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ABSTRACT

Objective: The aim of this study is to investigate and review the previous researches about objective measuring fatigue
caused by visual stimuli. Also, we analyze possibility of alternative visual fatigue measurement methods using facial
expression recognition and gesture recognition. Background: In most previous researches, visual fatigue is commonly
measured by survey or interview based subjective method. However, the subjective evaluation methods can be affected by
individual feeling's variation or other kinds of stimuli. To solve these problems, signal and image processing based visual
fatigue measurement methods have been widely researched. Method: To analyze the signal and image processing based
methods, we categorized previous works into three groups such as bio-signal, brainwave, and eye image based methods.
Also, the possibility of adopting facial expression or gesture recognition to measure visual fatigue is analyzed. Results:
Bio-signal and brainwave based methods have problems because they can be degraded by not only visual stimuli but also
the other kinds of external stimuli caused by other sense organs. In eye image based methods, using only single feature such
as blink frequency or pupil size also has problem because the single feature can be easily degraded by other kinds of
emotions. Conclusion: Multi-modal measurement method is required by fusing several features which are extracted from
the bio-signal and image. Also, alternative method using facial expression or gesture recognition can be considered.
Application: The objective visual fatigue measurement method can be applied into the fields of quantitative and comparative
measurement of visual fatigue of next generation display devices in terms of human factor.
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1. Introduction
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2. Previous Researches

2.1 Bio-signal based methods
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Figure 1. Immersive game interface including bio-signal
measuring sensors(Heo et al., 2010)
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2.2 Brainwave based methods
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Figure 2. Comparing power spectrum according to
different frequency(Li, 2008)(Black line: watching 3D,
Gray line: watching 2D)
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2.3 Eye image based methods
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Figure 3. Eye image capturing device including 3D watching
red-green glasses(Lee et al., 2010)

Figure 4. Pupil region segmentation(Lee et al., 2010).
(a) Circular edge detection. (b) Local thresholding.
(c) Some morphological operations after component labeling
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Figure S. Comparative visual fatigue measurements of LCD
and PDP(Lee and Park et al., 2009). (a) Blink frequency.
(b) Pupil accommodation speed
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Figure 6. Comparing pupil accommodation speeds
according to normalized hue, saturation, contrast,
and brightness(Lee and Park, 2009)
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3. Alternative Methods

3.1 Facial expression recognition
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Figure 7. Comparative measurement of visual fatigue according
to kinds of display and watching distances(Lee et al., 2010).
(a) Watching 2D and 3D displays. (b) Watching at near(60cm)
and far distances(90cm)
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Figure 8. Example of active appearance model based
facial feature extraction(Han et al., 2009)
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4. Conclusions
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