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Abstract: Tasks such as displaying optional television sign language interpreter or synthesis of sign language
assume fine resolution while maintaining low bit rates. This paper describes the determination of important
regions of interest for deaf and hard of hearing when watching a sign language speaker or interpreter in
television content. Proposed results are useful for selecting an appropriate compression scheme for coding both
real and virtual sign language interpreters, and for virtual sign language interpreter modeling as well.
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I. Introduction

The Coding of image sequences with sign languagg iffeerpreter, as well as modelling and animatirfigsL
interpreter avatar, requires good knowledge of howortant different body parts of interpreter am f
understanding and congenial perception. SL is Vismguage and each sign consists of four manuaponents
(hand configuration, place of articulation, handvemment, and hand orientation) and non-manual coegsn
like facial expression and body posture [1]. Likesvas eye contact is important during speech,vetsm using
SL, people do not watch only hands and also pezdaive. If we proceeded from the hypothesis thafdle is
perceived the most of viewing time and the artitolaof Czech sign language is seen only peripherais also
interesting to find out whether this blurred visioegatively affect the understanding of the watatgutession.

A British research group worked on a task of effitivideo coding with the use of visual regionsntérest
(ROI) in British Sign Language [2, 3]. They founiiethead as the primary ROI observed most of the.tim
Emmorey et al. [4] investigated fixations while qu@hending a short narrative and a spatial desamiph
American Sign Language and found that deaf naiiygess tended to focus on or near the signer’s, aylesreas
beginning signers fixated more on the mouth. Cangid Czech Sign Language (CSL), there are no pusiy
published results in this area. We managed two rerpats with CSL users to investigate their ROlIfiew
watching TV content with a CSL interpreter or spgaki he difference compared to previous researshas
covering of all utilized methods, where signer dam situated on the screen — size and position, imnd
investigating of whether inclusion of Czech fingdphabet in signed content can influence eye mowm&sne
Further we use the word speaker for the contemagi prepared in CSL and interpreter when tramgiaftiom
Czech.

The aim of this study is to find out, how is thsual attention of deaf divided between signer'®fand hands,
while play the role of CSL TV content observerg] &wow is affected by using of finger alphabet iis tontent.

[I. EyeMovement Analysis

A. EyeTracking System

We used the eye tracking system ViewPoint Eye-Tee®ko capture eye movements. This system is biaocu
and belongs to the video-oculographical technigsacting eye parameters from video recordingtidfaants
must therefore wear special glasses with infrarght Isource (IR diode) and a small camera for bmtbs.
Infrared light is necessary to ensure clear disisftable pupil in the captured picture. This systgmes not
provide a point of regard (POR) measurement. Itsmess eye position relative to the head and regjtlire head
to be fixed to keep the detected position of thesegnd POR identical [3]. To prevent head moverobsérvers
were asked to rest their elbows on the table amd plut their head in their hands.

The cameras’ resolution was set to 640x480 pixéls fname rate 30 fps. In each frame, dark pupilétected as
a rotated ellipse and x- and y- coordinates otdtstre is mapped according to a calibration grithtopoint of
regard and saved into a text file together withetimark and other features such as pupil size. Quadas are
relative to upper left monitor corner as (0, 0)#tBm right corner acts as (1, 1). We processed oodydinates
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and total time marks. Calibration is performed asumber of predefined calibration points shown he t
participant to cover the whole monitor area. Wedus@ points to capture the calibration grid of eabkerver.

B. Method of experiment

In the first part of the experiment 19 participatdaged from 20 to 84) watched a special video serpién
standard definition resolution (720x576 16:9) deeitjto cover all basic scene compositions withesigm TV.
We selected a viewing distance of about 60 cm suenthe appropriate conditions for accurate measemt at
20-inch screen. As shown in Fig. 1, four shortslfgbout 30 seconds each) were comprised to inahteigreter
in front of neutral background, speaker in front afgraphical background with picture and text, fedm
interpreter in bottom right corner in Sama doma azéwe and non-framed interpreter appearing onlyndur
speech in fairy tale. The magazine and fairy taeved as dynamic clips with cuts and changes imesce
composition or camera angle. Observers were askedtch the video sequence in a common way, d®if t
were watching television at home.

Figure 1 Still framesfrom clipsin the testing video

The second part of the experiment involved 7 dedfinteers. Presented video sequence of approxiynatel
minute was visually the same as the CSL interpretefront of neutral background in the first pait the
experiment (Fig. 2). The sequence was downloadsed the website of Czech sign language centre Pewema
content already prepared for another purpose, anthined four examples of Czech finger alphabetDWEx),
OSN and Frontrunners.

All clips were spaced out with a 5s neutral gregkgaound with a white cross mark in the middle. Thark
provided the initial visual point for all participes of the experiment, as well as a way to deteethead
movement. Observers tended to move slightly theadheither horizontally or vertically or both. Raiaal
motion was rare. Assuming translational motiorgaih be compensated using error vector betweenode matf
filtered captured coordinates (k-means clusteriitg points detected as fixations as described besmd middle
of cross mark with coordinates (0.5, 0.5). This barapplied for small deviations, because conversiopupil
position to POR is not a linear operation due &dtrvature of the eye.

C. Fixation detection

Eye movement signal is recorded at a uniform samgplate, so the velocity detection method can h@iexp
[6, 7]. Successive samples are investigated tmetti eye movement velocikyaccording to the equation

oVl %) + (v - v
a

wherex andy are coordinates of point of regard in time

At first, all values out of <0, 1> interval weremeved from the captured data. Then velocity catesias
calculated and compared with the velocity thresheéd to 30 pixels per frame, which is in our case
approximately 1.5° of visual angle as the sizeowEbla, the region with the highest visual acuitylie eye. All
miniature movements appearing during fixation (wsaccades, drift or tremor) are considered to Iieimthis
angle. We used the statistical minimum duratiorthef fixation 150ms, as the temporal threshold to detect a
single fixation [5]. Only fixations were used fdwetfurther investigation of ROIs.

: 1)
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D. Processing of results

It was found difficult for some observers to trdle centres of calibration marks. Some participamised their

head excessively. Despite proper lighting and cansettings, the system was not able to detect tipd p
correctly. In some cases rapid oscillation betwidbenpupil and other dark part of observer's eyecapgd in the

signal (usually the corner of eye), depending endhape of the eye, the length of eyelashes, drdl aspects.
For this reason, only the results of twelve obsarwere used to draw the eye positions duringifixat

I11. Results

In Fig. 3—7 we propose horizontal (x) and verti¢gl coordinates of the captured points of regarthiwithe

detected fixations in time in the first experimdntFig. 6 we propose vertical coordinates of taptared points
of regard in clip with finger alphabet. The zonévieen the dotted lines represents an area wheteetigk of the
interpreter is located during entire clip. Greydiin Fig. 6 represent parts of the fairy talehvitte interpreter
hidden. Grey fields in Fig. 7 illustrate parts widinger alphabet is used. Regarding the horizgrdaltion of

point of regard, coordinate zero represents let,sivhile value one the right side of the moniRegarding the
vertical position, coordinate zero represents uppea, while value one the bottom area.

Figure 3 Position of pointsof regard for clip 4 (CSL interpreter in front of a neutral background).

0

06 ki

Horizontal coordinate

q 1 1 1 1 1 1 1
0 100 200 300 400 a00 600 700
Clip frarme

“erical coordinate

1 1 1 1 1 1 1 1
] 100 200 300 400 500 600 700
Clip frame

Figure 4 Position of pointsof regard for clip 1 (CSL speaker in front of a graphical background).
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Figure 5 Position of pointsof regard for clip 2 (framed CSL interpreter in bottom right corner in magazine).
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Figure 6 Position of pointsof regard for clip 3 (non-framed interpreter appearing only during speech in fairy tale). Grey fields
represent partswithout inter preter.
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Figure 7 Position of pointsof regard in thefinger alphabet experiment. Grey fields represent partswhere Czech finger alphabet was
used.
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IV. Discussion

The first finding of our study is the confirmatiaf head as the most important visual ROI. In aesa
participants spend the most of the time watchiraghe the signer instead of hands or even theofgsitture in

the magazine or tale case. Considering the intempes the only object in the presented scene (Figlip 1),

observers tended to watch the area defined wittedidines where the face of the interpreter wasagid. Only
in two cases participants moved their focus fromm tiead to the hands (Fig. 3). Fixations are certrecr

slightly beneath the signer’s nose. 97.6 % of mooftregard (POR) during fixations in average ar¢he area
where the head of the interpreter is located (sm@erll). Hands are perceived with parafoveal amipperal

vision turning attention while keeping the POR ba head (as illustrated in upper picture in Fig. 8)

Table! Number of pointsof regard during fixations, which ar edirected at the head of theinterpreter.
Clip1l Clip 2 Clip 3 Clip 4
97.6 % 94.6 % 80.8 % 72.0%
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Similar results can be seen when the signer igddda front of a graphical background (Fig. 1pa). Only two
observers moved their POR to parts of the backgtaunere a picture with text were placed (Fig. 4pwN
94.6 % of POR during fixations are in the area whbe head of speaker is located with the centrar glightly
beneath the signer’'s nose as well.

Even if the interpreter is small and located in fiight bottom corner of the television image (Higclip 3), still
80.8 % of POR during fixations are on the facia@laarSome observers briefly looked at the modesaface after
a visual cut (Fig. 5). The resolution of camerag system considering the head of the signer iasgirecise as
in the previous cases, but we can still claim, #&tal attention is focused on the nose area.

More interesting results were obtained from clipev¢ghthe non-framed interpreter was appearing onhngd
speech. Grey areas in Fig. 6 represent parts dipamvith a hidden interpreter. PORs are distributdahost
uniformly towards important objects, mostly thedaof actors. Once the interpreter is shown orstheen, the
focus of all observers immediately fixed his fastlli(the nose area) and changed occasionally vgoeme more
fundamental action occurred in the television image

Differences between the perception of the integpriet the corner of the screen or in the full viglvow pictures
in Fig. 8. Foveal (direct) and macula (parafoveafception areas are calculated according to thatieq

A
S=tan — |2D,
a gl o

whereSis the real subjects’ siz8,is the spatial angle a2l = 0,6 mis the viewers distance from the screen. For
the 5° fovea spatial angle and 16.7° macula spatigle we get the real diameters on the screeanbdhd 17.6
cmrespectively (considering screen size of 40.9x8MP

Figure 8 Picturesfrom a clip with CSL inter preter in front of a neutral background (a) and Sama doma magazine (b), both with areas
of foveal and macula visions with the centr e accor ding to averageresults.

b)

CSL interpreter in the corner of the screen seambet perceived better because more informationbean
processed with the observer's direct vision. Howesige and resolution of the interpreter's bodylawer.
Participants in the experiment spent most of thee tvatching the facial area, while hands were paxdeonly
with peripheral vision. Practically identical refsuémerged from all clips, no matter what the sizéocation of
the interpreter in the scene was. In further deyafpa proper compression methods or sign langeggihesis,
the facial area of interpreter (as the most importasual ROI) must be compressed slightly or miedelnd
animated precisely enough to avoid the annoyecepéon.

In the clip with Czech finger alphabet only one etver moved his attention to hands as seen in7Fighe rest
focused on face all the time, even when the facet ithe moment when finger alphabet is used pibtic
motionless. Finger alphabet is articulated reldfihgh, approximately in the area around the nedkch makes
the perception with peripheral vision easier.

V. Conclusion

Common TV CSL content includes except CSL also B4mger alphabet for words that do not have arcexa
equivalent as a sign. In both cases are obserexg's focused on the nose area. Comparing thibuasi as the
size or position of the signer, we can assumetkigit importance is less than necessary for viglifferences in
the results. In the compression case we would it@vd compare how different quality may be in Hands and
face areas still for the pleasant experience, secaus obvious that the hands are seen periphevidh a lower
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resolution, less sharp. In the case of the syrthafssign language in addition to the quality ¢ thodel's face
enough to ensure his most authentic and natunaladiun, eg. using motion capture data.

(1
(2
(3]
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