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ABSTRACT
This thesis presents designing model and control system of Handheld
Micromanipulator in Z axis. The handheld Micromanipulator allows controlling hand
tremor in micro scale instead of using Micromanipulator which unmovable had been
required. Actuator motor was used for movement in Z axis. The control system was

designed by using Pl controller from simulation in Matlab/Simulink program.
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ltems Specifications
Size | $6X1L24.3
(without terminal place and output shaft.)
Weight 15g
Maximum stroke 4mm
Theoretical resolution 0.24 yum/1pulse
Thrust 4N(with O.4mm/s)
Maximum
e 0.8mm/s
Voltage rating 5V
Electric current 017A
Reduction ratio 1833
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movement in x direction

lovement in Z direction
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L movement in Y direction
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movement in Y direction
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Figure 7.13 shows the simulated responses for the two control systems due
to a setpoint step and a disturbance step. The dead-time compensator
gives better setpoint tracking and better disturbance compensation than
ordinary feedback control does.

O-g=
:RDisturbance, v |

'30:||1¢|iu||u|||||||||||-||||||||||||||c||s|||a||u||||||||||||||||-nu|||||
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A

/} B Dead-time compensator e

e

(RN TR RO ]

. 30

Figure 7.13: Example 7.6: Simulated responses for the two control systems due
to a setpoint step and a disturbance step

[End of Example 7.6]

The dead-time compensator is model-based since the controller includes a
model of the process. Consequently, the stability and performance
robustness of the control system depend on the accuracy of the model.
Running a sequence of simulations with a varied process model (changed
model parameters) in each run is one way to investigate the robustness.

7.5 Skogestad’s method

7.5.1 Introduction

[17] describes controller tuning for several types of transfer function
processes — with and without time delay (dead-time). It is assumed that
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the block diagram of the control system is as shown in Figure 7.2. The
method, which can be denoted Skogestad’s method after the originator®, is
based on the direct method described in Section 7.3: The control system
tracking function T'(s) is specified as a first order transfer function with
time delay:

Ty =¥ _ 1 (7.87)

Ymsp (5) Tes+1

where T is the time constant of the control system which the user must
specify, and 7 is the process time delay which is given by the process
model (the method can however be used for processes without time delay,
too). Figure 7.14 shows the step response for (7.87).

Process measurement, ym

-]I|tl|llll|llll|i LR | LR R B R O ) (18187 L]
10,0° 11,00 12,0 13,0 14IJ 15,00 16,0 17,0 18,0 130 20,
Time

Figure 7.14: Step response of the specified tracking transfer function (7.87) in
Skogestad's PID tuning method

The method is based on initially calculating the controller transfer
function, H.(s), by (7.68) which is repeated here:

N T(s) ,
H,(s) = AT (7.88)

The process transfer function Hp(s) may be of higher order than T'(s).
Therefore, the specification (7.87) implies pole-zero cancellations in the
control system loop transfer function, L(s) = H.(s)H,(s). It is assumed

fProf. Sigurd Skogestad
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that the process Hy(s) contains a time delay, e™"*. The controller H.(s)
according to (7.88) will contain the term e~"*. This term is in Hc(s)
approximated by a first order Taylor series expansion which is 1 — 75, and
it turns out that the controller is a PI controller or a PID controller
(depending on the process to be controlled).

Skogestad’s method is in principle the same as dead-time compensation,
which is described in Section 7.4, but in the latter there is no
approximation of the time delay term. As with dead-time compensation
Skogestad’s method gives good setpoint tracking. The method gives
formulas for the integral time, T;, which are supposed to avoid slow
disturbance compensation. In other controller design methods based on
pole-zero cancellations there is a danger of slow disturbance compensation
if the cancelled pole is close to zero (corresponding to cancellation of a
large process time constant using a large T;). This problem was
demonstrated in Section 7.2.3.

The PID controller is assumed to be on serial form:

(Tis + 1)(Tus + 1)
Tis(Tys + 1)

Hy(s) = K, (7.89)

If the PID controller you are going to apply is actually on parallel form,

A A TR s

Hc(s) :Kp+ ns Tf&—}-l

(7.90)
you should consider transforming the PID parameters from serial form to
parallel form to be sure that your parallel controller behaves like a serial
controller. The transformation formulas are (2.51) - (2.53). (If the
controller is a P or a PI controller, the transformation formulas need not
be applied since in that case the serial and the parallel form are identical.)

7.5.2 Skogestad’s tuning formulas

Skogestad’s tuning formulas for several processes are shown in Table 7.1.7
According to [17] the factor k; in Table 7.1 is 4, but there may be reasons
to give it a different value, as argued on page 216. For the second order the
process in Table 7.1 T3 is the largest and 7% is the smallest time constant.!?

g[17’] describes controller tuning for one additional process, namely a pure time delay,
and the resulting controller is an I controller (Integral controller). However, a pure time
delay can be approximated by a first order system with a small time constant (compared
to the time delay), and this process is one of the processes in Table 7.1.

'9[17] also describes methods for model reduction so that more complicated models can
be approximated with one of the models shown in Table 7.1.
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H,(s) (process) K, 10 Ty

e wrers | 5 (To+17) 0

rage T(T%S min (T, k1 (Tc +7)] |0
Tﬁ%zs'f—” W@ kl. (Tc+ 1) T
Tommen® | | Kresy | min T, k1 (Te+7)) | T

e R | 2 ) 1(Tc + 1)

Table 7.1: Skogestad’s formulas for PI(D) tuning. Standard value of k; is 4,
but a smaller value, e.g. k; = 1.44 can give faster disturbance compensation.
For the second order the process 77 is the largest and and 7% is the smallest
time constant. (min means the minimum value.)

Unless you have reasons for a different specification, [17] suggests
ThSwh (7.91)
to be used for Tz in Table 7.1.

The Ziegler-Nichols’ closed loop method may be applied to most of the
processes in Table 7.1 (since the processes have time delay). Generally,
Skogestad’s method results in better tracking property of the control
system (without the quite large overshoot in the response after a step in
the setpoint which is typical with Ziegler-Nichols’ method), but the
disturbance compensation may for some processes become more sluggish
than with the Ziegler-Nichols’ method. This sluggish compensation can
however be speeded up by selecting a smaller value of k1, cf. the discussion
on page 216. It is here assumed that the disturbance is an input
disturbance as explained on page 190.

Example 7.7 Control of first order system with time delay

Let us try Skogestad’s method and Ziegler-Nichols’ closed loop method for.
tuning a PI controller for the process

_ K —T8
H.(8) To it (7.92)
where
K=l T=0F7r=1 (7.93)

(The time delay is relatively large compared to the time constant.) The
controller parameters are as follows:
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e Skogestad’s method, cf. Table 7.1 with (7.91) and &k = 4:
K, =0.25; T; = 0.5 (7.94)

e Ziegler-Nichols’ closed loop method:
K, =0.68, T; = 2.43 (7.95)
Figure 7.15 shows control system responses for the two controller tunings.

Skogestad’s method works clearly better than Ziegler-Nichols’ method,
both with respect to setpoint tracking and disturbance compensation.

E5=
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52,0~ 7 I
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Figure 7.15: Example 7.7: Simulated responses in the control system for two
different controller tunings

[End of Example 7.7]
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7.5.3 Skogestad’s method with faster disturbance
compensation

According to [17], k1 is 4 in Table 7.1. However, through simulations I
have observed that k; = 4 in several cases gives quite sluggish disturbance
compensation, although the parameter formulas in Table 7.1 are developed
to avoid unnecessary sluggish compensation. A reduced ki value, as

k1 = 1.44, can give considerably faster disturbance compensation (since the
integral time T} is reduced).!! A drawback of this modification of
Skogestad’s method is that there will be somewhat larger overshoot in the
response after setpoint step, but in most cases such an increased overshoot
is acceptable (if the setpoint is constant, which is typical, there is no
overshoot, of course). Another drawback of the modification is that the
stability robustness of the loop is somewhat reduced because of the
reduced T;.

Example 7.8 PI control of integrator with time delay

The process
H,(s) = —e™™ (7.96)

s

where
Tiie=ah3TE 0 )] (7.97)

will be controlled by a PI controller. (The wood-chip tank described in
Example 2.3 has such a transfer function model.) Below are the PI
parameters according to various tuning methods:

s Skogestad’s method, c¢f. Table 7.1, with (7.91) and k; = 4:
Ky =31; Ta 4 (7.98)

o Skogestad’s method, cf. Table 7.1, with (7.91) and k; = 1.44:

K,=1,T;=144 (7.99)

! According to [17] the standard value k; = 4 gives a transfer function from disturbance
v to process measurement ym, in the control system with characteristic polynomial as of
a critically damped second order system, i.e. the relative damping factor is { = 1. This
is quite a conservative choice. Faster but less damped dynamics is obtained with ¢ < 1.
Simulations shows that ¢ = 0.6 is a reasonable value. It gives almost 3 times smaller T
and therefore faster disturbance compensation. ¢ = 0.6 is obtained with ky = 1.44. It
can be shown that the phase margin, PM, of a loop having second order characteristic
polynomial is approximately equal to 100° - . With ¢ = 0.6 this equals 60° - a reasonable
value in most cases.
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e Ziegler-Nichols’ closed loop method:

K, =13, T, =1.78 (7.100)

Figure 7.16 shows simulated responses in the control system for the three
different sets of PI parameter values. Skogestad’s method with k; =4
seems to give the best set point tracking, but there are no oscillations,
indicating good (too good?) stability. The disturbance compensation with
Skogestad’s method with k; = 4 is clearly the slowest of the three
alternatives.

| Skogestad ¢ N _
ietllr-hi ith ki=1.44
Ziegler-Nichols [l vith ki=1 ool

B Skoge
i vith ki=4

Process measurement ym

Figure 7.16: Example 7.8: Simulated responses in the control system for various
Pl tunings
[End of Example 7.8]

Example 7.7 demonstrated that it may be beneficial to set k; = 1.44 in
stead of the standard value k1 = 4 because faster disturbance is then
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obtained. Let us review Example 7.7 which demonstrated that k; = 4 gave
fast and properly damped disturbance compensation. Since k; = 4 worked
well in that example, will the disturbance compensation in that example
be worse with k1 = 1.44 than with k1 = 47 The answer is no, because: Kp
is in any case independent of k1, so it has value 0.25. However, T; is
dependent of k1. According to Table 7.1,

T; =min ([T, k1 (Tc + 7)] = min [T, 2k, 7], but this minimum value is 0.5
no matter if k; is 4 or 1.44. So, this example has indicated that even if

k1 = 4 works fine, the suggestion k1 = 1.44 makes no harm in this case,

7.5.4 Skogestad’s method for processes without time delay

Each of the processes in Table 7.1 has time delay (7 > 0). Can Skogestad’s
method be applied to processes wilhout time delay? Yes, but in such cases
we can not specify T according to (7.91) since 7 is zero. We must specify
Te larger than zero. The controller parameter formulas are as shown in
Table 7.2 (which is equal to Table 7.1 with 7 = 0).

H,(s) (process) | K, 1y o )
% Ké"p k1T 0
TorT T kml; [T, k1 Tc)] ?r
“('T;_Fﬁf( T 1. C

T 1) (Tostl) e min [T1, k17T¢] | Ts
;Ig’ 4_1((1T—c)§ 4T e 4T

Table 7.2: Skogestad's formulas for PID tuning for processes without time delay.
Standard value of ky is 4, but a smaller value, e.g. k1 = 1.44 can give faster
disturbance compensation. For the second order the process T3 is the largest
and and T3 is the smallest time constant. (min means the minimum value.)

Example 7.9 PI control of first order system without time delay

Given the following process:

K

Hy(8) = 7y (7.101)

where
K=1T=5 (7.102)

Let us specify T = 1. We try both k1 = 4 (the standard value) and
k1 = 1.44 (which may give faster disturbance compensation). According to
Table 7.2 the controller parameters (of a PI controller) are as follows:
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e Skogestad’s method, cf. Table 7.2, with Ty = 1 and k) = 4:

K,=5 T, =4 (7.103)

e Skogestad’s method, cf. Table 7.2, with T = 1 and k) = 1.44:
Ky=1T;=144 (7.104)

Figure 7.17 shows simulated responses in the control system with the PI
parameters values given above. We see that k) = 1.44 gives somewhat
faster setpoint tracking, but with some overshoot, and in addition better
disturbance compensation than with k; = 4.

30,0 35.0 40.0 45.C

\x

) Skogestad =
with ki=1.44 it kogestad
with k1=1.44

\\_\\
Skogestad Skogestad
with k1=4

®
N\
\_‘
e
LN

4'gD--'allllalll|lIll|ll'|||l|||[lt:|!lll|ll|l|1|ll|

0.0 5.0 10.0 15.0 20,0 250 300 350 40,0 45,0
t[s]

Figure 7.17: Example 7.9: Simulated responses in the control system for two
different Pl tunings

[End of Example 7.9]
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We developed [ ¢ 6Micro liner actuator] with [Micro plastic-gear reducer] and [Stepping motor] This

machine will be used to micro machines of micro-robot-joint, micro-pump, micro-manipulator, etc.

@ SPECIFICATION
[tems Specifications
Size ¢6X1L243
(without terminal place and output shaft.)
Weight 1.5
Maximum stroke 4mm
Theoretical resolution 024 um/1pulse

AN (with O.4mm/s)

Thrust
WEAT 0.8mm/s
response-speed
Voltage rating 5V
Electric current O1TA
Reduction ratio 1:.83.3

24.3

42

®OPTION

- Stepping motor driver kit for 1ch model
(Model number : SDABO 1)

- Size 1 65mm x45mm x25mm

* Control method : PC control for USB

(come with demonstration software)
Motor driver kit

- Blectric source : 5V for USB
Demonstration software

®PRECAUTIONS FOR USE

- Motor heating by long run.

+ Restore gear by high-power force of output shaft,

+ Motor-terminal burnout by high-power force.

®CONTACT ADRESS
ICOMES LAB CO, LTD,

4-3-5 ueda, morioka-city, iwate-pref, 020-8551, japan

collabo-MIU #2201 | OM’E s ,

‘ oo FERTA20LRZX4

URL htip//www.icomes.co.jp E-mail info@icomes.co.jp

and  Mechatro = Systems

Communication
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Hand Held Micromanipulator for Micro Scale Operation
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Abstract

A micromanipulator is a device which is used to physically interact with a sample under a microscope.
It is required because the level of precision obtained cannot be achieved by the unaided human hand. However,
its only problem is that it currently requires the object to be at a fixed position. Currently Aoyama’s
lab is working to create a portable manipulator called hand held manipulator. It is much more convenient
because the portability allows use of the device anywhere. This research is to allow movement of the hand held
micromanipulator in the Z-axis and to control it with high accuracy and stability. This will be achieved by
using a linear actuator to create Z-axis movement and a PID controller to accurately control the movement.

Keywords: PID,PZT, micromanipulator, linear actuator, microscope

1 Introduction

A micromanipulator is a device which is used to
physically interact with a sample under a microscope,
where a level of precision of movement is necessary
that cannot be achieved by the unaided human hand.
It may typically consist of an input joystick, a mecha-
nism for reducing the range of movement and an out-
put section with the means of holding a microtool to
hold, inject, cut or otherwise manipulate the object as
required.

Micromanipulators are normally used in conjunction
with microscopes. Depending on the application and
case, usually micromanipulators may be fitted to a mi-
croscope stage or rigidly mounted to a bench next to
a microscope. A typical application of micromanipula-
tion is human intracytoplasmic sperm injection.

As the micromanipulator is usually fixed with the
bench many composition tools, such as a joystick are
required. These tools are inconvenient in an urgent
situation and difficult to install. Instead, we can use a
handheld micromanipulator in order to avid these dis-
advantages. Since we can hold it in real human hand,
the joystick and other tools are not required, making
it more convenient.

The aim of developing a handheld micromanipulator is
to reduce vibration from the human hand for use on
bio cells, especially in microsurgery. An active hand-
held micromanipulator, known as Micron, has been de-
veloped for microsurgery and cell manipulation.
When holding a handheld micromanipulatorthere is in-

*the author is supported by UEC Scholarship.

evitable vibration from the human hand. The force
vibration on handheld manipulator can be analyzed
in 3 separate dimensions - X-axis,Y-axis and Z-axis.
When a human hand holds an object, even without
moving, there is an error vibration. This vibration
occurs around 100micrometer, and is the basis of our
limited experiments.

However, the specific goal of this research covers the
movement of a handheld micromanipulator in the Z-
Axis using a microactuator and PID controller for con-
trol feedback error.

2 Method

When holding an object, the human hand has a small
vibration called human hand tremor. It can be de-
scribed in 3 dimensions(X, Y, and Z). For each axis the
vibration range that occurs is around approximately
100pm . This paper will describe the movement of
the hand hold micromanipulator on Z axis, which is
separated into 2 parts: The mechanical part and the
control part. The mechanics are based on physical
theory and designed using a computer graphic pro-
gram(Solidwork). The controls are based on static and
experiment data and are designed with a simulation
program(Matlab).
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Figure 1: Hand hold micromanipulator in X, Y and 7
axis

3 Mechanical Design

The handheld micromanipulator normally moves
in Z plane with a range of approximately 100pum
range. Figure 1 shows the X, Y and Zaxis handheld
micromanipulator model.  Movement of handheld
micromanipulator was devided in to 3 part. Using
PZT for movement in X and Y plane. The movement
which PZT move on X and Y plane be able to describe
as the spring theory.

Based on Newton’s law

F =ma (1)
and

F =kxr (2)
From (1) and (2)

ma = kx (3)

In (1)-(3), F is force, m is the mass of the mechanic,
k is the spring constant and x is distance. This
formula is able to explain behavior of the mechanism
movement model.

From the formula mass has an effect to the
system which 3 part of mechanics was altogether
fixed, that mean movement in any plane will has
an effect to others. From theory and experiment
massy mass cause high vibration than the other.
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Figure 2: Resonance frequency with light weigh
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Figure 3: Resonance frequency with heavy weigh

Figures 2 and 3 show the comparison of the
resonance frequencies and amplitude with different
weights. The heavy weight has higher amplitude
than light one as shown in the results. Higher
amplitude is one of the factors which make handheld
micromanipulator stabilize slower, along with various
outside factors.  Additionally, due to the added
weight of Z-axis manipulator attached at the bottom,
the manipulator’s weight increases the effect of the
resonance frequence on other parts of the manipulator.
For this reason, the Z axis design part is required to
be lightweight. ;

Designing Z movement part. Stationary at point
z* is require while z fluctuate moving belong to
human hand tremor. In order to control the Z
axis, micro linear actuator(MUEDOI1) which a DC
screw motor is used. For movement in Z direction
point A will be fastened with screw as similar as
nut, rotation of motor achieve ratation of screw.
Rotation of screw make point A move up and down
along 7 direction. Effect from Point A make point
z* immovable while the hole model moving. Point
A be able to apply for other application such as
knife or syringe. Linear actuator also used because its
size and stroke be able to cover the hand tremor range.
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Figure 4: Hand hold micromanipulator in Z axis

4 Control Method

The proposed system is an automatical and continuous
system. Because the PID controller is a basic controller
which is able to adapt to various mathematic model,
it was used in our control system. The input signal is
a PWM signal that is capable of controlling speed and
direction by turning duty cycle of signal.

4.1 Mathematical Modeling

Because of dynamic behavior of Z axis be able to
create a mathematical model. Mathematical model
was created for using instead of real mechanic behav-
ior. A graph on figure 5 shows a behavior of Z axis
model. Its a linear formula which is able to create a
mathematic model.

0.3r 1
Z[mm]

Simulation data

Experiment data
0 L L
0 1
Time[sec]

Figure 5: Graph shows a comparing of velocity

between theory and experiment

From graph a linear actuator is a D.C. motor
actuator that allow for analyze based on the Newtons
law combined with Kirchhoffs law and the motor torge
is

T = NBILb (4)

In (4), F is motor force, N is number of turns,
B is magnetic field strength, I is current and L is
length.

The motor torque is related to the armature current
by a constant K

T =KI (5)

The back electromotive force Vb is related to angular
velocity by

dd

V — = —
b=KuwVb=K— (6)

The motor mathematic model can be written

@ _ g,

VvV AR
Kdi dt

and
ﬁ _ bd@

Ki = Joa fsd

(8)

From the Newtons law combined with Kirchhoffs law
In (7) and (8), J is moment of inertia of the rotor,
b is damping (friction) of the mechanical system, R is
electric resistance and L is electric inductance.
Since the formula is in a discrete transform, but to
create a system the control required linear transform.
To convert transfer function the system allows trans-
ferring by using Laplace transform as

From(7),
From(8),
126(s) + bati(s) = 2V (8) — Kab(s) )

R+ Ls



Skogestad by change a few parameter and not turning
as randomly. A solution to reach a parameter by using
this method had done by purpose from correct exper-

v K ! » 1 _.I._iment static data. Due to the mechanic formula the
i S5 * 1| formula of Skogestad is
[ Armature Load !
% Back emf | G(s) = Kp+ Ki+ Kd (11)
| i
;___ K ¢ which
. Kp KpTds
G = K = — ettt
p(s) p)GZ(S) TT,S!Gd(S)TfS .+ 1 (12)
Figure 9 shows block diagram of Z-axis handheld mi-
100

§% 422454 1245 + 1

Figure 6: Block diagram and mathematical model of
motor

For unknown parameter which each motor has a
specific value. An unknown parameter was solved by
comparing an experiment data and theory. Variable
parameter which has an effect to the system that
depending on velocity of motor. Which the experiment
data be able to get by comparing position and time
from movement of screw of D.C.motor or point A as
shown in figure 2. Microscope was used for being a
movement sensor that a position and time data can
be get. Using function ident in matlab program for
fitting experiment data graph. So the final result is
mathematical model of this motor appeared and be
able to use for simulation experiment.

4.2 Controller Design

A PID controller was used because its a basic controller
which is able to solve a different order of DC motor
mathematical model by using uncomplicated parame-
ter. Turning PID controller required 3 parameter those
are Kp, Ki and Kd. The reason for using PI controller
in this project because PI controller be able to reach a
steady state rapidly and small steady state error. The
important of derivative term is decreasing overshoot
but in contrast its make a system become slower for
reach to stable.

4.3 PID using Skogestad Method

For turning PID a formality does not fixed solution.
Tts depend on system and satisfaction of people those
designed a system. But the mainstream of turning PID
or other control system is tag in equilibrium. For this
paper turning PID by using Skogestad was used he-
cause of a model is suitable which can be turn with

cromanipulator which using PID control be a controller
and simulation of hand tremor signal be a noise for
error feedback. Simulation of scope is used for moni-
tering signal and input signal is unit step signal. As a
picture we had already compare a input and out put
signal for analyze a result.

5 Results

As a result of mathematical model of the motor which
is already had converted to continues transform, its
can be solved by using Skogestad’s formula[5]

Hy(s) (process) Ky T; Ta

Ko el LY ) 0
hge™™ D] min[T, ky(Te+7)] [0
ﬁﬁgf—ﬂ ‘Rﬂ-r]‘_lﬁ ’\'_[ (T{_“ + ‘F} T
m,{]—ﬁqme_" -wa#ﬁ min [Ty, ky (Te +7)] | T2

He ™ Tml’;? 4(Te +1) ATe +7)

Figure 7: Skogestad’s formula

base on Skogestad’s formula a mathematical model of
motor can be paired with

¥

Which
1
K= g@en W
Ti = K1(Tc +7) (15)
Td=T (16)

Skogestads formulas for PID tuning. Standard value
of K1 is 4, but a smaller value, e.g. K1 = 1.44 can
give faster disturbance compensation.

From the formula, fixed parameters are T and



Tec which can be found from signal graph and variable
parameters are K and tau which required turning.

Unit step signal

R

Kc'TistKe 100
Ti.s 3422 45231245+ 1
PID cortroller DC screw motor

bttt

Hand tremor signal

0

Scope

» Random

To Workébace

—

Figure 9: Block diagram of Z-axis handheld microma-
nipulator

The final solution we be able to define Kp=1.2504
and Ti=1.4. From this result, controller formula was
created and be able to use this formula for control the
system.

PID signal
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Figure 8: Comparison signal between using skoges-
tad’s formula and general

Figure 8 shows comparison of both signal. The
over shoot for hoth signal are almost similar, but for
steady state a signal which using Skogedtad’s formula
log in equilibrium earlier around approximatly 2 time
of the other also equilibrium.

Hand tremor with PID contraoller
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Figure 10: Comparison of hand tremor graph with
and with out controller

As a result, this hand tremor graph is 5 time slower
than usual. From figure 10, blue line is a hand tremor
signal with 5 time behind and red line is a signal
which had already controled.

6 Conclusions

By using Skogestad’s formula for turning PID control
to be a controller of handheld micromanipulator in
Z-axis be able to control vibration signal from hand
tremor in 7 plane, but a small over shoot and error
still cannot removeable. However, the signal which had
been done in the experiment is approximately 5 time
slower than real normal human hand. If we used this
system for control real scale of hand tremor, this con-
troller cannot control the system hecause the system
is too fast.




7 Discussion and Future work

As the result ,from this controller which used Sko-
gestad’s formula to turning PID controller be able to
control a human hand tremor signal. But the hand
tremor signal which used in simulation is 5 time slower
than usual. Accordingly, this controller can control
the signal from 5 time slower, but unable to control
form human hand normal speed. For discussing to
find a solution, replace PID controller with another
controller which has more proficient including small
over shoot, reach to steady state and stable earlier
than PID controller such as Robust or Hybrid control.
In the other hand, change a new mechanism for
movement instead of microlinear actuator which be
able to move faster for example piezoelectric.
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