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Abstract—A tremor is somewhat rhythmic motion that may occur
in various body parts. An essential tremor is one of the most
common tremor disorders of the arm and it may occur during a
voluntary motion. If the essential tremor occurs in the arm, the
person may not be able to achieve the target task properly since
the human performs various sensitive tasks with certain tools.
Suppressing the vibration of the grasped tool is important when
the person uses the tool. Power-assist robots are useful for not
only the physically weak persons but also for persons involved in
physically-taxing work such as a care or a farm work. Although
some power-assist robots are controlled by using electromyogram
(EMG) signals, EMG signals are influenced by the essential
tremor. Therefore, when the user who suffers from the tremor
uses the power-assist robot controlled based on EMG signals, the
robot might assist the vibration of the tremor. In this paper, the
tremor suppression control method is proposed for upper-limb
power-assist robot. In proposed method, the vibrations of the
hand and the tip of the tool are suppressed. The validity of the
proposed method was verified by the experiments.
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L

A human motion is classified into two groups. One is a
voluntary motion and the other is an involuntary motion. In a
power-assist robot which is activated based on electromyogram
(EMQG) signals, the EMG signals are used to estimate the user’s
motion intention in real-time. Since the EMG signal is
generated according to the muscle activity level, the EMG
signal is generated not only when a voluntary motion occurs
but also when an involuntary motion occurs. Therefore, the
involuntary motion might be misunderstood as the user’s
motion intention in the EMG-based power-assist robot.

INTRODUCTION

A tremor is one of the involuntary motions. It is somewhat
rhythmic motion that may occur in various body parts such as
an arm, a leg and so on. An essential tremor is the most
common tremor disorder of the arm and it may occur during a
voluntary motion such as writing [4, 5]. If the essential tremor
occurs in the arm, the person may not be able to achieve the
target task properly because the human performs various
sensitive tasks with certain tools. To suppress a tremor, many
methods have been proposed [1-3]. However, in the case of the
arm or the hand, most of these methods are focused on the hand
position. Although it is true that suppressing a tremor at the
hand is very important, suppressing the vibration of the grasped
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Fig. 1 7DOF upper-limb power-assist exoskeleton robot with stereo

tool is important as well as that of the hand when the person
uses the tool.

In this paper, the tremor suppression control method for
upper-limb power-assist robot is proposed. In the proposed
method, the vibrations of the hand and the tip of the tool are
suppressed. The validity of the proposed method was verified
by the experiments.

II.

The 7DOF upper-limb power-assist exoskeleton robot [6]
used in this study is shown in Fig. 1. The robot contains seven
DC motors with encoders or potentiometers to measure each
joint angle. In addition, force/torque sensors are set in forearm
and wrist part to measure the force between the user and the
robot. The robot can assist the most of upper-limb motions
(shoulder vertical and horizontal flexion/extension motion,
shoulder  internal/external  rotation  motion, elbow
flexion/extension motion, forearm supination/pronation
motion, wrist palm flexion/extension motion and wrist palm
radial/ulnar deviation motion). The stereo camera is installed
to rearward of the robot as shown in Fig. 1. This camera is
used to recognize the interaction between the user and the
environment. Furthermore, the shape of the grasping tool is
recognized by the camera when user uses a tool.

UPPER-LIMB POWER-ASSIST EXOSKELETON ROBOT



III. EMG-BASED CONTROL METHOD

To estimate the user’s intention and control the 7DOF
upper-limb power-assist exoskeleton robot, sixteen channels of
EMG signals are used as main input signals. The locations of
EMG electrodes are shown in Fig. 2 and each channel mainly
corresponds to one muscle as shown in Table 1.

In order to extract the features of the raw EMG signal, the
root mean square (RMS) of EMG signal is calculated and used
as an input for the controller. RMS calculation is calculated as
follows:

(1

where N is the number of the segments (N=400), v; is the
voltage at /™ sampling. The sampling frequency is 1.5 kHz.
Using sixteen RMS values, the joint torque vector is written as:
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where 7 is the joint torque vector, 7 are the joint torques for /™
joint motor, w; is the weight value for /™ EMG signal to
estimate the torque of motor-i, and ch; represents the RMS
value of the EMG signal measured in channel i. The weight
matrix (i.e., the muscle-model matrix) in eq. (2) can be defined
using the knowledge of human upper-limb anatomy or the
results of experiments. Therefore, the joint torque vector
generated by muscle force can be calculated if every weight for
the EMG signals is properly defined. Furthermore, the posture
of the upper-limb affects the relationship between the EMG
signals and the generated joint torques because of anatomical
reasons such as change of the moment arm. In other words, the
role of each muscle for a certain motion varies in accordance
with joint angles. Consequently, the effect of the posture
difference of the upper-limb must be taken into account to
estimate the correct upper-limb motion for the power-assist.
Therefore, a neuro-fuzzy muscle-model matrix modifier [6, §]
is applied to take into account the effect of the upper-limb
posture change of the user in on-line manner. The neuro-fuzzy
modifier is used to adjust the weight matrix in eq. (2) by
multiplying the coefficients in accordance with the upper-limb
posture of the user, so that the effect of upper-limb posture
difference can be compensated effectively.

To estimate user’s motion intention, hand force vector is
calculated based on the estimated joint torque vector. 7 is
transferred to the hand force vector of the user as follows:

Fend :J_TT (3)
1<

Favg = N_ZFend (l) (4)
S o=
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Fig. 2 7DOF upper-limb power-assist exoskeleton robot.

Table 1 Muscles for each EMG channel

EMG CHANNEL MUSCLE
Ch.1 Deltoid-anterior
Ch.2 Deltoid-posterior
Ch.3 Pectoralis major-clavicular
Ch.4 Teres major
Ch.5 Biceps-short head
Ch.6 Biceps-long head
Ch.7 Triceps-long head
Ch.8 Triceps-lateral head
Ch.9 Pronator teres
Ch.10 Supinator
Ch.11 Extensor carpi radialis brevis
Ch.12 Extensor carpi ulnaris
Ch.13 Flexor carpi radialis
Ch.14 Flexor carpi ulnaris
Ch.15 Infraspinatus
Ch.16 Teres minor

where F,,; is the hand force vector, J is the Jacobian matrix,
F,, is average of F,,; in N;number of samples. Then, the hand
acceleration vector can be calculated based on eq. (4).

Xd :M_lFavg (5)

where X ; is the desired hand acceleration vector, and M is the

weight matrix of the user’s upper-limb and the robot. The
desired hand velocity and position can be calculated based on
eq. (5). In addition, the following impedance control equation
is used to calculate the resultant hand force vector F.

F=MX,+B(X, - X)+K(X, - X) 6)

where B is the viscous coefficient matrix and K is the spring
coefficient matrix. The impedance parameters B and K in eq.
(6) depend on the upper-limb posture and activity levels of
activated upper-limb antagonist muscles. Therefore, the
impedance parameters have to be adjusted in real time. So B
and K are defined based on the upper-limb posture and activity
levels of activated upper-limb antagonist muscles [9].

Finally, the joint torque command vector 7;,,,, is calculated
as follows:

=xJ'F (7)
where « is the power-assist rate.
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Fig. 3 Coordinate frames.

When the user’s muscle activation levels are low,
force/torque sensor-based control is used to control the robot [6,
7].

IV. TREMOR SUPPRESSION CONTROL

When the essential tremor occurs, the estimated hand force
vector F,, includes the involuntary motion caused by the
essential tremor. In the tremor suppression control, this
influence of the essential tremor is reduced at hand and tool
positions.

First, the influence of the essential tremor is reduced at
hand position. Because F,,, includes the involuntary motion
caused by the essential tremor, X, in eq. (6) includes the
influence of the essential tremor too.

Since the essential tremor is rhythmic motion and its
frequency is 6-12Hz, the vibrational component of X, is
extracted by using the band pass filter (BPF) in the controller.
In addition, the component of the user’s intention of X is
extracted by using the low pass filter (LPF). Here, X,.
represents the vibrational component of X; and X, represents
the component of the user’s intention of X, The vibration of
tremor is suppressed by using the opposite phase vector of Xj,..
The controller treats the sum of X, and the opposite phase
vector of X, as the desired hand position vector instead of X
in eq. (4) as follows.

Xavg = Xusr - Xtre (8)

Next, the influence of the essential tremor is reduced at tool
position. In this paper, the tool position means the position of
the center of gravity (COG) which is recognized and calculated
by using stereo camera. In this case, the position of the COG is
calculated based on assumption that the density is the same at
any points of the grasping tool because the camera cannot
measure its mass. ry,,; is the vector from the hand position to
the tool position and Xy and X, are the coordinate frames as
shown in Fig. 3. We assume that T 001 dOES MOt change by the
essential tremor. Then, 'r,,; can be calculated from the hand
position and the tool position because the hand position can be
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Fig. 4 Tool position when power-assist torque is calculated using (7).
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Fig. 5 Tool position when power-assist torque is calculated the proposed
method.
calculated by the encoders and potentiometers of each joint.
This means the vibration of the tool can be measured. The
vibrational component of T 0ot 1S €xtracted by using the BPF as
well as F,. Ty, represents this vibrational component. In order
to suppress 'r,, following equation is calculated.
T T. T

Fv:_Bv rv_Kv r, (9)
where B, and K, are the viscous coefficient matrix and the
spring coefficient matrix, respectively. Equation (9) is the
impedance control equation when the desired values are zero.

As a result, the final joint torque command vector 7y, can
be written as follows:
TpT
T final = T motor +J, R'F,

(10)

where J, e R¥7 is the jacobian matrix. R e R>? is the rotation
matrix from 2 to 2.

V. EXPERIMENTS
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Fig. 6 The vibrational component of the tool position.

To investigate the effects of the method, the experiments
have been carried out. In the experiments, a subject carries a
spoon to mouth with the torque calculated using the proposed
method and with the torque calculated using eq. (7). The
subject is a young healthy male. The subject generates a
vibration with the same frequency of the essential tremor on
purpose because the subject is a health person. The
experimental results are shown in Figs. 4-6.

Figure 4 shows the tool position when power-assist torque
is calculated using eq. (7). The black, red and blue lines are the
tool positions of x axis, y axis and z axis, respectively. On the
other hand, Fig. 5 shows the tool position when power-assist
torque is calculated by the proposed method. The tool position
with the proposed method is smoother than that without the
method compared with the results shown in Figs. 4-5.

Figure 6 shows the vibrational component of the spoon
position. The black line is the vibration without the proposed
method and the red line is the vibration with the proposed
method, respectively. From Fig. 6, the vibration of the spoon
when power-assist torque is calculated by the proposed method
becomes smaller than one when power-assist torque is
calculated using eq. (7). From the experimental results, the
sums of the amplitude of vibration for each axis are shown in
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Table 2 The sum of the amplitude of vibration

X axis [m] y axis [m] z axis [m]
Without
the method 21.4 11.5 11.3
With
the method 7.37 4.65 3.96

Table 2. The proposed method can reduce the vibration of the
spoon by about 60%.

It is thought that the proposed method can be used to reduce
the vibration of another involuntary motion by changing a
frequency range of BPF according to a user.

VL

When the user who suffers from the tremor uses the power-
assist robot controlled based on EMG signals, the robot might
assist the vibration of the tremor also, because EMG signals are
influenced by the essential tremor. In order to suppress the
influence of the essential tremor for an upper-limb power-assist
robot, the tremor suppression control method is proposed. In
the proposed method, the hand position and the tool position
are focused and each vibration component is extracted. The
extracted vibration component is used to suppress the vibration.
The validity of the proposed method was verified by the
experiments. In the future work, we will verify the
effectiveness of the proposed method by performing the
experiments with persons who suffer from the essential tremor
disorder.

CONCLUSIONS
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