Distance Learning En vironmen t based on the

In terpretation of Dynamic Situation of Lecture Ro om

Michihiko Minoh and Y oshinari KAMEDA

Center for Information and Multimedia Studies

Kyoto Universit y

e-mail: minoh@media.kyoto-u.ac.jp, kameda@media.kyoto-u.ac.jp

http://www.imel1.kuis.kyoto-u.ac.jp/

Abstract

Based on the research of CDV pro ject, we are constructing a distance

learning environment which will b e in practical use. The purp ose is to ev aluate

our imaging metho d, particularly the dynamic situation, in the context of the

distance learning and to improve the metho d. Practical problems are also

discussed.

1 Intro duction

People usually gather together and do v arious activities in a certain �xed space. F or

instance, there are conferences, amusement events such as sp orts and concerts, lectures

in schools, and business activities. It is technically b ecoming p ossible to watch or even

participate in such an on-going activity from a remote place thanks to the p ower-up of

computers and sp eed-up of the transmission lines.

When a p erson in a remote place participates in such an activity

, he/she will enter a

kind of information media environment. Users not only watc h ob jects in the real space

but also obtain related information ab out them in the information media environment.

The synchronized virtual space is a space which re ects the changes of the geometric

and photometric information of the real space. Since the real space changes in real-time,

the synchronized virtual space has to change accordingly

. The only di�erence b etw een

the real space and the synchronized virtual space is the time delay which is caused by the

transmission and pro cess of the data in recovering shap e and surface information of the

ob jects.

It is not necessary to construct the synchronized virtual space completely to construct

the information media environment. Conceptually

, consider one axis one end of which is

the real space and the other end is the synchronized virtual space (Figure 1). Between

these two spaces, there exist many spaces which are mixture of these tw o spaces. In other

words, there is a seamless transition from the real space to the synchronized virtual space.

Video image is considered to b e a useful medium of the information media environmen t

and is suitable to convey visual information of what happ ens in the real space. In this

283

284 Third Int. W orkshop on Co op erative Distributed Vision

Figure 1: Information media environmen t

pap er, we fo cus on the video image generation of these spaces. F or the synchronized

virtual space, it is relatively easy to realize the function b ecause we can put virtual

cameras wherever we like. Howev er, for the real space, it is di�cult b ecause the camera

lo cations are �xed and restricted. When the information media environment is presented

to the users with the video image, active video cameras are used to observe the target real

space. The cameras are set to surround the target real space to sense the activities and

can change their direction and zo oming parameter dynamically

. One of the interesting

topics in our research is how to control the cameras and generate interesting video for the

users.

W e set a lecture ro om in the Kyoto university as the target real space. This has two

reasons. One is that the activities in the real space are relatively simple, though we hav e

many p eople there. The other is that lecture is one of the most imp ortant activities in

the university

, and there is a strong request to watc h a lecture from remote places.

2 Imaging metho d based on dynamic situation

2.1 Imaging framework

Video image is considered to b e a typical presentation media and is suitable to conv ey

visual information of what happ ens in the real space. Video cameras are set to surround

the real space to sense the activities and can change their direction and zo oming parameter

dynamically

. Therefore, dynamic camera work is a key issue in our research.

F ormulated camera works in movies[1] and computer supp orted movie makers[2][3] hav e

Third Int. W orkshop on Co op erative Distributed Vision 285

b een prop osed, but they assume that screenplays or sho oting scripts are given in advance

and they do not supp ort live camera control. As our case do es not allow us to hav e such

scripts, we use concept of dynamic situation instead.

A dynamic situation is a description of what happ ens in the real space. Therefore, an

activity is describ ed by a sequence of the dynamic situations. The dynamic situation is

linked to the camera works in imaging rules, and is describ ed by situation features derived

from sensor data, i.e. video images, as is shown in Figure 2. Camera works and situation

features are mentioned in detail in the later section.

Figure 2: Imaging framework

2.2 Dynamic situation

A dynamic situation is the key concept for the video imaging. It indicates a status of the

real space at a time and is de�ned by the strategy of

� what kind of video is desired

� how it is generated

Hence it dep ends on the activities or the contents.

The dynamic situation is represented in two ways; the symbolic representation for the

user and the feature representation for the system. The user takes adv antage of the

symbolic representation, while the system takes adv an tage of the feature representation.

T o have a mapping b etw een the two lay ers is a typical pattern recognition problem.

286 Third Int. W orkshop on Co op erative Distributed Vision

In the symbolic representation, the dynamic situation is describ ed by a set of actions of

the active ob jects. A description of one action is called action comp onent and is denoted

by A-comp onent for short.

On the other hand, in the feature representation, the dynamic situation is de�ned by

the combination of the features extracted from the sensor data. W e call these features

situation features.

2.3 Symb olic representation of the dynamic situation

An A-comp onent is a symb olic representation of the dynamic situation and consists of one

active ob ject, one verb, one target ob ject, and supplemental target ob jects. The active

ob ject is a dynamic ob ject. The verb describ es what the active ob ject do es. Both target

ob ject and supplemental target ob jects are ob jective to the verb. Whereas a target ob ject

can b e sub jective, supplemental target ob jects could not b e sub jective, i.e. static ob jects.

On describing the A-comp onents, one A-comp onent that has b oth an active ob ject and

a target ob ject could b e written in either way; in the active form or the passive form. T o

avoid confusion, we prohibit describing the A-comp onent in the passive form.

F or example, in the case of lectures in the lecture ro om, the A-comp onents are listed

in T able 1. The A-comp onent ID 1 and 2 should b e written in active form. A ‘student

group’ in T able 1 consists of several students who are sitting in a certain part of the

lecture ro om.

T able 1: A-comp onents

ID active ob ject verb target ob ject supplemental target ob ject

1 lecturer talk whole students -

2 lecturer talk whole students blackb oard

3 lecturer write - blackb oard

4 student group b ecome active - -

5 student group stay calm - -

2.4 F eature representation of the dynamic situation

The dynamic situation is also describ ed by the situation features. F eature extraction

metho ds would di�er if the activities in the real space are di�erent. The extraction

metho d of the situation features must not a�ect the human activities in the real world.

Third Int. W orkshop on Co op erative Distributed Vision 287

Therefore suitable sensors are image sensors and voice sensors. As the dynamic situation

v aries in real time according to the activities, the situation features should b e extracted

in real time.

With resp ect to the lectures, we use three kinds of situation features; lecturer’s lo ca-

tion, lecturer’s voice level, and activ ation degree of student group. The situation feature

description of the dynamic situation de�ned in T able 1 is shown in T able 2.

T able 2: Situation features and dynamic situations

Situation Lecturer Lecturer Lecturer Student Group

ID Lo cation Direction V oice Level Activ ation

1 - student p ositive -

2 - blackb oard p ositive -

3 blackb oard blackb oard - -

4 - - - p ositive

5 - - - zero

2.5 Camera control metho d

A camera work describ es how to image an ob ject at a time. It consists of three �elds;

lab el of an ob ject, direction, and range.

w (obj ectl abel ; dir ection; r ang e) (1)

Direction �eld indicates the relation b etween the direction of the ob ject and of the camera.

Note that it implies the camera lo cation which are assumed to b e �xed. Range �eld tells

the size of the ob ject in the image.

W e adopt eight directions and �ve discrete range v alues. See Figure 3 and Figure 4.

2.6 Imaging rules

An imaging rule is a set of functions which map a dynamic situation to camera works.

Hence, the imaging rule I consists of tw o-tuples, A-comp onent and camera works. The

A-comp onent includes several ob jects and the camera work is designed for only one ob ject.

Therefore, each A-comp onent generally has a set of camera works.

Changes in the real space are detected by the sensors, and the situation features are

extracted. Referring to the feature level representation of dynamic situation, i.e. situation

features, the dynamic situation is detected.

288 Third Int. W orkshop on Co op erative Distributed Vision

Figure 3: Direction of camera work

Figure 4: Range of camera work

Let us explain by an example. Supp ose the imaging rule I is like T able 3 against the

A-comp onents shown in T able 1. The empty rows in the T able 3 mean that the ob ject

(lecturer of the A-comp onent No.3 for example) is not necessary to b e imaged even if the

corresp onding A-comp onent is detected.

When the A-comp onent No.1 and No.4 are detected in the real space by estimating

the situation features at time t, the imaging rule I (t) that consists of three camera works

w

1

; w

2 and w

8 in T able 3 b ecomes active and at least one camera work is realized.

There are three ways of who decides the imaging rule.

� T ransmitter: A Certain imaging rule is de�ned by a director who can transmit the

video streams.

� Receiver: A user can request the imaging to b e received. In this case, the user has

to write the imaging rule he/she likes. In the information media environmen t, many

users can request his/her own imaging at the same time as is realized in MUL

VIS[4]

(Figure 5).

� System designer: The designer de�nes some even ts to b e imaged, if the activities

are simple enough and the wa y of the imaging is �xed. F or example, if only the

moving ob jects are considered to b e interesting, they are imaged.

Third Int. W orkshop on Co op erative Distributed Vision 289

Figure 5: MUL VIS

Since the way of imaging dep ends on the activities to b e imaged, we hav e to �x an

activity and analyze it.

T able 3: An example of imaging rule

A-comp onent ob ject camera work

1 lecturer w

1

(lecturer, front, closed shot)

whole students w

2

(whole students, front, full shot)

2 lecturer w

3

(lecturer, front, full shot)

whole students w

4

(whole students, right front, full shot)

w

5

(whole students, left front, full shot)

blackb oard w

6

(blackboard, front, full shot)

3 lecturer -

blackb oard w

7

(blackboard, front, full shot)

4 student group w

8

(student group, right side, medium shot)

5 student group -

290 Third Int. W orkshop on Co op erative Distributed Vision

3 Distance learning system

3.1 Concept of the distance learning system

Distance learning system is not only the system for audio/video transmission as is adver-

tised widely but also includes conten ts, lecture, video imaging, presentation and students

supp ort system. There is a layer structure in the distance learning system as is shown in

Figure 6. The low est lay er is network layer. The netw ork has to assure data transmission,

particularly streaming video data transmission. It includes enco ding and deco ding the

video data, IP routing or PVC/SV

C on A

TM, etc..

Figure 6: Lay er Structure

Ab ove the network layer, we hav e system layer in which the video imaging system, pre-

sentation system and student supp ort system exist. The video imaging system hop efully

works automatically

, while the presentation system has to b e op erated by the lecturer.

The key issue of the presentation system is the synchronization of the op eration among

the classro oms. The student supp ort system is op erated by the students b efore/after

the classes. Conten t display ed in the b oth presentation and student supp ort systems is

supp osed to b e in the form of the digital multimedia data and presented by the computer.

How to make the conten t is very imp ortant from the viewp oint not only of the academic

but also of the business.

The top layer of the distance learning system is the real lecture, a kind of communication

b etween the lecturer and the students. The communication is via electric media so the

style of the lecture and the way of teaching have to b e changed accordingly

. This problem

is considered to b e imp ortant in the �eld of communication and/or education.

Third Int. W orkshop on Co op erative Distributed Vision 291

The whole class must b e op erated by a lecturer in the classro om as the ordinary

, not

distance learning, class do es. In any case, this strategy has to b e held to design the

distance learning system technically

. Among the systems in the system layer, the video

imaging system has to b e autonomous and to hav e a kind of intelligence. In other words,

the system has to recognize what happ ens in the classro oms and control the cameras

accordingly

. In this context, we will consider the video imaging system.

Here, we assume the distance learning system with tw o classro oms, which have the bi-

directional single video transmission facilities with CODECs and a synchronized presen-

tation system. Each classro om has the video imaging system with several pan/tilt/zo om

controllable cameras, with two pro jectors and an electric blackboard as is shown in Fig-

ure 7.

Figure 7: Equipment in one classro om

4 Video imaging in the distance learning system

The camera system is designed for the purp ose to realize easy to use distance learning

system. T o pro duce cinemas and TV dramas, many p eople are inv olved in general. Con-

sidering the situation of universities, it is almost imp ossible to assign a camera man to

each class in order to image the class unless it brings the universities a lot of pro�ts.

Though automated camera system may not pro duce b etter video than human op erators,

it is worth imaging the classro om automatically b ecause the lecture is rather static from

the viewp oint of camera control.

292 Third Int. W orkshop on Co op erative Distributed Vision

In order to sho ot a lecturer and students in a classro om at the same time and select one

video camera that is suitable to send to the remote classro om, the system should know:

"Which ob ject is to b e shot now ? And how ?"

Because this is based on a dynamic situation in the classro om at that time, then it

should know: "What kind of situation is now ?"

In this context, we will divide the cameras in the classro om into tw o categories; observ-

ing cameras and sho oting cameras. The observing cameras are to obtain the situation

features for discriminate the dynamic situation, while the sho oting cameras are to generate

the video streams for the remote users to watc h.

In the distance learning system, the situation features are de�ned as follows.

� Lo cation of the lecturer

� Lo cation of active students

These lo cations are estimated by computer vision technique. The lecturer is detected

in the image by checking motion region in the video images. Then, the lo cation of the

lecturer is calculated with single camera by intro ducing the constraint that the lecturer

always lo cates on a certain plane in the 3D world and by giving the camera parameters

of lo cation, direction, fo cal length, screen asp ect, and so on in adv ance. The lo cation of

the active students is also estimated by almost the same approach.

F or an example, we can de�ne a dynamic situation which represents "The lecturer is

talking to the students" by the parameters like:

� The lecturer is close to the teacher’s table

� The students are calm (No active students found)

After the dynamic situation is obtained, the system controls the pan/tilt/zo om v alues

of the cameras in order to sho ot the ob ject. W e have develop the metho d to declare the

way of camera control linked to the detected dynamic situation[4].

Since we hav e several sho oting cameras all of which generate the video streams, the

system has to select one video stream to the CODEC, which is transmitted to the remote

classro om. As the system knows the p osition of the lecturer and the cameras, the geo-

metric relation and the present camera parameters will give the key to select one video

stream. Also, the duration time of the sp eci�c video stream may b e the key as well. With

these keys, the system selects one video stream and send it to the CODEC.

In practical case, we avoid the pattern recognition problem. Instead, the dynamic

situation is de�ned by the situation features of the lo cation. These lo cations will b e

calculated automatically . T o cop e with the estimation error of the lo cation, the sho oting

Third Int. W orkshop on Co op erative Distributed Vision 293

cameras do not zo om in so muc h. In the real environmen t, we do not have a blackboard

in the classro om, so the dynamic situation b ecomes very simple. In the implementation

of the practical system, simpler way is considered to assure the reasonable imaging than

the b est video imaging.

4.1 Automatic Camera Control Metho d

The observing camera is like an human cameraman’s naked eye. Its role is to follow the

target ob ject to sho ot. The cameras for this function usually zo om down at their limit so

as not to miss the mov ement of the target ob ject in the classro om.

On the other hand, the sho oting camera is just like a video camera which human

cameraman uses. The sho oting cameras are forced to turn right and left, up and down,

and zo om in and out to obtain video images against the target ob ject.

Although the observing camera is like cameraman’s eye and the sho oting camera is like

his video camera, we have to determine which sho oting camera should b e used when an

ob ject is observed at certain observing camera. W e introduce \camera control relation"

which is presented by tw o-tuple. One element is observing camera, and the other is a list

of controlled sho oting cameras. W e draw an example relation in Figure 8 in which one

observing camera uses two sho oting cameras.

Figure 8: Camera control relation

When the observing camera detects the movemen t of an ob ject, the sho oting cameras

under control of that observing camera change their direction so as to place the ob ject

in the center of their video image. Note that one observing camera can have multiple

sho oting cameras, and the observing cameras can share the same sho oting cameras in

their camera control relations.

By sharing the sho oting cameras, each observing camera can generate wide v ariet y of

294 Third Int. W orkshop on Co op erative Distributed Vision

video images b ecause they are taken from di�erent camera lo cations. As a drawbac k of

camera sharing, there may b e a situation that one sho oting camera is forced to sho ot tw o

(and more) ob jects at the same time if di�erent ob jects are observed simultaneously at the

two observing cameras and they share the sho oting camera. This situation is inevitable,

but we can reduce the p ossibility of the situation to practically low level by assigning the

sho oting cameras under the rule b elow.

� Do not share sho oting cameras among the observing cameras which observe di�erent

ob jects.

F or example, it is acceptable to share the sho oting cameras among the observing cameras

if they are to observe a lecturer, and there is only one lecturer in the ro om.

There is also a desirable rule on con�guring the cameras in the classro om.

That is :

� Cover the space of the classro om as large as p ossible with the viewing volumes of

the observing cameras

A viewing volume is a subspace inside which an observing camera can watch ob jects with

its viewing angle. Since normal video cameras can b e mo deled by p ersp ective pro jection,

a shap e of the viewing volume is a pyramid shap e. (See Figure 9.)

Figure 9: Viewing volume

Ob ject detection is done by inter-frame subtraction. Therefore, the observing cameras

cannot change their direction during the detection. The pan and tilt parameters for the

sho oting cameras are determined according to the lo cation of the detected movement on

the image planes of the observing cameras[5].

Third Int. W orkshop on Co op erative Distributed Vision 295

4.2 Automatic Camera Selection Rule

F rom our exp erience, we think p eople want to see moving ob jects rather than static

ob jects. And, as more imp ortant insight, we think p eople prefer to see an ob ject which

just starts moving rather than an ob ject which keeps moving.

So, in our approach, each observing camera sends a request to video selector to select

one of the sho oting cameras it is controlling when it detects mov ement of an ob ject. Once

after the mov ement is detected and send the request, it will not send a selection request

while the ob ject keeps moving. T o detect the b eginning of the mov ement, we introduce

time parameter �

i for an observing camera i. Supp ose a mov ement is detected on the

camera i. In this case, the camera i do es not recognize the b eginning of new movemen t

unless there is a no-motion p erio d longer than �

i seconds. An example of video selection

function is shown in Figure 10. In this example, there are 4 observing cameras. The

horizontal axes mean the time ow, and the vertical axes indicate the motion detection

level at each observing camera. A grey arrow indicates a selection request. If the motion

detection level comes higher than certain threshold v alue, the request is generated. In the

middle of the sequence in Figure 10, the camera No.4 cannot generate a request after the

video under the camera No.3 is selected b ecause the b eginning of the second mov ement

is to o close (smaller than �

4

) to the end of the previous movemen t.

Figure 10: Video selection

296 Third Int. W orkshop on Co op erative Distributed Vision

5 Exp erimen t

5.1 Tide Pro ject

W e hav e b egun the pro ject called TIDE(T rans-P aci�c Interactiv e Distance learning En-

vironment) with UCLA and NTT. The main purp ose of TIDE pro ject is to �nd a wa y to

realize time and lo cation free lecture environment. In this sense, collab oration b etw een

Kyoto-U and UCLA intrinsically includes the main problem, i.e. we are far away in the

lo cation and have 7 or 8 hours of time di�erence.

Outstanding features of our pro ject includes;

1. Cultural exchange b etween Japan and USA via lecture

2. The �rst exp erimental trial for the whole class distance learning

3. F ully interactiv e classes

4. Automatic camera system for video imaging

5. Communication supp ort by WWW and E-mail

6. High quality audio/video transmission over Paci�c o cean

W e are aiming the system which is op erated only by the lecturer, but in practice,

we need at least one p erson in the remote ro om to cop e with unexp ected situation. In

our pro ject now, we hav e a lecturer in each class b ecause of the credit problem of b oth

universities.

5.2 Classro om System

The camera system we hav e designed[5] has two functions:

� [Automatic Mo de]

Pro duce one video stream of the lecture automatically with several pan/tilt/zo om

cameras

� [Manual Mo de]

A human op erator can manually op erate several cameras in case sp ecial camera

control is required

The manual mo de is useful for back-up particularly in the practical use.

The followings are the outstanding features of our camera system in the automatic

mo de.

Third Int. W orkshop on Co op erative Distributed Vision 297

1. T rac k a lecturer in the classro om.

2. Sho ot him/her as he/she moves around.

3. Observe students in the classro om.

4. Sho ot some of the students when they ask questions.

5. Select the b est camera sho oting the lecturer/students and send its video to the

CODEC.

The functions an op erator can do in the manual mo de are as follows.

1. Pan/Tilt/Zoom control for sho oting cameras with only one mouse.

2. W atc h all the videos from the sho oting cameras.

3. Select the b est video to send by just pushing one button.

W e hav e a prototyp e system for serving the distance learning lectures. Figure 11 shows

overview of the classro om in Kyoto Universit y where the system is installed. There are

8 cameras inside the classro om and 4 among them are used as the sho oting cameras.

Figure 12 is a snapshot of the classro om.

Figure 11: Classro om overview

Figure 13 is top-view of the classro om. In the Figure 13, cameras expressed by dark

grey arrow are SONY EVI-D30, and cameras expressed by light grey arrow are SONY

EVI-G20. W e assume that the lecturer walks mainly around the upp er rectangle near the

screens. The lower big rectangle indicates a region of student seats in the classro om.

Except for camera No.4, all the cameras are hanged from the ceiling.

T able 4 shows task and function of each camera. T ask �eld in the table means the

ob ject the camera is to observe or sho ot.

298 Third Int. W orkshop on Co op erative Distributed Vision

Figure 12: Classro om snapshot

Figure 13: Camera lay out

Third Int. W orkshop on Co op erative Distributed Vision 299

T able 4: Camera function

No. T ask F unction

0 Students Observ ation

1 Students Observ ation

2 Lecturer Observ ation

3 Lecturer Observ ation

4 Lecturer Sho ot/Observ ation

5 Lecturer Sho ot

6 Students Sho ot

7 Lecturer Sho ot

T able 5: Camera control relations

Observ ation Camera Sho ot Camera

0 6

2 5,7

3 5,7

4 4

As mentioned b efore, the direction of the observing cameras are set so that the viewing

volume of the each observing camera do es not ov erlap its viewing volume against those

of other observing cameras.

Based on the tasks assigned to the cameras, the camera control relations are de�ned

by T able 5.

5.3 Exp erimental Result

W e show an example of video sequence taken by this system at Kyoto University in

Figure 14. The sequence in the �gure last for 40 seconds.

Since the video clips of the lecturer is considered to b e more imp ortant than those of

students, we set �

0

= 3:0[sec] and �

2

= �

3

= �

4

= 1:0[sec] in the exp eriment so that the

camera No.0 lo cated at the rightmost p osition of the screen-B generates selection requests

less frequently than the rest cameras.

The class is continuing and we are collecting the ev aluation forms from not only the

300 Third Int. W orkshop on Co op erative Distributed Vision

Figure 14: An example of generated video

students but also the teachers. They include items of the system itself, the lecture style

and the wa y of teaching with the system.

6 Conclusion

The true ev aluation of information media environmen t has to b e done in practical use.

In this sense, the TIDE pro ject will give us a great evaluation of our information media

environment. During the exp eriments not a few technical problems remain in future.

First of all, the observ ation part has to b e improved. V oice signal has to b e pro cessed

to sense the lo cation where the voice comes from. Image sensor su�ers noise which cause

the p osition estimation errors. Hence, the cameras can not zo om up which makes the

video image degrade. Also, we will consider to use a p osition sensor with the image and

voice sensor to verify the estimation.

W e avoid the pattern recognition problem either by keeping the system inside the

signal level or by de�ne one to one mapping b etween the tw o description of the dynamic

situation. Howev er, the system is not exible enough to cop e with v arious situation in the

real classro om. With more sensors, the system has to recognize the dynamic situation.

The most imp ortant asp ect of the co op erative distributed vision research is how to

Third Int. W orkshop on Co op erative Distributed Vision 301

co op erate the tw o video imaging systems. The dynamic situation is de�ned only in the

physical classro om. W e hav e to extend the concept of the dynamic situation in the virtual

classro om which consists of two or more physical classro oms.

F ortunately

, we hav e develop ed the exp erimental environment, so we will continue to

make our system progress.

Thanks

W e thank Professor Maha Ashour-Ab dalla of UCLA and Dr. Makoto Mizuk aw a of NTT

for their contribution to TIDE pro ject.

References

[1] D.Arijon: \Grammar of the Film Language," F ocal Press Limited, 1976.

[2] L. He, M.F. Cohen, D.H. Salesin: \ The Virtual Cinematographer: A Paradigm for

Automatic Real-Time Camera Control and Directing," SIGGRAPH’96, pp.217-224,

1996.

[3] D.B. Christianson, S.E. Anderson, L. He, D.H. Salesin, D.S.W eld, and M.F. Cohen:

\Declarative Camera Control for Automatic Cinematography

," Pro ceedings of AAAI

’96, pp.148-155, 1996.

[4] Y oshinari Kameda, Hideaki Miyazaki, and Michihik o Minoh, \A Live Video Imaging

for Multiple Users," Pro ceedings of International Conference on Multimedia Com-

puting and Systems (ICMCS’99), V ol.2, pp.897-902, 1999.

[5] Y oshinari KAMEDA, Michihiko MINOH, and Katsuo IKEDA, \Studies of Automatic

Video Generation from Real W orld," Pro ceedings AEARU’s Second W eb T ec hnology

W orkshop, pp.57-62, 1999.