A Live Video Imaging for Multiple Users

Y oshinari Kameda Hideaki Miyazaki Michihiko Minoh

Center for Information Graduate School of Engine ering, Center for Information

and Multimedia Studies, Kyoto University and Multimedia Studies,

Kyoto University Kyoto University

kame da@me dia.kyoto-u.ac.jp miyazaki@kuis.kyoto-u.ac.jp minoh@me dia.kyoto-u.ac.jp

Abstract

Many activities ar e held in a certain �xe d spac e in our

so ciety. It b e c omes possible to particip ate in such activ-

ities from remote places. Video is one of the best me dia

for this purpose, and it is important to consider how to

image such activities. In this pap er, we prop ose a new

vide o imaging method with multiple camer as for multi-

ple users. Dynamic situations in an activity are de�ned

for describing an imaging rule of each user, and they

ar e dete cte d by pro c essing sensor data. Concretely, the

imaging rule is describe d by a user with c amer a-works

linke d to each dynamic situation. With this description

of the imaging rules, many users c an re quest their own

favorite camer a-works, while the system mediates these

r e quests to satisfy as many users as possible. We have

built a prototyp e system and conducte d an experiment

in which several users c ould particip ate in lectur e.

1. Intro duction

People usually gather together and do v arious ac-

tivities in a certain �xed space. F or instance, there

are conferences, amusement even ts such as sp orts and

concerts, lectures in schools, and business activities.

It technically b ecomes p ossible to watch such an on-

going activity from a remote place thanks to p ow er-up

of computers and sp eed-up of transmission lines.

Video image is considered to b e a typical presenta-

tion media and is suitable to convey visual information

of what happ ens in the real space. Video cameras are

set to surround the real space to sense the activities

there and can change their direction and zo oming pa-

rameter dynamically

. Therefore, the dynamic camera

w ork is a key issue in our research.

F ormulated camera works in movies[2] and computer

supported movie makers[3][4] have b een prop osed, but

they assume that screenplays or sho oting scripts are

giv en in advance and they do not supp ort live camera

con trol. As our case do es not allow us to have such

scripts, we use concept of dynamic situation instead.

W e prop ose a metho d of live video imaging for mul-

tiple users, which is in a �eld of multimedia conten t generation from the real space. This research is lo-

cated as a visualization part of the CDV framework[1].

In our metho d, each user is asked to write his/her

imaging rule which represents his/her favorite way

of imaging an activity . T o describ e an imaging rule,

we de�ne the dynamic situation of the real space and

camera-works. The representation of them is the p oint

of this pap er.

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 the imag-

ing rules of the users and is describ ed by the situation

features derived from sensor data, i.e. video images.

The camera-work is concerned how to image an ob-

ject. It consists of three elements; ob ject, imaging di-

rection, and zo oming degree of the camera. With this

mechanism, the live video imaging is realized.

In addition, for multi-user environment, every user

has his/her own favorite video imaging, which con icts

with a constraint of the lo cation and the number of the

cameras. Therefore, mediation pro cess is necessary .

W e set a lecture ro om in Kyoto University as the

target real space . This has two reasons. One is that

the activities in the real space are relatively simple.

The other is that lecture is one of the most imp ortant

activities in the universit y , and there is a strong request

for students to participate in a lecture from remote

places.

W e explain the imaging rule and the representation

of dynamic situation in Section 2. In Section 3, our

prop osing multi-user live video imaging metho d is pre-

sented. Section 4 describ es exp eriments and shows the

result.

2. Description of imaging rule

As the imaging rules are di�erent among users, ev-

ery user can pro claim his/her imaging rule for each

dynamic situation. W e describ e the way of represent-

ing the dynamic situation and how to pro claim the

imaging rules.

2.1. 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 and how it is generated. Hence it dep ends on

the activities or the contents.

The dynamic situation is represented in two wa ys;

the symb olic representation for the user and the fea-

ture representation for the system. The advantage of

this representation is to avoid the pattern recognition

problem. In other words, a user takes adv antage of the

sym b olic representation, while the system takes adv an-

tage of the feature representation. Hence the descrip-

tion has two layers. The bridge b etween the two lay ers

is the tw o wa y representation of the dynamic situation.

In the symbolic representation, the dynamic situa-

tion is describ ed by a set of actions of the active ob-

jects. A description of this action is called action com-

ponent 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 the situation features.

2.2. A-comp onent

An A-comp onent is a symbolic 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

v erb 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,

supplemen tal 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 wa y; in the ac-

tiv e form or the passive form. T o av oid the confusion,

w e prohibit describing the A-comp onent in the passive

form.

In the case of lectures in the lecture ro om, the A-

components 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.

2.3. Situation features

The dynamic situation is also describ ed by the situa-

tion features. F eature extraction metho ds would di�er

if the real space and the activities are di�erent. Most

of the situation features are extracted via image pro-

cessing b ecause image sensor do es not a�ect the human

activities p erformed in the real space. As the dynamic

situation varies 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 cation, lecturer’s voice

level, and activ ation degree of student group. The sit-

uation feature description of the dynamic situation de-

�ned in T able 1 is shown in T able 3. These tables are,

what we call, knowledge representation of the lecture.

The extraction metho ds for the situation features are

explained in Section 4.2.

2.4. Camera-work

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 ectlabel ; dir ection; r ang e) (1)

Direction �eld indicates the relation b etween the direc-

tion of the ob ject and the camera direction. Note that

it implies the camera lo cation b ecause the lo cations of

the cameras are �xed in our environment. Range �eld

tells the size of the ob ject in the image.

In our prototype system, we adopt eight directions

and �ve discrete range values. See Figure 1 and

Figure 2.

Figure 1: Direction of camera-work

Figure 2: Range of camera-work

2.5. Imaging rule

An imaging rule is a set of functions from a dy-

namic situation to camera-works . Hence, the imaging

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 blackboard

3 lecturer write - blackboard

4 student group b ecome active - -

5 student group stay calm - -

rule I consists of the two-tuples, A-comp onent and

the 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 the camera-works.

The dynamic situation in the real space varies as

time is passed. This is detected by the sensors, and

the situation features are extracted. Referring to the

other representation of dynamic situation, i.e. situa-

tion feature representation, the dynamic situation is

detected.

Let us explain by an example. Supp ose the user

de�nes the imaging rule I like T able 2 against the A-

components shown in T able 1. The empty rows in the

T able 2 mean that the user do es not want to image the

ob ject (lecturer of the A-comp onent No.3 for example)

ev en if the corresp onding A-comp onent is detected.

If the A-comp onent No.1 and No.4 are detected in

the real space at time t, the imaging rule I (t) consists

of three camera-works w

1

; w

2 and w

8 in T able 2 and

represen ts the request of the user at that time.

Whereas a certain imaging rule is de�ned by one di-

rector in conv entional remote lecturing system or ordi-

nary multimedia video generation, our approach allows

all the users to de�ne imaging rules so that they can

proclaim their favorite imaging ways.

3. Multi-user live video imaging

3.1. Video imaging for multiple users

When a p erson participate in the activities in the

real world, he/she can watch the activities in his/her

o wn wa y . In the case a user is in a remote place, the

user would do the same as if he/she were in the place.

This means that each user in the remote place is as-

signed to an active camera in the target space. If we

can reconstruct the target space in 3D space, this could

be p ossible with virtual cameras[5]. However, consid-

ering image quality

, this is impractical. Therefore the

problem here is how to get the users’ favorite video

images under the constraint that the number of the

activ e cameras is limited.

Since it is di�cult to see multiple video images si-

m ultaneously and it needs broad band width of the network in transmitting multiple video images for one

user, the user is assumed to watch only one video im-

age. A video image selection pro cess for each user

should b e prepared which satis�es the request of the

user under the physical constraint of the active cameras

such as lo cations, pan/tilt angles, and camera ranges.

Each user pro claims his/her favorite imaging rule

in advance by sp ecifying several camera-works at each

dynamic situation. Since the number and p osition of

the cameras are limited, the mediation is necessary to

satisfy as many users as p ossible.

3.2. Mediation and user satisfaction

Request of an user j is satis�ed if a camera-work in

I

j

(t) is selected and assigned to a certain camera at

time t. Supp ose there are u users and c cameras. As a

camera can realize only one camera-work at a time, at

most c camera-works can b e realized at time t. As a

consequence, mediation for all the user requests is nec-

essary to select at most c camera-works among I

j

(t)

where j = 1; � � � ; u. Let us denote n(t) b e the summed

number of the camera-works in I

j

(t) for all j . If it in-

cludes the same camera-works, they are counted as one

camera-work. The mediation is describ ed by the me-

diation matrix M (t) of n(t) rows and u columns where

each comp onent m

ij

(t) is either 1 or 0. A column rep-

resents I

j

(t) and a row corresp onds one camera-work

i. m

ij

(t) = 1 means that the user j realizes his/her re-

quest of the camera-work i. Hence, the next inequality

ought to b e true for all j .

n(t)

X

i=1 m

ij

(t) � 1 (2)

Note that at each column j , m

ij is always 0 if camera-

work i is not included by I

j

(t). W e introduce a

i

(t)

that indicates whether the corresp onding camera work

of the ith row is selected or not. s

i

(t) indicates the

number of the users who supp ort the camera-work i.

s

i

(t) = u

X

j =1 m

ij

(t) (3)

T able 2: 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)

blackboard w

6

(blackboard, front, full shot)

3 lecturer -

blackboard w

7

(blackboard, front, full shot)

4 student group w

8

(student group, right side, medium shot)

5 student group -

a

i

(t) =

�

1 (if s

i

(t) � 1)

0 (otherwise)

(4)

The constraint of the number of the cameras is formu-

lated by

n(t)

X

i=1 a

i

(t) � c (5)

The mediation pro cess is �nding the mediation ma-

trix M that maximizes satisf ied user under the con-

strain ts of Inequality (2) and (5).

satisf ied user = u

X

j =1 g

j

(t) (6)

where g

j

(t) is de�ned as:

g

j

(t) =

�

1 (if Inequality (2) is true)

0 (otherwise)

(7)

The mediation matrix M (t) that sat-

is�es satisf ied user = u is always found in the case

u � c, but there might b e a dynamic situation where

u > c and so satisf ied user < u.

W e use greedy algorithm to solve this problem. Al-

though it do es not give us the b est solution that max-

imizes satisf ied user , it reaches lo cally optimal solu-

tion with less amount of calculation, which is essential

in real-time pro cessing.

After the camera-works are selected, the next prob-

lem is to assign the camera suitable to each selected

camera-w ork under the constraint of the camera lo ca-

tion, direction and range. The criteria to solve this

problem is to satisfy the requests of the users as much

as p ossible. Our strategy is as follows.

1. Order the selected camera-works by s

i

(t).

2. Cho ose the b est camera for each camera-work in

the order.

In this way

, the video image the user j watches is

taken by assigning the camera the selected camera-

work in the mediation matrix M (t) if his/her request

is realized. On the other hand, there might b e a case

where some users cannot �nd their camera-works in the

selected camera-works. In this case, the user watc hes

an arbitrary chosen video image.

4. Exp eriment

4.1. Agent design

W e implement our metho d in multi-agents system

prop osed in the Co op erative Distributed Vision (CDV)

framework[1].

F unctions in this system are classi�ed into three cat-

egories. One is to detect the dynamic situation by

extracting the situation features , another is to image

ob jects by the camera-works based on the dynamic sit-

uation , and the other is to mediate the requests of the

multiple users . W e design three types of agents for

each function.

An agent that extracts the situation features is called

an observation agent . The observ ation agents have dif-

ferent functions one another b ecause each observ ation

agent extracts di�erent situation feature. The number

of the observ ation agents is determined by the num-

b er of the situation features that are needed to detect

dynamic situations .

An agent that controls an active camera and images

an ob ject is called an imaging agent. Its purp ose is to

realize a camera-work and generate video of the ob ject.

The number of the imaging agents is the same as that

of the selected camera-works at that time.

The last kind of the agents is designed mainly to me-

diate the requests of the multiple users. W e call this

kind of agent a mediation agent. While imaging agents

and observ ation agents are device (camera or sensor)

dep endent, the mediation agent is device indep endent.

Currently

, we build one mediation agent that interprets the information of the dynamic situation from the sit-

uation features and selects the camera-works based on

the mediation pro cedure.

4.2. Calculation of situation features

W e implemented a prototype system at a lecture

room in the graduate school of informatics in Kyoto

Univ ersity .

The target space is imaged by four Hi8 video cameras

whic h are set on a pan/tilt mount at the center of the

w alls, and four SONY EVI-G20 video cameras �xed at

the corners of the lecture ro om (Figure 3).

Figure 3: Camera layout in the lecture ro om

The system uses three kinds of the situation features

to detect the �ve dynamic situations shown in T able 1;

lecturer’s lo cation, voice level, and activ ation degree of

studen t group. They are shown in T able 3.

T able 3: Situation features and A-comp onents

A-comp o- lecturer lecturer student

nent ID lo cation voice group

level activ ation

1 - p ositive -

2 blackb oard p ositive -

3 blackb oard - -

4 - - p ositive

5 - - zero

The lecturer’s lo cation is measured by the image

based triangulation by the two active cameras (b) and

(c) in Figure 3.

T o obtain the lecturer’s voice level, the lecturer is

ask ed to equip a wireless microphone. The input level

of the A/D converter is used directly as the voice level.

W e divide the student desks into six groups and call

the students in one desk group the student group. The

activ ation degree of the student group is represented

b y area of the subtraction region in the image of the

studen t group from their front view. The cameras (a) and (d) in Figure 3 are assigned to measure this situ-

ation feature.

4.3. Exp erimental result

W e conducted a exp eriment on a lecture. The

imaging agents used four active cameras (e) - (h) in

Figure 3. W e prepared 10 users and they pro claimed

141 camera-works in their imaging rules in the exp eri-

ment, and 43 out of them are di�erent camera-works.

Figure 4 shows the detected dynamic situations in

the example lecture. The line indicates the p erio ds

that the dynamic situation lab eled at the left is de-

tected (see also T able 1). Multiple dynamic situations

are detected from time to time simultaneously .

Figure 4: Detected A-comp onents

Figure 5 shows the lasting p erio d of the requested

video image by each user. The line along the time

axis represents the duration when the user watched the

video image taken by his/her own imaging rule. As the

duration is longer, the user’s imaging rule is realized for

longer time. The right �gures show the p ercentage of

the realized p erio d against the whole p erio d. Although

there are only four cameras for the imaging agents, 10

users could watc h their favorite video images in 69:5%

p erio d. An example snapshot of the camera-works is

shown in Figure 6. It corresp onds to the camera-work

of w (lecturer, right front, medium shot).

W e show the tw o snapshot sequences of the video

images taken from the lecture. The video images in

Figure 7 and Figure 8 are generated for the di�er-

ent users for ab out �ve minutes. User (A) pro claimed

seven camera-works whereas user (B) pro claimed seven

di�erent camera-works . The horizontal axis indicates

the time ow and C1 to C11 are lab els of the selected

camera-works. Note that b oth users sometimes watch

the same video image b ecause their desired camera-

works are overlapped at that time.

Figure 5: Duration of realized imaging rules

Figure 6: w (lecturer, right front, medium shot)

5. Conclusion

W e have prop osed the video imaging metho d that

allo ws the multiple users to watch the activities in the

real space in their favorite ways with assistance of the

computers.

Our prop osed approach can make the system to dis-

tribute live video images generated by the user’s fa-

v orite imaging rules according to the snatched dynamic

situation in the real space. W e represented the dy-

namic situation in two wa ys to bridge the imaging rules

of the users and the situation features, and formulated

the mediation b etween the users’ imaging requests and

the physical constraint of the cameras so that most

users can satisfy what they watch.

F urther ev aluation of the dynamic situation for the

lecture is necessary in future. Also we would like to

apply our metho d to other activities.

Figure 7: Video images for user (A)

Figure 8: Video images for user (B)

Ackno wledgmen ts

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

tributed Vision for Dynamic Three Dimensional Scene Un-

derstanding (CDV)" pro ject (JSPS-RFTF96P00501, Re-

search for the F uture Program, the Japan So ciety for the

Promotion of Science).

References

[1] T. Matsuyama: \ Co op erative Distributed Vision {

Dynamic Integration of Visual Perception, Action,

and Communication {", Pro c. of Image Understanding

W orkshop, Monterey CA, Nov, 1998.

[2] D.Arijon: Grammer of the Film Language, F o cal Press

Limited, 1976.

[3] L. He, M.F. Cohen, D.H. Salesin: \ The Virtual

Cinematographer: A Paradigm for Automatic RealT-

ime Camera Control and Directing", SIGGRAPH’96,

1996, pp.217-224.

[4] 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 c e e dings

of AAAI ’96, 1996, pp.148-155.

[5] Y oshinari Kameda, T akeo T aoda, and Michihiro Mi-

noh: \High Sp eed 3D Recognition by Video Image

Pip eline Pro cessing and Division of Spatio-T emporal

Space", Pr o c e e dings of MV

A ’98, 1998, pp.406-409.