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ABSTRACT

Producing off-line captions for the deaf and hegiimpaired people is a labor-intensive task that reuire up to 18
hours of production per hour of film. Captions @laced manually close to the region of interest ibumust avoid
masking human faces, texts or any moving objeds ight be relevant to the story flow. Our goatasuse image
processing techniques to reduce the off-line cappicoduction process by automatically placing thetions on the
proper consecutive frames. We implemented a coemassisted captioning software tool which integgatetection of
faces, texts and visual motion regions. The nemrtéd faces are detected using a cascade of wasasifaer and tracked
through a particle filter. Then, frames are scantegerform text spotting and build a region majtadle for text
recognition. Finally, motion mapping is based op ttukas-Kanade optical flow algorithm and providdPEG-7
motion descriptors. The combined detected itemgtae fed to a rule-based algorithm to determirelibst captions
localization for the related sequences of framéus Ppaper focuses on the defined rules to assshtiman captioners
and the results of a user evaluation for this aagno
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1. INTRODUCTION

This paper presents the architecture of an impléedeprototype (called SmartCaptioning) developedgsist human
during off-line caption production. It demonstratesv the interactions between automatic image m%ing algorithms
for video object detections (shot transitions, fa@nd texts) and motion mapping are used to idemidtential

captioning areas. It also explains how a productide engine (PRE) fires sets of localization rulesautomatically
position caption on the image.

Deaf and hearing impaired people rely on captiorbéoinformed and enjoy television. Skilled peoptaptioners)
produce caption by transcribing what is being hesand by positioning the text for efficient readimithout masking
any visual information. Caption can be produceldegibn-line during the broadcast or off-line.

Captioners edit caption to establish accuracyjtgland proper reading rate. They also have toelzption based on
their assessment of the value of the visual infdiona Typically, they place the caption not to fewm the source of
speech (i.e. the speakers) and try not maskingvisual element that may be relevant to the undedatg of the
content. Therefore, this task can be quite labtarsive; it could require up to 18 hours to ofelicaption per hour of
content. The complete process offers a higher ptasen quality than on-line caption which is nalited and
positioned.

Our goal is to reduce the production time by auticaldly suggesting a position for the captions omuanber of
consecutive frames using a set of production roésed on image processing (IP) techniques. Funthre; when the IP
detections can be processed in real-time, theséuption rules could also be applied to on-line iaptand thus,
upgrade the presentation quality as well.

The paper is organized as follows. Section 2 dessroff-line captions presentation styles and dtstpning. Section 3
explains the validation of automatic detection oegof interest (ROI) by conducting an eye-tracketgdy. Section 4
details on the implementation architecture andRRé=. Finally, we conclude by discussing our futwmark based on
producers’ feedback on SmartCaptioning prototype.
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2. OFF-LINE CAPTION

Time required to produce off-line caption variepeleding on the complexity of the subject, the spepkate, the
number of speakers and the rate and length oftibe 3rained captioners prepare transcripts thatsatit off into
smaller text units to create a caption line of wagyiength depending on the defined presentatigie.sth Canada, these
styles are described in guidelines [1] and disteduby The Canadian Association of BroadcastersB)CA~or off-line
caption, two styles are recommended: the pop-ugtandoll-up.

In a pop-up style, caption appears all at onceranto three lines. Each caption instance has fgddmd on a series of
consecutive frames. They can have various laycudscan appear anywhere on the image. Furtherntardotation has

to change for each pop-up so that the readers eaeipe the change. All of which create large potidin constraints

on the captioners.

In a roll-up style, text units appear one linela time over two or three lines located over acstagion. In this style,
the last line pushes the first line up and out. fidileup movement indicates the changes in cagiien

CAB’s guidelines contain certain recommendationgrenlocalization of caption on the image. It istaghe producers
to develop the expertise to efficiently place captio avoid masking visual ROI. The recommendatihspted in our
SmartCaptioning system are:

Off-line caption, whether they are presented onpoppr roll-up style, should begin and end withtstttanges
whenever possible, i.e. caption should appear eritst frame of the shot and could be prior totsté actual
speech.

The last caption of a shot should extend to thet firame of the next shot.

Captions could overlap on multiple short shotsiéyt are related to the same speaker.
Pop-up caption of 32 characters should be visifdlerfinimum of 1.5 seconds.

No caption should be displayed less than one second

Roll-up caption of 32 characters should be visfblea minimum of 1 second.

Roll-up caption less than 32 characters shouldidiblg for at least 20 frames.

The last caption of the last shot should remaiiblésor two seconds.

No caption should be visible for longer than thseeonds.

3. VALIDATION OF THE ROI

The expertise of efficiently positioning caption lergely based on human assessment of what isameto the
understanding of the visual content. Consequetdlgdequately assist captioners in their task, @edrio ascertain that
the detectable elements obtained from the varioagyé processing techniques were indeed the sameantIROI for
the viewers. This was done trough a previous egeking study involving hearing and hearing impaipedple [2].

3.1 Eye-tracking

Eye-tracking analysis is one of the research ttltds enable the study of eye movements and vistehton. It is
known that humans set their visual attention tesaricted number of areas in an image [3] [4] Blen when viewing
time is increased, focus remains on those areashwdrie most often highly correlated among viewEtgthermore,
works in intelligent image processing shown thaisipossible to define computational models to ctetésual ROI
similar to those selected by a human [6]. Eyekirag analysis was revealed to be a valid methodampare the
outputs of automatic image detections to human RQI In a specific visual context, such as readangwatching
television, the group of ROIs representing eacheodrdefines the viewers’ visual attention strategy

We conducted an eye-tracking analysis involvingp&Bicipants (nine hearing and nine hearing-imgiveho viewed a
dataset of captioned videos representing five tgéslevision content. The results of this work awvailable in [2]. The
conclusions integrated in our production rules are:
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Faces should always be identified as a ROI evehdrcase of multiple faces on the images. Captfmuld
not hide faces and should be placed close enoudhctlitate viewing especially for the hearing inmea
viewers

The detection algorithms need to include movingeotsj, especially for sports.

Close-up and blurred objects should not be consitlas ROI. This implies that detection of cameraenwent
should be integrated in the motion mapping.

Eye-tracking analysis validated that the IP detasticould match human ROI since it confirmed adamgmber of
detectable ROI and it also helped identifying R®leell.
4. SMART CAPTIONING ARCHITECTURE

The SmartCaptioning system (Fig. 1) is designe@dite care of the repetitive and procedural workmdythe captioning
process, leaving the creativity and decision taskke captioner.

E—-' Shot detection | | Import/Edit caption |'— E
/\.

l Face detection ‘ | Motion Mapping |

Text detection

Fig. 1. SmartCaptioning system architecture

In order to be able to properly assist captionarsheir work, the Smart Captioning system architectintegrates
different image processing techniques such aststuagition, face and text detection as well as amthapping. When
the detections and mapping are done, the capti@iglates the data keeping only the relevant itéorms the detection.
Once the validation is completed, the captionggis the rule-based process to generate an agwmwebtion version.
The produced version can be viewed by the captiandredited if necessary. Indeed, in cases whersystem cannot
apply a rule satisfying all the existing conditiamsconcurrent rules, a default position is prodide the captioner for
validation. The next sub-sections give an overviéthe main parts of the system.
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4.1 Shot detection

Detection of video shot transitions is a necesstep in most video analysis systems. It aims airfip video segments
having a homogeneous visual content. We automBtidetect shot transitions based on the mutualrcolimrmation
between successive frames, calculated for each €@tponents [8]. Cuts are identified if intensityomlor is abruptly
changed. The detection of gradual transitions islmmore complex and most detectors have poor peaioces. In our
system [9], we focus on cuts to synchronize capdioth to serve as an input for other tasks to triggeeset a particular
algorithm.

Shot detection is used first in the planning precés get a sense of the content rhythm to be psack Many short
consecutive shots indicate many synchronizationsnudt delays, thus implying a more complex productSecond, it
is used in the production rules, to associate captand shot. Each caption is associated to aasttbthe first one is
synchronized to the beginning of the shot everhé torresponding dialogue comes later in the shisb the last
caption is synchronized with the last frame of atshFinally, shot detection is also used in thetesymn process, to
temporally segment the video. Shots are the filgmsnts used by the other detection techniques., Bhas detection is
done first and serves as an input to all the othersesses.

4.2 Face detection

Face detection is done on near-frontal views ddfimg a cascade of weak classifiers [10] [11]. Raaeking is done
through a particle filter and generate trajectofiely. 2). As proposed in [12], the particle weidbt a given ROI

depends on the face classifier response. For a g@l, we take the classifier response as the maxinevel reached
in the weak classifier cascade (the maximum be#)g Retails of the face detection and tracking iempéntation can be
found in [9]. For each shot, we keep the first feanfi each trajectory.

17.018) 12

Fig. 2. Face detection (in square boxes) and tngcftines in red).

In our system, face detection is used first in piag to indicate the number of people present inghot and within the
whole content; second in the production rules, ¢soaiate caption to a particular person and finadlfhe system
process, to reduce the region for text and motetedation.

4.3 Text detection

Text detection is based on a cascade of classtfigrsed with Adaboost [13]. Simple features (empan/variance ratio
of grayscale values and x/y derivatives) are meak@or various sub-areas upon which a decision aslanon the
presence/absence of text. The result for each fiaraeset of text ROl where text is expected tddumd (Fig. 3). The
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ROI are pre-processed before OCR to remove thekdraund and noise. Our strategy for segmenting sab-areas is
to consider the centroid pixels of any detected Rf@t participated in the aggregation step of the tetection stage.
The RGB values of these pixels are then colleattala set associated to their sub-area. A K-melaistecing algorithm
is invoked to find the three dominant colors (faagd, background and noise). Then, character retiog is
performed by commercial OCR software. In the sara@mer as in the face detection, the text boundmgé detected
are than used as input into the motion detecticedoce the amount of computation.
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Fig. 3. Text detection and OCR

4.4 Motion mapping

Usually, captions should avoid regions with hightimo activity because they might indicate importaribrmation to
the viewer. Our approach consists then in produaimap where captions can be displayed.

The motion detection algorithm is based on the ktkanade optical flow technique [14]. Optical flasvcomputed
between two frames at each pixel to obtain its mesocity magnitude as well as others various dlalpa local motion
information (Fig. 4).

Orientation

¥,

Filtered Magnitude for Hard Cut Detection

Magnitude Histogram Orientation histogram

Fig. 4. Example of motion detection information yided.
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The optical flow results are used to perform fooegnd detection and mask regions where no movensedétected
between two frames (Fig. 5), thus generating a dofictivity Map (MAM) for each frame.

Fig. 5. Example of MAM for a frame

4.5 Motion descriptors

The optical flow results are also used to identifijical frames in a shot, i.e. those with the kgthvelocity magnitude.
The critical frames are used to build a Motion #ityi Grid (MAG) which partitions the frame into sidections where
caption could potentially be placed. For each &agd sub-sections are defined based on the t®levisrmat and
usage [15] of the Society of Motion Picture andeéWidion Engineers (SMPTE). These sub-sectionsrerleded in the
“save title area” (STA) portion of the productiopeature defined in the SMPTE.

For example, for a digital format of 720x486 pixdtee STA would be of 576x384 pixels. Giving thataption line has
a height of 24 pixels, this defines a MAG of 16etial lines. The number of columns has to supgh@tmaximum of
32 characters per caption line which is grouped iegions large enough to place few words (4 graafgsi4 pixels).
So, the MAG of each frame is a 16x4 grid, totalig6# areas of magnitude velocity mean and direc¢tdg 6).
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Fig. 6. Example of MAG of a critical frame

4.6 Human interaction

Once all the IP detections are done, the systewrrd the captioner and displays the results fordatibn and
identification. Captioner has to reject the fallras or others instances of detection that they judge irrelevant. For
example, a face in a picture frame on a wall ctngdietected but not be associated with any caption.

5. PRODUCTION RULES

Three sets of production rules are formed accortiinthe caption position in the shot: 1) beginnofgthe shot, 2)
during the shot and 3) end of shot. The first s$$efp identify the visible sequence of frames (V8jch is the number
of frames during which a particular caption will besible (Fig. 7). The VSF varies according to thember of
characters and respect the standards from the CgBtelines. Second, a first estimation of the icaptegion (CR) is
determined based on the face and text detecticuisef the VSF.

Fig. 7. Example of a rule application

Finally, the MAG of each critical frame in the V®-examined to further identify the proper captiegion. As shown
in Fig. 8, a caption that has to been placed betviigane 63 and 170, would build a MAG startingha frame having
the highest activity (113 here) to ensure thatioaptould not mask important motion in the shot.



IS&T/SPIE Symposium on Electronic Imaging: Human Vi sion & Electronic Imaging (SPIE
#6806), San Jose, 2008

Fig. 8. Example of motion activity real-time feedka

6. CONCLUSION

As presented in this paper, building a productiaption system requires implementing rules of préidacnot only

based on existing guidelines but also from inpraefthe intended users. Indeed, our eye-trackiadyais validated the
integration of IP detections by confirming a largegmber of detectable ROI and also by identifyittgees as well. The
guidelines and the results of detections enabledéneelopment of a caption production engine thatceeded in
producing captioned data with less human intereenti Still, the implementation and the evaluatioh the

SmartCaptioning system provide us with meaningbelcifications for the continuation of our work.

Future works involve making shot detection moreusilto gradual transition, reducing false alarnmsfé@e and text
detection, improving motion detection and addingergpecialized production rules. Furthermore, wend to produce
more contents with the collaboration of our parsnir order to undergo evaluations on the productimtess with
producers and of the produced content with therpiaieviewers.

ACKNOWLEDGEMENTS

This work is supported in part by (1) the DepartmehCanadian Heritagewfvw.pch.gc.c through the Canadian
Culture Online program and (2) the Ministére du &éppement Economique de I'lnnovation et de I'Exation
(MDEIE) du Gouvernement du Québec. We would alke to give our sincere thanks to all the hearingadired and
hearing individuals who gave us their time for thgatience and their kind participation.

REFERENCES

! Canadian Association of Broadcastesed Captioning Standards and Protqd®AB eds., 2004.

C. Chapdelaine, V. Gouaillier, M. Beaulieu, L. Gagn"Improving Video Captioning for Deaf and Hearin
impaired People Based on Eye Movement and Atter@@eerload”, Proc. of SPIE, Volume 6492, Human Mis&
Electronic Imaging XllI, (2007).

¥ A. L. Yarbus.Eye Movements and VisioRlenum Press, New York NY, 1967.

M. I. Posner and S.E. Petersen, "The attentioresysif the human brain (review) ", Ann. Rev. Neuresces(13),
25-42. (1990).

® J. Senders. "Distribution of attention in staticlatynamic scenes", In Proceedings SPIE 3016, pk&@494, San
Jose (1997).

C. M. Privitera, L. W. Stark, "Algorithms for defimg visual regions-of interest: Comparison with diy@&tions",
IEEE Trans. Pattern Analysis and Machine Intellggrol. 22, no. 9 pp. 970-982, (2000).

R. B. Goldstein, R. L. Woods, E. Peli, "Where peoplok when watching movies: Do all viewers looktet same
place?", Computers in Biology and Medicine. Puldislonline 28 September (2006).

8 7. Cernekova, I. Pitas, C. Nikou, "Information The®ased Shot Cut/Fade Detection and Video Sumimiéoiz’,
IEEE Trans. On Circuits and Systems for Video Tedbgy, Vol. 16, No. 1 pp. 82-91, (2006).

S. Foucher, L. Gagnon, "Automatic Detection ands@rting of Actor Faces based on Spectral Clustering
Techniques", CRV, pp. 113-120, (2007).

P. Viola, M. J. Jones, "Rapid object detection gsinboosted cascade of simple features", CVPR5pp-518,
(2001).

10



IS&T/SPIE Symposium on Electronic Imaging: Human Vi sion & Electronic Imaging (SPIE
#6806), San Jose, 2008

14

15

E. Lienhart, J. Maydt, "An extended Set of Haaell#eatures for Rapid Object Detection”, ICME, (2002

R. C. Verma, C. Schmid, K. Mikolajczyk, "Face Ddites and Tracking in a Video by Propagating Detatti
Probabilities", IEEE Trans. on PAMV,ol. 25, No. 10 (2003).

M. Lalonde, L. Gagnon, "Key-text spotting in docurtary videos using Adaboost", IS&T/SPIE Symposium o
Electronic Imaging: Applications of Neural Networksxd Machine Learning in Image Processing X (SPIE
#6064B), (2006).

B. Lucas, T. Kanade, "An lterative Image RegistmatlTechnique with an Application to Stereo VisioRtoc. of
7th International Joint Conference on Artificiatéfigence, pp. 674-679, (1981).

Society of Motion Picture and Television Engineéit://www.smpte.org/home




