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Abstract—In this paper, the design of a high precision device 

using a Linear Delta manipulator was proposed to compensate 

for the tremor signal in three translational directions. A Linear 

Delta manipulator is a suitable tremor suppression device due to 

the simple structure and high stiffness with the vertical direction 

in the application of micro manipulation such as microsurgery 

and cell manipulation. In order to implement the mechanism of 

the Linear Delta manipulator to the device, three voice coil 

motors and three linear encoders with high resolution were used. 

The flexure mechanism was applied to the device to avoid the 

friction effect of the small ball joint. Finally, the experiments for 

the validation of the proposed device were performed as follows: 

(1) position control in each axis for accuracy, and (2) sine wave 

WUDFNLQJ�������P����+]� for bandwidth of the system. 

I. INTRODUCTION 

Micro-scale positioning technology has been a primary 
concern in the field of micromanipulation. Of many devices 
that satisfy individual requirements for high precision control, 
there are needs for hand-held devices in order to give an 
operator more natural motion [1-2]. However, in case of 
hand-held devices, the physiological tremor of the operator 
can be transmitted into the device. In [2], Patkin, M revealed 
the physiological hand tremor fundamentally limited the 
accuracy of the manipulation, especially for cell-manipulation 
such as insertion and extraction, and could inhibit the quality 
and efficiency of the repetitive tasks. Also, the limb motion of 
the micro-surgeon can considerably degrade an operator’s 
performance during microsurgery [3-4]. 

Moreover, physiological tremor occurs in small magnitude 
even in the case of healthy people, though it is barely 
recognizable to the naked eye due to the amplitude of 50 - 150 
�P�LQ�HDFK�SULQFLSOH�D[LV�[1]. The tremor originates from the 
central nervous system (CNS) and has the characteristics of 
the non-stationary and modulated frequency within the range 
of 8-12Hz. Several robotic approaches by passive suppression 
were performed [5-8] to reduce the magnitude of the tremor 
with the high frequency band compared to the frequency of 
voluntary motion. However, the passive suppression method 
was limited to fully eliminate the tremor signal, because the 
mechanical properties of the passive system with a person’s 
hand and arm just played a role of a low pass filter. In this 
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context, many active compensation devices have been widely 
suggested [9]-[19]. 

The Micron instrument [19], a well-known active 
hand-held device developed by Riviere et al. [10] and Wei T. 
Ang et al. [9], allows effective suppression of erroneous 
motions of the hand during micro-surgery. The device is a 
successful hand-held micromanipulator that self-actuates 
through three piezoelectric actuators located between the 
handle grip and the tip of the instrument. The manipulator is a 
three degree of freedom (DOF) parallel manipulator and has 
one vertical movement and two rotational movements that 
meet requirements in the fields such as retinal laser 
photocoagulation and retinal vessel cannulation [12-14]. The 
ITrem instrument developed by Latt et al. [17] was nearly 
similar with the Micron instrument in terms of motion of 
mechanism of the main manipulator. Although the mentioned 
active platforms were developed, the design using a Linear 
Delta manipulator having the high stiffness and simple 
structure has not been proposed as a tremor suppression 
device. 

The Linear Delta manipulator is a 3 DOF translational 
parallel manipulator with linear actuation [20-23]. This 
manipulator has the following four advantages: (1) Its 
kinematics allows a travel space as large as desired in one 
direction. The manipulator has a relatively large workspace in 
the direction of movement in one side of the axis. The vertical 
movement in microsurgery, such as the insertion, is ensured. 
(2) It has maximum stiffness of the z-axis directional motion. 
(3) It has good sensitivity in the desired direction [23]. (4) As 
it has same coordinate system between the base frame and end 
frame, it has the inherited structural property of having 
relatively simple kinematics and a Jacobian matrix. Very little 
research has been presented regarding developing a Linear 
Delta manipulator in manipulation applications with small 
scale, such as micromanipulation. Because the stiffness is 
required to transmit the force of the operator during the 
insertion task, the Linear Delta manipulator is appropriate for 
the task. Also, its high stiffness ensures efficiency in the 
vertical direction of repetitive tasks such as back-and-forth 
motion along the z axis direction. 

The paper proposes the design of a tremor suppression 
device based on the Linear Delta mechanism, which is 
applicable to micromanipulation to compensate for the tremor 
signals in the three translational directions. We implemented 
three voice coil motors with high resolution encoders to the 
actuating parts of the device to ensure the workspace and 
resolution of the motion.  And a flexure mechanism was 
applied to the spherical joint parts of the device to avoid 
friction effect of the use of small ball joint. This paper is 
organized as follows. Section II summarizes the requirements 
of the device and describes the design of the manipulator as a 
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were used for precise movement of the base platform of the 
proposed manipulator. 

In this study, simple experiments were conducted for 
characterizing the developed manipulator. On the other hand, 
WKH�DFWXDO�PRYHPHQW�RI�HDFK�PRWRU�PD\�H[FHHG�����P��VR�WKH�
end-effector has to be moved, particularly in the z axis. Also, 
actual tremulous signal components include the rapid 
vibrations of 10Hz during the sine wave tracking. Considering 
these facts, the procedural steps of this study can be described 
as follows: Figs. 7 (a) and (b) represent the control 
performance of a single axis motor of the sub-system, 
respectively. In this figure, the desired position varies with 
incremental steps RI� ���P�� DQG� LV� JLYHQ� DV� WKH� VLQXVRLGDO�
signal with an amplitude RI�����P�DQG�D�IUHTXHQF\�RI���+]��
Although the desired position in each axis was not perfectly 
controlled, they had negligible delay below 2ms and roughly 
followed the value of the desired position. Therefore, robust 
position control using the voice coil motor was performed. 

After these two tests, it was essential to check how well the 
desired position of the end-effector was followed. Three voice 
coil motors were confirmed to be properly controlled, where 
the end-effector of manipulator could move with respect to 
each desired position values. From the fact that the Linear 
Delta manipulator has a structure easily movable along the z 
direction and if the end-effector of the Linear Delta 
manipulator is only moving along the z direction, it is evident 
that the motors should all be controlled all equally along the z 
direction, as in Fig. 8(a). Similarly, the control performance 
along the x or y direction could be tested. The test would be 
sufficient for only the x direction in that the x and y directions 
in the workspace of Linear Delta manipulator appears 
symmetrically in Fig. 1. Each real movement of the motors 

can be correlated with corresponding values calculated from 
the end-effector by means of the inverse kinematic model of 
the Linear Delta manipulator (4). The effector was forced to 
move with a certain step in the ]�D[LV�DQG�����P�LQ�the x axis 
every step, respectively, as shown in Fig. 8 (b).GLYHQ�����P�
of the desired position in the axis, each actuator has to be 
PRYHG������P�� -�����P, and -�����P�UHVSHFWLYHO\� LQ� the z 
axis. Fig. 8(c), on the other hand, shows the response of the 
sine wave tracking. The frequency of the input signal was 8Hz 
DQG�WKH�DPSOLWXGH�ZDV�����P��7KH\�KDG�QHJOLJLEOH�GHOD\�EXW�
the results following the peak-to-peak were not perfect. The 
third motor had more control input for the same movement, 
which resulted from the friction between the end plate holder 
and the magnetic bar of the corresponding sub-system. 

IV. DISCUSSION AND CONCLUSION 

In this study, a new design of a parallel manipulator for the 
suppression of physiological hand tremor in the field of 
microsurgery has been proposed. For efficient compensation 
of tremor while performing microsurgery, a manipulator 
should meet the following requirements: sinusoidal waves fast 
as 8-12Hz in frequency, amplitudes of 50-����P, and an 
accuracy oI����P�� 

Therefore, for immediate and accurate tremor 
compensation, the voice coil motor was selected and the 
design of the new parallel manipulator for tremor canceling 
was proposed and finally the manipulator was developed. 
Tremor compensation using the Linear Delta parallel 
manipulator has several advantages. As it has the inherited the 
structural property of having relatively simple kinematics and 
Jacobian matrix, the numerical error can be reduced. Also, due 
to the fact that it has a relatively large workspace in the 
direction of movement in the z axis, it is applicable to insure 

(a) 

 

(b) 

Fig. 7. The graphs of the current position (blue line) when the desired position (green line) is given as �D��DQ�LQFUHPHQWDO�VWHS�RI����P and (b) a sine wave 

ZLWK�DQ�DPSOLWXGH�RI�����P�DQG�D�IUHTXHQF\�RI���+] 
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Fig. 8. The graphs of current position (Motor 1: blue line, Motor 2: red, Motor 3: yellow) when the desired position (green line) is given as (a) a certain 

incremental step in the z axis , (b) DQ�LQFUHPHQWDO�VWHS�RI�����P�LQ�the x axis and (c) a sinusoiGDO�VLJQDO�ZLWK�DQ�DPSOLWXGH�RI�����P�DQG�D�IUHTXHQFy of 8Hz 

in the z axis. 
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the vetical mobility in microsurgery. Lastly, from the fact that 
it has no additional computation related to coordinate 
transformation, computational efficiency can be improved. 

To validate the feasibility of the developed manipulator, 
simple experiments were performed using the microscope as a 
vision-based displacement sensor onto how well it tracks if 
given 1) the desired trajectory (for example, a rectangle with 
the length of one side of 200 �P��DQG����VLQH�ZDYH�WUDMHFWRU\�DW�
the end-effector. The feasibility tests show promising results 
of the proposed manipulator in microsurgical applications for 
the compensation of tremor. In future work, to identify the 
movements of the end-effector of the manipulator, the 
microscope will be used as a precise displacement sensor, as 
shown in Fig. 9. The movement of the surgical needle attached 
to the end-effector of the device can be observed in the focal 
plane of the microscope in real time, and the sine wave 
tracking and chirp signal tracking should be performed further. 
While this study mainly focused on actuating part and 
manipulating part, the suppression experiments using the 
proposed device including the sensing part will finally be 
performed during the insertion task.  
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