
International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:7, No:10, 2013

1376

 

  

ro
ac
ac
op
co
m
is 
 

de
hu
be
th
Th
th
hu
ex
as
ha
of
m
bu
C
bu
tw
de
ou

ro
at
ro
Fi
w

ge
oc
he
R
re
ge
 

En
@

U

Abstract—Th
obots with arm g
ccelerometer sen
ccelerometer se
perator and in
ommand to con
oving forward a
over 99% and m

Keywords—E

NLIKE tra
the extern

etermine whe
uman [1], [2
ecoming a big
hey will form 
herefore, rese

heir intelligen
umans. Such 
xample, robot
ssistants [5], [6
ave been wide
f robots incl

multi-legged. W
ut their movem
aterpillar robo
ut they are 
wo-legged rob
ecades, mainly
utstanding [8]

This paper pr
obot, which ut
ttached on bot
obot used in th
ig. 1, the upp

while the lower
In the metho

estures by ob
ccurring on th
er arm, and th
oMAN exec

ecognizes the 
esture, the K-

Kiwon Rhee, Ky
ngineering Depar

@gmail.com, fabri

Intu

U

his paper propo
gestures using 
nsors attached t

ensors receive 
fer the corresp

ntrol the robot. 
and backward a
movements can

EMG, Accelero

I. INT

aditional robo
nal environme
ther to move 
2]. Intelligen
gger part of h
a greater part
arch on intell

nce and the 
studies are c

ts may be u
6]. Studies on 
ely conducted 
ude wheelba

Wheelbase rob
ments are uns
ots are stable 
slow and les
bots have be
y in Japan; ho
. 
roposes a new
tilizes the int
th wrists and 

his study is a ro
per half of the
r half is a whe
d proposed in
bserving the 

he surface of th
he accelerome
cutes the co

gesture of th
-mean cluster

yung-Jin You, an
rtment, Soongsil U
c@gmail.com, sh

uitive R

oses a method o
surface electrom
to the operator’
signals from th
ponding move
The movemen

and turning left 
n be controlled 

omter, K-nn, En

RODUCTION 
ot, an intellige
ent and enga

autonomicall
nt robots ha
human life, an
t of industry i
igent robots f
interaction b

carried out in
used as home

the navigation
since the 198

ase, caterpilla
bots function w
stable when th

even on a ro
ss efficient [
een performe
owever, their f

w method of co
egration of ac
EMG signals

obot named R
e body imitat

eelbase chassis
n this study, th

electromyogr
he arm when t
eter signals fro
orresponding 
he user. To d
ring and K-n

nd Hyun-Chool S
University, Seoul
hinhc@ssu.ac.kr)

Kiw

Robot
A

of remotely con
myography (EM
s wrists. The E

he arm gesture
ements to exec
nts of the robot
and right. The a
in real time. 

ntropy. 

ent robot reco
ages in reason
ly or interact 
ave been gr
nd it is expect
in the future [
focuses on enh
between robo
n various fiel
emaker and m
n of intelligen
80s. Movemen
ar, two legge
well on level g
he ground is u
ough ground s
[7], [8]. Stud
d for the pa
functions are s

ontrolling a hu
ccelerometer 
s [9]. The hu

RoMAN. As sh
tes the human
s. 

he module reco
ram (EMG) 
the user move
om the arm po

command o
distinguish ea
nearest neighb

Shin are with the E
l, Korea (e-mail: 
.).   

won Rhee, Ky

t Cont
cceler

 

ntrolling 
MG) and 
EMG and 
es of the 
cute the 
t include 
accuracy 

ognizes 
ning to 
with a 

radually 
ted that 
[3], [4]. 
hancing 
ots and 
lds; for 
medical 

nt robots 
nt types 
ed, and 
ground, 
uneven. 
surface, 
dies on 
ast few 
still not 

manoid 
sensors 
manoid 
hown in 
n body, 

ognizes 
signals 

es his or 
ostures. 
once it 
ach arm 
borhood 

Electrical 
rkw0710 

me
an
EM
can

ge
fou

Fig

yung-Jin Yo

trol Us
romete

ethods were u
nd employed t
MG signals. T
n be controlle

Fi

Gestures used
stures that con
ur gestures (fo

g. 2 Left-hand g

ou, Hyun-Cho

sing S
er Sig

used, and info
to measure th

The control ha
ed smoothly in

g. 1 Structure a

II. DEFINI

d to command
ntrol the move
orward, backw

gesture (A: forw

ool Shin 

Surfac
nals 

formation entr
he level of act
as a one-secon
n real time. 

 

and design of R

NG GESTURES

d the robot in
ement. A throu
ward, left turn

 

ward B: backwa
turn) 

e EMG

ropy was calc
tivity of the s

nd delay; howe

RoMAN 

S 
nclude four lef
ugh D in Fig. 2
, and right tur

ard C: left turn D

G and

culated 
surface 
ever, it 

 

ft-hand 
2 show 

rn). 

 
D: right 

d 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:7, No:10, 2013

1377

 

 

 
Fig. 3 Remote EMG and accelerometer measuring equipment 

III. SIGNAL ACQUISITION 

A.  Acquisition of EMG Signals  
The remote EMG signal measuring equipment in Fig. 3 and 

Ag/AgCl dipole electrodes were used to acquire the signals. Fig. 
4 shows where the electrodes are attached on the forearm of the 
tester. The distance between the two poles is equal. The 
sampling frequency of the EMG signals is 64 Hz, and the power 
line noise has been eliminated. 

The tester had no difficulty in moving, and was instructed to 
move with the strength and speed used in daily life. The surface 
EMG signals were measured using three channels. 

B. Acquisition of Accelerometer Signals 
Accelerometer sensors were used to measure the signals. Fig. 

4 shows where the acceleration module is located in the 
equipment and Fig. 4 shows where it is attached on the forearm. 
Accelerometer signals were measured with a sampling 
frequency of 64 Hz along the X, Y, and Z axes. Fig. 5 shows the 
accelerometer data of left-hand gestures. 

IV. PROPOSED METHOD 

A. Characteristics of Gestures for Control 
Arm gestures for control used accelerometer sensor signals. 

The measured value of the accelerometer sensors was 
employed to form a model for each gesture using K-means 
clustering [10]. 

Signals were obtained from the three axes (X-axis signal, 
)(tVx , Y-axis signal, )(tVy , and Z-axis signal, )(tVz ), and 

they were used to set the centroid. The Euclidean distance 
between the three accelerometer signals, )(tV , and the centroid, 

)0(dT , was calculated; the )(tV  closest to )0(dT  was 

included in the group dS . Then, dS was used to renew the 

centroid, dT . 
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Fig. 4 Sensor modules and the EMG sensor attachment 

 

 
Fig. 5 Accelerometer data of left-hand gestures(A: forward, B: left turn, 

C: right turn, D: Backward) 
 

The gesture model was determined after repeating the (1) 
and (2) to obtain the optimal centroid. 

B. Processing EMG Signals for Control 
EMG signals measured from the three channels attached on 

the forearms are written asݔ௖ሾ݊ሿ, where crepresents the channel 
number. The information entropy of the obtained EMG signals 
was used to decide whether to execute the command. 
Information entropy was used as the scale to describe the level 
of change in the information included in the signal. 

 
Hሺܺሻ ൌ ∑ ௠ሻݔሺ݌ logଶ

ଵ
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ெ
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Here, X is discrete random variable, and pሺݔ௠ሻ represents 

the probability of when the random variable X equals ௠ݔ . 
 :௧௛ channel is defined as followsܥ ௖ሺ݉ሻfor the݌
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where ܺ௠௔௫  is the maximum value of signal measuring 
equipment and M represents the total number of bins. In this 
study, M=1000 and ܺ௠௔௫ ൌ  however, this can be ;ܸߤ 1,050
adjusted to suit the EMG characteristics of the tester. The 
information entropy of EMG signals is as follows: 
 

௖ܪ ؠ ௖ሻݔሺܪ ൌ ∑ ௖ሺ݉ሻ݌ logଶ
ଵ

௣೎ሺ௠ሻ
ெ
ఓୀଵ                  (5) 

 
The robot was set to react when the total of ܲ values of 

entropy collected from three channels in one second exceeded 
the predetermined value. Once it started to react, the robot 
would carry out the designated command following the arm 
gesture.  

 

P ൌ ෍ ௖ܪ

ଷ

௖ୀଵ

 

 
TABLE I 

WHEEL CONTROL SPEED 
 Left wheel(m/s) Right wheel (m/s) 

Forward 0.5 0.5 
Backward -0.5 -0.5 
Left turn -0.25 0.25 
Right turn 0.25 -0.25 

 
TABLE II 

ACCURACY IN MOVEMENT RECOGNITION 
 Forward Backward Left turn Right turn 

Forward 100% 0% 0% 0% 
Backward 0% 100% 0% 0% 
Left turn 0% 0% 100% 0% 
Right turn 0% 0% 0% 100% 

 
TABLE III 

ACCURACY IN MOVEMENT RECOGNITION 
 Forward Backward Left turn Right turn 

Forward 100% 0% 0% 0% 
Backward 0% 100% 0% 0% 
Left turn 0% 0% 100% 0% 
Right turn 0% 0% 0% 100% 

C.  Controlling Wheels by Gesture 
Fig. 6 illustrates a flow chart for control. The robot uses the 

accelerometer signals received in real time to distinguish the 
command and employs the EMG signals to judge whether to 
execute the command.  

The left-hand gestures were used to control the wheel 
movement of the robot. Once the robot recognized the gesture, 
the robot would move its wheels in the direction corresponding 
to the gesture. Table I shows the wheel control speed of each 
gesture.  

V. EXPERIMENTAL RESULTS 
To test the accuracy of wheel movement and arm movement 

by gesture, each gesture was tested 50 times. Twenty-five 
training data and test data were divided so that they did not 
overlap, and cross-validation was conducted 100 times to 

calculate the average accuracy. A total of 64 samples were used 
and the critical value of entropy was 12. 

 

 
Fig. 6 Flow chart for control 

 

 
Fig. 7 Distribution of accelerometer sensor output by left-hand gesture 

 
As shown in the Fig. 7, the accelerometer sensor outputs 

were distributed fairly evenly without overlapping. The 
accuracy in movement recognition is shown in Table II. All 
four gestures showed accuracy near 100%, and this proved that 
the movement recognition ability was stable.  

VI. CONCLUSION 
In this paper, a new robot control method was suggested that 

uses accelerometer signal processing for gesture inference and 
EMG signal processing to confirm control command. This 
newly developed method allows for smooth control of the 
wheel of the robot.  

In deciding whether to execute the command, the critical 

Accelerometer

calculate 
distance between

model and input data

EMG

calculation
information

entropy

P > threshold
No

Set
gesture Model &

command
execute command

Yes

1.4

1.9

2.4

2

0.5

1

1.5

2

2.5

Y AxisX Axis

Z 
A

xi
s



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:7, No:10, 2013

1379

 

 

value of entropy of EMG signals obtained from three channels 
was used. Three-axis accelerometer sensors were used to 
recognize four left-hand gestures, and the gestures were 
translated into commands to control the robot. To distinguish 
each gesture, the K-nearest neighborhood method was used, 
where the Euclidean distance between the model and the 
acceleration value occurring in the sensor was calculated. This 
showed accuracy near 100%.  
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