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Abstract. To develop a new method for evaluating non-photorealistic images generated
by NPR (non-photorealistic rendering), we consider how to evaluate non-photorealistic
images from a physiological aspect and conduct fundamental experiments using gaze mo-
tion when looking non-photorealistic images. In the fundamental experiments, two non-
photorealistic images are placed side by side, the subject’s gazes are tracked using an
eye tracker, and subjects are asked to answer which non-photorealistic image looks more
beautiful. Then, the relationship between gaze time and the answer to the question is
examined. We focus on cell-like images as non-photorealistic images and used cell-like
images generated with different parameter values in the experiments. 120 cell-like im-
ages generated from 6 photographic images were used for 20 subjects. The results of the
fundamental experiments showed that non-photorealistic images that were answered as
beautiful tended to be gazed at for longer periods of time.
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1. Introduction. Numerous studies [1, 2, 3, 4] have been conducted to generate non-
photorealistic images using NPR (non-photorealistic rendering). NPR is a CG (computer
graphics) [5, 6] technique that renders images with emphasis or omission, like illustrations
or paintings. In recent years, various applications of NPR have appeared, making NPR
readily available not only on personal computers but also on smartphones and tablets.
However, as a method for evaluating the visual effects of non-photorealistic images gener-
ated by NPR, subjective evaluation has been mainly conducted by questionnaires [7, 8].
The evaluation results from a questionnaire survey may change depending on how ques-
tions are asked to the subjects. Therefore, a method has been proposed to prepare a
three-level benchmark dataset to evaluate the difficulty of generating non-photorealistic
images [9], but the three-level benchmark dataset should be prepared according to the
target non-photorealistic image. In some cases, visual or quantitative evaluation of the
preservation of brightness and edges in non-photorealistic images has been done [10, 11].
The conventional evaluations [10, 11] examine the preservation of brightness and edges
of photographic images, not the visual effects of newly generated non-photorealistic im-
ages. In other words, methods of directly evaluating non-photorealistic images from other
aspects are also needed.

In this paper, we consider how to evaluate non-photorealistic images from a physio-
logical aspect, and conduct fundamental experiments using gaze motion when looking
non-photorealistic images. Once our evaluation method is established, non-photorealistic
images can be evaluated directly compared to the conventional evaluations [10, 11], and
there is no need to prepare a benchmark dataset according to non-photorealistic images
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compared to the conventional method [9]. In the fundamental experiments, two non-
photorealistic images are placed side by side, the subject’s gazes are tracked using an
eye tracker, and subjects are asked to answer which non-photorealistic image looks more
beautiful. Then, the relationship between gaze time and the answer to the question is
examined. We use cell-like images [12] generated by changing the parameter values as
non-photorealistic images. Cell-like patterns are composed of cell membrane and cell nu-
cleus, and are automatically generated from photographic images. Cell-like images are
overlaid with cell-like patterns in photographic images. 120 cell-like images generated
from 6 photographic images were used for 20 subjects. By conducting the fundamental
experiments, we will clarify the relationship between subject’s preference and gazing time,
and reveal the possibility of evaluating cell-like images by gaze analysis.
This paper is organized as follows: the second section describes the method for eval-

uating cell-like images using gaze analysis, the third section shows experimental results
and reveals the possibility of evaluating non-photorealistic images by gaze analysis, and
the conclusion of this paper is given in the fourth section.

2. Gaze Analysis. 6 photographic images shown in Figure 1 are prepared, and the
respective photographic images are denoted as (a), (b), (c), (d), (e) and (f). 5 types of
cell-like images are generated by changing the parameter values for each photographic
image. Here, cell-like images are generated by changing the values of two parameters,
and each parameter can adjust the size of cell membrane and cell nucleus of cell-like
patterns. For example, the 5 cell-like images generated from the photographic image (a)
are shown in Figure 2, and are denoted as (a-1), (a-2), (a-3), (a-4) and (a-5). The cell-like
images (a-2), (b-2), (c-2), (d-2), (e-2) and (f-2) are generated with the same parameters.
When 2 cell-like images on the left and right sides of the 5 cell-like images generated
in each photographic image are displayed as shown in Figure 3, there are 20 = (5C2)
combinations. Among the 20 combinations, the number of times that the cell-like image
for each parameter is displayed is 8. Since there are 6 photographic images, there are
120(= 20 ∗ 6) combinations and the number of times that the cell-like image for each
parameter is displayed is 48(= 8 ∗ 6).
Each of the 120 combinations is displayed, and the subject is asked to answer which

cell-like image looks more beautiful. The eye tracker (Tobii Pro Lab) is used to track the
subject’s gazes. At this time, the distance between the display and the subject’s eyes is

(a) (b) (c) (d) (e) (f)

Figure 1. Photographic images

(a-1) (a-2) (a-3) (a-4) (a-5)

Figure 2. Cell-like images generated from the photographic image (a)
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Figure 3. Example of displaying 2 cell-like images

Figure 4. Screen with a black dot in the center on a white background

set from 55 cm to 60 cm. After displaying one combination for 7 seconds, a screen with
a black dot in the center on a white background is displayed for 1.5 seconds as shown
in Figure 4, during which the subject is asked to answer. The reason for displaying the
screen with the black dot in the center on the white background is to move the viewpoint
to the center when the combination is switched.

In the following experiments, the subjects are 20 Japanese. Among them, 10 are males
and 10 are females, and 4 were 20 years old, 5 are 21 years old, 8 are 22 years old, 2
are 23 years old and 1 is 25 years old. Since there are 120 combinations, gaze analysis
is performed using 2400(= 120 ∗ 20) combinations. Among the 2400 combinations, the
number of times that the cell-like image for each parameter is displayed is 960(= 48 ∗ 20).
The numbers of times that the subjects within the 960 times responded that they could
look more beautiful are defined as pi (i = 1, 2, 3, 4, 5). Evaluation values ai are obtained
by the following equation.

ai =
pi

960
(1)

In other words, ai are the evaluation value of the cell-like image for each parameter value,
and when ai are greater than 0.5, it means that the cell-like image for that parameter
value can be looked relatively beautiful. The averages of the gaze time in the 960 times
displayed the cell-like images are calculated, and are denoted as ti seconds. For reference,

Figure 5. An example of a heat map
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an example of a heat map that measures where and how long a subject is looking at the
left and right cell-like images is shown in Figure 5. In Figure 5, the redder the color, the
longer the gaze time. Using the evaluation values ai and the averages of the gaze time ti,
the relationship between subject’s preference and gaze time is revealed.

3. Evaluation Results and Discussion. The evaluation values ai and the averages
of the gaze time ti using the conditions in the previous section are shown in Table 1.
From Table 1, when the evaluation values ai were arranged in descending order, ai were
0.809, 0.631, 0.442, 0.417 and 0.201, the averages of the gaze time ti were 3.596, 3.489,
3.095, 3.053 and 2.894, and the parameter numbers i were 2, 1, 5, 3 and 4. The parameter
numbers 1 and 2 had the evaluation values of 0.5 or higher, and the parameter numbers
3, 4 and 5 had the evaluation values less than 0.5. Thus, it was found that the cell-like
images with the parameter numbers 1 and 2 looked relatively beautiful.

Table 1. Evaluation results

Parameter number i Evaluation values ai Averages of the gaze time ti

1 0.631 3.489
2 0.809 3.596
3 0.417 3.053
4 0.201 2.894
5 0.442 3.095

The cell-like images for parameter number 2, which had the highest evaluation value,
are shown in Figure 6. The cell-like images for parameter number 4, which had the lowest
evaluation value, are shown in Figure 7. From Figures 6 and 7, the cell-like images with
parameter number 2 have a more linear and clearer representation of the cell membrane
and a smaller representation of the cell nucleus compared to the cell-like images with
parameter number 4. Since there was a large difference between the evaluation values
a2 and a4, which were 0.809 and 0.201, respectively, it was found that the visual effects
of cell-like images differed by changing the parameter values. In other words, it was
found that even non-photorealistic images generated by the same method can produce

(a-2) (b-2) (c-2) (d-2) (e-2) (f-2)

Figure 6. Cell-like images for parameter number 2, which had the highest
evaluation value

(a-4) (b-4) (c-4) (d-4) (e-4) (f-4)

Figure 7. Cell-like images for parameter number 4, which had the lowest
evaluation value
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large differences in preference for the non-photorealistic images generated by changing
the parameter values.

When the evaluation values ai were arranged in descending order, the averages of the
gaze time ti were 3.596, 3.489, 3.095, 3.053 and 2.894. Thus, the higher the evaluation
values ai, the longer the averages of the gaze time ti. In other words, it was found that
when two cell-like images were placed side by side, the subjects tended to spend more
time gazing at the cell-like image that looked more beautiful.

4. Conclusions. We considered how to evaluate non-photorealistic images from a phys-
iological aspect and conducted fundamental experiments using gaze motion when looking
non-photorealistic images. As non-photorealistic images, cell-like images generated by
changing parameter values were used. Two cell-like images were placed side by side, the
subject’s gazes were tracked using an eye tracker, and subjects were asked to answer
which cell-like image looked more beautiful. Then, the relationship between gaze time
and the answer to the question was examined. In the fundamental experiments, 120 cell-
like images generated from 6 photographic images were used for 20 subjects. As a result
of the fundamental experiments, it was found that when two cell-like images were placed
side by side, the subjects tended to spend more time gazing at the cell-like image that
looked more beautiful. Hence, we believe that there is sufficient potential to evaluate
non-photorealistic images through gaze analysis.

Future studies are to compare and verify non-photorealistic images generated by differ-
ent methods.
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