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textures because of their rich naturalistic low-level features that the human visu-
al system is tuned to. Although these natural images were invisible, the difference
of visual saliency (calculated by a famous computational saliency model [1]) be-
tween inside and outside a local region could attract attention to improve the
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Fig. 1. An example of a color image (left) and its saliency map (right). White region
in the right image indicate its salient region.

pixel in the saliency map ranges from 0 to 1, higher value correlated with more
saliency. Itti et al. proposed a biologically-plausible saliency model based on a
center-surround mechanism, by combining information from three channels: col-
or, intensity and orientation [1]. According to the spectrum of natural images,
Hou
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one subject who was one of the authors. They were given written, informed con-
sent in accordance with the procedures and protocols approved by the human
subjects review committee of Peking University.

2.2 Stimuli

We collected a large number of grayscale images about natural scenes from the
Internet, resized them into the same size (384×1024 pixels), and decreased the
luminance of these images to a low level (about 2.9 cd/m2), Fig. 2 (a) shows
a sample image. To quantitatively measure the attentional effect, we adopt a
visual saliency model proposed by Itti et al. [1] and calculate the saliency map
of each image. After that we selected 50 images, and each of them had a round
salient region centered at about 7.2◦ eccentricity in the lower left quadrant(called
left-salient images). The diameter of the salient region was about 4◦. By flipping
each image across its vertical midline, we can generate 50 new images, each of
them had a local salient region in the lower right quadrant(called right-salient
images). Notice that the content between the two groups of images were totally
the same, the only difference between the two groups was the location of the
salient region. The average saliency map of the 50 left-salient images can be
seen in Fig. 2 (b).

Based on the bottom-up saliency, we classified all images into two group-
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Fixation 50ms

Grating 50ms

Left or right?

Fig. 3. The procedure of our experiment.

were asked to press one of the two keys to indicate the orientation of the grating.
The duration of each trial was 2s, Fig. 3 shows the procedure of our experiment.

The experiment consisted of 10 blocks. Each block contained 100 trials with
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3 Experimental Result

3.1 Images Invisibility

The purpose of the 2AFC experiment was to evaluate whether those natural
images used as the cue in the attentional experiment were indeed invisible. High
salient images and low salient images were counterbalanced in this task. Subjects
had to report whether they can see an image before the mask (details can be
found in Section 2.3.

We found that percentages of correct detection (mean ± std) were 48.6 ±

6.0% and 50.9 ± 5.7% for high salient and low salient images respectively. Paired
t-test results showed that the percentages of correct detection were statistically
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Fig. 4. Results of our experiment. (a) The performance of the grating orientation
discrimination task for high salient images and low salient images. (b) The left two
green bars indicate the attentional effect of bottom-up saliency maps in high salient and
low salient groups. The right two yellow bars indicate the predication of the attentional
effect in two groups.
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