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ABSTRACT

We have proposed a view-sharing system where two distant
people can share their views by mixing or exchanging images
captured by head-mounted cameras with HMD. Our final goal of
the system is to share spatial perception and to transmit skills
from one to another. To realize such a transmission, there are two
problems such as a narrow field of view (FOV) of HMD and
shaky images due to inconsistent motions between two. To
overcome these problems, we propose wide-FOV video-see-
through HMD and stabilizer function of images to maintain
spatial perception. Our proposed method is evaluated by the
spatial recognition task under CG environment.

KEYWORDS: Remote cooperative work, view sharing, spatial
perception

INDEX TERMS: H.5.1 [Information Interfaces and Presentation]:
Multimedia Information Systems - Artificial, augmented, and
virtual realities

1 INTRODUCTION

By extending the rotobot-human telexistence[1] technology to
human-human situation, we are developing an environment where
a skilled person, who actually exists at a different place, can work
with high quality on the ground instead of non-skilled person. The
skilled person feels as if he exists at the place and work there. The
non-skilled person can show high-quality performances with the
skilled person’s help. In order to realize such a telexistence
environment in human interactions, remote communication
technologies exploiting sense-motion sharing is proposed.

In the field of computer supported cooperative work,
human-human collaborative interactions between two distant
people has been studied. However, most studies only pay attention
to how visual information should be presented or shared without
considering the viewpoints. For example, to simplify
collaboration and increase effectiveness, Kuzuoka et al. [2][3] and
Fussel et al. [4] developed similar shared-view video support
systems where a worker’s view is captured by a head-mounted
camera, but the captured images are displayed to an instructor on
a monitor on a desk. The instructor can see the worker’s view, but
the perspectives are not consistent. The inconsistent perspectives
require the user (instructor) to consciously interpret from the
displayed images such situations as the worker’s movements and
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the spatial relation among objects and the worker. On the other
hand, a consistent perspective induces an immersive experience
and the feeling of presence, and users can unconsciously
understand the surrounding environments.

We have a developed view-sharing system to share the first-
person perspectives between remote two people[5]. The system
consists of a head-mounted display and cameras, which realize
video-see-though. The users wearing the video-see-through HMD
can see his own and the partner’s view and also send his own
view to the partner. The sharing system has been applied to a skill
transmission and learning task. However, there are two following
problems in the system that may make the performance of the
system for sharing senses and motions less.

One is that the displayed view swings regardless of his own
motion because the view is captured on the basis of the partner’s
motion. The discrepancy between motion and visual information
causes breakdown of user’s embodiment, which makes it difficult
to maintain proper spatial perception such as positional
relationship between an object and a world, a recognition of
posture with which the partner see the view, the relationship
between his own and a world. This problem can be overcome by
giving the sender’s both motion and visual information to the
receiver to maintain the coherence between them in the receiver’s
situation. By realizing an interface device that supports the
receiver to follow the sender’s motion and that displays the flow
of images in response to the receiver’s actual motion, the
embodiment or coherency between motion and visual information
can be maintained and the proper spatial perception can be sent to
the receiver.

Another problem is a narrow view angle. The conventional
video-see-through HMDs do not equip enough view angles
compared with our naked eyes. It is shown that wider view angles
improve the immersiveness to the view and abilities of spatial
perception and searching in a space[6][7]. A new design for
video-see-through HMD with wider view angles resolve lack of
the visual information in the view-sharing system.
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Figure 1. The concept of view-sharing system.

In this paper, we propose a spatial stabilizer of flow of views on
a video-see-through HMD with wide view angle to overcome
these two problems. The effect of the spatial stabilizer and view
angles are tested and evaluated by the performance of
communication of spatial perception from one to another.

2 VIEW SHARING SYSTEM

In this section, system arrangement and construction will be
described. Here, we assume the situation such as scene of an
accident for example. Our concept is that the bystander performs
the emergency treatment according to the expert’s direction
transmitted from other place.

As shown in figure 1, two users wear the video-see-through
HMDs at the different places. The left user (a) is a doctor who can
direct the emergency treatment, and another (b) bystander is
layperson who actually executes it under the instruction of
expert’s direction.

The expert, who has knowledge of techniques for the
emergency treatment, is not on site, uses the view sharing system
to understand conditions of the injured person and the
environment, and then the expert directs the bystander. The
bystander achieves cardio pulmonary resuscitation, for example,
the cardiac massage. Bystander can execute the cardiac massage
with precision by receiving the instruction of cardiac massage;
the posture, the position to put hands, timing, etc. in real time.

The purpose of this system is to transmit the vision and motion
between the users. For expert user, in order to provide the
bystander user with precise direction, sharing first person view is
important. Because sharing first person view helps expert to
understand situation in the site of bystander’s place with accuracy,
such as spatial relationship of bystander and injured person,
furthermore the notice what is within arms' reach are required.

The exact correspondence of viewpoints is required for our
purpose. In our previous research, using VST-HMD with the
precise correspondence of viewpoints improved the work
performance and spatial perception.
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2.1 The procedure of view sharing

The image that captured by the expert’s camera is transmitted to
the bystander's HMD, and the bystander user can share the
expert’s viewpoint. The spatial perception is strongly related with
ones the head posture. Therefore, correspondence of head postures
between the bystander and expert is required. As shown in figure
2(a), the expert turns his head left to instruct the bystander to turn
left, and the images are send to the bystander’s eyes. Here, the
image seen by bystander is not corresponds to the bystander’s
head posture, therefore the bystander may not understand the
spatial information from the image with accuracy. The bystander
has to follow the movement of shared image, to correspond to her
head orientation. Finally, in figure 2(b), the bystander turns her
neck left.

2.2  Tracking support by guide markers

In order to follow the other user’s head motions, a Tracking
support using guide markers is introduced. In figure 3, two
markers are in front of the user, (A) is fixed in front of the user, it
means posture of user’s own head. Another one (B) is target
marker, and it means partner’s current head posture. Therefore,
the positional relationship between center marker (A) and target
marker (B) reflects the positional relationship between the user
and the partner.

The user has to follow the target marker by moving head. When
the both marker are aligned, the user and partner’s motion are
successfully corresponding.
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(a) The expert moved and the image is send to the bystander’s
eyes.

)
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(b) The bystander moves following the expert, and the bystander‘s
orientation corresponds to expert’s. It means the expert’s direction
is transmitted to the bystander.

Figure 2. The overview of the view sharing and motion tracking.
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Figure 3. Positional relationships of guide markers.

3 PROPOSED METHOD

3.1 Target tracking in the other user's view

It is difficult for the user to track the marker in the partner’s view,
because during the users are moving, the image provided to the
user do not respond the head motion. Ordinary, one's view as the
background and its optical flow is an important cue of one's
faculty of orientation during head motion. In this system, the
background that is not correspond the user's head motion makes
the user feels the scene is wobble or disoriented. Finally, the user's
head movement is disturbed. The shaky images due to
inconsistent motions between two must be eliminated.

3.2 Spatial Stabilization

If the user can track with precision to the other user's vision
corresponds to the user's head motion, the user can recognize the
other user's view as own background naturally. But the perfectly
corresponding is difficult. The background image that does not
correspond the user's head motion gives the user a disturbance in
task. the shaky images due to inconsistent motions between two
must be eliminated. In this section, the method for eliminate and
stabilize the background will be introduced.

The stabilization technique is sometimes used in the field of
tele-robotics[8] where the camera image attached on the mobile
robot is need to be stabilized.

In following section, we introduce the two methods named
"Image stabilizer" and "Timeline stabilizer."

3.2.1 Image stabilizer

The function named "image stabilizer" that transforms the image
to generate the nearest image to the correct one. The function
slides, warps and rotates the partner's camera image according to
the relative position and orientation between the user and the
partner in real time. The concept image is shown in figure 4.
Image stabilization is implemented using OpenGL functions, such
as texture mapping. In actuality, the image stabilizer is
implemented as the transformation of texture coordinates by
following matrix,

(Fx M x W x 7"')—l )

Here, M,F,W,T are 4x4 matrix. M is the user's eye's position and
orientation, W is the partner’s, and F is projection matrix
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expresses camera parameters, T is the translation matrix means
the distance to assumed attention subject. the process is performed
for the right and left eyes individually.

Warped image

AN

HMD view frame

(a) Captured image (b) User’s view

Figure 4. Method of image stabilization.

3.2.2 Timeline Stabilizer

Previous image stabilize function is a pseudo elimination of the
image shaking derives from the users' head rotation, but not
positional movement.

"Timeline stabilizer" method supports pseudo compensation of
positional movement of user’s viewpoint. The function stocks the
another person’s view in the memory as a series of images, and
the system select one image that is taken from the position nearest
from the user's current viewpoint. The timeline stabilization is
effective when the user (bystander) follows the partner (expert) on
the similar path.

Timeline stabilization is implemented using OpenGL, the stereo
pair images of another person's camera is to be memorize on the
graphics hardware, and rerated motion data is stored with it. The
images of latest four seconds are stored, and older one are deleted
sequentially, namely 240 pairs of images are kept in the video
memory. Second, the user's current position is measured, and then
the system finds the nearest one from the stored position data, and
a pair images linked to the position is selected. Third, a spatial
stabilization filter is processed on the selected pair of image, and
finally, the image is shown to the user.

3.3  Wide field of view VST-HMD

To solve the second problem; the narrow FOV, the VST-HMD
with wider FOV is discussed. The conventional VST-HMD we
have developed is based on eMagin z-800 head mounted display
that has horizontal 32 degrees and vertical 24 degrees field of
view.

We are developing a wide field of view video see-through
HMD. It is based on the Sensics piSight head mounted display in
figure 5(a), and the cameras positioned around the display unit.
The optical design is shown in figure 5(b). The piSight we used is
binocular stereoscopic, wide FOV HMD, the display consists of 6
LCD panels and has 2400x1200 pixels(including overwrapped
areas) and provides approximate horizontal 90 deg., and vertical
45 deg. field of view for each eyes.

The cameras are Firefly MV (Point Grey Research), the
cameras are positioned optical conjugate point. The eye and the
camera are located optical conjugate point, thus the camera takes
the image placing the user's eye position. And the view angle of
camera is horizontal 90 deg., and vertical 45 deg., covering the
field of view of piSight.
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Figure 5. The wide FOV VST-HMD.

4 EXPERIMENT

Experiments have been performed to evaluate our proposed
method. In the experiments, we measure accuracies of spatial
perception in a situation where a subject sees the partner’s view
and has to understand the partner’s space. It means that the view
basically flows in response to the partner’s motion. In such a
situation, it is evaluated how accurate subjects can perceive the
relative position between objects placed in a virtual space. The
objects are drawn by CG. The marker in the view is displayed to
show the partner’s head motion and the subjects follow the marker
and understand the space in the flow of images.

The following conditions are examined in terms of view angles
and use of the spatial stabilizer. There are two conditions for the
view angles such narrow and wide. The view angles are shown in
Table 1. The narrow view angle is set according to the
conventional video-see-through HMDs and the wide view angle is
based on the pi-Sight.

Table1: View angle condition(per one eye).

Narrow condition Wide condition
Display FOV Horizontal 32° Horizontal 90°

Vertical 24° Vertical 45°
Camera FOV Horizontal 40° Horizontal 90°

Vertical 30° Vertical 45°

There are two conditions for the spatial stabilizer such as on
and off. The stabilizer makes the flows of images stable by
calculating the images captured by the head-mounted camera in
the virtual space.

The camera FOV is 40° x 30° in narrow condition, and 90° x
45° in wide condition. When the condition is narrow and
stabilizer-off, only 32° x 24° area of FOV is displayed on HMD.

In order to control the conditions, the only piSight is used for
the head-mounted display in the all conditions. In the narrow
conditions, the display area is reduced to the narrow view angles.
The examples of the views are shown in Fig. 6.
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Figure 6. The virtual space represented to the user.

Throughout the experiments, Polhemus electro-magnetic
position and rotation sensor, Fastrak, is used to detect the head
position and motion of subject. In stabilizer-use condition, this
head motion information is used by the image stabilizer and the
timeline stabilizer to make the images stable.

4.1 Task

There are 4 pairs of colored cylinders in the virtual space. The
different pairs have different colors, i.e. 4 kinds of colors. The
cylinders are placed annularly. The only single pair of them is
placed coaxially as shown in Figure 6(c). It is yellow pair in the
example. The subjects are required to answer which colored pair
is placed in coaxially after following the maker which represents
the partner’s head motion. The partner’s motion is generated as
looking-around motion in which all cylinders are passed in the



images at least once and the average speed is set to 25 degrees/sec.

All trajectories are different. The background is triangle mesh
pattern of "geodesic dome". The pattern is designed as a
homogeneous pattern that doesn’t have absolute horizontal or
vertical cues, but gives the user a feel of optical flow to
understand the partner’s head orientation

4.2 Results

In the experiment, four young male adults participate in the
experiment as subjects. We performed experiments 10 times for
each condition. It means that the total number of experiments is
40. The orders of conditions are randomly determined. The
percentage of right answers was recorded as a performance. The
results are shown in Figure 7.

Two way ANOVA (alpha-level = 0.05) shows statistically
significant main effects of view angle (F(1,3)=32.0, p<0.05) and
image stabilization(F(1,3)=14.4, p<0.05). The interaction between

view angle and image stabilization was not statistically significant.

Namely, the results show that wide view angle and our proposed
stabilizer increase the rate of right answers in the task.
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Figure 7. Experimental result.

5 DiscussIiON

Our results show that the wide view angle improves the spatial
perception in a situation where the images flow in response to the
partner’s motion. The reason of the improvement would be that
the subject can see the cylinders relatively longer in the wide view
angle condition and can see the wide area of the background,
which makes it easier to understand the relative positional
relationship between the objects and the background. Another
reason will be that the wide area of the background helps to
predict the partner’s head motion from the flow of images.

The stabilizer could also improve the spatial perception. Even
in the wider view angle condition, without the stabilizer, the
subjects tend to mis-perceive the position of objects since the
discrepancy between flow of images and their own motion occurs.
When using the stabilizer, the coherence between motion and flow
of images is maintained even if the subjects could not follow the
partner’s motion marker. Thus, it is considered that the subjects
can correctly answers in the task.

In addition, it was shown that the stabilizer function and the
wider view angle are compatible and produced the best
performance. Even if the view angle of HMD is narrow, the
stabilizer has effect to the spatial perception for view sharing
system. This could be an important design principle to develop the
view-sharing system.
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6 CONCLUSION

In this paper, we proposed image stabilizer function which makes
the sender’s image flow stable for the receiver. The image flow is
controlled according to the receiver’s head motion. We
investigated the effect of our proposed stabilizer function and
view angles in the spatial perception task sent by the partner.
From the results of our experiments, it was shown that the view
angle is crucial to perceive the positional relationships between
objects in the partner’s image flow and that the stabilizer function
could compensate for the gap of ability of spatial perception
between narrow and wide view angles.

For the future work, the number of subjects needs to increase to
clarify the significant difference between conditions. The effect of
our proposed method in real space also needs to be shown.
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