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Abstract

We propose the computation model of the eye
movement based on the short-term memory. We also
applied this model to simulating the human eye move-
ment in reading. We use the foveated vision that the
resolution is high in the center of the retina and is low
in the periphery of it to simulate human eye move-
ment. It is reported that the viewpoint moves to the
first word of next line from the end of line in a mo-
ment. But we cannot identify the first word of the
next line in the end of line, because the resolution is
too low in the periphery of the retina. It is reported
that only four characters can be identified in the case
of using the foveated vision. We introduce the short-
term memory to identify the first word of the next line
in the end of line. The viewpoint can be moved to the
first character of next line using the image which is in-
tegrated the foveated images saved from the first word
identified in the line. We call it the short-term mem-
ory image in this paper. These mechanism is also used
the eye movement that we see a word more than two
times. If the edge features derived from the short-term
memory image in the current word is over the thresh-
old, the viewpoint moves to next word. If not, the
viewpoint is in the current word once again. The hu-
man eye movement that the viewpoint moves to next
word, moves the viewpoint to the first word of next
line and sees a word more than two times is simulated
using this model.

keywords: Short-term memory, Foveated Vision,
Reading

1 Introduction

The pixel density is high around the center of the
retina and low in the peripheral of it. The vision such
as this is called the foveated vision. The CCD de-
vices are developed to generate foveated vision[1][2][3].
Some researchers propose the model of the eye move-
ment based on foveated vision[4]. We uses the foveated
vision to simulate the human vision. When human
feels the movement of an object, the viewpoint moves
to the next viewpoint reflectively. It is difficult to real-

ize the eye movement in wide region using the compi
tation model, as the eye based on the foveated visil
is controlled in the region of a foveated vision[4]. Th
short-term memory and task model are not discuss
in the model of these eye movements.

In the other hand, the macro model consisted ofth
sensory register, the short-term memory, and the long
term memory is proposed in the psychological field |
The information derived from the sensory registeri
saved in the short-term memory. We introduce
short-term memory to the eye movement to realix
the eye movement in wide region using the computa
tion model. While the viewpoint moves quickly, wed
not have the feeling that eye moves quickly. We show
that the viewpoint moves to wide region by moviig

<
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the viewpoint based on the short-term memory i
age generated using low level features. It is reporte
that the viewpoint moves to the first word of next ling
from the end of line in a moment. But we cannot idet
tify the first word of the next line in the end of ling
because the resolution is too low in the peripherydl
the retina. We introduce the short-term memory it
identify the first word of the next line in the end of
line. The viewpoint can be moved to the first charac
ter of next line using the image which is integrated the
foveated images saved from the first word identifiedia
the line. We call the image the short-term memory
image in this paper. These mechanism is also used
the eye movement that we see a word more than b
times. If the edge features derived from the shotf:
term memory image in the current word is over the
threshold, the viewpoint moves to next word. If nof
the viewpoint is in the current word once again.

It is difficult to realize the eye movement in the
computation model because eye movement depends
on tasks, while the psychological aspects in the ey
movement is studied[6]. In the computer vision, the
problem that defines the next viewpoint according {0
tasks is discussed [7][8][9][10][11]. In these studies, the
viewpoint is defined according to tasks. But the eje
movement based on the images received in the recep

tive field is not discussed. On the other hand, the
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sibsumption architecture that does not use the se-
tial execution but the parallel execution of modules
in the perception and control[12]. The parallel object-
aiented model is studied in the field of the distributed
architecture of the computer network[13]. It is dis-
wssed that it is important to define the viewpoint by
detecting the edge features independently[11][14].

We propose the eye movement based on the paral-

lel object-oriented model. We realize the eye move-
ment in the small region that the viewpoint moves to
the next word and in the wide region that the view-
point moves to the next line in order to realize the eye
movement in reading using the computation model by
thanging the range of the attention. We show the ef-
fectiveness by comparing the proposed model to the
luman eye movement [6][16].
- We explain the foveated vision in section 2 and the
short-term memory image in section 3 and the eye
‘movement based on the task model and the short-
ferm memory in section 4. In section 5, we show the
effectiveness by introducing the eye movement in the
wmputation model based on the task model and the
short-term memory to the eye movement in reading.

2 Foveated vision

- Wilson proposed the space variant receptive field.
As the scale and rotation are variant, the log-polar
mapping is used as the image sampling model of the
‘machine vision. It is necessary to change the radius
of the receptive field, as the radius in the center of
the retina is bigger than the radius in the periphery
of the retina So the eccentricity of the nth ring R, is

the following:

20l -0v)Cm....
2—(1- Ov)Cm) : (1)

~ where Ry is the radius of the fovea. Cm is the ratio
ofthe diameter of the receptive field to the eccentricity
ofthat receptive field from the center of the fovea. Ov
sthe overlap factor. If the receptive fields touch each
other, Ov = 0. Also, the radius of the receptive field
on the nth ring is C”;R", the number of receptive fields
3 W%S per ring, and the angle of mth receptive
feld is 6,, = Cm(1 — Ov) x m.

 the retina and the sparse information in the periph-
1al vision. Figure The horizontal axis is m in 6,, and
he vertical axis is n in R,,.

R, = RO(l I

Short-term memory image

In the short-term memory, the information can be
wved in the short term by about 20 seconds. The
o roles are to send the information received from
hie sensory register to the long-term memory. and
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to encode the information according to the request.
Wepay attention to the relation between vision and
short-term memory.

Though human recognize the space while the view-
point moves quickly, human does not have the con-
sciousness. We generate two dimensional image that
human feels in brain, while the viewpoint moves
quickly based on the short-term memory.

At first, we explain the algorithm generating of the
short-term memory. The short-term memory image is
the image which human feels in brain. We compare
the n value in the previous image to the n value in
a foveated image. If the n value is smaller than n
value in the previous image, we renew the n value
and RGB value in the pixel. The constraint of the
capacity in the short-term memory is discussed. The
time value is set in the pixel of the short-term memory
to introduce the concepts of the capacity to the short-
term memory. The pixel value that has been seen
before, can be cleared from the short-term memory
image using time value.

Next, we explain the algorithm moving eye based
on the short-term memory image. The RGB value is
detected in the position of the receptive filed. RO im-
age is generated from the information of the receptive
field. The low-level features such as brightness, edge
and corner are detected.

fi = US_o(as9(n1)) (2)

fi is the evaluation for the features of the p num-
ber such as brightness, edge and corner. I(-) is the
function. g(-) is the function to encode the resolution
information corresponding to the eccentricity of the
receptive field. o; is the weight of feature j.

Ji
I =f; (3)
f fi is the probability moving the viewpoint to the fea-
ture ¢. The viewpoint is defined using the probability
ffi. g(-), the number p of the features , the features
and the weight o; change according to tasks. We use
the edge feature for the experiment in reading and the
step function for the function g.

4 Algorithm of eye movement based on
task model and short-term memories
In general, a task consists of tasks, as the task of the
eye movement in reading is divided into the the tasks
that the viewpoint moves to the next line and to the
next word. In this paper, we propose the model that
a task is divided into tasks, and the task is executed
based on the event which is the trigger to execute.
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Figure 1: The relation between the size and the num-
ber of observation (in the case of the short-term mem-
ory which can save 1, 10, 20 and 50 foveated visions.)

In general, the capacity saving the memory differs
according to the tasks. The region of the attention is
controlled according to tasks. The event is the trig-
ger to execute the tasks. The task is executed on the
event while the short-term memory related to the task
is referred. When the task is finished, the short-term
memory image is cleared, and the next task is exe-
cuted.

We explain the algorithm using figure 3. At first,
we explain the algorithm generating the short-term
memory image on the sensory register and the short-
term memory. We explain the algorithm in the sensory
register as shown in figure 3(a).

e RO image is generated from the features gotten in
the receptive field.

e The edge, corner and color features are detected
from the R image.

e RO image, features and the candidates of the next
viewpoint is sent to the short-term memory.

We explain the algorithm in the short-term memory
as shown in figure 3 (b).

e The information of RO image derived from the
receptive field is sent to the short-term memory .

e Short-term memory images based on n value,
RGB value and feature are rewritten by recov-
ering a RO image.

e The pixels are cleared from the short-term mem-
ory image, if the time is over the constant time.

(b)

Figure 2: The viewpoint movements using the shorf:
term memory which saves a image(Upper figure) and
the short-term memory which saves 50 images (Lowt
figure).

e The next viewpoint is defined by evaluating the
pixel density distribution.

Next, we explain the algorithm of the eye movement
based on the task model and the short-term memory
as shown in figure 3 (¢ ). As soon as the event
detected, the task corresponding to the event is exe
cuted. The short-term memory image is generated by
integrating RGB values in the receptive field for theall
tasks using the short-term memory images as showi
in figure 3 (d ). These tasks are designed based on the
object-oriented model. A task is defined as an object
composed of a short-term memory feature image, f
value image, time value image and a event.

5 Evaluations
5.1 Evaluation of the short-term memor:

The region size of the short-term memory chang
by the eye movements as the capacity of the shor
term memory changes. We estimate the capacify
of the short-term memory which can be saved the
foveated images of 1, 10, 20 and 50 viewpoints. Fig-
ure 1 shows the graph that x axis is the number of ejé
movement, and y axis is the capacity of the short-tem
memory. Figure 2 (a) and (b) show the track of the
eye movement generated using the computation mode
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of the short-term memory which can be saved a view-
point and 50 viewpoints. Though the viewpoint moves
inthe small region in figure 2 (a), the viewpoint moves
inthe wide region in figure 2 (b). From these results, it
Bfound that the region of the eye movement changes
by changing the capacity that the short-term memory
@n be saved It is possible to change the attention re-
gon according to tasks by defining the capacity of the
short-term memory corresponding to a task.

5.2 Evaluation of the task model

To realize the eye movement in reading, it is re-
quired that the viewpoint moves to the next word in
the small region and to the next line in the wide re-
gion. We introduce two short-term memories for the
¢je movement in reading in order to change the at-
fention region according to tasks. The task that the
Viewpoint moves to the next word is executed on the
line and the task that the viewpoint moves to the next
line is executed on the end of line. The priority of the
sk that the viewpoint moves to the next line is higher
than the priority of the task that the viewpoint moves
{0 the next word. When the end of line is found, the

To cover a word with the attention region, the at-
fention region is rotated around a current fixation po-

ile attention region with every direction. The edge
density is measured the every direction in the forward

lie current viewpoint is extracted using the regions
ith high edge density in the forward and backward
litection of reading (figure 4(a))and the next word
racted in the forward direction of reading(figure
). If the edge density of the attention region in-
ing the word under the current viewpoint is over
i threshold, the next viewpoint is determined from
Ié attention region covered the next word. If not,
he next viewpoint is determined from the attention
gion covered the next word. The next viewpoint is
dfined from the edge features existed under space af-
I the position which is the first character on the line
found (figure 4(c)). We can find the next viewpoint
om the edge features existed under the first word in
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the current line. If the short-term memory is used, an
eye movement is only required to fined the edge fea-
tures existed under the first word of the current line.
If not, many times of eye movements are required to
find the edge features existed under the first word of
the current line.

We compare the track of the eye movement using
the short-term memory image to the track of the eye
movement not using the short-term memory image in
this experiment. We use By =0, Cm =0 and Ov = 0
parameters to generate the foveated vision. Figure 5
is the example of the text image using the experiment.
Figure 6(a) and (b) show the short-term memory im-
age for the task that the the viewpoint moves to the
next word and to the next line. The short-term mem-
ory and the task model are not used in figure 6(c), but
in figure 6 (d).

In the case of not using the short-term memory and
task model, eye moves to the top of the line step by
step and moves to the top of the next line. when
the viewpoint is on the end of the line, In the case
of using the short-term memory and task model, eye
moves to the top of the next line when the viewpoint
is on the end of the line. The difference between figure
6 (c) and (d) is the number of the eye movement. The
reported human eye movement is not similar to the
eye movement in the former computation model but
similar to the eye movement in the latter computation
model.

We simulate the eye movement in reading the folded
text image to show the result clearly. Figure 7(a) is the
example of the folded image used in the experiment.
Figure 7 (b) and (c) show the short-term memory im-
age for the tasks that the viewpoint moves to the next
word and to the next line. The short-term memory
and the task model in the computation model of the
eye movement are not used in figure 7 (d) but in figure
7(e). Though the difference between figure 6 (c) and
(d) is the number of the eye movement, the difference
between figure 7 (d) and (e) is not the number of the
eye movement but also the track of the eye movement.
The human eye movement is measured using the eye
movement detection machine, while human read the
folded text image shown in figure 7(a). We use EMR-8
made by NAC company to measure it. The measured
human eye movement is not similar to the eye move-
ment in the former computation model but similar to
the eye movement in the latter computation model.

It is easy to generate the computation model of the
eye movement for the new task using the short-term
memories and task model. As a task is defined as an
object in the object-oriented model which composed



of a short term memory feature image, an event, the
n value image and time value image, it is easy to add
and delete a task to the computation model.

6 Conclusions

In this paper, we propose the eye movement in the
computation model based on the short-term memory.
We simulate the eye movement in reading that consists
of the tasks that the viewpoint moves to the next line
and the next word. The eye movement that the view-
point moves to next line is simulated by introducing
the short-term memory image, though the first word
of next line can not be identified in the case of using
the foveated vision because the resolution is too low
in the periphery of the retina.
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Figure 5: Text ﬁnage
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(b)

(d)

Figure 6: (a)The feature image on the foveated vision
for the task that the viewpoint moves to next word
along the line. (b)The edge feature image of short-
term memory for the task that the viewpoint moves
to next line. (c)The track of the eye movement with-
out using the task model and the short-term memo-
ries. (d)The track of the eye movement using the task
model and the short-term memories.
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(b)

(d)

sy Ko
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Figure 7: (a)Folded text image.(b)The edge feat
on the foveated image for the task that the viewpoil
moves to the next word along the line. (c)The edg

the viewpoint moves to the next line. (d)The track:
eye movement without using the task model and

(f)The result measuring human eye movement.



