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Abstract

With the invention of fast USB interfaces and recent increase

of computer power and decrease of camera cost, it has be-

come very common to see a camera on top of a computer

monitor. Vision-based games and interfaces however are

still not common, even despite the realization of the benefits

vision could bring: hand-free control, multiple-user inter-

action etc. The reason for this lies in the inability to track

human faces in video both precisely and robustly. This pa-

per describes a face tracking technique based on tracking a

convex-shape nose feature which resolves this problem. The

technique has been successfully applied to interactive com-

puter games and perceptual user interfaces. These results

are presented.

Keywords: HCI, perceptual user interfaces, face tracking, feature

detection, shape from shading, evidence theory.

1 Introduction

1.1 Perceptual user interfaces

We consider the problem of tracking faces using a video

camera and focus our attention on the design of vision-based

perceptual user interfaces [20]. These are the systems which

use a videocamera to track user’s face position in 3D in or-

der to convert it to a position of a cursor or another virtual

object in 2D screen. They are aimed at providing a hands-

free alternative to mouse, joystick, track pad or track ball.

Let us list a few applications of such systems.

First, face-tracking-based program control can be seen

as a replacement for an inconvenient track stick or track ball

currently used in many laptops. It can also be seen as an

additional way of interfacing with a computer, which can

be used, for example, to switch a focus of attention in win-

dows environment. Our presentiment is that soon most lap-

tops will be equipped with build-in ‘eye’ (camera) above the✆
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screen. This application therefore will be very useful.

Second, as mentioned in [3], vision-based perceptual

user interfaces can be used to control commercial com-

puter games and immersive 3D worlds. In addition to being

hands-free, these interfaces provide a way for multiple-user

interaction – several users can be tracked at the same time

with several cameras.

Third, as described by [19], this technology has applica-

tions in the industry for disabled. Users who have difficulty

using a standard mouse could manipulate an on-screen cur-

sor by moving their head.

Finally, face tracking has applications in video-coding,

video-conferencing, content-based image retrieval and se-

curity industry.

1.2 Previous work

The mentioned applications require face tracking to be fast,

affordable and, most importantly, precise and robust. In par-

ticular, the precision should be sufficient to control a cursor,

while the robustness should be high enough to allow a user

the convenience and the flexibility of head motion.

A few hardware companies have developed hands-free

mouse replacements. In particular, in accessibility commu-

nity, several companies developed products which can track

a head both accurately and reliably. These products however

either use dedicated software or use structured environment

(e.g. markings on the user’s face) to simplify the tracking

process.

At the same time, recent advances in hardware, invention

of fast USB and USB2 interfaces, falling camera prices, and

increase of computer power brought a lot of attention to the

real-time face tracking problem from the computer vision

community. The obtained vision-based solutions though

still do not exhibit required precision and robustness. Let

us review these solutions.

The approaches to vision-based face tracking can be di-

vided into two classes: image-based and feature-based ap-

proaches [4, 13, 11, 24]. Image-based approaches use global

facial cues such as skin colour, head geometry and motion.



They are robust to head rotation and scale and do not re-

quire high quality images. These approaches however lack

precision and therefore can not be used to control the cursor

precisely.

In order to achieve precise and smooth face tracking,

feature-based approaches are used [2, 18, 6, 15, 17, 22, 19,

5, 23, 25]. These approaches are based on tracking individ-

ual facial features. These features can be tracked with pixel

accuracy, which allows one to convert their positions to the

cursor position. The disadvantage of these approaches how-

ever is that they usually require expensive high-resolution

cameras. They are also not robust to the head motion, es-

pecially to head rotation and scale. This is the reason why

vision-based games and interfaces are still not common.

Recently it has been shown that the robustness of lo-

cal feature tracking can be significantly improved if instead

of commonly used edge-based features such as corners and

edges of brows, mouth and nostrils, curvature-based features

such as the tip of the nose are used [7]. This finding has set

the basis for the Nouse ‘Use your Nose as a Mouse’ technol-

ogy developed at the National Research Council of Canada,

which allows one to track faces both robustly and precisely

with affordable web-cameras. This paper describes the tech-

nology and shows how to use it for designing hands-free

nose-operated games and interfaces.

The paper is organized as follows. Section 2 emphasizes

the importance of appropriate feature selection for success-

ful tracking, introduces the concept of a convex-shape fea-

ture and defines the nose feature. Section 3 describes the

Nouse face tracking technique. The performance evaluation

of this technique and its application to interactive games and

interfaces are shown in Section 4. The last section presents

the conclusion.

a) b)

Figure 1: A user mounts a camera to control computer applica-

tions with her head.

2 Tracking and features

In feature-based approaches for face tracking, tracking of

a feature is commonly accomplished by means of template

matching technique, which consists of scanning a window

of interest with the peephole mask and comparing each thus

obtained feature vector with the template vector [8]. The

peephole mask and the values of the template vector are

learnt in advance and do not change during the tracking pro-

cedure.

In order to achieve robust and precise tracking, we intro-

duce the following propositions.

Proposition 1: One feature only should be used for the final

decision on the head position in video.

This eliminates the jitter problem which arises when

tracking several features due to the fact that facial features

move independently from each other. This also provides a

user with an intuitive way of controlling with the head mo-

tion by simply visualizing the feature as a tip of a joystick

or mouse ball.

Proposition 2: The tracked feature should always be clearly

visible for all face positions and expressions, including the

cases with the users who wear eyeglasses, mustaches or

beards.

It follows from these propositions that the problem of

robust tracking is the problem of constructing such a feature

template vector which stays invariant during the motion a

user may exhibit during the tracking.

2.1 Desired feature properties

In image processing, a feature is often thought of as a point

on the object surface which has large change of intensity

gradient in the image. This explains why most commonly

used in face tracking facial features are corners and edges

of mouth, brows, nostrils and eye pupils. These edge-based

features however create a problem in tracking the objects

which may rotate, since these features are not invariant to

the rotation and the change of scale of the object.

In order to select a robust facial feature, we use the pat-

tern recognition paradigm of treating features. According to

this paradigm, a feature is associated with a vector made of

feature attributes. Feature attributes can be pixel intensities

or they can be the parameters of geometric primitives. In the

case of template-based feature tracking, feature attributes

are the intensity values obtained by centering a peephole

mask on the position of the feature.

For a facial feature to be easily recognized and robustly

tracked it should possess the uniqueness and robustness

properties, defined as follows.

The uniqueness property states that a feature vector

should lie as far as possible from other vectors in multi-

dimensional space of feature attributes. Designating a vec-

tor obtained by centering a peephole mask on pixel ✞✠✟☛✡✌☞✎✍✑✏
as ✒✓✕✔ , this can be written as✖ ✟ ✓✘✗ ☞ ✓ ✔ ✏✚✙✜✛✣✢✥✤✧✦ (1)

The robustness property, on the other hand, states that a

feature vector should not change much during the tracking

process. That is ✖ ✟ ✓✩★✫✪✭✬✗ ☞ ✓✮★✗ ✏✚✙✯✛✣✡✱✰✲✦ (2)



These two properties define what is called the attrac-

tion radius of the feature, which is the largest distance from

within which a feature is guaranteed to be correctly recog-

nized [10]. The larger the attraction radius of a feature, the

more robust the feature.

In addition, we require a feature to have the continuity

property which is the following. The closer pixel ✞ in an

image is to the pixel corresponding to feature ✳ , the smaller

the distance between vector ✒✓ ✔ and feature vector ✒✓✘✗ should

be.

The continuity property is very important for precise and

smooth tracking, as it allows one to robustly obtain the posi-

tion of the feature in an image with the sub-pixel accuracy.

In order to do this, the evidence theory is employed [21],

and the refined position of the feature ✴✞ is calculated using

the evidence-based convolution filter applied in the vicinity✵
of the best match pixel ✞ , as

✴✞✷✶✹✸✺✼✻✾✽❀✿ ✺✗ ✞ ✺ ☞ (3)

where weights ✿ ✺✗ are set proportional to the correlation be-

tween vector ✒✓ ✺✔
and the template vector ✒✓✘✗ . It can be seen

that, due to the continuity property, in the vicinity of the

feature these weights are monotonically decreasing with the

distance to the feature, and thus applied convolution filter

refines the position of the feature.

Imposing the continuity property and using the evidence-

based filter is similar to the approach taken in [8] where

the adaptive logic network (ALN) [1] is used to detect eye

pupils. In that work the continuity is achieved by selecting

the output scheme for learning the eye features and it is the

ALN that does the filtering.

An example of the feature which possesses the continu-

ity property is shown in the sections.

2.2 Convex-shape features

Definition: Convex-shape features are those points on the

surface of the object which are seen by the camera as the

points of same curvature during the motion of the object.

It is known from the shape-from-shading theory [12] that

for a surface of constant albedo the intensity of pixel ✞❁✟✫✡✌☞✎✍✑✏ ,
where a surface point, is projected is related to the gradients✟❃❂❄☞❆❅❇✏ of the surface as❈

✟☛✡✌☞✎✍✑✏❉✶❊✢✑❋●✟❃❂❄☞❆❅❇✏ (4)

where ❋ is the reflectance map, which depends on the po-

sition of the light source, the observer, and the type of sur-

face material, and ✢ is a constant that depends on the surface

albedo and the gain of the imaging system. For Lambertian

surfaces, reflectance ❋ is proportional to the cosine of the

angle ❍ between the surface normal and the incident ray❈
✟✫✡✌☞✎✍✑✏❉■❏✢✑❑▼▲❇◆✥✟❖❍P✏◗✦ (5)

Since any convex surface can be approximated using the

Taylor series as a sphere around the surface extremum, we

have the following properties for convex objects of homo-

geneous colour with curvature radii much smaller than the

distance to the camera and to the light source.

Corollary 1: The intensity values around the extremum of a

convex curvature stay invariant during rotations of the sur-

face.

Corollary 2: In the image of a convex surface the inten-

sity value of a pixel

❈
✟✫✡✌☞✱✍✥✏ is a continuous function of pixel

coordinates ✟☛✡❘☞✱✍✑✏ .
First corollary asserts that convex-shape features possess

the robustness property, while from the second corollary it

follows that convex-shape features also possess the conti-

nuity property, provided that feature attributes are made of

pixel intensities around the feature.

As for the uniqueness property, convex-shape features

cannot be assumed to have it. Therefore extra measures have

to be undertaken to facilitate their recognition, such as using

global image-based cues (see e.g. [16]).

a)

x

z

b)

Figure 2: The nose seen by a camera: system of coordinates (a),

the intensity values around the nose tip (b).

2.3 Nose feature

Fortunately for humans, a human face has a salient convex-

shape feature, which is the tip of the nose (see Figure 2.2).

Definition: Nose feature is defined as the point on the nose

surface that is the closest to the camera.

Due to the symmetry and the convex shape of the nose,

the nose feature is always visible in the camera, and it stays

almost the same during the rotations of the head. It also

does not change much with head moving towards and from

the camera. Thus, the nose tip defined above can always

be located, which is a very important property of the nose

which does not hold for any other facial feature. It gives a

user the flexibility and convenience of head motions.

It should be noted that the nose feature, defined as above,

is not associated with a particular point on a nose. Instead,

it is associated with the extremum of the nose curvature,

which moves on the nose surface. The smoothness of the

nose feature motion on the image plane is guaranteed by the

continuity property of convex-shape features.

As follows from the previous section, the intensity pat-

tern around the tip of the nose is not affected much by the



orientation of the nose and the distance from the nose to the

camera. This helps in selecting the feature attributes to be

used in designing the nose feature template. In particular,

it follows from the above that the nose template vector can

be made by using the gray intensities around the extremum

of the nose surface. The size of the template vector is cho-

sen so that it preserves the information about the spherical

surface around the tip of the nose.

Figure 3: Nouse user interface at the initialization stage.

3 The Nouse technology

Nouse stands for “Use your nose as a mouse” and is the

name of the technology which allows one to operate the

computer with the motion of his/her nose. The Nouse tech-

nology is based on the principles and definitions made in the

previous section. It consists of two stages: initialization and

tracking.

3.1 Initialization

The following setup is necessary for operating a computer

with the Nouse face tracking technology. A user sits com-

fortably in front of the computer monitor, on top of which is

mounted a video camera (see Figure 1). The distance from

the camera to the user is such that user’s hands are on the

keyboard at all times, with the keyboard being located close

to the monitor. While operating with the nose, the user is

expected to look at the computer screen; however, there are

no constraints for the head motion. The camera is not as-

sumed to be calibrated, high-resolution or aligned with the

computer. Further more, we will assume that the camera is

a generic USB camera, one of those which are widely avail-

able on the market.

Nouse requires an initialization procedure which, first,

ensures that user’s face is seen by the camera, and second,

sets the zero position of Nouse. Zero position is used in

tracking to calculate the offsets needed for operating Nouse

in the mouse and joystick modes.

Figure 3 shows the Nouse user interface at the initial-

ization stage. Initialization is done by adjusting the camera

so that the tip of the nose is seen in the middle of the im-

age. When this adjustment is achieved, the template of nose,

which shows the position of the nose surface with respect to

the light source, is acquired. Under the same lighting condi-

tion, the same nose template can be used for different users.

However initializing Nouse for each user makes it more ro-

bust.

3.2 Tracking

Hands-free control is achieved by tracking the convex-shape

nose feature in video stream captured by the camera. The

entire procedure is outlined below.

Since the convex-shape features may not possess the

uniqueness property, the first step is to calculate the area

for local search of the nose feature using skin colour, frame

subtraction and the knowledge of the feature position in the

previous frame, if available.

The second step consists in scanning the local search

area and finding pixel ✞ which has the shape the closest to

that of the selected feature in terms of correlation with the

template feature. Before proceeding to this step, the image is

preprocessed with the Gaussian filter to smooth the defects

of images caused by low quality of the cameras.

The final step is to refine the position of the best match,

using the evidence-based convolution filter described in Sec-

tion 2. The obtained match of the convex-shape feature is

both robust (to rotation and scale) and precise (computed

with sub-pixel accuracy).

3.3 Mouse and joystick modes

The Nouse technology allows a user to use their nose po-

sition to control the Windows cursor in one of two control

modes. Joystick mode operates in a fashion similar to an

analog joystick: offsetting the nose from the center of the

screen causes the mouse cursor to move in a similar direc-

tion. The speed of the cursor is determined based on the

offset amount.

Mouse mode attempts to mimic an actual mouse more

closely: offsetting the nose from the center position causes

the cursor to move in a similar direction, but the movement

of the nose back to the center position has no effect. This al-

lows the user to simulate the common continuous dragging

process that computer users frequently perform. For exam-

ple, when users runs out of drag space on their mouse pad,

they lift the mouse back to the center of the pad and continue

dragging. This allows precise positioning of the cursor and

thus Nouse attempts to mimic this process.



4 Performance evaluation

In computer vision and feature tracking, in particular, it is

very difficult sometimes to evaluate the performance of a

new technique. One reason for this is the difficulty in repro-

ducing the exactly the same video setup. The other reason

is that it is often impossible to recreate all possible environ-

ments and conditions, where the technique can be applied.

In our work, we strive to provide such an evaluation.

This is done in three ways. First, we apply the proposed

technique to specific applications where its advantages can

be clearly seen. The applications of using nose instead of a

joystick and a mouse in computer games and hand-free user

interfaces are presented in the next subsection. Second, we

promote public evaluation of the technique by making the

binary code of the used programs available on our website.

Thanks to the affordability of USB webcams, anybody can

try it. Finally, we evaluate the performance by conducting

an extensive set of experiments, and, while the paper shows

only a few snapshops of these experiments, full videos of

real-time performance are also made available on our web-

site.

The tests are aimed at evaluating the robustness, preci-

sion and also the convenience of the nose-based tracking.

Due to the minimalistic nature of tracking only one feature

and because fast USB cameras are used, the speed of track-

ing, which is problem of many tracking approaches, is not a

problem in our experiments. The tests have been conducted

with different USB cameras, different people and different

lighting conditions.

4.1 Robustness test

For the robustness test, a user is asked to move the head

in all possible rotations while still looking at the computer

screen: “yes”(up-down), “no”(left-right), and “don’t know”

(clockwise) motions and also “scale” (body) motion, and the

range of head motion within which the convex-shape nose

tip feature is successfully tracked is determined. Figure 4

shows the allowable range of head motion as obtained by

experiments. The nose tip is tracked for up to about 35-40

degrees of rotation of head in all three direction. This range

of allowable motion practically covers the range a user may

exhibit while looking at the screen.

4.2 Precision test

For the precision and convenience tests, a paint program

NousePaint has been designed which draws the detected

nose tip feature on the top of the image (Figure 5). A user

is asked to write with the nose, thinking of the nose as of

a pencil, while another user is asked to guess what is be-

ing written. This motion is equivalent to the motion of the

mouse ball when drawing with the mouse.

a)

b)

c)

d)

Figure 4: The figure shows the range of motion within which the

nose feature is tracked.

The speed of writing can be as fast as user is able to han-

dle. For example (see Figure 5.a and our website), it took

25 seconds to write with the nose the logo for the Nouse

home webpage, which included time needed for clicking

“Enable/Disable Drawing” buttons (seen on the right of the

window) with a mouse.

For another set of experiments, starting from the normal

head position, a user is asked to draw horizontal and ver-

tical lines by rotating the head only (“Yes” and “No” mo-

tions) and then to make a circular motion with the head. The

motion of the nose tip in this experiment can be considered

as an equivalent to a joystick handle motion. The result is

shown in Figure 5.b. The subpixel accuracy and the conti-

nuity of tracking can be seen.

The experiments showed that, due to the robustness and

precision of the convex-shape feature tracking, a user can

move the head the way it makes him comfortable. This

makes it possible for a user to write quite complex words

and patterns hands-free without having a neck fatigue.



a)

b)

Figure 5: Tests for nose-operated interfaces: a) mouse-type mo-

tion, b) joystick-type motion.

4.3 Applications

The Nouse technology allows one to track faces both pre-

cisely and robustly even in low-resolution video streams

such as those coming from low-quality USB web-cameras.

This makes it possible to build affordable vision-based user

interfaces, which can be used for hand-free vision-based

control of computer programs.

Nouse has been applied for navigating in Windows envi-

ronment (see Figure 1.b). It has been found that the robust-

ness and precision of Nouse allowed a user to select an item

in Windows menu using the motion of the nose. However,

because the size of the computer screen (in pixels) is much

larger than the size of the image in which the nose moves, it

takes considerable amount of time and energy for the user to

get to the desired item. Thus, another application was con-

sidered to emphasize the advantage of hand-free program

control offered by the Nouse technology.

Since video games are an extremely popular application

on personal computers, we tested the applicability of Nouse

technology to gaming by incorporating the technology into

a few popular games.

4.3.1 Aim-n-shoot Bubble Frenzy game

This game traditionally involves simple left/right mouse

movements or key presses in order to aim a bubble turret in

the desired direction (see Figure 6). Once properly targeted,

the user then presses the space bar to launch a coloured bub-

ble in the turret direction. By matching three or more bub-

bles of the same colour together, they fall out of the play

Figure 6: Traditionally aimed with mouse or keyboard, the turret

in Bubble Frenzy game can now be aimed by pointing with the

nose.

area. The goal is to clear the screen of the existing bubbles

without filling the play area completely.

We used Nouse to replace mouse, allowing a player to

point the direction of shooting with the nose. It should be

emphasized that the precision of Nouse is such that very

slight rotations of head left and right are sufficient to cover

the entire 180 ❙ range of the turret aim.

The users of the game have a choice of switching back

and forth from Nouse operation to mouse operation, which

helped them to evaluate the new hand-free interface tech-

nology. There were more than fifty people who tried the

game. It has been agreed that playing the game hands-free

with Nouse is not only more fun, but is also less tiring than

playing the game with mouse. Some users experienced se-

vere wrist fatigue when they played the game with mouse for

longer than 15 minutes. This does not happen with Nouse.

Using the nose to aim the turret was found very natural,

while the precision of aiming with the nose was as good as

with mouse.

If a camera loses the nose, which happens, for instance,

when a user leaves the desk and then comes back, a user

notices it right away – by seeing that the bubble turret no

longer follows the direction of the nose. S/he then presses

a keyboard button which enforces Nouse to search for the

nose using the global cues of the entire image, after which

Nouse redetects the nose and the user can continue playing

the game with the nose.

4.3.2 Navigating in Virtual 3D Worlds

The Bubble Frenzy game uses Nouse in a joystick mode. The

applicability of Nouse in mouse mode is shown using a nav-

igation game. For this case, a user has to navigate in a vir-

tual 3D terrain environment. The usual way of navigating in

such games is using different key buttons to look right/left,

up/down and go forward/backward. The Nouse technology

provides a more natural way of navigation. In particular, ro-

tating the head left or right causes the first-person 3D view



to also rotate left or right. By using Nouse’s mouse-mode,

a user is able to rotate a full 360 degrees without physically

rotating the same amount in his or her chair. Similarly, ro-

tating the head up or down causes the 3D view to look up or

down.

Translation is still accomplished by other means, but

the applicability of the technology is clearly evident. It

has been observed that many game players commonly ex-

hibit slight head movements when playing first-person 3D

shooters such as Quake or Unreal. Further, these natural

head movements commonly occur when users are sneaking

around dark corners, peering over ledges, or dodging bullets.

This shows the potential of applying the Nouse technology

to 3D games if applied in the proper context.

4.3.3 NousePong

The NousePong game has been written to demonstrate an-

other advantage of vision-based interfaces, which is multi-

ple user interaction. Two web-cameras are mounted to face

opponents heads as shown in Figure 7. Because of the ro-

bustness of the convex-shape nose feature to rotation, the

cameras do not have to be aligned with each other. The

game consists in bouncing the ball back and forth over a

virtual table using the head. Each camera tracks the motion

of a player’s head in order to convert it to the motion of the

paddle.

The NousePong game showed that with the aid of the

Nouse technology computer games may become not only

the games for brains and eyes but also the games which actu-

ally involve the motion for the body. For example, a feature

which can be implemented to add more physicality to the

NousePong game would be to spin the ball with the motion

of head.

4.4 Mistracking problem

One has to realize that, unlike hands-operated interfaces,

hands-free interfaces do not have a feedback connection. By

holding a mouse, a user not only controls the program, but

s/he also keeps the knowledge of where the mouse is. No

matter how robust the perceptual user interface is, it can lose

the user; it might be even more appropriate to say that a user

loses the interface. This does happen with Nouse too.

The only way to resolve this problem is to provide a user

with a missing feedback. In the case of Nouse, the best feed-

back a user can get is the image captured by the video cam-

era. By visually verifying that s/he is in the middle of the im-

age and that the nose is tracked correctly, a user can ensure

that s/he has a good ‘grasp’ of Nouse. This is done in Nouse-

Paint nose-drawing program and also in NousePong game,

where the images captured with both cameras are shown on

the screen at all times (Figure 7.b).

a)

b)

Figure 7: Two users are playing a pong game using their heads to

bounce a ball: a) setup and b) GUI.

Another way of having the desired feedback is to know

where the camera is, and as soon as a user feels that s/he lost

control with Nouse, s/he puts his face in front of the camera

and sends a signal to Nouse (e.g. by using a keyboard) to

reset the search of the nose. This method is used in Bubble

Frenzy and navigation games.

5 Conclusion

Because of the low prices and the ease of installation, USB

cameras have become very popular nowadays. However, up

till now these cameras are barely used for anything more

intelligent than web-casting and video-surveillance. Auto-

matic motion detection is considered almost the top high-

level vision task which can be performed using these cam-

eras. This paper demonstrates that USB cameras can also be

used for designing vision-based perceptual user interfaces.

We described Nouse – a new technology for face track-

ing based on tracking the convex-shape nose feature. We

showed theoretically and by extensive experiments that this

technology can be used to operate computer hands-free. It

exhibits robustness and precision which are sufficient for

many applications and which allow a user the flexibility and

convenience of motions.

The Nouse technology can also be used for tracking sev-

eral faces at the same time using several cameras. All this

makes this technology a promising hands-free alternative

and/or extension to conventional pointing devices such as



mouse, joystick and track ball. All programs described in

the paper are available at our website and the best way to

appreciate the new technology is to download and to try it

yourself.

The next step in applying the Nouse technology is ex-

tending it to 3D face tracking. Most computers have two

USB slots. So, two USB cameras can be easily used to

track a face. As we show in our next work [9], with the

recent advances in the projective vision theory, it is possible

to do robust and precise stereo tracking with such uncali-

brated stereo setups as those made by two arbitrarily posi-

tioned USB cameras.

Finally, being a new technology for communicating with

the computer, the Nouse technology needs to be studied by

Human Computer Interaction (HCI) methods [14]. This in-

cludes collection of extensive experimental data and com-

paring the technology with other human-computer interac-

tion devices.
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