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Abstract—We present a new tool to help students make use
of video recordings of traditional chalkboard and whiteboard
lectures. Our tool provides a compact summary of a chalkboard
lecture in the form of a set of slides, and an interactive envi-
ronment for electronic note-taking in real time while watching a
lecture in class or during review.

Key to the processing of a chalkboard video by our system is
the removal of the lecturer from the video (now no longer present
to occlude the board) and segmentation of the resulting video to
produce a set of slides comprising a compact presentation of the
content written on the board during the lecture.

Our method enhances learning in a number of ways. Students
can focus on taking notes to supplement the material, rather than
rote transcription. In addition, notes are aligned temporally with
the lecture video and thus provide a useful way for students
to index into the important parts of the video. Our system can
be easily integrated into courses with a recorded lecture video
component to help students organize their notes and quickly
navigate the lectures from a given course for particular topics.

I. INTRODUCTION

With the increasing role of educational tools and resources
made available by educators and institutions on the Internet,
video recordings of classroom lectures are gaining promi-
nence. Educators often upload recorded videos of their lectures
to the Internet as an aid for their students, a part of the
required coursework, or, in the case of the flipped classroom,
as a replacement for the classroom lecture component of
the course. Moreover, many lecturers publish these videos
to a broad Internet audience. For these reasons, a need has
developed for software that can help students navigate large
volumes of lecture recordings and integrate the note-taking and
review process into an electronic environment where videos
can be viewed. Allowing students to have access to video of
lectures has tremendous value. Lecture videos give students
control over the rate at which the material is covered, and
constitute a useful study resource.

Despite their value to students, series of lecture videos
can be somewhat difficult to navigate, and do not serve as
a substitute for notes and slides provided by the lecturer or
notes taken by the student. Without some kind of structure,
it is difficult to access a particular point in the lecture. Video
titles and descriptions can not capture the breadth of topics
covered in a typical lecture, and do not contain any of the key
visual content.

The aim of this work is to make lecture videos more
easily searched, reviewed, and annotated by students, without
constraining lecturers in their teaching methods. In particular,
this paper targets lecture videos where figures are drawn by
hand onto a chalkboard (or whiteboard).

Students have limited options for navigating these videos.
Video scrubbing (cursor-driven visual search) is a slow and
faulty process for locating information in such videos. A
simple solution to this problem which could apply to Power-
Point lecture video recordings would be to segment the video
using the lecturer’s slides: in other words, the student picks a
slide they want to review and the system automatically moves
to the portion of the recording where that slide was being
projected. Synchronizing or extracting slides from video is
a challenging problem in itself [1] [2]. Here we address the
additional complexity of synchronization and extraction of
slides from a chalkboard lecture video where the lecturer is
blocking different portions of the board at different times, and
the transition points are not as clear or sudden.

Popular approaches to slide extraction and segmentation for
slideshow presentation videos can not be directly applied in
the case where the lecturer makes use of visual aids such as
a chalkboard, as is often the case for STEM courses. Firstly,
when the lecturer gives chalkboard lectures there are no pre-
made electronic slides that can be used to segment the video.
Secondly, the majority of the visual content in these videos is
the result of the activity of the lecturer in the foreground, and
has little to do with the content of the lecture. Additionally,
the board is often occluded by the lecturer, whereas this is
rarely the case for slide based presentations.

The techniques presented in this paper make it easier to
navigate a video of a lecture by segmenting the video. For a
chalkboard lecture, the methods presented in this paper enable
the system to remove occluding objects from the learners
view of the chalkboard on the recording of the lecture, and
to segment the lecture into slides.

The system presented here takes the burdensome part of
note-taking off of the student (rote transcription of the contents
of the board, or synchronizing slides and notes to video in
the case of slideshow presentations), leaving room for more
active note-taking and mental engagement with the material
without requiring extra effort on the part of educators. As a
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further benefit, this system can be used retroactively on videos
recorded without our process in mind.

In this paper we present a two tier representation of
chalkboard-based lecture videos. We have designed a system
that takes an ordinary chalkboard lecture video and creates
two outputs, a slideshow summarizing the content from the
lectures, and a video notepad - a shortened video where the
lecturer has been removed - upon which students can write
notes. The algorithm for extracting the video notepad from
the input video can be run in real time, allowing students to
take notes while the lecture is being given. We further process
this shortened and unoccluded (with the lecturer removed)
video notepad to obtain a minimal set of still images (or
“slides”) captured before anything is erased from the board.
This slide set provides a compact summary of the contents
of each video which can be used to quickly search many
videos for a particular slide, or can even be used as a study
guide or reference as one would use lecture notes. This
hierarchical representation facilitates fast navigation of large
volumes of video lectures, efficient note-taking promoting
generative learning, and can also be used as a reference for the
written contents of the videos, akin to a slideshow. We also
present empirical results validating the proposed segmentation
algorithm.

Section II contains a review of the literature on note-taking,
on the strengths and weaknesses of chalkboard- and Power-
Point presentation-based lectures, and on the advantages and
deficits of e-lectures and recorded lecture resources. Section
II also contains a description of other systems for electronic
note-taking, and automatic lecture summary and indexing.
Section III describes how the lecturer is removed from the
video feed to produce the video notebook. Also described in
Section III is a new lecture video segmentation algorithm for
generating slides and segmenting the lecture from the video,
and in Section IV, the results of this segmentation algorithm
are evaluated quantitatively. In Section V, the functionality of
our system is demonstrated with a proposed user interface and
workflow, and future directions for this work are discussed in
Section VI.

II. BACKGROUND AND MOTIVATION

Instruction via in-class lectures remains the default method
of teaching in universities. [3] estimated that 80% of class
time at the university level was spent in lectures. Still, there
is great variation in teaching techniques in terms of lecture
style, course structure, and the quantity and quality of mate-
rials made available to students outside of the lecture. Many
studies, discussed below, have examined the possible impacts
on student perception and academic performance of different
lecture styles, course structures, as well as note-taking and
studying practices on the part of students.

a) The flipped classroom: Flipped classrooms, where
students view lectures outside of class as a recording and
attend class to get help on their work, have been discussed
extensively. In [4], a controlled study found that students in
a Human-Computer interaction course got better grades in

the flipped classroom setting than students in the traditional
in-class lecture group. [5] found consistent results with test
scores, and additionally noted that students provided with a
lecture video to watch outside of class came to class better
prepared than those in the control group. Our technique lends
itself to the flipped classroom format by making it easier for
professors to curate and students to use lecture videos. Our
methods can also apply to any course where lecture videos
with a chalkboard or whiteboard component are made avail-
able to students. [6] shows how the flipped classroom format
can be beneficial for engineering students developing lifelong
learning skills. They emphasize student control of learning and
pacing as helpful for promoting lifelong learning. By helping
students navigate volumes of digital lectures and organize
their own notes, our system facilitates self-driven learning at
the user’s pace. Our technique could further improve lifelong
learning by allowing students to design their own curricula
by searching through lecture videos from various courses,
focusing on the topics they deem most important, as explained
in Section VI.

Many educators, particularly those in STEM fields, rely
heavily on visual aids in their lectures. Generally the ver-
bal component of the lecture is accompanied by either
black/whiteboard, overhead projector, or PowerPoint slide
presentations. These various methods have been competing for
decades, and many studies have been done to document the
strengths and weaknesses of each method [7] [8] [9] [10] [11]
[12] [13] [14].

b) PowerPoint: In a study conducted by [7], it was found
that students of Environmental Science preferred PowerPoint
lectures to overhead projector based lecture, and those students
also scored better on their exams. [8] found results consistent
with those of [7] using two different experimental setups,
although they ran a third experiment which somewhat under-
mined their claims. [9] verified students’ opinion of Power-
Point using a questionnaire; students reported that PowerPoint
lectures helped them learn and focus on the presentation.

The PowerPoint lecture method has also faced some crit-
icism, and not all experimental results have given such a
positive picture. [10] argues that PowerPoint lectures prevent
meaningful interactions between the lecturer and the audience.

[11] criticizes PowerPoint presentations from multiple
angles. Firstly, that the process of creating concise, attention-
grabbing slides emphasizes slogans over detailed explanations.
Secondly, that the flexibility of the software allows users to
include overcomplicated and confusing figures and graphics,
and make formatting choices which are distracting to the
audience. [11] also claims that the linear step-by-step nature
of PowerPoint presentations is a hindrance when presenting
complicated topics with many connections.

[12] and [13] both cite evidence that lecturers have a more
monotonous tone when reading from a slide than when speak-
ing directly to an audience, and they give fewer nonverbal cues
to their audience to help filter the most relevant information.
A study done by [14] supported these ideas. They found that
students scored lower on tests where the lectures were given



by PowerPoint presentations, despite confirming [7] and [9]’s
finding that the students prefer PowerPoint over traditional
lectures.

[13] found a very strong correlation between PowerPoint
lectures and decreased test performance. They suggest that the
reason for the discrepancies in the results of different authors
are a result of differing experimental setup. Authors who found
a positive impact of PowerPoint presentations were using it
not as the central focus of the lecture, but as an auxiliary tool
to improve their traditional lecture. On the other hand, the
authors who found negative impacts were testing the efficacy
of PowerPoint-centric lectures with very little deviation from
the content of the slides.

Our technique allows teachers the flexibility to give ex-
temporaneous chalkboard lectures while capturing a useful
slide summary for supplementary use by students. While the
question of the best visual media for student learning is still
an actively researched area, our technique seeks to provide
instructors with flexibility in their selection of visual aids.

c) Note-Taking: A parallel and related discussion has
been happening over the importance of note-taking and the
use of digital notes provided by the lecturer. It is no surprise,
as shown by [15], that students who take better notes perform
better on the end-of-class quizzes. [15] argues that note-taking
is an example of active engagement of students with the
material, and in some cases, when students include their own
thoughts and connections in their notes, an example of gen-
erative learning. [3] points out that most students take highly
incomplete notes, and gives evidence that more complete note-
taking is correlated with better performance.

By providing digital notes and slides, lecturers can free
students of some of the burden of copying and allow them to
engage in more generative note-taking practices. [16] tested
the efficacy of lecturer provided notes. In their study, some
participants were provided with complete lecture notes, some
with a note sheet containing just the major headings of topics
discussed, and the third group was not provided with any
notes. Both groups that received notes outperformed the no
note group, and interestingly the group with the more limited
notes did the best at tasks involving transferring knowledge.
Both groups with notes did equally well at remembering facts.

[17] highlights more results supporting the claim that
students who are given skeletal notes to annotate during
lectures outperform students who are given more detailed
notes and students who are left to their own devices. The
authors suggest that skeletal notes allow students to take more
complete notes and encourage students to draw connections
on their own while taking notes. Our system relieves students
of having to copy the lecturer’s writing exactly, allowing them
to write more of their own notes and connect them directly to
the natural skeletal notes generated by a lecturer writing on
the chalk board.

d) E-Learning and the recorded lecture: In addition to
electronic notes, access to technology in the classroom has
allowed lecturers to easily publish videos of their lectures for
their students to review. Many lecturers, as well as educational

institutions including Stanford, UC Berkeley, IIT, and many
more, have made their lecture videos available to the broad
public. [18] points out that video lectures and e-learning
environments allow students to set their own learning pace
and can give the audience a more active role in the learning
process. [19] found that students were more likely to review
recorded lectures than to read supplementary materials, and
that they were more likely to take notes while reviewing
recorded lectures than assigned readings.

Despite their clear value, online volumes of lecture videos
pose many challenges to students attempting to use them.
The main challenges in creating online environments for
video lecture e-learning, according [18], are in facilitating
fast browsing and locating content of interest, linking related
content (like the slides associated with a particular lecture),
and allowing users to collaborate with one another. [20] points
to efficient browsing and searching interfaces and improved
content based video indexing as important research problems
for video centric e-learning. We generate the supplementary
slides automatically from the video, so they can easily be
used as an index into the video. Our video notepad also gives
students a convenient place to record notes, and these notes
can be easily searched and can act as a temporal index into
the lecture.

e) Improving Navigability: Many different approaches
have been taken to address the problem of navigability of video
lectures. Projects like the Intelligent Classroom [21] combine
hardware and software solutions to facilitate lecture recording
and publishing among teachers and to improve the quality of
these videos. Along the same lines, [22] presents an end-to-end
system which allows lecturers to record and publish videos of
their lectures without the need of technical assistance. [23]
proposes a method for automatically controlling a pan-tilt-
zoom camera, removing the need for a camera operator even
for large lecture halls that do not readily fit into a camera
frame.

Another strategy for making video lectures easier to nav-
igate is to segment the videos based on some measure of
change. Generally, the hope is to automatically separate the
video into meaningfully distinct segments. [24] uses optical
character recognition (OCR) to extract text from a slide
presentation, voice recognition to create a transcript, and text-
based analysis techniques to detect topic changes. [25] presents
another text-based method for segmenting lectures by topic,
exclusively using speech from the video. By contrast, [26]
generates video segments directly from the video feed, in their
case, video of slide presentations. Our work is more in keeping
with the video based segmentation approach of [26], but in
our case the input videos are of chalkboard and whiteboard
lectures, posing significant additional challenges.

In many instances, there is a set of PowerPoint slides
accompanying a lecture video. In this situation, segmentation
can be achieved simply by linking the slides to the part of
the video where they are shown. This is the approach of [1],
in which OCR techniques are used to locate the slides in the
video, and [2], in which low level image features are used.
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Fig. 1. Diagram of the video processing pipeline for removal of the lecturer
from the video. In the preprocessing stage, a minority of frames from the
original feed are selected for further processing. In the foreground subtraction
stage, foreground masks are used to block out the lecturer in regions of motion.
In the slide selection block at the bottom, the middle frame has been selected
as a slide because the next frame has some information erased. Best viewed
in color.

Our work automatically segments videos by their slides.
Text extracted from video and audio of lecture presentations

can also be queried by students trying to locate a particular
topic and used as an index into the video. In [26] and [27],
text is extracted from the slides in the video for this purpose.
[28] takes this a step further by generating a text transcript as
well as extracting text from the slides in the video. In [29],
handwritten digits are extracted from mathematical lecture
videos by combining the audio recognition with handwriting
recognition. Our approach allows students to use their own
notes as an index into the video.

Some authors have generated slides or other visual sum-
maries directly from video of chalkboard or whiteboard
presentations, much like our system. In [30], a method is
presented for stitching together photos of a whiteboard presen-
tation, removing the speaker and extracting the the pen strokes

Fig. 2. A sample input frame(top), ground truth slide set(left) and corre-
sponding slides produced by the system described in this paper(right). Another
unnecessary slide was selected for this video, shown in Fig. 4. Best viewed
in color.

for low bandwidth transmission of whiteboards in remote
collaboration settings. [31] uses a similar technique to classify
chalk pixels in chalkboard lecture videos. These classification
results are then used as a black and white slide, and the video



is segmented at times when there is a local maximum in the
number of pixels classified as chalk. [32] uses video processing
techniques to extract writing from a whiteboard presentation.
Segmentation is performed by a method similar to that of [31],
with post processing techniques applied to the slides to sharpen
the written characters. OCR is then applied to the result.

Some authors have attempted to extract notes from
blackboard-style videos (instructional videos recorded by
screen capture in a drawing application, as opposed to a
natural video). In the work of [33], transcripts are extracted
from the audio feed, which are then interleaved with visual
elements from the video to make a visual transcript which
could theoretically be used in lieu of watching the original
video, and certainly for searching, indexing and review. In
a similar vein, [34] turns blackboard-style videos into an
interactive environment where each written element from the
video is visible, and can be clicked to play the relevant portion
of the audio where the character was written. Neither of these
works targets natural video, and none of the aforementioned
works allow students to add their notes directly to the videos.

In the LiveNotes system [35], an environment is presented
where students can annotate PowerPoint presentation slides
with notes and connections while the slideshow is being
presented. Chalkboard lectures have many advantages over
PowerPoint presentations in terms of flexibility for the lec-
turer and interaction with the audience, but video recordings
of chalkboard lectures (the target of this work) pose many
challenges to students trying to keep their notes organized
or review the material presented in a course. Our two tier
system both allows users to annotate the chalkboard during the
lecture, and automatically generates slides for later studying
and review.

III. OUR METHOD

We process the video in multiple stages to produce our video
notepad and minimal slide set (see Figure 1).

A. Preprocessing

First, because lecture videos contain a lot of visually re-
dundant information, we create a “time lapse” version of the
original video by only considering a subset of the frames from
the video. The amount of time we let elapse between sampled
frames is variable and depends on the amount of change in the
pixel values of the video – see [36] for the technical details
of this method. This helps make a more compact summary
for scanning purposes, and allows our algorithm to generate
unocclued frames in real time.

B. Foreground Subtraction

We further process the time lapse video to remove sud-
den changes, which are generally due to the lecturer or a
student occluding information on the board. We extract the
background from the time lapse video by masking out the
regions of change between frames, and only updating pixel
values in the stable regions. We use the Pearson correlation
coefficient between pixel values in temporally adjacent blocks

to determine when a change has occurred. Because Pearson
correlation can be written in terms of expected values, we
can compute it efficiently over the whole frame using uniform
blur kernels, which are separable (i.e., the 2D kernels can be
written as the outer product of two 1D vectors, and filtering
can be implemented as two successive convolutions by 1D
filters rather than a single convolution by a 2D filter). This
means the number of multiplies per pixel is on the order
of the width of blur kernel, not the square of the width (as
would be the case for a general 2D convolution). Since this
computation depends only on the pixel values within a small
neighborhood of each pixel, and because we have implemented
our foreground subtraction using pointwise operations and
separable linear filters, our computation time per frame can be
greatly reduced with the use of architectures supporting SIMD
instructions, such as a GPU. By keeping a background frame
in memory, which we update as new frames come in from the
video, we can generate lecturer-free slides on demand.

We blend the images at the mask boundaries to create a
clean output video. This extracted background video contains
all of the motionless regions from the original video, including
the information written on the board (since this information
does not change from frame to frame except when it is
written or erased). For this reason, writing may not appear in
the processed video immediately after being written, and its
disappearance after being erased may also be slightly delayed.
We found these effects to be negligible (on the order of a few
seconds) in most cases.

The output of this first phase of processing is what we use
for the frames of our video notepad. Because our foreground
subtraction algorithm does not require a first pass over the
video and can be run in real time, students can annotate
frames from the video notepad while the lecture is being
given. This video notepad is also the input for the second
phase of processing, where a set of frames is chosen to be
used as a slide set and video segmentation checkpoints. This
segmentation algorithm requires multiple passes over the data,
and so it can not be run in real time.

C. Segmentation

Although the peak finding approach used by [31] and [32]
works well for segmenting, we found that it was often too
sensitive to noise to pinpoint the best slide before the board
is erased. Instead, we apply the similarity metric used in the
first phase to erase the lecturer to detect when writing has been
added to or erased from the board.

We take as slides any frame preceding a significant era-
sure event (past some low threshold). This approach reliably
generates slides with all of the writing from the lecture, and
it is able to take the last slide before the board is erased,
which often means capturing key details that are added toward
the end of a segment. It does have a tendency to generate
false positives (extraneous slides) as a result of noise, lecturers
taking a long time to erase, changes in lighting, and various
other challenging environmental conditions. In addition, even
working as designed, the system is prone to taking redundant



Fig. 3. Ground truth slides colored based on the redundancy in the segmentation output (Figs. 2 and 4). Green regions were in the generated slide set the
same number of times as the ground truth slide set. Yellow regions were in the generate slide set once or twice more than the ground truth, and purple regions
were omitted from the generated slide set. Because our algorithm only generated one extra slide for this video, there were no orange regions (more than two
more than the ground truth).

slides as many lecturers tend to update and erase only half
of the board at a time, leading to twice as many slides as
necessary. However, this can be easily corrected. We process
the slides one last time to remove the ones that are entirely
redundant (each of their edges has a match in at least one
other slide).

IV. EXPERIMENTAL EVALUATION

Critical to the quality and usefulness of the system described
is the completeness and parsimony of the slide set generated
during segmentation of the unoccluded video. Since the slide
set is important for skimming the contents of an unwatched
video for a particular topic, and since they are meant to be
usable as a review tool, it is important that they contain all of
the information written on the board during the lecture. Also,
for the segmentation results to be useful for separating chunks
of video by topic, it is important not to create many extraneous
slides in order to avoid potentially meaningless and distracting
video segments.

A. Experimental Design and Measurements

In order to validate the proposed method, we collected 16
lecture videos “in the wild” (from YouTube) to be used as the
basis for evaluation. For these videos to be useful as a means of
testing the results of segmentation, we needed an optimal set of
slides associated with each video - we will refer to this as the
ground truth slide set. The ground truth slide set was created
to be optimal in the sense that it contains all of the information
written on the board during the lecture, and that no other set of
slides containing all of the information could have fewer slides
than the ground truth. For each video considered, the minimal
number of slides necessary to summarize the whole of the
information written on the chalkboard during the course of the
lecture was determined. Slides were extracted from the video

manually, blending images when necessary (using the blending
technique of [37]). The left column of Fig. 2 is an example
of a ground truth slide set, and the right column contains the
corresponding slides generated by the proposed method. Fig. 4
shows the one redundant slide selected by the segmentation
algorithm for the same video.

The number of images in this human-generated slide set is
helpful for verifying that the segmentation algorithm is not
generating spurious slides which could slow down studying,
but it was also important for us to verify that the generated
slides contained all of the information written on the board
during the lecture.

Because the lecturer does not necessarily erase the entire
board between each new slide, the ground truth slide sets
often contain identical information on more than one slide.
Furthermore, some objects visible in the slides may not be
relevant to the content of the lecture (e.g. a chalkboard eraser
or sticks of chalk), and these elements may be moved during
the lecture, and thus appear in different locations in equally
valid slide sets. In order to determine how much of the
important information from the lecture was present in the
slides (without over-counting regions which appear in multiple
slides or penalizing placement of irrelevant objects), ground
truth masks were constructed by marking the important regions
of each ground truth slide. Anything written on the board is
behind just one of the masks. Fig. 3 shows how these masks
can be used to evaluate a proposed slide set, where each slide
in the ground truth slide set has been colored according to the
number of times it appeared in the automatically generated
slideshow in comparison with the ground truth, where purple
regions were not matched to any slide, green regions occur
at least once but no more than in the ground truth, yellow
regions one or two more times than in the ground truth, and
red regions more than two times more than in the ground truth.



Fig. 4. The extraneous slide generated during segmentation for the slideshow
in Fig. 2

B. Results

The two metrics we used to judge the slideshows generated
by the tool developed here are ℛ = the ratio of the size of a
proposed slide set to the ground truth, and 𝒫 = the percent of
masked pixels with no match in the proposed slide set. For 𝒫 ,
smaller is always better because it means fewer pixels from the
ground truth are missing. Across the videos in the ground truth,
the mean value of 𝒫 was 2.48%, with a standard deviation
of 2.04, meaning in general, 95.48 to 99.56% of important
pixels were not lost in the final sides. For ℛ, 1.0 represents
the ideal. For ℛ < 1.0, some information must have been lost,
for ℛ > 1.0, some slides must be extraneous. We did not have
any videos where ℛ took a value below 1.0, and across the test
set we saw a mean ℛ of 1.6 with a standard deviation of 0.67.
The distribution of these values was somewhat right-skewed:
we saw a median ℛ of 1.33, so we generally produced about
1/3 to 2/3 too many slides. This is still somewhat high, and
improving that score is an area of future work for us, but we
intentionally prioritized completeness over brevity in slide sets
when designing the algorithm so that students could use them
as a study guide. The bottom line is that skimming through
16 slides instead of 10 is not that much extra work, especially
considering that the alternative to searching an automatically
generated slide set is scrubbing the video.

C. Evaluating the Results

The results of the experiment provide evidence that the
method presented can reliably segment the instructional videos
in a manner that generates a good approximation of a minimal
and complete slide set. Without some kind of segmentation, the
learner is reduced to video scrubbing. With the approximately
minimal and complete slide set, the search time is reduced.

Many of the videos we tested were over an hour long with
more than 10 slides in the human generated minimal ground
truth slide set. If a user can see the particular equation they
are looking for on a slide for such a video, they are relieved of
scrubbing to find the relevant segment. At the worst, they will
only have to scrub over a single segment - a small fraction of
the entire video. It is often not clear to users from the titles or
descriptions which video in a series contains a particular piece

of information. The segments allow the learner to skim and
see the overall structure of the lecture. This allows students to
select which video is the right video, in addition to locating
information within the video.

V. DISCUSSION

As discussed above, taking notes during a lecture can be
demanding of cognitive resources. The more work it takes to
write the notes, the less mental energy that can be applied to
thinking about the lecture (see [17], [3]).

With the scenario that is being developed in this paper,
the student note-taking effort is greatly reduced during a
chalkboard lecture. Suppose that a video feed of the lecture is
available to each student as the lecture is given. Rather than
write out lengthy notes, the student can periodically grab an
unoccluded snapshot of the lecture and annotate. After class,
students can use the video of the lecture as a basis for review.
Because the notes were produced by taking “snapshots” of
the video feed as it was produced, the notes themselves can
be used to directly access the relevant parts of the video of
the lecture.

Given a slide-based lecture, it would be possible for the
lecturer to simply provide the slides directly to the students.
However, this still leaves the problem of integrating the verbal
content of the presentation and keeping the content unified
for review purposes. The method presented in this paper can
be used to identify the segment of video that corresponds
to each slide during the lecture, allowing a student to jump
directly into the corresponding section of the original lecture
video. Other researchers such as [1] and [2] have addressed
the problem of using slides to segment a video of a lecture.
An advantage of the approach taken here is that it can segment
slides and diagrams on the chalkboard simultaneously in
instances where both are used, and it does not rely on OCR,
so slides are not required to contain text.

The video notepad – i.e., the unoccluded video stream
– allows users to listen and think about the lecture with
confidence that users will be able to revisit the notes written
on the board during the lecture at a later time.

This arrangement – providing the ability to rapidly access
relevant material from the video – has a tremendous impact on
note-taking during the lecture. Before it was feasible to record
and distribute lecture videos, students were totally reliant on
the quality of their own notes when reviewing a lecture. As
discussed in Section II, there is a tradeoff between the time
and effort devoted to taking notes and the ability to focus
on absorbing the content. For this reason, enabling students
to efficiently use the video as a backup greatly reduces the
burden of note-taking. During the lecture, rather than attempt
to take flawless notes, the student can mark a segment for
review by taking a snapshot from the video notepad. Later,
the student can access the part of the video stream relevant to
this material. This setup gives the student access to the best
of both worlds: she can take good notes and at the same time
listen actively to, and think productively about, the lecture.



Fig. 5. A video notepad environment for taking notes during the lecture and
reviewing the lecture recording and notes. 1) snapshot from the video notepad.
2) live stream or playback of the video lecture recording 3) record button for
taking a snapshot of the unoccluded screen to start a new note. 4) Note tag
for linking notes to the unoccluded snapshots, and the associated note.

The live interface for taking snapshots during a chalkboard
lecture could be fairly simple. Suppose the students are vir-
tually attending the lecture. The students would be looking at
the video feed of the lecture and with push of a button could
take a snapshot (see Figure 5). As shown in the figure, the
user interface would display the video stream, the snapshot
just taken and space to take notes.

[35] created a user interface for students to add their own
notes to PowerPoint slides. The techniques described in this
paper can give greater flexibility by allowing students to select
when they want to create a slide.

The window in the left column of Figure 5 shows how such
an interface, combined with the system described in this paper,
integrates the lecture viewing and note-taking experiences
in a digital setting. The upper left corner of this window
shows an example frame from a live lecture video feed. The
upper right corner shows a corresponding snapshot from the
video notepad at the same time in the video. Two notes have
been added to the snapshot. Since the foreground subtraction
method described here can run in real time, this functionality
can be made available to students during the lecture while the
video is being recorded, or during subsequent review.

VI. CONCLUSION AND FUTURE WORK

In this paper, we presented a tool to improve student en-
gagement with video recordings of chalkboard and whiteboard
lectures. Our tool can automatically generate compact slide
summaries of lecture videos for review, and a helpful real-time
video stream of the unoccluded chalkboard which can be used
to take notes while watching a lecture in class or reviewing
the lecture video afterwards. We showed that our method is
not only able to remove the lecturer from a chalkboard lecture

video, it can also segment the resulting video to generate small
slide sets containing nearly all of the information from the
board. In addition, we demonstrated that this can be done
retroactively on videos recorded without our method in mind,
meaning our system can be easily integrated into courses
where lecture videos are already being recorded.

Our technique has many potential benefits to learning.
Students can take fewer notes, allowing them pay closer
attention to the lecture. Also, since students can easily use their
notes as an index into the lecture video, they can focus their
note-taking on recording their own thoughts and connections.

The methods discussed in this paper have been presented in
terms of the traditional classroom lecture format. The impact
of these methods on learning goes beyond the traditional
classroom. For example, in a STEM-based workforce, workers
often need to fill in gaps in their knowledge. They now have
access to many lecture video resources from websites like
YouTube, but review of the video can be time consuming.
These methods can be used to speed up that process. Similar
advantages accrue to lifelong learners, graduate and under-
graduate students seeking supplementary educational materials
on the web, medical and other students seeking professional
degrees in technical fields, and others.

There are a number of areas for future research. The data
we get from the slide selection component of our system
could potentially be used to improve the segmentation algo-
rithm or to generate sub-segment chapter proposals. Currently
our segmentation algorithm only creates new segments when
something is erased from the board. This is sufficient for
generating a useful slide preview, but many lectures contain
significant topic changes which do not coincide with infor-
mation being erased from the board. The additional segments
added by students help mitigate this problem. We intend to use
the data from these user interactions to generate segmentation
boundaries.

There are also several approaches by which we intend to
analyze the impact of this work in the engineering classroom.
We intend to measure the speed at which students can locate
particular segments of a lecture with and without the aid of
the video notepad, as well as assess the potential benefits
to knowledge retention based on the test scores of classes
instructed with and without the aid of the tools described here.
We also intend to gauge student opinions of the tool directly
through a questionaire.

In addition, we hope to extend our technique to make
video notepads for more general lecture videos including pan-
tilt-zoom, blackboard-style (Kahn academy style screen-cast)
videos, and mixed media videos. Also, since publicly available
lecture videos have become so popular, we seek to create a
searchable database of lecture videos with video notepads,
so that the interface can be used for self driven and lifelong
learning as well as to supplement courses taken for credit (the
target of this paper). This could allow students to design their
own curricula based on their particular needs (by combining
lectures from different content providers) and share their notes
and favorite videos with classmates and others.



REFERENCES

[1] F. Wang, C.-W. Ngo, and T.-C. Pong, “Synchronization of lecture videos
and electronic slides by video text analysis,” in Proceedings of the
eleventh ACM international conference on Multimedia. ACM, 2003,
pp. 315–318.

[2] M. Eberts, A. Ulges, and U. Schwanecke, “Amigo-automatic indexing
of lecture footage,” in Document Analysis and Recognition (ICDAR),
2015 13th International Conference on. IEEE, 2015, pp. 1206–1210.

[3] B. B. Armbruster, Taking notes from lectures Book: Handbook of college
reading and study strategy research. Routledge, 2000, ch. 7, pp. 175–
199.

[4] J. A. Day and J. D. Foley, “Evaluating a web lecture intervention in a
human–computer interaction course,” IEEE Transactions on education,
vol. 49, no. 4, pp. 420–431, 2006.

[5] T. Stelzer, D. T. Brookes, G. Gladding, and J. P. Mestre, “Impact of
multimedia learning modules on an introductory course on electricity
and magnetism,” American Journal of Physics, vol. 78, no. 7, pp. 755–
759, 2010.

[6] L. Bland, “Applying flip/inverted classroom model in electrical engi-
neering to establish life-long learning,” in ASEE Annual Conference &
Exposition, 2006.

[7] R. B. Lowry, “Electronic presentation of lectures-effect upon student
performance,” University chemistry education, vol. 3, no. 1, pp. 18–21,
1999.

[8] A. Szabo and N. Hastings, “Using it in the undergraduate classroom:
should we replace the blackboard with PowerPoint?” Computers &
education, vol. 35, no. 3, pp. 175–187, 2000.

[9] J. M. Apperson, E. L. Laws, and J. A. Scepansky, “The impact
of presentation graphics on students? experience in the classroom,”
Computers & Education, vol. 47, no. 1, pp. 116–126, 2006.

[10] M. Martha Driessnack et al., “A closer look at PowerPoint R⃝,” Journal
of Nursing Education, vol. 44, no. 8, p. 347, 2005.

[11] E. R. Tufte, “Power corrupts. PowerPoint corrupts absolutely,” Wired,
p. 118, 2003.

[12] H. Maddox and R. Loughran, “Illustrating the lecture: Prepared diagrams
vs. built-up diagrams,” Educational Technology Research and Develop-
ment, vol. 25, no. 1, pp. 87–90, 1977.

[13] R. C. Pros, A. C. Tarrida, M. d. M. B. Martin, and M. d. C. C. Amores,
“Effects of the PowerPoint methodology on content learning,” Intangible
Capital, vol. 9, no. 1, pp. 184–198, 2013.

[14] N. Amare, “To slideware or not to slideware: Students’ experiences with
PowerPoint vs. lecture,” Journal of technical writing and communica-
tion, vol. 36, no. 3, pp. 297–308, 2006.

[15] C. Stefanou, L. Hoffman, and N. Vielee, “Note-taking in the college
classroom as evidence of generative learning,” Learning Environments
Research, vol. 11, no. 1, pp. 1–17, 2008.

[16] A. D. Katayama and S. M. Crooks, “Online notes: Differential effects of
studying complete or partial graphically organized notes,” The Journal
of experimental education, vol. 71, no. 4, pp. 293–312, 2003.

[17] K. A. Kiewra, “A review of note-taking: The encoding-storage paradigm
and beyond,” Educational Psychology Review, vol. 1, no. 2, pp. 147–
172, 1989.

[18] K. Hornbæk, D. T. Engberg, and J. Gomme, “Video lectures: HCI and e-
learning challenges,” in Workshop on Human-computer interaction and
E-learning, 2002.

[19] G. Luna and D. Cullen, “Podcasting as complement to graduate teaching:
Does it accommodate adult learning theories?.” International Journal of
Teaching and Learning in Higher Education, vol. 23, no. 1, pp. 40–47,
2011.

[20] T. Liu and J. R. Kender, “Lecture videos for e-learning: Current
research and challenges,” in Multimedia Software Engineering, 2004.
Proceedings. IEEE Sixth International Symposium on. IEEE, 2004, pp.
574–578.

[21] L. R. Winer and J. Cooperstock, “The “intelligent classroom”: Changing
teaching and learning with an evolving technological environment,”
Computers & Education, vol. 38, no. 1, pp. 253–266, 2002.

[22] R. Kannan and F. Andres, “Towards automated lecture capture, navi-
gation and delivery system for web lecture on demand,” International
Journal of Innovation in Education, vol. 1, no. 2, pp. 204–212, 2010.

[23] H.-C. Liao, M.-H. Pan, M.-C. Chang, K.-W. Lin et al., “An automatic
lecture recording system using pan-tilt-zoom camera to track lecturer
and handwritten data,” International Journal of Applied Science and
Engineering (IJASE) 13 (1), pp. 1–18, 2015.

[24] T. Tuna, M. Joshi, V. Varghese, R. Deshpande, J. Subhlok, and R. Verma,
“Topic based segmentation of classroom videos,” in Frontiers in Edu-
cation Conference (FIE), 2015. 32614 2015. IEEE. IEEE, 2015, pp.
1–9.

[25] M. Lin, J. F. Nunamaker, M. Chau, and H. Chen, “Segmentation of
lecture videos based on text: a method combining multiple linguistic
features,” in System Sciences, 2004. Proceedings of the 37th Annual
Hawaii International Conference on. IEEE, 2004, pp. 9–pp.

[26] H. Yang, F. Gruenewald, and C. Meinel, “Automated extraction of
lecture outlines from lecture videos-a hybrid solution for lecture video
indexing.” in CSEDU (1), 2012, pp. 13–22.

[27] H. Yang, M. Siebert, P. Luhne, H. Sack, and C. Meinel, “Lecture
video indexing and analysis using video ocr technology,” in Signal-
Image Technology and Internet-Based Systems (SITIS), 2011 Seventh
International Conference on. IEEE, 2011, pp. 54–61.

[28] H. Yang, C. Oehlke, and C. Meinel, “An automated analysis and index-
ing framework for lecture video portal,” in International Conference on
Web-Based Learning. Springer, 2012, pp. 285–294.

[29] S. Vemulapalli and M. Hayes, “Audio-video based character recognition
for handwritten mathematical content in classroom videos,” Integrated
Computer-Aided Engineering, vol. 21, no. 3, pp. 219–234, 2014.

[30] L.-W. He and Z. Zhang, “Real-time whiteboard capture and processing
using a video camera for remote collaboration,” IEEE Transactions on
Multimedia, vol. 9, no. 1, pp. 198–206, 2007.

[31] C. Choudary and T. Liu, “Summarization of visual content in instruc-
tional videos,” IEEE Transactions on Multimedia, vol. 9, no. 7, pp.
1443–1455, 2007.

[32] L.-w. He, Z. Liu, and Z. Zhang, “Why take notes? Use the whiteboard
capture system,” in Acoustics, Speech, and Signal Processing, 2003. Pro-
ceedings.(ICASSP’03). 2003 IEEE International Conference on, vol. 5.
IEEE, 2003, pp. V–776.

[33] H. V. Shin, F. Berthouzoz, W. Li, and F. Durand, “Visual transcripts:
lecture notes from blackboard-style lecture videos,” ACM Transactions
on Graphics (TOG), vol. 34, no. 6, p. 240, 2015.

[34] T.-J. K. P. Monserrat, S. Zhao, K. McGee, and A. V. Pandey, “Note-
video: facilitating navigation of blackboard-style lecture videos,” in
Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems. ACM, 2013, pp. 1139–1148.

[35] M. Kam, J. Wang, A. Iles, E. Tse, J. Chiu, D. Glaser, O. Tarshish, and
J. Canny, “Livenotes: a system for cooperative and augmented note-
taking in lectures,” in Proceedings of the SIGCHI conference on Human
factors in computing systems. ACM, 2005, pp. 531–540.

[36] S. E. Garber, L. Milekic, A. Prakash, N. Moran, A. Di Lillo, and J. A.
Storer, “Visual lecture summary using intensity correlation coefficient,”
in Irish Machine Vision and Image Processing Conference Proceedings
2017, 2017.

[37] P. J. Burt and E. H. Adelson, “A multiresolution spline with application
to image mosaics,” ACM Transactions on Graphics (TOG), vol. 2, no. 4,
pp. 217–236, 1983.



<<
  /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 /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /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
    /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
    /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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
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