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Abstract — Mobile device research has been increasing rapidly in Hu-
man Computer Interaction (HCI) recently. Following this trend, this
paper proposes a user-centered interface, which has been designed,
completely installed and independently run on a mobile phone. Video
signal is streamed through its camera as the image input to the inter-

face by employing techniques of image processing, computer vision
and graphics to identify automatically absolute positions of human
face, neck and two hands. A paradigm is also put up theoretically.
And it embeds this interface to perceive the human postures and con-
vert them into relaxed comic character according to its context.
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1 Introduction

The explosive growth of mobile device has yet to be
fully exploited by HCI researchers " . It is still a gold mine
for scientists to discover its potential. Equipped with pow-
erful chips, mobile phone now can load computing capa-
bilities from computer and await researchers skilled in HCI
to create new tools> , which ease everyday tasks or simply
joyful entertainment since it gradually becomes an insepa-
rable thing. Our proposal including designing and also im-
plementing an interface to contribute a bridge for interac-
tive systems such as human machine interaction or user
oriented mobile applications is not outside this track.

Computer science techniques are utilized behind the
stage in this interface. Various algorithms in facial recog-
nition had been compared and successfully implemented to
detect human face in a 2D image”'. Whereas human skin
detection™ and K-means clustering® had been used to
classify different parts of a human body. Taking the full
advantage of graphics technique, we refined the image
processing steps including conversion between color spaces
YUV, RGB™', downsizing or gray scaling to optimize
them for minimum computation cost.

*  Received: 2010-09-13

As opposed to other previous related researches due
to expensive processing on mobile phone, which just was a
blue print™’, stopped in the detecting colored objects to
control humanoid soccer robots'", mobile phone was ei-
ther used to strict human area constraint™ or played as a
human-robot speech recognition interface recently™ .

The work is novel as a modality which is capable of
pointing out human body parts” position (Fig.1) and run-
ning independently on an Android phone, specifically on
Google Nexus One'™*' . Moreover it extends potential to be
the default physical interface for ubiquitous computing ap-
plications™ . Inspired by this interface, it is feasible for
us to assume an experiment that supports for analyzing and
process the user’s postures in the real world and translate
them into humorous computer-generated graphical objects
which are comic characters selected from the database.
Furthermore, we can add daily funny dialogue into the
character’s talk bubbles regarding to the context.

Fig.1 Interface was implemented on Google Nexus One
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2 Design and implementation

Recently, mobile phone is not considered as a purely
traditional telecommunication device, but it also repre-
sents a portable entertainment user oriented device and an
efficient office assistant. Thanks to dramatically advance
in hardware, now we can compress many techniques
which acquire expensive computation such as image pro-
cessing, computer vision and graphics into an interface
placed totally on an Android phone, Google Nexus One.

Main components are video frames capturer, human
skin color segmentation, body regions classification, face
detection preparation, face detector and global position
calculator (Fig.2).

3 TS

2 L Human skin color
Camera . frames
Capturer
'

Segmentation

|
Body regions
Classification

e

Face detection Face
Preparation Detector

Fig.2 Interface function blocks diagram

Streaming video frames through nexus one’s camera
acts like an input of the interface, are processed by video
frames capturer. It also has a sub function is conversion
between different color spaces when upcoming video
stream is compressed in YUV format. Human skin color
segmentation filters human skin regions from every frame.
And then body regions classification will group skin re-
gions together using K-means clustering algorithm. If area
of any regions of interest is smaller than a specific thresh-
old, it will be considered noise and be eliminated. It aims
to de-noise when noise is small area and discrete pixels
which existing in image frame. Throughout this step, the
ideal result is the center positions of human face, and two
hands. Face detection preparation has a task of preparing
images for Face Detector. It downsizes the image and
converts it to grayscale to increase processing speed. Hu-
man face region is detected by Face Detector and its posi-
tion is identified accurately in the image frame.

Consequently, global position calculator computes
and outputs precisely positions of user’s face, neck, two
hands. Clearly it has to combine two returned results from
two threads. Comparing with face detector, it will know
the face region. Neck region is right below and stick to
the face area. Hence there are only two hands” areas left.
Now the interface’s output is ready for various applica-
tions based on human gestures.

3 Main algorithms
3.1 Human skin color segmentation

In this part we applied a constructive induction ap-

proach to find a set of new attributes for skin detecti-
on*. It starts with the three basic color components
RGB in a normalized form and a simple set of arithmetic
operators to produce a suitable model for skin detection.
Once a new set of attributes is produced, a new restricted
covering algorithm, called RCA, is used to construct a
single rule of no more than a small number of easy to
evaluate terms with a minimum accuracy. We are interest-
ed in inducing simple models as they are relevant to appli-
cations which require fast response times.

The rule for the first color model is: If

#ﬁb)z>0.l,and (rTrgXJrgW >0.1 then Class =

skin, with 93. 7% of recall, 91. 7% of precision and
92.6% of success rate. In order to increase the perfor-
mance values of RCA, it is allowed to grow an additional
term. The best model has the following performance re-
sults: 94.1% of recall, 92.7% of precision and 93.4% of
success rate.

3.2 Body regions classification

This function uses K-means® at minimizing an ob-
jective function, in this case a squared error function. The
objective function

k
j: ZFIZ“ES] X, 7C,

where | x, — ¢ is a chosen distance measure between a data
point and the cluster centre ¢; .

Although it can be proved that the procedure will al-
ways terminate, the K-means algorithm does not neces-
sarily find the most optimal configuration, corresponding
to the global objective function minimum. The algorithm
is also significantly sensitive to the initial randomly select-
ed cluster centers. The K-means algorithm can be run
multiple times to reduce this effect.

K-means clustering algorithm enables to group adja-
cent skin color points into clusters and find out the means.
It eliminates clusters that are small. By this way noise also
is eliminated automatically.

3.3 Face detector

Face detector is generated based on Adaboost algo-
rithm. Adaboost is a kind of method to construct a strong
classifier from a lot of weak classifiers. The weak classifi-
er for face detection applies Haar-like features. This fea-
ture value is different in terms of intensity between pixels
in particular location. One weak classifier is comprised of
feature threshold, parity and function to compute feature
value. Based on this concept, initially tens of thousands
weak classifiers are created.

The first weak classifiers are trained by using Ada-
boost algorithm. Learning process consists of 4 steps as
follows: (D determining feature threshold and parity
through applying all weak classifiers to training images;
@ computing error rate of each feature; 3 collecting
weak classifiers which have low error rate; @ generating
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a strong classifier using collected weak classifiers. For
more details™ , explains the Adaboost algorithm.

The performance of face classifier based on Adaboost
algorithm is already verified in many previous researches
and the face detection rate is generally over 90% . There-
fore Adaboost algorithm based face detector is the most
widely used method in pattern recognition field.

4 Experiment

In this section, we present an empirical evaluation of
our proposed interface on system performance and future
work.

4.1 Runtime result

After calculating inside and outside with image frame
size is 480 < 320 pixels (Fig.1), we got the average result
below, time period is measured by millisecond.

Tab.1 Skin and face detection time

Skin Face Total Frame rate(f/s)

Inside 30 439 469 2.13
Outside 41 442 483 2.07

Consequently, the system processes approximately 2
frames/second. In the Tab.1, it takes a little more time to
detect human skin outside when the light and background
texture changes. However there is a slightly difference
with face detection phase. In fact, illumination does not
influence the face detection algorithm too much at all,
while it is a real pain in the neck as it makes a significant
overlap between the skin and non-skin areas. For this rea-
son, background and clothes color should be selected dis-
tinguish from the human skin color to avoid false positive.

In Ref.[14], the convergence of computing capabili-
ties onto the mobile phone is predicted and we want to
check it out on Nexus One. 2 frames/sec is still not suit-
able for real time human gesture based applications; how-
ever, it proves that the trend is not fictional, mobile de-
vices proliferated even further in society in a greater vari-
ety of contexts than our current user models accommo-
date.

4.2 Further discussion

Entertainment has contributed a lot to the society.
Entertainment basically fights boredom and gives us a
temporary escape from certain worries. It changes the
way we view the world in the positive way. We assume a
use case which recognizes human gestures in the Augment-
ed Reality Entertainment System through our proposed in-
terface. Picture yourself walking down the street; you
make fun of a friend or personal photos with different
comic character depending on user posture. For example
in Fig. 3, a character from The Simpsons will replace a
talking friend and he/she is going to burst out laughing
when see it.

This is a demonstration showing how to implement

our proposed interface to recognize human gestures in the
Augmented Reality Entertainment System (Fig.4). Char-
acter Selector is mainly in charge of selecting the most
suitable comic character from database that is a lot look
like the input human posture. In a nutshell it receives pa-
rameters from our proposed interface and separates user
posture into four areas base on his/her face and neck posi-
tion. After that it calculates two angles of two hands
against to the axis and relative distances from two hands
against the neck to find out a nearest pattern from the
comic characters database. It is easy to calculate these pa-
rameters when we got the accurate positions of face, neck
and two hands from the interface. Moreover they have to
be added approximate error to make sure that the system
still can be tolerable with different trials.

Trying is
the first step
towards failure.

Fig.3 A comic character from the simpsons (™© FOX)
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Fig.4 Augmented Reality Entertainment System Paradigm (Comic
characters ©:http://springfieldpunx. blogspot. com)

5 Conclusions

Recognizing that the extension of processing power
into a mobile phone would become a normal phenomenon
when there are many breakthroughs in hardware technol-
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ogy. Not only is the proposed ioterface inherited by those
but also takes advantages from computer science technolo-
gy in order to run independently on a mobile phone.

It is ready for human oriented applications which
need precise position parameters of human body parts as a
control bridge such as human-machine interaction, ubig-
uitous computing or mobile game. Our use case is just an
open suggestion.
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