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MHEGAM (MHEG-1
Advanced Mail) is a
complete multimedia
messaging system for
the creation,
exchange, and
restitution of
multimedia messages
that express spatial
and temporal
synchronization
among their
components.
MHEGAM can be
based on the
standard messaging
systems X.420 or
MIME. We present
the multimedia
extensions
MHEGAM-X.420 and
MHEGAM-MIME and
discuss the
multimedia message
format and
architecture
components for both
systems.
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he explosion of the Internet and

increased use of electronic mail have

generated wide commercial interest in

multimedia messaging systems.
Multimedia messaging can facilitate the commu-
nication of multimedia information among users.
In addition, it can be used with multimedia appli-
cations such as distance learning and multimedia
conferencing.

Most systems proposing multimedia message
interchange do not allow the expression of spatial
and temporal synchronization among message
components. Existing messaging systems’ multi-
media messages still contain a limited set of media
types and present body parts sequentially to the
recipient. To improve multimedia messaging sys-
tems, therefore, we must find ways to support cre-
ation of formatted messages that include
synchronization features among the body parts.

This article presents such a solution: a com-
plete multimedia messaging system called
MHEGAM (MHEG-1 Advanced Mail). This system
supports the creation, exchange, and playout of
messages containing many different data types
including audio, video, text, graphics, and pic-
tures. Users may also express multimedia syn-
chronization between the message components.
In addition, MHEGAM can handle the processing
of new data types.

The development of multimedia mail requires
the support of standards that allow the exchange
of multimedia messages in heterogeneous envi-
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ronments. This pertains to both message transfer
and multimedia information format. To ensure
openness, MHEGAM takes an original approach
by using the MHEG-1 standard to specify the mes-
sage’s elaborated multimedia content and a stan-
dard messaging system for message exchange.
MHEGAM is based either on X.420 or on MIME
(Multipurpose Internet Mail Extensions), two
standard messaging systems. We analyze and
compare these and present their extensions,
which we call MHEGAM-X.420 and MHEGAM-
MIME. MHEGAM does not require modification
of the message transfer system (MTS), which guar-
antees interoperability and portability.

Comparing X.400 and MIME

The X.420 and MIME architectures use the
same message handling system but have evolved
in two different ways. The X.420 messaging sys-
tem, mainly used in the commercial domain,
facilitates interpersonal message transfer.? (Other
X.400 system types include the Voice Messaging
System (VMGS) for voice messages and the
Interapplication Messaging System (IAMS) for
direct information exchange between applica-
tions.) MIME, a multimedia extension of the
Internet messaging system,?® specifies mecha-
nisms to include and code a wide range of data
types without changing anything in the message
transfer. It is now widely used in commercial and
academic environments.

Messaging systems are not always compatible.
For a long time, X.400 was the only standard mes-
saging system able to federate heterogeneous mes-
saging systems. The Internet phenomenon
changed this. However, X.400 offers more services
than the Internet messaging system. For example,
in X.400, a probe gives information concerning a
message’s readability by the recipient before being
sent; also, messages can be forwarded selectively
and automatically to other recipients. Moreover,
this series provides such services as electronic data
interchange and directory service.

The X.400 messaging system encounters com-
patibility problems among its standard versions
(for example, X.400-84, X.400-88, and X.400-92).
MIME may also have various versions, but it has
defined a conformity concept to avoid compati-
bility problems.

The Internet messaging system goes beyond
X.420 in defining and handling multimedia body
part types. A MIME message may include text,
audio, video, pictures, and other data types,
whereas X.420 permits only the exchange of text



and other formats such as teletex, videotex, and
encrypted data. Table 1 shows the limits of X.400
in handling multimedia information compared to
MIME.

MIME can also reference a file or application
data, and it can group information of different
types. The recipient can choose a preferred format.
This mechanism also permits splitting a long mes-
sage to ensure its transfer; the message is recom-
bined before being presented to the recipient.

Nevertheless, an X.400 message may contain
voice data, computer application data, and other
messages. X.400 is a complex messaging system:
it is reliable and complete, and it offers various
services useful to federate messaging systems. It is
expensive, though, a major disadvantage for users.
MIME is more widely accepted and better suited
for multimedia but offers fewer services overall.

Table 1 reveals that neither messaging system
can create formatted multimedia messages that
express space and time relationships between dif-
ferent body parts. MIME cannot really execute
presentation in parallel even if it provides a mul-
tipart/parallel body part type. This is the main fea-
ture missing from the multimedia messaging
systems that puts X.420 and MIME at the same
level. The next section provides a solution to this
problem for both standard messaging systems.

MHEGAM

In developing MHEGAM, we sought to offer
users the ability to create and exchange multimedia
formatted messages. A formatted message may con-
tain all kinds of body part types, such as text,
audio, and video, that can be synchronized in time
and space. A complete multimedia messaging sys-
tem must accommodate new data types and be
usable worldwide, and thus must be based on stan-
dards. In MHEGAM, multimedia body parts are
based on MHEG-1 to express spatial and temporal
synchronization between different media types.
This new body part type does not change the mes-
sage transfer system; MHEGAM, in order to be stan-
dards-based, is based on X.420 or MIME.

MHEG-1 overview

The ISO SC29/WG12 working group carries out
the MHEG standardization (for a list of sources, see
the sidebar “MHEG Details”). In developing
MHEGAM, we used MHEG-1 to specify elaborated
multimedia parts. This standard represents and
encodes multimedia and hypermedia information,
and concentrates on object interchange more than
on the production or execution process. This has

Table 1. Comparison of X.420 and MIME body part types.

Body Part X.420 Type MIME Type
Text la5-text Text
Fax G3-facsimile and g4-classl —
Audio VMGS System (X.440) Audio
Picture — Image
Video — Video
Message Message Message
Multiple data — Multipart
Application data IAMS System Application

Referenced data — Message/external-body

Formatted message — —

MHEG Details

MHEG technology is further detailed in the following ISO documents:
ISO-13522(1): “MHEG: Information Technology—Coding of Multimedia and
Hypermedia Information, Part 1: MHEG Object Representation, Base Notation
(ASN.1),” IS version, 1996, http://www.demon.co.uk/tcasey/wgl12.html.
ISO-13522(3): “MHEG: Information Technology—Coding of Multimedia and

Hypermedia Information, Part 3: MHEG Script Interchange Representation,”

DIS version, 1996.

ISO-13522(4): “MHEG: Information Technology—Coding of Multimedia and
Hypermedia Information, Part 4: MHEG Registration Procedure,” IS version,

1996.

ISO-13522(5): “MHEG: Information Technology—Coding of Multimedia and
Hypermedia Information, Part 5: Support for Base-Level Interactive

Applications,” DIS version, 1996.

ISO-13522(6): “MHEG: Information Technology—Coding of Multimedia and
Hypermedia Information, Part 6: Support for Enhanced Interactive

Applications,” DIS version, 1996.

led, sometimes, to misunderstandings of MHEG-
1’s concepts and mechanisms.

Fundamentally, the MHEG-1 standard specifi-
cation seeks to provide a generic and extensible
framework for multimedia and hypermedia object
encoding without application- or platform-spe-
cific assumptions for multimedia object produc-
tion, handling, and execution. Because
MHEG-1-based interchange is independent from
the production environment, the resulting objects
can be downloaded and used on different runtime
systems.

MHEG-1 is object-oriented; that is, it defines a
set of classes to encode multimedia application
behavior for presentation that focuses on layout
and logical relationships between multimedia
objects. An MHEG-1 object can be composed of
parts based on other standards such as JPEG for
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Figure 1. MHEG-1
runtime system.

ASN.1
CCETT

CD
Davic
DBMS
DIS
DOR
DS
EDIMS
EMS
EUA
FTAM
HyTime
IAMS
IANA

IS

ISO

ISO SC29 WG12

JPEG
MHEG
MHEGAM
MIME
MPEG
MS

MTS

RDT
SGML
SMTP
SQL

UA

ul

VMGS

Presentation mechanisms to define

system interactive behavior

I i -

MHEG and p_rese_ntatlon syn

editor Interpreter chronization between
| MHEG | separate object parts.

Encoder object Decoder For MHEG object

presentation, a mini-

| [Jinternal object representation [j ASN.1 representation

mal MHEG runtime

pictures and MPEG for video. To describe the time
and space synchronization between object parts,
MHEG-1 introduces mechanisms that fulfill the
needs of most multimedia and hypermedia pre-
sentations and documents. These include generic
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system provides an
entity for decoding
ASN.1 data structures
and an entity called an MHEG engine that parses
and interprets MHEG objects. The MHEG engine
also communicates with local presentation facili-
ties, responding to application- or user-initiated
events in a specified way (by pushbutton, for
example). MHEG objects are created by an MHEG
editor and coded in ASN.1 by an encoder before
being transmitted. Upon their reception, the
decoder translates the objects into an internal data
representation, and the interpreter and presenta-
tion system then present them to the user.
Figure 1 shows this configuration.

MHEGAM characteristics

Some MHEG-1 tool kits have been developed
as part of CCETT projects to support MHEG-1
standard development. The one we use here,
MHEGAM, is based on the DIS version and has
been developed by CCETT in cooperation with
Euclid. It contains an MHEG-1 editor, an inter-
preter, and a program allowing MHEG object pre-
sentation. It runs under Windows 3.1. The
MHEG-1 editor has a graphical interface that
offers a layout view corresponding to the spatial
composition, a timeline view that represents
object behavior in time, and a library view that
displays every object and data being edited. The
user need not be familiar with MHEG concepts to
use the MHEG-1 editor. Additional information
about MHEG-1 appears elsewhere.*

MHEGAM employs new techniques for creat-
ing and exchanging multimedia messages. It also
uses MHEG-based delivery mechanisms.

Creation and exchange of multimedia mes-
sages. MHEGAM lets users create a message that
includes body parts of the types accepted by the
messaging system on which it is based. It also per-
mits an elaborated multimedia message encom-
passing spatial and temporal synchronization
using the MHEG-1 standard. The user creates an
MHEG object using an MHEG editor and inte-
grates it in an extended body part, an MHEG body



part. A multimedia message inte-
grating an MHEG body part may
also contain classical body parts.

>to: Brigitte Kervella...
>from: Elena Buron...
>subject: Report to Picardie
>

Figure 2 illustrates an example. Header >Brigitte,
In this example, Brigitte sends a >| am looking forward to seeing your video
. . ! Body >report on fishermen in Picardie.
multimedia message to answer >Is it ready?
Elena’s message. Brigitte’s message Message »| >Kind regards,
contains a message body part, one body part >Elena
MHEG body part, and a text body
part. The message body part corre- MHEG »|Document
sponds to the message Elena sent. body part
The text body part is a short answer Text _ [Etena,
and the MHEG body part is a multi- body part ®| Yes, the video clip is ready! You can even see
media document, a report synchro- it on your screen right now! Do you like it?

nized with English subtitles. The

other body parts are created with the

mail tools on which MHEGAM is

based. An alternative body part can

replace any body part that cannot be presented on
the recipient’s system.

We create the MHEG object using the MHEG
editor and, if necessary, specific editors such as a
video editor. The characteristics of the MHEG
object are translated into composite object attrib-
utes and action or link objects; objects are then
encoded in ASN.1. The MHEG object can then be
integrated in the message as an MHEG body part,
as described in the MHEGAM-X.420 and
MHEGAM-MIME sections below. Figure 3 illus-
trates the generation of an MHEG object.

While in theory neither messaging system
standard limits message size, in practice the capa-
bilities of message transfer agents limit the mes-
sage size to around 2 Mbytes—even if some agents
have higher capabilities. If a message exceeds this
size, a reference is created using the distinguished
object reference (DOR) standard and is automati-
cally sent instead of the data itself. DOR defines
some references on objects;® in this case the refer-
enced data is stored for the recipient to retrieve
later. Once the object or its reference is integrated
with the message, transfer can occur as for any
other message. To avoid a double coding (with
possible incompatibility) during the transfer, it is
necessary to prohibit implicit conversions.

Multimedia message delivery. At delivery
time, the recipient system displays our multi-
media message like any other message except for
the MHEG body part. Its presentation occurs in a
new window using an MHEG-1 tool kit. Before
being presented, the MHEG body part must be
decoded by the ASN.1 decoder, processed by the
interpreter, and played out. If the received mes-

Regards,
Brigitte

Figure 2. An example of
a MHEGAM message.

File  Tuul:

Lhuilder

Im Macumrent
44 Magr |

sage contains a reference, the messaging system
asks the recipient whether she wants to retrieve
the referenced object. If so, another mechanism
automatically retrieves the object.

When a problem prevents a body part’s pre-
sentation, two solutions are possible. Either the
system presents an alternative body part (if
included in the message), or it presents an alert
window to warn the sender that the message has
only been partially received.

MHEGAM choices

Table 2 (on the next page) summarizes the dif-
ferences between X.420 and MIME concerning
multimedia data. MIME supports all (or nearly all)

Figure 3. Creating an
MHEG object using the
MHEG Editor.
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data types, but both messaging systems lack for-
matted multimedia message capabilities. There-
fore, an MHEG object containing formatted
multimedia data is introduced. The user creates
this MHEG object with the MHEG editor; it is
coded in ASN.1 before being integrated into the
MHEG body part.

X.420 does not support picture, sound, video,
and multiple body parts, for which we must use
an MHEG body part. On the other hand, voice
and application data may be replaced by a stan-
dard: a voice body part defined in VMGS and an
IAM body part defined in IAMS.%7 X.420 processes
the reaction to a new media type in a preventative
way using a probe; MIME does this in a curative
way using an alternative body part.

X.420 lets the user send a probe to determine
whether the message can be sent to the recipient.
A probe, which is a message without its content,
indicates message size and data type contained.
The recipient messaging system automatically
notifies the sender whether the message can be
processed in its environment. If so, the message
may be sent without risk of rejection. MIME per-
mits sending an alternative body part in case the
main body part cannot be received. We chose to
add this mechanism to MHEGAM-X.420, defined
as an alternative body part.

In standard messaging systems, the message
cannot exceed 2 Mbytes; this significantly con-
strains multimedia message exchange and thus
multimedia mail system development. However,
for messages containing video, for instance,
MHEGAM may send a reference instead of the
video, which lets the recipient retrieve it using
another means. MIME proposes this, but X.420
does not; for the latter we thus defined a new
body part type—a DOR body part. It follows the
DOR standard, which defines object references.

Table 2. MHEGAM body part types.

Some tools to create and handle these references
are also defined using the DOR standard.

MHEGAM-X.420

The X.420 standard allows the transfer of very
few data types (text and message). Some extend-
ed body parts—the file transfer and voice body
parts—have been added to the X.420 standard in
an externally defined body part using a macro.
This macro permits defining three new body part
types to integrate MHEG, object reference, and
alternative body parts. For MHEG body parts, it is
better not to allow the conversion of the message
during its transfer; a header field can provide that.

Our messaging system contains different body
parts. The X.420 standard provides ia5-text and
message body parts. The X.400 standard also pro-
vides two extended body parts, Voice and IAM,
that are standardized in VMGS and IAMS.
MHEGAM adds three other extended body parts:
MHEG and DOR body parts for multimedia and
referenced data, and the alternative body part for
parts the recipient cannot receive (as discussed
above). In contrast to MIME, this alternative body
part contains a single component.

The DOR body part contains a reference indi-
cating data type, referenced data’s physical loca-
tion, communication service used, and quality-
of-service parameters. The sender can replace a
body part with its reference; the body part or file is
then stored on a local server and transferred to the
recipient on demand using a data transfer service
such as Referenced Data Transfer (RDT) or File
Transfer Access and Management (FTAM). Using
the DOR body part limits the message size to 2
Mbytes (practical limit of the message transfer
agent’s capabilities). In this case, the biggest body
parts are referenced until the message size is accept-
able; this mechanism may be automatic.

Body Part X.420 Support MIME Support
Text Already supported + fax
Audio VMGS (Voice body part)
Picture, video,

multiple data New feature: MHEG body part Already supported
Application data IAMS (IAM body part)
Referenced data New feature: DOR body part
Formatted message New feature: MHEG body part
New type of media Probe Not supported

New feature: Alternative body part Already supported: Multipart/alternative
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MHEG-1 provides another alternative: the abil-
ity to reference data using the SGML standard.
The reference, instead of the data itself, is defined
and included in the object. So for the MHEG body
parts, huge data may be referenced directly into
MHEG objects as soon as the user creates them.

Architecture

The MHEGAM-X.420 system architecture is
based on the client-server extended messaging sys-
tem service model described elsewhere.® It takes
into account modifications made in 1992, 1994,
and 1996. This model corresponds to an exten-
sion of the Message Store (MS), the User Agent
(UA), and the P7 protocol. It contains an
Extended MS (EMS) and Extended UA (EUA). The
EMS acts both as a server for an EUA and as a
client in relation to the MTS. EMS functions are
provided to its EUA through the standard X.420
MS ports.® The only functional differences exist in
the operations transported through these ports.

Figure 4 illustrates the complete system archi-
tecture. It shows the three components of this
architecture—the EUA, the EMS, and the Extended
P7 protocol—and their distribution.

Extended User Agent. The EUA is located on
the user’s system. It contains the user interface,
the extended P7 communication module, and the
reference creation module. The interface realizes
a multimedia messaging system user interface and
can automatically download the part of the inter-
face processing it requires from the server as soon
as it becomes active. The extended P7 communi-
cation module permits communication between
the EUA and the EMS.

The reference creation module collects infor-
mation needed to create the reference and trans-
fers it to the reference management located on the
EMS. Then it waits for the answer to its reference

Extended UA

Extended MS

creation request. If accepted, the module puts the
received reference instead of the object into the
message. Upon receipt of a DOR body part, this
module provides the user with the information
required to retrieve the body part content.

The user node also contains the MHEG-1 tool
kit for multimedia message creation. These tools
include the MHEG editor, the presentation/run-
time program, and the interpreter briefly present-
ed earlier in the section “MHEG-1 overview.”

Extended Message Store. The EMS imple-
ments the facilities offered to the user. It contains
the standard MS facilities plus the MHEGAM-
X.420 facilities concerning referenced objects. For
the multimedia messaging system, the specific ser-
vice is registered to create an object reference and
store this object in the EMS (due to its memory
capabilities).

The EMS consists of three main elements: the
extended P7 communication module, reference
management, and message store management.
The extended P7 communication module allows
communication between the EUA and the EMS.
The reference management checks whether a ref-
erence can be created when it receives a reference
creation request from the EUA. When there is
enough space and the operation is allowed, refer-
ence management stores the object, creates the
reference using the DOR standard, and transmits
it to the EUA. To avoid storage problems, a stor-
age authorized delay is defined for each object; the
objects can be destroyed by reference manage-
ment once the delay expires. Message store man-
agement is a standardized MS.

Extended P7 protocol. We defined an extend-
ed P7 protocol that facilitates exchange between
the user and the multimedia messaging system.
This extends the P7 capabilities in part by using

Figure 4. Architecture of
the complete MHEGAM

system.

O
Q
—+
o
o
)
T
O
(9%
[w]
D
3
o
D
=
=
©
©
\'




Message

Figure 5. Multimedia
messaging system:
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Information server
(e.g., MHEG object server,
information base, DBMS)

Message transfer
system

the bind and unbind operations between the UA
and the MS. At binding time, the EUA requires
negotiation of services. The service provided can
be with or without the MHEGAM extension.

Additional modifications concern the mes-
sage’s object reference part. The reference requires
three operations:

1. The register operation allows reference man-
agement to create a reference using the DOR
standard and store the referenced object in the
EMS. This reference is returned to the EMS user
to be included in the message.

2. The navigate operation returns the list of refer-
enced objects contained in a directory.

3. The fetch operation lets users retrieve objects
on the EMS using their name and location.

We chose this design to guarantee maximum
interoperability among systems using the X.400
specifications.

MHEGAM-MIME

The MHEGAM messaging system based on
MIME requires few modifications to provide a
complete multimedia messaging system.

As mentioned, most media types can be
exchanged via MIME, which allows the exchange
of messages or application data and permits refer-
encing to afile. It also permits sending a message
containing different body parts and defining alter-
native body parts. Several alternative body parts
can be provided for presentation in case of a prob-
lem. However, this messaging system cannot
exchange formatted multimedia messages that
define spatial and temporal relationships between
components. As with MHEGAM-X.420, we use an
MHEG object to define such a message.

Integrating an MHEG object requires extend-

ing MIME to the MHEG data type. We do this in
MIME using subtypes. The application type is used
for data that does not correspond to the other pre-
defined types and especially for data that must be
processed by an application. An MHEG object, for
example, must be decoded and interpreted before
being presented to the recipient. To do so, a new
subtype called MHEG may be linked to the appli-
cation type; it must be registered to the IANA
organization before use. We could also define a
private subtype called X-MHEG, but we desire a
multimedia messaging system that is as open as
possible. As with MHEGAM-X.420, it is better not
to allow the conversion of the message during its
transfer; a header field can do that.

Architecture

MIME architecture is similar to the Internet
messaging system architecture; it does not change
the Internet message transfer system.*® The SMTP
protocol ensures this transfer by providing a store
and forward service for messages.

Conclusion

MHEGAM lets users create, exchange, and
receive formatted multimedia messages that may
contain spatial and temporal synchronization of
their components. Because this multimedia mes-
saging system is based on the X.420 and MIME
standards, it can be used worldwide and across
many different platforms. MHEGAM can also be
integrated in other multimedia applications such
as distance learning and multimedia conferenc-
ing. For example, it can be used in a multimedia
conferencing service to send the conference min-
utes to participants or to retrieve slides from an
information server.

Using MHEGAM: An example

Figure 5 shows an example of extended service
via our multimedia messaging system. The user on
the left prepares an MHEGAM message using
information found in a remote database by first
sending a request to the information server,
which is in charge of satisfying the request and
returning the result. The message mode is well
adapted to request large volumes of information,
especially if the user wants to avoid high connec-
tion costs. This could be done by sending an SQL
query encapsulated in an MHEGAM message to a
specified address corresponding to, for example, a
database management system (DBMS) or an
MHEG object server having a messaging system
interface. When the message is ready, it is sent to



the user on the right. This example illustrates how
a multimedia messaging system can be used in a
multimedia distributed environment with other
applications.

A postscript

Two years after the end of this study, MIME
has become more popular than X.420. MHEG-1,
which became a standard, has lost some of its eco-
nomic interest compared to SGML and HyTime.
In fact, the Internet’s rapid development favors
HyTime and Web-related tools, formats, and
mechanisms. Originally, MHEG-2 proposed an
alternative representation of MHEG-1 written in
SGML. If the work had been completed and had
not been canceled from the WG12 project list,
MHEG-2 might have spurred the integration and
use of MHEG on the Web.

In the MHEG standards family, MHEG-5 is now
more popular than MHEG-1, probably thanks to
its use in Davic. However, the solution we propose
here is still up-to-date and valid. Indeed, MHEG-1
suffices for a multimedia messaging system, the
MHEG-1 tool kit developed in parallel with the
standard providing a useful foundation. We used
the tool kit based on the DIS version of the stan-
dard in this study (no fundamental difference
exists between the DIS and IS versions). The
detailed specification of MHEGAM exists else-
where,** where the abstract service and operations
are described in ASN.1. MM
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