illustrated in Figure 6e.  

In contrast to the event detection step, the pattern detection step may preferably be per

formed based on video and/or audio information contained as a part of at least two of the 

75 time-synchronised primary video streams 210, 301 considered jointly.  

Said first set of patterns may contain any number of types of patterns, such as several par

ticipants talking interchangeably or concurrently; or a presentation slide change occurring 

concurrently as a different event, such as a different participant talking. This list is not ex

20 haustive, but illustrative.  

In alternative embodiments, detected patterns 212 may relate not to information contained 

in several of said primary video streams 210, 301 but only in one of said primary video 

streams 210, 301. In such cases, it is preferred that such pattern 212 is detected based on 

25 video and/or audio information contained in that single primary video stream 210, 301 

spanning across at least two detected events 211, for instance two or more consecutive 

detected presentation slide changes or connection quality changes. As an example, several 

consecutive slide changes that follow on each other rapidly over time may be detected as 

one single slide change pattern, as opposed to one individual slide change pattern for each 

30 detected slide change event.
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It is realised that the first set of events and said first set of patterns may comprise 

events/patterns being of predetermined types, defined using respective sets of parameters 

and parameter intervals. As will be explained below, the events/patterns in said sets may 

also, or additionally, be defined and detected using various Al tools.  

5 

In a subsequent production step, performed by the production function 135, the shared 

digital video stream is produced as an output digital video stream 230 based on consecu

tively considered frames 213 of the time-synchronised primary digital video streams 210, 

301and said detected patterns 212.  

10 

As will be explained and detailed in the following, the present invention allows for the com

pletely automatic production of video streams, such as of the output digital video stream 

230.  

15 For instance, such production may involve the selection of what video and/or audio infor

mation from what primary video stream 210, 301to use to what extent in such output video 

stream 230; a video screen layout of an output video stream 230; a switching pattern be

tween different such uses or layouts across time; and so forth.  

20 This is illustrated in Figure 6f, that also shows one or several additional pieces of time-re

lated (that may be related to the common time reference 260) digital video information 

220, such as an additional digital video information stream, that can be time-synchronised 

(such as to said common time reference 260) and used in concert with the time-synchro

nised primary video streams 210, 301in the production of the output video stream 230. For 

25 instance, the additional stream 220 may comprise information with respect to any video 

and/or audio special effects to use, such as dynamically based on detected patterns; a 

planned time schedule for the video communication; and so forth.  

In a subsequent publishing step, performed by the publishing function 136, the produced 

30 output digital video stream 230 is continuously provided to a consumer 110, 150 of the 

produced digital video stream as described above. The produced digital video stream may
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be provided to one or several participant clients 121, such as via the video communication 

service 110.  

In a subsequent step, the method ends. However, first the method may iterate any number 

5 of times, as illustrated in Figure 5, to produce the output video stream 230 as a continuously 

provided stream. Preferably, the output video stream 230 is produced to be consumed in 

real-time or near real-time (taking into consideration a total latency added by all steps along 

the way), and continuously (publishing taking place immediately when more information is 

available, however not counting the below-described deliberately added latencies or de

70 lays). This way, the output video stream 230 may be consumed in an interactive manner, so 

that the output video stream 230 may be fed back into the video communication service 

110 or into any other context forming a basis for the production of a primary video stream 

210 again being fed to the collection function 131 so as to form a closed feedback loop; or 

so that the output video stream 230 may be consumed into a different (external to system 

75 100 or at least external to the central server 130) context but there forming the basis of a 

real-time, interactive video communication.  

As mentioned above, in some embodiments at least two, such as at least three, such as at 

least four, or even at least five, of said primary digital video streams 210, 301 are provided 

20 as a part of a shared digital video communication, such as provided by said video commu

nication service 110, the video communication involving a respective remotely connected 

participant client 121 providing the primary digital video stream 210 in question. In such 

cases, the collecting step may comprise collecting at least one of said primary digital video 

streams 210 from the shared digital video communication service 110 itself, such as via an 

25 automatic participant client 140 in turn being granted access to video and/or audio stream 

data from within the video communication service 110 in question; and/or via an API 112 

of the video communication service 110.  

Moreover, in this and in other cases the collecting step may comprise collecting at least one 

30 of said primary digital video streams 210, 301 as a respective external digital video stream 

301, collected from an information source 300 being external to the shared digital video
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communication service 110. It is noted that one or several used such external video sources 

300 may also be external to the central server 130.  

In some embodiments, the primary video streams 210, 301 are not formatted in the same 

5 manner. Such different formatting can be in the form of them being delivered to the col

lecting function 131 in different types of data containers (such as AVI or MPEG), but in pre

ferred embodiments at least one of the primary video streams 210, 301 is formatted ac

cording to a deviating format (as compared to at least one other of said primary video 

streams 210, 301) in terms of said deviating primary digital video stream 210, 301 having a 

10 deviating video encoding; a deviating fixed or variable frame rate; a deviating aspect ratio; 

a deviating video resolution; and/or a deviating audio sample rate.  

It is preferred that the collecting function 131is preconfigured to read and interpret all en

coding formats, container standards, etc. that occur in all collected primary video streams 

75 210, 301. This makes it possible to perform the processing as described herein, not requiring 

any decoding until relatively late in the process (such as not until after the primary stream 

in question is put in a respective buffer; not until after the event detection step; or even not 

until after the event detection step). However, in the rare case in which one or several of 

the primary video feeds 210, 301are encoded using a codec that the collecting function 131 

20 cannot interpret without decoding, the collecting function 131 may be arranged to perform 

a decoding and analysis of such primary video stream 210, 301, followed by a conversion 

into a format that can be handled by, for instance, the event detection function. It is noted 

that, even in this case, it is preferred not to perform any reencoding at this stage.  

25 For instance, primary video streams 220 being fetched from multi-party video events, such 

as one provided by the video communication service 110, typically have requirements on 

low latency and are therefore typically associated with variable framerate and variable pixel 

resolution to enable participants 122 to have an effective communication. In other words, 

overall video and audio quality will be decreased as necessary for the sake of low latency.  

30
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External video feeds 301, on the other hand, will typically have a more stable framerate, 

higher quality but therefore possibly higher latency.  

Hence, the video communication service 110 may, at each moment in time, use a different 

5 encoding and/or container than the external video source 300. The analysis and video pro

duction process described herein in this case therefore needs to combine these streams 

210, 301 of different formats into a new one for the combined experience.  

As mentioned above, the collecting function 131 may comprise a set of format-specific col

70 lecting functions 131a, each one arranged to process a primary video stream 210, 301 of a 

particular type of format. For instance, each one of these format-specific collecting func

tions 131a may be arranged to process primary video streams 210, 301 having been en

coded using a different video respective encoding method/codec, such as Windows® Me

dia© or DivX©.  

15 

However, in preferred embodiments the collecting step comprises converting at least two, 

such as all, of the primary digital video streams 210, 301into a common protocol 240.  

As used in this context, the term "protocol" refers to an information-structuring standard 

20 or data structure specifying how to store information contained in a digital video/audio 

stream. The common protocol preferably does not, however, specify how to store the digi

tal video and/or audio information as such on a binary level (i.e. the encoded/compressed 

data instructive of the sounds and images themselves), but instead forms a structure of 

predetermined format for storing such data. In other words, the common protocol pre

25 scribes storing digital video data in raw, binary form without performing any digital video 

decoding or digital video encoding in connection to such storing, possibly by not at all 

amending the existing binary form apart from possibly concatenating and/or splitting apart 

the binary form byte sequence. Instead, the raw (encoded/compressed) binary data con

tents of the primary video stream 210, 301 in question is kept, while repacking this raw 

30 binary data in the data structure defined by the protocol. In some embodiments, the com

mon protocol defines a video file container format.
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Figure 7 illustrates, as an example, the primary video streams 210, 301 shown in Figure 6a, 

restructured by the respective format-specific collecting function 131a and using said com

mon protocol 240.  

5 

Hence, the common protocol 240 prescribes storing digital video and/or audio data in data 

sets 241, preferably divided into discreet, consecutive sets of data along a time line pertain

ing to the primary video stream 210, 301 in question. Each such data set may include one 

or several video frames, and also associated audio data.  

10 

The common protocol 240 may also prescribe storing metadata 242 associated with speci

fied time points in relation to the stored digital video and/or audio data sets 241.  

The metadata 242 may comprise information about the raw binary format of the primary 

75 digital video stream 210 in question, such as regarding a digital video encoding method or 

codec used to produce said raw binary data; a resolution of the video data; a video frame 

rate; a frame rate variability flag; a video resolution; a video aspect ratio; an audio compres

sion algorithm; or an audio sampling rate. The metadata 242 may also comprise information 

on a timestamp of the stored data, such as in relation to a time reference of the primary 

20 video stream 210, 301in question as such orto a different video stream as discussed above.  

Using said format-specific collecting functions 131a in combination with said common pro

tocol 240 makes it possible to quickly collect the informational contents of the primary 

video streams 210, 301 without adding latency by decoding/reencoding the received 

25 video/audio data.  

Hence, the collecting step may comprise using different ones of said format-specific collect

ing functions 131a for collecting primary digital video streams 210, 301 being encoded using 

different binary video and/or audio encoding formats, in order to parse the primary video 

30 stream 210, 301 in question and store the parsed, raw and binary data in a data structure 

using the common protocol, together with any relevant metadata. Self-evidently, the
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determination as to what format-specific collecting function 131a to use for what primary 

video stream 210, 301may be performed by the collecting function 131 based on predeter

mined and/or dynamically detected properties of each primary video stream 210, 301 in 

question.  

5 

Each hence collected primary video stream 210, 301 may be stored in its own separate 

memory buffer, such as a RAM memory buffer, in the central server 130.  

The converting of the primary video streams 210, 301 performed by each format-specific 

70 collecting function 131a may hence comprise splitting raw, binary data of each thus con

verted primary digital video stream 210, 301 into an ordered set of said smaller sets of data 

241.  

Moreover, the converting may also comprise associating each (or a subset, such as a regu

75 larly distributed subset along a respective time line of the primary stream 210, 301in ques

tion) of said smaller sets 241 with a respective time along a shared time line, such as in 

relation to said common time reference 260. This associating may be performed by analysis 

of the raw binary video and/or audio data in any of the principle ways described below, or 

in other ways, and may be performed in order to be able to perform the subsequent time

20 synchronising of the primary video streams 210, 301. Depending on the type of common 

time reference used, at least part of this association of each of the data sets 241 may also 

or instead be performed by the synchronisation function 133. In the latter case, the collect

ing step may instead comprise associating each, or a subset, of the smaller sets 241 with a 

respective time of a time line specific for the primary stream 210, 301in question.  

25 

In some embodiments, the collecting step also comprises converting the raw binary video 

and/or audio data collected from the primary video streams 210, 301into a uniform quality 

and/or updating frequency. This may involve down-sampling or up-sampling of said raw, 

binary digital video and/or audio data of the primary digital video streams 210, 301, as nec

30 essary, to a common video frame rate; a common video resolution; or a common audio 

sampling rate. It is noted that such re-sampling can be performed without performing a full
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decoding/reencoding, or even without performing any decoding at all, since the format

specific collecting function 131a in question can process the raw binary data directly accord

ing to the correct binary encoding target format.  

5 Each of said primary digital video streams 210, 301 may be stored in an individual data stor

age buffer 250, as individual frames 213 or sequences of frames 213 as described above, 

and also each associated with a corresponding time stamp in turn associated with said com

mon time reference 260.  

70 In a concrete example, provided to illustrate these principles, the video communication ser

vice 110 is Microsoft® Teams®, running a video conference involving concurrent participants 

122. The automatic participant client 140 is registered as a meeting participant in the 

Teems© meeting.  

15 Then, the primary video input signals 210 are available to and obtained by the collecting 

function 130 via the automatic participant client 140. These are raw signals in H264 format 

and contain timestamp information for every video frame.  

The relevant format-specific collecting function 131a picks up the raw data over IP (LAN 

20 network in the cloud) on a configurable predefined TCP port. Every Teems© meeting partic

ipant, as well as associated audio data, are associated with a separate port. The collecting 

function 131 then uses the timestamps from the audio signal (which is in 50 Hz) and down

samples the video data to a fixed output signal of 25 Hz before storing the video stream 220 

in its respective individual buffer 250.  

25 

As mentioned, the common protocol 240 may store the data in raw binary form. It can be 

designed to be very low-level, and to handle the raw bits and bytes of the video/audio data.  

In preferred embodiments, the data is stored in the common protocol 240 as a simple byte 

array or corresponding data structure (such as a slice). This means that the data does not 

30 need to be put in a conventional video container at all (said common protocol 240 not con

stituting such conventional container in this context). Also, encoding and decoding video is
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computationally heavy, which means it causes delays and requires expensive hardware.  

Moreover, this problem scales with the number of participants.  

Using the common protocol 240, it becomes possible to reserve memory in the collecting 

5 function 131 for the primary video stream 210 associated with each Teams© meeting par

ticipant 122, and also for any external video sources 300, and then to change the amount 

of memory allocated on the fly during the process. This way, it becomes possible to change 

the number of input streams and as a result keep each buffer effective. For instance, since 

information like resolution, framerate and so forth may be variable but stored as metadata 

70 in the common protocol 240, this information can be used to quickly resize each buffer as 

need may be.  

The following is an example of a specification of a common protocol 240 of the present 

type: 

15 

Bytes Example Description 

1 byte 1 0=video; 1=audio 

4 bytes 1234567 Buffer Length (int) 

8 bytes 424234234 Timestamp from the incoming audio/video buffer 

20 Measured in ticks, 1tick = 100ns. (long int) 

1 byte 0 VideoColorFormat 

{ 
NV12 = 0, 

Rgb24 = 1, 

25 Yuy2 =2, 

H264=3 

} 
4 bytes 720 Video frame pixel height (int) 

4 bytes 640 Video frame pixel width (int) 

30 4 bytes 25.0 Video frame rate 

Number of frames per second (float)
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1 byte 0 Is audio silence? 1= true; 0 = false 

1 byte 0 AudioFormat 

{ 
0 = Pcm16K 

1= Pcm44KStereo 

} 
1 byte 0 Detected event in, if any 

0 = no event 

1, 2, 3, etc. = event of specified type detected 

70 30 bytes Reserved for future use 

8 bytes 1000000 Length of binary data in bytes (long int) 

Variable Ox87A879... Raw binary video/audio data of this frame(s) 

4 bytes 1234567 Dominant speaker Port 

4 bytes 1234567 Active speaker 

15 

Above, the "Detected eventin, if any" data is included as a part of the common protocol 

260 specification. However, in some embodiments, this information (regarding detected 

events) may instead be put in a separate memory buffer.  

20 In some embodiments, said at least one additional piece of digital video information 220, 

that may be an overlay or an effect, is also stored in a respective individual buffer 250, as 

individual frames or sequences of frames each associated with a corresponding time stamp 

in turn associated with said common time reference 260.  

25 As exemplified above, the event detection step may comprise storing, using said common 

protocol 240, metadata 242 descriptive of a detected event 211, associated with the pri

mary digital video stream 210, 301 in which the event 211in question was detected.  

The event detection can be performed in different ways. In some embodiments, performed 

30 by the Al component 132a, the event detection step comprises a first trained neural net

work or other machine learning component analysing at least one, such as several or even
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all, of said primary digital video streams 210, 301 individually in order to automatically de

tect any of said events 211. This may involve the Al component 132a classifying, in a man

aged classification, the primary video stream 210, 301 data into a set of predefined events 

and/or, in an unmanaged classification, into a dynamically determined set of events.  

5 

In some embodiments, the detected event 211 is a change of presentation slides in a 

presentation being or being comprised in the primary video stream 210, 301in question.  

For instance, if the presenter of the presentation decides to change the slide in the presen

70 tation he/she is giving at that time to an audience, this means that what is interesting for a 

given viewer can change. It may be that the newly shown slide is only a high level picture 

that can best be seen briefly in a so-called "butterfly" mode (for instance, displaying in the 

output video stream 230 the slide side-by-side with a video of the presenter). Alternatively, 

the slide may contain much detail, text with small font sizes, and so forth. In this latter case, 

15 the slide should instead be presented in full-screen and perhaps during a somewhat longer 

time period than what is usually the case. A butterfly mode may not be as appropriate, since 

the slide in this case may be more interesting to a viewer of the presentation than the face 

of the presenter.  

20 In practice, the event detection step may comprise at least one of the following: 

Firstly, the event 211 can be detected based on an image analysis of a difference between 

a first image of a detected slide and a subsequent second image of a detected slide. The 

nature of the primary video stream 220, 301 being that of showing a slide can be automat

25 ically determined using per se conventional digital image processing, such as using motion 

detection in combination with OCR (Optical Character Recognition).  

This may involve checking, using automatic computer image processing techniques, 

whether the detected slide has changed significantly enough to actually categorise it as a 

30 slide change. This may be done by checking the delta between current slide and previous 

slide with respect to RGB colour values. For instance, one may assess how much the RGB
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values have changed globally in the screen area covered by the slide in question, and 

whether it is possible to find groups of pixels that belong together and that change in con

cert. This way, relevant slide changes can be detected while, for instance, filtering out irrel

evant changes such as shown computer mouse movements across the screen. This ap

5 proach also allows full configurability - for instance, sometimes it is desired to be able to 

capture computer mouse movement, for instance when the presenter wishes to present 

something in detail using the computer mouse to point to different things.  

Secondly, the event 211 may be detected based on an image analysis of an informational 

10 complexity of said second image itself, to determine the type of event with greater speci

ficity.  

This may, for instance, involve assessing a total amount of textual information on the slide 

in question, as well as associated font sizes. This may be done by using conventional OCR 

75 methods, such as deep learning-based character recognition techniques.  

It is noted that, since the raw binary format of the assessed video stream 210, 301is known, 

this may be performed directly in the binary domain, without first decoding or reencoding 

the video data. For instance, the event detection function 132 may call the relevant format

20 specific collecting function for image interpreting services, or the event detection function 

132 may itself include functionality for assessing image information, such as on individual 

pixel level, for a number of different supported raw binary video data formats.  

In another example, the detected event 211 is a loss of communication connection of a 

25 participant client 121 to a digital video communication service 110. Then, the detection step 

may comprise detecting that said participant client 121 has lost communication connection 

based on an image analysis of a series of subsequent video frames 213 of a primary digital 

video stream 210 corresponding to the participant client 121in question.  

30 Because participant clients 121are associated with different physical locations and different 

internet connections, it can happen that someone will lose connection to the video
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communication service 110 or to the central server 130. In that situation, it is desirable to 

avoid showing a black or empty screen in the produced output video stream 230.  

Instead, such connection loss can be detected as an event by the event detection function 

5 132, such as by applying a 2-class classification algorithm where the 2 classes used are con

nected / not connected (no data). In this case, it is understood that "no data" differs from 

the presenter sending out a black screen intentionally. Because a brief black screen, such as 

of only 1 or 2 frames, may not be noticeable in the end production stream 230, one may 

applysaid 2-class classification algorithm overtimeto create a time series.Then, a threshold 

70 value, specifying a minimum length for a connection interruption, can be used to decide 

whether there is a lost connection or not.  

As will be explained in the following, detected events of these exemplified types may be 

used by the pattern detection function 134 to take various actions, as suitable and desired.  

15 

As mentioned, the individual primary video streams 210, 301 may each be related to the 

common time reference 260 or to each other in the time domain, making it possible for the 

synchronisation function 133 to time-synchronise them in relation to each other.  

20 In some embodiments, the common time reference 260 is based on or comprises a common 

audio signal 111 (see Figures 1-3), the common audio signal 111 being common for the 

shared digital video communication service 110 involving at least two remotely connected 

participant clients 121 as described above, each providing a respective one of said primary 

digital video streams 210.  

25 

In the example of Microsoft® Teams© discussed above, a common audio signal is produced 

and can be captured by the central server 130 via the automatic participant client 140 

and/or via the API 112. In this and in other examples, such a common audio signal may be 

used as a heartbeat signal to time-synchronise the individual primary video streams 220 by 

30 binding each of these to specific time points based on this heartbeat signal. Such a common 

audio signal may be provided as a separate (in relation to each of the other primary video
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streams 210) signal, whereby the other primary video streams 210 may each be individually 

time-correlated to the common audio signal, based on audio contained in the other primary 

video stream 210 in question or even based on image information contained therein (such 

as using automatic image processing-based lip syncing techniques).  

5 

In other words, to handle any variable and/or differing latency associated with individual 

primary video streams 210, and to achieve time-synchronisation for the combined video 

output stream 230, such a common audio signal is used as a heartbeat for all primary video 

streams 210in the central server 130 (but perhaps not external primary video streams 301).  

70 In other words, all other signals are mapped to this common audio time heartbeat to make 

sure that everything is in time sync.  

In a different example, the time-synchronisation is achieved using a time synchronisation 

element 231 introduced into the output digital video stream 230 and detected by a respec

75 tive local time-synchronising software function 125 provided as a part of one or several in

dividual ones of the participant clients 121, the local software function 125 being arranged 

to detect a time of arrival of the time synchronisation element 231 in the output video 

stream 230. As is understood, in such embodiments the output video stream 230 is fed back 

into the video communication service 110 or otherwise made available to each participant 

20 client 121 and the local software function 125 in question.  

For instance, the time synchronisation element 231 may be a visual marker, such as a pixel 

changing colours in a predetermined sequence or manner, placed or updated in the output 

video 230 at regular time intervals; a visual clock updated and displayed in the output video 

25 230; a sound signal (that may be designed to be non-audible to participants 122 by, for 

instance, having low enough amplitude and/or high enough frequency) and added to an 

audio forming part of the output video stream 230. The local software function 125 is ar

ranged to, using suitable image and/or audio processing, automatically detect respective 

times of arrival of each of the (or each of the) time synchronisation element(s) 231.  

30
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Then, the common time reference 260 may be determined at least party based on said de

tected times of arrival. For instance, each of the local software functions 125 may communi

cate to the central server 130 respective information signifying said detected time of arrival.  

5 Such communication may take place via a direct communication link between the partici

pant client 121 in question and the central server 130. However, the communication may 

also take place via the primary video stream 210 associated with the participant client 121 

in question. For instance, the participating client 121 may introduce a visual or audible code, 

such as of the above discussed type, in the primary video stream 210 produced by that 

70 participant client 121 in question, for automatic detection by the central server 130 and 

used to determine the common time reference 260.  

In yet additional examples, each participant client 121 may perform an image detection in 

a common video stream available forviewing by all participant clients 121 to the video com

15 munication service 110 and relay the results of such image detection to the central server 

130, in a way corresponding to the ones discussed above, to there be used to over time 

determine respective offsets of each participant client 121 in relation to each other. This 

way, a common time reference 260 may be determined as a set of individual relative offsets.  

For instance, a selected reference pixel of a commonly available video stream may be mon

20 itored by several, or all, participating clients 121, such as by said local software function 

125, and a current colour of that pixel may be communicated to the central server 130. The 

central server 130 may calculate a respective time series based on consecutively received 

such colour values from each of a number of (or all) the participant clients 121, and perform 

a cross-correlation resulting in an estimated set of relative time offsets across the different 

25 participant clients 121.  

In practice, the output video stream 230 fed into the video communication service 110 may 

be included as a part of a shared screen every participant client of the video communication 

in question, and may therefore be used to assess such time offset associated with the par

30 ticipant clients 121. In particular, the output video stream 230 fed to the video
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communication service 110 may be available again to the central server via the automatic 

participant client 140 and/or the API 112.  

In some embodiments, a common time reference 260 may be determined at least partly 

5 based on a detected discrepancy between an audio part 214 of a first one of said primary 

digital video streams 210, 301 and an image part 215 of said first primary digital video 

streams 210, 301. Such discrepancy may, for instance, be based on a digital lip sync video 

image analysis of a talking participant 122 viewed in said first primary digital video stream 

210, 301 in question. Such lip sync analysis is conventional as such, and may for instance 

10 use a trained neural network. The analysis may be performed by the synchronisation func

tion 133 for each primary video stream 210, 301in relation to available common audio in

formation, and relative offsets across the individual primary video streams 210, 301 may be 

determined based on this information.  

75 In some embodiments, the synchronisation step comprises deliberately introducing a delay 

(in this context the terms "delay" and "latency" are intended to mean the same thing) of at 

the most 30 seconds, such as at the most 5 seconds, such as at the most 1seconds, such as 

at the most 0.5 seconds, but longer than 0 s, so that the output digital video stream 230 is 

provided at least with said delay. At any rate, the deliberately introduced delay is at least 

20 several video frames, such as at least three, or even at least five or even 10, video frames, 

such as this number of frames (or individual images) stored after any resampling in the col

lecting step. As used herein, the term "deliberately" means that the delay is introduced 

irrespective of any need for introducing such a delay based on synchronisation issues or 

similar. In other words, the deliberately introduced delay is introduced in addition to any 

25 delay introduced as a part of the synchronisation of the primary video streams 210, 301in 

order to time-synchronise them one in relation to the other. The deliberately introduced 

delay may be predetermined, fixed or variable in relation to the common time reference 

260. The delay time may be measured in relation to a least latent one of the primary video 

streams 210, 301, so that more latent ones of these streams 210, 301 as a result of said 

30 time-synchronisation are associated with a relatively smaller deliberately added delay.
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In some embodiments, a relatively small delay is introduced, such as of 0.5 seconds or less.  

This delay will barely be noticeable by participants to a video communication service 110 

using the output video stream 230. In other embodiments, such as when the output video 

stream 230 will not be used in an interactive context but is instead published in a one-way 

5 communication to an external consumer 150, a larger delay may be introduced.  

This deliberately introduced delay may be enough so as to achieve sufficient time for the 

synchronisation function 133 to map the collected individual primary stream 210, 301video 

frames onto the correct common time reference 260 timestamp 261. It may also be enough 

10 so as to allow sufficient time to perform the event detection described above, in order to 

detect lost primary stream 210, 301signals, slide changes, resolution changes, and so forth.  

Furthermore, deliberately introducing said delay may be enough so as to allow for an im

proved pattern detection function 134, as will be described in the following.  

15 It is realized that the introduction of said delay may involve buffering 250 each of the col

lected and time-synchronised primary video streams 210, 301 before publishing the output 

video stream 230 using the buffered frames 213 in question. In other words, video and/or 

audio data of at least one, several or even all of the primary video streams 210, 301 may 

then be present in the central server 130 in a buffered manner, much like a cache but not 

20 (like a conventional cache buffer) used with the intention of being able to handle varying 

bandwidth situations but for the above reasons, and in particular to be used by the pattern 

detection function 134.  

Hence, in some embodiments said pattern detection step comprises taking into considera

25 tion certain information of at least one, such as several, such as at least four, or even all, of 

the primary digital video streams 210, 301, the certain information being present in a later 

frame 213 than a frame of a time-synchronised primary digital video stream 210 yet to be 

used in the production of the output digital video stream 230. Hence, a newly added frame 

213 will exist in the buffer 250 in question during a particular latency time before forming 

30 part of (or basis for) the output video stream 230. During this time period, the information 

in the frame 213 in question will constitute information in the "future" in relation to a
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currently used frame to produce a current frame of the output video stream 230. Once the 

output video stream 230 timeline reaches the frame in question 213, it will be used for the 

production of the corresponding frame of the output video stream 230, and may thereafter 

be discarded.  

5 

In other words, the pattern detection function 134 has at its disposal a set of video/audio 

frames 213 that have still not been used to produce the output video stream 230, and may 

use this data to detect said patterns.  

70 The pattern detection can be performed in different ways. In some embodiments, per

formed by the Al component 134a, the pattern detection step comprises a second trained 

neural network or other machine learning component analysing at least two, such as at least 

three, such as at least four, or even all, of said primary digital video streams 120, 301 in 

concert to automatically detect said pattern 212.  

15 

In some embodiments, the detected pattern 212 comprises a speaking pattern involving at 

least two, such as at least three, such as at least four, different speaking participants 122, 

each associated with a respective participant client 121, to the shared video communication 

service 110, each of said speaking participants 122 being viewed visually in a respective one 

20 of said primary digital video streams 210, 301.  

The production step preferably comprises determining, keeping track of and updating a cur

rent production state of the output video stream 230. For instance, such a state can dictate 

what, if any, participants 122 are visible in the output video stream 230, and where on the 

25 screen; if any external video stream 300 is visible in the output video stream 230, and where 

on the screen; if any slides or shared screens are shown in full-screen mode or in combina

tion with any live video streams; and so on. Hence, the production function 135 can be 

viewed as a state machine with respect to the produced output video stream 230.  

30 To generate the output video stream 230 as a combined video experience to be viewed by, 

for instance, an end consumer 150, it is advantageous for the central server 130 to be able
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to understand what happens on a deeper level than merely detecting individual events as

sociated with individual primary video streams 210, 301.  

In a first example, a presenting participant client 121 is changing a currently viewed slide.  

5 This slide change is detected by the event detection function 132 as described above, and 

metadata 242 is added to the frame in question indicative of a slide change having hap

pened. This happens a number of times, since the presenting participating client 121 turns 

out to skip a number of slides forward in rapid succession, resulting in a series of "slide 

change" events detected by the even detection function 132 and stored with corresponding 

70 metadata 242 in the individual buffer 250 for the primary video stream 210 in question. In 

practice, each such rapidly forward skipped slide may be visible for only a fraction of a sec

ond.  

The pattern detection function 134, looking at the information in the buffer 250 in question, 

15 spanning across several of these detected slide changes, will detect a pattern corresponding 

to one single slide change (that is, to the last slide in the forward-skipping, the slide remining 

visible once the rapid skipping is finished), rather than a number or rapidly performed slide 

changes. In other words, the pattern detection function 134 will note that there are, for 

instance, ten slide changes in a very short period of time, why they will be handled as a 

20 detected pattern signifying one single slide change. As a result, the production function 135, 

having access to the patterns detected by the pattern detection function 134, may choose 

to show the final slide in full-screen mode in the output video stream 230 for a couple of 

seconds, since it determines this slide to be potentially important in said state machine. It 

may also choose not to show the intermediately viewed slides at all in the output stream 

25 230.  

The detection of the pattern with several rapidly changing slides may be detected by a sim

ple rule-based algorithm, but may alternatively be detected using a trained neural network 

designed and trained to detect such patterns in moving images by classification.  

30
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In a different example, that may for instance be useful in case the video communication is 

a talk show, panel debate or similar, it may be desirable to quickly switch visual attention 

between, one the one hand, a current speaker, while, on the other hand, still giving the 

consumer 150 a relevant viewing experience by producing and publishing a calm and 

5 smooth output video stream 230. In this case, the event detection function 132 can contin

uously analyse each primary video stream 210, 301to at all times determine whether or not 

a person being viewed in that particular primary video stream 210, 301is currently speaking 

or not. This may, for instance, be performed as described above, using per se conventional 

image processing tools. Then, the pattern detection function 134 may be operable to detect 

10 particular overall patterns, involving several of said primary video streams 210, 301, said 

patterns being useful for producing a smooth output video stream 230. For instance, the 

pattern detection function 134 may detect a pattern of very frequent switches between a 

current speaker and/or patterns involving several concurrent speakers.  

15 Then, the production function 135 can take such detected patterns into consideration when 

taking automated decisions in relation to said production state, for instance by not auto

matically switching visual focus to a speaker who only speaks for half a second before again 

going silent, or to switch to a state where several speakers are displayed side by side during 

a certain time period when both are speaking interchangeably or concurrently. This state 

20 decision process may in itself be performed using time series pattern recognition tech

niques, or using a trained neural network, but can also be based at least partly on a prede

termined set of rules.  

In some embodiments, there may be multiple patterns detected in parallel and forming in

25 put to the production function 135 state machine. Such multiple patterns may be used by 

different Al components, computer vision detecting algorithms, and so forth, by the pro

duction function 135. As an example, permanent slide changes can be detected while con

currently detecting unstable connections of some participant clients 121, while other pat

terns detect a current main speaking participant 122. Using all such available pattern data, 

30 a classifier neural network can be trained, and/or a set of rules can be developed, for anal

ysis of a time series of such pattern data. Such a classification may be at least partly, such
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as completely, supervised to result in determined desired state changes to be used in said 

production. For instance, different such predetermined classifiers can be produced, specif

ically arranged to automatically produce the output video stream 230 according to various 

and different production styles and desires. Training may be based on known production 

5 state change sequences as desired outputs and known pattern time series data as training 

data. In some embodiments, a Bayesian model can be used to produce such classifiers. In a 

concrete example, information can be a priori gleaned from an experienced producer, 

providing input such as "in a talkshow I never switch from speaker A to Speaker B directly 

but always first show an overview before I focus on the other speaker, unless that the other 

70 speaker is very dominant and speaking loud." This production logic then be represented as 

a Bayesian model on the general form "if X is true I given the fact that Y is true I perform 

Z". The actual detection (of whether someone is speaking loudly, etc.) could be performed 

using a classifier or threshold-based rules.  

15 With large data sets (of pattern time series data), one can use deep learning methods to 

develop correct and appealing production formats for use in automated productions of 

video streams.  

In summary, using a combination of the event detection based on individual primary video 

20 streams 210, 301; the deliberately introduced delay; the pattern detection based on several 

time-synchronised primary video streams 210, 301 and the detected events; and the pro

duction process based on the detected patterns, makes it possible to achieve automated 

production of the output digital video stream 230 according to a wide possible selection of 

tastes and styles. This result is valid across a wide range of possible neural network and/or 

25 rule-based analysis techniques used by the event detection function 132, pattern detection 

function 134 and production function 135. Furthermore, it is valid in the below-described 

embodiments featuring a first produced video stream being used in the automatic produc

tion of a second produced video stream; and use of different deliberately added delays for 

different groups of participant clients. In particular, it is also valid in the below-described 

30 embodiments wherein a detected trigger results in the switch of what video streams are
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used in the produced output video stream or results in an automatic crop or zoom of a used 

video stream in the output video stream.  

As exemplified above, the production step may comprise producing the output digital video 

5 stream 230 based on a set of predetermined and/or dynamically variable parameters re

garding visibility of individual ones of said primary digital video streams 210, 301 in said 

output digital video stream 230; visual and/or audial video content arrangement; used vis

ual or audio effects; and/or modes of output of the output digital video stream 230. Such 

parameters may be automatically determined by said production function 135 state ma

10 chine and/or be set by an operator controlling the production (making it semi-automatic) 

and/or be predetermined based on certain a priori configuration desires (such as a shortest 

time between output video stream 230 layout changes or state changes of the above-ex

emplified types).  

75 In practical examples, the state machine may support a set of predetermined standard lay

outs that may be applied to the output video stream 230, such as a full-screen presenter 

view (showing a current speaking participant 122 in full-screen); a slide view (showing a 

currently shared presentation slide in full-screen); "butterfly view", showing both a cur

rently speaking participant 122 together with a currently shared presentation slide, in a 

20 side-by-side view; a multi-speaker view, showing all or a selected subset of participants 122 

side-by-side or in a matrix layout; and so forth. Various available production formats can be 

defined by a set of state machine state changing rules (as exemplified above) together with 

an available set of states (such as said set of standard layouts). For instance, one such pro

duction format may be "panel discussion", another "presentation", and so forth. By select

25 ing a particular production format via a GUI or other interface to the central server 130, an 

operator of the system 100 may quickly select one of a set of predefined such production 

formats, and then allow the central server 130 to, completely automatically, produce the 

output video stream 230 according to the production format in question, based on available 

information as described above.  

30
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Furthermore, during the production a respective in-memory buffer is created and main

tained, as described above, for each meeting participant client 121or external video source 

300. These buffers can easily be removed, added, and changed on the fly. The central server 

130 can then be arranged to receive information, during the production of the output video 

5 stream 230, regarding added/dropped-off participant clients 121 and participants 122 

scheduled for delivering speeches; planned or unexpected pauses/resumes of presenta

tions; desired changes to the currently used production format, and so forth. Such infor

mation may, for instance, be fed to the central server 130 via an operator GUI or interface, 

as described above.  

10 

As exemplified above, in some embodiments at least one of the primary digital video 

streams 210, 301 is provided to the digital video communication service 110, and the pub

lishing step may then comprise providing said output digital video stream 230 to that same 

communication service 110. For instance, the output video stream 230 may be provided to 

75 a participant client 121of the video communication service 110, or be provided, via API 112 

as an external video stream to the video communication service 110. This way, the output 

video stream 230 may be made available to several or all of the participants to the video 

communication event currently being achieved by the video communication service 110.  

20 As also discussed above, in addition or alternatively the output video stream 230 may be 

provided to one or several external consumers 150.  

In general, the production step may be performed by the central server 130, providing said 

output digital video stream 230 to one or several concurrent consumers as a live video 

25 stream via the API 137.  

As mentioned above, the participating clients 121 may be organised into two or more 

groups of participating clients 121. Figure 8 is a simplified view of the system 100 in a con

figuration to perform automatic production of an output video stream in cases where there 

30 are such groups.
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In this Figure 8, the central server 130 comprises the collecting function 131, that may be 

as described above.  

The central server 130 also comprises a first production function 135', a second production 

5 function 135" and a third production function 135"'. Each such production function 135', 

135", 135"' corresponds to the production function 135, and what has been said above in 

relation to production function 135 applies equally to production functions 135', 135" and 

135"'. The production functions 135', 135", 135"' may be distinct or co-arranged in one 

single logical function with several functions, and there may also be more than three pro

70 duction functions, depending on the detailed configuration of the central server 130. The 

production functions 135', 135", 135"' may in some cases be different functional aspects 

of one and the same production function 135, as the case may be. The various communica

tions between the production functions 135', 135", 135' and other entities may take place 

via suitable APIs.  

15 

It is further realised that there may be a separate collecting function 131 for each of the 

production functions 135', 135", 135"' or groups of such production functions, and that 

there may be several logically separated central servers 130, each with a respective collect

ing function 131, depending on the detailed configuration.  

20 

Moreover, the central server 130 comprises a first publishing function 136', a second pub

lishing function 136" and a third publishing function 136"'. Each such publishing function 

136', 136", 136"' corresponds to the publishing function 136, and what has been said above 

in relation to publishing function 136 applies equally to publishing functions 136', 136" and 

25 136"'. The publishing functions 136', 136", 136' may be distinct or co-arranged in one sin

gle logical function with several functions, and there may also be more than three publishing 

functions, depending on the detailed configuration of the central server 130. The publishing 

functions 136', 136", 136"' may in some cases be different functional aspects of one and 

the same publication function 136, as the case may be.  

30
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In Figure 8, three sets or groups of participating clients are shown, for illustrative purposes, 

each corresponding to the above-described participating client 121. Hence, there is a first 

group of such participating clients 121'; a second group of such participating clients 121"; 

and a third group of such participating clients 121"'. Each of these groups may comprise 

5 one or, preferably, at least two, participating clients. There may be only two such groups, 

or more than three such groups, depending on the detailed configuration. The allocation 

between groups 121', 121", 121"' may be exclusive in the sense that each participant client 

121 is allocated to maximum one such group 121', 121", 121"'. In alternative configura

tions, at least one participant client 121 may be allocated to more than one such group 121', 

10 121", 121"' at the same time.  

Figure 8 also shows an external consumer 150, and it is realised that there may be more 

than one such external consumer 150 as described above.  

15 Figure 8 does not, for reasons of simplicity, show the video communication service 110, but 

it is realised that a video communication service of the above-discussed general type may 

be used with the central server 130, such as providing a shared video communication ser

vice to each participating client 121using the central server 130 in the way discussed above.  

20 Respective primary video streams may be collected, by collecting function 131, from the 

respective participating clients 121, such as participating clients of said groups 121', 121", 

121"'. Based on the provided primary video streams, production functions 135', 135", 135' 

may produce respective digital video output streams.  

25 As illustrated in Figure 8, one or several such produced output streams may be provided as 

respective input digital video streams from one or several respective production functions 

135', 135"' to another production function 135", that may in turn produce a secondary dig

ital output video stream for publication by publication function 136", the secondary digital 

output video stream thus being produced based on one or several input primary digital 

30 video streams as well as on one or several pre-produced digital input digital video streams.
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The two or more different production steps 135', 135", 135"' may comprise the introduc

tion of a respective time-delay. In some embodiments, one or several of the respective pro

duced output digital video streams from these production steps 135', 135", 135'" may be 

time-unsynchronised, due to said time-delay introduction, with any other of the video 

5 streams that may be provided to other participant clients in said publishing step. Such time

delays may be deliberately added and/or be a direct consequence of the production of the 

produced digital video stream in question, in any of the ways described herein. As a result, 

any participating client consuming said time-unsynchronised produced output digital video 

stream will do so in a "time zone" which is slightly offset (time-wise) in relation to a video 

10 stream consumption "time zone" of said other participating clients.  

For instance, one of the groups 121', 121", 121"' of participating clients 121 may consume 

a respective produced video stream in a first such "time zone", whereas participating client 

121 of another one of said groups 121', 121", 121"' may consume a respective produced 

75 video stream in a second such "time zone". Since both these respective produced video 

streams may be produced based at least partly on the same primary video streams, all such 

participant clients 121 will be active in the same video communication, but in different 

"time zones" in relation to each other. In other words, a respective timeline for produced 

video stream consumption may be time-wise offset between different groups 121', 121", 

20 121"'.  

For instance, some production steps (such as 135', 135') may be direct (without the use of 

any deliberately introduced time-delay) and/or involve only computationally relatively 

lightweight processing before provision for publication; whereas other production steps 

25 (such as 135") may involve a deliberately introduced time-delay and/or relatively heavy

weight processing leading to the produced digital video stream in question being produced 

for earliest publication at a delay in relation to an earliest delay for publication of the re

spective digital video streams of the former production steps 135', 135"'.  

30 Hence, each participating client 121 in one or several of said groups 121', 121", 121"' may 

be able to interact with each other at the same perceived time-delay. At the same time,
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groups being associated with a larger respective time-delay may use a produced video 

stream from a group with a smaller time-delay as an input video stream to be used when 

producing an output video stream that the larger time-delay group views in their later 

"time-zone".  

5 

The result of this first larger time-delay production (in step 135") is hence a produced digital 

video stream of the above-described type, that may for instance visually comprise one or 

several of the primary video streams in question, in processed or non-processed form, as 

sub-parts. This produced video stream in question may comprise live-captured video 

10 streams, slides, externally provided video or imagery, and so forth, as generally described 

above in relation to video output streams produced by the central server 130. The produced 

video stream in question may also be produced based on detected events and/or patterns 

of deliberately delayed or real-time input primary video streams, provided by participant 

clients 121, in the general way described above.  

15 

In an illustrative example, the first group 121' participant clients are part of a debate panel, 

communicating using the video communication service 110 at a relative low latency, each 

one of these participant clients continuously being fed produced video stream from pub

lishing step 136' (or the respective primary video stream of each other). An audience to the 

20 debate panel is constituted by the second group 121" participant clients, continuously be

ing fed the produced video stream from production step 135", in turn being associated with 

a slightly higher latency. The produced video stream from production step 135" may be 

automatically produced, in the general manner discussed above, to automatically shift be

tween views of individual debate panel speakers (participant clients allocated to the first 

25 group 121', such views being provided directly from the collection function 131) and a pro

duced view showing all debate panel speakers (this view being the first produced video 

stream). Hence, the audience can receive a well-produced experience while the panel 

speakers may interact with each other at minimum latency.  

30 The delay deliberately added to the respective primary video streams used in the produc

tion step 136" may be at least 0.1 s, such as at least 0.2 s, such as least 0.5 s; and may be at
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the most 5 s, such as at the most 2 s, such as at the most 1 s. It may also depend on an 

inherit latency associated with each respective primary video stream, so as to achieve a full 

time-synchronisation between each of the used primary video streams and also the pro

duced video stream incoming to production step 135" from production step 135'.  

5 

It is understood that the primary video streams in question, as well as the produced video 

stream from production step 135', may all be additionally deliberately delayed so as to im

prove pattern detection for use in the second production function 135" in the general way 

described above.  

10 

Figure 8 furthermore illustrates a number of alternative or concurrent ways of publishing 

the various produced video streams produced by the central server 130.  

Generally, in a publishing step, performed by a first publishing function 136' arranged to 

75 receive first produced video stream from the first production function 135', said first pro

duced video stream may be continuously provided to at least one of a first participating 

client 121 and a second participating client 121. For instance, this first participating client 

may be a participating client from the group 121' providing a respective primary digital 

video stream to the first production function 135'.  

20 

In some embodiments, one or several of the participating clients of the group 121' may also 

receive a second produced video stream, by the second publishing function 136", in turn 

being arranged to receive a second produced video stream from the second production 

function 135".  

25 

Hence, each of the primary video stream-providing participating clients being allocated to 

the first group 121', if not provided directly with the primary digital video streams of each 

other, may be provided with the first produced video stream, involving a certain delay or 

latency due to the synchronisation between said primary video streams and also a possibly 

30 deliberately added delay or latency added in order to allow sufficient time for an event 

and/or pattern detection, as described above.
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Correspondingly, each of the participating clients being allocated to the second group 121" 

may be provided with the second produced video stream, also including said deliberately 

added delay in connection to the second production step, added with the purpose of time

5 synchronising the first produced video stream with said first and second primary video 

streams. This extra delay may or may not cause communication difficulties between the 

participating clients of the second group 121", for instance since they interact in a different 

manner than the first group 121' participants with the video communication service 110.  

70 Hence, first group 121' participant clients form a sub-group of all participating clients 121 

currently participating in the video communication service 110 in question, being present 

in and using the service in question in a "time zone" that is slightly ahead (such as 1-3 sec

onds ahead) of any participating client instead being continuously provided a produced 

video stream, such as the first or the second produced video stream. Still, other participat

15 ing clients (not allocated to the first group 121' but instead to the second group 121") will 

be continuously provided the second produced video stream, which is produced based on 

(and may at each point in time contain either or both of) at least one of the primary video 

streams which the second produced video stream is produced based on, but then in a 

slightly later "time zone". Since the first produced video stream is produced directly based 

20 on these at least one primary video streams, without any delay or latency added to time

synchronise them to an already-produced video stream based on the primary video streams 

themselves, a more direct, low-latency video communication service 110 experience is then 

made available to these participating clients 121.  

25 Again, this may also mean that the participating clients 121allocated to the first group 121' 

are not provided access to the second produced video stream.  

As is illustrated in Figure 8, the second produced video stream may also be produced as a 

digital video stream based additionally on a produced output video (a third produced output 

30 digital video stream) of a third production step 135"'. Each of the production steps 135', 

135", 135' may hence be produced based on at least partly overlapping primary input
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digital video streams, but using different respective deliberately added latencies ("time 

zones") in relation to said primary video streams and provided to different respective 

groups 121', 121", 121"' of participant clients 121.  

5 The participant clients 121 allocated to the third group 121" may have less strict latency 

requirements than the participant clients 121allocated to the first group 121'. For instance, 

the first group 121' participating clients 121 may be the members of the above-discussed 

debate panel (interacting with each other in real-time hence requiring low latency), 

whereas the third group 121" participating clients 121may constitute a panel of experts or 

70 similar, that interact with the panel but in a more structured way (such as using clear ques

tions/answers), thus being able to tolerate higher latency than the first group 121'.  

Both the first produced video stream and the third produced video stream may be fed to 

the second production function 135" to base the production of the second produced video 

75 stream on, as the case may be.  

Hence, the first production step 135' may involve introducing a deliberate delay or latency 

of the type discussed above, introduced in addition to any delay introduced as a part of the 

synchronisation of the first and second primary video streams, and introduced so as to 

20 achieve sufficient time, for instance, to perform an efficient event and/or pattern detection.  

Such introduction of a deliberate delay or latency may take place as a part of a synchronising 

performed by said synchronising function 133 (not shown in Figure 8 for reasons of simplic

ity). The corresponding may be true for the third production step 135"', but introducing a 

deliberate delay or latency that is different from the deliberately introduced delay or la

25 tency for the first production step 135'.  

In particular, the deliberately introduced delays or latencies result in a time-unsynchronisa

tion between the first produced video stream and the third produced video stream. This 

means that the first and third produced video streams do not follow a common timeline in 

30 case they are both immediately and continuously published upon production of each indi

vidual frame.
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Hence, three separate produced video streams may be produced and consumed/published 

simultaneously, but in different "time zones". Even though they are based on at least partly 

the same primary video material, the produced video streams are published with different 

5 latency. The first group 121', requiring the lowest latency, can interact using the first pro

duced video stream, offering very low latency; the third group 121"', willing to accept 

slightly larger latency, can interact using the second produced video stream, offering more 

latency but on the other hand greater flexibility in terms of deliberately added delays so as 

to achieve a better automatic production as described elsewhere herein; whereas the sec

70 ond group 121", that are not so sensitive to latency, can enjoy interaction using the second 

produced video stream that can both incorporate material from the first 121' and third 

121"' groups and also be automatically produced in a very flexible manner. It is especially 

noted that all these groups 121', 121", 121"' of participant users interact with each other 

using said video communication service 110, despite using said varying latencies and hence 

75 acting in different "time zones". However, due to the synchronisation of the individual input 

video streams in each production function, the participant users 121 will not notice the dif

fering latency from their respective perspective.  

As discussed above, respective participating clients 121 allocated to each of said groups 

20 121', 121", 121"' may participate in one and the same video communication service 110 

within which the second produced video stream is continuously published.  

Then, different ones of said groups 121', 121", 121'" may be associated with different par

ticipator interaction rights in said video communication service 110. In these and other em

25 bodiments, different ones of said groups 121', 121", 121'" may also be associated with dif

ferent maximum time-delays (latencies) used for producing a respective produced video 

stream published to participant clients 121allocated to the group 121', 121", 121'" in ques

tion.  

30 For instance, the first group 121' of panel debating participant clients may be associated 

with full interaction rights, and can speak whenever they wish to. The third group 121"' of
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participant clients may be associated with slightly restricted interaction rights, for instance 

that they need to request the floor before being able to speak by the video communication 

service 110 unmuting their mics. The second group 121" of audience participant users may 

be associated with even more restricted interaction rights, such as only being able to pose 

5 questions in writing in a common chat room but not being able to speak.  

Hence, various groups of participant users may be associated with different interaction 

rights and different latencies for the respective produced video stream that is published to 

them, in a way so that latency is an increasing function of decreasing interaction rights. The 

70 freer the participant user 121 in question is allowed, by the video communication service 

110, to interact with other users, the lower the accepted latency. The lower the accepted 

latency, the smaller the possibilities for the corresponding automatic production function 

to take into considerations things such as detected events or patterns.  

15 Agroup having a largest latency may be a viewer-only group, with no interaction rights apart 

from passive participation in the video communication service.  

In particular, a respective maximum time-delay (latency) for each of said groups 121', 121", 

121"' may be determined as a largest latency difference across all primary video streams 

20 and any produced video streams that are continuously published to participating clients in 

the group in question. To this sum may be added any additional time-delay added deliber

ately with the purpose of detecting events and/or patterns as described above.  

As used herein, the term "production" and "produced digital video stream" may refer to 

25 different types of production. In one example, a single, well-defined digital video stream is 

produced by a central entity, such as the central server 130, to form the produced digital 

video stream in question, for provision to and publication at each of a particular set of par

ticipating clients 121 that are to consume the produced digital video stream in question. In 

other cases, different individual such participating clients 121 may view a slightly different 

30 version of the produced digital video stream in question. For instance, the produced digital 

video stream may comprise several individual or combined digital video streams that the
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participating client 121 local software function 125 can allow the user 122 in question to 

switch between; arrange on the screen 124; or to configure or process in any other way.  

Many times, what is important is in what "time zone" (i.e. at what latency) that the pro

duced digital video stream, including any time-synchronised sub-components, are provided.  

5 Hence, the case where different participant clients 120 of the first group 121' are provided 

each other's primary video streams, described above in connection to Figure 8, may be 

viewed as a first produced digital video stream being provided to these participant clients 

(in the sense that the time-synchronised set of raw or processed first and second primary 

digital video streams are made available to both the first and second participant clients).  

10 

To further clarify and exemplify the use of participant clients groups 121', 121", 121'" de

scribed above, the following example is provided, in the form of a video communication 

service meeting involving three different concurrent "time zones": 

75 A first group of participant clients 121' are experiencing interaction with each other in real

time, or at least near real-time (depending on unavoidable hardware and software laten

cies). These participant clients are provided video, including sound, from each other to 

achieve such interaction and communication between the users 122 in question. The first 

group 121' may serve users 122 at the core of the meeting, the interaction of which may be 

20 of interest for other (non-first group 121') participant clients to take part of.  

A second group of such other participant clients 121" participate in the same meeting, but 

in a different "time zone", being further from real-time than the first group participant cli

ents 121'. For instance, the second group 121" may be an audience with interaction privi

25 leges such as the possibility to pose questions to the first group 121'. The "time zone" of 

the second group 121" may have a delay in relation to the "time zone" of the first group 

121' such that posed questions and answers are associated with a noticeable but short de

lay. On the other hand, this slightly larger delay allows this second group 121" participant 

clients to experience a produced digital video stream that was automatically produced in a 

30 more complex manner, providing a more agreeable user experience.
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A third group of such other participant clients 121'" also participate in the same meeting, 

but as viewers only. This third group 121"' consume a produced digital video stream that 

can be automatically produced in an even more elaborate and complex manner, being con

sumed in a third "time zone" having even more delay than the second "time zone". How

5 ever, since the third group 121"' cannot provide input to the communication service in a 

way affecting the first 121' and second 121" groups, the third group 121'" will experience 

the meeting as being performed in "real-time", with an agreeable production.  

There may, of course, be more than three such groups of participant clients, being associ

70 ated with respective meeting "time zones" of increasingly larger time delay and increasing 

production complexity, using the principles described herein.  

Figure 9 illustrates a method according to the present invention, the method being for 

providing a shared digital video stream.  

15 

In a first step S1, the method starts.  

In a subsequent collecting step S2, a first digital video stream is collected from a first digital 

video source, and a second digital stream is collected from a second digital video source, in 

20 the waygenerally described above. Hence, the first and/or second digital video stream may 

each be collected from a respective participating client 121or from an external source 300, 

and may be performed by the collecting function 131 of the central server 130.  

In a subsequent first production step S4, said shared digital video stream is produced as an 

25 output digital video stream. This production may be performed as generally described 

above, such as by production step 135, 135', 135", 135"'.  

In the first production step S4, the shared digital video stream is produced based on con

secutively considered frames of said first digital video stream so that image information 

30 from said first digital video source is visible in the shared digital video stream, but so that 

image information from said second digital video source is not visible in the shared digital
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video stream. In other words, the shared video stream will to at least some extent contain 

visual material originating from the first digital video stream, but will not contain any visual 

material originating from the second digital video stream.  

5 In a subsequent trigger detection step S5, said first and/or second digital video stream is 

digitally analysed so as to detect at least one trigger.  

This analysis and detection may be performed by the same production step 135, 135', 135", 

135"' that produces the shared video stream in question, and is based on the automatic 

70 detection of an image and/or audio pattern of a predetermined type.  

The trigger may be an event or pattern of the types described and exemplified above (per

formed by the event detection function 132 and pattern detection function 134, respec

tively), and the detection thereof will typically take place using automatic digital processing 

75 of audio and/or image/video data contained in the digital video stream(s) in question. For 

instance, and as exemplified above, automatic image processing algorithms, such as using 

a trained neural network or other machine learning tools, may be employed to automati

cally detect the presence of a certain trigger based on imagery contained in said first and/or 

second video feed. Correspondingly, per se conventional automatic audio processing algo

20 rithm of corresponding type may be used to detect the presence of a certain trigger based 

on audio contained in said first and/or second video feed.  

That the image and/or audio pattern is of a "predetermined type" means that the pattern 

in question can be characterised in terms of a set of one or several absolute or relative 

25 parameter values that are defined ahead of the detection in question. This will be exempli

fied below.  

In general, the existence of said audio or image pattern constitutes the corresponding trig

ger in question. Moreover, the trigger is predetermined specifically for being instructive, to 

30 the automatic production step 135, 135', 135", 135"' producing the shared video stream,
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according to a predetermined production rule, to alter the production mode (rule) of the 

shared digital video stream upon the detection of the trigger in question.  

Hence, the production step 135, 135', 135", 135"' may comprise or have access to a data

5 base defining one or several triggers in terms of corresponding parametervalues character

ising a corresponding image and/or audio pattern, instantaneous or over time.  

In a subsequent second production step S6 or S7, initiated in response to the detection of 

said trigger, the shared digital video stream is then again produced, by the same (or differ

70 ent) production step 135, 135', 135", 135"', but not in the same way as in the first produc

tion step S4.  

In a first alternative second production step S6, the shared digital video stream is produced 

as an output digital video stream based on consecutively considered frames of said second 

75 digital video stream, so that image information from said second digital video source is vis

ible in the shared digital video stream. It is noted that the output digital video stream may 

in this case furthermore be produced based on, or be produced not based on, consecutively 

considered frames of the first digital video stream, so that image information from the first 

digital video source is visible in the shared digital video stream. In otherwords, when switch

20 ing from the first production step S4 to the second production step S6, the shared video 

stream may go from displaying content from the first but not the second video stream, to 

either displaying content from the second but not the first video stream, or to display con

tent from both the first and the second video streams.  

25 In a second alternative second production step S7, the shared digital video stream is pro

duced as an output digital video stream based on consecutively considered frames of said 

first digital video source but with at least one of a different cropping, a different zooming, 

a different panning and a the selection of a different focus plane of said first digital video 

stream as compared to the first production step S4. In other words, the contents of the 

30 video stream being displayed in the shared video stream are cropped, de-cropped, zoomed

in, zoomed-out, vertically and/or horizontally panned, and/or a focus plane of the video
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stream in question is shifted, in relation to a current crop/zoom/pan/focus plane status of 

the video stream as used in the first production step S4.  

It is realised that such crop/pan/zoom/focus plane may be performed by the production 

5 step 135, 135', 135", 135"' in question based on an existing video stream (that may then 

itself contain multiple possible focus planes with different image information on pixel level), 

and/or by the production step 135, 135', 135", 135'" communicating a command to a video 

source (such as a digital video camera) capturing the video stream in question) to modify 

the corresponding capture parameter accordingly. For instance, this may then entail a cor

70 responding camera capturing the video stream in question zooming, panning and/or shift

ing its focus plane in accordance with the instructions provided by the production step 135, 

135', 135", 135"'.  

In a subsequent publishing step S8, said output digital video stream is continuously provided 

75 to a consumer of the shared digital video stream, such as to a participating client 121and/or 

to an external consumer 150, in the general way described above.  

The method may then iterate back to step S2, as illustrated in Figure 9.  

20 In a subsequent step S9, the method ends.  

The first digital video stream may be continuously captured by a first digital camera, and 

the second digital video stream may be continuously captured by a second, different digital 

camera (hence constituting primary video streams using the terminology used previously 

25 herein). Alternatively, such in the case using several different groups 121', 121", 121'" of 

participating clients 121 being associated with different respective latencies ("time zones") 

described above, the first and/or second digital video stream may constitute a respective 

previously produced digital video stream, in turn being produced with different latency 

("time zone") as compared to the presently produced shared video stream (see above for 

30 details regarding such "time zones").
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In case the first video stream is an already-produced video stream, it is preferred (albeit not 

necessary) that any cropping/zooming/panning is performed based on the already-existing 

first video stream, as opposed to instructing any upstream camera to modify its 

crop/zoom/pan settings.  

5 

Using the present method, an automatic production may be achieved of the shared video 

stream that can offer a more intuitive and natural experience to consumers of the produced 

shared video, since the actual audio/video contents of the respective video streams are 

used to detect triggers that in turn result in the automatic production moving from one 

10 automatic production format to a different such format.  

Triggers may be predefined, using suitable parameters, to cater for various needs. For in

stance, behaviour of individual persons being depicted in the first and/or second video 

stream may be automatically assessed with respect to such triggers and allowed to change 

75 the production format depending on how such behaviour is conducted. In other examples, 

particular predefined triggers may be used as manual cues, delivered by a human being 

depicted in the first and/or second video stream, to change the production format in ques

tion on the fly, during an ongoing production.  

20 In the following, a number of examples of such triggers and corresponding production for

mat changes will be described.  

In a first example illustrated in Figures 10a and 10b, the predetermined pattern comprises 

a first (human or, for instance mechanical machine) participant 430 depicted in said first 

25 digital video stream, in Figure 10a illustrated as captured by a first digital video camera 410.  

The first participant 430 gazes towards an object 440, in the example illustrated in Figure 

10a a second (human or machine) participant, the second participant 440 in turn being de

picted in the second digital video stream. The second digital video stream is, in this example, 

captured by a second digital video camera 420.  

30
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It is realised that the second object 440 may be something else, such as a group of human 

participants or any physical object of general interest for the ongoing communication. For 

instance, the shared video stream may be a documentation of a medical procedure, 

whereby the object 440 may be a part of a patient. In other examples, the object 440 may 

5 be the object of a teaching session or sales presentation. The object 440 may also be, for 

instance, a whiteboard or slide presentation screen.  

The first and second video streams may be of any of the types described hereinabove.  

70 In the case illustrated in Figures 10a and 10b, the predetermined image and/or audio pat

tern is detected based on information about a relative orientation of said first camera 410, 

said participant 430 and said object 440. This information may be present in the system 100 

(and in particular in the central server 130), such as previously provided during setup/con

figuration and/or automatically detected during ongoing production.  

15 

For instance, respective locations of the first 410 and second cameras 420 may be fed to 

the central server 130 from the respective camera 410, 420 in question, by the cameras 

comprising measurement means, such as a MEMS circuit comprising an accelerometer and 

a gyro, or other per se conventional localisation means, such as stepping motors, arranged 

20 to continuously or intermittently measure a current location of the camera 410, 420 in ques

tion based on some suitable geometric reference. In other examples, the orientation of the 

cameras 410, 420 in question may be detected by a third camera (not shown), using a suit

able automatic digital image processing algorithm, the third camera capturing at least one 

of the cameras 410, 420 in an image and determining, using digital image processing, the 

25 relative orientations in question based on this captured image information.  

It is noted that, in this context, an "orientation" may encompass both a location and an 

orientation component.  

30 The location of the first participant 430 and the object 440, in relation to some suitable 

reference system (such as in relation to the first camera 410 and/orthe second camera 420)
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may be determined using digital image processing based on the video stream(s) captured 

by the first camera 410 and/or the second camera 420.  

As illustrated in Figure 10a, the first participant 430 gazes downwards in the Figure, not 

5 towards the second participant 430.  

In this example, though, the predetermined image and/or audio pattern is further detected 

based on a digital image-based determination of at least one of a body direction, a head 

direction and a gaze direction of the first participant 430, based on the first digital video 

10 stream.  

As is illustrated in Figure 10b, the first participant 430 has turned towards the second par

ticipant 440, facing (and gazing) towards the second participant 440.  

15 Body and head direction of the first participant 430 may be determined based on digital 

image processing of the first video stream, captured by the first camera 410. Such algo

rithms are convention as such, and can, for instance, use a priori knowledge about an ex

pected shape of the first participant 430 in the video stream captured by the first camera 

410 when turned in various directions. This may be accomplished using a trained neural 

20 network or other machine learning components. Together with the relative orientation of 

the first camera 410, the relative location of the first participant 430 and the object 440, 

and the determined body or head direction of the first participant 430, the central server 

130 can determine if the first participant 430 is turned (head or body) towards the object 

440 in question or not.  

25 

Gaze direction of the first participant 430 may be accomplished in a similar manner, such as 

based on the images captured by the first video camera 410. Such gaze tracking technology 

is well-known in itself, and may for instance be based on discerning the position of pupils 

and light reflections visible in the eyes of the first participant 430.  

30
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The trigger in question may be defined as the detection of a transition pattern, such as the 

transition by the first participant 430 from not being directed or gazing towards the object 

440 to the first participant 430 in fact facing and/or gazing towards the object 440. Hence, 

the central server 130 may continuously monitor for such transition, based on suitably set 

5 corresponding absolute or relative parameter values, and the trigger may be detected once 

such a transition occurs.  

It is realized that, in this and other embodiments, several different predetermined images 

and/or audio patterns may be monitored for at the same time, and any such detected pre

70 determined image and/or audio pattern will then constitute a detected corresponding trig

ger, in turn leading to the automatic production switching to a different respective corre

sponding mode, according to a predetermined parameterised production logic.  

Figure 10c illustrates a second example, being similar to the one shown in Figure 10b, but 

75 wherein the predetermined image and/or audio pattern corresponding to the trigger in 

question is not that the first participant 430 turns or gazes to the object 440. Instead, the 

predetermined image and/or audio pattern comprises a participant (such as the first partic

ipant 430) depicted in the first digital video stream (such as by the first camera 410) making 

a predetermined gesture.  

20 

The gesture may be any gesture of predetermined, parameterised type, such as a gesture 

in geometric relation to said object 440 depicted in said second digital video stream. Con

cretely, the gesture may be the first participant 430 pointing towards said object 440 (as 

depicted in Figure 10c showing an arm 431of the first participant 430 pointing towards the 

25 object 440). The gesture may, however, also be based on, for instance, only a hand or finger 

of the first participant 430.  

This gesture-type predetermined pattern (and in particular its direction in space, if any) may 

be detected in a way corresponding to the situation described in connection to Figure 10b, 

30 hence based on information about a relative orientation of said first camera 410, said first 

430 participant and said object 440, and further being detected based on a digital image-
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based determination of a gesture direction of the first participant 430 based on the first 

digital video stream.  

For both the case illustrated in Figure 10b and the case illustrated in Figure 10c, the orien

5 tation of the second camera 420 may also be detected and used in the determination of if 

the trigger is detected or not. For instance, it can be used to determine that the object 440 

is visible in the second camera 420, which may constitute a condition for the trigger to be 

detected in case the trigger is associated with a switching to the second camera 420 upon 

the detected trigger in question. In some embodiments, the second production step S6 may 

10 comprise determining one second camera 420 (among several possible second cameras) 

currently showing the object 440 and selecting that second camera 420 as the one providing 

the second video stream in question in the second production step S6.  

In the example shown in Figure 10d, there is only one camera, namely the first camera 410 

75 (even though it is understood that more cameras and other video stream generating com

ponents may of course be present in various embodiments). The first camera 410 captures 

both the first participant 430 and the object 440. As the first participant 430 turns her body, 

head or gaze towards the object 440, this detected image pattern constitutes the detected 

trigger. In this case, the second production step may comprise the video stream captured 

20 by the first camera 410 being panned and/or zoomed and/or cropped in the produced out

put video stream, so as to focus the attention of a viewer of the produced output video 

stream in question to the object 440.  

In practical examples, the detected attention of the first participant 430 (embodied in the 

25 body, head or gaze direction of the first participant 430 as exemplified above) causes the 

automatic production (in said second production step) to highlight or shift focus in some 

manner, based on the existing video streams or by instructing units producing the primary 

video streams in question, so as to provide increased visual focus to the object 440 in ques

tion.  

30
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In another example, illustrated in Figures 11a and 11b, the predetermined image and/or 

audio pattern comprises the first participant 430 depicted in said second digital video 

stream gazing towards the second camera 420 continuously capturing the second digital 

video stream. Specifically, in Figure 11a the first participant 430 does not gaze into the sec

5 ond camera 420, whereas the first participant 430 in Figure 11a gazes towards the second 

camera 420. This detected switch of the gaze direction may hence constitute the detection 

of the corresponding trigger in question.  

In other examples, the predetermined image and/or audio pattern comprises a relative 

70 change of movement in said first digital video stream and/or said second digital video 

stream. For instance, the amount of general movement shown in the first video stream may 

be parameterised and a zoom of the first video stream and/or the second video stream may 

then be increased as a function of decreasing general movement or vice versa; or the sec

ond production step may switch to the second image stream in case of a detected increased 

75 general movement, the second video stream being captured by the second camera 420 

showing a more wide-angle or more distant view of a scene depicted by the first camera 

410. Correspondingly, a recorded sound of the participant's 430 speech may be used to 

determine such a zoom-in/zoom-out/camera switch performance. For instance, if it is rec

orded that the participant 430 talks louder, there may be a zoom-out of the first video 

20 stream in the output shared video stream and vice versa.  

In yet other examples, the predetermined image and/or audio pattern comprises a prede

termined sound pattern in turn being characterised by its frequency and/or amplitude 

and/or amplitude time derivative and/or absolute amplitude change and/or a sound loca

25 tion as determined for instance by a relative microphone volume of a particular sound-cap

turing microphone. Such a microphone may be a part of, for instance, the first camera 410, 

or may be a standalone microphone. Such microphone is then arranged to record sound 

arising at or in direct connection to a scene being shown in the first video stream.  

30 For instance, the predetermined sound pattern may comprise a predetermined phrase con

taining at least one verbally uttered word. The sound may be recorded and be provided as
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a part of the video streams fed to the first production step, and the predetermined pattern 

may be detected by the central server 130 and then, when the corresponding trigger is de

tected, the production may switch to the second production step. The audio analysis may 

use a suitable digital audio processing algorithm, such as a rule-based decision engine using 

5 various sound information (such as pitch, amplitude and pattern matching) to determine if 

the predetermined sound patter is detected or not; a trained neural network; and so forth.  

As described in detail above, the present method may also comprise a delaying step (see 

Figure 9), wherein a latency is deliberately introduced with respect to at least the first and 

70 the second digital video stream, the latency being present in the shared digital video stream.  

Then, the trigger detection step may be performed based on the first and/or second digital 

video streams before introducing said latency.  

The latency may be at the most 30 seconds, such as at the most 5 seconds, such as at the 

75 most 1seconds, such as at the most 0.5 seconds.  

Using such deliberately added delay, the automatic production may for instance plan an 

automatic switch from a first camera 410 to a second camera 420 based on a detected trig

ger (such as the participant 430 looking into the second camera 420), the planning taking 

20 place a certain time (such as 0.5 s) before the event is to take part in the produced shared 

video stream. This way, such a switch can be performed at precisely the time of the trigger 

actually taking place, or at a time fitting optimally with other parameterised production pa

rameters, such as being timed with a speech rhythm of the participant 430 in question. In 

case there are several groups 121', 121", 121'" of the above-discussed types, such planning 

25 may take place with different time horizons with respect to produced output video streams 

produced with respect to (for consumption by) respective participant clients 121 of differ

ent ones of such groups 121', 121", 121"'.  

The predetermined image and/or audio pattern may constitute (and be determined as) an 

30 "event" and/or a "pattern" of the type described above in connection to the event detection 

function 132 and the pattern detection function 132.
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The following are a number of examples of how the present invention can be embodied in 

practise: 

5 In a multi-cam presentation, talk-show or panel discussion, different cameras can present 

different camera angles of a presenter. The automatic production function can then be con

figured to automatically choose between the different camera angles depending on which 

one of the cameras the presenter is looking at, and/or triggered by gestures or audio cues.  

70 In a video podcast or talking-head video, the automatic production function can be config

ured to automatically switch between different cameras depending on what camera a cur

rent speaker is facing.  

In a townhall meeting, the automatic production function can be configured to switch to a 

75 camera pointed at an audience for adding input or questions from attendees. This could be 

triggered by monitoring an audio feed associated with that camera and when it reaches a 

certain level that camera goes live or by a voice command, for example "question from the 

audience".  

20 In a product presentation or review, the automatic production function can be configured 

to automatically switch to a camera pointed at a product when it senses motion in that 

source, or based on another trigger.  

In robotic surgery, a video stream captured by a robotic camera capturing the surgery may 

25 be replaced by a normal information presentation upon detecting predetermined gestures, 

audio cues, or upon recognizing that the surgeon is not using a surgeon console or looking 

up from it.  

In an educational context, a camera could be configured to be pointed at a regular white

30 board or chalkboard, and the automatic production function can be configured to switch to 

that camera when the teacher is making gestures toward the board or by voice commands.
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In a concert or other cultural event, the automatic production function may be configured 

to switch between cameras pointed at a singer, bandmembers or an orchestra. This can be 

done by either gestures or triggered by which camera the talent is looking at.  

5 

In a theatrical performance, the automatic production function may be configured to cut 

between different camera angles depending on who is talking, either byface-tracking, audio 

cues, gestures or by following a predetermined schedule (rundown).  

70 Hence, in addition to trigger detections of the types described hereinabove, the automatic 

production may also switch from one format (production rule) to another one based on 

predetermined schedules (rundowns), and of course also manual override, as the case may 

be.  

15 The present invention also relates to a computer software function for providing the shared 

digital video stream according to what has been described above. Such a computer software 

function may then be arranged to, when executing, perform at least some of the above

described collecting, delay, first production, trigger detect, second production and publish

ing steps described above. The computer software function may be arranged to execute on 

20 physical or virtual hardware of the central server 130, as described above.  

The present invention also relates to the system 100 as such, being a system for providing 

the shared digital video stream, and in turn comprising the central server 130. The central 

server 130, in turn, may be arranged to perform at least some of said collecting, delay, first 

25 production, trigger detect, second production and publishing steps described above. For 

instance, these steps may be performed by the central server 130 executing said computer 

software function to perform said steps as described above. The collection may be per

formed by the collecting function 131. The detection of the predetermined image and/or 

audio pattern and triggers described above may be performed by the event- and pattern 

30 detection function 132, 134, or by the production function 135, of the central server 130.  

Any deliberate delay may be performed in the way generally described above, such as by
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the collecting function 131. The publishing may be performed by the publishing function 

136.  

It is understood that the principles of automatic production based on an available set of 

5 input video streams described above, such as involving time-synchronisation of such input 

video streams, event and/or pattern detection, as well as trigger detection, and so forth, 

may be applied at different levels concurrently. Hence, one such automatically produced 

video stream may form an available input video stream to a downstream automatic pro

duction function in turn producing a video stream, and so on.  

10 

The central server 130 may be arranged to control group 121', 121", 121"' allocation to 

individual participant clients 121. For instance, changing group allocation for a particular 

such participant client dynamically during the course of the live video communication ser

vice session may be a part of the automatic production of said video communication service 

75 by the central server 130. Such reallocation may be triggered based on a predetermined 

time-table or dynamically, for instance as a function of parameter data that may change 

dynamically over time, for instance upon the request (provided via the client 121 in ques

tion) of individual participant client users 122.  

20 Correspondingly, the central server 130 may be arranged to dynamically change the group 

structure during the course of the video communication service, such as only using a certain 

group for a predetermined time slot (such as during a planned panel debate).  

Changing group allocation in a predetermined manner may be the automatic result of the 

25 detection of a particular trigger, in a way corresponding to what has been described above 

in connection to Figures 9-11b.  

In all of the above-described aspects, the present invention may further comprise an inter

action step, in which at least one participant client of a first group, the first group being 

30 associated with a first latency, interacts in a two-way (bi-directional) manner with at least 

one participant client of the same first group or of a second group, the second group then
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being associated with a second latency, the second latency being different from the first 

latency. It is understood that these participating clients may all be participants to one and 

the same communication service of the above-described type.  

5 Above, preferred embodiments have been described. However, it is apparent to the skilled 

person that many modifications can be made to the disclosed embodiments without de

parting from the basic idea of the invention.  

For instance, many additional functions can be provided as a part of the system 100 de

10 scribed herein, and that are not described herein. In general, the presently described solu

tions provide a framework on top of which detailed functionality and features can be built, 

to cater for a wide variety of different concrete application wherein streams of video data 

is used for communication.  

75 In general, all which has been said in relation to the present method is applicable to the 

present system and computer software product, and vice versa as applicable.  

Hence, the invention is not limited to the described embodiments, but can be varied within 

the scope of the enclosed claims.  

20
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C L A I M S 

1. Method for providing a shared digital video stream, the method comprising 

in a collecting step (S2), collecting from a first digital video source a first digital video 

5 stream and from a second digital video source a second digital stream; 

in a first production step (S4), producing the shared digital video stream as an output 

digital video stream based on consecutively considered frames of said first digital video 

stream so that image information from said first digital video source is visible in the shared 

digital video stream, but so that image information from said second digital video source is 

70 not visible in the shared digital video stream; 

in a trigger detection step (S5), automatically detecting a trigger by performing at least 

one of 

a) digitally analysing said first digital video stream to automatically detect the trigger 

in the form of a participant (430) depicted in the first digital video stream gazing 

75 towards, or making a predetermined gesture in relation to, an object (440) de

picted in said second digital video stream, the detection being based on infor

mation about a relative orientation of the first camera (410), said participant (430) 

and said object (440), the detection further being based on a digital image-based 

determination of at least one of a body direction, a head direction, a gaze direction 

20 and a gesture direction of the participant (430) in question; and 

b) digitally analysing said first and/or second digital video stream to automatically de

tect the trigger in the form of a transition of a gaze direction of the participant 

(430) depicted in said second digital video stream from not gazing into the second 

camera (420) to gazing into the second camera (420), 

25 the trigger being instructive, according to a predetermined production rule, to alter 

the production mode of the shared digital video stream; 

in a second production step (S6,S7), initiated in response to the detection of said trig

ger, producing the shared digital video stream as an output digital video stream based on 

consecutively considered frames of said second digital video stream so that image infor

30 mation from said second digital video source is visible in the shared digital video stream, 

and/or producing the shared digital video stream as an output digital video stream based
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on consecutively considered frames of said first digital video source but with at least one of 

a different cropping, a different zooming, a different panning or a different focus plane se

lection of said first digital video stream as compared to the first production step (S4); and 

in a publishing step (S8), continuously providing said output digital video stream to a 

5 consumer of the shared digital video stream.  

2. Method according to claim 1, wherein 

the first digital video stream is continuously captured by a first digital camera (410), 

and wherein 

70 the second digital video stream is continuously captured by a second digital camera 

(420).  

3. Method according to claim 1 or 2, wherein 

the second object (440) is a human, a group of humans, a machine, a whiteboard or a 

75 presentation screen.  

4. Method according to any one of the preceding claims, wherein 

said gesture is a pointing towards said object (440).  

20 5. Method according to any one of the preceding claims, wherein 

the detection of the trigger comprises detecting a predetermined image pattern in 

turn comprising a relative change of movement in said first and/or second digital video 

stream.  

25 6. Method according to any one of the preceding claims, further comprising 

determining a location of the participant (430) and the object (440), in relation to the 

first camera (410) and/or the second camera (420), using digital image processing based on 

the first and/or second digital video stream.  

30 7. Method according to any one of the preceding claims, wherein
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the second production step (S6,S7) comprises determining a particular one second 

camera (420) among several possible second cameras currently showing the object (440) 

and selecting that second camera (420) as the one providing the second video stream in 

question.  

5 

8. Method according to any one of the preceding claims, wherein 

the production in the second production step (S6,S7) is configured to highlight or shift 

focus of the output digital video stream so as to provide increased visual focus to the object 

(440).  

10 

9. Method according to any one of the preceding claims, wherein the method further

more comprises 

a delaying step (A3), wherein a latency is deliberately introduced with respect to at 

least the first and the second digital video stream, the latency being present in the shared 

75 digital video stream, wherein 

the trigger detection step is performed based on the first and/or second digital video 

streams before introducing said latency.  

10. Method according to claim 9, wherein 

20 the latency is at the most 30 seconds, such as at the most 5 seconds, such as at the 

most 1seconds, such as at the most 0.5 seconds.  

11. Computer software product for providing a shared digital video stream, the computer 

software function being arranged to, when executing, perform 

25 a collecting step (S2), wherein a first digital video stream is collected from a first digital 

video source and a second digital stream is collected from a second digital video source; 

a first production step (S4), wherein the shared digital video stream is produced as an 

output digital video stream based on consecutively considered frames of said first digital 

video stream so that image information from said first digital video source is visible in the 

30 shared digital video stream, but so that image information from said second digital video 

source is not visible in the shared digital video stream;
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a trigger detection step (S5), wherein a trigger is automatically detected by at least 

one of 

a) digitally analysing said first digital video stream to automatically detect the trigger 

in the form of a participant (430) depicted in the first digital video stream gazing 

5 towards, or making a predetermined gesture in relation to, an object (440) de

picted in said second digital video stream, the detection being based on infor

mation about a relative orientation of the first camera (410), said participant (430) 

and said object (440), the detection further being based on a digital image-based 

determination of at least one of a body direction, a head direction, a gaze direction 

70 and a gesture direction of the participant (430) in question; and 

b) digitally analysing said first and/or second digital video stream to automatically de

tect the trigger in the form of a transition of a gaze direction of the participant 

(430) depicted in said second digital video stream from not gazing into the second 

camera (420) to gazing into the second camera (420), 

15 the trigger being instructive, according to a predetermined production rule, to alter 

the production mode of the shared digital video stream; 

a second production step (S6,S7), initiated in response to the detection of said trigger, 

wherein the shared digital video stream is produced as an output digital video stream based 

on consecutively considered frames of said second digital video stream so that image infor

20 mation from said second digital video source is visible in the shared digital video stream, 

and/or the shared digital video stream is produced as an output digital video stream based 

on consecutively considered frames of said first digital video source but with at least one of 

a different cropping, a different zooming, a different panning or a different focus plane se

lection of said first digital video stream as compared to the first production step (S4); and 

25 a publishing step (S8), wherein said output digital video stream is continuously pro

vided to a consumer of the shared digital video stream.  

12. System (100) for providing a shared digital video stream, the system (100) comprising 

a central server (130) in turn comprising 

30 a collecting function, arranged to collect from a first digital video source a first digital 

video stream and from a second digital video source a second digital stream;
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a first production function (135,135',135",135"'), arranged to produce the shared dig

ital video stream as an output digital video stream based on consecutively considered 

frames of said first digital video stream so that image information from said first digital 

video source is visible in the shared digital video stream, but so that image information from 

5 said second digital video source is not visible in the shared digital video stream; 

a trigger detection function, arranged to automatically detect a trigger by performing 

at least one of 

a) digitally analysing said first digital video stream to automatically detect the trigger 

in the form of a participant (430) depicted in the first digital video stream gazing 

70 towards, or making a predetermined gesture in relation to, an object (440) de

picted in said second digital video stream, the detection being based on infor

mation about a relative orientation of the first camera (410), said participant (430) 

and said object (440), the detection further being based on a digital image-based 

determination of at least one of a body direction, a head direction, a gaze direction 

75 and a gesture direction of the participant (430) in question; and 

b) digitally analysing said first and/or second digital video stream to automatically de

tect the trigger in the form of a transition of a gaze direction of the participant 

(430) depicted in said second digital video stream from not gazing into the second 

camera (420) to gazing into the second camera (420), 

20 the trigger being instructive, according to a predetermined production rule, to alter 

the production mode of the shared digital video stream; 

a second production function (135,135',135",135"'), arranged to be initiated in re

sponse to the detection of said trigger, and to produce the shared digital video stream as 

an output digital video stream based on consecutively considered frames of said second 

25 digital video stream so that image information from said second digital video source is visi

ble in the shared digital video stream, and/or to produce the shared digital video stream as 

an output digital video stream based on consecutively considered frames of said first digital 

video source but with at least one of a different cropping, a different zooming, a different 

panning or a different focus plane selection of said first digital video stream as compared to 

30 the first production function (135,135',135",135.'); and
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a publishing function, arranged to continuously provide said output digital video 

stream to a consumer of the shared digital video stream.  

5
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