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Introduction Teleteaching Statistics &
Some figures =
2 s 2001200 :
12 multimedia classrooms students 2006 figures
2 Mbps per lesson
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History 250 |
1996 Distance e-Learning 201
1° project 1501
1999 Live D.L. (satellite) 293 10
2001 Live D.L. (private 342 : ?
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Requirements

Virtual Classroom

(5 (6]
1. Wired line Intranet connection (2Mbps per lesson) g A virtual classroom is a set of geographically g
2. Excellent audio and video quality v distributed physical classrooms in which students at v
3. Synchronization between streams and low different places are attending the same lesson
' communication delays delivered at the same time by the same teacher.
4. Full modular software solution _
5. Absence of a main control center Thats: _ _ _ _ _
6. Dynamically built lesson (no scheduling needed) * zf‘ggrﬂgﬁcuc effectiveness in any physical
7. “Stateless” behaviour of system components , s
8. Friendly GUI e teacher’s activities in any classroom
9' Full ft e possible temporary teacher substitution by a remote
. Fully open-source software assistant
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Student view & User’s tools &
= TEACHER STUDENTS =
= control GUI 2 displaying devices: —
wireless microphone » wall projectors
document camera like a e wide screen TV set or
Elac;jkbo_ird, bu_t :a{:ll display monitor
ar?g (;,:)Ele (':rtlg printed pages hi-fi audio speakers
general desktop utility wireless micr aph.ane
(slides, pdf..) GUI for requesting teacher
video camera interaction
video camera
HIDDEN
control software: dynamically built virtual classroom,
sync...
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System architecture

Architecture: components

o {10)
= =
The system contains two main subsystems = : S =
y y .C':r'::’ | VV"S Recordlng PC Doc. cameny s vides
RoomPC DirectorPC s
Documant
Multimedia — - | [p— ! 2
streaming engine Gonkrodesk T | E [ T A \/_ ) Nerwoa
i5a3 : * desktop sharing . video
% ;::::ig;ammg <——— . +teacherand 2 st
management student interface ; = )
Soesrer - viat
ProfecIon
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Components of the lesson & Architecture: streaming requirements &
A lesson consists of many multimedia and data — 1. bandwidth limited to 2Mbps per lesson =
streams, which have to be recorded: % 2. perfect A/V synchronization 2
. 3. specific need of each stream (variable bandwidth)
[ J
Vlde-O of the teacher 4. low latency (<1 s) for stream
e Audio of the teacher 5. “true” real-time on local video
e Document camera
e Up to 3 audio & video streams We need multicast transmissions:
from the remote classrooms e Streaming solution uses vic (VideoLAN client)
Real-time video presentation:
e on TV monitor directly from analog switch
e Teacher's desktop Data e on wall projector via software duplication of Linux
e Data control flow devices
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Architecture: bandwidth management

Architecture: director stage

® @
1. bandwidth limitation = DirectorPC uses two LCD monitors: =
2. bandwidth shaping — e desktop sharing —
e teacher or student interface
We use traffic control and routing capabilities of the Desktop sharing uses Linux VNC-based solution:
Linux kernel HTB (Hierarchical Token Bucket): e VINO
¢ dynamic partitioning protocol e Tight-VNC (Compatible with all VNC
o Tflexible bandwidth allocation scheme implementations)
e suitable for a set of different frequency shaped This means the possibility to connect teacher’s
sources notebook, very useful if teacher uses:
HTB bandwidth division: e another OS (MS Windows, MacOS, *nix...)
e minimum amount for each stream e licensed software
e incremented on instantaneous demands (within
upper limits) This is the only unicast transmission
e different upper limits in different circumstances
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Architecture: parameters & Architecture: startup GUI &
Teacher Audio:  MPEG ~150 kbps (voice or music) ~ — =
Teacher Video: MPEG4 ~800 kbps 320x240 (25fps) - m= Distance Learning Project =) 22
Student A/V: ~600 kbps MPEG4 320x240 (25fps) | Scegliere le caratteristiche della lezione l
mixed with MP3 100 kbps Modalita ®
CDocente! @ Studente -
Document Camera:MPEG4 640x480 (25 fps) ~1000 kbps INFORMATION
. ) Sede NIVERSITY OF rn
Desktop VNC: 100—409 kbps (min-max bandW|dt_h), iaga padova [+] ““DLP
resolution 1024x768, depth 24 bit oree
Anno @1 C2 3 C Locale
average occupation bandwidth during one lesson
~1500 kbps P ox K cose
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Architecture: teacher GUI

TV screen,
Pre-defined f= '~ sM«# @i o i preview —
display modes — .« P —
quick selection -
display
Projector control
screen buttons
preview " | =
_ o s
System L —
Heartbeat o hii v @ e e _
Display — | . & >  ® s Service
—~— chatroom

‘ interface

Remote
Room Trevss
Preview
* " pending Question
Pop-up frame
]S mrnen i bt vt et s P P N T LT | e p-up
ILEARN 2007 Paris - 2007 January

Architecture: student GUI

Service

chatroom/,
interface

Information on the course System

Heartbeat
Display

Ask-a-question
button
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Architecture: control

)

Used for operating mode changes, remote

classrooms status and request to put questions
Control channel uses multicast communication...

... SO the teacher software never needs to know
the IP addresses of remote classrooms

Remote classrooms need to know teacher’s IP
address only for VNC use
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Control: features

0]
1. No scheduling needed =
2. Virtual classroom dynamically built
3. “Stateless”: problems arising at connected
sites are transparent to the teacher, apart
from a possible alert
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Conclusions

Requirements satisfied:
e bandwidth limited to 2Mbps per lesson
e perfect A/V synchronization

e specific need of each stream (variable bandwidth)

e |low latency (<1 s) for stream
e real-time on local video
e 100% open-source software

e efficient and complete for teacher to students and

assistants interaction
e stateless and scalable

Possibility of:

e remote teacher’s substitution (by assistants)

e remote direction
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Future works

1. Replacement of VHS recording with a digital one:

a) simulation of direction commands issued by the
teacher during lessons (lesson-on-demand)

b) off-line direction

c) automatic indexing of lesson (for specific topic
search by students)

2. Teacher’s tracking camera

3. Availability of (a stripped down version of) the
system for students at home through an ADSL line
(university@home)
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