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Abstract — A smart Human-Computer Interface (HCI) replacing con-
ventional mouse interface is proposed. The interface is able to control
cursor and command action with only hand. Four finger motions (left
click, right click, hold, drag) are used to command the interface.
Also the authors materialize cursor movement control using image
processing The measure what they use for inference is entropy of
Electromyogram (EMG) signal, Gaussian modeling and maximum
likelihood estimation. In image processing for cursor control, they use
color recognition to get the center point of finger tip from marker, and
map the point onto cursor. Accuracy of finger movement inference is
over 95% and cursor control works naturally without delay. They
materialize whole system to check its performance and utility.
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1 Introduction

In these days, computer has been developed and its
interfaces are also being developed. Most commonly used
interfaces are keyboard and mouse. Conventional mouse is
moved perpendicular to the display such as a desk so;
there are constraints on use environments. 10 overcome
such shortcoming, various studies are conducted. Re-
cently, touch screen is widely used because; it is easy to
use for non-professional users. User has to touch the
screen that is why it is hard to be used on big screen. Ad-
ditionally there are interface under development based on
bio signal which is the primary response of the human
will. Serby' study p300 which is evoked potential of
brain wave. Kim? study interfaces based on eye gazed
tracking. Ko™ study about interfaces based on hand ges-
ture recognition through image processing.

Interface which based on P300 works slowly™ . In-
terface based on eye gazed, that is uncomfortable to select
and cancel command”’ and also there is problem of fa-
tigue.

In this study, to solve above problem and for more
intuitive computer control, we developed new computer
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interface through fusion of EMG signal and Image pro-
cessing. The interface controls the cursor through image
processing. Interface is recognizing specific color of
marker and then it is mapping marker to cursor through
image processing. And also it is controlling command
through EMG signal processing, which is inferring the
motion.

The composition of this paper is as follows: In chap-
ter 2, explains how to process the EMG signal to control
command. In chapter 3, explains how to process the im-
age from video camera to control the cursor. In chapter 4,
shows results of the algorithm in chapter 2 and chapter 3.
Finally, in chapter 4, conclude the study.

2 EMG signal processing for interface com-
mand

2.1 EMG signal acquisition

For EMG signal acquisition, EMG acquisition equip-
ment (PolyG-A, Laxtha Inc.) and bi-polar Ag-AgCl elec-
trode is used. We use 4 channels of the sensor and the
sampling frequency is 256 Hz. We use notch filter to re-
move 60 Hz and 120 Hz power line noise. We implement-
ed a band type sensor which is easy to wear on wrist, as
shown in Fig. 1(a).

Fig.1 (a) Wearable 4 channels EMG sensor; (b) Agcuisition sys-
tem and wearable EMG Sensor
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2.2 Model of finger motion for command of inter-
face

We use four finger motions (left click, right click,
hold, release) to perform conventional mouse commands.
The motions of left click or right click are actual behav-
ior, such as mouse left click or right click, bending index
finger or middle finger. Drag and drop which is used for
file move in conventional mouse is divided into Drag
(move with press down the button) and Drop (stop press-
ing). As shown in Fig.2(¢) and Fig.2(d), motions for the
file movement are like actually picking something up and
releasing it down. Such a configuration of motions helps
to command execution with intuition finger motion.
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Fig.2 (a) Finger motion performing left click; (b) Finger motion
performing right click; (c) Finger motion performing hold; (d)
Finger motion performing release

Fig. 3 shows four channels of EMG signals during
each 4 hand motion. Horizontal axis represent time(s),
and vertical axis represent voltage( 1V ) of the signal.
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Fig.3 EMG signals during various hand motions

Left click denoted by the “L”, Right click denoted
by the “R”, Hold denoted by the “H”, and Release de-
noted by the “Z”. If any motion K € {L,R,H,Z}| hap-
pens, signal observed in N € {1,2,3,4{ th channel is de-
noted by the »\[n]. For example, If Hold motion hap-

pened, the signal from 3* channel is denoted by [ 7 ].

2.3 Probabilistic modeling of entropy of EMG sig-
nal

We use information entropy to extract feature of the
signal. Information entropy is average of self information
of random variable. It can measure uncertainty of random
variables and imbalance of probability distribution. The

entropy is defined as™®

L
H(W) == > plaw)logl p(w)i, (D
i=1
where Wis W = {w | w,,w,,**,w, | as discrete random

variable. p(w,) is probability of w, and it is satisfied

T
> p(w) = 1. (2)

EMG signals halveI both negative and positive value,
but phase information of the signal is not important, so
we process absolute value of the signal. Absolute signal is
denoted by 25[ 7] . And

anlnl =1 n] 1. (3)

Let entropy of an[n] be H[2%[n]]. To calculate
H[25[n]], as shown in Eq. (1), probabilities p(w,) are
needed. The probabilities are calculated in the following
way.

Divide amplitude segment 0 to x,,, into M sections.
Individual segments are denoted by I,,I,,-:-,I,,. After
that, count samples in each segment. For probability
modeling, divide number of samples in each segment into
the total number of samples.

If motion K happens in N channel, probability in
1, is denoted by p& (m).

Hof samples € T,

K/ =
pa(m) = # of total samples’
-1) - :
Ly = | D e ) S P e
m = 1,2,-+,M. "

where # of samples € I,, means that number of samples
which are contained in I, . Thus, entropy of signal
[ 7] can be expressed as

hY = H(a\[n]) =— zpfv(m)log%i?ffr(m)V- (3)

=1
Next is the processing of creating probability model
of entropy which for discrimination. If a command mo-
tion K € {L,R,H,Z! happens, entropy, one for each
channel occurs. To examine the statistical characteristics
of entropy, we performed 100 times for each command
motion (L,R,Z,H).
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Fig.4 EMG amplitude division for probabilistic modeling
Fig.5 shows histogram of entropies for channel and

the motion. Horizontal axis represents value of entropy,
and vertical axis represents frequency (counts/bin) of en-
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tropy value.
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Fig.5 Histogram of each channel’s entropy

Fig. 6 shows probabilistic models which are derived
from the histograms in Fig.5. The reason why do we ap-
ply the Gaussian distribution model is figure of histogram
from 100 times of trial similar to Gaussian shape. Entropy
histogram from training data, through Eq. (6), that can
be converted to a Gaussian distribution function /% (k) "
Nere: ((hﬁy (6)

oa(al L 20k ) ’

where fx (hy) is probability density function from channel
N with motion K . hy is entropy of the signal from chan-
nel N, and it is index of the probability density function
#N(hy) . Fig. 6 shows that probability of entropies per
channel, and the motion. Horizontal axis represents value
of entropy, and vertical axis represents probability density
of entropy. Through this modeling, we can get the proba-

bility density of each motion in arbitrary channel.
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Fig.6 Gaussian model from the histogram

2.4 Command motion inference with maximum
likelihood estimation

Maximum likelihood estimation with probability
model of entropy is used for command motion inference.
If any motion K € {L,R,H,Z! happened, we can get
the probability density function value (f5(h),fS(h),
Ju(h), f%(h)) through entropy & from N channel. The
values mean probability quantity of entropy & happened,
so the value can be interpreted as likelihood® . Through
maximum likelihood estimation, we infer the command
motion K which has largest likelihood. Under assumption
that functions are statistical independent, Joint probability
density function of motions for each channels are can be
express as a multiplication of one-dimensional probability
density functions. Then, the inferred command motion
( K ) is can be expressed by

K = agmex| [ /50501 ™
n=1
3 Image processing for cursor control
3.1 Image acquisition

Hand movement recognition through image process-
ing is used for cursor control of the interface. Input imag-
es are acquired from the video camera (Webcam VX-
3000, Microsoft). The camera support 640 X 480 resolu-
tion images and it can acquire 30 frames per second. It is
installed against the user’s hand to get the images of hand
movement.

3.2 HSV and marker color recognition

When hand movement recognized with image from
video camera, a color marker is used for more accurate
recognition. The color of the marker on finger tip is not
included in the background color. Image data from the
video camera are composed of RGB color model. The
RGB color model is hard to be used for color recognition,
because it is so sensitive to light. To minimize the effects
of light, RGB color model is converted to HSV color
model which is contained by hue, saturation, and bright-
ness value'”’ . The transform is applied by Eq. (8)"". Pix-
els in the region of marker are detected by threshold.
Threshold of HSV values were set throughout many exper-
iment as follows:

(120 < H < 170) &(70 < S) &(140 < V).

Through C pixels of the marker which satistfy the
above conditions, the center position of the marker (I,J)
can be get with equation (9)"*""'.

In Fig. 7, (a) is hand with marker on ring finger,
(b) is picture that region of marker is detected so dis-
played in red, and (c) is picture that shows center of the
region.

® = max(R,G,B),
¢ = min(R,G,B),
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Fig.7 (a) Hand with marker in the ring finger; (b) Recognized
region of marker; (¢) Center point in the region

Hand movement recognition through image process-
ing is used for cursor control of the interface. Input imag-
es are acquired from the video camera (Webcam VX-
3000, Microsoft). The camera support 640 X 480 resolu-
tion images and it can acquire 30 frames per second. It is
installed against the user’s hand to get the images of hand
movement.

4 Experimental result

For verify the accuracy of inference of each motion,
each motion was independently performed 50 times. 50
data are separated by 25 training data and 25 test data.
There are 5, Cys (1. 26 X 10) total combinations. To
verify the accuracy of motion inferring, we randomly
choose 1 000 combinations in total combinations.

To calculate entropy, X,,, was set at 1 000 V. And
number of segment M was set at 8. 1000 times of the test,
infference accuaracy are shown in Tab. 1.

Tab.1 Accuracy of motion inference( M = 8 )

. Inference
Motion L(%) R(%) H(%) 2(%)
Left click 937 0.00  0.63  0.00
Right click 0.00 9.4 3.9  0.00
Hold 4.42 0.00 902.54 3.04
Relcase 0.00  0.00 0.3  99.87

5 Conclusion

Fig.8 shows that average accuracy depending on pa-
rameter M. and Fig.9, Fig. 10 and Fig. 11 show that how
does the interface works. Fig. 9 shows right click com-
mand with middle finger bending. Fig. 10 shows left click
command with index finger bending. Fig. 11 shows drag

10 20 30 40 50 60 70
M(Number of bins)

Fig.8 Accuracy depending on parameter M

Fig.9 Middle finger motion for right click command
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3

Fig. 10 Index finger motion for right click command

Fig. 11 Drag and frop command with holding gesture
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We developed new human computer interface
through fusion of image processing and EMG signal pro-
cessing. As we deal with earlier, the interface control not
only cursor movement but also command alike convention-
al mouse.

In hand movement recognition, marker color was
recognized to find region of marker and center of the re-
gion was mapped to cursor. Only single color was used for
the marker. So if background color is similar to marker,
center of the region was located outside of marker, so the
cursor movement was swayed. We expect that problem
will be solved through using two or more colors of mark-
er.

Accuracy of finger motion inferring is, as shown in
Tab. 1, more than 95% . Relation of motion “H” and “Z”
for drag and drop, Z (release) could not happen before H
(hold). So, if we prevent release motion inferring before
hold happen, we can correct wrong identification.

In this study, we developed computer interface which
is capable of 4 commanding through EMG sensor and vid-
eo camera. If we use more EMG sensor and improved im-
age processing algorithm, then this interface system will
be developed with various functions.
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