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Abstract

In the manufacturing process, Computer Numerical Control is widely used to process products that require a high level
of accuracy. It is found that during product processing, Computer Numerical Control is still unable to fully counteract the
influence of vibration and the presence of uneven product surfaces. In this paper, the stabilization mechanism developed,
known as the Modified Stewart platform, which has a 3 Degrees of Freedom and can rotate around the X and Y axes and
move translationally along the Z axis. This platform can be used to improve the accuracy and stability of the Computer
Numeric Control tool. In this research, the positioning accuracy of the Modified Stewart platform has been evaluated.
In this research, a mock-up or prototype and a simulation model of the Modified Stewart platform was developed. The
data to be studied is the inclination angle of the platform. In the experiment, to determine the positioning error, the
variable being changed acquires not only the linear movement, but also the angle of the X-Y plane. By changing the angle
contained in the X-Y plane, it can be seen the influence of the X-Y angle on the position error or angle of the Z-4 plane.
The simulation was carried out on MATLAB. The mathematical model in this study is to find the platform position or
angle. To simplify the calculation, the Modified Stewart platform was depicted in the form of a trapezoid. The results of
the angle in the simulation will be compared with the result of the angle on the mock-up Modified Stewart platform. The
trapezoidal parameter used in the simulation corresponds to the parameters on the mock-up modified Stewart platform.
The simulation provided information about the angle of inclination, height, length of its sides, and the relative length of
sides. It was found that the position or angle movement of the platform is in accordance with the calculation or simulation
model that has been developed, and the positioning error data of the platform is very small and it changes constantly.
It should be noted that the presented method can be used to evaluate the platform positioning error and consequential
calibration of the mechanisms with spatial kinematic. The positioning error at various mobile links positions is changing,
but during the movement in just one direction it remains almost constant. The position error caused by the platform
mechanism can be minimized by redesigning the platform and using components that can provide a much more precise
movement, moreover, using the preliminary measurements it is possible to build a table containing corrections for the
control program to access the correct position of the moving platform. The accuracy and the stability of its movement
can be improved and the platform can be applied to Computer Numerical Control. The method developed allows to
estimate the moving platform positioning error of the mechanism with spatial kinematic. Thus, the method developed
can be eliminated or compensated. It is possible to calibrate the moving platform movements in automatic mode as well.
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AHHOTaNMS

IIpeamet uceaenosanus. B mporecce H3roToBIeHUs U3JIEMHI C BEICOKOH CTENEHBbIO TOYHOCTH ITUPOKO UCTIONB3YETCS
000py0BaHKE C YMCTOBBIM IPOrPAMMHBIM yTIpaBieHHeM. V3BeCTHO, 4TO B POIECCE M3TOTOBICHHS N3/IEIHI YNCTOBbIE
MIPOTPaMMHBIE YCTPOHCTBA 0 CHX MOP HE MO3BOJSIOT CKOMIIEHCHPOBATh BIMSHIE BHOpAIMil U CBI3aHHOE C HUMH
TIOSIBIICHUE HEPOBHOCTEH HA MOBepXHOCTH m3nenuil. [Ipemnoxena mogudunuposannas miargopma Crioapra, KoTopast
o0nazaeT TpeMs CTENEHsIMU CBOOOIBI M MOXET BpaIaThesl BAOIb ocel X U Y, M IMHEHHO NepeMeIarhbes BIOIb OCH
Z. Taxkas ruatdopma MOXKET OBITH HCIIOIb30BaHA JJISl yBEIHMYCHNSI TOYHOCTH M CTa0MIN3allMU B 00OPYIOBaHUU C
YHCJIOBBIM IIPOTPAaMMHBIM yIIpaBleHHEM. BrInoiHeHa olleHKa TOYHOCTH TO3UIIMOHUPOBAHUS MOAN(DHUINPOBAHHOM
wiatdopmbl Crioapra. MeToa. Pa3paboTanbl MakeT U CUMYISIIHOHHAS MOJENb MOAU(PHUIMPOBAHHON MIaTHOPMBI
Crroapra. B kauecTBe TaHHBIX A7 CPaBHEHMS HCIOJIB30BaHbl yIVIbI HAKJIOHA MiaTopmbl. B xone sxcriepuMenTa st
OTIpe/ieNeHNs OINOKN MO3UIHOHUPOBAHUS U3MEHEHA HE TONBKO BEIMUMHA JIMHEHHOTO MepeMeIieH s, HO U yTol B
TIOCKOCTH X—Y, N3MEHEeHHE KOTOPOTO [TOKA3aJI0 BIMSHIE HA BEINYHHY OIMIMOKY BBICTABICHHS yIVIa B INTOCKOCTH Z—A.
Cumymsinus nposenera B nporpamme MATLAB. B pesynbrare moxy4eH yroi moBopora miar¢opmsl. BeImonHeHO
CpaBHEHHE PEe3yJIbTaTOB pacdyeTa yIJIOB HAKJIOHA MOAEIH U MakeTa MOAMGUIHMPOBAaHHOH muatdopMel CTioapTa ¢
COOTBETCTBYIOIIMMH pa3MepaMu. Mozeib IpeoCcTaBisieT JaHHbIe 00 yIiie HaKJIOHa, BBICOTE, JUIMHE CTOPOH H MX
OTHOCHTEJIBHOM yIuInHeHHH. Pe3yabraThl. OOHapy)XeHO, 4TO YIIIOBOE MepeMenieHHe IIaTGOpPMbI COIIacyeTcst
C MpeIBapUTEIbHO BBIYUCISIEMBIM MOJIOKEHHEM COIIACHO pa3pabOTaHHOW CHUMYISLMOHHONW MOJAENH, a OmuoKa
MO3UIMOHUPOBAHUS Masla U MocTosHHA. [IpenoskeHHBI METOA MOXKET OBITh MPUMEHEH IS OLEHKH OIIHOKH
MO3UIOHUPOBAHMS TIATGOPMBI U JaJbHEHIIeH KaTuOpOBKH MEXaHU3MOB C MPOCTPAHCTBEHHON KMHEMaTHKOH. B
XOJIe TIepeMEIeHHs TTOIBIKHOTO 3B€Ha M3MEHEHHE ero MPOCTPAHCTBEHHOTO TOJIOKEHHSI BIUSET Ha BOZMOKHOCTh
MIePEMEICHHs OCTANBHBIX 3BeHbEB. [Ipy 3TOM BeTMYMHA OMIMOKHU MO3WIMOHUPOBAHUS NIPH PA3HBIX MMOJIOXKEHHIX
MOJBMKHBIX 3BEHbEB M3MeHseTcs. 1lokazaHo, YTO B OZHOM HAlpaBICHUM MOIPEHIHOCTb OCTAETCs IPaKTHUUECKU
Hen3MeHHOI1. [TorpenHocTs MexaHu3Ma MO3UIIMOHUPOBAHNS TNIAT(HOPMBI MOXKET OBITh YMEHBIIICHA ITyTEM H3MCHEHHS
KOHCTPYKIMH IIaT(OPMBI U UCTIOIB30BaHMs JieTalieid, obecriednBaromyx Oonee ToqHoe rnepemerienne. Ha ocnoBannu
HpeIBapUTEIbHBIX U3MEPEHUN BO3MOXKHO MOCTPOCHHE TAOIHUIIBI C MONPaBKaMHU, K KOTOPOil OyneT oOpariarbes
YIpaBJIAIoNIas NPorpaMma Ajs KOPPEeKTHPOBKU IPOCTPAHCTBEHHOTO TIOJI0XKEHHUS MOABIKHOI miargopmsl. ToUHOCTH
1 TIOBTOPSIEMOCTb MEPEMELICHUH MOTYT OBITh YIyYIIEeHBI, UTO MO3BOJISET MPHUMEHNUTH MIaThopMy B 000pyI0BaHIH
C YHCIIOBBIM IIPOTPaMMHBEIM yrpasiaeHueM. [IpakTuyeckas 3HaunMocThb. PazpaboTranHas METOAMKA TTO3BONISET
MIPOBOANTH OLIEHKY ITOTPENTHOCTH MO3UIIMOHUPOBAHMS TTOJBIDKHON MIaTGOPMBI MEXaHU3Ma C MPOCTPAHCTBEHHON
kuHeMarukoi. TakuM o6pa3zom, ommoKa MO3UIIMOHUPOBAHNS MOIBIKHOM IIaTGOPMBI MOXKET OBITH YMEHBIIEHa, JIHO0
ckomrieHcupoBaHna. [IpencrasisieTcss BO3MOXKHBIM 00ecIiedeHne KaTnOpOBKY ITOABMKHOMN IUIAaT(GOPMBI B aBTOMaTHIECKOM
peKuMme.
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Introduction

The manufacturing process is a very complex one
that involves many interactions between humans and
machines. In the manufacturing process of a product,
the thing that is very concerned is the quality of the
product [1, 2]. Currently, the manufacturing process is
more modern, which means that it relies on the use of
machines to process its products compared to processes
carried out by humans. So the quality of the product is
very dependent on the results of the production machine
process. In the manufacturing process, one of the causes
of decreased product quality from production machines
is vibration. This vibration reduces the accuracy of the
production machine so that it can reduce the quality of
the manufactured product. Moreover, if the product is

measured in micron units, the accuracy of the machine is
very important. This usually happens in the manufacturing
process of electronic products or other sensitive products
that require a high level of accuracy or a very small error. In
the manufacturing process, for the processing of products
that require a high level of accuracy, it is necessary to
use Computer Numerical Control (CNC). However, it is
found that during product processing, CNC is still unable
to fully counteract the influence of vibration, thus reducing
accuracy and increasing error, and reducing the quality of
the product. It is also known that in addition to vibration,
another factor that causes a decrease in CNC accuracy is
the presence of uneven product surfaces. This is because
there are differences in calculations between the program
on the CNC and the actual product surface. CNC cannot
know and detect the surface flatness of the product being
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processed and cannot move adaptively to it [3-5]. To
increase the accuracy of the CNC and reduce errors caused
by vibration and uneven product surfaces, a stabilization
system is needed.

Vibration stabilization systems have been widely
developed and applied to various devices such as cameras.
The stabilization system on the camera is needed to reduce
the influence of vibration on the optical part so as to provide
better results. There are several technologies applied in
the development of camera optical stabilization systems.
Stabilization system technology uses a voice-coil actuator
mechanism [6]. In addition, there are also stabilization
systems using Shape Memory Alloy actuator mechanism
and piezoelectric motors [7, 8]. Previously developed
stabilization systems provide good results and can reduce
the influence of vibrations on the camera optic, thereby
improving the image quality of the camera. However, a
stabilization system that can move automatically on the
camera optic mechanism has never been developed and
applied to CNC. Unlike the mechanism on the camera, the
stabilization system on the CNC is applied to its head. In
that way it will increase the stability and resistance of the
CNC to vibration so as to increase the accuracy and quality
of the processed product.

CNC requires a stability mechanism that can not only
withstand vibration but also can provide good results
when processing products with uneven surfaces. To be
able to achieve the intended stability, a mechanism that
can move freely or has several degrees of freedom (DOF)
is needed. It is known that there is a mechanism, called
the Stewart platform that has the ability to move freely up
to 6 DOFs. Stewart platform can move rotationally and
translationally relating to 3 axes: X, Y, and Z [9]. With
such capabilities, if the Stewart platform can be controlled
properly, this mechanism can solve the problems found in
CNC. Research on the Stewart platform has been carried
out and applied to various types of fields. The results
showed that the Stewart platform is able to provide the
movement with a high level of accuracy [10—12]. Other
research results show that the Stewart platform is able to
provide stability and is effective in reducing the vibrations
generated [13]. Therefore, based on previous research, if
the Stewart platform is applied to CNC, it will increase the
accuracy and stability of the vibration generated, so it will
improve the quality of the processed products. However,
the Stewart platform with 6 DOFs is less effective to be
applied to a CNC mechanism that only moves on 2 axes
(X 'and Y) and only requires 3 DOFs of movement from the
Stewart platform, namely rotational on the X and Y axes
and translational on the Z axis. Stewart platform that only
has 3 DOFs are referred to as Modified Stewart platform.
The Modified Stewart platform has the same working
principle as the regular Stewart platform, except that the
DOF movement is limited. The Modified Stewart platform
has the advantage of providing simplicity and convenience
in its control system [14].

Before being applied to the CNC, it is necessary to
conduct further research on the mechanism of the Modified
Stewart platform. Therefore, the Modified Stewart platform
is the object of this research. Several experiments were
conducted to determine the accuracy and stability of the

Modified Stewart platform. In this research, a mock-up or
prototype and a simulation model of the Modified Stewart
platform was developed. Furthermore, experiments were
conducted on the mock-up and simulation model using the
same parameters. The experimental data between the mock-
up and simulation model will be compared and analyzed
so that the Modified Stewart platform can be further
evaluated. The results of the evaluation can be used to
show the performance and development and improvement
of the Modified Stewart platform so that later the Modified
Stewart platform can be applied and improve the stability
and accuracy of the CNC.

Modified Stewart platform

The Stewart platform is a manipulator device used
to control position and movement. The Stewart platform
consists of 2 fixed parts, the base and the platform. In
addition, there are 6 legs that can be controlled in length.
Originally, the Stewart platform was intended for the
creation of flight simulators [15]. The Stewart platform
mechanism consists of a triangular platform supported
by ball joints and adjustable legs. With this mechanism,
the Stewart platform has 6 DOFs. The advantage of
the 6 DOFs Stewart platform is high accuracy and the
ability to move easily at any desired angle and position.
Therefore, Stewart platforms are widely used in structures
with robotic applications such as the National Advance
Driving Simulator. The angular displacement of the Stewart
platform is greatly influenced by the length of the platform
legs. However, the length of the platform legs also affects
the length of the other legs [16]. The following figure is the
scheme of the Stewart platform, Modified Stewart platform,
and Design 3D of the Mock-up Modified Stewart platform
(Fig. 1).

The Modified Stewart platform is an Original Stewart
platform that has been modified. The Modified Stewart
platform has only 4 legs, so this results in the Modified
Stewart platform being able to move only in 3 DOFs.
However, in general, the working principle of the Modified
Stewart platform is the same as the Original Stewart
platform. The movements of the Modified Stewart platform
include rotating around the X and Y axes and translating
along the Z axis. This is because the Modified Stewart
platform will be used on CNC. The following figure is
a mock-up of the Modified Stewart platform used in this
research, with 3 main parts, namely: platform, legs, and
base (Fig. 2).

In the mock-up Modified Stewart platform, there
are several electronic components used to support its
movement and mechanism, namely linear motor and
Gyroscope sensor. The linear motor is used to drive the legs
of the Modified Stewart platform and the Gyroscope sensor
is used to detect the tilt of the platform. In the development
of the Modified Stewart platform, there are parameters that
have been obtained mechanically. For more details, here are
the parameters of the mock-up Modified Stewart platform
that has been developed (Table 1).

The linear motor movement is controlled using input
steps where the legs of the Modified Stewart platform
will increase in length by 0.002815 mm every 1 step. The
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P4
P3 Platform
B4 \\ Leg
Base
B3

Fig. 1. Scheme of: Stewart platform (a); Modified Stewart platform (b); design 3D of mock-up Modified Stewart platform (c).
P1 — P6 is joint section in the platform, B1 — B6 is joint section in the base

Table 1. Mock-up Modified Stewart platform parameters
Hmax = 102.6 mm

Parameter Value
Max steps 4000
Steps per, mm 0.002815
Height Maximum, mm 102.6
Height Minimum, mm 91.3
Base Length, mm 117.3
Platform Length, mm 88.6
~7°18" max parameters of the Modified Stewart platform will also be

used as parameters of the simulation model. The platform
can rotate by a maximum of 7°18" on the X and Y axes.
In the Z axis, the platform can move translationally by
maximum of 11.3 mm.

NI

Mathematical model of Modified Stewart platform

Fig. 2. Mock-up Modified Stewart platform. X, Y, Z, 4: . .
coordinates of the Modified Stewart platform with the angular To be. able to make a simulation of a system, a
rotation; Hmin and Hmax: the height of the Modified Stewart mathematical model is needed. A mathematical model is
platform with translational movement obtained from the mechanical design and electronic system
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parameters of the mock-up Modified Stewart platform. The
mathematical model in this study is to find the platform
position or angle. To simplify the calculation, the Modified
Stewart platform is depicted in the form of a trapezoid. The
following figure is a trapezoid used in the modeling of the
mock-up platform (Fig. 3).

The DC and 4B sides of the trapezoid always have the
same size (constant). Increasing the lengths on the AD and
BC sides is called delta (A). Delta greatly affects the angle
of the trapezoid. The angle on the trapezoid is called theta
(©). In addition to the slope of the trapezoid, the delta or
the increasing of length BC and AD sides will affect the
lengths of the ¢ side. It is because the more inclined the
trapezoid or platform, the longer the ¢ side will be. The
mathematical model of the modified Stewart platform can
be described as follows.

To determine BC and AD sides, you can use the
Pythagorean formula as follows:

BC2=(H+ A2+ (c+ A2,
AD? = (H - A2+ (c + A2

Let us determine the height (H) of the trapezoid if the
lengths of sides BC and 4D are known.

e VAD? = (c + AP +VBC = (¢ + A))
) :

Let us now determine the angle of inclination of the
platform or trapezoid ®, then use the cosine formula. It
is because the BC and AD sides have different lengths
causing the platform to rotate at a fixed point. The rotation
of the platform moves in the form of a circle, so determine
the angle of inclination using the cosine formula. The
derivation of the cosine formula from Fig. 3 of the platform
is explained in the equation below:

DCY DC
A2 = (2—) + (hO)? — 2 cos @(2—) (hO).

To obtain 20, we use the following formula:
_AB-2(c+A)
5 .

hO

So, to get the angle of the platform, we use the
following equation:

® = arc cos

(¢ (ABZ(c+A)
ol

From the equation, the inclination of the platform can
be determined based on the lengths of the BC and AD sides
of the trapezoid. The equation is used to create a simulation
of the modified Stewart platform. The results of the angle in
the simulation will be compared with the result of the angle
on the mock-up Modified Stewart platform.

Simulation of Modified Stewart platform

The simulation is carried out on MATLAB which aims
to be able to easily calculate and determine the angle of
inclination of the platform based on the length of BC and
AD sides of the trapezoid. Like on the mock-up Modified
Stewart platform, input on the simulation is a signal (steps).
In addition, to be able to make a simulation, it requires a
reference height from the platform. In the simulation, the
reference height is 97 mm. Like the mathematical model
described previously, the Modified Stewart platform is
calculated in the form of a trapezoid. The trapezoidal
parameter used in the simulation corresponds to the
parameters on the mock-up Modified Stewart platform.
The following figure is a simulation program and interface
of the Modified Stewart platform (Fig. 4).

The simulation can provide information about the angle
of inclination, height, length of BC and AD sides, and the

relative length of Bg and Ae sides. All this information is
a b c
DC pC C sin
h b —0 e
¥ | E 9 |h 0l ol
2 L B 4
[ Y T .
cl2
| | | | | } W// 22—
|H |H H| |H7A ]H H+A| \ n ! OJ coSs
A A O A x
A D A J
a B a I B N
A_g_e f g CBAC_,’_xe f gc_”\B i el
AB AB

Fig. 3. Trapezoid of modeling Modified Stewart platform: normal trapezoid (@); inclined trapezoid (b); platform rotation (c); 4 is the

center point of platform in trapezoid; H is the height of trapezoid; o is the moving angle of point DAe; P is the moving angle of point

CBg; e, g and O are the moving point of trapezoid; fis the center point of base in trapezoid, A is the value that occur when platform is
in inclined condition
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Fig. 4. Simulation program of Modified Stewart platform

obtained only by providing input in the form of steps. The
simulation process was obtained from the mathematical
model of the Modified Stewart platform that was carried
out previously.

Now verify the results of the simulation, it can be done
by comparing it with the trapezoid drawing in CAD. If there
is an error in the calculation of the angle in simulation, the
angle in CAD will give a different result. Simulations are
used to verify the results of the mock-up Modified Stewart
platform. Without simulation, it is difficult to determine the
success of the working process of the mock-up Modified
Stewart platform. The simulation also aims to get a more
accurate value and can be used as a reference parameter to
develop the Modified Stewart platform.

Evaluation of positioning error
on Modified Stewart platform

The experiment aims to determine the position error on
the Modified Stewart platform by comparing the platform
angular position data to the platform simulation model.
To be able to determine the position error on the platform,
there are several conditions specified in this experiment.
The data to be compared is the inclination angle of the
platform in the Z—4 plane. The input of the simulation and
mock-up platform is the steps, starting from 0—-2000 steps.
The reference height on the platform with simulation is
97 mm. In the experiment, to determine the level of position
error, the variable that is changed is not only the movement

of steps but also the angle of the X—Y plane. The value of
the experimental X—Y angle is 0°; 3°24'; 4°12'; 5°48'. By
changing the angle contained in the X—Y plane, it can be
seen the effect of the X—Y angle on the position error or
angle of the Z—A plane. The following figure is a graph of
the evaluation result between the mock-up and simulation
of the Modified Stewart platform with an X=Y plane (Fig. 5).

From the experiments that have been conducted, it is
known that the position or angle error of the Z—4 plane
is strongly influenced by changes in the angle of the X—Y
plane. The platform angle on the Z—4 plane with an X-Y
angle of 0° has good results, meaning that the Z—4 angle
of the platform is the same as the angle from the model
simulation. There is no significant difference between the
model and experiment data of the platform. The position
error of the platform is only located at steps 1600, 1800,
and 2000. Changing the Z—-4 angle relative X—Y by 3°24'
has slightly unfavourable results, meaning that there is an
angle difference between the model data and the experiment
platform obtained. There is a position error on the Z—4
plane of the platform, but overall, the angle obtained by
the Z—A platform has shown that the movement of the
platform position is in accordance with the movement
in the simulation model. This also applies to the position
of the Z-A4 angle with respect to the X—Y angle of 4°12'
and 5°48' and the position error of the angle is relatively
constant and stable.

The position or angle error of the platform is caused by
several factors, including mechanical factors. The Modified
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Fig. 5. Mock-up vs simulation of Modified Stewart platform with X—Y plane: 0° (a); 3°24' (b); 4°12' (c); 5°48' (d)

Stewart platform has 3 DOFs that can rotate around the
X-Y axes and is translational along the Z axis. To perform
such movements, the Modified Stewart platform has a
complex mechanism. The complex movement here means
that the movement of one part affects the movement of
other parts. On the other hand, this complex mechanism
causes inaccuracies in the position or angle of the platform
itself. The position error caused by the platform mechanism
can be minimized by redesigning the platform and using
components that can provide a much more precise
movement, in addition to calculating the mechanical
connections contained in the mechanical design of the
platform.

In the experiment, it was found that the angular
movements X—Y affected the position or angle of Z-4,
causing a position or angle error. However, the simulation

model does not allow taking into account the influence of
the X—Y plane on the movement of the Z—4 position. This
can be possible if there is mechanical movement data of
the platform or the influence of the X—Y plane on Z—4 is
known mathematically and is clear. However, it can be said
in general that the movement generated by the platform is
in accordance with the calculations and simulation models
that have been developed. Admittedly, the movement of
the platform is not perfect, but the error rate of the position
or angle of the platform is small and it moves constantly.

The method of error compensation
on the Modified Stewart platform

The Modified Stewart platform is a complex
mechanism. This is obtained from the research results
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Evaluation and development of a method for compensating the positioning error...

where one part will affect other parts. Based on the result

of the research that has been done, to be able to compensate

for errors on the Modified Stewart platform, it is carried out
in the following method.

1. Calibration. Before working with the Modified Stewart
platform, all movements regarding to the X, Y, and Z
axes were confirmed to be in the correct position. In this
research, the X—Y and Z-4 planes were at a 0° angle.
Calibration cannot be done on only one side, as the
position error of either side will increase the position
or angle error of the Modified Stewart platform.

2. Data acquisition. The data collected in this research
on the Modified Stewart platform is angular. From the
research that has been done, data acquisition cannot
be done only once. It is necessary to collect data
repeatedly, intending to see the level of stability of the
movement of the platform. Due to its complexity, data
acquisition must be done by applying many conditions
and must be done regarding to both X—Y and Z—4
planes. As shown in the research, data was collected
on the Z—A4 plane with the X—Y plane located at angles
of 0°; 3°24'; 4°12'; 5°48'. This needs to be done to
determine the influence of the other side on the position
or angle error of the platform.

3. Mathematical modelling and simulation. Modelling
and simulation play an important role in determining
the error compensation of the Modified Stewart
platform. Simulation modelling acts as a reference
and verifies the angular data provided by the Modified
Stewart platform. Without the results of simulation
modelling, it will be very difficult to determine the
position error on the platform. However, it should be
noted that the Modified Stewart platform has a complex
mechanism, so modelling needs to be done with in-
depth calculations such as kinematic calculations and
SO on.

4. Data analysis. After the data on the Modified Stewart
platform and simulation are obtained, the next step
is to analyze them. Both data are compared and
observed, whether angular data from the Modified
Stewart platform matches the simulation data. As in
the research, repeated experiments are carried out
and the trend of the data generated by the Modified
Stewart platform is seen. Furthermore, the trend will
be analyzed to determine the equation contained in
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