Studies of Automatic Video Generation from Real W orld

Y oshinari KAMEDAy Michihik o MINOHy Katsuo IKEDAz

Center for Information and Multimedia Studies, Kyoto Universit yy

Graduate School of Informatics, Kyoto Universit yz

Y oshidahonmachi, Sakyoku, Kyoto, Japan, 606-8501, Japan

E-mail: fk ameda, minohg@media.kyoto-u.ac.jpy, ikeda@i.kyoto-u.ac.jpz

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

Abstract

W e prop ose two metho ds that enables us to make videos

automatically from daily scenes. One is for sho oting

h uman activities held in a �xed place like lectures, plays,

and so on, and the other is for reviewing video taken at

a place where p eople go by .

In the former metho d, multiple active cameras are

needed to sho ot multiple ob jects in the scene. Therefore,

a new cinematography is required that can cop e with

man y active cameras simultaneously and can select the

best video according to the situation of the scene. W e

ha ve b een developping automatic camera system which

estimates the situation of the scene based on image un-

derstanding technique and controls the cameras so as to

obtain the b est shots of the activity .

With the latter metho d, videos presented to them

are to b e skimmed so that video viewers can sav e their

time. W e hav e b een working on this issue and have done

experiments for years and discuss the way to use stored

video clips.

1 Intro duction

As WWW technology b ecomes p opular to day

, one of the

main issues on serving WWW is how to create WWW

con tent and what kind of conten ts we should put on

WWW. Our research and developmen t division of the

Cen ter for Information and Multimedia Studies (CIMS)

in Kyoto university works on this issue for several years

and hav e b een developping new metho ds that can make

m ultimedia contents from real world automatically .

W e mainly take up the scenes that are related with

h uman activities and can b e commonly seen in univer-

sities. F or example, we have daily classes and student

activities anywhere in campus in our university .

T o let p eople view such activities on internet, v ari-

ous kinds of presentation techniques have to b e used.

Video and audio media are typical and essential media

among them b ecause we usually understand the human

activities by our eyes and ears.

Our research group studys visual medium �rst, and then plans to utilize audio medium for generating new

typ e of WWW contents.

Because video medium is usually obtained by video

cameras, we consider two typ es of camera environment

for taking videos of human activities.

� Multiple active cameras (dense arrangement)

� Multiple static cameras (sparse arrangement)

The �rst typ e is suitable to capture the even ts which

arises at a certain �xed place. W e can apply this type of

camera environment to lectures, plays, and some kinds

of sp orts, which are commonly seen in our campus. As

these activities consist of more than one p erson, we have

to understand where the p eople are in the scene and

who is shot and which camera is used for the shot. Un-

til to day

, these issues are handled by arranging many

cameramen and directors and so it is di�cult to �lm

such activities many times b ecause it is usually hard to

prepare those sta�s. Therefore, we are asked to design

a new metho d through which multiple active cameras

are controlled and an appropriate camera is selected

to sho ot the activity

. This metho d cuts out subspace

within which an interesting b ehav our is observed and

determine the b est camera to sho ot it according to spa-

tial analysis of the scene.

Concerning the second type, a go o d p oint is wide

application b ecause it is easy to set each camera in a

certain scene. On applying this environmen t, it is im-

p ortant how to extract attractive visual information and

how to show it in video style b ecause cameras are set in

the scenes where events will happ en but no one knows

when they arise. In other words, a metho d that is ap-

plied in this type of camera environment should cut out

interesting subsequences in a long sequence of video.

Hence we describ e tw o issues of our research in this

pap er which are related with the two types of camera

environment shown ab ov e. The tw o issues are :

� Video camera control and selection of multiple ac-

tive video cameras

� Video skimming for p eople in ro oms for long p erio d

These tw o issues are esp ecially fo cused on visual infor-

mation taken by video cameras.

Currently

, the �rst issue aims to supp ort distance

learning in universities. As classro oms are generally to o

large to sho ot by only one video camera and there many

persons to sho ot, we hav e to prepare several cameras

and control them according to a situation in the class-

room. W e will mention our approach in Section 2.

The second issue is to supp ort browsing video which

is taken by one video camera for long p erio d at a place

people go in and out. This is a new approach of using

cameras that are connected to LAN. As it is one of the

hardest works to review the video for long time, we have

dev elopp ed video skimming metho d that makes video

length shorter. Details are describ ed in Section 3.

2 Control and Selection for Mul-

tiple Cameras

2.1 Discussion for Video Presentation

When multiple cameras are used to capture an activ-

it y in a �xed place, how many video images should b e

displa yed to p eople who want to view it ?

There is an approach which displays all the video im-

ages captured by multi-camera system to viewers. This

idea is derived from the viewp oint that it is go o d for

the viewers to receive as much information as p ossible.

Ho wever, as the purp ose for viewing the videos is not

to watch the place closely but to see the activity there,

some of the videos are insigni�cant and useless for them.

Therefore, we �rst consider b ehavour of p eople in vi-

sual sense when they come accross an activity in real

w orld. They usually fo cus on a part of the activity b e-

cause they can see only one subspace at a time. T o do

that, they move their heads and eyes so that they pay

atten tion to their surrounding environment.

Therefore, it is desirable to generate only one video

sequence to the viewers although multiple active cam-

eras are used b ehind. The video is to b e generated by

con trolling directions of the active cameras and select-

ing the b est camera according to a situation measured

b y the system.

In our approach describ ed from the next section, we

use active cameras which can pan, tilt, and zo om so

that our metho d can realize the functions like what real

cameramen do.

2.2 Automatic Camera Control Metho d

One of the features of our approach is to introduce ob-

serv ation cameras. There are two kinds of cameras in a

classroom in our approach. One is observation camera,

and the other is sho ot camera.

The observation camera is like an human camera-

man’s naked eye. Its role is to follow the target to sho ot. The cameras for this function usually zo om down

at their limit so as not to miss mov ement of the target

in the classro om.

On the other hand, the sho ot camera is just like a

video camera which human cameraman uses. The sho ot

cameras are forced to turn right and left, up and down,

and zo om in and out to obtain go o d video image against

the target.

Although the observ ation camera is like cameraman’s

eye and the sho ot camera is like the video camera, we

have to consider which sho ot camera should b e used

when an ob ject is observed at certain observation cam-

era. W e call this description \camera control relation."

A representation of the camera control relation has two

�elds. One �eld is observ ation camera, and the other is

a list of controlled sho ot cameras. W e draw this relation

in Figure 1.

Figure 1: Camera Control Relation

When the observation camera detects mov ement of

an ob ject, the sho ot cameras under control of that ob-

serv ation camera changes their direction so as to place

the ob ject in the center of their video images. Note

that one observ ation camera can have multiple sho ot

cameras, and observation cameras can share the same

sho ot cameras in their camera control relation.

By sharing the sho ot cameras, each observation cam-

era can generate wide v ariety of video images b ecause

they are taken from di�erent camera lo cations. As a

drawback of camera sharing, there may b e a situation

that one sho ot camera is forced to sho ot two (and more)

ob jects at the same time if di�erent ob jects are observed

simultaneously at the tw o observation cameras and they

share the sho ot camera. This kind of situation is in-

evitable, but we can reduce the p ossibilty of this sit-

uation to practically low level by assigning the sho ot

cameras under the rule b elow.

� Do not share sho ot cameras among observation

cameras observing di�erent ob jects.

F or example, it is acceptable to share sho ot cameras

among the observ ation 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 cam-

eras in the classro om. That is :

� Cover the space of the classro om as large as p ossible

by the viewing volumes of the observation cameras

A viewing volume is a subspace inside which an obser-

v ation camera can watch ob jects with its viewing an-

gle. Since normal video cameras can b e mo deled by

persp ective pro jection, a shap e of the viewing volume is

a pyramid shap e. (See Figure 2.)

Figure 2: Viewing V olume

Ob ject detection is done by inter-frame subtraction.

Therefore, the observation cameras cannot change their

directions during the detection. And, pan and tilt pa-

rameters for the sho ot cameras are determined acccord-

ing to the lo cation of the detected movemen t on the

image planes of the observ ation cameras[1].

2.3 Automatic Camera Selection Rule

There are generally several criteria to de�ne video clip

(cut). 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

whic h keeps moving.

So, in our approach, each observ ation camera sends a

request to video selector to select one of the sho ot cam-

eras it is controlling when it detects movemen t of an

ob ject. Once after the movement 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

mo vement, we introduce time parameter �

i for an ob-

serv ation camera i. Supp ose a mov ement is detected on

the camera i. In this case, the camera i do es not rec-

ognize 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 3. In this ex-

ample, there are 4 observ ation cameras. The horizontal

axes mean time ow, and the vertical axes indicate mo-

tion detection level at each observ ation camera. A grey arrow indicates a selection request. If the motion detec-

tion level comes higher than certain threshold value, the

request is generated. In the middle of the sequence in

Figure 3, the camera No.4 cannot generate a request af-

ter the video of the camera No.3 is selected b ecause the

b eginning of the second movement is to o close (smaller

than �

4

) to the end of the previous movement.

Figure 3: Video Selection

2.4 Exp eriment

2.4.1 T arget Activity

Since there are many kinds of activities held in a �xed

place, approaches to control multi-camera system de-

p end on the activities to b e captured.

F rom this viewp oint, it is imp ortant for us to choose

an activity carefully which we take up as a target. The

activity should b e done or play ed usually and commonly

so as to prove applicability of our metho d.

Hence we take up lectures in a classro om as our target

application of our metho d.

2.4.2 System Design

W e have a protoype system for serving distance learn-

ing lectures. Figure 4 shows overview of the classro om

where the system is installed. There are 8 cameras in-

side the classro om. Figure 5 is a snapshot of the side.

Figure 4: Overview of a Site

Figure 5: Snapshot of the Site

Figure 6 is top-view of the classro om. In the Fig-

ure 6, 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 low er 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.

Figure 6: Camera Layout

T able 1 shows task and function of each camera. T ask

�eld in the table means the ob ject the camera is to ob-

serv e or sho ot.

As mentioned b efore, the direction of the observation

cameras are set so that the viewing volume of the each

observ ation camera do es not overlap its viewing volume

against those of other observ ation cameras.

Based on the tasks assigned to the cameras, the cam-

era control relation is de�ned by T able 2.

W e show an example of video sequence taken by this

system in Figure 7. The sequence in the �gure last for

40 seconds.

Since video clips of a lecturer is considered to b e more

important 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 generates selection requests more fre-

T able 1: Camera F unction

No. T ask F unction

0 Students Observation

1 Students Observation

2 Lecturer Observation

3 Lecturer Observation

4 Lecturer Sho ot/Observation

5 Lecturer Sho ot

6 Students Sho ot

7 Lecturer Sho ot

T able 2: Camera Control Relation

Observation Camera Sho ot Camera

0 6

2 5,7

3 5,7

4 4

quently than the rest cameras.

3 Video Skimming for Single

Camera

3.1 Video Skimming

Di�erent from video on TV, video taken by a static cam-

era which places in a scene is b oring for most of time

b ecause events which p eople are interested in seldom

happ en in front of the camera.

So the �rst step to handle such kind of scene watching

is to remove the subsequences within which there are no

events. W e have developped a video skimming program

that makes long video sequence shorter. It estimates

area of pixels which are di�erent from those of previous

frames, and only when the area is larger than a thresh-

old value, the frame is stored and is used to generate a

digital video.

As our metho d assumes there is usually no movement,

Figure 7: An Example of Generated Video

w e cannot apply this metho d to a crowded corridor or

path way in down town where a lot of p eople go by

. Con-

tin uous movement of ow can b e eliminated from the

image plane by introducing analysis of optical ow, so

w e think we can improve our metho d for that situation

in our future research.

3.2 Exp eriment

W e have installed this protoyp e system in several places

and have op erated the system.

T able 3 shows the num b er of generated videos for

the past three years and Figure 8 shows an example

of generated video. W e set two systems, one is at the

en trance of our lab oratory and the other is on the wall

inside our lab oratory

. The videos were generated for

ev ery 30 minutes starting at each o’clo ck in 1997 and

1998, and every 60 minutes starting at each o’clo ck in

1999. The authors put the results on WWW[2].

With this exp eriment data, let us show the skim-

ming rate of videos by taking up 495 videos stored

in September 1999. The camera shot the entrance of

our lab oratory and each video was taken for 1 hour in

whic h the program pro cessed 35549.4 frames on the av-

erage. This means the current system pro cessed 9.875

frames/second at image size of 320 pixel by 240 pix-

els. The average number of stored frames was 92.37 p er

video, that is only 0.26 % of the whole video sequence.

When a camera is set in a building, most p opular

T able 3: Skimmed Movies

Period Place Movies

1997/06 Entrance 250

1997/07 Entrance 362

1997/08 Entrance 308

1997/09 Entrance 175

1997/10 Entrance 7

1997/11 Entrance 24

1997/12 Entrance 208

1998/01 Entrance 90

1998/02 W all 52

1998/02 Entrance 74

1998/03 Entrance 163

1998/04 W all 488

1998/05 W all 597

1998/06 W all 518

1998/07 W all 463

1998/08 W all 550

1998/09 W all 623

1998/10 W all 424

1998/11 W all 193

1999/08 Entrance 57

1999/09 Entrance 495

Figure 8: Example of Skimmed Video

ev ents that can b e imaged with static camera environ-

men t is passing of a p erson in front of the camera. The

videos taken within the exp eriment include a lot of pass-

ing p ersons.

F or example, results taken on September 20th in 1999

are shown in Figure 9. Numb er of p ersons who passwd

in front of the camera is also shown on Figure 10. F rom

this result, one p erson to ok 11.61 frames to pass in av-

erage, that means 1.18 seconds.

Figure 9: Stored frames on Sep.20, 1999

Figure 10: Passing Persons on Sep.20, 1999

4 Conclusion

W e describ ed two reseaches related visual medium which

are aimed to generate new WWW contents.

Our system for multiple cameras is now under op er-

ation for distance learning classes and we are collecting

data and exp erimental results. W e are discussing how

to archive videos of the lectures after distance learning

classes are over.

W e plan to install the video skimming system in a cer-

tain building where we will prepare hundreds of cameras

inside ro oms, entrances, and corridors. A future work is

video analysis for various scenes so as to classify video

subsequences and retieve them in video database.

Ackno wledgmen t

This work has b een partly supp orted by \Co op er-

ative Distributed Vision for Dynamic Three Dimen-

sional Scene Understanding (CDV)" pro ject (JSPS-

RFTF96P00501, Research for the F uture Program, the

Japan So ciety for the Promotion of Science).

References

[1] Y oshinari Kameda, Hideaki Miyazaki, and Michi-

hiko Minoh, \A Live Video Imaging for Multiple

Users," Pro ceedings of International Conference on

Multimedia Computing and Systems (ICMCS’99),

V ol.2, pp.897-902, 1999.

[2] http://www.imel1.kuis.kyoto-

u.ac.jp/memb ers/k ameda/rec/peeping archive/