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Abstract. Multimedia presentations comprise various media objects such as text, audio, image, and video that are
delivered to users according to certain temporal relationships. In stored multimedia presentations, these temporal
relationships are explicitly formulated by the author(s) and stored along with the presentations. However, it is
difficult to ensure that these temporal relationships are always strictly preserved in real-time, distributed multimedia
presentations. This is due to the fact that various components of the run-time environment such as operating system
and network may offer onlipest efforservices, i.e., they may not be able to provide any real-time guarantees. In

this paper, we survey the different approaches that can be used for adapting multimedia presentations to handle
instances where temporal relationships cannot be preserved in a strict manner. We classify these approaches into
three categories and discuss when these categories of adaptations can be used.

Keywords: multimedia presentations, temporal models, multimedia synchronization, flexible multimedia
presentations, adaptive multimedia presentations, filters for multimedia presentations

1. Introduction

Multimedia presentations comprise diverse media objects such as text, image, audio, and
video. In this work, we consider stored/orchestrated multimedia presentations where media
objects are retrieved from secondary/tertiary storage systems. Figure 1 describes the system
view of such a typical multimedia presentation and the author’s view of a multimedia
presentation is shown in figure 2. Media objects are retrieved from storage devices and
delivered over communication network, according to presentation structure designed by
author(s) ofthe presentation. This retrieval and delivery procedure requires certain resources
such as disk bandwidth, buffer (both at server and client systems), and network bandwidth.
Network connection might involve very high bandwidth channels such as optic fibres or very
low ones such as modems/wireless access. A presentation server mightbe supporting several
presentations and hence required disk bandwidth may not be available. In other words,
support for a distributed multimedia presentation is constrained by resource constraints
such as availability of disk bandwidth, network bandwidth, and buffer resources.

In addition, a multimedia presentation is also constrained by author’s and user’s pref-
erences, as shown in figure 2. Author(s) can introduce access constraints for different
categories of viewers. For example, a multimedia presentation on a war situation can have
different categories such as the President, General, and soldier. Depending on the category,
the structure and the content of the presentation may vary. Users’ can also have their own
set of preferences by choosing different window sizes, window positions, and by excluding
certain media objects. For instance, a user might want to mute the audio channel or drop
video channel. These set of preferences exercised by authors and users lead to different set
of views of the same presentation for different users.
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Figure 2 Author’s view of multimedia presentation.

1.1. Adaptation approaches

A multimedia presentation, therefore, has to adapt to resource constraints as well as authors’
and users’ preferences. We identify three possible adaptation approaches, as described in
figure 3.

1. Structure adaptation helps to adapt the multimedia presentation structure based on
resource availability, access constraints, and user preferences. This approach is generally
feasible only when the author(s) of the presentation have allowed for such flexibility.

2. Content adaptation is used for modifying media contents (e.g., MPEG-2/MPEG-4
video, JPEG image) based on resource availability and/or user preferences.

3. View adaptation approach can be used for modifying the spatial/temporal view of the
multimedia presentation based on access constraints and user preferences. This approach
can also be used to adapt to resource availability, e.g., an object arriving later than its
presentation time due to delay or lower network bandwidth.
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It should be noted there can be a degree of overlap among these approaches. For instance,
view adaptation for handling user preference to mute audio delivery can be interpreted as
structure adaptation. In this paper, we survey the different strategies that can used for the
above approaches. The rest of the paper is organized as follows: structure adaptation is
discussed inthe following section. Content adaptation is described in Section 3, followed by
view adaptation in Section 5. Possibilities for increasing resource availability are presented
in Section 6 and then we summarize our discussion in Section 7.

2. Structure adaptation

We can consider a simple, example multimedia presentation. Figure 4 illustrates the media
streams representation of the example, comprising two streams of information: audio (A)
and motion video (V). The temporal characteristics of the presentation is such that audio
and video objects are synchronized for every two audio objects. Multimedia presentations
also have a spatial characteristic that describes the position of windows on user’s monitor.
Structure adaptation of a multimedia presentation can involve both temporal and spatial
adaptation. Since spatial adaptation is relatively easier, we focus temporal structure adap-
tation in this adaptation. Temporal adaptation is easily possible when we have a flexible
temporal specification. In a flexible temporal specification, the time instants and durations
of presentations of objects are allowed to vary as long as they preserve certain specified
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Figure 4  An example of multimedia presentation.
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relationships. For instance, we can consider a specification such as: Start showing the
imagesometime betweéh58 am and 10.03 am and show it till the audio is played out. The
advantage of a flexible temporal specification is that the temporal structure of a presentation
can be adapted based on the system delays. For example, the image presentation (in the
above specification) can be fixed at 10.03 am in case of high system delays and at 9.58 am
in case of low system delays. System delays can be due to network load or server load.
Now, we discuss some flexible temporal specification techniques for structure adaptation:
Timed Petri nets and time flow graphs.

2.1. Time stream petri nets

Time Stream Petri Nets (TSPN) has been proposed in [17, 18] for modeling of adaptive
multimedia presentations. In TSPN, time durations associated with object presentations are
described using eemporal validity interva(TVI) specified by the 3-tuple&, n, y), where

X, n, y, denote the minimum, nominal, and maximum admissible durations of a multimedia
object presentation. (For hard temporal specifications, TVI can be specified by the tuple
(n, n, n)). Synchronization relationship among object presentations are described using a
set of possible relationships such as:

1. Strong-ordefining the earliest processing duration, i.e., the first arc that gets the maxi-
mum bound of its associated TVI.

2. Weak-andspecifying the latest processing duration, i.e., the last arc that gets the maxi-
mum bound of its TVI.

3. Masterdenoting a selected processing duration, i.e., only one of the selected TVI is
taken into account.

The entire set of synchronization relations and their influence on TVI for media object
presentation are described in Table 2.1.

Synch. relationship Time interval
max min max
1. and [ Oo),maxCi (vi), i ()]
max max
2. weak-and [P ), 1 ()l
min max
3. or [P i) i ()]
min min
4. strong-or [0, 0wl
5. master [Xm, Ym]
min
6. or-master [P %), Yml
max max
7. and-master [ (%), max(ym, i (X))]
8. strong-master [Xm, max(n?In ¥i)s Xm)]
9. weak-master [Xm, miax(yi)]

Structure adaptation using TSPN: Synchronization relationships specified in TSPN
can be used for describing structure adaptivity. Figure 5 describes different realization of
presentations based on the TSPN specification.
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Figure 5 Adaptive presentations using TSPN models.

2.2. Time-flow graph model

A Time-flow Graph (TFG) model for describing fuzzy temporal relationships has been
proposed in [14, 15] whereemporal intervalis taken as a primitive. The terntbject

X andinterval Xare considered synonymous. One temporal interval may contain several
objects in different media, i.e., several concurrent multimedia intervals. There are thirteen
relations (seven relations and their inverses) that are considered between any two temporal
intervals [1]. These relations are described by the following primitives:

e ‘meets’, before’, ‘equal’, ‘overlap’, ‘during’, ‘start’, and finish’.
e Other relations are their inverse, e.gli’ is the inverse of the relatiord’ (during).

These primitives are described by the following BReR = {b, e, m, 0, d, s, f, bi, mi,
di, oi, si, fi}. The temporal relationships among the involved objects can be parallel or
sequential.

2.2.1. Sequential Relations in TFG.The sequential relation between any two intervals
can be either ‘meetshf) or ‘before’ (b). In teleorchestra applications, multiple intervals
can be involved in sequential relation requirement. Hence, the sequential relation specifi-
cation provided in TFG are:

1. A{B}: Interval(s) in B will start after all the intervals in A are finished.
2. (A)B: Interval(s) in B will start when one of the intervals (the first) in A is finished.
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2.2.2. Parallel relations in TFG. A subsetR¢ (Rs € R)is defined aR = {e, 0, d, s,

f, oi, di, si, fi}. Considering two object intervals X and Y, X(r)Y describes the temporal
relationship between the two intervals. Wie=‘s’, the relation X(s)Y specifies that object
XandY are to be displayed with the same start time. In ateleorchestra application scenario,
the temporal relationships have to be specified despite the lack of duration information of
the involved intervals. The presentation semantics are hence defined in TFG models as
follows [14, 15].

1. X(d)Y(d)Z: All the other objects are displayed during the presentation of the object with
the longest presentation duration.

2. X(e)Y(e)Z: The display of all the objects are started simultaneously. The presentation
of all the other objects will be cut off when one of the objects (first) is finished.

3. ch(X,Y,Z) = Y: The presentation duration of all the involved objects should equal the
one chosen. Objects are displayed according to the relatienR; specified between
every two of them. Presentation of some of the objects might be cut off to equal the
chosen duration.

Hence, three duration specifications Ry, = {d, e, ch}, can be applied to presentations
involving concurrent multiple intervals.

Structure adaptation using TFG: Figure 6 describes different possible presentation
structures depending on the TFG relations such 4§ “ <>", “e”, “d", and “s".

TFG Relation : A{B}, ch(X1,Y1)=Y1,X2(d)Y2; X1=10,Y1=8,X2=10,Y2=8 :

Figure 6. TFG example.
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2.3. Summary

Structure adaptation is mainly achieved by flexibly specifying the temporal requirements
of a multimedia presentation. Flexibility in the temporal requirements can be used to
adapt to system delays such as delays due to network or server load. In the is section, we
discussed techniques based on Petri nets and Time-flow graphs for structure adaptation.
Techniques described in [5, 7-9, 16] also facilitate structure adaptation using approaches
including difference constraints for flexible temporal specification. Now, we proceed to
discuss content adaptation.

3. Content adaptation

Content adaptation is achieved by modifying theality of a media object so that it can

be delivered over the network with the available bandwidth. Quality of a media object
refers to the resolution of the object and, if applicable, the rate of presentation (tempo-
ral quality) as in video objects. Content adaptation is normally resorted to only when
structure adaptation is not possible for overcoming resource constraints. Sometimes ac-
cess constraints (pertaining to different user categories) or user preferences might re-
quire content adaptation also. For instance, user can request for a HDTV quality video
object or access constraint can force the viewer to have a low resolution video. Con-
tent adaptivity depends on the type of media compression technique employed. In this
section, we discuss content adaptation possibilities for MPEG-2/MPEG-4 (Moving Pic-
tures Experts Group standards) video and JPEG (Joint Photographic Experts Group)
images.

3.1. MPEG-2/MPEG-4 video

MPEG-2/MPEG-4 encoding provides for simultaneous representation of video at different
levels of quality. MPEG-2 uses block-based for spatial and temporal redundancy reduction
involving the following steps, as shown in figure 7:

1. Transform Codingconverts pixel values into frequency coefficients. Transform coding
is achieved by Discrete Cosine Transform (DCT).

2. Vector Quantizationscale frequency coefficients to help compression, e.g., divide low
frequency coefficients by 10 and high frequency ones by 50.

3. Entropy encoding(e.qg.,) series of six 3's can be represented as !63.

MPEG-2/MPEG-4 makes available multiple qualities of video as multiple independent
bitstreams. This is achieved through the use of hierarchical coding process: a coarse repre-
sentation obase layeis first constructed and then successive enhancements are provided,
as shown in figure 8/refscalenc. Enhancements are based on the coarse representation and
only encode the incremental changes to improve the quality. MPEG-2/MPEG-4 offers the
following scalability modes:
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Figure 8 Layered MPEG-2 video.

e Spatial Here, different spatial resolutions, i.e., frame sizes are provided.

e Temporal Here, the frame rate (i.e., the number of frames per second) is scaled (e.g.,
from 30 frames/s to 60 frames/s).

e SNR SNR scalability refines the quantisation process carried out in the base layer.

e Depth scalability handles the stereoscopic vision process where base layer and enhance-
ment layer carry the view of left and right eyes each.

e Object MPEG-4 and above offer object scalability modes, where it is possible to scale
the quality of individual objects in a video frame.

Spatial and temporal scalabilitySpatial scalability supports different picture resolutions
(onthe X and Y axis), in a single video stream. For instance, MPEG-2 video can support
spatial resolutions of 728 576 and 1440« 1152 video on the same stream. Temporal
scalability handles different frame rates in a single video stream. Enhancement layer
uses base layer information to generate higher frame rates. Process mainly affected by
spatial scalability is motion compensation, as shown in figure 9. For higher quality,
enhancement layer data can be combined with base layer data. This can latdone
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Figure 10 SNR scalability process.

Inverse DCT step. Temporal scalability is similar to spatial one, affects mainly the motion
compensation process. Hence, combination is done after Inverse DCT.

SNR scalability SNR scalability handles atleast 2 different video qualities with base and
enhancement layer having the same spatial resolution. Enhancement process is done after
the inverse quantization procebsforeinverse DCT, as shown in figure 10. Enhancement
layer contains mainly DCT coefficients that are added to the one provided by the base

layer.

Depth scalability is achieved by emulating the stereoscopic vision of human eyes, as
shown in figure 11. Base layer carries the left view and the enhancement layer carries the
right view. Depth scalability is achieved using temporal scalability tools, and a hybrid
prediction of motions and disparity. Depth scaling in MPEG-2 is also clelt-View
Profile (MVP) and can have 4 levels (high, high 1440, main, low). Depth scaling has
applications in surgery, diagnosis, education, and entertainment.
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Object scalability: is provided as part of MPEG-4 standards. Here, a video frame is
segmented to identify the object components. This segmented frame yields virtual object
planes (VOPs), as shown in figure 12. These VOPs can be scaled independently based
on the needs of an application. Object scalability can be combined with other types of
approaches. For instance, figure 13 describes the combination with temporal scalability.
Here, in Type 1, Layer 0O is entire frame at a lower rate and the enhancement layer is at
a higher rate. In Type 2, background layer is at reduced rate and enhancement layer has
objects at different frame rates. These approaches can involve spatial scaling too. These
types of scalable approaches are especially useful in applications such as video telephony
where background may have less importance compared to the person speaking. In such
applications, objects can be selectively scaled to optimize the use of available bandwidth.

Table 1 gives an idea of the bit rates associated with different scalable modes in MPEG-2.
The bit rates gives an idea regarding the type of profiles and scalable modes that can be

Tablel MPEG-2 layers.

Layer name Profile Frame size Bit rate Visual QoS
Base layer (B1) Main 304 112 0.32Mbps VHS
Enhancement Spatial 608224 0.83Mbps Enhanced
layer 1 (E1) VHS
Enhancement SNR 608 224 1.85Mbps Laser Disc

layer 2 (E2)
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Figure 13 Object-based temporal scalability in MPEG-4.

used for different applications based on factors such as available network bandwidth and
user system characteristics (resolution, size of window, etc.).

4. JPEG

JPEG provides for a hierarchical mode of operation by introducipgramidalstructure

of encoding. In this mode, an image is encoded using multiple resolutions, each differing
from its adjacent encoding by a factor of two either in the horizontal or vertical dimension
or both. Rest of the steps in hierarchical encoding are as follows (ref. figure 14).

# Coder/Decoder
"2 ? 2
Coder/Decoder 4

E —
I——» Coder/Decoder +

Figure 14 Scalability in JPEG.
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1. Firststepin this process is to down-sample the image by the desired number of multiples
of 2 in each dimension.

2. Second step is to encode the reduced-size image using DCT, as is normally done in
JPEG.

3. Thisreduced-size image is then decoded and up-sampled by 2 horizontally and/or verti-
cally. This up-sampled image is used as a prediction of the image at this resolution. The
difference of this up-sampled image and the down-sampled image of the same resolution
is then encoded using DCT. This step is repeated until the full resolution of the image
has been encoded.

Hierarchical encoding of images in JPEG helps users to view a very high resolution
image through low resolution devices. There is some reduction in resource requirement
for delivering a lower resolution image also. However, this reduction may not be that
significant.

4.1. Content adaptation approaches

The above techniques for content adaptivity are dependent on the characteristics of the media
objects. Based on the media characteristics, content adaptation can be of the following

types.

1. Intrinsic Adaptation This is dependent on the encoding standard adopted for the partic-
ular media. Here, the encoder itself provides a set of options for different media quality.
Implementation of intrinsic quality adaptation can be simple and straightforward. How-
ever, the disadvantage is that it provides only a limited (discrete) set of alternatives.
Primarily, users can notice a visible change in viewing quality. This can especially be
annoying if the viewing quality changes quite often. Also, it might be difficult to modify
compression parameters once they are established.

2. Extrinsic Adaptation The above disadvantages can be overcome to a reasonable extent
by using extrinsic techniques to modify the quality of media objects. The price to be
paid is the complexity involved in implementing the techniques. Extrinsic adaptation is
provided byfiltersthat operate explicitly on the encoded media objects. The advantage
is that it can provide a broader (and continuous) range of possibilities.

Figure 15 describes the concept behind such a technique for video objects. Here, the dy-
namic adaptor takes as input the existing MPEG-2 stream and the resource constraints. It

Resource
Constraints

Figure 15 Dynamic MPEG-2 adaptation.
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outputs a modified MPEG-2 stream that matches the given resource availability. Modifica-
tion of the MPEG-2 quality can be made as follows.

e Modify the quantization factor used for quantizing the DCT coefficients. This is almost
like recoding the MPEG-2 stream. The disadvantage is the time taken for the recoding
process.

e Eliminate DCT coefficients. This is similar to selective transmission (of transform coef-
ficients).

4.2. Content adaptation filters

External content adaptive techniques, similar to the ones discussed above, are normally
employed in the form ofilters that modify the flow of information. These filters can be of
the following types.

e Shaping Filters These filters manipulate the structural composition of compressed media
objects, e.g., the quantization factor used in MPEG-2 for coding DCT coefficients. The
manipulation is done in such a way that the modified output matches resource availability.
Shaping filters are complex in nature (usually) and more expensive to implement.

e Selection Filters are simpler in nature and require lesser computation. These filters
operate by dropping portions of media objects (e.g., video frame dropping) or select a
different encoding quality (e.g., BL or E1 or E2 in MPEG-2 stream).

e Temporal Filters manipulate the temporal characteristics of media objects, e.g., video
frame rate. Temporal filters typically require trivial computational effort and are easy to
implement.

Filters can be employed at the sender or the receiver or the network figure 16. Filters
employed by senders modify the media objects before they are delivered over the network.

User

Application Layer
Request Reception:

Connection handling

{Request processing
Object (re-)ordering

g =<

lList of requested abjects

Application Layer {Control Loop)

Monitor & Prepare Transmit SELECTION
React module Module Module FILTERS
~ monitor » — prepare object —= - deliver
bandwidth for specified object SHAPING {‘
- identify quafity FILTER TEMPORAL
needed
quality change FILTERS

Network

feedback from object delivery Service
Lower Layers network lacross network Provider

TEMPORAL
FILTERS

Figure 16 Filers for content adaptation.
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In most cases, shaping filters are employed by the sender since any complex modification
to the compressed object is done more easily at the encoding time. Filters at the receiver
are used normally just before the presentation of media objects. Hence, receiver-oriented
filters need to be computationally inexpensive most of the times. Selection and temporal
filters are the ones used most at the receiving side. Network filters operate at intermediate
switches and gateways. Needless to say, the filters at the network level have to use minimum
computational effort. Hence, selection and temporal filters are used at the network level.
In summary, content adaptation approach provides a set of possibilities for viewing media
objects. These possibilities can be selected by employing one or more of the filters discussed
above. Now, we proceed to discuss view adaptation approach.

5. View adaptation

Access constraints imposed by the author(s) of a presentation can lead to different sets of
views for different users. In a similar manner, user preferences can request for dropping

certain media objects leading different views of the same presentation. As described in

figure 17, view adaptation can be of following types.

e Access Constraints Adaptatiothat handles security levels imposed by the author(s) of
a presentation. This may be achieved by:

— Dropping objects from the presentation structure.

— Replace an object bydummyobject. This approach is especially useful in handling
access constraints. Viewer may not feel that they have missed some portions of the
presentation.

e Dynamic Interaction Adaptatiorthat handles operations such as skip, reverse.
o Viewer Preference Adaptation

— Takes care of choice of window size, choice of media (e.qg., presence/absence of audio),
mode of rendering (e.g., language of text/audio).
— User ability: views for hearing impaired, sight impaired.

Presentation
Structure

Presentation
Structure

Presentation
Structure

Access Cg ;
fstraint:

Replace a media

Stream contents

Figure 17 View adaptation possibilities.
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Figure 18 Dynamic interaction adaptation possibilities.

Dynamic interaction adaptation: Different types of user selections may give rise to
different views, as shown in figure 18. Probabilistic pre-fetching might be needed to
maintain continuity of multimedia presentation. This might be complex, consuming more
resource and time. Also, possibilities for viewer selection has to be made clear during
the authoring process itself. Synchronization Definition Language (SDL) is a language
proposed in [4] for this purpose. SDL is a language is described by a grammar that allows
the following synchronization specifications:

1. Non-temporal constraint: Expression consisting of constants, variables, etc.
2. Temporal constraint: Expression involving atleast one clock’s value.
3. Combinations of above using and/or relations.

For instance, an author may specify that object Y will be displayed if the link is chosen
within a time interval and object Z will be displayed if no link is chosen within a time
interval, as follows:

When (X.clock > 20 && link _chosen)display Y}
When (X.clock > 20 && llink _chosen)display 4.

It is obvious that authoring can become a complex programming process, for incorporat-
ing different possibilities for viewer selection and access constraints. This problem can be
made transparent to authors by developing sophisticated user interfaces for authoring, that
hides the laborious programming choices that go underneath.

Viewer preference adaptation: Facilities for dynamic interaction is part of the author-

ing process. Viewer preferences, e.g., language of audio/text, can be exercised only if
choices are provided at the authoring sta@bannel Abstractiorhas been proposed by
CWI, Amsterdam, for handling viewer preferences [6]. Channel is a grouping abstraction
for a set of media objects that share some common attributes. Grouping can be based
on window layout, rendering methodology (e.g., language used in audio, postscript/PDF
text), and semantics (e.g., all audio streams are in one group). Apart from VCR controls,
viewers may use channel options to select a desired mode of viewing. Facility for channel
abstraction should be provided at the time of authoring itself. For instance, let us consider a
multimedia presentation where video is designed to be played in parallel with audio and text.
Audio and text have choice of two different languages, Dutch and English. The following
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channel specification describes the scenario in terms of the channel abstraction discussed
in [6]. At presentation time, viewer can select audenglish and textenglish, or any other
combination.

<channet ... <!definitions> </channet-

<par>

<video src="xyz.mpg” channel="mainV" . />
<audio src="dutch.aiff” channel="auddutch”. />
>audio src="english.aiff” channel="audenglish’ />
<text src="dutch.html” channel="textdutch”. />
<text src="english.htm|” channel="textenglish”. />
</par>

5.1. Summary

View adaptation approach deals with handling access constraints imposed by authors and the
preferences exercised by viewers. View adaptation has to be explicitly taken care of during
the authoring process. In this section, we discussed some possibilities for view adaptation.

6. Improving resource availability

While improving the availability of network bandwidth might be difficult in terms of cost

and time, it is possible to improve server resources in terms of disk bandwidth. One
approach is to replicate the presentation servers so that the cumulative bandwidth can
handle more presentation requests. While this task of scalability can be considered as
one of finding the best server or resource, the key issue of interest here is providing
such a service in a transparent manner to the client. Figure 19 describes such a generic

Servers

Server
Selection
Algorithm

e e e e —— ——— e ——

TCP Handoff

Figure 19 Scalable web servers.
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Figure 20 Adaptive multimedia presentation system components.

transparent approach using TCP handoff approach. Clients’ requests normally reach a
TCP router that also has Domain Name Server (DNS) functionalities. Using DNS func-
tionalities, the router identifies the server(s) that can potentially serve a client's request.
One of the possible servers is then selected using a server selection algorithm. Server
selection algorithm can use a simple round-robin approach or a more complex greedy ap-
proach as in [3]. The TCP connection is then handed off by the router to the selected
server.

7. Concluding remarks

Supporting distributed multimedia presentations requires resource commitments from server
as well as network service provider. Depending on resource availability, multimedia presen-
tation structure or content or both might have to be modified. Access constraints and user
preferences might also necessitate modifications in multimedia presentations. In this paper,
we surveyed different strategies for structure, content, and view adaptations. It should be
observed here that for handling resource constraints, it is better to try structure adaptation
first. If structure adaptation is not possible, then content adaptation can be tried. Also, view
adaptation due to user preferences can modify resource requirements. For instance, user
preference to shut off video presentation may result in a significant reduction of network
bandwidth requirements. This reduction can help in adapting the structure or the content
of the presentation in a better manner. Hence, a typical adaptive multimedia presentation
system might use a feedback channel for adaptation as shown in figure 20.
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