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Motivation and Approach

Motivation

A need to index and query educational videos on their teaching
content

A legacy of educational videos in higher education institutions
Approach

Identify slides or parts of slides in the educational video (the
purpose of the structuralization)

Match the detected slides in the video with slides used during the
presentation (mining for slides)

Applications
Semantic Annotation of lecture videos: Generate semantics
based some pre-knowledge
Teleconference: Replace a fuzzy slide in a video by the actual
slide previously downloaded




\ Motivation: Why Not Use Existing Pattern
Matching Methods

OCR (Optical character recognition)
Quality of the frames is too poor for current OCR
software

General Pattern Matching Techniques

SIFT (Scale Invariant Feature Transform)

D. Lowe. "Distinctives image features from scale-
invariant keypoints." International Journal of Computer
Vision, Vol. 60, Issues 2, pp. 91-110, November 2004

SIFT Local Descriptors

A keypoint Descriptor can be represented as follow

Image gradients Keypoint descriptor




Creating SIFT descriptors

\ Matching Video Frames with Slides Using
SIFT
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" Educational Video Frame Samples

Slide Text Narrator

Web Page ‘Whiteboard 10




Educational Videos: Structure Induced

Educational Video

Non-Narrator (text)
Frame Seguence ACIC
Slide Text Web (page) Whiteboard
Frames Text Frames Frames
Pure Slide Text | |Slide Text Mixed Others
Frames (with instructor, (didetext with
(text close-up) whiteboard) video playing)
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Structuralizing Educational Videos

First level segmentation (distinguish between
narrator and non-narrator sections) based on color

Inter-frame color-histogram

Color moments

Second level segmentation (finer classification of
non-narrator sections) based on texture

Horizontal Texture Energy

Vertical Texture Energy
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First Level Segmentation: Color

Histogram
4 bin Color Histogram for R, G and B, computed
for each frame
Inter-frame distance between consecutive
frames

2 —— Marrator

3 —— Wb Text 4
4 —— Other (Slide Texst piis Video)

Inter-Frame Histegram Digtance
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Color Histogram Analysis

Points of transition between sections
containing text from those depicting narrator

Points of interest: change in type of content,
transition from frames showing narrator to
frames showing gathering

Extremely sensitive to camera jitter, contrast
adjustment and brightness variations in the
video

Need for advanced analysis
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First Level Segmentation
Color Moments

Color Moments based classification using a
machine learning algorithm, Decision Tree (c4.5)

First 10 central moments computed are from the
three normalized color histograms for R, G and B

30 valued feature vector for each frame

—_— 10=p=2
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\ First Level Classification: Confusion
Matrices

Video Training and Misclassification Rate
Test Samples

eseminar.mpg 15554 Nearly 0%

universaldl.mpg 14065 6.2%

eseminar.mpg Narrator Non-Narrator(text)

Narrator 1603 1

Non-narrator (text) 0 13950

universaldl.mpg Narrator Non-Narrator(text)

Narrator 5456 861

Non-Narrator 6 7742
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First Level Classification Results

First level classification results are good.

Non-Narrator (text) Frames in
universaldl.mpg contained predominantly text
along with occasional presence of narrator in
a small window

Errors in Narrator class of universaldl.mpg
video are observed due to the presence of
frames depicting a gathering of people,
including narrator
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Second Level Classification: Non-
Narrative Sections

Extraction of texture features for the various
classes of text appearing in the video.

Texture feature vectors (2640 values)
using features derived from the DCT coefficients
of each frame and input to the Decision Tree
algorithm
Compute the horizontal text energy
Vertical text energy

18




\ Second Level Classification Results

Video Samples Misclassification Rate
comclass.mpg 3000 4.9%
eseminar.mpg 140 1.4%

Confusion Matrix

communicationclass.mpg  Slide Text Whiteboard Text

Slide Text 1956 301
Whiteboard Text 118 896
eseminar.mpg Slide Text Web Text
Slide Text 68 2

Web Text 0 70
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‘ Structuralizing Educational Videos:
Analysis
Fine-grained classification results are
satisfactory

Need to identify the learning content of the
slides and generate semantic annotation

Flexible content browsing and management
of educational video

20
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Mining for Video: Pattern Matching

Goals
Identify whether the slide is present in the video.
Extraction of slide from video frame.
Matching the extracted slide with the original slides.
Challenges in pattern matching

Video frames are of low quality.
Different resolutions.
Occlusions and brightness.

22
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Mining for Slides: Process Diagram

Ingut Fratues

Tt Slicdes Preprocessing

Preprocessing IMatching Algonthm Iatching
Frame/Slide pair

23
Video Preprocessing
File Edit Miew lnsert" ;Dols” E__)esktop \Window ﬂalp_
NedsE K RAO8 | € 0H 80
24

12



Video Preprocessing: Binirization
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Video Preprocessing: Slide Extraction
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Based on Slide Edge Detection

SlideLeftEdgeDetection(l: Image)

If number of white pixels > H/3 then
We've encountered the left

\ Video Preprocessing: Slide Extraction

For each column of image I, from left to right
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Video Preprocessing: Noise Removal
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Video Frame Preprocessing: Classification

Different cases
Full Slide Frame
Partial Slide Frame
Zoomed Frame
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Full Slide Frame: Example

e

Internetworking With TCP/IP
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Partial Slide Image: Example

Internetworking With TCP
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Zoomed Image : Example

JCIWEEN €NA SYSTEmS |
handshaking: setup
(prepare for) data
transfer ahead of time

» Hello, hello back human
protocol
2 set up “state”in two
communicating hosts
| .
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Classification of Frames

Categorize images into Full Slide Frame and Partial
Slide Frames

Determine whether the edges we just discovered lie
within the boundary of frame.

In other words check whether left edge lies within
the left boundary of frame, right edge lies within the
right boundary of the frame and so on.

35

Proposed Method: Similarity Ratio

Define Similarity Ratio (SR)
SR = (NMB/ NSB) *100

where, NMB = No of black pixels in the frame that
matched with the slide

NSB = Total Number of black pixels in the slide.
SR calculated for each frame and slide pair.
One with highest SR is the most likely match.

36
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| Similarity Ratio: Algorithm

SR (A: Image, B: Image, W: Window)
Scan the pixels in W looking for the black
pixels, keep count of these pixels (NSB)

For each black pixel in A check whether there
exists a corresponding black pixel in the image B
(at same location)

If it exists then increment hit
Compute the SR = hit/ NSB*100
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\ Similarity Ratio: Precision vs. Window Size

1.2

M Precision

B Time(Normalized)

38

19



| Similarity Ratio vs. SIFT

SR Vs SIFT
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SR: Analysis

Simple algorithm with encouraging results

Work on
Full slides

Slides with occlusions but the window has to be
on the clear side when the edges can be
determined

On partial slides but the window has to be on the
clear side when the edges can be determined

40
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Video Conference: Real Time Application

Classify each frames as they come

Look for full slides (where all the edges can
be found)

Apply SR to find the matching slides
Demo

42
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Semantic Indexing and Integration of
Learning Materials

Expert Input:

Textbooks with Index terms

Course syllabus with topics/lectures and slides
Build an Index based on the index term and
the slides
Use the index for a combined browsing and
visualization of lecture materials

44
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' Tree Base Indexing of Index Terms

Course

Topic 1 / \ Topic 2

Hypertext
Browser
Slide 1 / \ Slide 2
Hypertext Hypertext
Internet Internet
Multimedia Java
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‘ Semantic Indexing of Different Media
Types
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Conclusion

Completed
Fine-grained classification results of lecture video slides
Identify the learning content through the slides

SR works on full slide, most partial slides and most slides with
occlusion

Identify the learning content of the slides and generate
semantic annotation

Text Analysis
Ongoing Work

Flexible content browsing and management of educational
video
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