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Abst r act

Tel epresence systens create a "being there" conferencing experience.
A nunber of issues need to be solved largely by nmanipulating nultiple
audi o and video streans. Different systens take different

approaches, enploy different techniques, and convey information by
using different vocabul aries, making interoperability extrenely
chal l enging. This probl em statenent describes the typical issues
that nmust be solved and uses exanples to illustrate the kind of
diversity that makes interworking problematic.
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1.

I nt roducti on

In a Tel epresence conference, the idea is to create a feeling of
presence - that you are in the sane roomwith the renote parties. In
order to create the "being there" or tel epresence experience, a
nunmber of technical issues need to be solved. These issues are
addressed by mani pulating nmultiple nedia streans, video and audio -
by describing them controlling them and signaling about them The
fundamental features of telepresence require handling multiple
streans of nedia, and considering additional characteristics of those
streans beyond those normally specified in existing videoconferencing
st andar ds.

Different tel epresence systens approach solving the basic issues
differently. They use disparate techniques, and they descri be,
control and signal nedia in dissimlar fashions. Such diversity
creates an interoperability problem The sane issues are solved in
different ways by different systens, so that they are not directly
i nteroperable. This nmakes interworking difficult at best and
somet i nmes i npossi bl e.

Sone degree of interworking is possible through transcodi ng and
translation. This requires additional devices, which are expensive
and not entirely automatic. Specialized know edge is required to
operate a tel epresence conference where the endpoints use different
equi prent and a transcodi ng and transl ating device is enpl oyed for
interoperability. O ten such conferences are interrupted by
difficulties that arise.

The general problemthat needs to be solved is this. The
transmtting side sends audi o and video streans based upon a nodel
for rendering a realistic depiction fromthis information. |If the
recei ving side belongs to the sanme vendor, it works with the same
nodel and renders the information according to that shared nodel.
However, if the receiver and the sender are fromdifferent vendors,
the nodel s they each have for rendering presence differ

It is as if Alice and Bob are at different sites. Alice needs to
tell Bob information about what her camera and sound equi pnent see at
her site so that Bob’'s receiver can create a display that wll
capture the inportant characteristics of her site. Alice and Bob
need to agree on what the salient characteristics are as well as how
to represent and conmuni cate them The tel epresence nulti-steam work
seeks to describe the sender situation in a way that allows the
receiver to render it realistically though it nmay have a different
rendering nodel than the sender

This problem statenment identifies the fundanental issues that need to
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be addressed to provide tel epresence in typical use case scenari o0s.
We show how di fferent approaches to solving the problens and
different techniques for handling multiple nedia create a chall enge
for interoperability.

Thi s docunent describes sone of the problens that arise, it is not an

complete list, but rather it is nmore illustrative than exhaustive.
Requi rements, use cases and solutions are discussed in other
docunents.

2. Term nol ogy
The key words "MJST", "MJST NOT', "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

3. Fundanental |ssues for Tel epresence

The fundanmental issues that nust be handled to produce a typica
tel epresence conference, either point to point or nultipoint include:

1. Participant display

A.  Placenent of video
B. Size

C. Angle

D. Overlap

E. Display technol ogy

2. Audio

A.  Placenment, enmanating fromright place

B. Type of audio
3. Different nunmber of screens on sender and receiver sides
4. Participant display for multipoint

A.  Placenent of video
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B. Continuous presence

C. Control of display, how does it change? - automatic, user
5. Maintaining eye contact and gaze connection
6. Panoramic view for site swtching

7. M smat ches bet ween nedi a characteri stics between sender and
recei ver, such as:

A. aspect ratio

B. format

C. frane rate

D. resolution
8. Presentation

A.  Wiat net hodol ogy?
9. Security

A.  SRTP?

B. Key nethodol ogy

4. Manipul ating Media Streans

In addressing the fundanental issues, multiple nedia streans are
handl ed in the follow ng ways:

1. Sender and receiver understand each others capabilities

A.  Nunber of video, audio and presentation streans that can be
sent/received simultaneously

B. Wsat nedia signaling protocol being used (SDP, proprietary,

etc.)
2. Stream ng contro
3. Feedback mechani sns
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4. Si gnal i ng about RTP payl oad
5. Medi a control signaling
A, Video refresh
B. Flow contro
6. Signaling nedia formats and nedia capabilities
7. Signaling content type
8. Si gnal i ng devi ce type
9. Signaling network characteristics per stream

10. Floor control signaling

5. Exanples of Interworking |Issues

This section describes several exanples that illustrate the kinds of
inconpatibilities that arise when different systens take different
approaches to an issue.

5.1. Designating Roles and Positions for transmitted streans

Senders and receivers need to have the sane vocabul ary and

under standi ng of streamroles and positions in order to place them
appropriately. For exanple one system nay define roles as: center
left, right, | egacy center, legacy right, legacy left, auxiliary 1/5
fps and auxiliary 30 fps positions. These roles as defined are a
combi nation of "input devices" + "codec type/format" for transm ssion
positions, and a conbi nation of "stream decoders/output devices" +
"codec type/format" for receive positions. Another systemw || not
have t he exact sane vocabul ary and neaning, though it still has to
acconpl i sh the sane pl acenent task

How t he caneras and encoders are wired determ nes how the | ocal scene
is displayed on the renpte screen. In many systens right and |eft
need to be exchanged to be seen properly, but this depends on the way
the equi pment is wred.

In describing how to display the |local scene, the | anguage can be
m sleading if there is no agreed upon reference for right and left.
[for exanple, nore]

Al t hough often the video is displayed on separate nonitors, it is
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al so possible to use projectors to create a video wall. In this
case, there may be an overlap regi on between caneras which allows for
proj ector blending. Also, although caneras are generally arranged to
create a seanl ess panoramic view of the participants, it is also
possi ble for there to be gaps between caneras (and correspondi ng gaps
bet ween di spl ays).

There is also no reference for inmage size. Sonme roons use
proportionally | arger displays, and set the canera field of viewto
show participants either standing or sitting at life size. Qhers
use snall er displays, and set the field of view for sitting
participants (cropping off heads when people stand). |n order to
preserve full size display when these systems interoperate, both
systems nust rescal e their video.

5.2. Miltipoint

Mul ti point conferences, where there are nore than two endpoints,
create a wealth of technical issues to be solved. The primary one is
whi ch participants to display on each screen at each site. |If the
nunber of sites is greater than can be shown on the nunber of
displays at a site, this adds to the conplexity. There are, of
course, alnost unlimted ways this can be handled. W discuss the
comon appr oaches and how they differ

The | ocal screens can show all the canera image fromthe a particul ar
renote site (site switching); or each |ocal screen can show a
participant or two fromeach of the renote sites (segnent swi tching);
or local displays can show a conposite of renote canera shots
(continuous presence). The choice of who to display on a screen can
be determi ned by users, or, nore often, automated according to voice
activity | evel

[ Add user-controll ed personal tel epresence scenario.]

Policies are created and inplenented in many ways. They tend to be
based on some conbi nati on of what H 323 defines as centralized and
decentralized. One of the challenges is that the endpoints in the
conference may have different nunber of caneras and displays from
each other so a comon node on the nunber of streans and their
priority is required. Also, the various endpoints m ght have

di fferent bandwi dth constraints and support different codec profiles.

A centralized nmultipoint conference is one in which all participating
endpoi nts conmuni cate in a point-to-point fashion with an MCU. The
endpoints transmt their control, audio, video, and/or data streans
to the MCU. The MCUA centrally nanages the conference, processes the
audi o, video and/or data streans, and returns the processed streans
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to each endpoint. In this node, the MCU will m x the audi o streans;
and if using centralized video, will either use voice activated video
swi tch, where everyone will see the active speaker and the speaker
will see the previous speaker, or will use continuous presence node,
where the MCU will create a video streamwith sub wi ndows for each of
the participants. MCUs can support multiple video | ayouts and they
can be created automatically based on the nunber of participants or
by a conference managenent application

There are three nethods comonly used for video streamdistribution
in centralized nultipoint conferences. The three conference policies
above can be inplenmented using any of these technol ogies.

Simpl e video switching (forwarding) has the advantage of |ow | atency

and | ow complexity. It can be used if all systens are capable of
recei ving the encodi ngs used by the sending endpoints (including both
the video codec and the inmage resol ution/aspect ratio). In sone

situations it can be wasteful of bandw dth

Ful I video transcodi ng usually has higher latency than switching It
does not require systemto be capable of receiving identica
encodi ngs, and different sites can connect with different bandw dths.

Layered video encodi ng combi nes sonme of the benefits of video

swi tching and video transcoding. It is nore conplex than video
swi tching, but |ess conplex than video transcoding. Bandw dth and
resol ution can be reduced for each site. Since this is done by
filtering out layers of the original encoding, the avail able
bandwi dt hs and resol utions are not as fine-grained as full video

t ranscodi ng.

In decentralized node or full mesh node each endpoint creates its
di splay node. This requires each endpoint to receive nmultiple
streans and send its video and audio to all participants, using
nmul ti cast of unicast.

In practice, nulticast is not now being used in conmmercial systens,
so the size of a strictly decentralized nultipoint conference is
limted.

There are anal ogous issues for audio. Like video, the audio is
rotated, so there is no clarity on the neaning of left and right.

Si nce the nunber of streans, mnicrophones, and speakers are not

mat ched, the systens need to re-process the received audio in order
to create the correct sound field for their respective roons.

There are two ways in which the audio nmight be handled in this use
case:
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0 Asingle stereo audio streamis sent to the renote site, just as
i n standard vi deoconf erenci ng.

0 Three nonaural audio streans are sent to the renote site, with
proprietary signaling to associate each audio streamwi th a video
stream

M crophones and speakers positions vary; and there is no agreed upon
way to describe their placenent. There is no agreed upon reference
for audio level. |In addition, audio may be sent as an i ndependent
stream from each ni crophone or as a nmulti-channel channel stream

5.3. Capability Negotiation

Call setup for the tel epresence conference will start with a single
call establishing one video nedia stream After the connection is
established, a proprietary capability negotiation takes place that
will enable both sides to identify that they are tel epresence
applications and capabl e of having two nore video sessions and
provi de the connectivity information. The result is that two or nore
vi deo sessions are established. The system may use two new SIP call

| egs or just add the two new video streans to the existing dialog.

[more to be added]
5.4. Differences in Media Characteristics

Medi a characteristics such as video format, aspect ratio, and visua
scal e can be handled differently at different sites creating
inconpatibility. To interwork, an adaptive strategy is necessary.

Al t hough differences in nedia characteristic nust also be handled in
a typical video conference, the problemis nade nore conplex in

Tel epresence due to the nultiple screens, caneras and streans.

Two exanpl es - aspect ratio and visual scale are described here.
5.4.1. Aspect Ratio

If the aspect ratios in different sites are not the sanme, sone

techni que needs to be applied to adjust for the difference. Although
the sane situation arises in nornal video conferencing, nultiple
streans in tel epresence conferencing causes nore difficulties.

For simplicity let us assune a point to point case - two conference
roomon a point to point call. Both roons have 3 screens and 3
canmeras, as in 4.1 above. Both roons have identical visual scale -
the display width and di stance between the participants and the

di splays are identical in both roons. However the equipnment -
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cameras and displays - in each roomhas a different aspect ratio,
16:9 in one roomand 4:3 in the other.

Al though 4:3 is usually associated with standard definition TV and
16:9 with HDTV, tel epresence systens nmay choose the aspect ratio to
obtain a particular field of view Projecting imges in the 16:9
aspect ratio offers a wi der presentation angle that shows fine
details well (the pixel density is greater than a 4:3 system of the
same resolution and scale). In the roomwth 16:9 nedia
characteristic, people are shown at full size when they are seated.
However, when they stand up the height of the display results in
their inmage being cropped so that their heads are not shown. The
other roomuses projectors to display HD images with 4:3 aspect
ratios. This results in an increased i mage height - the vertica
field of viewis 33%greater than the 16:9 system The increased
hei ght allows nost of the population to be shown full size whether
they are standing or sitting.

Sone strategy is necessary to deal with the case of the two sites
having a point to point call. 1In order to convert formats of unequa
ratios a variety of techniques can be used, such as: zoom ng
(enlarging) and cropping (renoving), |etterboxing (adding horizontal
bars), pillarboxing (adding vertical bars) to retain the origina
format’s aspect ratio, or scaling (which distorts) in a variety of
ways.

For the video sent fromthe 4:3 roomto the 16:9 room severa
techni ques can be used:

1. The 16:9 systemmight sinply crop the top 1/4 of each 4:3 inage.
This will result in full size display, eye contact, and gaze
awar eness for the individuals who are seated. However, the
standing presenter’s head will be cropped.

2. The 16:9 system m ght stretch each to the 4:3 images to fully fit
the 16:9 display. This would reduce image height (creating
geonetric distortion) and create eye-contact error. Continuity
of the panoramic image woul d be preserved

3. The 16:9 systemcould pillarbox each of the 4:3 inmages, placing
hori zontal borders on the three displays. This results in
reducing the image size to less than full size. It also destroys
the continuity of the panoramic inmage, and introduces additiona
error in eye contact and gaze awar eness.

4, The 16:9 systemcould pillarbox only the center display. This

reduces the size of the presenter who is the focus of the
nmeeti ng.
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5. The 16:9 systemcould also crop the bottomof the center display.
Visually this reduces the height of the presenter, but maintains
full size. There is a vertical discontinuity in the panoranic
i mage. Wiether this is objectionable or not depends on the room
| ayout .

Strategies 4 and 5 could be acconplished in response to a user
command or automatically. The details will be discussed in nore
detail in future docunents.

For the video sent fromthe 16:9 roomto the 4:3 room the receiving
systemsinply | etterboxes the video displays. Since the scales are
identical, this full size inage displays in the 4:3 room

For the video sent fromthe 16:9 roomto the 4:3 room the combn
techni ques are:

1. The 4:3 system places the border above the inmage. This naintains
eye contact for those who are seated, but cannot maintain eye
contact for the presenter.

2. The 4:3 system places the border below the images. |If the 16:9
system crops the bottom of the center display then this wll
mai ntain eye contact for the presenter and the renote site.

3. The 4:3 systemcenters the images. Eye contact suffers for
everyone, but the worst case eye contact error is better
controll ed.

In this use case, negotiation between the systens is not strictly
necessary, no matter which schene is used. However, the best user
experience is obtained if both systens have know edge about apect
rati os bei ng used and which participants are standing and which are
sitting so they can adjust optinally.

5.4.2. Visual Scale

The visual scale of displays nmay differ between sites. Again, let us
use the point to point case as a sinple exanple. Assune two
conference roons in a point to point call. One roomis designed for
6 participants, and has three 16:9 screens and 3 caneras. This room
is designed to show participants at their normal size when seated (2
partici pants per canera/display). It does not have adequate display
hei ght to capture those who are standing. The second roomis also
designed for 6 participants, but shows 3 participants per cameral
display also at their full size. Therefore, it only needs two 16:9
canmeras/display pairs. Since the field of viewin both the vertica
and horizontal is increased by 50% it also shows those who are
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standi ng wi t hout cropping.

For the video sent fromthe 2 screen (larger scale) roomto the 3
screen (snaller scale) room two approaches can be used:

1. The 3 screen systemnight sinply show the participants on two of
its displays. Participants will be shown at 67% of their ful
size. Eye contact and gaze awareness will be |ost.

2. The 3 screen system might construct and display a vertically
cropped 3-screen view, showing 2 participants on each screen
Participants will be shown at full size, with preservation of eye
contact and gaze awar eness.

For the video sent fromthe 3 screen to the 2 screen room there are
two anal ogous appr oaches:

1. The 2 screen systemselects 2 streans and sinply shows them on
its displays. Participants will be shown at 150% of their nornal
size. Eye contact and gaze awareness will be lost, and sone of
the renote site is lost.

2. The 2 screen system night construct and display a 2 screen view
(with a vertical border on the top) which shows 3 participants on
each screen. Participants will be shown at full size, with
preservation of eye contact and gaze awareness.

Al though there is no need for negotiation between the systens, the

best user experience is obtained if both systens have know edge of

the visual scale, and where individuals are seated, and can then
choose the best manner of display.
6. | ANA Consi derations

Thi s docunment contains no | ANA consi derati ons.

7. Security Considerations
While there are likely to be security considerations for any solution
for telepresence interoperability, this document has no security
consi der ati ons.

8. Acknow edgenents

The draft has benefitted frominput froma nunber of people including

Romanow & Bot zko Expi res January 13, 2011 [ Page 12]



Internet-Draft Tel epresence Probl em St at enent

Roni Even, Ji m Col e,

9. Informative References

[ RFC2119] Bradner,

Ner meen | smail, Nat han Buckl es.

S.,

"Key words for use in RFCs to Indicate

Requi rement Level s", BCP 14, RFC 2119, March 1997.

Aut hor s’ Addr esses

Al'l yn Romanow

Ci sco

San Jose, CA 95134
us

Enmai |l : allyn@i sco. com

St ephen Bot zko

Pol ycom

Andover, MA 01810
us

Emai | : st ephen. bot zko@ol ycom com

Romanow & Bot zko

Expi res January 13, 2011

July 2010

[ Page 13]






