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Abstract- Hand Tremor is a rhythmic shaking of hand. This affects the micromanipulation capability of surgeon during 
microsurgeries. This paper proposes a handheld device for tremor suppression using magneto rheological (MR) fluid. Device 
will use inertial sensor to accurately measure acceleration in the persons hand, tremor estimation algorithm is used to 
differentiate between voluntary and tremor motion, depending on the estimated tremor motion magnetic flux across the MR 
fluid is controlled for tremor suppression. 
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I. INTRODUCTION 
 
Physiological tremor is most familiar source of 
involuntary hand motions and can affect the surgeon’s 
micromanipulation ability this may result in the 
damages in surrounding tissue.  The existing passive 
techniques for tremor suppression depend on 
decreasing surgeons fatigue and increasing comfort. 
The advancement in robotics have led to development 
several active cancellation techniques mainly include 
telerobotic system, steady hand robotic system and 
micron instrument. Micron instrument contains 
mainly three parts sensing, filtering and manipulation. 
Using sensing system it measures the acceleration on 
the instrument, from this displacement at tool tip due 
to tremor is calculated WFLC or BMFLC. And 
piezoelectric actuators are used for active cancellation 
by providing equal and opposite displacement. 
  

 
Fig.1. System Diagram 

 
II. MEASUREMENT SYSTEM 
 
Figure 1 shows the block diagram of measurement 
system which mainly includes three sub parts 
acceleration and gyroscope data acquisition, gravity 
compensation and tremor estimation. Inertial sensor 

can be used to measure acceleration and orientation of 
the device. Acceleration data and orientation angles 
obtain from gyroscope data are use for gravity 
compensation. Approximate sinusoidal periodic 
nature of the tremor signals can be used to model it 
using a dynamic truncated Fourier series.  Thus WFLC 
is used for the tremor estimation, it differentiates 
between voluntary and involuntary motion which 
further provides control signal to control the magnetic 
flux across the MR fluid. WFLC algorithm is 
implemented adapts the Fourier coefficients to model 
the tremor signal with minimum phase delay. 
 
The system maintains a running sum of the frequency 
weight ω . The resulting modulated harmonic sine and 
cosines, weighted by the Fourier coefficient vector wk, 
are summed to obtain the truncated Fourier series 
model of dk . 
 
The equations for the WFLC algorithm are given as, 
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III. DAMPING SYSTEM  
 
MR fluid consists of microscopic particles with 
magnetic properties suspended in a nonmagnetic 
carrier medium like water or synthetic oil. It is a free 
flow fluid in absence of a magnetic field and behaves 
in a Newtonian manner. But in strong magnetic field it 
is possible to control the viscosity of the fluid for short 
time of period.  Under the effect of magnetic field 
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particles orients themselves along the magnetic flux 
Fig.2. Thus viscosity of a material can be control by 
changing the magnetic flux over the region. Since the 
stress developed in the fluid is directly related to the 
intensity of the magnetic field, MR fluid can be used to 
develop low power tunable damper. MR based 
suppression device will have advantages of low cost, 
rapid response and control. Also MR damper can be 
customized and damping factor also can be calibrated 
as per the surgeon requirement. 

 

 
Fig.2. (a & b) Suspended particles without magnetic field with 

magnetic field. 
 
Simple piston cylinder assembly is used to develop 
damper. At piston head a copper is wounded which is 
used to create magnetic field in the gap between the 
inner wall of cylinder and piston Fig.3.In the proposed 
system Parallel manipulator assembly is considered 
for to obtain 3 DOF. Body of the device is connected 
to a fixed plate and the tool holder is connected to the 
movable plate of the parallel manipulator assembly. 
Flexible and movable plates are connected through 
small scale MR damper at all three positions. Tremor 
acceleration estimated by the WFLC algorithm is then 
used to control the damping factor. Damping factor is 
directly related to the magnetic flux induced by the 
coil across the MR fluid thus by controlling current in 
the coil it is possible to control the damping factor and 
suppress surgeons hand tremor. 
 

 
Fig.3. Cross section of piston/cylinder MR damper design. 

  
IV. RESULTS AND DISCUSSION 
 
Use Algorithm is implemented and tested in the 
MATLB/Simulink environment Fig.4 shows the result 
for algorithm with a simulated tremor as a sine wav of 
5 Hz. For testing of algorithm it is assumed that no 
voluntary notion is carried out and the acceleration and 
any acceleration occurred is considered as a tremor 
motion. Under this assumption considerable error in 
estimation is obtained only for the sudden change in 
the amplitude which can be related to the jerk of the 

Hand. Testing is carried out with simulated sine wave 
with frequency range over 7-15 Hz is taken as a input 
to the system. 

  

 
Fig.5. (a) Simulated tremor input at 5Hz (b) Error estimation 

with jerk. 
 
It is observed that with higher frequency estimation 
error in the algorithm increases but as the tremor 
frequency lie in low frequency range algorithm is 
suitable for the application. Fig.5 shows results error 
variance in the algorithm over the tremor frequency 
with input as a simulated sine wave and as seen from 
the output estimated error is negligible. 
 
CONCLUSION 
 
WFLC algorithm can be efficiently used for the 
sermons tremor measurement as the error in the 
estimation over the tremor frequency range is less than 
0.027. Jerk motion of surgeons hand also can be 
estimated to further enhance performance of filter. 
Simple MR damper assembly with current controlled 
coil to generate magnetic flux can be used to suppress 
surgeons tremor motion. 
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