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ABSTRACT be utilized to make the linking between the digitaimera
image and the captured audiovisual presentatioordiaeg.
However, in many cases it may not be practical éor
attendee to keep track of the presentation sesstwatshe
took each picture in. Especially in the cases wimaore

Systems for recording presentations are becoming
commonly available. Commercial solutions include

authoring tools that let users create online repnégtions X X . .
by recording audio, video, and presentation slidéde a than one presentation sessions taking place inllparin

talk is being given. A typical collection of pres@ation our retrieval applicatipn,. We overcome this problém
recordings may contain hundreds even thousands ofUSINg content-based I|nk|ng.. ”_1 the I|teratl_Jre,€§1”$1also
recordings, making it very difficult to retrieve giular proposed content based Ilnk!ng of multimedia stream
presentations and find specific points in a preagoh. captured _durlng a_presentation. Mukhopadhyay et al.
This paper describes a retrieval technique thdizes the propo.sed in [1] t‘? mat(;h the content of HTM.L, paghat
digital camera pictures taken during presentatioAs. contain presentation slides to the low-resolutidoheo that
enabling image matching algorithm is also describEie also includes the presentation slides. Their metbdzhsed
algorithm utilizes the text and the layout of pression on first dilating gnd.binarizing the s_egmented eIi_(hages
slides captured in different multimedia streams and and frames to highlight the text regions, and tieing the

documents. Experimental results show that our nuktho Hausﬂorﬁ dlﬁte}nce tﬁ c(:jomput.e thehS|m|rI]arlt)|/_ dbe_twege
yields to a high retrieval accuracy. text lines. Their method requires that the slidgioa be

accurately segmented. In [2], Chiu et al. proposed
automatically linking multimedia data with a DCT-4ed
image matching of the slide content. They propoee t
match the contents of scanned handouts, screerureapt
and presentation video. Their method is mostlyahli for
matching high quality and high-resolution slide iges and

1. INTRODUCTION

As digital cameras are becoming widespread, it is

_becommg m?(rje common for atte_zndeils o tafl:e pﬁofes the performance of their method may degrade ifithages
T]teres_tlng St ES In-a preslentagon. oreho ik m:])t’ 4 &€ low-resolution and are not accurately segmented
these Images become useless because the contexb@nd  pia| occlusion or the presence of blur also delgs its

reason for ta"”_“g these Images are forgotten IaWE_: performance. In our proposed method, content-based
proposed_a retr_leva_l technique that allows “Sefsm””?'t linking is done by matching the text content andtténe
presentation slide Images as a query to a COHH_CM_) layout of digital camera image to those of JPEG ges
presen_tatlon recordings 1o _retrleve the aL_JdlowsuaI captured by a presentation recorder. Our methods chaé
recording of the presenter talking about those ipaldr o ire that the slide region is segmented andduaately

slides. Th's is illustrated in Figure _ 1. This wayhe matches slide images even in the presence of mdtion
presentation attendee can refresh his/her memooutab and occlusion

some particular presentation slides or share theik

others more effectively. In the next section we first give a brief overviesd our
presentation room setup. In Section 3 we descrife t
proposed content matching algorithm. Experimeraalits
and conclusions are presented in Section 4 and@ebt
respectively.

Most digital cameras attach time-stamps to the iesatpey
capture. If it is known which presentation recorglifs
related to each captured image, then these tinmpgacan
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Figure 1. Indexing into presentations with a digitd camera picture.

2. MULTIMEDIA CONFERENCE ROOM
SETUP

Our presentation room is equipped with an omni-
directional audiovisual meeting recorder and a
presentation recorder. The meeting recorder capt8é®-
degree video at 30 frames per second and view Sefeis
performed based on the sound directions [4]. The
presentation recorder automatically captures what i
displayed on the presentation screen/projector \thité
timestamps. To support a wide range of resolutidhs
VGA output of the presenter's machine is connediec
scan converter where the VGA output is convertedmo
NTSC signal, captured by a frame grabber and sawed
JPEG format at 640480 resolution. The conversion from
digital to analog and analog to digital results $ome
quality degradation in the image but this allows s
guarantee that the presentation recorder can capideo
key frames from any laptop. The output of the niegt
recorder and the presentation recorder are synctedrby
time-stamps with post-hoc clock-skew correction.

3. IMAGE MATCHING ALGORITM

We utilize a number of image features for matchihg
contents of a digital camera image to that of asgrgation
stream. Slides from the same presentation typichdlye
similar color histograms, dominant colors, etc. eféfore,
most color features are not strong discriminatarghiese

images. On the other hand, slides in a presentationain
different text, combinations of text lines, layoutmages,
and graphics. Our experiments showed that the text
content and the layout of the text lines of a slale strong
discriminatory features for slide images. Therefovee
utilize the text layout and the text content ofddiimages

to link the presentation streams to digital camienages of
slides. A general flow of our algorithm is shown kigure

2. The next sections explain how we extract andamadxt

line layout and text in slide images.

3.1 Text Layout Extraction/Matching

Text regions in images contain strong horizontald an
vertical edges. First a Sobel operator appliedh® image
to obtain edge magnitudes. After edge magnitudes ar
computed for an image, an edge is detected onlghéf
edge magnitude is larger than a threshold. Becdhse
background/foreground contrast in a slide image rhay
obtained by color contrast as well as luminancetramst,
edges are detected using R, G, B, and Luminancercol
components separately. An edge pixel is detectednif
edge pixel is identified in any of the color spacEsr each
pixel location, a valueE,, is computed by accumulating
the number of edge pixels in a neighborhood wind&w .
The pixels that havek,, values that are larger than an
adaptive threshold are marked as pixels that belmng
text region. Connected component analysis and aspgo
information is then used to identify the text reg® Figure

3 shows the identified text regions from a digitimera



slide image. The figure also shows that the edgeda®n
results are significantly better when all the color
components are used for edge detection versus ysgtg
the luminance component.
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Figure 2. Slide matching with text and layout

After text regions are identified, text line prddilis
extracted by computing, for each horizontal line thre
image, the maximum run of pixels that belong toextt
region. In order to compute the similarity distarimstween
the text line profiles of two slide images, firstd text line
profiles are normalized in both horizontal and veat
directions using the highest peak. Note that thghtpeak
corresponds to the longest text line in the slif@ge. The
distance between two line profiles are found bygaihg
the profiles with their peak value and computing tsum
of absolute differences.

3.2 String Extraction/Matching

After text regions are identified, a commercial OCR
package [5][6] is used to extract text from slideages.
OCR packages usually correct for small skew and
rotations, therefore we do not address these probleere.

After the images are OCR’d, string matching is jpenfied
on the text output to find a similarity score bewvetwo
slide images. OCR results from slide images cajputurg
different devices can vary widely. For examplege ttext
output extracted from a digital camera image is eyaily
less accurate than that obtained by OCR’ing theeaar
projection output for the same slide. In most apations
one of the capture sources is likely to be moréatde than
the other and the OCR results obtained from onehef
sources could be close to the ground truth. We tiie
into consideration when performing string matchiagd
define the string that is obtained from the mordatge
source as the ground truth string. The charaatétsined
for each slide are first concatenated. Then timilarity
score between two strings are computed
ds=(/g —de)/ ¢ g, Where /g is the length of ground truth

as

string and de is the edit distance between two strings.

Edit distance is computed by counting the number of
insertions and deletions required for matching. The
punctuations and the extra characters in the stifireg is
extracted from the less reliable source are ignored

4. EXPERIMENTAL RESULTS

In this section, we present experimental results tba
retrieval performance obtained by our proposed rtlym.

In the first experimental setup, image matching is
performed on the images obtained from the followtng
sources:

» Presentation slides in PowerPoint that are saved as
series of JPEG images.

« Digital camera: 2-4 MPixel images mostly containing
the slide region, with rotation less thab degrees.

Here, we performed experiments on a presentation
recording database containing 41 presentations WiB0
slides. We collected 109 digital camera images ¢aubed
for queries in our experiments during 7 different
presentations given in our lab. Text extractiopé&formed
on the PowerPoint slides using the Microsoft APtglze
time they are inserted into the database. All thgitdl
camera images contain at least one line of texteseh
images vary in terms of room lighting, use of flash
distance to the projector, motion blur, occlusietc. The
process of matching one digital image to a databafse
1160 images was performed in under 3 seconds d@tdzl
PC. Note that segmentation of the slide region frtma
digital camera image is not required for the manchi
techniques employed here.
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Figure 3. Text localization detection in a digitalcamera image.

by this since in this case we extract the text dilgfrom

We also ran another set of experiments where tide sl the PowerPoint file instead of using OCR.

images captured by thePresentation Recorderare
retrieved by using the digital camera images. lis ttase,

the database contained 41 presentations with 4814
captured presentation recorder images (i.e. sarapture).
Most of these images were presentation slides. Sofne

Table 1. Retrieval results when digital camera imags
are used to query presentations.

these images have the same slide content because & PregNumber ofiAve Retrieval R§  Ave Retrieval
presenter may visit a slide more than once. Foheaeery, no| digital (PowerPoint | Rate (Presentati
the 10 slide images with the highest similarity sz@re camera slides) Recorder slides
retrieved. images

The retrieval results obtained by querying the preaation 1 19 0.94 0.91
slides with digital camera images are presentetiahle 1. 2 ! 1.00 0.75

The retrieval rate is defined as the ratio of cothe 3 11 0.91 0.91
retrieved relevant images to the number of relevamatges 4 9 1.00 0.85

in the database. The ground truth images are the S 20 0.95 0.86
presentation slides that match the digital camerages in 6 22 0.96 0.92
terms of their slide content. As can be seen froabl€ 1, 7 21 0.95 0.84

the average retrieval rate (recall) obtained byrging the ALL 109 0.95 0.87

PowerPoint slide database is 95%. TH& @esentation,

where the presentation slides generally contaireny few

lines of text, yielded the lowest retrieval ratehdaverage ~ One should keep in mind that the overall retriezaturacy
retrieval rate obtained using the Presentation R#mo  of this method greatly depends on the quality (heson,
database is 87%. Some of the presentations comtaine sharpness, etc.) of the digital camera image asascthe
slides with small fonts (e.g.,"2and 4" presentations). In  amount of text content in the captured presentasiide.
these cases, the OCR on the slides captured by theNote that it is possible to improve the retrievataracy of
Presentation Recorder yielded low accuracy, rasylin a slide image retrieval by incorporating informatinrom the
lower retrieval performance. However, the retrieval digital cameraimage time stamps.

performance using the PowerPoint slides was natcaéid
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Figure 4. Digital camera-based retrieval interfacefor presentation recordings.

The retrieval results are presented in the intarfsizown in
Figure 4. For a given query image, the matched 6.
presentation slides and their corresponding audifi
recordings are displayed in an order based onithédagity
score. User then playback the video recording of th
presenter talking about the particular slide thatchptured
with the digital camera image. (2l

5. CONCLUSIONS

In this paper, we presented a novel retrieval aggtlon (3]
and a novel method for linking multimedia streams
captured during a presentation. Linking presentatio
streams and documents through slide image matching
opens up possibilities for new ways to index, e, and [4]
access meeting/ presentation/ lecture content and,
consequently, for many interesting and useful agggions.

(5]

(6]
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