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Abstract

State-of-the-art tele c onfer enc e systems ar e not c a-

p able of r e c or ding a discussion of an entir e gr oup. The

r e ason is that limite d b andwidth of c omputer networks

only al lows for the use of c amer as with a limite d r es-

olution just lar ge enough to tr ansmit a detaile d image

of a single p erson. In this c ontribution an attentional

c amer a system for tele c onfer encing is pr esente d that is

able to fol low a c onversation of a gr oup of p e ople by

actively c ontr ol ling the c amer a. The system acts like

a silent observer who c ontinuously gazes at the p er-

son who is talking. Dete ction and tr acking is b ase d on

visual as wel l as on ac oustic cues. The system is de-

signe d as a Per c eption-A ction Cycle (P AC) which is

an example of a b ehaviour-b ase d vision system.

1 In tro duction

T eleconferencing systems allo w remote users to get

in con tact with eac h other not only acoustically but

also visually . Ev en if users are hundreds of miles apart,

they w ould b e able to talk with eac h other as if they

w ere in the same ro om. This allo ws them to emphasize

their talking with gestures and facial expressions. E. g.

users could ev en see eac h other blush or turn pale. An-

other imp ortan t asp ect of teleconferencing systems is

that more than one p erson at one place is able to com-

municate instan taneously with other groups at di�er-

ent lo cations. F urthermore, it could sa v e in trav eling

costs, jet lag adaptation and, ab ov e all, time. These

asp ects ma y b ecome increasingly imp ortan t in the fu-

ture. This w ould b e esp ecially true for in ternational

companies, which ha v e to co ordinate their global p oli-

cies and economical strategies, for example.

Ho w ev er, due to limited bandwidth, curren t tele-

conferencing systems use low resolution cameras which

*This w ork is partially supp orted b y the DF G, Grands: So

320/1-2, Ei 322/1-2 and He 2967/1-1.

are generally �xed or p ositioned on a particular lo ca-

tion with a giv en fo cal length. Suc h systems are either

single user systems or ov erview systems which are un-

satisfactory in their resolution. In this con tribution w e

address this problem and presen t an atten tiv e camera

system (A CS) which ma y replace teleconferencing sys-

tems with stable cameras. As input an ACS uses a

R GB-camera system with three con trollable degrees

of freedom (pan, tilt, zo om) and a directional micro-

phone. The microphone is mounted on the camera

suc h that its \acoustic axis" (the sensitiv e section) is

parallel to the visual axis of the camera. If the camera

is orien ted suc h that the p erson's head is lo cated in

its visual �eld, this allows for a v eri�cation of a talk-

ing p erson since the microphone also receiv es a related

acoustic signal. Based on this system design, the ACS

is able to follo w a discussion or a con v ersation of a

group at one lo cation similar to a silent observer. In

general, the ACS is in tended to act like a virtual cam-

era man who fo cuses on the p erson who is sp eaking.

In a typical scenario of a discussion or con v ersation,

one p erson is talking while all other participan ts are

listening. The sp eaker talks which means that his/her

v oice can b e heard and his/her motion and gestures

can b e seen. On the other hand, listeners primarily do

not talk
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and ma y sho w considerably less motion than

the sp eaker. Therefore, motion, gesture and v oice are

atten tiv e cues that migh t clearly identify a sp eaker.

These cues are exploited by the ACS prop osed here.

The ACS detects the visual atten tiv e cues to select a

p erson that is talking. Then the ACS v eri�es if a par-

ticular candidate is talking by �rst orien ting the cam-

era appropriately to w ards him/her in order to exploit

the acoustic cues. If no acoustic cues can b e detected,

the ACS searc hes for another sp eaker. If the acoustic

1

as a matter of p oliteness



cues are pro v ed successfully to originate from the fo-

cussed sp eak er (s)he is zo omed in and track ed while

(s)he is talking. During the con tinuous tracking of the

face which is zo omed, the system is able to detect addi-

tional and more detailed facial features

2

[3]. It should

b e men tioned that the directional microphone is not

used to record the acoustic signals. It is only used to

v erify the acoustic cues.

An approach for an activ e teleconferencing system

has b een presen ted in [2 ]. T o lo calize a p erson, colour

and ey e blink detection is applied. T rac king is estab-

lished using a correlation tec hnique. Ho w ev er, no in-

tegration of the presen ted tec hniques in to a single sys-

tem has b een done. In [13 ], the asp ect of limited net-

w ork bandwidth is tac kled by a teleconferencing sys-

tem that de�ned a region of in terest within the camera

image that is transmitted with high quality while the

rest of the image w as transmitted with less quality .

In their system the selection of the region of in terest

is p erformed man ually and the camera w as �xed. A

virtual space teleconferencing system is presen ted in

[8 ] that ga v e their users the sensation of b eing all at

the same site. Their system uses tw o large screens

to pro vide a real-time repro duction of 3D whole b o dy

human images. The system needs data glo v es, tap e

marks, and magnetic sensors to ac hiev e real{time re-

pro duction, which can not b e considered to b e natural

human comm unication. The system presen ted in [7 ]

uses a camera that is able to consider a �eld of view

of 360

�

. It is able to view an en tire conference table,

when the camera is p ositioned in the cen ter of the ta-

ble. Ho w ev er, the system is not able to zo om in on the

sp eaker.

The general metho dology of our ACS is in tro duced

in detail in the next section. In section 3 w e brie
y

presen t some details concerning implem entation as-

p ects and exp erimental results. W e close up our con-

tribution with some concluding remarks.

2 Metho dology

The in tended purp ose of the A CS is to record a dis-

cussion of N p eople p ossibly p ositioned around a table

in front of a camera. In order to record the entire scene

con taining all participan ts the camera is initially set to

wide angle with a default camera orien tation. When

one p erson starts talking, the A CS p erforms the fol-

lowing actions: Firstly , it detects the p erson which is

talking. Secondly , it directs the camera to that p erson

and fo cuses him/her. Finally , if all ev aluation chec ks

ha v e b een successfully computed, it zo oms in on the

sp eaker's head. During the computation, visual as w ell
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This kno wledge ab out the con ten t of the image may b e used

to supp ort an e�cien t co ding of the recorded video sequences.

Figure 1: T ypical scenes recorded by the ACS: Left,

a scene with tw o p eople are sho wn. Eac h head is rel-

atively small. Ho w ev er, when a p erson starts talking,

(s)he is zo omed in (right) so that a remote observer

is able to easily understand the p erson's facial expres-

sions and gestures.

as acoustic atten tiv e cues are ev aluated

3

. The underly-

ing assumption is that the motion, facial gestures, and

acoustic cues w ould identify a sp eaker reliably . \F o-

cusing" is de�ned here by directing the pan and tilt

of the camera to the sp eaking p erson in particular to

the p erson's head. \Zo oming" refers to fo cusing and

zo oming in so that the camera records a head-shoulder

view of the sp eaker (see �g. 1, righ t). The zo oming

action also in v olv es a con tinuous tracking of the face

which ma y b e mo ving.

In order to detect, fo cus, and zo om the sp eaker, the

ACS ev aluates the visual atten tiv e cues and sorts these

cues in decreasing order with resp ect to their saliency .

The ACS fo cuses �rst that region which attracts the

most atten tion, in other w ords, the region from which

the most and highest atten tiv e cues come. While the

sp eaker is zo omed in, the ACS k eeps the head of the

sp eaker appro ximately in the cen ter of the camera im-

age by con tinuously correcting the camera v alues. If

the sp eaker stops talking, much less visual and acous-

tic atten tiv e cues w ould b e detectable. The ACS can

detect these changes and returns to the wide angle

view mo de. In other w ords, the ACS is reset to the

initial orien tation and the scene is zo omed out. Subse-

quently , the scene is insp ected again to detect and fo-

cus a new sp eaker. In a situation where no one sp eaks,

the ACS remains in the wide angle view p osition until

remark able motion and acoustic cues can b e detected.

This system b eha viour corresp onds w ell with natural

human b eha viour which also directs atten tion to areas

of increased motion and acoustic features.

An example of this pro cessing can b e seen in �g. 1.

The left image sho ws a typical scene recorded in wide

angle view. This view is similar to the view of to-

da y's teleconferencing systems. F acial expressions can

hardly b e recognized. The image to the righ t sho ws

3

In the follo wing, the term \atten tive cues" will always refer

to visual and acoustic atten tive cues of a sp eaker suc h as gesture,

motion and v oice.



the camera view of one of the p ersons when (s)he is

zo omed in. It can b e seen in this sample head-shoulder

image that no w facial expressions can b e recognized

more clearly .

T o b e precise the system is organized as an

P erception-Action-Cycle (P A C) which is decomp osed

in to three di�eren t lay ers (�g. 2, righ t): the

p er c eption-layer , the evaluation-layer and the action-

layer .

The p erception-la y er supplies a set of p ossible p er-

ception metho dologies that allo ws the system to ex-

ploit di�eren t atten tiv e cues. The di�eren t typ es of

atten tiv e cues used by the A CS are motion, colour,

and acoustic cues.

The ev aluation lay er is used to ev aluate the p er-

ceiv ed information and to instan tiate an appropriate

action of the A CS.

The action lay er establishes the con trol of the cam-

era. It executes and con trols the camera actions.

The ev aluation lay er is the most essential lay er b e-

cause of t w o reasons: First, the ev aluation lay er se-

lects and ev aluates the atten tiv e cues derived by the

p erception lay er. What t yp e of atten tiv e cues are used

and ho w they are ev aluated at eac h time step dep ends

on the in ternal state of the camera as w ell as on the

situation in the scene. Second, the ev aluation lay er

instantiates the camera action needed to p erceiv e new

and di�eren t atten tiv e cues.

The concepts used for the design of the ev aluation

lay er is inspired by atten tiv e approaches published in

[4 , 10]. The ev aluation lay er has three di�eren t at-

ten tiv e states S = f base ; focus ; zoom g . The system

starts in a wide-angle mo de called base mo de and

ev aluates motion and colour cues in order to direct

its atten tion to a limited part of the scene. When the

ev aluation lay er has detected and ev aluated appropri-

ate visual cues it subsequen tly initiates a change of

the system state to the focus mo de and the action

lay er directs the orien tation of the camera appropri-

ately suc h that the ob ject is in the cen ter of gaze of the

camera. In focus mo de the ev aluation lay er ensures a

tracking of the fo cused ob ject which is ac hiev ed here

by exploiting colour cues only . F o cusing the ob ject al-

lows to limit the computational resources of the ACS

to a single chosen ob ject. The task of the focus mo de

is to v erify the acoustic cues of the track ed p erson. F or

this, the trac king of the p erson ob ject ensures a cor-

rect orien tation of the directional microphone (see sec.

3 for a setup description). When the acoustic chec k is

successful, the ev aluation lay er subsequen tly initiates

a change of the system state to zoom mo de as w ell as

a zo oming of the camera suc h that a head-shoulder se-

quence is recorded. When the �xated ob ject do es not

sho w acoustic atten tiv e cues or when the ob ject track-

focus

base

zoom 

action

evaluation

perception

scene

Figure 2: The left image sho ws the \gazing pyramid":

The v ery b ottom represents the base state, that allows

an ov erview of the scene. The v ery top of the pyra-

mid represents the zoom state, which allows to record a

head-shoulder view of a sp eaker. The ev aluation lay er

is allow ed to switc h b et w een successiv e states. The

righ t graph summarizes the dep endencies of the di�er-

ent lay ers p er c eption , evaluation , action . The action

a�ects the scene as it is p erceiv ed by the ACS and

th us a�ects the p erception.

ing fails, the ev aluation lay er initiates a state change

of one step bac k from zoom - or focus -mo de to focus -

or base -mo de, resp ectively and initiates the appropri-

ate camera actions. A switc h b et w een previous states

allows the system to deal with a change of the sp eaker

as w ell as with situations typical for dynamic scenes

suc h as o cclusions or changes in lighting conditions. A

similar tec hnique has b een prop osed by [9]. As p ointed

out there, the tec hnique of switc hing b et w een consec-

utive states adds a considerable amoun t of robustness

to tracking systems in general.

2.1 P erception La y er

The camera image of the scene is ev aluated �rst by

the p er c eption layer in order to detect atten tiv e cues.

When the system is in base mo de, only visual at-

ten tiv e cues are detected. Visual atten tiv e cues are de-

�ned here by skin tone colour and motion within the

scene. An attention image A indicates where visual at-

ten tiv e cues w ere found. Colour cues within the scene

are represented by colour blobs. Eac h colour blob i is

de�ned by its mean p

i

and its co v ariance matrix C

i

and is in terpreted as a single ob ject of in terest.

In focus mo de, colour cues and acoustic cues are

detected. Acoustic cues result in a binary acoustic

detector T that indicates the presence or absence of

v oices. Colour blobs do not need to b e calculated in

focus mo de as this has already b een done in the base

mo de. Colour is used for tracking a sp eci�c ob ject that

is represented by its colour blob. Mean and co v ariance

of the blob is up dated as needed.

In zoom mo de, acoustic cues are detected and blob

parameters for the corresp onding colour cues are up-

dated as needed. The underlying assumption of the



Figure 3: The left image sho ws a face that is track ed

during zoom mo de. Righ t, the corresp onding binary

atten tion image A is depicted.

system design is that a sp eak er emphasizes his/her

arguments using more extensiv e mo v emen ts while lis-

teners primarily mo v e more slo wly and sho w much less

mo v emen t. Therefore, the visual atten tiv e cues are de-

�ned as lar ge and fast mo v emen ts while smal l and slow

mo v emen ts are not p erceiv ed as atten tiv e motion cues.

The di�eren tiation b et w een lar ge and fast mo v emen ts

and smal l and slow mo v emen ts is established in tw o

steps: a sele ction step and a veri�c ation step .

In the selection step, the motion cues are detected

by applying sp ecial �ltering tec hniques. F ast and large

mo v emen ts are computed by �rst subsampling and

smo othing the camera images I

t

at time t in p osition

while k eeping the temp oral sampling rate at a constant

sp eed of 20 fps (for more details w e refer the reader to

[1]). Then, the in ter-frame di�erence, D

t

= I

t

� I

t � 1

,

is calculated. Subsampling in p osition while k eeping

temp oral sampling rate high results in a di�erence im-

age D

t

that is insensitiv e to slo w and small mo v emen ts

but sensitiv e to fast and large mo v emen ts.

In the second step, the v eri�cation step, the di�er-

ence image D

t

is statistically v eri�ed using a maxim um

likeliho o d estimator [11 ]. The ML-estimator fa v ours

large regions of visual atten tiv e cues in the atten tion

image while v ery small regions, that tend to b e erro-

neous, are eliminated.

The application of an ML-estimator has tw o adv an-

tages: First, the fast deterministic motion results in a

large, appro ximately coheren t area in the binary image

A . Secondly , no thresholds are needed which av oids

adaptation of the system to di�eren t situations.

An example of an atten tion image is depicted in

�gure 3: The left image sho ws a face that is attended

by the ACS, the righ t image sho ws the corresp onding

binary atten tion image A .

F or the p erception of colour cues, the video im-

ages are con v erted to the HSV colour system. At sys-

tem start the user is prompted to p osition a rectangle

around his/her inner face. The facial HSV-colour in-

formation is then stored in a 1D-histogram, pixels with

a v alue larger than a maximal threshold or low er than

a minim al threshold are discarded.

During op eration, the histogram is used to calculate

for eac h pixel the probabilit y of sho wing skin colour.

Colour blobs are calculated by �rst p ositioning a small

windo w w of some size s ov er the region of in terest.

Within this windo w w and on the basis of the skin

colour probabilities w e rep eatedly calculate the zeroth

and the �rst momen ts. With resp ect to these tw o v al-

ues the windo w w is rep ositioned and resized. This

pro cess is rep eated until con v ergence is reached i.e.

the p osition and size of windo w w do es not change

an y more.

An example for the detection of colour cues is sho wn

in �gure 4. The left image sho ws a p erson while the

ACS is in zoom mo de. The righ t image sho ws the

colour cues that are used by the ev aluation lay er to

compute the mean and the co v ariance.

V oices are understo o d here as acoustic atten tiv e

cues which are p erceiv ed by the directional micro-

phone. These cues are only detectable and ev aluated

if the visual axis of the microphone is already directed

to w ards the noise source so that the microphone p er-

ceiv es acoustic cues only when that p erson is talking.

Acoustic cues are in tegrated ov er a time range of ab out

tw o seconds. The result is stored in an acoustic detec-

tor T .

2.2 Ev aluation Layer

The resulting binary information of A and T and

the colour blob parameters p

i

and C

i

are passed to

the evaluation layer . The result of the computation of

the ev aluation lay er is a 3D orien tation v ector o , that

is passed to the action lay er and which is needed to

guide the camera (pan, tilt, and zo om v alues).

The pro cessing of the ev aluation lay er dep ends on

the presen t mo de of the ACS:

� In base mo de only visual atten tiv e cues are ev alu-

ated. The atten tion image A and the colour blobs

are ev aluated with a ML-estimator as giv en by

s

i

=

X

x

A

t

( x ) G ( x � p

i

; C

i

) ; (1)

for eac h blob i where G is a Gaussian. The ML-

estimations s

i

are sorted in decreasing order. The

orien tation o is giv en with resp ect to the mean

and the co v ariance of the p erson i that attracts

the most atten tion. The �rst tw o comp onen ts of

v ector o de�ne pan and tilt of the camera. The

last comp onen t of o de�nes the zo om p osition,

which, ho w ev er, is left unc hanged in base mo de.

Dep ending on the cues detected, the ev aluation

lay er either k eeps the system in base mo de or

initiates a change to focus mo de.

� In focus mo de the ev aluation lay er ev aluates the

acoustic detector T . During the p erception of



acoustic cues the ev aluation lay er ensures a track-

ing of the selected candidate by k eeping the mean

of the corresp onding colour blob appro ximately in

the fo cus of atten tion. F or this, the appropriate

camera orien tations o are con tinuously calculated

and passed to the action lay er.

When no acoustic cues are detectable, the ev alua-

tion lay er initiates a change bac k to base mo de in

order to select another candidate to b e attended.

When the system is in focus mo de and has al-

ready detected successfully related acoustic cues,

the ev aluation lay er changes the system's state to

the zoom mo de. In this case the corresp onding co-

v ariance matrix C

s

i

of the corresp onding colour

blob is used to determine the zo om p osition of the

camera suc h that the zo omed p erson co v ers ab out

20 � 30% of the camera image.

T o summarize: When visual atten tiv e cues are de-

tected in base mo de, eac h of the sorted candidates

s

i

are tested for acoustic cues by switc hing b et w een

base mo de and focus mo de un til a particular p erson

can b e clearly iden ti�ed as sho wing considerable visual

as w ell as acoustic cues.

� In zoom mo de the computation is decomp osed in

t w o steps. In the �rst step a camera orien tation

o is calculated from the blob parameters in order

to establish trac king.

In the second step it is decided whether the p er-

sons has stopp ed talking by ev aluating the acous-

tic detector T . In the absence of acoustic cues the

ev aluation lay er initiates a change to the focus

mo de in order to redetect the p erson that w as

p ossibly lost during trac king. If (s)he has stopp ed

talking, the system �nally returns to the base

mo de.

In base mo de, it ma y happ en that an ob ject other than

a p erson results in a colour blob. Ho w ev er, the ACS

will not fo cus this ob ject as it sho ws neither consider-

able mo v emen t nor signi�can t v o cal sound. Therefore,

the atten tion image A will b e zero in this region so

that the sum within the brack ets of eq. 1 will also b e

zero.

2.3 Action La yer

The action layer executes the di�eren t system ac-

tions as instan tiated by the ev aluation lay er. It con-

trols the orien tation as w ell as the zo om of the camera.

T o successfully con trol the camera for tracking, an

in ternal camera mo del m is used. This mo del is rep-

resented by a 3D v ector where eac h comp onen t rep-

resents one degree of freedom of the camera. The

camera mo del is used to represent the curren t state

Figure 4: The left image sho ws a zo omed p erson while

the righ t image sho ws the detected skin toned colour.

of the camera. The orien tation v ector o is �ltered us-

ing a Kalman �lter K [5 , 12 ]. Subsequen tly the �ltered

orien tation v ector K ( o ) is compared with the camera

mo del. Eac h degree of freedom of the camera is up-

dated if the di�erence b et w een the comp onen ts of the

camera mo del m and the corresp onding comp onen ts

of the �ltered orien tation v ector K ( x ) is higher than a

certain threshold. The computation sp eed of 25 fps of

the ACS assures that the fo cussed p erson is not lost

under common video conference conditions. It migh t

happ en, that the camera loses the sp eaker. Ho w ev er,

this situation can b e easily detected by the system.

In this case, the system state is switc hed bac k to the

focus mo de, the camera zo oms out, and the system is

able to redetect the sp eaker from the wide angle view.

3 Realization and Exp erime n ts

In this section w e delv e in to some implementation

details ab out our ACS. A sample setup can b e seen in

�g. 5 (top left). The ACS requires neither additional

hardware nor do users need an y sp ecial equipmen t suc h

as tap e marks. A Son y EVI-D31 RGB camera with

tw o mec hanical con trollable degrees of freedom and a

zo om range of 5.4 mm { 64.8 mm is used. The camera

is connected to a 167 MHz Sun Ultra Sparc via a se-

rial p ort with a S-bus Sun Video frame grabb er card.

Using this hardware setup, the system sp eed reaches

25 fps at a resolution of 384 � 288 (P AL, half size)

pixels p er frame. F urthermore, a Bey er MC 737 PV

directional microphone is used, which has a sector that

co v ers appro ximately the width of a face at a distance

of 5 meters. The calibration of the acoustic axis of

the microphone with the visual axis of the camera has

pro v en to b e di�cult.

The ACS has b een tested with v arying illumi nation

conditions and the system has pro v en to b e quite ro-

bust to changes in illuminatio n during a conference

session. This is due to the robustness supplied by the

p erception{action cycle [9] and to the normalization of

the RGB v alues [6].

A small demonstration can b e seen in �g 5: The

top ro w (from left to righ t) sho ws the exp erimen-

tal setup and the wide angle view of the ACS in

base mo de. The middle ro w sho ws the motion in
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Figure 5: F rom left to righ t, top ro w: Exp erimen-

tal setup, the camera of the A CS is �xed on a tri-

p o d in the bac kground; wide angle view of the ACS in

base mo de. Middle ro w: detected motion in the scene

computed by the p erception lay er; image sho wing skin

toned colours. Bottom ro w: t w o sample views of the

ACS in zoom mo de.

the scene that is ev aluated by the p erception lay er

(left) and the colour cues (right). The b ottom ro w

sho ws t w o views of the A CS in zoom mo de. F or an

additional demo w e refer the reader to our w eb demo

www.informatik.un i-kie l.de/ ~vok/ vok f 1 j 2 g .mpg

4 Conclusions

In this con tribution an atten tiv e camera system

(A CS) for teleconferencing purp oses has b een pre-

sen ted that is capable to of activ ely observing a dis-

cussion of sev eral p ersons. The ACS is able to detect

sp eaking p ersons and to zo om and track them if appro-

priate atten tiv e cues are visible. The ACS is mo deled

based on a p erception{action cycle (P AC) which allows

for mo dular and 
exible construction of a b eha viour-

based system. Using the P A C approach it is p ossible to

in tegrate di�eren t p erception mec hanisms suc h as the

detection of colour cues or other atten tiv e cues. This

ensures a design of an A CS which is computationally

fast and robust.
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