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Abstract

This paper presents a system designed to alow efficient
retrieving, browsing and rea time playing of videos through the
Internet using aweb browser. The system consists of a web site
as well as tods to facilitate browsing, searching and video
streaming. At the website, users can view video structures and
clip details, search for segments in a video by key words and
play video clipsin real time according to their own connection
spedds.

In this paper, various approaches to each component of the
system are discussed. Issues encountered in the design and
implementations of the system are described. Testing results on
resource usage and system usability are also eval uated.

Keywords: Content Based Video Retrieval, Webcasting, Video
Encoding

1 Introduction

In recent years, much interest in the development of
digitd video systems has been fueled by the
advancement in dgital signal processng, VLS| and rapid
increases in communication bandwidth. The availability
of digital videos has led to a new set of communication
means with appli cations such as video-on-demand, video-
conferencing and video-aided dstance leaning. However,
for videos to be used as commonly as text in information
exchange, effedive methods in retrieving videos rich
content are yet to be developed. For example, searching
for aword or phrase in a page of text is trivia and has
been implemented in amost al text editors and web
browsers. On the mntrary, searching for a character or an
event in avideo is still quiteimpractical if not impossble.
The use of videos through the Internet is also limited by
the fact that video files are of much bigger size than text
files and thus take asignificant amount of bandwidth to
transfer. The differencein user bandwidths imposes even
more difficulties in real time video viewing through the
Internet. The airrent method used in organizing textua
information is asthe foll owing:

“Volume - Book - Chapter » Sedion — Sub-sedion
- Paragraph - Word
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Furthermore, a table of contents and indices are usually
made available to facilitate seach of a particular topic
and awordin abod.”[1]

Under this organization textual information cen be
effedively searched and retrieved. Thus it is natural for
us to apply the same technique to the organization of
videos. However pixds (raw video data), unlike words in
a bodk, do not convey much useful information by
themselves. To overcome this, metadata information
neels to be alded to facilitate the indexing and searching
of videos. The incorporation of annotations alows a
video to carry textual information similar to that in a bock
and thus increases the applicability of the above
hierarchical organizaion to videos.

When viewed online, a bok or a long dcument
sometimes is divided into smdl chapters © that to read
any one capter, a user only needs to download the
spedfic chapter but not the rest of the book. A similar
idea can also be applied to videos. And die to the larger
size of videos, minimizing the size of download for
browsingis crucia in online video viewing. Furthermore,
the size of a video strean varies sgnificantly with its
quality and a compromise between the two is always
needed. However users have varied emphass and
connedion spedls, so this balance neels to ke flexible as
to cater for different users. Some past systems related to
this paper are described bel ow.

The Vimix [2] (Video Metadata in XML) system defines
a hierarchical video metadata sructure in XML and
provides an environment for segmenting, organizing and
annotating videos. It dso integrates tod's “to extract static
frame obeds viaimage segmentation techniques’ [2] and
associate objects with corresponding video segments. The
metadata structure developed in Vimix is used to arganize
videos for browsing in this system.

“The Berkeley Internet Broadcasting System (BIBS) is
a ledure Webcasting system developed and qperated by
the Berkeley Multimedia Research Center.”[3] The BIBS
system organizes a video in a linea structure and
synchronizes the presentation of lecure notes with video
segments played. It dso dfers ledure index browsing
and text-based searching.

Real Network is used in BIBS for encoding and daying
video clips. Each video is encoded in real time into 3
streams of bit rates: 50Kbps, 128Kbps and 200K bps and
stored in memory for play-on-demand.

The BIBS system inspired the streaming and closed
captioning sedion of thisprojed development.



In this paper, techniques used in the dfective retrieving
and viewing o videos through the internet are explored
and the design and implement of an online web browsing
siteis presented.

2 Video Encoding

To achieve real time viewing of the video clips through
the Internet, the origina video clip needs to be encoded
into streams that match users connedion spedds. It was
dedded that in this applicaion, every clip would be
encoded into streams for 56k, 128k and 256k connedions
because they are the most commonly used Internet
connedion spedls.

2.1 Encoder SDK

Various media encoder SDKs were studied and tested. It
was found that Microsoft Media Encoder was the most
suitable for this application because of the features it
offers. These are described below.

1. Environment and For mat

Microsoft Media Encoder 7 SDK works in windows
98/2000/NT. It offers encoding methods for most of the
commonly used video and audio formats including “.asf”,
“avi”, “.bmp”, “.mpg’, “.wmv’, “.mp3’, “.wav’ and
“.wma”. It outputs encoded streams in windows media
file format “.wmv” or “.wma” which can be played with
Microsoft Media Player.

2. Encoding Profiles

The Encoder SDK provides functions to encode input
video files according to thirty-three different profiles.
They cover amost al common communication
bandwidthsincluding ISDN, XSDL, LAN, Cable, Dia-up,
Web-Server, broadband NTSC and broadband PAL.

3. Other Functionalities

Windows Media Encoder 7 SDK aso provides other
useful functionaliti es suitable for this development.

When programming with the SDK, it is possble to
encode only a sedion of the input video clip by
spedfying the start and end position of the sedion. It is
especially useful to this projed as sgments of a video
neeal to be encoded into separate streams (described in
sedion 2.2).

Furthermore, the encoding functions provided in the SDK
allow encoding for either video anly, audio only or bath
streams. This aso offers a lot of freedom for future
devel opment.

2.2 Streaming and Storage

In this system, all clip segmentsin a hierarchica structure
neel to ke playable through the web browser inred time
for al the three ©nnedion speals described before.
Several options in sreaming and storing video cli ps were
examined.

1. Encode at browsing time

The fird method proposed was to encode the required
sedion of the origina video at red time while playing.
However it was on realized that this was not practical

as encoding requires a lot of processng resources and
will cause the server to be overloaded when multiple
users browse the site simultaneoudy. (On a Pentiumlil -
600, with 100% CPU usage, a 16 minutes clip takes
roughly 14 minutes to encode for a 256Kdy/s connedion
profile. For detail s see aluation sedion).

2. Encode and store thetop level clip only

When playing videos through Windows Media Player
embedded in IE5, it is posshble to play only a segment of
the original video clip by spedfying the start and end
time of this segment. Thus one approach explored was to
encode the whole video cli p and spedfy the time frame of
asub clip when it is played during browsing.

But through experimenting, it was found that for indexing

to work for a video in Windows Media Player, the
complete video clip would need to be downloaded first.
Indexing is esentia if asub clip isto be spedfied. Thus
even when only a small sedion of the original video isto
be played, the whole dip will still need to be downl oaded.
For example, to view a 5 seconds clip in a 5 hours long
video, the whole 5 hous of video will neel to be
downloaded; this is clealy not practicd. Therefore this
approach was not used.

3. Encode and store the bottom level clips only

Another approach that was tried was to encode the
bottom level clips and conned them in red time when
upper level clips are requested. Using this method, the
total encoding time and storage space required will be
comparable to the seoond approach and yet only the
minimum amount of data needs to be downloaded to play
a segment.

Windows Media Player comes with a format —.asx” for
defining a play list that consigts of one or more dipsto be
played continuously.

<ASX VERSION="3.0">

<TITLE>Example Windows Media Playe
Show</TITLE>

<ENTRY>
<TITLE>Example Clip</TITLE>
<REF HREF=
"D:\output\encoded9\somfinal 30-436.wmv" />
</ENTRY>

<ENTRY>
<TITLE>Ancther Clip</TITLE>
<REF HREF=
"D:\output\encoded9\somfinal 3437161Qwmv" />
</ENTRY>
</ASX>

Fig 1“.ASX” Format Example

But there ae a few difficulties hindering the
implementation of this method. The structure designed in




Vimix alows overlapping of clips even at the lowest
level in the hierarchy. Thus to achieve the above effed,
the battom level clips would still need to be divided into
absolute partitions of the original video which could
result in a video being dvided into a big number of very
small segments. Furthermore, when two clips are
conneded in a play list in Windows Media Player, there
is a one second delay between them a play time. So a
clip consiging o a few sub clips wouldn’t look like a
whole video when played. This is espedally noticegble
when the number of its sub clipsis big and each segment
is short. Thus this approach is not used in this
development. However, if applications that can sed two
“.wmv” streams into ane in red time ae developed, then
this approach will become practical, asit isthe most time
and memory efficient.

4. Encode and store everyclip in thehi erarchy

In this method, every clip in the hierarchicd structure is
encoded and stored separately. When a dip is browsed by
a user, the encoded version of this clip will be played asa
whole and only this particular stream neels to be
downloaded at the user sde. This method ensures
browsing quality and minimal data transferring athough
it sacrifices encoding effort and data storage space.

However becuse none of the other methods siited the
currently available tods for the projed, this approach was
chosen duetoits practicality.

3 Video Playing

3.1 Playingvideoin IE5

Microsoft Media Player 6 and 7 are capable of playing
video/audio clipsin amost al common formats. And the
player control is a standard ActiveX control that uses
Microsoft Component Objed Model (COM). Using the
SDK, the players can be progammed on a standard
HTML Web page using JScript or VBScript. Furthermore,
Media player 6 is installed by default with Windows
95/98/2000/NT. Therefore it is the most suitable player
SDK to ke used for this projed.

The @de shown in Fig 2 embeds Media Player 6 into IE5,
loads up the spedfied “.wmv” file and auto-playsit.

A Media Player 6 control object is defined in the code.
“ID" is the name used to reference this instance of the
control in the script. CLSID defines the 128 hit Class
Identifier of the Player control, which is used by the Web
browser to create the ActiveX objed on the page.
Parameters including Fil eName, AutoStart, ShowControls
and so oan can be defined as fown in the sample code.
Buttons can aso ke programmed to al ow users to control
such parameters. [4]

Similar principle can be applied when programming
Media Player 7 in |E5.

<OBJECT ID="playe"

CLASSD="CLSYD:6BF52A52-394A-11d3
B153-00C04F79FAAG">

<PARAM NAME="AutoSart" VALUE="1">

<PARAM NAME="URL" VALUE="D:/FF8
Dancempg'>

</OBJECT>

<OBJECT ID="playe"

CLASSD="CLSYD:22D6f312-BOF6-11D0-
94AB-0080C74C7E95">

<PARAMV
NAME="Fil eName"

VALUE="http://127.0.0.1/output/encoded9d/somfinal
30-24272wmv">

<PARAM
NAME="AutoSart"
VALUE="1">

</OBJECT>

Fig 2 Embedding Media Player 6in |E5

Fig 3 Embedding Media Player 7in |E5

3.2 Closed Captioning

Playl Stop |

Fig 4 Closed Captioning Example

Media Player 6 and 7 SDKs also support captioning text
to be played with videos through the use of Synchronized
Accessble Media Interchange (SAMI)--(.smi) files
containing text strings associated with spedfied times
within the video. “The text strings appea in the Windows
Media Player closed captioning dsplay areaas the dip
reaches the designated times.”[4] This feature provides
our video lrowsing system the caability to display




subtitles for foreign language films or for asdsting
hearing impaired users.

Below is a sample SAMI file for the dip “Meding the
Children” in “the Sound of music”.

<SAMI>
<HEAD>< Titl e>Close Captioning Sanple</Titl e>
</HEAD>
<BODY>

<SYNC Sart=1000>

<P ClasssENUSCC>Maria Meding the Chil dren
<SYNC Sart=4000>

<P ClasssENUSCC>Captain introduwcing the cildren
to Maria.

<SYNC Sart=12000>

<P ClasssENUSCC>Lied
<SYNC Sart=14000>

<P ClasssENUSCC>Friedrich

</BODY>
</SAMI>

Fig 5 Sample SAMI filefor clip “Meeting the
Children”

4  Browsing and Navigation

1. Select User
Video Selection
4.1 Key
Tree Xml File Name
4.Keys 2.Browse % SaliEme
4.2 Key
Details
7.1Play for 56k
Connection
Clip Name
Clip 1d
B vito Pl 2.2 Clip Clip Name 7.2Play for 128k
Tree Startend,key Details Video Name o
frame indices
XmlFile Name
7.3Play for 256k
Clip 1d Connection
Clip N Clip 1d
Video il Name™———_ C1P Nane
r XmIFile Name XmIFile Name
6.Associated
—— 5.Search Objects
User Input
Criterion

Fig 6 Data Flow Diagram

4.1 Video Structure Tree

Video dructure is implemented as an interactive tree
using JavaScript. The tree can be expanded o coll apsed
at any intermediate node (a node with children). The
format of the treeis very similar to windows help files
and thus is familiar to most windows users. |E5 and most
other commonly used browsers support JavaScript by
default and so no extra software needs to ke install ed for
browsing which further increases usability of the system.

7 Browsing video - Microsoft Internet Explorer

Fle Edt View Favortes Tools Help
iBack - = - (@[] 4| Qseach [EiFavortes (Aristory |

address [ 8] http:fyfu.cse.unsw.edu.aufeai-binfbrowse xmiFle=sound_of nusic

1 Videos
EH{ Sound Of Music
E1{[) The Beginning
+ 5] Alpine Tandscape
LB Sound OF Music
£ @ Music Clips
[£] Leaving the Abby
E Being a Governess
[£] The Baroness

g
Bl Performing at the At Festival
[£] Escape

Fig 7 Video Structure Tree

4.2 Objed (Key) Details

In the metadata structure used, objects (keys) can be
associated with video clips. For every video structure, a
hierarchical schemais defined for object types. Each type
defines a different set of attributes which can be used in
key word based seaching. The system dlows users to
view the obhjed schematree ad detail s of each object in
the video structure.

Users can also view objeds associated with a spedfic dip
at the dip detail s page

23 Browsing video - Microsoft Internet Explorer i

| Fle Edt view Faworites Tools Help
| 4mBack » = - @ [2] 4} | Doearch [gravorites {HHstory | B!
| Address [@] httpif/fu.cse.unsw.edu. aufthesisitrssjsound _of_music_key.html

@ Keys Atribute [Value
&1 Disgetic Level T o
F(0 Cast A
u@ Mother Abbess ‘Tgmctauon
& Meria |FarmitytTame !Andrews

|GiventTame }Iuhe

Although many actresses were
considered for the rele of Maria, writer'
Ernest Lehman and producer/director

~[E Captain Von Trapp

Baroness Schraeder
~[F Mez Detweiler

? The Chidren Eobert Wise considered seriously only

B Lieel sidressiibis, M08, Sonlliesaly uny
-[] Friednch i i

g : Filmography for being in her early twenties. While the

[] Brgita fact that she had already played a nanny

[ Heather in Mary Poppins did cross Andrews'
i mind, she never serionsly considered
Thecs turmng the part down. However, she
did weice concerns that the mowie not

“[B Marta s
[ Gretl

end up too sweet to digest
# @ Location
#@ Bvent =l
& [ [ @ tneernet 7

Fig 8 Objed Detail s



4.3 Search

The search page alows users to search within the
structure under the aurrent clip. A seaching criterion is
formed by up to four atribute names and values that a
user can input. A seledion of and/or logic between the
four conditions is also all owed. The server then cals the
search function exeautable which traverses through the
video structure under the airrent clip and seleds all the
clips that satisfy the aiterion (which will form a tree
structure). The result tree structure is displayed in the
same way as video structure browsing page.

) Search - Microsoft Internet Explorer o [l B3

| Fie Ede View Faotes Toos Help \-
| e - = - Q[ A Dseach GilFavartes (BHistory | By S 0] - 5 ‘

| acivess [&] hetp:/1127.0.0.1 /cqibinjsearchid=VIDEQ _ID218name=Sound,200f%20Musicelip=http: 127.0.0. | G0 HLmks »

=
Sound Of Music

Attribute

Value

&0r < And

Search

|4 Internet

BN

Fig 9 Web Interfaceof Search

5 Server Side Control

Apache HTTP Sxver Verson 1.3 for Windows was
chosen for this devel opment because of its smplicity of
use and its high performancein handling agi-perl scripts.

&cuntrul . ﬁl

Chaose something

Output Directory

|D:a".t‘-\.pachea’htdocsfoutput!temp

sl File

Encode for 128k connection
Encode for 256k connection
Generate Clip Tree File
Generate Schema Tree File

ID:a".ﬂ.pache#htdocsx’outputa’sounc

Exit |

Fig 10 Control Dialogue Box

Various files including html files, encoded video clips
and key frames neal to be generated and stored on the
server side. The overall size of the files generated for an
average video clip such as “sound of music” was over
100MB. Having the mntrol functions accesshle through
a web browser is therefore not practical due to searity
concerns. It was dedded that a windows dialogue box
would be used to control the gereration of thesfiles.

However in future gplications it might be required to
control the generation of these files via a web browser.
Thus alternative solutions have also been caefully
examined. Initialy controlling file generations through
cgi-perl scripts was tested. But unfortunately, with the
current Apache server, encoding and key frame
generation stopped after a cetain size limit was reached.
This could be due to the seaurity settings in the server.
The other approach tested was using Java Applet acting
as a client that establi shes a network connedion with the
server and then cdls the exeautables at the server. This
method was tested and proven to beviable.

6 System Evaluation

6.1 Resources Consumed

The system encodes al clip segments in the video
structure for threedifferent connedion profiles and stores
them on hard dives on the server side Significant
amount of processng and storage resources are therefore
consumed in the running of the system.

6.1.1 CPU usage

On a Pentiumlll -600 machine with no ather application
running, a 16 minutes clip takes 14 minutes to encode for
any of the three onnedion profiles. The screenshot of
CPU usage in Fig 11 was captured when the encoder was
the only active process runnng. As shown in the figure,
the encoding process takes up amost 100% of the CPU
processng power. This again supports the dedsion made
in Section 22 to store encoded cli ps and not to encode at
play time. Otherwise the amount of resource required for
encoding when multiple users are accessng the web site
simultaneoudly would be impractical.

S indons ToskVanager ol

File  Options iew Help

fipplications |'Pmcesses Petformante |

~CPUUsage—— ~CPUUsage History

Fig 11 CPU Usage during Encoding

6.1.2 Memory Resource

The encoded video cli ps which need to be stored at server
side take up significant amount of memory resource

A simple summary on memory usage is done for “the
sound of music”:

Origina “soundof music” videoclip size= 149MB
Number of segmentsin video structure = 25

Memory used in storing encoded cli ps for 56k connedion
=9.26MB



Memory used in dsoring encoded clips for 128k
connedion = 31.4MB
Memory used in dsoring encoded clips for 256k

connedion = 68.6MB
Total memory used in storing encoded clips= 109.26MB

Memory consumed in storing encoded clips can be
effedively reduced if option 3 described in Section 2.2
can be implemented. Currently since every clip in the
structure is separately encoded and stored, there is
overlapping between encoded segments and the level of
overlapping depends on the video structure. However if
the option of conneding multiple dips into ane at play
time becomes available, then only bottom level dips ned
to be ewcoded and stored and overlapping can be
completely avoided. In the @se of “sound of music”,
memory used in goring encoded clips could be reduced
by more than 50 percent.

Others memory usage:

Every key frame is of size 352*288 pixels and consumes
approximately 60KB of memory.

Total number of key frames= 24

Total memory used by key frames = 1.41IMB
Memory used by scripts and exeautables = 4MB
Total memory consumed = 115VIB

6.2 Usingthe System

6.2.1 Browsing

The main browsing page mnsists of video structure as
well as clip information. By clicking a dip in the tree
structure, users can view the name, key frame and
annotation of the dip and also choase to search or play it.

=

] @

| Fle Edt View
| gack -

| adeess [&] hitph

[ & | Qeearch (SFavories CgHstory | By

unsw,edy.aujcs =sound_of_music.

@ Videos
S0 Sound OF Music
() The Beginning

[8) Alpine Landscape

Sound Of Music

Associated
Objects

Search

Play For 56k
Connection

Play For 128k
Connection

| Play For 256k
Connection

=1Ll | _'];J

| [ @ mtemet ¥

Fig 12Browsing Video Structure and Clip
Information

6.2.2 Search

Search can be done at each clip in the video structure and
results are displayed in the same format as video structure
tree Thus users can browse searching result exactly the
same way as browsing the original video tree ad they

can further seach under any clip in the seaching result
tree

A searching criterion can be formed by “and” or “or”
smple mnditions. As can be see in the figures below
that every clip in the result treein Fig 13 satisfies both of
the two components in its composite ndition, ie. it
contains bath “Maria’ and “The Children”. This result
treeisin fact the intersedion of the results of searching
for “Name = Maria’ (Fig 14) and “Name=The Children”
(Fig 15) as shown.

(1 Results
B Sound Of Music
B Music Clips
. [ DoReMi
E‘ |1 Being a Governess
- B{[] Meeting the Children
5] Do Re Mi
-~ Singing on the River
2 Performing at the Art Festival
“[E] Bscape

Fig 13 Search Result for “N ame=Maria &&
Name=The Children” under “ Sound of Music”

([} Results 1] Results
E Sound Of Music Ed) Sound Of Music
= Music Clips S Music Chps

[£] So Long Farewell
Being a Governess

e () Being a Governess
- 5 Mesting the Children

5 Do Re M () Meeting the Children
2] Singing on the Biwver [£1 The Children
5] Dancing Do Re Wi

[8) Running Away Singing on the River

B Reve o 2] Music Back to the House

ELI:I Detfor AT Rl FPerforming at the Art Festival

i [F] SoLong Farewell

5] Good Bye A
[ Escape [ Escape

Fig 15 Search Result for

Fig 14 Search Result for
“Name=The Children”

“Name=Maria”

6.2.3 Aswciated Objeds

As described in Sedion4.2, every clip can have objeds
(keys) associated with it. This asociation is transitive to
the parent-child clip relationship. Therefore the
associated objects of a clip include the clip’s own objeds
and objeds asociated with its children clips.

The dip “Performing at the Art Festival” has three
children clips. From Fig 16 and Fig 17, it can be seen that
the parent clip’'s asociated objects are a union of the
children clips’ objects and its own (XML file shows that
“Performing a the Art Festival” is associated with
“Salzburg Music Festival”).



A Associated Objects - Mic ter =[Ol x|
| File et view s Help ‘
| #=gack - = - @ [8] 3| Lsearch 2
| Address [ &1 htpi/ifu, coe.unsw. edu. aufthesisjkey =] o \
[Dbject Type Dbject Value
Location |Salzbure Music
| Festival
Cast The Children
Cast Max Detweiler
Cast Captain Von Trapp
Cast Maria
| [&] bane [ [@amernet ;

Fig 16 Assciated Objeds of Parent Clip
“Performing at the Art Festival”

| Fie e
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Object iObject
Value Type

[
Detweiler feass

Object
Value
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Von Trapp

[biect
[Type

Object [Dbject
[Type !Valus
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[
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Fig 17 Assciated Objed of Children Clips

6.2.4 Play Encoded Streams

Every video clip is encoded into three different streams
catering for connedion speels of 56k, 128k or 256k.
Playing the streams in Media Player shows that the
stream encoded for 56k is played at 30kd/s, stream for
128kis played at 103Ko/s and stream for 256kb is played
at 230kb/s. Playing the video clips through the web site
using IE5 has been tested in Windows200098/NT using
cable connedion and succeeled every time with
downloading time aound a few seconds. If a 56k/s dial
up connedion is used, for an average dip o size 370KB,
the download timeislessthan a minute.

7  Conclusion

In this paper, an online video krowsing system is
presented and its design isaues are discussed. The system
hosts a website which alows the browsing o video
metadata structures and red time playing of video
segments through the internet using IE5. Furthermore, a
set of tools are developed to automate the generation of
filesrequired to run the website.

Testings on bath resources usage and system usability
have been conducted. The system is shown to be user
friendy, efficient and compatible with most web
browsers in the Wndows environment. Possble
applications of such an online browsing system include
distant educaion, news disemination, ad tracking and
movie archives. Webcasting with the aid o well designed
metadata structure can make video communication
through the internet a truly viable method.
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