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Synchronized Multimedia Integration Language (SMIL) of the World Wide Web Consortium (W3C) is a simple but powerful declarative language, which extends the current multimedia technology on the Web with temporal synchronization capabilities.  It uses the eXtensible Markup Language (XML) to define a set of markup tags to associate the timing and positioning relationships between multimedia objects, such as audio, videos, images, and text.  A Java applet-based SMIL prototype S2M2 is presented along with an overview of SMIL.

1.0 Introduction

The Web continues to grow rapidly delivering text oriented data, such as news and stock quotes, along with a scattering of multimedia objects, such as audio/video clips and images.  Commercial developers and multimedia standard bodies are trying to extend the current Web technology so that Web media objects can be temporally and spatially synchronized to create richer TV-like multimedia content.

A number of well thought solutions have been proposed, which can be grouped into the following categories:

(1) media structure – using new application structure to perform media object synchronization, e.g. applications such as Macromedia’s Shockwave [10] and MHEG-5 [11];

(2) media creation – using new media format to form synchronized media objects, e.g. media formats such as MPEG-4 [3] and VRML [15]; 

(3) media content – using existing Web technologies such HTML and Cascading Style Sheets (CSS) with JavaScript to synchronize media objects, e.g. Dynamic HTML.

The above approaches have helped advance internet multimedia technologies tremendously.  However, (1) and (2) do not provide a cohesive way to extend the Web for temporal and spatial synchronization, and (3) only offers limited ad-hoc solutions since there are no standard methods within HTML/CSS/JavaScript to define temporal synchronization.

In early 1997, the SYMM [14] Working Group of the World Wide Web Consortium (W3C) was formed. It has one main objective, which is to create a new declarative language (similar to HTML) to integrate a set of existing or yet to be defined format-independent multimedia objects into a synchronized multimedia presentation, so that Web authors can easily:

a) describe the temporal behavior of the presentation

b) describe the spatial behavior of the presentation

c) associate hyperlinks with and within the multimedia objects

In late 1997, SYMM produced the first public version of the Synchronized Multimedia Integrated Language (SMIL, pronounced as “smile”).  In June of 1998, SMIL 1.0 [4] was approved and released from W3C as a Recommendation document.

2.0 SMIL Features 

One of the key strength of SMIL is its use of the eXtensible Markup Language (XML) [1].  XML is a simplified version of Standard Generalized Markup Language (SGML) [13] that was created in the 1980s for the purpose of allowing documents to be moved between computer systems without losing its structure.  XML allows document structures to be defined, levels of subdivisions to be created, and content data to be stored and retrieved hierarchically.  XML is data-centric, where as HTML is display-centric.  XML focuses on how data are structured rather than how data are displayed.  XML provides the mechanism to define SMIL markup tags for associating timing and positioning relationships between multimedia objects, so that audio, videos, images, and text can be synchronized.

SMIL’s main feature is its ability to enable Web authors to position (location, size, z-index ordering) visual media objects and assign temporal attributes (begin time, duration or end time) among one and another.  It provides capabilities to create interactive (via hyperlinks) multimedia presentations similar to those on computer-based interactive CDs, except the content data can either reside locally or be distributed over the Web.  In addition, SMIL enables Web authors to choose any media object (addressable by a URL) as part of the content, where as in a tight coupling interactive CD, once the content is created, one can’t easily modify any data unless the entire content is re-created and re-packaged.  Finally, SMIL media objects can be updated independently and remotely.

The following subsections describe some of the key elements of SMIL. 

2.1 SMIL Example

For a typical synchronized presentation, let’s say there is a news anchor reporting an event by using a stack of image slides.  As the newscast moves forward, a pair of audio and video streams are played along with the image slides one at a time in a stack-sequenced fashion.  Within an image slide, optional sensitive hot spots are available for viewing relevant in depth information.  

To create this scenario in SMIL, we could use one video stream with several alternate choices of audio streams (only one audio stream will be used depending on the user's configuration and preferences) along with a stack of slide images that contain captions, anchors, and z-index ordering layout attributes.  Figure 1 lists the sample SMIL document and Figure 2 shows a snapshot of the S2M2 environment:

FIGURE 1: SMIL DEMO.SMIL LISTING
<!-- Complete source at: http://smil.nist.gov/player/demo.smil -->

     1
<smil>

     2
 <head>

     3
  <meta name="base" content="http://smil.nist.gov/"/>

     4
  <layout type="text/smil-basic-layout">

     5
   <region id="bg" width="100%" height="100%"/>

     6
   <region id="v" top="55" left="40"/>

     7
   <region id="s1" z-index="1" top="160" left="270"/>

     8
   <region id="s2" z-index="2" top="95" left="360"/>

     9
   <region id="s3" z-index="3" top="30" left="450"/>

    10
  </layout>

    11
 </head>

    12
 <body>

    13
  <seq>

    14
   <!-- Introduction: image + drum audio -->

    15
   <par dur="5s">

    16
    <img region="bg" src="splash.gif"/>

    17
    <audio src="drum.mid"/>

    18
   </par>

    19
   <!-- Begin news report -->

    20
   <par>

    21
    <!-- Narrator: video + audio -->

    22
    <img region="bg" src="background.gif"/>

    23
    <video region="v" src="demo.mpg" title="SMILCast News Anchor"/>

    24
    <switch>

    25
     <audio system-language="en" src="audio-english"/>

    26
     <audio system-language="ch" src="audio-chinese"/>

    27
    </switch>

    28
    <seq> <!-- slides with captions, anchors, and z-index -->

    29
     <par endsync="last">

    30
      <img region="s1" begin="5s" dur="5s" src="slide1.gif" 

    31
           fill="freeze" title="Flying Lobster">

    32
           <anchor href="http://smil.nist.gov/slide1_sub1.html"

    33
                   coords="30,40,80,80" z-index="2" 

    34
                   begin="2s" end="5s"/>

    35
           <anchor href="http://smil.nist.gov/slide1_sub2.html"

    36
                   coords="30%,30%,40%,40%" z-index="1" 

    37
                   begin="2s" end="5s"/>

    38
      </img>

    39
      <img region="s2" begin="id(s1)+5s" dur="5s" src="slide2.gif" 

40  fill="freeze" title="Pinkish Starfish">

...

85  </img>

86 </par>

87          </seq>

    88
   </par>

    89
   <par dur="5s">

    90
    <img region="bg" src="splashend.gif"/>

    91
    <audio src="drum.mid"/>

    92
   </par>

    93
  </seq>

    94
 </body>

95      </smil>

FIGURE 2: S2M2 SCREEN DUMP
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2.2 SMIL Document

SMIL documents are very similar to HTML documents.  SMIL is a text-based, human readable and editable markup format.  The documents can be served through any Web server by its MIME type (application/smil).  Since SMIL is based on the XML model, it conforms to the basic structures and rules of XML, such as Document Type Definition (DTD) and Well-Formed rule.  DTD allows domain applications to define their own specific markup elements or tags, grammar, and rules.  Section 3.1 will discuss SMIL DTD in greater detail.  Well-Formed rule provides the reinforcement of enclosure for markup document with descriptive tags, which requires that all elements begin with open and close tags.  In HTML empty tags such as <img>, <hr>, and <br> do not require any closing tags (as </img>, </hr>, </br>) but they are required within XML to create clear structure boundaries.  All tags must be nested properly with each other, and when specifying values with the attributes, the values must be enclosed within quotes.

SMIL documents begin with <smil> and end with </smil>.  A SMIL document has two main elements: <head> and <body>.  <head> defines the overall document layout structure, and <body> defines the media objects in terms of temporal synchronization and navigational structure.

2.3 Head and Body Elements

Positioning information of SMIL media objects is defined in the <head> element.  The layout element controls how the media objects are to be positioned. The syntax can be <layout type="text/smil-basic-layout"> for basic layout or <layout type=”text/css”> for the more sophisticated cascading style sheet layout.  Currently, SMIL 1.0 supports a subset of the Cascading Style Sheets 2 (CSS2) standard.

With the element region, any visual media objects can be positioned at a specific screen location (top and left) along with the preferred dimensional size (width and height) and z-index ordering.  As a result, visual media objects can reference any region definition by referencing the region ID as in line 5 and line 16 of Figure 1.  For this example, image "splash.gif" would be displayed at: x=0, y=0, along with the width and height of the given image.

Like HTML, SMIL also optionally provides an easy way to reference all of its URL resources through a document base meta tag: <meta name="base” content="url"/>.  With this mechanism, any URL references can be resolved against the base document URL as shown in line 3 and line 16 of Figure 1, which produces the final URL "http://smil.nist.gov/splash.gif".

<body> element is where the actions take place.  It is the area for SMIL authors to define the temporal and linking behavior for all the media objects, which can be any of the following: <a>, <animation>, <audio>, <img>, <ref>, <text>, <textstream>, and <video>.  In addition, <body> element provides synchronization event tags such as <par> and <seq> to group sets of media objects.  The <par> and <seq> tags can be nested within each other.

Another powerful element provided by SMIL is the switch tag.  It allows SMIL authors to specify a set of alternative choices to the end-users, which deal with what system resources a given device operates under and what are the user preferred settings.  Section 2.6 will discuss more on this topic.

2.4 Synchronization Element
Synchronization between SMIL media objects is defined by using <par> and <seq> event tags with implicit and explicit temporal values.  The purpose of these tags is to group a set of media objects so that certain temporal events can be executed accordingly.  For a <par> event, all media objects are executed in parallel except for those with explicit temporal attributes such as begin/end/dur.  In this case, the media objects activate according to the explicitly temporal information.  As for a <seq> event, all the media objects within it are executed in sequence except when explicit temporal values have been specified.

Line 17 and line 23 of Figure 1 shows the implicit scenario since there are no explicit temporal values specified.  Both audio (drum.mid) and video (demo.mpg) will play until the end of their media durations, while in line 22 the image will stay up until the entire SMIL document is finished.  As for the explicit case, since line 30 has the explicit begin value, it means the "slide1.gif" image will display 5s later once line 29 is started for the duration of another 5s.  In line 34, the anchor will activate between 2s to 5s (for the duration of 3s) once the image "slide1.gif" is displayed.  Another explicit example is at line 29: once the last media object in the <par> group ends, the rest of media objects in the group also will be terminated.

2.5 Hyperlinking Element

Hyperlinking is one of the main features that make the Web so successful. It is an essential way to provide interactions and a method to express hierarchical relationships among objects for a given application domain.  It allows users to navigate through various content-sensitive informations within a document. For SMIL, it further extends the tradition HTML linking capability by providing fine-grained controls such as defining hot spot areas.  SMIL uses the anchor element, and the coords (coordination) and z-index ordering attributes so that multiple hot spots can be defined within any visual media objects.  

From the above example (line 30 to line 38), there are two hot spots defined within "slide1.gif" image.  One uses absolute pixel coordinates: left-x=30, top-y=40, right-x=80, and bottom-y=80, and the other is defined by using the percentage of the total width and height of the display area of "slide1.gif".  Both anchors activate while image "slide1.gif" is being displayed between 2s to 5s.  In addition, anchors can specify the z-index ordering preferences, so that when hot spots overlap SMIL authors have control of which ones are on the top and which ones are on the bottom.

Different hyperlinking behaviors can also be set.  When a user clicks on a given anchor, the browser window can either replace the current page with the destination content (via attribute show="replace") or popup another browser window for the destination page (via attribute show="new").  It can even suspend the current content execution while activating a new destination (via attribute show="pause").  Moreover, SMIL hyperlinks can point to anywhere in other SMIL or non-SMIL (e.g. HTML) documents as well as to any subpart of the same SMIL document.

2.6 Switch Element

The switch element allows SMIL authors to tailor their presentations for different end-users with a single SMIL document.  For example, if a SMIL author wants to target English and Chinese speaking users, the author can include the <switch> option (line 24 to 27 of Figure 1) inside the SMIL document.  It is then up to the users to choose what language is displayed (text) or played (audio).  If a user has the configuration property "system-language" set to “ch”, then the Chinese version of the audio is played.  However, if the user did not set any of the system settings, then the first alternate item will be used.  In the example that is English.  This also applies to other system resources.  SMIL 1.0 provides other resource attributes such as system-bitrate, system-screen-size, and system-captions.

3.0 SMIL Player Implementation

NIST (National Institute of Standards and Technology) has prototyped a multi-threaded SMIL player called S2M2 (Streaming Synchronized MultiMedia), which is a sub-component of the Streaming Synchronized Multimedia project.  S2M2 is a Java applet-based player that utilizes open standard technologies and runs the player within any popular browsers without the need to download any plug-ins or ActiveX controls. 

Because of the fast pace of technological change, S2M2 uses open standard component-based software as the basic infrastructure to provide future growth and easy migration to other new standards.  Furthermore, S2M2 utilizes standard multimedia and content technologies such as Java Media Framework (JMF) [8] created by Sun Microsystems, Intel and SGI, and the Document Object Model (DOM) [6] by W3C.  

Figure 3 shows the S2M2 basic system components and architecture.  The following subsections discuss each component in greater detail.

FIGURE 3: S2M2 SYSTEM COMPONENT AND ARCHITECTURE
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3.1 SAXDOM and SMIL DTD

Like any other languages, SMIL has its own grammar and rules that are defined in its DTD (Document Type Definition). This DTD provides a set of rules that specify what tags and values are allowed within a SMIL document.  When the DTD combines with the Well-Formed rule, Web authors can define and structure any SMIL documents they desire.

Because of the constant advancement of XML, it is crucial to follow XML's progress and utilize its new features, as they become available.  In order to achieve this, we have chosen SAXDOM [12] (DOM on top of Simple API for XML) to modularize the DTD parsing for our S2M2 player.  SAXDOM separates the underlying parsing functions into a set of callback routines from the SAXDOM driver.  When a given SMIL document is ready for rendering, the SAXDOM driver uses SMIL DTD to parse the document content to get the node names and attribute values, and pass them back to the application callback routines; then the application decides what actions to execute. Currently, there are quite a few Java-based SAXDOM drivers available, such as Microsoft's MSXML, and Microstar's Aelfred.

3.2 S2M2 Rendering Engine 

SMIL 1.0 supports a set of media objects that include animation, audio, videos, images, text, and textstream.  All SMIL media objects are defined through MIME types, which gives SMIL the potential to adopt any existing or yet to be defined media formats. 

Since the definitions for synchronization events and media objects share many common attributes (see Figure 4 for partial listing), S2M2 uses a meta-class OBJECT (see Figure 5 for S2M2 class structures) as the common parent class for the EVENT class to handle synchronization events (<par> and <seq>) and for the MEDIA class to handle media objects (<animation>, <audio>, <video>, <img>, <ref>, <text> and <textstream>).  With this approach, when an object needs to be executed, an instance of the basic OBJECT is created and processed before referring to a specific class of EVENT or MEDIA, which is determined by the "idtype" value.

FIGURE 4: PARTIAL SMIL 1.0 DTD LISTING

            <!--=================== The Parallel Element ====================-->

<!ENTITY % par-content "%container-content;">

<!ELEMENT par    (%par-content;)*>

<!ATTLIST par

        %id-attr;

        %desc-attr;

        endsync CDATA           "last"

        dur     CDATA           #IMPLIED

        repeat  CDATA           "1"

        region  IDREF           #IMPLIED

      
 
 %sync-attributes;

        %system-attribute;

>

<!--=================== The Sequential Element ==================-->

<!ENTITY % seq-content "%container-content;">

<!ELEMENT seq    (%seq-content;)*>

<!ATTLIST seq

        %id-attr;

        %desc-attr;

        dur     CDATA           #IMPLIED

        repeat  CDATA           "1"

        region  IDREF           #IMPLIED

        %sync-attributes;

        %system-attribute;

>

<!--=================== Media Object Elements ===================-->

<!ENTITY % mo-attributes "

        %id-attr;

        %desc-attr;        

        region     IDREF        #IMPLIED

        alt        CDATA        #IMPLIED

        longdesc   CDATA        #IMPLIED

        src        CDATA        #IMPLIED

        type       CDATA        #IMPLIED

        dur        CDATA        #IMPLIED

        repeat     CDATA        '1'

        %fill-attribute;

        %sync-attributes;

        %system-attribute;

">

FIGURE 5: PARTIAL S2M2 CLASS STRUCTURES

      class OBJECT

        {

        protected int id;


// internal object id number

        protected int repeat=1;

// repeat counter

        protected float dur = 0f;

// duration timer

        protected SYNC sync;


// handles begin and end times

        protected REGION region;

// pointer to REGION instance

        protected SYSTEM system;

// pointer to SYSTEM properties

        protected DESC desc;


// eg title, abstract, author, copyright

        protected String title=null;
// caption title

        protected String alt=null;

// alternate title

        protected String idtype=null;
// idtype: EVENT(par|seq)|MEDIA(img|audi

        protected String idname=null;
// object id name 

        protected boolean bfin=false;
// test if object been executed

        protected boolean bready=false;
// test if object is ready to exec.

        ...

        }

      class EVENT extends OBJECT

        {

        SMILCanvas canvas;


// visual object drawing canvas

        protected SWITCH which;

// pointer to switch properties

        protected MEDIA esm=null;

// pointer to media structure

        protected TABLE t = new TABLE ();
// event hash table

        ...

        }

    class MEDIA extends OBJECT

      {

      Thread thread;



// thread handler for current object

      SMILCanvas canvas;


// scrollpane drawing canvas

      protected Image image;    

// image source

      protected Player player; 

// visual video sub-window

      protected Component visual=null;
// top-window for visual media object

      protected Component subcomp=null;
// subcomponent: caption, title, etc.

      protected String src;    

// URL source string address

      protected String type;


// MIME type associate with URL

      protected String longdesc;

// long description string

      protected FILL fill;


// pointer FILL properties

      protected URL url=null;   

// URL source pointer

      ...

      }

As S2M2 parses the incoming SMIL document, it creates a set of hash tables, such as the EVENT table and the MEDIA table, so that when the EVENT list is executed, the associate media objects are fired.  S2M2 tries to go through all synchronization logic before actual execution to improve the performance. During the execution, if an event is a <par>, then all of its children media objects have an associated thread to handle timing attributes such as begin/end/dur.  If an event is a <seq>, then a single thread is created to handle all of its children media objects in a sequential fashion.

3.3 JDK class library
JDK provides a cross-platform runtime environment so that Java applets can run on multiple platforms.  S2M2 requires a fully compliant JDK 1.1.  The current implementation is based on Sun’s JDK 1.1.4.

3.4 JMF class library
S2M2 depends heavily on the JMF technology to handle audio and video objects.  JMF provides the basic binding between a set of cross platform Java APIs to the OS underneath for handling native audio and video functions.  The JMF class library must be installed locally along with the browser software.  With this architecture, there is no need to download all of the common audio/video-rendering routines each time S2M2 runs.  At the same time, the local OS-level underlying audio/video routines can be optimized for system performance.  S2M2 was developed using Sun’s JMF 1.0, and it has been tested with Intel’s IMF 1.3 on Windows platforms.

3.5 Java Applet/Browser Inter-Communication

Since most applets cannot access local file resources, it is hard to test any locally created SMIL documents.  For this reason, S2M2 includes a mechanism that allows a local SMIL document to be uploaded to a pre-defined Web server via a CGI script and then, using the inter-communication channel between browser and applet, to signal S2M2 to obtain the document from the Web server for rendering.  

3.6 Java Applet Security
Java applets come with strong security restrictions that disallow access to local resources as well as other network hosts.  Since S2M2 needs to access hosts other than the host from which the applet was downloaded, it is necessary to relax the applet security.  There are two methods to relax the Java applet security: (1) user intervention – have the user lower his/her browser security level, or (2) signed certification – have the applet certified as a trusted applet, so that when the applet is downloaded users are prompted to accept the signed certificate.

S2M2 uses Microsoft’s Authenticode to create the trusted applet, which produces a single compressed CAB (Cabinets) file that contains all S2M2 classes, bitmaps, and other supporting files.   The following shows how to host the S2M2 applet within an HTML file:

            <applet

   
       codebase="http://smil.nist.gov/ssmm1/new"

 
       code="SMILMain.class" name="SMILMain"

  
       width=100% height=78%>

  
       <param name=cabbase value="SSMM.cab">

      </applet>

4.0 S2M2 Player Capability

Since S2M2 utilizes JMF as the underlying media framework, it automatically inherits the rich set of JMF multimedia capabilities [9].  Currently, S2M2 supports a wide variety of media formats:

TABLE 1: SMIL PLAYER CAPABILITY
Audio
AIFF, AU, DVI, G.723, GSM, IMA4, MIDI, MPEG-1 Layer 1/2, PCM, RMF, WAV 

Video
Apple Graphics (SMC), Apple Animation (RLE) Cinepak, H.261, H.263, Indeo 3.2, Motion-JPEG, MPEG-1

Text
Plain ASCII file

Image
GIF, JPEG

File Formats
AVI, QuickTime, Vivo 

Protocols
File, FTP, HTTP

More S2M2 player information is located at http://smil.nist.gov/player/S2M2.html.

5.0 Related Work 

A number of well-designed SMIL players have been developed for the SMIL 1.0 Recommendation. Besides S2M2, the implementations are:

· GriNS [2] from CWI (http://www.cwi.nl/SMIL/)

· HPAS from DEC (http://www.research.digital.com/SRC/HPAS/)

· G2 from RealNetworks (http://www.real.com/g2/)

GRiNS (GRaphical iNterface to SMIL) grew out of CWI's CMIF [5] authoring environment. It is both an authoring tool and a player. It is written in Python, a scripting language that was also developed by CWI.

HPAS (Hypermedia Presentation and Authoring System) is an authoring and presentation environment for the Hypermedia Synchronization Language (HSL) [7]. Later on one of the authors implemented a converter from SMIL to HSL, therefore HPAS can also play SMIL 1.0 documents. HPAS is written as a Java applet that can be run within Netscape version 4 and later.

G2 is the successor of the family of RealPlayer's from RealNetworks.  The G2 player can present SMIL documents along with other RealNetworks' proprietary file formats.

The W3C requires a minimum of two interoperable implementations for each of the features in SMIL. At the interoperability test, four implementations were available (the above three plus S2M2). The result of the SMIL interoperability test can be found at http://smil.nist.gov/Testcase.html, and the feature list of the test is at http://smil.nist.gov/Feature.html.

6.0 Conclusions and Future Work

The design and implementation of S2M2, a Java applet-based SMIL player has been presented.  The key ideas of S2M2 are: (a) to allow the SMIL player to run on any current popular browsers, (b) to use open standard technologies as its infrastructure, and (c) to continue to adopt new improved technologies (JDK, JMF, and SAXDOM) as they become available.  

As for future work, S2M2 will continue to evolve as SMIL capabilities expand. In addition, S2M2 will try to expand the current static multimedia streams to live multicast streams by using Realtime Transport Protocol (RTP) for streaming media objects, and Realtime Transport Streaming Protocol (RTSP) for controlling and managing remote stream objects like a traditional VCR does (play, stop, and pause).  Another area is to explore DOM-based API for SMIL so that SMIL temporal synchronization can be defined dynamically at runtime.
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