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Abstract—We evaluate the scalability of a multiple view 
distributed approach to recording presentations that utilizes 
camera equipped mobile devices. We show this approach is 
scalable in terms of video resolution, bandwidth and power. 
This scalability enables users with a broader range of mobile 
devices to effectively participate in presentations. We show our 
approach is less expensive, more scalable, flexible and easier to 
deploy than traditional presentation recordings. In addition, 
our solution supports accessible views, which enables 
participation by deaf and/or blind participants.  

Keywords- multiple video recordings, accessible technology, 
simulation1 

I.  INTRODUCTION 
 
Consumers have embraced the freedom and flexibility of 

untethered wireless access, which drives the demand for 
smaller but more capable mobile devices. In the United 
States, smart phones that typically include video recording 
and viewing features have already captured 25% of the 
mobile phone market, and are on track to capture 50% by 
end of 2011 [1].  Current smart phones often come with dual 
cameras, one in the front and one in the back for real-time 
video conferencing and recording. These devices are being 
released partly in response to the deployment of 4G, the 
latest generation of mobile networks that has enough 
bandwidth to support two-way video streaming.  

These mobile devices have tremendous potential to 
record presentations, lectures and talks flexibly, cheaply and 
inclusively. However, these devices, without further 
adaption are ill-suited to record presentations such as 
classroom lectures for the entire duration or with enough 
resolution. The reason is that smart phones generally are 
limited by processing power, memory, and battery energy. 
In addition, they have limited camera resolution, viewing 
screen resolution and network bandwidth. They also lack 
processing power to apply powerful compression algorithms 
that can encode video to fit their available bandwidth rates 
for distribution. Finally, as bandwidth and screen resolution 
capacities increase faster than battery capacity, the mobile 
device recording and viewing bottleneck shifts from 
bandwidth to power consumption. Therefore new 

                                                           
* 1 This work was done while the author was with the 
Computer Science Department at the University of Houston. 

approaches that require less processing cycles and power 
consumption, while being equally efficient in video 
encoding compression and transmission are needed. By 
splitting the presentation view into multiple smaller views 
and adjusting the recording rate we can parallelize video 
capture cheaply and reduce power consumption by using a 
simpler video compression approach.  

Online presentations and lectures are normally recorded 
by a single video camera manually aimed at the 
presentation. Although this model has worked well for 
simple talks, it does not work well with modern 
presentations that include multiple sources such as 
whiteboards, presentation slides, demonstrations, and may 
include teleprompts, text captions for deaf participants, or 
audio descriptions for blind participants. As shown in 
Figure 1, the participant’s multiple views rarely overlap and 
are typically small in relation to the entire presentation 
view. A single view that attempts to capture all views 
generates a static, boring view that is hard to follow [2], and 
misses contextual information for comprehension [3]. The 
traditional solution to the above problems is to have a 
camera operator zoom in on the auxiliary information 
source as needed. However, this traditional solution requires 
use of a camera operator and professional camera 
equipment, which are time and labor expensive, and are not 
passive or portable solutions. In addition to the above 
issues, the camera zooming technique does not fully utilize 
the fact that these auxiliary information sources have 
smaller regions of interest, and that some information 
sources such as slides, change slowly.  

We propose and evaluate a Multiple View Perspectives 
(MVP) [4] recording and encoding approach in terms of 
processor and viewer scalability. This multiple view 
approach also works well with P2P streaming approaches to 
send multiple views to heterogeneous devices in terms of 
bandwidth or resolution [5]. Although mobile devices have 
lower bandwidth and resolution as compared with a high 
end telepresence solution, previous work has shown that 
participants using personal laptops preferred multiple 
targeted smaller views of a presentation rather than to a 
large single high definition view [6]. In addition, we 
investigate the benefits of adapting frame rate recording to 
each view depending on its characteristics with respect to 
mobile recording devices, by measuring three metrics: video 
file sizes, viewer preferences and processor cycles. 
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II.  RELATED WORK 

A. Presentation Recording 
1) Capture Flexibility 
Studies of presentation video recording and distribution 

tradeoffs indicate that recording, broadcasting and viewing 
solutions should be portable, passive, require no pre- or 
post-processing [7]. The solution should also be able to 
record synchronized auxiliary presentation sources such as 
slides or whiteboard that may be widely dispersed within 
the room [8].  Since it is difficult to keep track of the widely 
dispersed sources, Cavender et al. [8] investigated the 
possibility in consolidating multiple video sources onto a 
single screen, and found that to be effective.  Other 
approaches have tried to automate presentation recordings 
by harnessing advances in motorized cameras in improving 
single video recording of meetings by automating zoom 
techniques [3]. Gluckman and Nayar used an array of board 
cameras to record a wide angle field [9]. However, none of 
these these set ups were flexible or easy to quickly deploy. 
We previously tried using camera equipped web camera 
laptops to record multiple views, and found that it was 
flexible and easy to set up, although not quick to deploy [6].  

2) Power Consumption 
Mobile phone battery consumption is a major problem 

for intensive processing involved in video recording and 
compression. Insufficient battery life of a mobile device can 
destroy its usefulness if it cannot record and view for the 
duration of the presentation, which can go for hours. Cuervo 
et al. [10] found that the power consumption of a mobile 
device during decoding and playing a video is very 
computationally expensive. A simulation that played a video 
showed that the battery life was drained within 1 hour 20 
minutes. Presentation capture involves capture, encoding, 
transmission, reception and decoding of video 
simultaneously and in real-time. Without any power 
optimization, battery life will be exhausted even more 
quickly. 

Cherniavsky et al. [11] proposed a solution to conserving 
mobile device battery life by encoding videos at a lower 
frame rate, by encoding fewer frames per second. Encoding 
and sending fewer frames saves power and also reduces 
both the total bandwidth consumed by the user and total 
network load. 

B. Presentation Viewing 
1) Bandwidth and Video Resolution Scalability 

Internet and wireless network bandwidth for a single 
device application is inherently unpredictable, because it 
shares its bandwidth with other applications and devices on 
the network. The video bandwidth synchronization is 
needed to match it with the varying network bandwidth. 
Video resolution is also unpredictable, as modern video 
viewing peers vary widely in download bandwidth and 
video resolution viewing capacity: connection speed can 
vary from gigabit to 4G speeds, and video resolution can 

vary from high definition resolution on home theater 
systems to standard definition or smaller on handheld 
mobile peers. Supporting receivers at a single video 
streaming rate or resolution is not appropriate, as it can 
either overwhelm slower receivers, or provide insufficient 
quality to powerful receivers. An elegant solution to 
adapting to varying device and network bandwidth demands 
is to divide the video stream into sub-parts that can be 
independently viewed, and combined to reconstitute the 
original. One of the earliest attempts at supporting receiver 
heterogeneity was ESM [2], which encoded video at 
multiple bit-rates in parallel and broadcasted them 
simultaneously; it also prioritized audio over video streams, 
and prioritized lower quality video over higher quality 
video. However, this approach incurs a lot of overhead both 
in terms of bandwidth and stream processing. The sub-
streams can be divided in terms of temporal, spatial or 
resolution properties. A new extension, Scalable Video 
Coding (SVC) [12] has been incorporated into the H.264 
standard in Annex G. This extension scales bandwidth by 
utilizing a cumulative layered coder, which re-codes the 
video stream into multiple layers of a video attribute such 
frame rate, size, or quality. A receiver, depending on its 
capability, can subscribe to the base layer only with the 
basic playback quality, or subscribe to additional layers that 
progressively refine the reconstruction quality. However, 
this approach consumes a lot of processing power, both to 
encode and to decode. This approach does not easily 
parallelize for transmission over unreliable networks such as 
wireless or peer-to-peer networks, because the base layer 
must be received before other layers can be added on. 
Another new approach, called Multiple Descriptive coding 
(MDC) [13], is less computationally demanding and more 
parallelizable. This approach utilizes a multiple description 
coder to generate multiple streams, also referred as 
descriptions, from the source. Any subset of the 
descriptions, including each single one, can be used to 
reconstruct the video. MDC coding can be achieved by 
splitting video frames or scalar splitting. The descriptions 
are then distributed over multiple paths to enhance 
robustness and to accommodate user heterogeneity. MDC 
consumes less processor cycles than SVC, due to its simpler 
design. However, both approaches incur bandwidth penalty 
overhead, as SVC encoding requires extra bits for 
synchronizing layers, while MDC requires extra bits for 
each description to carry sufficient information about the 
original video, and these extra bits can reduce compression 
efficiency. Moreover, receivers need to use extra processing 
power to assemble and decode the video stream.  

The Multiple Video Perspective approach adopts both 
the simplicity of MDC and the scalable resolution layered 
feature of SVC without using extra bits for original image 
reconstruction. It consumes less processing cycles and 
power, by reducing the amount of data processed before 
encoding, while retaining the temporal and resolution 
compression flexibility of both approaches.  



 

 
Figure 1. A presentation with presenter, slides and 
whiteboard information sources. The three solid 
triangles show camera-equipped mobile device views, 
while the dashed triangle shows the participant’s view 
and single camera view. 

III. ANALYSIS 

A. MVP Presentation Recording 
1) Viewer Benefits 
The popularity of untethered, inexpensive mobile phones 

or netbooks that can record, download and play back video, 
has created a need for cheap scalable video feeds to and 
from such devices. Our MVP approach can fill much of this 
need. These devices are manually aimed at an optimal 
viewing angle and resolution at the areas of interest. This 
approach is portable and quickly deployable by users, which 
makes it time and labor inexpensive and enables the 
recording to be both passive and flexible. This enables 
deployment in presentations without infrastructure support.  

MVP can be regarded as a content-aware video encoding 
and delivery technique that reduces video processing and 
bandwidth demand by capturing and delivering multiple 
non-overlapping small targeted video streams. This 
approach is effective because presentations normally have 
multiple non-overlapping regions of interest that have 
different sizes, resolutions and angles as seen from the 
viewer's perspective.  It ignores less-interesting regions for 
further file space and video processing savings, as shown in 
Figure 1. 

This approach has several advantages. First, each camera 
view extracts the presentations’ region of interest to reduce 
the participant’s field of view, which reduces information 
loss. Placing cameras closer to the information source 
improves video resolution and bandwidth [2]. This approach 
eliminates the need for a camera operator to zoom in and 
focus on the currently active region of interest. The 
approach shows all views simultaneously with better angles 
and higher resolution, as shown in Figure 1.   

  

 
Figure 2. An accessible presentation: instructor, 
interpreter, captions and slides. These regions of interest 
are shown in red boxes that have little overlap.  
 

 
Figure 3. MVP with only the most important 
information sources presented visually closer together. 
 
Second, participants take control of their learning process by 
prioritizing their views of the multiple video streams to 
accommodate their visual learning preferences, rather than 
depending on the camera operator’s preferences. Third, 
grouping the regions of interest on their computer reduces 
their visual dispersion demands, especially for deaf 
participants dependent on visual translations of audio 
information [3]. Fourth, participants can rewind in real-time 
a view to review missed information while still keeping up 
with the presentations in other views. Fifth, view property 
awareness such as rate of change can significantly optimize 
video compression. Sixth and finally, additional accessible 
streams can be obtained and streamed by transforming the 
instructor’s audio stream or overhead information to text 
streams. This approach enables viewers to add searching 
and indexing capabilities for effective review [14]. An 
additional audio descriptions stream of the overhead slides 
could enhance blind participants’ accessibility. 

Collectively these optimizations reduce the total amount 
of recorded and encoded information. These optimizations 
reduce the field of view and angles for the participants in 
Figures 2 and 3. 



2) View compression and scalability 
Video compression discards information that is either 

redundant or noticeably unimportant to human viewers. 
Stated another way, compression looks for similar 
information and collapses them together. Modern video 
compression approaches, such as H.264 reduce file size and 
bit rate by first eliminating spatial redundancy in individual 
picture frames, which yields a compression ratio of up to 
25:1. These approaches then eliminate temporal 
redundancy, that is, the similarities between series of 
pictures in the video, which yields a compression ratio of up 
to 200:1. 

In presentation recording, in addition to the above 
redundancies in video capture, we take advantage of the fact 
that vision is directional, as opposed to sound that is 
omnidirectional. In presentations, each view may have a 
different rate of change profile as well. Therefore, in our 
MVP approach we profile each view and apply the 
appropriate profile. For example, in a presentation with an 
instructor and slides, the instructor and slides views each 
have different characteristics and can be treated separately. 
This approach avoids the global constraint problem, here the 
minimum frame rate that depends on the rate of content 
change. A global view recording has to set the minimum 
frame rate to a global minimum that can accurately record 
rapidly changing regions, regardless of the rate of change in 
other views. On the other hand, local view recordings can 
set more optimal minimum frame rates for each region of 
interest depending on its rate of change. For example, to 
accurately record an instructor, a view with rapidly 
changing content, the minimum frame rate cannot be 
lowered from the full recording rate. Conversely, to 
accurately record slides, white boards or real time 
transcripts, that are all views with slowly changing content, 
lower minimum frame rates can be used. This directional 
view profile compression can yield a compression ratio of 
up to 30:1 or more, in addition to the usual video spatial and 
temporal compression.   

B. MVP: Presentation Viewing 
1) Scalability, flexibility and power consumption 

The multiple views, by exploiting vision directionality, 
enable participants to choose and display only views that are 
interesting. These videos consume less overall bandwidth, 
resolution and power, especially when content specific 
video compression settings are optimized. This provision of 
multiple smaller video views enables viewers to select 
appropriate resolution videos to subscribe, and to reduce 
their aggregate bandwidth. The approach can also minimize 
processor load by effortlessly discarding unneeded 
information to reduce both computation and bandwidth 
without significantly impairing presentation intelligibility.  
The approach can also be combined with other data 
partitioning approaches that are orthogonal, such as multiple 
description codes. This approach is largely orthogonal to 
  

for each stream in streams 
 if ( client.bw ≥ stream.bw &&  
      server.available_bw ≥ stream.bw ) 
  client.get(stream) 
  client.bw -= stream.bw 
 end if 
end for each 
 

Figure 4. The stream prioritization policy. 
 
Multiple Description Coding. In MDC, a single stream is 
encoded into multiple unique descriptions or streams that 
can be independently displayed. These descriptions are 
usually generated by a global video division method, such 
as separating by time frames, i.e., interleaving, or by spatial 
frequency distribution. Like MVP, MDC is also tolerant and 
scalable, for as more descriptions are received, video quality 
improves. MVP ensures high fidelity, both spatial and 
temporal, of critical sections of a presentation’s view, 
whereas MDC ensures minimum quality of the overall view. 
Therefore, combining MVP and MDC increases tolerance 
and scalability over networks with low bandwidth or 
resolution, for viewers can choose the number of 
descriptions and views proportional to their inbound 
bandwidth or resolution.  

Multiple Video Perspectives has the property of being 
tolerant and scalable, for as more views are received, video 
coverage improves. This frame rate scaling enables us to 
provide meaningful quality of service for end-users who are 
viewing presentations with multiple regions of interest, even 
if they have limited bandwidth and screen resolution, as it is 
often the case for smart phones and notebooks. 

When peers or receivers are heterogeneous, video bit 
rate and bandwidth has to adapt to both receiver device 
bandwidth and resolution.  In terms of receiver bandwidth, 
one or more combinations of multiple video views, multiple 
description coding or scalable video coding adds degrees of 
scalability to the video such that each device can receive 
enough video streams that fit within its bandwidth. In terms 
of receiver resolution, one or more combinations of multiple 
video views or scalable video coding adds degrees of 
scalability to the video such that each device can receive 
fewer video streams that result in fewer views, and still be 
able to fit within its bandwidth. The following client 
scheduling algorithm efficiently utilizes MVP by comparing 
its own bandwidth against the server’s bandwidth, to 
determine how many views it can receive. The pseudo-code 
is shown in Figure 4. 
 The client scheduling algorithm can also be used to 
optimize the presentation view on resolution-limited mobile 
devices by enabling participants to prioritize their preferred 
views. The participant’s mobile device can then select and 
receive the most important views that fit within its 
resolution capacity,  which reduces the participant’s 
perceptual information loss.  



 
Figure 5. HD perspective of the classroom that is 
readable on a big screen (large monitor/display). 
 

       
Figure 6. The following regions of interest of the 
overhead, whiteboard, and real-time transcript 
respectively. 

 

 
Figure 7. Personalized MVP Solution Example. 
 

2) Accessibility 
As participants cannot always rely on the presenter to 

provide optimal video streams, our approach enables 
participants to supplement instructor provided video streams 
with their own personal video streams. These personal video 
streams may offer better viewing angles. Disabled 
participants can also capture video streams of accessible 
accommodations such as captions that can be shared with 
other participants. This personalized approach empowers 
participants in many subtle ways. For example, optimal 
seating choices are typically limited which can lead to 
information loss for sensory impaired participants like hard 
of hearing students who need to be close to the presenter. 
The MVP approach enables participants to obtain and view 
simultaneous multiple dispersed perspectives without losing 
essential information, by placing them side by side on a 
single screen. This approach increases presentation 

universal access in that every participant can benefit from 
the video streams, including the presenter, other participants 
and accessibility providers.  Figure 5 and Figure 6 illustrate 
the need for adjusting size, resolution and angles in 
recording presentation regions of interest. 

Another advantage of personal MVP set ups is that they 
are very flexible and can be easily adapted to a wide range 
of presentation settings, whether in viewing arrangements or 
lighting. For example, the personal set up could include a 
light or infrared camera during low light presentations when 
lights are dimmed for slide shows [15].  Figure 7 shows a 
student using a personal MVP system during a presentation. 
The solution shown in the picture utilizes three web cameras 
and a camera equipped mobile phone.  

For single high definition views, most participants’ 
laptop screens neither have the size nor resolution of a high 
definition television set. Therefore they cannot view 
everything with enough resolution. By utilizing the fact that 
they are not interested in the areas that fall outside the 
regions of interest, they need not record these areas. The 
collection of views has equal resolution and quality as the 
original high definition view, but consumes less screen 
space, video file size and draws the views closer. 

IV. EXPERIMENT DESIGN 

A. Presentation Recording 
We recorded a lecture on Bubble Sort which is a simple 

computer science concept.  We chose the Bubble Sort 
concept because it is a non-trivial problem that is not very 
technical and highly visual. We recorded both a single HD 
and MVP versions of the lecture. We divided the 9-minute 
long lecture into four equal segments so that we could show 
each view in a balanced, repeated measures design without 
modifying the actual order of the lecture. Participants were 
also shown a short 30 second introductory video to 
familiarize themselves with the view. The lectures were 
made accessible for deaf participants by a professional sign 
language interpreter and captioner. We recorded the 
instructor, classroom power-point, captions and sign 
language interpreter using multiple camera equipped mobile 
phones (HTC EVO) that recorded these regions of interest 
to MP4 video at 640x480 pixels at 30 frames per second.  

We first generated several versions of recordings of each 
view that differed only in the recording rate, i.e., frames per 
second and bit rate for use in the evaluation of context 
aware compression. The slides perspective video was 
recompressed with frames per second set to 1, 10 and 15 fps 
and the bit rate reduced proportionally. This resulted in 
considerable file savings. For example, re-encoding at 1 fps 
yielded 95% compression for the slides podcast file size, to 
3 MB. We recompressed the real-time captions, instructor 
and interpreter perspectives with the frames per second set 
to 1, 10 and 15 fps, which yielded proportional file savings 
and then combined each of the perspective video files into a 
complete MVP video file.  
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Figure 8. File size (MB) for each presentation at specific 
video recording rates (fps). 
 
For comparison purposes in terms of file size savings, we 
recorded the entire lecture simultaneously using a HD 
camera at a resolution of 1920x1080 at 30 frames per 
second and the resulting file size was 602 MB. Each 
recording of the four views was 90 MB, one-sixth that of the 
recorded single HD view file. We then combined these 
views into a single MVP video file, which yielded a file size 
of 360 MB, which is about 60 percent of the single HD view 
file size. Figure 8 shows how recoding at lower fps reduces 
file size. However, this results in unsatisfactory perceptual 
satisfaction at slower rates. Based on participant responses 
discussed in the next section, we recoded at more 
perceptually optimal rates of 15 fps each for the instructor 
and interpreter, 10 fps for captions, and 1 fps for the slides. 
This recoding resulted in a file size of about 168 MB, which 
is 75 percent of the single HD view as shown in Figure 8. 
 

B. MVP Viewing Scalability 
We evaluated the compression of the file size of video 

podcast files that were encoded at successive levels of 
compression using multiple video perspectives (MVP) and 
multiple description codes (MDC).  

MVP recordings were obtained by using four mobile 
device cameras to record the 9 minute long Bubble Sort 
lecture.  Each recorded view of the presentation was stored 
as a separate video podcast file.  

MDC files were generated by splitting each video 
podcast file into four equal resolution and bandwidth 
description perspective podcasts by extracting every 4th 
frame and re-encoding at a fourth of the original bit rate. 
Four descriptions were used to encode each view. The 
reason for picking four descriptions was that four 
descriptions offered better scalability than encoding with 
two or three descriptions. Five or more descriptions resulted 
in diminishing scalability returns. A server can stream 
simultaneously all video files of a description of a view. A 
viewing client can fetch and display the video as long as it 
receives at least one description of one view.  
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Figure 9. File size (MB) of the multiple views as views 
and descriptions are gradually reduced. X-axis labels 
indicate the number of views and the number of 
descriptions per view. 
 

Four views and four descriptions offered four levels of 
scalability each and 16 levels of scalability combined. 
Figure 9 charts the reduction in file size of a multiple view 
podcast that totaled 360 MB. It shows the reduction in file 
size as the number of descriptions for each view is reduced 
first and then the number of views is reduced next. Although 
this nested loop does not capture all possibilities, it does 
show how file size can be reduced to as low as 22.5 MB for 
a single description of a slide view. For the slides view, 
participants were able to follow the view according to the 
study evaluation shown below. 

C. MVP Viewing Evaluation 
To evaluate the efficacy of context-based view 

compression, we recorded four views of a presentation on 
Bubble Sort, focused on the instructor, slides, captions and 
sign language interpreter. The captions and interpreter views 
are typical in an accessible presentation where a captioner 
transcribes the audio for deaf participants and indexing and 
sign language interpreters provide access for deaf 
participants. We then created four compression profiles for 
each view by re-encoding the original 30 frames per second 
recording at 15, 10 and 1 frame per second respectively. We 
compared participant responses to three questions after they 
watched each of the compression profile views.  

We recruited 18 participants ages 20-45 (11 female) for 
the study.  Each participant downloaded and watched a 
video clip consisting of four balanced views of the 
presenter, power point, captions and sign language 
interpreter views.  Each view was randomly set to 30, 15, 10 
or 1 frame per second.  After viewing each video clip view, 
each of the participants was asked to respond to three 
preference questions using a Likert scale from 1 to 5. Each 
participant was asked to rate the views they watched on the 
basis of the following questions: 1) “Is the video easy to 
follow?”, 2) “Is the video quality sharp?”, and 3) “Is the 
video motion smooth?”.  
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Figure 10. Average preference responses (on a scale of 1-
5) for the question “Easy to follow”.  
 

Respondents gave similar ratings for all three questions. 
Figure 10 charts the participant responses for the question 
“Is the clip easy to follow?” for each view at a specific fps. 
For the slides perspective, there was no significant 
preference difference between viewing at 1 fps or higher. 
For the captions perspective, there was no significant 
preference difference between viewing at 10 fps or above. 
For both the interpreter and instructor perspectives, there 
was no significant preference difference between viewing at 
15 fps or above.  

Therefore the optimal multiple view combines the four 
compressed podcasts at the best compression level where 
there was no drop in preference. The preferences indicated 
that the perspectives to use were the podcast slides at 1 fps, 
captions at 10 fps, instructor and interpreter views at 15 
fps), into a single file for viewing as a multiple video 
perspective file. The optimal view file size of all four 
recorded multiple view perspectives was 168 MB, which is 
about 75 percent less than the recorded single view 
perspective file size. 

D. Processing power and Power Scalability 
We investigated the effect of reducing frame rate on 

processing cycles and indirectly on power consumption, for 
encoding and decoding simultaneously each video view.  

We ran two simulation instances of a single view 
presentation recording and viewing on an official Android 
2.2 emulator on a Windows 7 system. The first instance 
encoded an uncompressed AVI file at a bit rate of 100 Mbps 
for each presentation view to a MP4 file at 1.5 Mbps, using 
H.264/AVC CBP. This simulates the capture and 
conversion of video by a mobile device into video in 
compressed format suitable for streaming. The second 
instance decoded this MP4 file, which simulates the receipt 
and decoding of the compressed video streaming for end 
user viewing. Figure 11 shows that decreasing the frame 
rate of the video file leads to a reduction in the average 
number of processor cycles needed for encoding and 
decoding.  
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Figure 11. Average processor cycles per second (108) for 
simultaneous encoding/decoding of video of the captions 
at 30, 20, 15, 10, 5 and 1 frames per second. 
 
Power consumption is reduced as well, when processor 
cycles are reduced. We repeated the simulation for 
presentation recording and viewing using multiple views on 
the same system. Figure 12 shows a similar and even more 
dramatic reduction in the average number of processor 
cycles and power consumption needed for encoding and 
decoding.   
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Figure 12. Average processor cycles per second (108) for 
simultaneous encoding/decoding for a customized 
recording of each view (interpreter at 15 frames per 
second, instructor at 15 frames per second, captions at 
10 frames per second, and slides at 1 frame per second). 

E. Transmission Scalability 
Bandwidth savings are first obtained by substituting 

multiple standard definition perspective streams in place the 
single high definition single stream. In our simulation, the 
single H.264 HD stream bit rate was 9 Mbps, while all four 
H.264 stream views bit rate totaled 5.2 Mbps, a ratio 
slightly less than 2:1. This approach is effective because 
modern presentations have many non-interesting regions 
between regions of interest, each of which may have 
different sizes, resolutions and angles. When contextual 



compression is applied, the total bit rate improves to about 
4:1. We can apply MDC to further reduce the client 
minimum bit rate requirement by 4:1, although this can 
significantly impact perceptual quality for some views.  

Our approach enables a presentation to be streamed 
effectively to a variety of end-consumer peers with varying 
bandwidth and resolutions – home theater systems with 
wired LAN connections, laptops with wireless LAN 
connections, and smart phones with mobile data 
connections. This approach also reduces total information 
recorded and transmitted as compared with traditional 
presentation multimedia recording approaches. It enables 
use of modern smartphones to lower the cost of capturing, 
distributing and viewing presentations. It also enables 
participants to reduce visual dispersion and prioritize views 
and sizes of perspectives on low resolution devices. 

V. CONCLUSIONS 
This paper proposes a Multiple Video Perspective 

streaming approach for capturing and streaming online 
presentations that is less expensive and is more inclusive, 
scalable, flexible and easier to deploy than traditional video 
streaming, especially for mobile peers. We analyzed issues 
in extending presentation video capture and streaming to a 
range of consumer peers and proposed a solution of utilizing 
multiple view perspectives that use context aware 
compression.  

The MVP approach yields bandwidth and video 
resolution scalability of up to 2:1. Incorporation of context 
sensitive frame rate recording yields a further bandwidth 
savings of up to 4:1 on average.  Our user study results 
showed that we could obtain savings in power and bits by 
lowering the frame rate of certain views, such as captions or 
slides without significantly affecting intelligibility. 
Reducing the recording rate saves bandwidth and power in 
power limited mobile device recording and transmission. 
This scaling for video bit rate and resolution enables 
meaningful quality of service for viewing presentations with 
multiple regions of interest to clients with limited screen 
resolution and bandwidth, especially for smart phones and 
notebook peers. The results show that combining MVP and 
MDC along with a client stream prioritization policy at the 
video recording and encoding stages enable support of a 
wider range of heterogeneous bandwidth peers. This stream 
prioritization policy can either utilize default preferences 
obtained from user studies or user specified preferences in 
selecting the multiple sub-streams generated by the MDC or 
MVP for user viewing. This approach allows individual 
viewers to fit the streams received within their available 
bandwidth, thus maintaining a reasonable quality of service 
and an effective learning experience. 

VI. REFERENCES 
[1]   NielsenWire, "Android Soars, but iPhone Still Most 
Desired as Smartphones Grab 25% of U.S. Mobile Market," 
NielsenWire, 2010. 
[2]   Q. Liu, Y. Rui, A. Gupta, and J.J. Cadiz, "Automating 
camera management for lecture room environments," Proceedings 

of the SIGCHI conference on Human factors in computing systems 
- CHI '01, 2001, pp. 442-449. 
[3]   A. Ranjan, J. Birnholtz, and R. Balakrishnan, 
"Improving meeting capture by applying television production 
principles with audio and motion detection," Proceedings of the 
twenty-sixth annual CHI conference on Human factors in 
computing systems - CHI '08, 2008, pp. 227-236. 
[4]   R.S. Kushalnagar and J. Pâris, "Multiple View 
Scalability of Presentations Distributed to Heterogeneous 
Devices," Proceedings of the 2010 International Symposium on 
Performance Evaluation of Computer and Telecommunication 
Systems, Ottawa, Canada: 2010, pp. 7-13. 
[5]   R.S. Kushalnagar, "A Comparison of P2P Approaches 
in Handling Multiple Video Perspective Streams by Mobile 
Devices to Support a More Inclusive Learning Environment," 8th 
Annual IEEE International Conference on Pervasive Computing 
and Communications (PERCOM 2010), Mannheim, Germany: 
IEEE Computer Society, 2010, pp. 855-856. 
[6]   R.S. Kushalnagar, A.C. Cavender, and J. Pâris, 
"Multiple View Perspectives : Improving Inclusiveness and Video 
Compression in Mainstream Classroom Recordings," Proceedings 
of the 12th International ACM SIGACCESS Conference on 
Computers and Accessibility, ACM, Orlando, Florida: 2010. 
[7]   C. Zhang, J. Crawford, Y. Rui, and L. He, "An 
automated end-to-end lecture capturing and broadcasting system," 
ACM Transactions on Multimedia Computing, Communications, 
and Applications (TOMCCAP), vol. 4, 2008, p. 6. 
[8]   A. Cavender, J. Bigham, and R. Ladner, "ClassInFocus: 
enabling improved visual attention strategies for deaf and hard of 
hearing students," Proceedings of the eleventh international ACM 
SIGACCESS conference on Computers and accessibility, ACM, 
2009, p. 67–74. 
[9]   J. Gluckman and S.K. Nayar, "Catadioptric Stereo 
Using Planar Mirrors," International Journal of Computer Vision, 
vol. 44, 2001, pp. 65-79. 
[10]   E. Cuervo, A. Balasubramanian, D. Cho, A. Wolman, S. 
Saroiu, R. Chandra, and P. Bahl, "Maui: Making smartphones last 
longer with code offload," In Proceedings of the 2010 ACM 
MobiSys, 2010. 
[11]   N. Cherniavsky, A. Cavender, R. Ladner, and E. Riskin, 
"Variable frame rate for low power mobile sign language 
communication," Proceedings of the 9th international ACM 
SIGACCESS conference on Computers and accessibility, ACM, 
2007, p. 170-176. 
[12]   H. Schwarz, D. Marpe, and T. Wiegand, "Overview of 
the Scalable Video Coding Extension of the H.264/AVC 
Standard," IEEE Transactions on Circuits and Systems for Video 
Technology, vol. 17, 2007, pp. 1103-1120. 
[13]   V. Goyal, "Multiple description coding: compression 
meets the network," IEEE Signal Processing Magazine, vol. 18, 
2001, pp. 74-93. 
[14]   J. Subhlok, O. Johnson, V. Subramaniam, R. Vilalta, 
and C. Yun, "Tablet PC video based hybrid coursework in 
computer science: report from a pilot project," Proceedings of the 
38th SIGCSE technical symposium on Computer science 
education, ACM, 2007, pp. 74-78. 
[15]   R.S. Kushalnagar and J. Pâris, "Empowering Deaf 
Students with Multiple Views," Proceedings of the 2010 
Technology and Deaf Education: Exploring Instructional and 
Access Technologies, Rochester, NY: 2010.  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


