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Position Tracking of the Mouth Using Image Processing

Hiroki Higa, Kazutoshi Tsuha, Ryota Onaga, and Tkuo 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-demensional 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 arm system [1], [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 assistive 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.

II. SYSTEM CONFIGURATION AND IMAGE PROCESSING
A. Overview cf Svstem

A system configuration of the assistive robot arm is shown
in Fig. 1. This is composed of a robot arm, personal computer
(PO), 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.

B. Detection cf User’s Mouth Using Image Processing

To detect the color of the human skin component, the
Y- and l-elements of YIQ color system were used. The
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Fig. 1. System configuration of assistive robot arni.

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

Y 0.299 0.587 0114 R
I | =] 059% -0274 -0.322 G
Q 0.211 —0.522 0.311 D

It is very important to know relative location information
among a robot arm, 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 Oy, is the original point in the stereo
matching measurement. Two cameras are located at the
points Oy, and Op. The coordinates of a point P(x,, Yy, 5p)
to be measured are given by

d-f
Rp = T
I — TR
d-l’L
£y = ————,
P 3
Ty, — TR
and
d-yr, d-yr
Yp = — = —
Zry — IR T — IR

where 1 (zp,yr) and Pr{xp,yp) are the position coordi-
nates of an object on the images obtained by the left and right
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Fig. 2. Principle of sterco matching measurcment.

Fig. 3. Example image.

cameras, and d and [ are the distance between two cameras
and that between the cameras and a frame, respectively.

In general, 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 eqgs. (1) and (2)[5],

Ar = —u,+ (lclr2 + kot + ]{337’6)(LL' —zp)
+ pl{r2+2<1’71’1})2}+2p2($71’p>(y7yp)7 (1)
and
Ay = —yp+ (kir? + kor* + ksr®)(y — )

+ 2pie ) (y— gyt 20y —yp)?), (D

where 72 = (z—2,)?+(y—y,)% (2, y) and (z+Az, y+Ay)
are the coordinates before correction and after correction,
respectively. (x,,y,) is the center coordinate of the image,
and parameters ky, ko, k3, p1, and po 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: 11, 6, 4, 1,
5003, 1,6, 1,2, 1,6,1,2,1,6,1,2,1,6,1,2, 1,5, 1,3,6,
13. This means that the 2-dimensional matrix of 100 pixels
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Fig. 4. Environmental setup for nursing care (top view).

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

HI. EXPERIMENTAL METHOD

A. 2-Dimensional Position Tracking cf the Experimental
Sutject’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 (WebCam 5, Creative Co.
Lid.,) 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 in 24-bit Windows bitmap format,
and using these data and eqgs. (1) and (2), the distortion of
the Iens 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 | 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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Binarize the YIQ image with the threshold of T-
component to extract flesh-colored cluster.

:

Label all flesh-colored clusters with the number,
and find a face cluster from them using
roundness shape factor.

v

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

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

Fig. 5. Flowchart of image processing to detect user’s mouth.

time, and the image processing program was made using
Visual C++. The steps of detecting the experimental subject’s
mouth are shown in Fig. 5. Tt 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-Dimensional Position Tracking cf the Experimental
Sutject’s Mouth

In the next experiment, 3-dimensional coordinates of the
experimental subject’s mouth was measured. The resolution
of motion-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 | 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 c¢m 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.

(b) (€)

Fig. 6. Experimental results captured from motion-image data. The head
movements are (a) initial position (looking forward), (b) the right rotation,
(c) the left rotation. (d) the extension, (¢) the flexion, and (f) initial position,
respectively. Experimental subject’s mouth was plotted by white point.

1V. EXPERIMENTAL RESULTS AND DISCUSSIONS
A. 2-Dimensional Position Tracking cf the Subject’s Mouth

The experimental results of 2-demensional 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 experimental 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-Dimensional Position Tracking ¢f the Sutject’s Mouth

The experimental result of 3-demensional position track-
ing of the subject’s mouth are shown in Fig. 7. From
the experimental result, it was found that the experimental
subject’s mouth was correctly detected at the frame rate of
25 frames/sec. 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 rms
errors of distance between two cameras and the dammy head
were effectively small.
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Fig. 7. Experimental results captured from motion-image data in the cases
of the head movements of (a) initial position (looking forward). (b) the right
rotation, (¢) the left rotation, (d) the extension, and (¢) the flexion. The both
of experimental subject’s mouth in right and left processed images were
plotted by white points.

rms error of distance [em]

160 170
static distancce measurement [cm]

Fig. 8. Rms crrors of static distance measurcment.

V. CONCLUSION

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
% in all frames. Further, it was experimentally demonstrated
that it was possible to measure 3-dimensional position of
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.

ACKNOWLEDGMENTS

This work was partly supported by the Tateishi Science
and Technology Foundation, and University of the Ryukyus
under a grant for scientific research.

REFERENCES

[1] H. Higa, A. Katayama, K. Tsuha, and I. Nakamura, "A Study on
Application of a Robot Arm to Welfare Equipment for Nursing Care
-Using Input Interface and Visual Feedback-" Proc. of ITC-CSCC
2004, pp. 7E2L-3-1 - 7E2L-3-4 (CD-ROM), 2004.

[2] H. Higa, K. Tsuha, and 1. Nakamura. “A Basic Study on Position
Detection of the Lip Using Image Processing,” Proc. of ITC-CSCC
2005. pp. 1283-1284. 2005.

[3] H. Nakagawa. “Development of the high-speed image recognition
for an autonomous mobile robot.” master’s thesis of Japan Advanced
Institute of Scicnce and Technology, 2002.

[4] T. Agui. and T. Nagao, “Introduction to image processing by C
language.” Shokodo. pp.127-129, 2001.

[5] H. Inomoto, S. Hukube, K. Akimoto, and Y. Onishi. “The camera
calibration by the 2-dimensional target place.” Proceedings of Annual
Meeting of Japan Society of Photogrammetry 2003, pp.37-40. 2003
(in Japancse).

[6] A. Chu, C. M. Sehgal, and J. F. Greenleaf, “Use of gray value
distribution of run lengths for texture analysis.” Patt. Recogn. Lett.,
vol.11, pp.415-420. 1990.

[7]1 K. Shoji, and T. Miyaji, “High-speed connected element labeling using
runs information.” IEICE Trans. D-II, vol.121-C, no.2, pp.392-400,
2001 (in Japanese).

3463



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


