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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. 
 
Keywords: Region of interest; Czech sign language; eye tracking; fixation; finger alphabet 

I. Introduction 

The Coding of image sequences with sign language (SL) interpreter, as well as modelling and animating of SL 
interpreter avatar, requires good knowledge of how important different body parts of interpreter are for 
understanding and congenial perception. SL is visual language and each sign consists of four manual components 
(hand configuration, place of articulation, hand movement, and hand orientation) and non-manual components 
like facial expression and body posture [1]. Likewise as eye contact is important during speech, also when using 
SL, people do not watch only hands and also perceive face. If we proceeded from the hypothesis that the face is 
perceived the most of viewing time and the articulation of Czech sign language is seen only peripherally, it is also 
interesting to find out whether this blurred vision negatively affect the understanding of the watched expression. 
A British research group worked on a task of efficient video coding with the use of visual regions of interest 
(ROI) in British Sign Language [2, 3]. They found the head as the primary ROI observed most of the time. 
Emmorey et al. [4] investigated fixations while comprehending a short narrative and a spatial description in 
American Sign Language and found that deaf native signers tended to focus on or near the signer’s eyes, whereas 
beginning signers fixated more on the mouth. Considering Czech Sign Language (CSL), there are no previously 
published results in this area. We managed two experiments with CSL users to investigate their ROIs, when 
watching TV content with a CSL interpreter or speaker. The difference compared to previous researches is in 
covering of all utilized methods, where signer can be situated on the screen – size and position, and in 
investigating of whether inclusion of Czech finger alphabet in signed content can influence eye movements. 
Further we use the word speaker for the content primary prepared in CSL and interpreter when translating from 
Czech.  
The aim of this study is to find out, how is the visual attention of deaf divided between signer’s face and hands, 
while play the role of CSL TV content observers, and how is affected by using of finger alphabet in this content. 

II. Eye Movement Analysis 

A. Eye Tracking System 
We used the eye tracking system ViewPoint Eye-Tracker® to capture eye movements. This system is binocular 
and belongs to the video-oculographical techniques extracting eye parameters from video recording. Participants 
must therefore wear special glasses with infrared light source (IR diode) and a small camera for both eyes. 
Infrared light is necessary to ensure clear distinguishable pupil in the captured picture. This system does not 
provide a point of regard (POR) measurement. It measures eye position relative to the head and requires the head 
to be fixed to keep the detected position of the eyes and POR identical [3]. To prevent head movement observers 
were asked to rest their elbows on the table and then put their head in their hands. 
The cameras’ resolution was set to 640x480 pixels with frame rate 30 fps. In each frame, dark pupil is detected as 
a rotated ellipse and x- and y- coordinates of its centre is mapped according to a calibration grid to the point of 
regard and saved into a text file together with time mark and other features such as pupil size. Coordinates are 
relative to upper left monitor corner as (0, 0). Bottom right corner acts as (1, 1). We processed only coordinates 
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and total time marks. Calibration is performed as a number of predefined calibration points shown to the 
participant to cover the whole monitor area. We used 16 points to capture the calibration grid of each observer. 

B. Method of experiment 
In the first part of the experiment 19 participants (aged from 20 to 84) watched a special video sequence in 
standard definition resolution (720x576 16:9) designed to cover all basic scene compositions with signer on TV. 
We selected a viewing distance of about 60 cm to ensure the appropriate conditions for accurate measurement at 
20-inch screen. As shown in Fig. 1, four short clips (about 30 seconds each) were comprised to include interpreter 
in front of neutral background, speaker in front of a graphical background with picture and text, framed 
interpreter in bottom right corner in Sama doma magazine and non-framed interpreter appearing only during 
speech in fairy tale. The magazine and fairy tale served as dynamic clips with cuts and changes in scene 
composition or camera angle. Observers were asked to watch the video sequence in a common way, as if they 
were watching television at home.  
 

Figure 1 Still frames from clips in the testing video sequence. 

  
 

  
 

Figure 2 Still frame from the video sequence with finger alphabet 

 
 

The second part of the experiment involved 7 deaf volunteers. Presented video sequence of approximately 1 
minute was visually the same as the CSL interpreter in front of neutral background in the first part of the 
experiment (Fig. 2). The sequence was downloaded from the website of Czech sign language centre Pevnost, as a 
content already prepared for another purpose, and contained four examples of Czech finger alphabet: WFD (2x), 
OSN and Frontrunners. 
All clips were spaced out with a 5s neutral grey background with a white cross mark in the middle. The mark 
provided the initial visual point for all participants of the experiment, as well as a way to detect the head 
movement. Observers tended to move slightly their head either horizontally or vertically or both. Rotational 
motion was rare. Assuming translational motion, it can be compensated using error vector between centroid of 
filtered captured coordinates (k-means clustering with points detected as fixations as described below) and middle 
of cross mark with coordinates (0.5, 0.5). This can be applied for small deviations, because conversion of pupil 
position to POR is not a linear operation due to the curvature of the eye.  

C. Fixation detection 
Eye movement signal is recorded at a uniform sampling rate, so the velocity detection method can be applied 
[6, 7]. Successive samples are investigated to estimate eye movement velocity v according to the equation 
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where x and y are coordinates of point of regard in time t. 
At first, all values out of ‹0, 1› interval were removed from the captured data. Then velocity criteria was 
calculated and compared with the velocity threshold set to 30 pixels per frame, which is in our case 
approximately 1.5° of visual angle as the size of foveola, the region with the highest visual acuity in the eye. All 
miniature movements appearing during fixation (microsaccades, drift or tremor) are considered to be within this 
angle. We used the statistical minimum duration of the fixation 150 ms, as the temporal threshold to detect a 
single fixation [5]. Only fixations were used for the further investigation of ROIs. 
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D. Processing of results 
It was found difficult for some observers to trace the centres of calibration marks. Some participants moved their 
head excessively. Despite proper lighting and camera settings, the system was not able to detect the pupil 
correctly. In some cases rapid oscillation between the pupil and other dark part of observer’s eye appeared in the 
signal (usually the corner of eye), depending on the shape of the eye, the length of eyelashes, and other aspects. 
For this reason, only the results of twelve observers were used to draw the eye positions during fixation. 

III. Results 

In Fig. 3–7 we propose horizontal (x) and vertical (y) coordinates of the captured points of regard within the 
detected fixations in time in the first experiment. In Fig. 6 we propose vertical coordinates of the captured points 
of regard in clip with finger alphabet. The zone between the dotted lines represents an area where the head of the 
interpreter is located during entire clip. Grey fields in Fig. 6 represent parts of the fairy tale with the interpreter 
hidden. Grey fields in Fig. 7 illustrate parts where finger alphabet is used. Regarding the horizontal position of 
point of regard, coordinate zero represents left side, while value one the right side of the monitor. Regarding the 
vertical position, coordinate zero represents upper area, while value one the bottom area. 

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

 
 

Figure 4 Position of points of regard for clip 1 (CSL speaker in front of a graphical background). 
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Figure 5 Position of points of regard for clip 2 (framed CSL interpreter in bottom right corner in magazine). 

 
 

Figure 6 Position of points of regard for clip 3 (non-framed interpreter appearing only during speech in fairy tale). Grey fields 
represent parts without interpreter. 

 
 

Figure 7 Position of points of regard in the finger alphabet experiment. Grey fields represent parts where Czech finger alphabet was 
used. 

IV. Discussion 

The first finding of our study is the confirmation of head as the most important visual ROI. In all cases 
participants spend the most of the time watching head of the signer instead of hands or even the rest of picture in 
the magazine or tale case. Considering the interpreter as the only object in the presented scene (Fig. 1, clip 1), 
observers tended to watch the area defined with dotted lines where the face of the interpreter was situated. Only 
in two cases participants moved their focus from the head to the hands (Fig. 3). Fixations are centred on or 
slightly beneath the signer’s nose. 97.6 % of points of regard (POR) during fixations in average are in the area 
where the head of the interpreter is located (see Table I). Hands are perceived with parafoveal and peripheral 
vision turning attention while keeping the POR on the head (as illustrated in upper picture in Fig. 8). 
 

Table I Number of points of regard during fixations, which are directed at the head of the interpreter. 
Clip 1 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 is located in front of a graphical background (Fig. 1, clip 2). Only two 
observers moved their POR to parts of the background where a picture with text were placed (Fig. 4). Now 
94.6 % of POR during fixations are in the area where the head of speaker is located with the centre on or slightly 
beneath the signer’s nose as well.  
Even if the interpreter is small and located in the right bottom corner of the television image (Fig. l, clip 3), still 
80.8 % of POR during fixations are on the facial area. Some observers briefly looked at the moderator’s face after 
a visual cut (Fig. 5). The resolution of cameras and system considering the head of the signer is not as precise as 
in the previous cases, but we can still claim, that visual attention is focused on the nose area. 
More interesting results were obtained from clip where the non-framed interpreter was appearing only during 
speech. Grey areas in Fig. 6 represent parts of a clip with a hidden interpreter. PORs are distributed almost 
uniformly towards important objects, mostly the faces of actors. Once the interpreter is shown on the screen, the 
focus of all observers immediately fixed his face (still the nose area) and changed occasionally when some more 
fundamental action occurred in the television image. 
Differences between the perception of the interpreter in the corner of the screen or in the full view show pictures 
in Fig. 8. Foveal (direct) and macula (parafoveal) perception areas are calculated according to the equation 
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where S is the real subjects’ size, A is the spatial angle and D = 0,6 m is the viewers distance from the screen. For 
the 5° fovea spatial angle and 16.7° macula spatial angle we get the real diameters on the screen 5.2 cm and 17.6 
cm respectively (considering screen size of 40.9x30.9 cm). 
 
Figure 8 Pictures from a clip with CSL interpreter in front of a neutral background (a) and Sama doma magazine (b), both with areas 

of foveal and macula visions with the centre according to average results. 

 
a) 

 
b) 

 
CSL interpreter in the corner of the screen seems to be perceived better because more information can be 
processed with the observer’s direct vision. However size and resolution of the interpreter’s body is lower. 
Participants in the experiment spent most of the time watching the facial area, while hands were perceived only 
with peripheral vision. Practically identical results emerged from all clips, no matter what the size or location of 
the interpreter in the scene was. In further developing a proper compression methods or sign language synthesis, 
the facial area of interpreter (as the most important visual ROI) must be compressed slightly or modelled and 
animated precisely enough to avoid the annoyed perception. 
In the clip with Czech finger alphabet only one observer moved his attention to hands as seen in Fig. 7. The rest 
focused on face all the time, even when the face is at the moment when finger alphabet is used practically 
motionless. Finger alphabet is articulated relatively high, approximately in the area around the neck, which makes 
the perception with peripheral vision easier. 

V. Conclusion 

Common TV CSL content includes except CSL also Czech finger alphabet for words that do not have an exact 
equivalent as a sign. In both cases are obserever’s eyes focused on the nose area. Comparing the attributes as the 
size or position of the signer, we can assume that their importance is less than necessary for visible differences in 
the results. In the compression case we would now like to compare how different quality may be in the hands and 
face areas still for the pleasant experience, because it is obvious that the hands are seen peripherally with a lower 
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resolution, less sharp. In the case of the synthesis of sign language in addition to the quality of the model’s face 
enough to ensure his most authentic and natural animation, eg. using motion capture data. 
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