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Human Head Mouse System Based on
Facial Gesture Recognition

Li Wei" and Eung-Joo Lee™

ABSTRACT

Camera position information from 2D face image is very important for that make the virtual 3D face
model synchronize to the real face at view point, and it is also very important for any other uses such
as: human computer interface (face mouth), automatic camera control etc. We present an algorithm to
detect human face region and mouth, based on special color features of face and mouth in YCiyC: color
space. The algorithm constructs a mouth feature image based on G, and C; values, and use pattern method
to detect the mouth position. And then we use the geometrical relationship between mouth position
information and face side boundary information to determine the camera position. Experimental results
demonstrate the validity of the proposed algorithm and the Correct Determination Rate is accredited for

applying it into practice.
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1. INTRODUCTION

To use mouse and keyboard as human-com-
puter interface have been a very long history since
computer been invented. As society been develop-
ing, while camera becomes standard configuration
for personal computer (PC) and computer speed
becomes faster and faster, achieving human—-com-
puter interface using computer vision becomes a
feasible solution. Through this can make human
hand freely, and also for disability of hand people,
they also can use computer optionally. For hand-
free solutions, one feasible solution is to track hu-
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man body movement in video input, through utiliz—
ing the body video the intention of human can be
inferred by inferring algorithm, and then computer
can respond to it {1,2].

Usually, there are several parts of body can be
used for tracking and perceptual user interface
such as: human face, human mouth, human hand,
eyes, etc. there are also most kinds of algorithm
for these parts. [3-6] have proposed algorithms to
use movement of eyes to navigate mouse, [7,8]
proposed algorithms used nose movement, and
[9,10] used nostrils, etc. But for nose, it is very
difficult to detect it because the feature of nose is
not very clearly to face. And for eyes, when hu-
man rotated head to the profile side, one of eyes
is not in the captured image and when human ro-
tated head in z-axis, the middle point of two eyes
is difficult to confirm. Similarly, the feature of
nostrils is also not very obvious in face image. So
to detect these organs feature is not the best
method used for tracking and perceptual user
interface.

But as we have observed that, human mouth

contains very strongly independent feature to the



1592 JOURNAL OF KOREA MULTIMEDIA SOCIETY, VOL. 10, NO. 12, DECEMBER 2007

other region in face image, even in profile side of
face image, and in face region, it always have a
corresponsive and static position when human
rotate or shake head. And also we have observed
that the track of mouth is different when human
rotate head or shake head. Usually different head
motion with different mouth track, for example,
when human view things shown in monitor,
usually human head move slowly and corres-
pondingly for the track of mouth, the period is
longer than that human shake head, and also the
track is so different when human shake head to
right, left, top or bottom. So the mouth track
information can be used for tracking and per-
ceptual user interface.

In this paper, we will present an algorithm
which used the mouth track information to retrieve
head motion parameters for mouse control. This
algorithm utilizes only one camera as video input,
and can retrieve the head motion parameters by
capturing track of mouth, and trough analyzing the
feature of track signal to separate movement in-
formation and command information (left click or
right click or double click) for mouse command, for
the movement information of mouse, a mapping
algorithm will be used to map the mouth position
in face region MMA to mouse position in the
screen. And for the command information, we will
employ a recognition machine based on neural net-
work to recognize these command signals for
mouse. We designed 3 different mouse control
command: left click, right click and left double
click. In the experiments, the controllability of the
3 mouse control command is tested in Windows
XP environment.

The rest of this paper is organized as follows:
The face region and mouth position detection algo-
rithm is detailed in section 2. Mouse command in-
formation determination algorithm is detailed in
section 3. And section 4 gives the tests results to
justify the efficiency of the proposed algorithm.
Section 5 gives conclusions.

2. FACE REGION AND MOUTH POSI-
TION DETECTION ALGORITHM

Firstly, the most important of our algorithm is
to detect face region and mouth position from the
input image of video. So in this section, an efficient
and fully automatic framework is proposed for face
region detection and mouth position detection from
an input single human face image. The framework
consists of three parts: 1) Face region detection for
face candidates, 2) Mouth movement region con—
firm and 3) mouth position detection in the detected
face region image. The following subsections will

describe these three parts in details.

2.1 Face Region Detection

For detecting face region, [11] have introduced
some algorithms, and [12] compared advantage
and disadvantage of these algorithms by a table.
For considering the accuracy and efficiency of
algorithms, the skin color information is better
than others. So we will use the skin color in-
formation to detect human face. Usually the nor-
malized red-green (r-g) space is not the best
choice for face detection because the feature of
face region does not very strongly independent
of the background in RGB color space, but we
can find that in the YCyC: color model, the C:
values of face color are strongly independent of
the background. Therefore, we can translate the
input image from RGB color model to YCoCr col-
or model, and the C; values can be employed to
detect the region of face. According to our
framework, we enactment that face region pos-
sess 70% of total region, so the histogram meth-
od as shown in equation 1 can be employed to
detect C: threshold of face. And Fig.1 shows the

detection results.

255
S="% Hist(i), Cr,, =70%xS
i=0 1)
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(a) (b) (c)

Fig. 1. Face Detection Result: (a) Source Image,
(b) Cr Image of Face and (c) Face Region
Image.

2.2 Mouth Movement Area (MMA) Confirm

Usually, human mouth is on below-middle of
face region, and it is about 1/4 of total face height,
and in horizontal direction it is in the middle of face
width, so for our algorithm we can enactment that
MMA is 1/4 of face region in height and whole in

width. Fig. 2 shows a face region image and the
MMA

2.3 Mouth Position Detection in Detected
Face Region Image

In the selected face MMA We can notice that
the Cv and C; cluster of face have nearly reversed
relationship in the YCuwCr color space because the
color of mouth region contain stronger red compo-
nent and weaker blue component than other facial
region. So when face color be translated to YCoCr
color space, chroma of face color is strong and lu-
ma is weak. But in mouth region, the difference
between chroma and luma is not very evidence
than other regions of face. This characteristic can
also be observed in Cvo-Y and C.~Y subspaces
shown in Fig. 1 (f) (g) in deatils. And we further

(a) (b)

Fig. 2. Face Region Image and MMA:
(a) Face Region Image and (b) MMA.

notice that the mouth has a relatively low response
in the Cy feature, but it has a high response in
C So in mouth region the Cy’ and C will be
closed and on other facial region they will be nearly
different. Then we can make a multiply operation
between Cv” and Crz, s0 in the multiplied face im-
age, mouth region contains stronger information
than other face region. The mouth mapping operat-
ing equations are shown as following:

CZ CZ

;b)
M __ & 4 _ cr-c’ (2)
Mouth,,,, Py hdo
1 1
h=13—— C., =13 —— C,,
M'N(f,j)g:M,N 'N(i,j)g:M‘N ’
p=13.9282 3)

2

Here both G and Cv” are normalized to the range
[0,255], and M, N is width and height of MMA The
parameter @, is estimated as an average value of
Cr and @, is an average value of Cp and ®3 is an
average value of Cr and Cs. Fig. 3 shows the oper—
ating results.

Then we can use a pattern to detect the mouth
region. We select a pattern which size with 1/3 of

(a) (c)

(b)

(d) (e) 69)

Fig. 3. Mouth Mapping Results: (a) MMA Image,
(b)Y Cr Image of MMA, (c) Cb Image of MMA,
(d) Cr2 /91 Image of MMA, (e) Cb2 / $2 MMA,
and (f) Mouth Mapping Image.
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width and 1/4 of height to detect the mouth region
because as we have observed that usually mouth
region hold 1/3 of total width and 1/4 of total
height. The mouth pattern can be moved from
left-top point to right-bottom point in Mouth
Mapping Image, and then pixels value in each pat-
tern can be integrated, the maximal integrated val-
ue can be searched. Then we can confirm that the
mouth region is contained in this maximal in-
tegrated value pattern. Then we can calculate the
center point position (also the mouth position) of
this pattern. Fig. 4 shows the pattern operating re-
sult and these operating equations are shown as

following:
LM l.]v
3 4
Hist(m,n)= Y Mouth,,,,(m+i,n+ j)
(m,m)eM N i=1 j=1 (4)

Value,,,, = Max(Hist(m,n)) 5)
(m,n)eM N

P

mouth

= Position(Value,,, ) (6)

3. MOUSE COMMAND INFORMATION
DETERMINATION FROM FACE VIDEO

Usually, the most important information of
mouse is movement, left click, right click and dou-
ble left click command information, so our main job
is to calculate these mouse command information
used the face mouth movement track in real-time

video captured from camera. And the following

Hist Dapth infos

3B
3 o
20

Mosne Marerment 2wa Height Matce Movement Atsa Wisn

(a)

subsections will discuss the algorithm in details:
1) mouse movement information and command in-
formation division. 2) Mouse movement in-
formation determination. 3) Mouse command in—-

formation determination.

3.1 Mouse Movement Information and Com-
mand Information Division

We can observe that when people see something
in the screen, his head usually move slowly, so the
mouth also moves slowly in the MMA, and we can
assume that this is mouse movement command
information. And when human nodded or shake
head, we can also observe that his mouth moved
quickly in the face region, we can assume that it
is mouse command information. So, for the input
head video, when human head move slowly, the
mouth position interval from one video frame to
the next video frame is also short than move
quickly. For considering that mouse command in-
formation must be real-time control command, our
algorithm should not waste much time to de-
termine it. So we can use mouth interval in-
formation between front-frame and the next-
frame in video frames to confirm if a mouth track
is movement information or command information,
as the sketch map shown in Fig. 5. The interval
threshold can be specified through experiments.

The interval information in horizontal direction

can be calculated by equation 7, and in vertical di-

(b) (©)

Fig. 4. Pattern Operating Results for Mouth Mapping Image Shown in Fig 4(f): (a) 3D Diagram of Result,
(b) Overlock of Depth Information for All Patterns (colors which changed from crimson to navy
blue represent the depth information), (c) Pattern Operating Result Image.
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Fig. 6. Sketch Map of Interval Information between Front-frame and the Next-frame in Video Frames:
(a) Interval information for Mouse Movement Information.

rection by equation (8):
S, =P, (x)=P',(x) D
S, =P\~ P, () (8)
So the mouse command information can be de-

termined by equation 9 and 10 in both horizontal
and vertical direction.

om _fodls. <7n,

seCom, = 9
L{IS.|> 7, }
0.41S. | <Th

MouseCom, = {I y|< ' } (10)
L{s,|> 7, |

Here if value of MouseComyx is 0, that means it
is mouse movement information in horizontal, and
we can set the new point of mouse position in hori-
zontal direction by using mapping equations (12)
which we will discuss in subsection 3.2, also if

N
Ewm e 5 e

Screen Bottom

(a)

MouseComy is 0, the new point of mouse position
in vertical direction can be set by mapping equa-
tions (13). And correspondingly if MouseComy is
1, that means it is mouse click command in-
formation, and we will record the mouth movement
track and use a recognition machine to recognize
the mouth track and gain mouse command
information. This approach will be discussed in
subsection 3.3 in details.

3.2 Mouse Movement Information Determina-
tion

If mouth movement track is judged as mouse

movement information, the next job is to map the

position of mouth in MMA to screen as mouse

position. So we must set up a mapping relationship

between MMA and screen. As shown in Fig. 6. We

can assume that in the projection region the mouth
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Fig. 6. Sketch Map of Mapping Relationship between MMA and Screen: (a) 3D Perspective Sketch Map.

(b) 2D Plane View of Sketch Map.
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position is P’(x, v), and in the corresponding screen
region, the mouse position is P(x, y). So we can
set up a linearly equation as following:

|P'O| _[CO'|_|L'R]
|PO| |CO| |LR|

1n

And for horizontal direction: |P’Ol=P’(x)-P'o(x),
and [POI=P(x)-Po(x), so we can get an equation
from 10 as shown in equation (12)

P'(x)—P'O(x)ziL'R’|

P(x)~E,(x)  |LR] (12)

So we can get the final mapping equation for
horizontal direction as following:

_ (P Po(x)) [ LR

P(x) 'L'R'l

+ 5 (%) (13)

And for vertical direction is as equation (14):

_P'D=-P ()| TB|
IT'B'|

P(y) +5 () (14)
Here |LRI, ITBI are width and height of screen
which is measured by pixels. And IL'R’|, IT'B’| is
width and height of MMA which is also measured
by pixels. Po is center point of screen and P is
center point of MMA. Therefore the mouse can be
navigated by the position of mouth in MMA.

3.3 Mouth Command Information Determina-
tion

Once we have detected that a mouth track is a
command Information, but there are several kinds
of command information for mouse such as: left
click, right click, left double click and right double

gorithm, we defined human head shaking motion
for mouse command information, and mouth trace
information can be employed to distinguish these
command information because when human shake
head with different motion, and correspondingly,
the mouth track is also so different to each others.

Firstly, we can define head shake motion for mouse
command as following: 1. Left single click: head
shake to left once; 2. Left double click: head shake
to left twice; 3. Right single click: head shake to
right once; (4) Right double click: head shake to
right twice.

Then we can capture the mouth tracks when
human shake head as shown in Fig. 7. The ei-
genvalue of mouth track information is start point,
inflexion, stop point and period time, so in experi-
ment, we can use samples library which contain
these values to train the neural net, and then we
can use the trained neural net to recognize practical
mouth track to determine mouse command
information. Here, we chose using a fast learning
neural net (smart neural nets) which have been
presented by to recognize the mouth track in-
formation as shown in Fig. 8.

We have developed a camera mouse system
based on upper algorithm, and integrate the system
with Windows XP operating system. When
Windows users tum on the system, they can com-
fortably navigate in Windows and control mouse
using their head.

jon Region Left—

Time

Projection Region Right—

Proj
—<Projection Region Lefi—
Tire
Projection Region Right—

Mouth Position Mouth Position
left double click left single click

(a) (b)

i

t——Projection Region Lef—
T'7
I~ Projection Region Right—

I——Projection Region Left—

Mouth Position Mouth Position

right single click right double click
(c) (d)

Fig. 7. Mouth Tracks Information for Mouse
Command Information: (a) Mouse Left
Single Click, (b) Mouse Left Double Click,
(c) Mouse Right Single Click and (d)
Mouse Right Double Click.
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Fig. 8. Using Smart Neural Nets to Recognize
Mouse Command Information.

4. EXPERIMENTAL RESULTS

We will implement our system which contains
mouse movement control command and 4 kinds of
click control command on Windows XP System to
evaluate the efficient of our algorithm. We se-
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lected a screen of resolution of 1024 by 768 pixels,
and camera is on the middle-top of computer
monitor. As we have discussed in upper sections
the most important job of our experiment is to de-
termine the interval threshold value which is used
to distinguish mouse movement command in-
formation and click command information, for our
experiment, we use camera which with collection
frequency of 50 Hz, so interval between two
frames is 20 ms, the determination result for in—
terval threshold value of mouse track is shown in
Table 1, and for next, we will use 50 head videos
for each mouse click command respectively. And
totally, we will use 200 head videos to train the
recognition machine based on smart neural nets
technology, and set the minimal acceptance error
rate is 0.001. Fig. 9 shows the training processing
rate. Once the recognition machine is trained, we

can use it to recognize mouth track information

Persrmance is 8.8133731, Goal is 8
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Fig. 9. Training Process for Mouse Click Command Information: (a) Curve of Error Rate, (b) Learning
Curves of Recognition Machine based on Smart Neural Nets.

Table 1. Determination Result of Interval Threshold Value of Mouth Track (Camera with Collection

Freauency of 50Hz).

Head Move Number of Test | Number of Test | Average Interval | Average Interval Average Interval
Direction Video for Video for Threshold Value | Threshold Value ’I{ghreshol d
Command Movement for Command for Movement
Left 25 25 1544 3.894 2.719
Right 25 25 1575 4.052 2.8125
Top 25 25 0.453 2478 1.4655
Bottom 25 25 0.367 2.256 13115
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and then determine mouse click command. Here
we define the recognition machine outputs mean-
ing for mouse click command as shown in Table
2. And Table 3 gives the recognition results of 200
head motion videos for mouse click command

information.

Table 2. Recognition Machine Outputs Meaning
for Mouse Click Command.

Mouse Click Command Recognition Machine
Output
Left Single Click 1
Right Single Click 2
Left Double Click 3
Right Double Click 4

Table 3. Recognition Results for Mouse Click
Command Information.

Head Motion Video| Number ReilY:rgﬁfput Cg:;“
shake to left once 50 1.023 97.25%
shake to right once 50 1.994 96.75%
shake to left twice 50 2.985 98.12%
shake to right twice 50 4.052 96.24%

x

5 nmara s

B
B owr

R mosersrxs N

Since our System is integrated to Windows XP
Operation System, we can easily use camera to
navigate in Windows System. Fig. 10 shows the
application that using camera mouse to navigate

in Windows XP system.

5. CONCLUSIONS

In this paper, we have presented a camera mouse
technology based on mouth tracking information
from a single 2D face image using the relationship
between mouth position information and face re-
gion boundary information. Our system firstly
nonlinearly transformed the input video frame of
human head into YCuC: color space, then use the
visible chrominance feature of face in this color
space to detect human face region. And then for
face candidate, use the nearly reversed relationship
information between Cp and C; cluster of face fea—
ture to detect mouth position. Then we use mouth
position interval information between front-frame
and the next-frame in video frames of head motion
to confirm if a mouth position track is movement
information or command information for mouse,
once movement information been determined, we

use a mapping function which is set up by relation—

Fig. 10. Application that Using Camera Mouse to Navigate in Windows XP System: (a) Using Camera
Mouse to Control Mouse Cursor Move in Windows and Using Single Left Click of Camera Mouse
to Open Start Menu, (b) Using Right-click of Camera Mouse to Open Resource Menu in Windows.
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ship between MMA and screen to map mouth posi-
tion in MMA to screen, then we can get the real
mouse position information, so we can operate
mouse. cursor to the new position in OS. On the
other ways, if mouse click command information
been determined, we will capture the mouth move-
ment track, and then use a recognition machine to
recognize these track information to determine
which click command the mouth movement track
is. Then we have made experiments in Windows
XP OS to verify the effectiveness of mouse navi-
gation system based on presented algorithm. The
experiment results show that our presented algo-
rithm can get a perfect effect for using the camera
as mouse, and human can comfortably use their
head to control mouse in Windows.

Our finally object is to develop a system which
can achieve all of mouse functions such as: mouse
drag, mouse wheel scroll to upper and scroll to
down. And an interesting future direction is to use
human emotion based on the tracking of user head
motions, some mouse command information can be
controlled by user emotions. And also human eyes
motion can be used to control mouse movement
and event information.

Human head tracking information playing a very
important role on camera mouse system. There are
still many places in our current algorithm to be im-
proved, such as! implementation efficiency and
performance with more robust tracking in the con—

text of camera mouse application.
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