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Abstract

In this research, a 6-axis robot manipulator arm is designed and constructed for industrial

applications. Then, the robot arm motion is controlled in a position mode by users’ specified angular

motion of each joint so that the robot arm can move to desired locations with high accuracy even with

load variation and repeatability less than 10 micrometer. A motion control has been developed within

Visual C++.NET to control individual or combined joints’ position, velocity, acceleration. The purposes of

this robot-arm motion-control implementation are to accelerate users’ learning process and to interact with

the industrial robot in a user-friendly environment.

Keywords: Industrial Manipulator Arm, Motion Control Software, Accuracy and Repeatability.

1. Introduction

In past decades, industrial robot
manipulator arms have revolutionized various
industrial applications, especially in high-
technology factories, because of their high-yield
production capability, high-accuracy repeatability,
flexibility and small contamination in clean
environment. However, a lacking of special'rzgd
personals in the robot control field and a high
investment cost and maintenance cost are major
obstacles for a wide-spread use of the industrial
manipulator arms in Thailand.

Chandrakasem Rajabhat University [5]
has proposed to develop 5-axis robot arms for
the educational purpose so that students might

be able to transfer knowledge to their future

industrial workplaces. Institute of Fleld roBOtics
[6] has designed and constructed the industrial
6-axis robot arm that can perform a welding
process for automotive industries.

Therefore, this research focuses on the
design and construction of the industrial robot
arm as well as the motion-control software
development using Visual C++.NET, which has
user friendly interface. As a result, any person
without a prior knowledge can comprehend and
control the robot arm control with a minimal
learning time.

This paper can be subdivided into four
sections. Section 2 reviews the design and
construction of robot mechanisms and motion

controller units. Section 3 emphasizes on the
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implementation of the motion-control software.
Lastly, the performance tests of this robot arm

are summarized in Section 4.

2. Robot Arm Construction

The construction of the 6-axis robot
manipulator arm is divided into two main parts:
1) robot mechanism construction and 2)
controller and drive construction. Both
constructions can be carried out at the same
time and then assembled together afterward.
Fig. 1 shows an overall schematic diagram of
this 6-axis manipulator arm, where circles
represent each joint of the robot arm. A
computer passes user commands through the
SPiiPlus Motion Controller [2] to control motor
drives, connecting with 6 DC and AC motors and
6 optical encoders. All DC and AC motors
coupling with harmonic gears provide torque to
each axis of the robot arm and encoder signal is

used as feedback joint angular position.

Motor  Harmonic
Encoder Gear

Fig. 1 Overall schematic diagram of the 6-axis

manipulator arm.
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2.1 Robot Mechanism Construction

Originally, this manipulator arm is
designed and assembled in Solidwork, shown in
Fig. 2, to test feasibilites of individual joint
movement, robot material strength, motor sizing,
and robot workspace. Each joint angle is limited
by two limit switches such that a wire entangling
problem can be avoided during the robot
operation. For the joint construction, motors are
attached to flanges before assembling to
machined parts and then the encoders are
coupled to the motor shafts. The 6-axis joint

space of the robot arm is exhibited in Table.1.

~

Fig. 2 Design of the 6-axis manipulator arm
To achieve high accuracy at the robot
end effector within micrometer range, high
resolution encoders as well as precision
harmonic gears, as shown in Table. 2, must be

employed in each joint of the robot arm.

Table. 1 The 6-axis joint space of the robot arm

Axis Joint Angle (degree)
Clockwise Counter-clockwise
1 145 150
2 45 115
3 110 110
4 175 85
5 85 80
6 160 175
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Table. 2 The encoder resolution and gear ratio

for each axis of the robot arm

Axis Encoder Resolution Gear Ratio
1 2048 1:78
2 2500 1:80
3 2500 1:50
4 2500 1:50
5 2500 1:50
6 2048 1:50

2.2. Controller and Drive Construction

Two main components of the motion
control unit are 1) SPiiPlus Motion Controller
compartment and 2) Motor Drive compartment.
First, Inside the SPiiPlus Motion Controller unit
in Fig. 3, there are 24V and 5V DC power
supplies and SPiiPlus PCl 8 from ACS Motion
Control, which acts as the robot-arm main
supervisory and connects to the user’'s computer
through ethernet. Moreover, amplify circuits
using op-amp, included in this unit, help
amplifying the signal from all limit switches

before passing through the SPiiPlus board.

1

¥
4
:
.
.
.
]
Kl
1
3
i
i

&

i
¥
]
-
1
4
d
i

o

Fig. 3 SPiiPlus Motion Controller compartment
Second, the Motor Drive compartments for 6
axes in Fig. 4 and 5 are composed of power
supply circuits, noise reduction circuits, 6 motor
drives and connection terminals. Model for motor
drives for axis 1 to 6 are Junus, Accelus, Xenus,

2 Accelus, and Accelus card [1], respectively.

The Second TSME International Conference on Mechanical Engineering
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Fig. 5 Motor drive compartment for joint 4, 5, 6.

3. Motion Control Software Development

To be able to control the robot-arm
motion, users must learn new syntax and
commands of the original SPiiPlus Controller
software, which is similar to C commands. And
all programming codes must be written in a
command line window shown in Fig. 6. As a
result, the user must go through a steep learning
curve of SPiiPlus programming before they can

operate the robot arm safely and properly.

P Manages SRS, . - | S Y 10T
Butters Doty View £L = 100X - |
HEY e o
B 00000

S CLE N 5 oo = .

100 m compte ]

2018 W comeme 10000

3010 @ comwes ACC = 100000

A1 0 M comeses 100000
| s 0O 1 commies e |
e 0 2 comptes |
110 W comes

S0 1 compes

3]0 W comeses |
joBuner () 4 compied .

Trigger Scape on program start (use sige wode) | e LAt

Fig. 6 Original Interface of the SPiiPlus Motion
Controller Softeware.

To shorten this period, the motion
control software has been developed using

Visual C++.NET [4] from Microsoft Visual Studio
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2008 that provides a user-friendly interface, as

shown in Fig. 7. The motion control software for
individual or combined joints employs the
SPiiPlus MMI commands [2] of the SPiiPlus
Motion Controller The user can select the joint
axes and specify the joint acceleration, velocity,
position without learning SPiiPlus programming
commands. Moreover, users can record
sequences of the joint angular positions after the
robot end-effector is moved to desired locations.
And then, users can playback different motion
sequences from recorded lists. During the robot-
arm movement, the feedback angular positions
of each joint are also shown on the screen in
real time. Fig. 8 demonstrates the robot-arm
playback movement, drawing a segment of

circle, from the recorded sequence.

Send Command -
Show testshom
Setup Jog Save Pont Losd Port
E ks A it Poston 1 Load Fie 1
Dwection + Postion 2 Load Fie 2
Velocly 5 Poston 3 LoadFie 3
Acceleration > Vake PTP Postion 4 LosdFie &
=l Deection Postion 5 LosdFie S
5 Poston 6 LoadFie 6
Jorh b4 Vahue Poston Poston 7 Load Fie 7
KAl decetes shon >
Foed Back Posion _ U033 e e
Delad | SendloSetwp Load MuliFie
Commurscation OFF Connect Close

Fig. 7 Developed motion control softeware using

Visual C++.NET for this robot arm

Fig. 8 Playback motion of the robot end effector
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4. Experimental Results

The robot arm performances are tested
on the motion repeatability, accuracy, and
different load handling. In the first test, the joint
velocity errors are measured
4.1 Repeatability Test

To measure a motion accuracy of the
robot-arm end effector in performing a repetitive
task, the robot arm is programmed to touch a
dial gauge, attached at the end of table as
shown in Fig. 9, from a pointing-upward position.
This motion is repeated for 15 times and the
readings from the dial gauge are recorded and
shown in Fig. 10. The result reveals that the
motion error of the end effector is bounded
within 0.002 mm or 2 pm and a variation from
its mean position are also small. This implies
that the accumulative error from all joints must

be very small as well.

Fig. 9 Motion repeatability test of the robot arm
touching the dial gauge.

4.2 Load Handling Test

To measure the motion accuracy of the
robot arm subjected to various loads, three
different weights: 1.2, 1.6 and 2.0 kg, are
attached to the end effector and both joint
commanded velocity from the SPiiPlus controller
and feedback velocities from encoders are
recorded during the upward motion. Then the

joint velocity error is computed from the



TSME - ICOME

difference between the commanded and

feedback velocities. Results in Table. 3 show
that the larger the load attached to the end

effector is, the larger the velocity error becomes.
36115

3611 *
/

36105 / \

361 +—+ — — +——t +
/
36095} /

3609+ ‘\

Measurement from Dial Gauge (mm)

36085+

- . , .
0 5 10 15
Number of tnals

Fig. 10 Dial gauge readings from 15 trails in
repeatability test

Table. 3 Joint angular velocity errors of the 6-
axis robot arm tests with three different loads

(1.2,1.6, and 2.0 kg) attached to the end effector
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desired joint angular position and velocity. The
The joints’ angular velocities in this experiment
are set equal to [0.098, 0.078, 0.295, 0.295,
0.295, 0.295] rad/s. The motion discrepancy of
the end effector between the commanded joint
positions calculated from the RMRC technique
and the measured position are tested for 8
different positions, as shown in Table. 4. The
error is defined as in Eq (1).

error = \[(X, - X,)* +(¥, -Y,)* +(Z, - Z,)* (1)

From Table. 4, the difference between the

measured and command position are very small,
the main source of error in this test is from the
measurement error and from link parameter

error.

Table. 4 Desired and measured end effector

positions using the RMRC technique.

Velocity Error

Joint (rad/sec)

Command Position Measured Position
Error

(cm) (cm)

No Mass Mass Mass

Mass 1.2 kg 1.6 kg 2.0 kg

(cm)

Xe | Yo | Zo | Xo | Yo | Za

55 40 70 553 | 384 | 70.3 | 1.602

1 0.00079 | 0.00085 | 0.00098 | 0.00089

-55 40 70 | -542 | 396 | 71.0 | 1.337

0.00019 | 0.00063 | 0.00021 | 0.00024

55 -40 70 543 | -41.1 | 70.7 | 1.472

0.00002 | 0.00007 | 0.00092 | 0.00003

-55 -40 70 | -546 ( -38.1 | 70.1 | 1.904

0.00232 | 0.00302 | 0.00258 | 0.00244

50 50 50 50.0 | 48.0 | 50.7 | 2.119

QA | |WIN

0.00004 | 0.00005 | 0.00005 | 0.00007

-50 50 50 | -494 | 500 | 519 | 1.971

4.3 Motion Accuracy of Itera&ive Inverse
Kinematics Computation

An inverse kinematics, based on the
Resolved Motion Rate Controller (RMRC)
technique [7], of this robot arm has been
implemented using the Jacobian singularity-
robust inverse. The RMRC technique is one of
the iterative inverse kinematic methods to

compute the joint angular position given the

50 -50 50 493 | -51.0 | 51.8 | 2.213

-50 -50 50 | 499 | -46.9 | 51.4 | 3.431

6. Summary
The 6-axis robot manipulator arm has
been designed, constructed, and tested on high
motion accuracy, precision repeatability, and
load variation handling capability. Moreover, the
motion control software, emphasized on the
user-friendly interface, has been developed

using Visual C++.NET such that new users can
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learn how to control this robot arm quickly,

record the motion sequences, as well as

playback those different sequences as desired.

6. Acknowledgement
The authors would like to thank the National
Research Council of Thailand (NRCT) for a

research grant 2553 to support this research.

7. References
[11 Copley Controls, Accelus & Junus,

URL :http://www.copleycontrols.com/motion/Products/Drives/

Digital/accelus-junus.html, access on
12/07/2011.
[2] ACS Motion Control, Downloads, URL:

http://www.acsmotioncontrol.com/index.php?option=com pho

cadownload&view=category&id=5:user-

quidesé&start=20&Itemid=34, access on 12/07/2011.
[3] Craig, J.J. (1989). Introduction to robotics:
mechanics and control, 2™ edition, ISBN: 0-201-
09528-9, Addison-Wesley Publishing Company,

Inc.

= ° = « o = ™
[4] fi3p dwanfial. douluunsuuuiuladean
Visual C++ Uaz MFC, N39tnw4: THAIDEV.COM.

[5]Reocities,research,URL:htip //reocities com/SiliconV

alley/Screen/8319/research/robot/S axis robot proposal.html

, access on 14/07/2011.
[6] FIBO , u‘uunaqamnnim. URL:

http://fibo kmutt.ac.th/thai/index.php?option=go content&task

view&id=302&lternid=0, access on 12/07/2011.

[7] Prempraneerach, P. and Kulvanit, P. (2010)
Implementation of Resolved Motion Rate
Controller with 5-Axis Robot Manipulator Arm,
The first TSME international conference on
mechanical engineering 2010, Ubon Ratchathani,

Thailand.

The Second TSME International Conference on Mechanical Engineering

19-21 October, 2011, Krabi



ANINNUANZATTUMITIVOUNITIA uuy 2-1a

(euiudsuilyal wa. 2551)

sUEUBlATINITINY (Research project)

Uizneumsiauevosulszana Uszdithulszana w.a. 2553 munAnazSguunas

4' a y
volnsamside (mwlne) Aunvumsmuguswasaidaguvemvuruaudiolszgndly

Tumsunng

(mmé’anqu) Prototype for force and compliant control of robot manipulator

arm for medical applications

d'l a v = av 9 av
FounuansdIse (muilne) (nsdiiiuTasemssemeldunusiuise)

(MUBINGY)

awun : anwazlasamsise

@ Tasansddelmi

D.

' v
O Tassmsitedeiiasszoznar.. 3 Ynduili. . svalasemsiso.. oo

o

I szynnwnaeandesveslassmsidaiugnsmansmsianmlssmamunny
WanuasughanasFnuuana atfuft 10 (w.a. 2550-2554)
ynsmans matiulassadnsugioWaugauasdbu
- aadegiiquiuvesizuAsugi
11 szymn@enndedvedinamsideiuulumnanazgnsaians nsIdavesa
(W.f1. 2551-2553) (nja13zYAIudenndeiiod 1 gnsmans 1 nagns uaz
L wiuai3ieiiaudeandesnniign TaoTilsagswazidenlumian 3)
- guamiaAsnsTeR 3 : msadeinenmmiazadnsaiems e
NIMGIMIUATNTWIINTYAND
- nagnimsised 1 mawauuanssuazessanudlnima
Ineenaai  nudeaumans  wagmsiaiesaaud ndlu
INUINTAN 9
- wandiel 1 asitouagianuiansiuiazessaudlning
nnenansuazmalulad Wy waluladdnm  Jagenand
waluladmsaumeasdeas ulunalulad Snoenaasnisunnd

wazaissagy maluladameysynisdasal dludu



[T 3zyAnuaeandesvedlnsimsidenungusesiinasddussdumanluneg
uazgMsmanmsITavesn (w.a. 2551-2553) (Tulsagavazidun lumian 3)
. 4 e P
- nquies maluladnuuazma Tulaohd wagiegaamnssy
av o v EY
IV szyanuaeandesvedlasamsideiuuleniesging (njansznnudeandes
@ { b4 4
iss 1 iadentianudeandennniiga TaoTilsagoazidonlumuan 4)
' 1 zﬁ. A' o a ) d' L Ad' o W
- ulonossauiessudwiumslulusn - Fes ssfamsamuiididy
voauszme

- uloneszezmsuimsssms 4 1 vesiguia : ulews Snomaas

wa luTaduazuinnssy

d @ o aw
a4 : asndszneulumsdariilasimsive
v a Ya v v awv ¥ 0o QAw o 1 4 o
1. @3uRavey [paizfite ummusninisuuaazaulunsiiise uasdadiuiim
aw ' Y ] o 1 o
M9y (%) wazmizonu dsznauais mizsnuvanuasmioauatiayy

@ 9 aw
1.1 it Insamsing

@

¥o 1) a3, U5van wlsulndisya daduiiimsive 34%
Pradya Prempraneerach, Ph.D.
91 aw
1.2 #3913 338
¥92) 3. UUANA 1 IUNDY dadwimmsite  33%
Manusak Janthong, Dr.-Ing.
3) 17 50, A3 WAA NAUNTEA  dRaIuihnIte 33%

Mongkorn Klingajay, Ph.D.

HHBNUAUTINA 1 & 2-MAIFIAINTTUATEING AULIAINTSUMANAT

a a o
3-maivuna lulatwnamsetind Ausaeaas gaa ATy

@ =)

wImnauna lulassvuenat s

At

amuiAane MAIFIAINTTUATEING AUSIFINTTUAIEART

=

uInndoma lu lags1susnatayys

39 vy 1 0.59d@a-unTuIon A.AaBMn B.5Y3

vayusiil 12110

au av L4
2. Usztanmsive : myItuilszgng

3. MInmataznginimmside : M1vdmnssumansiazenavnsTuis



o w

4. MidAny (keywords) ¥a4In3aN3388 : MIAIVANUSUAZAIWTANGU (Force and
X ' P . 79 VY G
compliant control), YUY UBUA (Robot manipulator arm), U3zgna lsarunmsunnd

(Medical applications)

o 4 s mw

5. anwddguazinveslywimimside
v a o 9 ] [~ & o a
Tuilagtuineenaasuazina luTadnenmsunnd ldwann 1edesas Favildifa

' @ Y ¢ 9 [ ] " w Y §
yuums I lunssnymeina laslduosuaidnnge wulumsida (ils, des gues) i

D

=] A T A ;] A =] 1 aa w 9 dy ' =]
LINQYUIALAN HEBT,UiL“U‘UﬁQ"NUU'I nial umimna‘mﬂumiauwukﬂ AUV UHUIUATIN

" a dy [l Ail -uly a 1 aw 1 3 S @
uwmwiwmwwuamm yiananauInNeu Ui‘H'ﬂﬁW\i‘]‘YINﬂ1uﬂ1iLLWVIU1ﬂWUTUTNWﬁIu1

Y [

' 79 9 &4 A [ I'd & 1 Y YA o
Huﬂuﬂi'ﬁﬂ'Il‘ﬂ‘ulﬂiﬂQN@‘I??ULLW‘WU!LEIZWUTUTﬁ Lu'eNinmguauﬂ'lﬂumswwmmmuuumuas

J

= & 4 A a oA 4 9 o o 1
mmme‘lumsmaauﬂ HAagNAINASIDYATINIIUBUNNY HINUANYISUNNES T LFU 1uﬂ15

vy
[

1w 3 i © H H ' a @ [
AIAALNATUIANTSIBAAT Sz NANULAZ AR IR M ARTENAINGA Y5 BMSHIAA

7Y o A

1dw q9 9 a 4 9 g9w o q 9
v lngndnlgnannutazas waad sanazanumieed I duannddiiga Faaziln

9

a a ° s "o ' a 4 o ' =4
ﬂigfﬁ’lﬁﬂ'm‘luﬂ151’|1\ﬂusllﬂ\illw1/lﬂﬁﬂﬁ\3 ‘H?@ﬂ15ﬂ‘lﬁﬂi$ﬂﬂ1’nﬂ1ﬂﬁN1uﬂulﬂﬂiluﬂ ﬁQ?JUNIl‘iﬂ

' =K ' ° v ow 9 9 [ & YL = k4
ﬁ'lllﬂuﬂuﬂﬂU\ﬁw‘lNﬁ'ﬁﬂﬁﬂ‘WTﬂﬁN1ﬂﬂ3ﬂ‘H'IEJlI'JEJVlﬂIﬂEJﬂiﬂ GINNWIUNNYHBINANNIUAS

A 9l o A A A 1 o I:l' v w L4 o
ﬂ'NiJL‘IfU'J‘IﬂQJJLluﬂ'Ii‘1‘511118119]1;]1“,?13'EN'lli’]‘Yli]‘&a"D"JUE]’IU'JUﬂ'J"Illﬁxﬂ'JﬂLLﬂVNﬂ“Uﬁ’JLL‘WWUlla$ﬂ‘U
9
#il

@ oA '

I s & C Bty 3 4 9
Lm’ﬂ'ﬂﬂuﬂu@‘ﬂlﬂulﬂiﬂﬁﬂﬁ‘ﬂ?ﬂﬂ]ﬂﬂ]uﬂ1illw1’lﬂﬂﬂﬂUuNi1ﬂ1ﬂﬂuﬁl1QlLWQu1ﬂ LHag

a

yald

& a4 ' 9 v = o o = A
lﬂjaquallﬂagﬂizlﬂ‘ﬂ%Sluuﬂ151%31uLWU\3f’]U_‘QlﬂUQ lWi-]5ﬂ:uuﬂaquﬂ15ﬁqnququ1ﬂ“llﬂag

' o

o 1 9 4 ' dyé a ] 9 ~
IiQWU1U1I’111!1’33L‘VIF’{‘11’|EH]SNﬂuﬂuﬂ‘ﬂ’m‘n’lﬂﬂ’lut’l'ﬁLLW'YIUL'WﬁTN cmmz‘lnmmmhﬁ]uw

' o @ q’/‘ aw y o 1 4 ] g
wnsnatenlszined ﬂQNUﬂ15’Jﬁlﬂﬁ¢’{ﬂﬂwwu1%ﬂﬂ31uﬁ1uﬁﬂ‘lIEN'P!‘UU‘Nﬁ Tﬂﬂmwmwuuuﬂuﬂ

'
a o

' 1w 4 a ' 9) 1 4 ] <
TWawsamuguuswazanudanguieznizineiagiausafinsaniudiudilhe svjuoud
9 o = o v ol vl st A ' 'V w Y a
ﬂﬂ\ﬂ‘]ﬂﬁQV\W@L‘H‘UW%’;iuﬂ’ﬁ‘Vl’\ﬂ’liNW‘lﬂﬂUN'nJHHfJ'ﬂlIﬂ'ﬂllUﬂ‘Viquu IﬂULLNﬁ%Tﬂﬂ’IiN'\ﬁﬂﬂZﬂﬂQl}

<] N . 0 4
ﬂlmmanuamuumﬁQﬂ

v ¢ au
6. Jagilszasnveslnssmsisy
A s o ' .. a S
I IWBANHEITEUUAIUAUNIAUIMUN (Position) LLAZNANN (Orientation), ¥4
' ' v a o 9
Uaronvuvusua (End-effector) luszunuvuuiumvesiag A
AeNAuADS
. 3y
2. WOANYITZUUAILANNINSA (Force) azAINEANGU (Compliance) ¥83tlay
E4
1 a w v a o a 4
YUY UOUA (End-effector) lufipaninfuiivesing monouiiunes
. . o
3. ieaduauusuainaeun 14 lu 6 unu

4 t ’q 9 o 1w o
4. Lﬁaaammmw‘umuqmLﬂmﬂuﬂumiﬁmmimmmaaq



7. WUYAYBIIATINITIoN
E ' '4 o 1w I~ o 1
L lsvuuous '1um'5maaamimmuwawmmnIﬂUmmsnmuaumlmm
y
Tunwszunuuazus e Tuwud lundsanfuinduda
9 . @ = o ) 4
2. 19 Optical encoder lumstlounduanuswazdumisvewemes e ld
d o ' ¥
lumsmunuanuduazd umiwesaousuuoud
Y . “ 5 o
3. 19¥@ums Inverse kinematics 11a2 Inverse dynamics Tumsdamanuss 133
e ﬂ o @ o 1 9 a <
uazussuanIndud mivnewes luuaazunuAenauNIAeS
9 [ ] H ° [
4. 149 Force sensor ‘lumsa’]aunauuiamnﬂmmmunuuuﬁﬁﬂizm‘lﬂm
HduNa
9 a o [ 9 ' ¢ A =
5. 1#maiinves Computed torque dmiuaruauIdlarsuvuyususindeun
Y o vy a ¢
mudunienivua Raoneuines

v
o

9) a 4 v a o w
6. 19mALAMIAIANYEY Impedance TumsAruAUII WARINRURIFUR
) a Y A a a
8. NGHY aNYAFIM (D13) HAZNIBUIMIANUAAYDIIATIM I
8.1 NQUE auNAFIY
A P 4  dyyw > Y o @ a o '
MIBNMUDMYUYUBUAT AT OIRADUN 1A T 6 LU TiuszAvsmiistadumiaues
/i a o 4 g R | i bl A A - 9 P L&
wawmainizandune 1slumstuindounaas Links oaznanassnmslduemesnlvaiiu
° ﬂ 2 [ 9 ' =) : [ a L4 A 9 ° '
ANuINTY Faezdana I uueuaiihminunasl TuuudauRetios uazduniaves

s a o a & Ay AN 1o a s
Nﬂtﬂaiﬂ’ﬁi}:ummﬁmﬂﬂi1ullu353u1u Xy ﬂﬂug‘ﬂ‘ﬂ 1 HISUVDAAD ilxllll’ml.ﬂﬂhlmuﬂ‘ml

a

) 1 d i 3 4
ANINTOUTIU (Trunk) VLVUMUEUA TU3UN 1 HanavuyusuALLL PUMA 600 [1] #
annsandounlalu 6 unu Fawaasluszuuing Caresian vowWAUR 1 (xy,z) DU 6
y ! ) [ . B 15,0 L 2
(x4¥¢2¢) 1u§,ﬂﬁunuﬁ 1 845 i1 Revolute joints AIULAUTN 6 (ilu Prismatic joint luntiuaines
YoWAUT 1,2, uag 3 weyluszuuingnu
O T ST y .
AIssmanmsmuauyueuaiamsanasunlalu 6 unulaeld Motors + Optical
< ° ] & a ' Yo o Jo & 9
encoders XA WIINMUANANMTWAZA MU TUMsInAsUNYOIAazuNU IFduRUs AW 1ve 14
A a ' o a w ﬂ ' Y 1o 9
msnasuivesmonsuruoud lussinuvesiiagiulilesrsgndsaniug Taold nverse
3 . s aQ ) o/ ) i ' 4 3
kinematic equations LLA% (NAUAUYDI Computed torque mmumuf}ﬂﬁﬂmmwuﬂunumﬂﬁauﬁ
3 o v a a 9 a &
audumsindmuall uufinveunaiin Computed torque 15 lunsminguussiavesuames lu
' ) ¢ 4 a v Y s ' 2 & Vi w
uAazUAUYBILAUUEUA TaeNazil Iasaieamenunardns veuvuuoua Feez 195mny
inALiA PID control ¥30 Nonlinear control LL‘U‘UGi”N“] (FU Sliding mode Hie Adaptive control iy
Au 19 PID control 9xAv3yTaluiT09v09 Overshoot  dMSuMsIARBUNVBILAR ToAD 92
[ Y a a & = ' Jd 4 9 1Y
dawalwifamsnanaialunmsiadeunveslmenyurusuauinie 14520 Impedance control

I 1 ' o 9y y . 4 o ]
ANuISIvBINeMes Iuunaztess asamuan Tasld Inverse kinematics 1A MUAAITNIS?



I~} ' < a ] ] °
AN Iveslmenvuueud dauusedavesuaimes luudazdeds awrsadiuan'ldan

. 4 gy ] ' ' Y
Inverse dynamics WAIANNTUASANUIIVDUANSUDAD

Trunk

4 - 4 Y [APR
319 1 : wvurusuALLY PUMA 600 Aamnsanaeun1alu 6 unu an[1])

E4 ]
LY 9 A .
usnnmiundleaszauilymluesvesnamuuiudl (Resolution) 499 Encoder 1u
' 4 o % A ' 2q 9
usiazuny waziseevasn Iy imiveuveananaz Tumwudsaumesvesuvuyuouan 14lums
° : /a o Y a
ATUINUVBITZUUAILANUUY  Computed torque  UaZIFovvasuToamuazifos N lvifa
. o‘;’ Y o ' ] g 4 [
Backlash tilananssnuisnuaudidumisvestaouauusudesziinuaatanieugs dau
[} v a J 4 5 4
MIAIUANUTAANNIANGUZ 1HNATIANISAIUANYEY Impedance LANTIMIIATBUTBINDE
2 4 g9 : 9 3 iy ¥ Y 9
desannuisaas e lmiiluliledegndesaudumaei 18 Tlsunsu 3
< a ' ' Y 3 4
Tumsasuquanuswasusidavewenes uuaazdene azaoi¥enTos (Interface)
o a g . a 4 1w <
AUABNAAABININLIHIINTT Data Acquisition (DAQ) 1nABNNAADT 1ZAITYYIMIYBIAIIWIS?
a o o g 1 @ ) 4 d 1 Y o o
waznisindwivueweiuaazunu lidnsduinasuuenss mu DAQ uidyanmileundu
3 L4 (L] 4
VDINBLABTAN Optical encoder uazusaaz INuuUAIN Force sensor WYNAIWIU DAQ RTRYS!
szmanaluszuunuguae i
dy A o v = 3 d 0 d" &4 A
szinnveailagelinnudiAydoussiuvuyusudsznsziuiiows Taomwizod13oe
1 v » [ 9y
Twesvesnnudanguuaznmsauglveuilome uag s ldsiduda [2] dalugalii 2 Fatulu
o 1w Y o A4 a4 A a A o oW ' o o & 4
MIdI00IMIHIAAITABIAINNDIT B usuTgamuLumIduAas eI luliaduiiedenazanu
a < & A 4 da o ] 7 1 & 1 a da
awvaslulauazanumialunamnasunvesluliai@atuusuueud dmsutleiwounaz sianil

4 4 1w A guyy da < " 4 & y o
ANNIANYUATINY e 19 laumanTvinadnuas liaeiiegeseudng WIIERzuY Yatouay



) ¢ 9 S 4 4 o o Yqy
HuauﬂﬂgﬂENQﬂﬂ'ﬁ.lf’]ll‘ﬂ\“ﬁu‘ﬂ'l\jﬂ'ﬁlﬂﬁauwuazuiQVI\1111“'113ﬁ0ﬂ1ﬂllﬁgllu3‘l‘u1u1ﬁ"Lﬂafﬂ\i

—=—

v 1o
QNABILINUN

% Tissue -

End Effector

d' =2 L] Aﬂy 4'1 4'! o W ] 4
gﬂ‘ﬂ 2: mmaﬂwqummmawamaﬁuwﬂﬂmwunuuuﬁ @n[1])

8.2 NIDLUUINNUAAYDIIATINGIAY
9y ] s 4 i 4
1. ahavuusudanannsanaeud 1alu 6 unufitlszneuAau Prismatic and
revolute joints
2. ?uM3 Inverse kinematics 1182 Inverse Jacobian matrix [1] ﬂaenwuvg'uauﬁ (Wa
o 3k ° a L ] Y
il lumssnnumeanusvewemes luudazdede
4 3 7 a
3. AUMINWNALNAAT VBIVUHUIUA UAZINATIANIIAILANYBI Computed
4 g yuy a sd v VY
torque [1] tWa 1%t laussdavesuamesnaeans luudazdedeuazlarouvu
] s A - 3/ 4o y a @
Yusuandeunmudumsiimua Nawssuivesiivesiag
14
4. UMIMIAILANYEY Impedance [1] 9215 umsarnguussluiuidmindy

H198930Q

9. MINUMUITIUNTIN/ATTAUNA (Information) NiHeIT0
. . . 1 yq 9 Y ] 4
Yanagihara, Okamoto, Mitsui [7] ¥13djtju 18 Wanuaulalunsimuniuoudi
PR " @ Ay Yt a [~ A A A @
Tmeslumsiidaunuindedevesas Inn lTasldtiunaidanvua@n esniniaiesilorda
o q9a 5 4 4 Y A o a 4 ] v g d
wihldifamsueudweuilawemelutesiiqa  adazndndos i ldnsznududuey,
9) ' 9 (7=} 9 L4 [ [ Y n& 9
@udszam mwlusume a1 lilimsldvusudungaelunmsdia uwaiass lngidedihoe:
9 o 4" L o o R | 9 4 44
Tananlumsinduunu wanhneuiazimsddadedenasInn szdeniimsyaiilewed
) 9 a s &£ d:‘ A (] dy ) 9 3 @ o’l‘ 1 o
dugnazthesnidonon  Fuilewedulliseudiuis  Auluusudigresnuuuszilu
1 249 9 dy A a dy 1 4 o Vo oA A9 ] ¢
yusuan [gyaniaieusnatiesneunissimsrmdameunundensvesazlnn  Yuoua
gy d o ' q 9 4 A Y 1 '
szianiidesanunsoniuguanuga, duns, uasusanlslumsyaiieibessn ldediuu-

o . 99 9 4 o a4 ¢ d ds o
§1  Yanagihara  uazewzlaldszuuaenuddinnudanguinjuouaviiaani laaia



o "9 J o ' )
Aurisdouyed Jaussdslumeni anwdanduazsislumsniuguuss  Kazanzides,
. 9 a " 4 io o @

Zuhars, Mittelstadt, Taylor [5] 19inatian15A2uau Damping tite 1% 1ALz s duius fuanmusa
9 { o 3 o 4 " v i
mudumeaidmuavesmouvuruouauuy SCARA lu 5 unu e l¥msidan/aoy

az Tnnrunennu
o [l & 2 . Y o 4 ]
8nM10619M13 Dy, Huang, Tian, Liu [4] TashmsaneluSesns 1uauruoud
v & d o Y d  dq9 ' '
lumsnwsediilesenuzissluaulaolniumaian 11¥0ma1091n Ultrasonic 1193813000
o ' A’I < @ ] I sl‘lf] a a
Aumisveaiesenuailudy dszinnuvuuouanladuuuy SCARA Taslidarouvuda
v Y A da LR [ A o Ad (] ) o df A &
Audeileniiglnsaimislumsidanieniesdiuss  Tavez luludharaileweduaun
' @ ' 14 < o ] a 4 i q,: 4
FUATINULIUYUIUAIZQNAILANAIMNG Y Fumia uazdamelumsinaoud sauisei
o & 4
nIziuwiiows
=l 1 Jc; 9 Y a
A3$1UNIVB Master-Slave 130 MIMIUANLIUYUIUAT IF Tumsridnselag
' ¢ g 49 A Y i ;
MINUANUIUYUBUATIAGN TAouNnOdBea9 g lunsrida Sabatini, Bergamasco, Dario
9 o o ' < y o i J oL o2,
(6] ldhmswanyuesuallszinn Master-Slave wu 4 unudiumn 5 lumsrdaiiaidenaoy
. x L g 4 A Y \ y .
1ty Taemsdaussninluiiafinsziwmiiete lnuly Strain-gauge  1azld aptical encoders
1 @ » [ 4 § a ' Y ' (4
$M  Strain  gauge lumsiassmmanaounuazussiie luuaaz dedsveusuvuoua
& 9 Y o VoA [ e [ d'dyal a wva o ]
eI Iad wrdsidanouauvusuanuivey Tunigdgiamsezaiuaudumiuozussves
' S w1 5 Y iq Yo 4 ' ' Ao 9
Uanouauruoudrifasnin Joystick 8 wsenIAfY Joystick  TAunnnniidmuald szuy

[ I s [ d'o’} 9 & o o .j' A
m‘uqnﬂzﬂsmﬁﬂmmmmmmqaqwm'hmaﬂmnumimmmuewa

10. (AEN301989Y83IA3INI3 I
1. Asada H. and Slotine J.-J. E., Robot Analysis and Control, John Wiley & Sons,
Inc., US, 1986.
2. Chial, V.B.; Greenish, S.; Okamura, A.M., “On the display of haptic recordings
for cutting biological tissues”, Haptic Interfaces for Virtual Environment and

Teleoperator Systems, 2002. HAPTICS 2002. Proceedings. 10th Symposium on,
March 2002, pp. 80 - 87.

3. Davies, B.L.; Fan, K.L.; Hibberd, R.D.; Jakopec, M.; Harris, S.J.; “ACROBOT -
using robots and surgeons synergistically in knee surgery”, Proceedings of g"
International Conference on Advanced Robotics 1997, July 1997, pp. 173 - 178.

4. Du, Q.; Huang Q., Tian L., Liu C.; “Mechanical Design and Control System of a
Minimally Invasive Surgical Robot System.” ; Proceedings of the 2006 IEEE
International Conference on Mechatronics and Automation, June 2006, pp. 1120-

1125.



5. Kazanzides, P.; Zuhars, J.; Mittelstadt, B.; Taylor, R.H, “Force sensing and
control for a surgical robot.” ;Robotics and Automation, 1992 IEEE International
Conference on, May 1992 vol.1, pp. 612 —617.

6. Sabatini, A.M.; Bergamasco, M.; Dario, P.; “Force feedback-based
telemicromanipulation for robot surgery on soft tissues”, Proceedings on the
Annual International Conference of the IEEE Engineering in Engineering
Medicine and Biology Society, 1989, Images of the Twenty-First Century, Nov.
1989, vol.3, pp. 890 — 891.

7. Yanagihara, M.; Okamoto, J.; Mitsui, N.; “Development of a Precise Control
Method for a Medical Robot Working with Stiff Tissues during Hip-Joint
Surgery”, Proceedings of the 2007 IEEE International Conference on Robotics

and Biomimetics, December 2007, pp. 342-348.

d 4 \J (v a awv
1. dszlarinmadies1asy wu mawenwslusms andndiing 4a4 wazveny
$ o av d
fhwamsIvelflydszlewi
Ya o ] aw d’ o daa a @ kY
Avemamnenaudtetszannsoh haiuiluumadnnsluszdvaalsmald
1 9 o a Y 9 ) 9 o 4 oy gd
pg1eeu 1 aswazilszguisinms luszaulszma 1d8nediaties 1 ase uenvniiuddiaulalu
aw & o /q 9 w ' Y s
aAteiiasmi lhdszgnd lddunamslumswannuazaiemeama TuTad Wunnaizunnd
3 A a P J 9 9 )
Aansiaz/msomaiamsuwndniinnuauls  uenantiudaee ldma luladlumsauguuay
\ /qY A 4 9 o .
uuﬂuﬁclmﬂaauw"lﬂmmaummnmuﬂ (Trajectory control) LA¥N1IAIUANUII (Force control)
] 4 9 a ¢ & Y] ]
voslmeunuvusus Taol¥aeuiaunes Faezdlugmvenindnu lulszmesie

12. unumstanaamaluladnsonamsdsegnauthvng

k' Q

S a

v
o a @ Y 1 9 @
1. Ay luomanwdnms luszauaalsamalaedielon 1 adwazlszeyy
9
a o 9 ] 9 (Y
Ams luszauilsumd 1d8nediaties 1 ass
2. vivauewnauluidnssAmsssauma
3/ 'd 4 a Lo
3. deunANABIMINNATULWNdmansIazmaTiansunndnlu
Uszmalnedesmsjuoudgionisdunsmidadiulatia
9/ & @ @ A g Y =]
4. gwnsoldlumsiniatindnyuwnslumsidausasinabn
[ g 1 (L) = t o 9
5. dmadeuLAINMusLATAYaZBIRLN U 1zanIo 1 luns

Y d o dr A4 a 1
AIRALHDYUIALGNAVLUBIIBINBUNBU



13. FEmaduiiumsIVe uazamuihimmaaevifudeya

3 Aav Y a 9 a 4 o’;’
Taserdvesszuumunuluaniddsiiamisoefuelddousugilugdi 3 vennniiy

Y o Y A a ¢ a ' o A A ' ¢
Lan U\W]’(')\HJﬂ15'Jlﬂi13“ﬂ'ﬂuazlaﬂﬂllnuﬂ'ﬂuﬂ'ﬁlﬂaﬂumﬂlaQﬂa']lelEUuT’!uUuﬁ LASLIIINLYY

) ¢ o ' a w w ¥ o e ° 9 Ja o
ﬂﬂﬂuﬂﬂﬂizﬂ"lﬂﬂwlﬁﬂﬂﬁﬂ'w IﬂUfﬂﬁ'VlﬂaEN‘VIQﬁﬂﬂuﬂ$ﬁ1n1iﬂﬂ1"lﬂ1ug{uﬂﬂTlﬂﬂm:,’

3
o

a & a ] a PR o 9 v
ARINTIUATOING FU S 81A17 80 WITHT LRAUNITLAUIA ﬁ]zLﬂu’dﬂ1u1’l1‘Kﬁ1ﬁiuai‘l\1ﬂ6\1ﬂﬂaﬂ\1

FTUUAILAY
Joints’ Positions & Velacities
Optical encoder
Desired _* Trajectory
i Control
Trajectory + Joints' [
u Dynamics  |torque Force
Equation of AR?S;’ 4——":
Robot
Desired Force | =
Force + Control
Strain gauge

Force of End-Effector

o h ] '4
gﬂ'ﬂ 3: 33UUMIAILANUB Trajectory LY Force YBIULUUTUYUA

14. 52e2a1INTI98 HaZURUMIAUTHIUARBAIATINISIAE

t4
o [ 4 ] v 9 v
msfny nsauquinauvesLruuoud amnsoua iy 4 szozlngadaefudsd
> 9 o g a I'4
1) szez@l 113 Aewuusn: mIafuunsiasanamansauaeuneILA
o o
deunwsnidguazginsal
o - s d 7q Yo A ' s
a. S1UNUNIUITATENBIABS LAZAINITIUBINONDT N IFTLIAARUIIUY UBUA
. . . o ° o
9INAUNIT Inverse dynamics and inverse kinematics A1NA1AL imuanINE
1 4
yosanyuqusua
o a § ' Y
b. frununusidianiaesms luurazdens 91nNgNMIAILANUUY  Computed
4 gy & A Y Ao 9y
torque te IinneuRmduUMeluszuismuall
@ 4 [ C4 @ ¢
c. gounmIIMIazInTe Taq uaz gilniol uog AT
P ed 4 dyw
d. esnuuuwuuusudnndeud 1alu 6 unu
= - v g ¢y a ¢ v A o
2) el 2: 3-6 AU : MIES ULV DRI NNAMEATAIUABNHIAABI AT IATBITA

¢ a 3 ' 4
uazqﬂnsm az Lillﬁi'lﬂllﬂlu‘ljuﬂu%



d.

° 3 o a’a’ [ 4
A 189l 10U U UoUA Tuus IIRINAuMIsIAABY 11ANQERNIS
AUANLUY Force control
° 7 9 . . . 9
1a09FUN1TVDINBINDT AW Differential equations wazld Controller lums
AILAUMINUVDBIADT

' o C 7y a s 4 A v =
NATOUI MUV IABVUYUIUAAIIABNNAABTATITDIATRUNANAUNIGT
o Y Ay g 4 o o ' s ¥ &y
dmualdnieli uaz ldussinszdiimlmousuvuoudgndemie li

panuUUIAZSUANTUMT A3 U uouA

H ] sy a L4
3) 32 Sﬁ 3:6-9 Lﬁau : MINATBINTAIVANLVUNUIUA AIYABNNIUADI

a.

b.

€.

L&Y . b4 .
nATaUMIAIUANUBLABINU Optical encoder A8 Motion controller
A‘ o @ a 4 a' gk o
1ouToen13% 191184 Force sensor AUABNNUADS 1o 19 lumsiauseninlale
Hvuvusus
[V A9 & i e ] dd o w
JadulshAnaluaunis Inverse dynamic and kinematics 91AMYUNUBUANAIA
a3
a 4 d' a
I3 vee Controller i lAnINMIBBALUTZULAUAY TAsRBNRIADT Tu
a o [ LY ' . ]
MsAURULIIlnveINBIWNes TuLsas1ee (Joint) YOYUYUOUR

9 1 8 9 L4
asavurusua e vauysal

4) szasii 4: 10-12 fiBy : MINAABLMIAILANUIUYUIUA AdoneuiAes

a.

b.

R ' . 7 9 . '
Amuadumsidasiaurusud (End effector) Apandouiiaiu

' ' s A& P v o v Ay Y 1 9 A ]
ﬂﬂﬂﬂﬂ’l"lﬂﬁ'lﬂll‘ﬂu?!ut]uﬂI.ﬂﬁf)'u‘ﬂlliJU\iﬂ?Lluﬂ‘ﬂﬂﬂ\iﬂ‘li‘lﬂﬂﬂ'l\?gﬂﬂﬂ\iﬂiﬂllu

a 1 o v a a 9y A 1)
uazilanuuiud luszauiiaawas lanie i

' d' ] (d' o [ o’a’ 9 =} ]
. ‘Vlﬂf’f’t‘]‘U’J'ILLN'ﬂ‘L‘ﬁ1ULI.‘U‘LW!‘HUUﬁﬂﬂi&’W]Uu’JﬂquugﬂﬂﬁNﬁiﬂllil



< - o
AT HNNLAAIUNUITUIRE

(%

mqusvasd

A TN I

GV

1) fAnsuazAum

9 a a A
VOYAINULIAULND

U

ﬁ%’mmm’imaww

WaRIAAS VoINS

AIUAN Trajectory

<
ATNTEEEN 1

2) doumuIIA Y
3
Jdquaziado
¢ A o
gUnsaliiedld

9y 1 J
AU UBUA

4
AINTTEEN 1

3) adauuuiiasy
NNAAIAAT VD
HYUHUUAYDINS

AIUAN Force ‘

<
AINTTEIEN 2

9
4) panLuuLasas N

HIUYUOUA

|
ATNTTEEN 2

5)e8nuuuLaz
NAAIUNTTAIUAY
UBLADS LAY Force

sensor

5]
AANTEEEN 3

9 ' (4
6) ATNVUNUBUA

7) NAFBUNITNINIY
vedldalouau
[ o

Husualunisg
AUAVUTINAZNIT

A4 A
LAGaUN

o
AINTZHEN 4




[y d' c‘!’ v au d aw Vv .§ (%] t=;
15. thisivensnside @Unsaimside, Inssadanugu 1a9) szyawztedai
foIMsINNAN
' s 4 iy 9
1. uvuyusuAndnnsanasui 1dlu 6 unu
ad a o & ~ P '
2. uH9asdian Insindmsmiugumsindounvesuemes luudazunuves
[ L4
HvUuouA
~Aq o d o ] & a
3. Sensors 1 1%1UMIATINIANTI AINSGD LazAmUsmsinasunvesila

HUUUIUA

16. wilszainaweslasaimsidy
16.1 s1wazdeaudsznamsite Suunameulsannaig g

4 av v aw o v e
‘nﬂaztaﬂmmlszmmmnﬂumawamuamsm ‘ﬂ“!‘l!ﬂﬂTﬂ»l‘lJ‘lJ‘i:ﬁlﬂ‘nﬂN 9 GJQU‘L'?ZN'INTH&IMG’UEI)

N3 Junuiy
1. qUynaINs 188,000
AasuIMuANZAIY 88,000
A T
A1 T0Y
100,000
2. qud N 700,000
2.1 mnouimu 1¥weauaziag 665,000
2.1.1 sldaes 22,000
1) mldaelumsduuuuasineusy 10,000
2) MANRLRTIBUMIITY 2,000
3) Arldaeviu q 10,000
212 miag 643,000
1) Jandninau 10,000
2) gAML IaNT 189U 5,000
3) Jan dwazdiannsind 200,000
4) Yaq luyauuazHoung 8,000
5) Jaqmiltde msdsuazdn 8,000
6) Yanlassadre 200,000
7 Taanuquuazaiinia 210,000
2.2 mmsigfion 35,000
3. WaNH -
snuilszinaiauous 888,000

WUIEINE : YOI URAYTIONNIIEMNT



162 swazduasulszuiamiite fuunauaulseianais q fiidusve
lunpazil [psahiluTasinsdsedeiiies (wuan 9)]
163 wdsznamsiseilasusaass luaazilfinman (psdiidulasensite
[ & a9 Yo wag Y o av y
Aelileah lasueyla mihnsIteuad)
17. waduiauazanudumvesmsddaimanezlaiy
<] dy 9 aw Y 9 c!' A 1 'y w 9
1. uiug e lumsisouasiannmeiunis ey wmaan el
o [ a ' 79 ¥ A o
msunnd maduma luTadlumsauguuauuoua indeud luaw
9 { o ¢ ] o
[dun1anfivun (Trajectory control) LAY NIAILANLTIVBLYUYUIUA
a d
(Force control) Tat 14neuiiaines
a A A & o 9 A A
2. awsownamniesislulszmagezi liannsoansnuaiesloni
o " Y ' 2 )
msunndseausoii 11 lnedaunsnaieunau evezansasay
o a { g v
$Snundinaunaeslema'ld

3. Tinfnu ldiTemasimsdiefimunsmih lissgnald18ess

18. Tassmsddeaaniietin 2 vl
o @ o 9 av 1 av Yo o
18.1 ffusesnntiantlasamsdaei lasemsise lasumsvaasseudseunu
aseludlsulszanainuun
vy '
182 szyhlanimsiteiiegiznhususvesulszinaunnunasiuyudu
A av 1 av 4 9 A
mmf]uminumUaﬂmnTﬂiaminuau (01)
9 aw
183 swanuanudnieed Iasamsite (MUY a-1%/q)
19. MBuaIOU 9 (D13)

. A d' v Y av v [ A =
20. ada1UDHOD ﬂ)ﬁ‘uﬂﬂﬁ\iﬂﬁlﬂﬂ WIBNIU LAdY 1]

Uswan ulsulndissd
At 1asan1sing

25 davinaw 2551



Y wua v
dw a : diziAnaedivy

Manthlassnsisy

1. ¥e- wana (mulng) as. Ussan alsudlsidissd
‘?;ﬂ - Wnana (ﬂ1‘H15'dﬂq1d) Dr. Pradya Prempraneerach
2. avnmnadnsidszdwinlszeivu 3100602313035
3. dwnalegiiu e13d 52 6
4. wheauazaendegiinadeldazan
madrdmnsnuaiena auzdmnssumand i inndoma ulatsmna
39uyfi 1 0.5sd@a-uRsen a.AReaMA 8.5, ania tnusiil 12110
Tnsdwi 02-549-3430 Tn3a1302-549-3432

Email ppradya@gmail.com, pradya@alum.mit.edu

5. dsziamafinmn

ﬂ?tymmg @1917%1 Mechanical Engineering Aot Carnegie Mellon University, USA

7]

PndSemsdnu 2541

ﬂ?iyiyﬂﬂ @1913%1 Mechanical Engineering  @¥011/1 Massachusetts Institute of Technology, USA

PAduSensanun 2544

@ a a

9 £ o o 5 . 5 4 @
WRINGUNUTNT1 Color imaging segmentation for automatic alignment of Atomic Force

Microscope
ﬂ?ngnunmﬂ 197391 Ocean Engineering @0111U Massachusetts Institute of Technology, USA
ad o d
UnduSemsdnm 2550

o

Welnniinusi Uncertainty Analysis in a Shipboard Integrated Power System using Multi-

Element Polynomial Chaos

6. MYINMIANAE IIYTIAY (ARA 1NN STy inims
a ¢ o ¢ A o a
1. Msnszvmsinuvesuemesaziniesduiialvih
a 4
2. MIINTIAUDZBBNLUUTTIUAILANIBINBIAES IWTh
a 4 4 ) @ i [
3. AavameuadnTITwamTAs veveanmId mSuuouaniiglie
miloutlan

a d ' 4 9 ] @
4. ms'smswwmwmnnﬁ’mmamwLﬁah‘lummmammq



dd' d' 9 [y a au :1
7. dszaumsaiineidesnumsuSmsandsenameluazmevendszina lag
ssymouamlumainsideniudsnnemsuruadse smihlasinms sy
A 9 aw v v au
naef 38 lunAazdotlauensIde
7.1 A8 MUY : Founuaui e

UG

@ Y av -ﬁ' awv
7.2 Mant Iasamside : ¥alaseimsdity

'
av 4do a

73 o3Teihuas s : Sanaen3se T msmoumns uazuMaIU (819
1IN 1 389)

Hudsmide TaulAuma 31U Electric Ship Research and Development

Consortium (ESRDC), USA

1. Prempraneerach P., Hover F.S., Triantafyllou M.S., McCoy T.J.,
Chryssostomidis C., and Karniadakis G.E., “Sensitivity Analysis of the
Shipboard Integrated Power System”, Navel Engineering Journal, Vol. 120, No.
1, 2008.

2. Prempraneerach P., Hover F.S., Triantafyllou M.S., Chryssostomidis C., and
Karniadakis G.E., “Sensitivity Analysis and Low-Dimensional Stochastic
Modeling of Shipboard Integrated Power Systems”, 39th IEEE Power
Electronics Specialists Conference (PESC), June 2008.

3. Prempraneerach P., Chryssostomidis C., Triantafyllou M.S., and Karniadakis
G.E., “Stochastic Modeling of Integrated Power System coupled to
Hydrodynamics in the All-Electric Ship”, International Symposium on Power
Electronics, Electrical Drives, Automation and Motion (SPEEDAM), June 2008.

4. Prempraneerach P., Foo J., Triantafyllou M.S., Chryssostomidis C., and
Karniadakis G.E., “Gradient-Free Stochastic Sensitivity Analysis of the
Shipboard Power System”, Grand Challenges in Modeling & Simulation, Part of
the 2008 Summer Computer Simulation Conference (SCSC’08), June 2008.

5. Prempraneerach P., Hover F.S., Triantafyllou M.S., McCoy T.J.,
Chryssostomidis C., and Karniadakis G.E., “Sensitivity Analysis of the
Shipboard Integrated Power System”, ASNE Proceeding on Fuel Tank to Target
- Building the Electric Fighting Ship, June 2007.

6. Prempraneerach P., Hover F.S., Triantafyllou M.S., Chryssostomidis C.,
Karniadakis G.E., “Effects of Uncertain Propulsion Loads on the Electric Ship
Power Bus”, Electric Ship Research and Development Consortium (ESRDC),

MIT, May 2007.



7. Prempraneerach P., McCoy T.J., Hover F.S., Triantafyllou M.S., Karniadakis
G.E., “Nonlinear Sensitivity Analysis of AC-power distribution and closed-loop
control of propulsion system against parametric and load uncertainties using
Polynomial Chaos”, Electric Ship Research and Development Consortium
(ESRDC), Purdue University, August 2006.

8. Prempraneerach P., McCoy T.J., Hover F.S., and Triantafyllou M.S., “Stochastic
analysis of induction machines using generalized polynomial chaos”, ASNE
Proceeding on Electric Machines Technology Symposium 2006 (ASNE EMTS
2006), May 2006.

9. Prempraneerach P., McCoy T.J., Hover F.S., Triantafyllou M.S., Karniadakis
G.E., “Nonlinear Sensitivity Analysis of AC Power-Distribution and Propulsion
Systems using Polynomial Chaos”, Electric Ship Research and Development

Consortium (ESRDC), University of South Carolina, May 2006.

aw do ° { g aw ' 0o aw
7.4 QTLI'J:!]Uﬁﬂ"I 3N %a‘llﬂlﬁuﬂﬂ153ilﬂ AN LLazﬁﬂ’lun1W1uﬂ]7VI‘l'ﬁ]U

aw 1 9 9 '
1ﬂ153§]ﬂﬁﬁ’!\7llﬁ')ﬂi$“7mﬁ aaazmﬂﬂ

3



Asaunsite (1)
o - wiana (mu'lng) as. uuﬁnﬁ' UMDY
fo - WINENA (MBIBINGH) Dr. Manusak  Janthong
myrnetiasdssdianssaisu 3710900295919

o U 4 o
duvdstagiiv 019150 s2AU 6

[l
faa v

' A e v ) Y ad
whsuazaaunednfane ldazain  wiewminmavinsdnin  Insas  wazllswdld
ad a d %
2IANNIBUNT (e-mail)

a a 4 a L4 a [ @

MAIININTTUATENA  AnzIAINTTuean;  wvumodema luladswueaa 13

=< a o =~ =)

ASENINANYITAIT A. AABINN B.5%YY5 2.10nus1H 12110

3. 0-2549-3430-5 Tnsans 0-2549-3432 Email: patnu@yahoo.com
Usziamsanm

W.A. 2538 Franssumanstiadia, 8.0, (3030a) Wi innduma Tu Tadumiuns

WAL 2543 I3 umans unitiudia, 070, (IA5990A) JWIAINIEiNNTINSY

W.A1. 2549 Doctor of Engineering, Dr.-Ing. (Mechanical Engineering) Leibniz Universitaet

Hannover, Germany
myDnMsAn BNy UADANNNIAMSANYY) TZYMNINMS

1. msmunuuuuiloundy (Feedback control)

2. m3tleunduflen 1w (Vision feedback)

(4
3. HusuagaaImnI TN (Industrial robot)

1 M
ey A Y (%

Uszaumsatiineddosiumssimsamidiensmelunazmevenszma Tagszyaoamw

o av 1 o Yo av o Y av A4 g a e v
Tumsims3seindugdnoansumuanide Fmihilasimsiss wiedindieluna:
Yorauen I
7.1 fgwaemsusuauite: -
72 Wmthlasamsiie

o & @ 7y a a Ay 1A o
1. MsepnuuUAIMUANdMI vwes I uudn luszuui lilamiadosnm

Qv 4A o

< L a
73 QTu'ﬁ]UWVﬂLﬁﬁmlﬁ] : ‘dlfawmm’.li)

@

a4 'a ' ' ' ¥
o UNAUN MIWoUns uazumamu (19510091 1
15989)

o 9 av
NN IATINITING

o Y 4 W ° o 4 a a | (=)
1. 13981383 “msaammummugummuwashu’ummniuszunw'lwmm
= ' 4 a [ = [ = o &
@REINIW unaIu sugmsmaasunInandumaluladswuenatys dsedqdl

2550



A3umsatg
o Y A &4 [ g 1y P i a g a da [l
1. Wadei5ee “niesravinn 1y lndien i unasmu wilssainufasuilssaniasl
sutlszanalsediil 2546
v 9 A & o d. U av 9
2. 1901304 “1AT09AANIZINT0OUA”  uvaau swldszuinlasinsiteaiuaiiy
sadenmasguazionsu suilszanalsedqdl 2546
v Y d' o A @ [ 1 9 aa
3. Watelies “MinauImaasuaiesnavua li ladlomsdszulananinainea”
LAY NUAAMYUMIIT SuszaEuAY sz w. . 2550
[ o d‘

aw 4 o E awv ' 0o av 1 Yo
7.4 \ﬂu’)ﬂU‘?lﬂTﬁ\Wﬂ S ¥OVDUAUBNITIVY LUINU uazﬁmumwiumimwtm'lm'n
9y

aw 1 9 '
m3ssgaranlszusesazvila



A3umsain )

1. ¥o- wwana (M Ing) 119 50, A3, VA NAUNTZAY

¥o - wuana (mmé’anqu) Act. Lt. Dr. Mongkorn Klingajay
ruvnednslszaddszysy 3100503720996

4

dumvatlagiy 019150 s2AD 7

v
Taa v

whumunzamuiiedinaneldazain
a3suna lu Tadnamseind auzajmansaaamnisy wininmdonaTulaos s
winasay @udi 39 Wy 1 0.55@a-unTuion Aaewn o.wy salyumiil 12110
Tnsfmi 02-5494710 Tnses 02-5494195 Email: mongkorn@rmutt.ac.th
sz imsfine - msineusu / g
Usziamsainm
5.1 ﬂ?t\gap : BEng. in Electronic and Telecommunication Engineering.
910 : Pathumwan Institute of Technology, Bangkok, Thailand
52 ﬂ?tyi\p : BSc. in Computer Science.
970 : Rajabhat Institute Suansunantha, Bangkok, Thailand
53 ﬂ?ﬂgmﬂ : BEd. in Education Business.
971 : Rajabhat Institute Pranakorn, Bangkok, Thailand
5.4 ﬂ?ﬂgiyﬂ : MSc. in Computer Science.
910 : Rangsit University, Bangkok, Thailand
a. U3yay1 : MSc. in Control Engineering.
910 : Coventry University, Coventry, United Kingdom
5.6 ﬂ?iy,ﬂp : PhD. in Robotics and Mechatronics Engineering.

911 : King’s College London, London, United Kingdom

=1
msHnausH/ gy

Wanges /1304 32021901 WA, aoui uHamu

Computer Network 1-15 WA. 2536 |World Trade Center NCR(Thailand) Co.Ltd.

a a a 4
(AMUINIIANIIHING) Uszmadaalils

Advance Multimedia 14-21 WA. 2537 [Meridian Hotel goniumaluTagssuena

a a a 4
(QOUTINTIAMIINIMS) Uszmadan s

Computer Telecom 20-25 Af. 2538  |Exhibition Building 184 BIAMI ﬁ'mi.ﬁm

(FMUNTIANTIFING) aanfa sgmaanigsmim

aw - o w a aw ad o o
LCD Monitor Technology ~ [10-15 we. 2539 |uSyin'ledidy d1da fenla vsmledidn 11

GuiFyeuITeIanIn) Usemadgu




CBS Mobile Robot 16 1in. 2549 — King’s College London King’s College London
Guigg lihinide) 2811.0.2549  |iszmAansiweiuing

Unman Medicine Robot 21 19 2550 — King’s College London King’s College London
Gugayliinii) 2211.8.2550  |UssmAansiseianing

Surveillance Electric Vehicle [16-23 nfl. 2550 |Lecce University Lecce University, Italy
Gy lilinide) Uszmada1d

dszaumsatlumsriay

o

AL aouNIY ¥39 W.A. anyzIIY

fivhan | Gvms/auswmsasms

CALRECAIEERY prunmatiadn ssmaTuladmmslsims  2527-25286%ms (@euszau 1)
amsdlszi prungnalssnu 53 nuamalulad 2528-25290%1M3 (uszay 1hy)
UIWFNATIA FudneuNInes auzialnssumani 2529-25353M3 ($waemlfilans)

QHIAANI Bl UMY

da 1 I~ ™
1NTONIAY prunywnalsanu TsaGoununmalulad  R529-2535Rwns (@euszdu 1hy)
308N/ dninmaTuTadasauma/maivimalulag  [2535-2537u3msAnms
4 @ o -t
819138 a s a o o~ ﬁﬂui:ﬁuﬂﬁmﬂl'lﬂi
ABUWIADS ANSIAINTSHY aotiumalulad 4ey13)
51%49R
@ a a d a = a
919150 524 5 maIruna TuTagaeuniaes AugIAINIINA [2536-2530R1IMS/US 1S
Y J o £’ @ ~ o a =)
Fnunmsaiiinmadgantiuma TuTadsvuna asuszauTynNA3)
o Y a a a 'd a =y
819130 520U 6 MAIFIIRINTTUABUNIABT AVTIAINTIY  [2548-25490%1013
I'4 a 1 G o G [ a -
mans unIneaoma lulagssuinatyys asuszinlSynna3)
% a a o = a
919156 520 7 vy una Tu Tadiuanmsating 2549-2551091A15/1UTH15
@ E) a o @ a Gl
(MWMINTNINY) AUZATMIAAIEATINATTY auszALSRns-Tn)

Yo (J a @ - @
(enemsnangas  yyInodoma TuTagssunasyys

o

sy Tn)

NUINMSANANNT NNQYRIAY (IANAINGAMSANYY) S2YaINMs
Micro-controller System, Real-time and Embedded System, Computer Interfacing System,

System Identification, Parameter Estimation, Artificial Intelligent

L v
i A Y v

Uszaumsalifedesiunsuimsandsenameluazmevenlszma Tagssyaaunn
o av 1 o Yo awv o Y av a 9y a v v
Tumaihmsideududdnnemsunuauide Fmhlasimside wiedinddeluudas

b’ a w
YslaHanIlay









