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Scenario

The most sophisticated and advanced type ol applications in a distributed multimedia
environment can be found within the wide spectrum of computer supported cooperative
work (CSCW) [3; [14]. Areas of CSCW cover interactive tutoring, integrated surveillance
systems, conferencing systems and joint working sessions.

As an example, let us consider a scenario where two or more journalists write an article
for a newspaper. A reporter may be at some place around the world collecting local in-
formation about an important event. Another journalist is sitting in his office at the
headquarters while the first one starts typing the article incorporating some local infor-
mation provided by pictures, audio and video data. The partner in the headquarters may
contribute with data form databases and archives. Both journalists see the same docu-
ment at the same time and may also talk to each other over the network using micro-
phones and loudspeakers. They can discuss their cooperative work like sitting together
in one room and at the end the article is immediately available at the headquarters as
an integrated multimedia document.

CSCW Demands - DiIME Obijectives

From this scenarto we can derive most of the relevani requirements for our Distributed
Multimedia Environment project (DiME). A first important point is the existence of a
high-speed network providing real-time capabilities for the vartous media streams. The
real-time transmission of huge amounts ol data is essential for cooperative work. An-
other issue is the support of heterogeneity in different areas. This includes hardware ar-
chitectures, operating systems, communication [acilities, devices and coding schcmes.
Whereas the journalist in the headquarters may use HDTV, HIF1 audio, a powerful
workstation and a mainframe, the correspondent outside may operate with a §-VHS
camera and low quality audio equipment attached to a portable. The concept of trans-
parency in distributed systems covers several areas and dcnotes some degree of inde-
pendence of inherent properties in distributed environments. [n the context of our
project, we are basically intcrested in distribution transparency, access trapsparency,
namc transparency, location transparcncy, performance transparcncy, and prescntation
transparency.



In the distributed multimedia system, cach node is an autonomous system. The cooper-
ation between the nodes is based on the principle of transparent resource sharing with
the cooperation participants. Each node has complete control over the local environ-
ment and determines the degree of cooperation with other partners. {t also controls the
granulanty ol access to the local resources by other partners. With this background we
can conclude that access to shared resources must be protected against unauthorized
usage. The sketched system environment so far comes from the idea of supporting
multimedia within existing operating systems. The users must be able to run “old” ex-
isting applications as well as “new” multimedia applications. The new multimedia envi-
ronment must coexist with the existing systems while the bandwidth of perception is
enhanced by adequate presentation of all kind of media at the user interface level. Re-
lations like synchronization in time and location must be established between different
multimedia entities and a “relatively easy”™ application program interface for the design
of distributed multimedia applications must be provided.

DIME Approach

One problem in designing a “good” distributed muitimedia system is to have and get
experience as user, as programmer and as system architect in this environment. Expc-
rience can only be gained with a real distributed multimedia system or a prototype.
Unfortunately such systems do not exist today, but prototypes can be built on top of
existing hardware and operating systems.

We gained experience in the area of distributed systems with DACNOS (3], and in the
area ol local multimedia systems by integration of plug-in boards [1; 10] and external
devices like computer controllable VCR, optical memory and cameras and by designing
and implementing local control applications for those devices. First [undamental design
issucs were already published in {13; 12}. Qur approach to proceed has been to design
and implement the prototype step by step, gaining experience with the current system
day by day, and use the experience for the progress of the design for an architected sys-
tem.

High-speed networking is up to now a challenging research area, but no integrated net-
work with the appropriate protocols for pomt-to-point and nwlticast transmission of
high-quality video together with audio and data is available today. In the past a heter-
ogeneous network, consisting of digital and analog transmission media was used for
early experiments. Transition to a fully digital network is on the way. The design enables
the usage of netwarks like FDDI1 or B-ISDN, a channel management is conceived to
make us independent {rom the basic communications hardware. A layered systems
structurc is used, to hide the heterogencity of a specific level from the higher levels. For
example the intended channel management hides heterogencous data transmission facil-
ities of difTerent vendors from the upper layers. Autonomy will be provided, in giving the
complete control of the local equipment and systemn software to the local user by the
network operating system approach. Remote control is granted by capabilities which can
be withdrawn by the owner of the device at any time. Coexistence of the multimedia
systems with existing applications is guaranteed, since the multimedia system is designed
as an add-on to the existing system. The different aspects of transparency especially the
problem of distribution transparcncy and its related problems pose high demands to the
system structure, The Remote Scrvice Call (RSC)Y provides a unique interface for service



calls in a heterogeneous environment in a distribution transparent form [4] but other
communication services like TCP/IP are also investigated for this purpose. DIME is
conceived for high performance local multimedia processing, storage and presentation
since dedicated devices are used and integrated. The performance in the distributed case
depends heavily on the isochronous data transfer characteristics of the interconnected
high-speed network(s). To design an application programming interface we chose an
class-based approach which may be extended towards object-oricntation, which enables
the handling of various multimedia objects and devices [6]. The comnposition of simple
multimedia objects like joint windows, cameras, microphones, voice, video and data
connections to a composed conferencing object requires means for object management
and synchronization. The concept lor synchronization of multimedia data proposed in
[12] was adopted [or the project.

DIME Architecture and Components

Building up a multimedia lab requires a multimedia workstation being today dedicated
multimedia equipment which can be controlled by a conventional workstation. For our
lab, we currently use PS/2 systems as basic workstations, running OS/2. Figure 1 shows
the overall architecture of the DiME system.

Special internal and external hardware for input, output, storage and processing of video
and audio data is attached to the PS/2. The external attachments like VCR, CD-player,
optical memory, camera, monitor, microphone and loudspeaker can be controlled by the
computer via a conventional RS5-232C interface. Internal equipment for {ull-motion video
display, [rame grabbing, audio storage, processing and presentation is available as
plug-in boards {1; 10} controlled by device drivers.

All these devices are represented by device servers within DIME. The device servers are
processes running under the operating systern and controlling directly the various
multimedia devices. They are the representatives for the multimedia hardware, olfering
unique control functions to higher layers of the DiME system. For example, all storage
device servers (VCR, OM, CD-player, M-Motion, AVC) support the same basic lunc-
tions play, record, stop, pause, goto and others. Similar functions are available [or in-
put-, output- and processing devices. The device servers are designed to hide the
differences of the control interfaces of the underlying devices, to meet our stated trans-
parency concerning device access.

Besides device control, data communication is needed to interconnect the devices as
multimedia data sources and sinks. Since transmission of high speed data with real-time
constraints is required, but up to now digital networks for these purposes arc not avail-
ablc, we made first experiments with a mixed network approach. Data sources can be
connected to sinks and depending on the type of data and their encoding (digital or an-
alog), data is transported via dedicated wire connections or via the processor bus. For
example, if the M-Motion board is used to display an image from the harddisk onto the
scrcen, the digital image is moved (rom the harddisk controller to the M-Motion board.
If the vidco from the cxternal camera is to be displayed on an cxternal monitor, a con-
nection is sctup. [For this purpose, an external local analog crossbar switch not shown
in figure | controlled by the computer is used. Some internal devices do have analog
input connectors as well, so they are connccted to the local crossbar switch.



object oriented view in distribution
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Figure 1. Overall structure of DIME

The device manager 1s designed to conligure the local DIME system components, and to
control the interconnections between them, especially the device servers.

With this, we have a local multimedia system, which is the basis to allow [or distribution,
i.e. control and usage of remotc devices and scrvices, recetve and transmit data to/{rom
remote workstations. Since the DIME architecture allows the usage of dilferent net-
works, their specific peculiarities have to be "hidden” [rom the user, i.e. made transparent
[or usage. The user selects a dcvice as multimedia source and another as a sink. Ile
therclore sends inquiries to the device manager at the involved nodes to get the access
rights lor these devices from the DiMIE system. Then he connects data in- and output
using the connect command, which is performed by the A/V channcl manager [or
audio/vidco connections. The channcl manager looks up the device’s description data,
decides for the validity of the conncction, and selects the connection path or invokes the
invelved data transport system. If in our {irst prototype both devices use analog data
and an analog connection between then is available, the appropriate calls to the con-
trollers of the crossbar switches are made (thc local, remote and intermediate switch).
If the devices require digital connections, the nctwork system is used to establish a con-
nection of appropriate quality and data conversion between source and destination, Il
analog to digital or vice versa conversion 1s nceded the AV manager checks lor a suited
conversion device within the network and sets up the data paths. Otherwise the con-
nection call [ails,



The uscr of the DiIME system bccomes independent from the underlying transport sys-
tem for analog or digital data and the way multimedia data is presented within DiME.
Transport services are accessed in a unique way, differing perhaps in their quality of
service. i[, for example a (ull motion video is established, but only a slow LAN is avail-
ablc a siow-motion transmission may result.

To enable the user to access devices and data in a more appropriate way, i.e. to think
of audio and video as a music play or piece ol {ilm, an object oriented view in distribution
is supported by the DiME system [6]. The user is no more forced to inquire for multi-
media devices and their content, but can directly access muitimedia data via a name,
once it is encapsulated as a multimedia object [11]. Also compositions of such objects
are supported, to enable easy handling of more complex data. E.g. a multimedia object
called “information” could consist of a video sequence together with some textual and
verbal explanation at the same time. Devices themselves can also be treated as such
objects, Lo enable their composition for complex tasks like conferencing.

In figure 1 an example lor two conference devices, consisting ol audiofvideo in- and
output are shown. The devices reside at dillferent physical nodes. Each conference device
object controls its local parts (camera, video window, microphone, loudspeaker). Data
connections are set up by the AV manager like described above. The composed conler-

ence devices are controlled by the applications, which also can exchange their access
rights to them.

DIiME Prospect

At the time being we assembled one “high end” workstation with controls many external
devices (VCR, CD-player, OM) and the AVC board. Two “low end” work stations are
equipped with M-Motion boards for video-in-window presentation. Up to now the dig-
ital audio storage processing and storage capabilitics can not be used, since the interface
for OS/2 Presentation Manager is not completely implemented. One crossbar switch
handles analog audio/video connections, digital interconnection is provided via a token
ring using RSC. Control applications for all externa!l devices running undcr the Presen-
tation Manager in OS§/2 were implemented and tested, and first experience could be
gainced. Since communication between all processes is done via RSC, applications run
at remote PS/2 to control the devices of any involved the workstations. A control inter-
face for a CD audio player has been ported to X-windows running within AIX as a first
distributed heterogeneous experiment. Object oricntation is still to be rcalized, as well
as a unique communication management (A/V managcr), but distributcd demonstrations
are running.

The design and incorporation of multimedia dependent fcatures within the ENC's high
speed network is one of the next steps in order to realize a fully digital solution. Related
projects like [9; 7; 8; 2] and espccially IMAL at Bellcore, Red Banks, have demonstrated
the importance of distributed multimedia systems. So, what is “new” with/in DIME?
DIMEL is conceived as an distributed multimedia add-on to cxisting systems, it is based
on the network operating system approach. To the knowledge ol the authors it is the
first approach to incorporate heterogeneity at many levels in the distributed multimedia
cnvironments covering different native opcrating systems.
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