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Abstract

Foveated vision has the big advantage of exhibiting a
wide field of view, along with a high resolution fovea.
However, in the case of using optical flow, foveated vi-
sion has one demerit. The demerit is a concentrate of
optical flow. For foveated vision, an object moves almost
only around the center of the field. In this paper, we sug-
gest how to segment motion of some objects, and how to
discriminate a hand and another object. In the future,
the method we suggested may be useful for recognizing
human actions by foveated vision.

1 Goal of the research

We use foveated vision in biometic vision research be-
cause foveated images exhibit a wide field of view, along
with a high resolution fovea.

S.Rougeaux and Y.Kuniyoshi have investigated ro-
bust tracking vision, which doesn’t need any prior knowl-
edge of the targets shape or texture.[1] They used a high
performance active binocular camera head named 'ES-
CHeR’, which can move very quickly and has foveated
wide-angle lenses. Unfortunately this tracking vision
pursues only one target. If two moving objects are in
sight, this tracking vision selects one target only, and
the other object will be ignored. For ESCHeR’s lens
characteristic (see the section ’ESCHeR’), optical flow
is generated more, near the center of the field. We would
like the tracking vision to memorize this ’other object’,
and sometimes saccade to see it.

In achieving the first step of a framework for com-
puter vision which recognizes human actions, we have de-
signed and implemented a vision system which pursues
a hand, with the ability to memorize multiple targets’
position as an additional function to the vision system of
ESCHeR (see figure 1). This function is summarized as
follows:

The system uses optical flow of images from a cam-
era, and some template hand lmages as a priori knowl-

edge of target.

1. Optical flow is computed using a method proposed
by Lucas and Kanade(1981). IIR recursive filter is
used for the progress of accuracy.

2. 1n order to select a region which represents princi-
pal flow, this flow field is inputed into a competitive
learning network.

3. The gazing direction is computed based on the re-
sult of process 2, and memorized. Therefore, the
camera can gaze at each point.

[l

. BSCHeR saccades to see each object vividly, and
the object images are cropped in order to be com-
pured with the template images using PCA, etc.

In order to think about the problem simply, we
don’t consider the following cases. For example, in the
case that two objects move together in the same location.
These two objects are regarded as one object by our sys-
tem. Or in the case that one object moves around the
center of the field, and the other object moves around
the periphery. In this case, the periphery object’s flow
would be suppressed by the center object’s strong flow.
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Figure 1: image figure: there are two moving objects in
the sight of ESCHeR. One object may be pursued, and
the other may be memorized.
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2 ESCHeR

The design of ESCHeR|[2]{Etl Stereo Compact Head for
Robot vision) has been mostly inspired by the properties
of biological visual systems. It has four DOFs: four DC
motors for left and right vergence, and a common tilt
supported by a common pan (figure 2). It can perform
motions with peak velocity and acceleration comparable
to human capabilities(400 deg/s for vergence velocity).

Figure 2: ESCHeR: a high performance stereo camera
head(left) with foveated wide-angle lenses(right).

The most outstanding characteristic of ESCHeR
however lies in its foveated wide-angle lenses[3],which ex-
hibits a wide field of view(~120 deg), along with a high
resolution fovea (~20piz/deg) for facilitating both detec-
tion and close observation. The role of ESCHeR in this
research is to exhibit a very wide field of view, with a high
resolution target image, and smooth target tracking.

3 Competitive learning network

In this research, we use a competitive learning
network[4]. Figure 3 is a model of a competitive learn-
ing network, implemented with an inhibition connection.
Each unit inhibits all other units. The learning process
is done according to the following formula:

40 =6 [ A -1+ SaE-1 - 22 A1)

ties
(1)
where ¢ is a time(for example, t = 0,1,2,...), 4;(t)
is an activity level of each unit on the time t. c and d are
the small constants (< 1.0), M is the summation of the
activity level of all the units in the competitive layer, G is
a transmission function which has 0 and 1 as the limited
value(gain is 1). In this model, time goes stepwise. The
function G has a form indicated in figure 4.
The role of competitive learning network in this re-
search, is suppressing noisy flow, and making principal
flows concrete around the center part of the object.

Competitive
layer

Figure 4: The ramp function G(z)

4 Image discrimination by PCA

In order to find a hand, we use some template images(of
course, shot by ESCHeR) and PCA[5].

e Make matrix X from intensity of template images.
(2)

where x; = (z1z2...2,)T is a vector of a hand
image.

X = [x1XzXs ... Xny]

® Reduce dimension of template images by PCA.
And memorize translation matrix A.

Y =XA (3)

¢ Process the images(W) which can be discriminated
by matrix A, and discriminate by the distance from
average of template images.

V=wA (4)

d=+(B— 1)’ +(Br —a2)?+ - + (Bay — any)?
(%)

where a; is an average of each column of matrix Y,

and f3; is an average of each column of matrix V.

The size of template images are 10[pizel] x 10[pixzel],
If we prepared 80 template images, we can make 100 x 80
matrix. The images which detected as moving objects
will be reduced to 10[pixel] x 10{pizel] size before discrim-
ination. And we use 25 percent of the obtained principal
compounents to discriminate.

In order to show the role of PCA, we describe
some figures. Figure 5 is template images of a hand.



Hand forms are, peace sign, closed, ” Inaka Chok?’ !, and
opened. We prepared 20 template Luages ou each form.
The size of these images are 32{pizel] x 32{pixel].

Figure 6 is the images of the principal components
obtained by PCA. These images are sorted from first
to last principal component, from upper-left to bottom-
right. ‘he higher principal components have almost no
information. To discriminate, we use the first two rows in
this figure. From these figures, we can sec that PCA has
succeeded extracting form characteristics of hand images.
For example, the 1st principal component is an opened
hand, and the 2nd principal component is a closed hand.
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Figure 5: Template images of hand
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Figure 6: The images of principal components
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5 Experiment and results

We describe a result of simulation , to show how to im-
plement a system in recognizing multiple targets.
The simulation is summarized as follows:

1. Prepare a pair of source images captured by ES-
CHeR that are contained in a continuous frame.

2. Calculate optical flow and each flow power with
Lucas and Kanade method.

3. Input each flow power into the competitive learning
network.

4. Calculate the averages of the flow vector in each
block of flows. And record left, top, right and bot-
tom points of each block.

5. Calculate gazing direction for each detected object.
6. Make ESCHeR, saccade to see each object vividly.

7. Crop object images, and compare with some tem-
plate images by PCA, etc.

At this time, we have omitted process 6, and im-
plemented processes 1 to 5, and also 7. Accordingly, at
process 7, we used detected images from process 5 in-
stead of the obtained images for process 6. There are
some ways to crop images, we cropped images rectangu-
lar. To make ESCHeR pursuit a hand, we implemented
a masking process as the next step. In this process, the
source image is masked, except for the part which is most
similar to a hand, based on the result of PCA.

Figure 7 is a result of the object detecting simula-
tion. Figure (a) is the source image. ‘I'he source images
are scenes of a hand and a rubik-cube going up and down.
(b) indicates the estimated optical flow. From this fig-
ure, we can see that estimated flow field contains many
noisy flow. (c) indicates the inhibited flow by compet-
itive learning. From this figure, we can see that many
minor flows are inhibited by competitive learning. (d)
indicates the block of flows. This figure indicates flow
generating points only. Points’ intensity are the same,
although the flow powers are different. The value c and
d of a competitive learning are (.7 and 4.015. ‘L'he learn-
ing is done for 50 times on each frame. (e) indicates the
detected areas as a moving object. Circles in this figure
indicate detected area. (f) is the masked image except
for the part which is most similar to hand. Judge of the
similarity is based on the result of PCA.

From the result, we can understand that this system
detected a hand and a rubik-cube as moving objects.
From the figure of masked images, we also understand
this system succeeded in detecting the location of a hand.

6 Conclusion and future work

In the process of the whole system, we implemented the
part of processing flow, detecting objects, and discrim-
ination of detected objects. By this system, foveated
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Figure 7: Result of experiment: {a) is a source image,
and (b) indicates the estimated optical flow. (c) indicates
the inhibited optical flow by competitive learning, and
(d) indicates the flow generating points. (e) indicates
the detected areas as a moving object, and (f) is the
masked image except for the part which is most similar
to hand.

vision is able to find the moving object, not only at the
center of field, but also at other position. Our sugges-
tion succeeded to segment motion of some objects, and
discriminate a hand and another object.

There are some future works.

e Putting to the real machine and the real time pro-
cessing
We have experiment without real time processing
at this time, thus having a real time experiment
with real machine is the one of the future works.
Especially, we have to realize the process 6 {see the
section 'Experiment and results’). We will also
think about processing speed, accuracy, and so on.

¢ Tuning of competitive learning
At this time, the parameters of competitive learn-
ing are determined experimentally. In future, it
might be improved to determine the parameters
systematically.

e Application of ICA
ICA (Independent Component Analysis) is known
as one of multivaridte analyses. This method is well
known as a method of measurement of brain such
as MEG or EEG. By this method, we expect that
the accuracy of discrimination will be improved.
We think about using ICA in addition to PCA.

In the future, this research will be developed to rec-
ognize human actions.
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