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Position Tracking of the Mouth Using Image Processing 

Hiroki Higa, Ka7utoshi Tsuha, Ryota Onaga, and Ikuo Nakamura 

Abstract- In this paper, an image processing method using 
CMOS camera was applied to an assistive system to care for 
bedridden people. It was experimentally demonstrated that 2- 
demensional position tracking of the experimental subject's 
mouth was performed using image processing. Furthermore, 
3-demensional position tracking of the subject's mouth was 
measured using stereo matching measurement. From the ex- 
perimental results, it was clear that the 2-deinensional postion 
of his mouth was correctly tracked 90 % in all frames, and that 
the 3-demensional postion tracking of his mouth was effectively 
measured. 

I .  INTRODUCTION 

There are many people who are confined to their beds 
for a long time by the cause of stroke or traffic accidents. 
Some of them have strong-minded to be independent of 
others and to live their own lives. For the purpose of 
assisting the bedridden people to live, we have developed 
the assistive robot arin system [ 11, [ 2 ] .  Our concept with 
respect to this system is to mainly carry out nursing care 
of the bedridden patients by their family and to subsidiarily 
assist nursing care of them by the a tive robot arm. The 
system has a drink water command as one of commands. In 
this case, the end effector (hand) of the robot arm system 
gets close to the user's face. In order to safely control 
the assistive robot arm, an image processing method using 
CMOS cameras was adopted as one of feedbacks, and 
detection of an experimental subject's mouth was done in real 
time. Furthermore, a distance between cameras and the user's 
mouth was measured by using stereo matching measurement. 

11. SYSTEM CONFIGURATION AND IMAGE PROCESSING 

A. OveivieMs cf' Systrni 
A system configuration of the assistive robot arm is shown 

in Fig. 1 .  This is composed of a robot arm. personal computer 
(PC), control device. monitor display. and CMOS cameras. It 
has the following functions: (1) to help users to have meals 
and something to drink, and (2) to inform their personal 
doctors or their family of what they are doing with the robot 
arm if necessary, and to e-mail and browse so the users can 
have many opportunities to communicate with people all over 
the world. The robot arm has the ability to tilt the screen so as 
to acquire the user's face from a most advantageous position. 

K. Detection r,f' Uxer's Mouth Using linage Processing 
To detect the color of the human skin component, the 

Y- and I-elements of YlQ color system were used. The 
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Fig. 1. Systcin configuration of assistivc robot arni 

transform matrix [3] from RGB to YIQ is given by 

O.ll'l ] [ 1. [ b ] = [  0.211 -0.522 0.311 

0.299 0.587 
0.596 -0.274 -0.322 

It is very important to know relative location information 
among a robot arin. user and some objects such as a bed 
and table so as to prevent the robot arm from being hit 
against the user when it is applied to nursing care. Two 
CMOS cameras were used to obtain a spatial coordinate of an 
object in the nursing care environment. In this paper. stereo 
matching measurement [4] was used to calculate the spatial 
coordinate of the object from a pair of images. 

The stereo matching measurement is the method to obtain 
3-dimensional coordinate from a pair of images. Fig. 2 
shows the principle of the stereo matching measurement. It 
is defined that the point OL is the original point in the stereo 
matching measurement. Two cameras are located at the 
points OL and On. The coordinates of a point P ( q 1 .  vP> z,,) 
to be measured are given by 

c l . f  
ZI1 

XI. - LIZ 

and 

where I'L ( L L .  y ~ )  and / ' R ( J R .  yn) are the position coordi- 
nates of an object on the images obtained by the left and right 

1 -4244-0033-3/06/$20.00 02006 IEEE. 3460 



point of incasurcmcnt 

0,(0, 0, 0) d O,(d 0, 0) 
caincra I caiiiora2 

Fig. 2. Principlc of stcrco matching incilsiircnicnt 
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Fig. 3. Example image. 

Fig. 4. Environmental setup for nursing care (to11 view). 

cameras, and rl and f are the distance between two cameras 
and that between the cameras and a frame, respectively. 

In gencral, a camera’s lens has a distortion. This leads 
to cause errors in any analysis performed with video-based 
motion. Thus, the correction equations of the camera’s lens 
distortion were also used as expressed by eqs. (1) and (2)[S], 

all. = -.E1, + ( k . 1 2  + k 2 f ’  + k;$)(J - Z1’) 

+ PI( T 2  +2(r - XI,,’> +2p2 (. -2!’) (y - y,,). (1 

and 

~y = -yT, + ( k$  + kyr4 + k3rG)(y - yl,) 
+ 2Pl(ll.-ll.,,)(Y-Y,)+P2{7.~ + 2(y - yJ2}> ( 2 )  

where r2  = ( x - ~ ~ ) ~ + ( y - y ~ , ) ~ .  ( x ,  g )  and (J+AJ.  y+Ag) 
are the Coordinates before correction and after correction, 
respectively. (xi], yI j )  is the center coordinate of the image, 
and parameters k l :  k.2. k:3,pl ,  and p2 are constant. 

The Gray Level Run Length method [6] is a way to 
compress information. For a binary image, there are white 
pixels having the pixel values of 1 and black pixels having 
the pixel values of 0. Consecutive pixels of the same value 
in a given direction consist of a run [7]. Figure 3 shows an 
example image. Assuming that the first pixel value is known, 
and that a right edge pixel of the image is connected to the 
left edge pixel at the next row, the 2-dimensional matrix can 
be represented by the number of runs of length: 1 1, 6, 4, 1, 
S , 1 , 3 . 1 , 6 . 1 , 2 , 1 , 6 . 1 , 2 , 1 , 6 , 1 , 2 , 1 . 6 , 1 . 2 , 1 . S , 1 . 3 , 6 .  
13. This means that the 2-dimensional matrix of I00 pixels 

is encoded as 29 numbers. In our system, this technique was 
adopted to detect the experimental subject’s mouth in real 
time. 

111. EXPERIMENTAL METHOD 

A. 2-Dirnensionnl Position Trcicking c f  the Experinientcrl 
SuFject ’s Mouth 

Before the experiments. the correction of lens distortion of 
cameras was done. The procedure was as follows. A 30 x 28 
matrix-like structure, which was drawn with a black square, 
3 cm on a side, on a sheet of white paper was fixed on a wall. 
A distance between two cameras (WebCani 5. Creative Co. 
Ltd..) was fixed to 60 cm. The pair of cameras was placed 
at a distance of 140 cm away from the wall. the matrix- 
like structure was taken with it, and the pair of cameras was 
moved back at intervals of 10 cm up to 250 cm from the 
wall. The resolution of’ the images was set to 640 x 480 
pixels, they were saved i n  24-bit Windows bitmap format, 
and using these data and eqs. ( 1 )  and ( 2 ) ,  the distortion of 
the lens was calibrated. 

In order to safely perform a drink water command using 
the assistive robot arm system, 2-dimensional coordinates 
of the experimental subject’s mouth was firstly measured. 
An experimental setup is shown in Fig. 4. An experimental 
subject (24 years old) sat on a bed, and camera 1 was 
used to detect the subject’s mouth. The resolution of image 
was set to 320 x 240 pixels for reducing computation 
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Transform the RGB image into a Y l Q  format. 

1 
Hinarirc the YTQ image with thc thrcshold of T- 
component to extract flesh-colored cluster. I 
Labcl all tlcsh-colorcd clustcrs with thc nuinbcr, 
and  t lnd a face cluster f rom them using 
roundness shape factor. 

1 
Perform edge detection in the face area using Prewitt 
method, and binarize the image with the threshold of 
Y-component. 

1 
Do the template matching to find the nose, and plot a 
point on the image several pixels below the nose. 

I 

1;ig. 5. ijlowchart of image proceshing to detect ~1ser.s mouth. 

time. and the iinage processing prograin was made using 
Visual C++. The steps of detecting the experimental subject’s 
mouth are shown in Fig. 5 .  It was difficult to detect the 
experimental subject’s mouth directly. Thus, detecting the 
subject’s face area first, we obtained his nose position in the 
face area, and using the nose position, his mouth position 
was finally detected. A distance between the experimental 
subject’s head and CMOS cameras was about 1.65 m. The 
sequence of the head movements was as follows: initial 
position (looking forward), right rotation, initial position, left 
rotation, initial position, extension, initial position, flexion, 
and initial position. A white point was plotted at the position 
of the subject’s mouth. 

B. 3-Dirnerisionul Positiori Trading cf’ the Experiinentnl 
Sukject ‘ s  Mouth 

In the next experiment, 3-dimensional coordinates of the 
experimental subject’s mouth was measured. The resolution 
of motioii-image data was set to 320 x 240 pixels. A distance 
between the experimental subject‘s head and CMOS cameras 
was about 1.65 m. In this case, the cameras I and 2 were 
used, and a red cross-shape mark was attached on the wall as 
a reference point. The squence of head movements was the 
same as the previous experiment. A white point was plotted 
at the position of the subject‘s mouth. 

In addition, the static distance measurements were also 
performed at the distance of 160 cm between two cameras 
and a dummy head and that of 170 cm between them, 
respectively. In this experiment, the dummy head was fixed 
at the distance of 160 cm away from the two cameras. 
and the distance was measured using the stereo matching 
measurement. The measurement in the case of the distance 
of 170 cm between two cameras and the dummy head was 
also done. 

I 

- 

Fig. 6. Expcrimcntal rcaults capturcd from motion-imagc data. Thc hcad 
movements are (a) initial position (looking forward), (13) the right rotation, 
ic)  the left rotation. id) the extension, (e) the flexion, and ( f )  initial position, 
respectively. Experiiiiental subject‘s mouth was plotted by white point. 

I v .  EXPERIMENTAL RESULTS AND DISCUSSIONS 

A. 2-Dimensioriul Position Trucking o,f the Suk~ject ‘s Mouth 
The experimental results of 2-dernensional position track- 

ing of the subject’s mouth are shown in Fig. 6. The ex- 
perimental subject’s mouth on the processed images were 
respectively plotted by a white point. It was obvious from 
the experiinental result that the experimental subject’s mouth 
could be correctly detected at the frame rate of 30 frames/sec. 
We defined the success as the thing that the points obtained 
by the image processing were in the subject’s mouth, and 
counted how many success points in all frames we obtained 
in the experiment. It was clear that the success rate of the 
motion-image processing was 90%. 

B. 3-Diniensiorud Position Trucking c , j ’  tlir Subject’s Mouth 
The experimental result or 3-demensional position track- 

ing of the subject’s mouth are shown in Fig. 7. From 
the experimental result, it was found that the experiinental 
subject’s mouth was correctly detected at the frame rate of 
25 frameskc.  The rms errors between the distances of the 
experimental conditions (160 cm and 170 cm) and those 
obtained by the stereo matching measurement were calcu- 
lated as an evaluation of the static distance measurement. 
The result is shown in Fig. 8. It was obvious that the rIns 
errors of distance between two cameras and the dummy head 
were effectively small. 
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Fig. 7. Expcriincntal rcsults captured from motion-image data in the eases 
of the head movements of (a) initial position (looking fortvasd). (b) the right 
rotation. ic)  the left rotation, (d) the extension. and (e) the flexion. The both 
of cxpcrirncntal subject‘s mouth in right and left processed iinagcs were 
plotted by white points. 

btatic distancc meilbtircmciit [cml 

Fig. 8. Rim ci-1-ors of static distance incasurcnicnt. 

V. CONCIAISION 
In this paper, the motion-image processing program was 

made for the assistive robot arm system, and the position 
tracking of the experimental subject’s mouth was experi- 
mentally verified. The experimental results showed that the 
2-dimensional position of his mouth was correctly tracked 90 
c/o in all frames. Further, it was experimentally demonstrated 
that it was possible to measure Mimensional position or 
the subject’s mouth using stereo matching measurement. A 
further Consideration of the performance with the assistive 
robot arm will be needed for our future work. 
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