






 
Fig. 4 Cell capsule deformation during the manipulation. 

 

 
Fig. 5 Deformation of the cell capsule during injection process. 

 
  However, many problems arise while dealing with force 
estimation via image obtained from the microscope. For 
example, in many cases it is hard to focus on the cell to make 
a boundary of the cell capsule look sharp and clear. This is 
especially important when we have to deal with cells that have 
a vide variety of diameter sizes (e.g., zebrafish cell diameter 
may vary from 600 μm to 1200 μm, as mentioned in [6]). In 
addition, the cell itself is a sphere, not a circle, and it is much 
better to have a 3-D model of a cell instead of 2-D picture 
obtained from microscope because the injection process may 
vary for different slopes of injection needle. However, since it 
is possible to use only one microscope in cell manipulation 
system, the only way we can get 3-D model of a cell is by 
rotating 2-D picture with respect to its axis of symmetry 
assuming that the properties of all parts of the cell are equal 
(that, in fact, is not true). Moreover, different force response 
coefficients are required for different types of cells because 
their properties (stiffness, damping ratio, size, etc.) are 
different 

IV. HAND TREMBLING FILTERING 

 Human’s hand vibration in terms of stability can be 
represented as some disturbance added to the dynamical 
equation describing the motion of master manipulator. This 
vibration has a certain influence on a master’s behavior, and 
the oscillation damping is very critical sometimes, especially 
in tasks where high precision is required. 
 If both position and force responses from master and 
slave manipulators are identical, whatever the object dynamic 
is, the operator can maneuver the system as he were 
manipulating the remote object himself [8]. But sometimes the 
position response and force response are not required to be 
identical. For example, in nanomanipulation or in telesurgery, 
it is required to reduce the position response of the slave robot 
and to increase the force response from slave to master; in 

some fields, like construction, it is necessary to increase the 
position response and to decrease the force response. 

 
Fig. 6 Initial signal (top), approximation on level 4 (middle) and synthesized 

signal (bottom) after wavelet filtering. 
 

 It may seem that in the telerobotic system for cell 
manipulation we can cancel out the influence of the vibration 
because we have to reduce position response significantly. It 
is true, however, in general case, the motors may not be 
necessary controlled identically. This can provide us with a 
different angle of the end-effector (e.g., injection needle or 
pipette) mounted at point C. The control of this angle may be 
required in several operations (like DNA deposition because 
DNA must be deposited within core of a cell) and give more 
freedom to the operator. Therefore, this angle must not be 
scaled down. 
 The fact that master and slave manipulators are not rigidly 
connected to each other provides us with a great opportunity 
to filter all undesired oscillations of the master manipulator 
caused by operator’s hand and feed a “clean” signal to slave 
robot controller. 

A number of fast and sophisticated filters is well-known 
nowadays (wavelet filters, Kalman filters, etc.). For our 
telerobotic system, an original filtering software has been 
developed. The filtering algorithm is based on wavelet 
filtering, and different types of wavelets and decomposition 
order may be chosen by the operator. For example, if we filter 
the input signal using Daubechies-type wavelets with 
decomposition order of 4, a graph presented on Fig. 6 can be 
achieved. 
  

CONCLUSION 

 As we can see, applying micro-telerobotic system in cell 
manipulation field will increase the quality and speed of 
desired micro-manipulations; moreover, telecontrolled 
manipulator does less damage to the cell. Suggested 
telerobotic system will take a possibility to manipulate cell in 
special environment, uncomfortable to a human, such as high 
or low temperature, radiation, etc. In addition, suggested 
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micro-telerobotic system is universal and may be applied in 
other fields where highly-precise manipulation is required 
(stem cells and DNA manipulations, assembly of 
microelectronics, etc.).  
 The proposed kinematical structure of the robot have 
never been applied in microtelerobotic systems for cell 
manipulation before. This kind of structure allows us to create 
cheap but robust and precise system suitable for cell injection 
operations. 
 Applying force feedback may sufficiently speed-up the 
training process. In addition, substituting manual cell 
manipulation process by telerobot-aided process will 
sufficiently increase the economical efficiency of performed 
operations. The possibility to control strictly the actuator’s 
translation can help to protect the cells from being damaged 
after any inaccurate actions of the operator, which will result 
in decreasing number of the cells required for each experiment. 
Proposed force estimation algorithm is original and will be 
discussed in detail in later publications. 
 Original kinematical structure may reduce the price of the 
overall system without losing necessary accuracy, which, in 
turn, provide us with opportunity to create affordable and 
precise microtelerobotic system. Therefore, the flexibility and 
universality of the designed telerobotic system will give us an 
opportunity to create easily an educational system for students 
and medical staff. 
 Implementing intelligent filtration algorithm based on 
wavelet filtering and fuzzy logic may reduce the noise in the 
initial signal significantly and will provide slave robot 
controller with a “clean” signal without undesired oscillations. 
This can may possible for our system to perform highly 
precise operation not only in cell micromanipulation field, but 
also in other fields where high precision is required, e.g. 
telesurgery, microelectronics assembling, etc. As a future 
work, we are planning to design a filter that will determine 
decomposition order automatically basing on fuzzy logic. This 
will ease the work of operator and remove the need to control 
the filtering process.  
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