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A STUDY ON THE DESIGN AND CONSTRUCTION
OF THE ROBOTIC ARM DEVICE IMITATES MOVEMENT IN THE HUMAN ARM
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ABSTRACT

This objective of this project was to design a robotic arm device that imitates movements
of the human arm. This project is based on the principles of medical science, electronics, and
control systems. The design and construction consisted of 5 main parts: 1) the embedded system
using microcontroller Arduino Uno, 2) signal processing with Matlab, 3) motor driver circuits
with DC motors and H-bridge board, 4) mechanical robot arm system, and 5) the control system

using step input and trajectory control.

In this research, equations for estimating robot positioning, in each axis, were compared
with the resulting position of the actual system. In addition, to control the motion path, step input
and trajectory control were used. The results of motion testing indicate that using trajectory
control produces greater accuracy, having a lower RMS error value. This provides a suggestion for
further development of robot arm control systems, which will advance controllers designed for
this process. Ultimately, this control system reduces movement-related error, which is desirable

for a number of applications.

Keywords  Robot Arm, Trajectory Control, Movement path
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anvagmsmaudiu 2 nuvfe szuualuauuuI9soUIlla (Open-loop Control Systems) 1A% TZ U
AUANLLUD950UTA (Closed-loop Control Systems) 303z vUAIUANUUUToUNAY Faludegiiuns
PONUUUTZVUAILANDA TUNATMTWaUINAla 1azds oyl szd@ninmlumsaiuauedis
1 4 [ 1 D o J o J
AoLlDg mimuﬂmmummuﬂswuﬁ HUUOUYWUT (Proportional-Integral-Derivative Controller) U350
=] 1 o o A I ax A o < Y o 13 A o
Fon1AIAUUUUD PID As3Uh 2.11 Wluismseenuvuszuuaiuguidnuiu ldsamuiniuieonsy
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+
I 74 48} plant 1Y,

Y <
ﬁ‘ljﬁ 2.11 UAUNNUADNUDITSUUAIVANLD Y PID

U

@ a o 4
NIIAIUANLUY PID 1%}ﬁﬂlﬂnﬂ!ﬂ’ﬂuﬂﬂwa1@ e(t) GluﬂTiﬁ%NﬂﬁVINTuﬂl@ﬁW%u AIUANLUUY P, I

g 9

uaz D aumsadiacnaninlfotunemsnauauuuy PID vulamuna Ao
‘ d
u(t) = Ke(t) +K, [et)at+ K, +¢0 1)
0

A A o 9 A o a = Y
139 u(t) AD aﬂJuﬂJU1mﬂ’JiJﬂ3Jﬂﬁ]uﬁﬂﬂi&ﬂ’)uﬂﬁ,e(t) A9 AYYIUAIINANANAIN #4'la91nn13
= (% 1 [ Yy 9 a [} A [} 1%
AFeumMeunUIEnINTYYIU191994 1() HazdyIaeen y(b), n(H) ABTYYIUILNIUIINAITIA VO

Jd o U < a
ﬂiz“ﬂ’mmiﬁﬂﬂ‘lﬂm181@H$Q1%®‘ﬁﬂ1ﬂﬂ1’iﬂ’mﬂmLL‘U‘U PID J1uvuvuny (Parallel form) Ao

Gc(s):Kp+%+de 2.2)
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2.1.2.1 32UUMUAUIIIT

(J ]
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53‘]J‘1Jﬂ’3‘1Jﬁl1J‘0\‘]ﬂiL!‘U‘UWllﬂﬂ UAINIUANEDY 3 A1 D
A

(4 =)

1) @INIUAUUUUFTATIUNITOAIAIVANN (Proportional term)

d A (Y

2) mamuauuulsnusvieanuny o (Integral term)

A (Y

[ v = . .
3) ﬂ’)ﬂ’J‘UﬂﬂJLLUUﬂ%WUﬁﬂﬁ@ﬂ’Jﬂ’JUﬂMﬂ (Derivative term)

S v
??1‘1451J‘VIE]H§ PID Controller uuagiugﬂmm Continuous Time PID Controller 3% 1n%A211

7 o ! s
Uszasanozihunlszgnd 14 lumsniuguszuuvesluTasaouInsaaes (Microcontroller, MCU) a7

a A

wzdoai Iieglugivesdinrnguinaidgd PID (Discrete Time PID Controller) TA8e 1115081989910

E]

NOBHVOIAIAIVAN PID AIAUNIT

u(k) = er(k)jLKiZk:e(k)JrKd E(k)+t(k_l) (2.3)
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Y
223 ﬂTﬁﬂ’J‘UﬂiJLL‘U‘UFiEJu;%:GIﬂ (Iterative Learning Control)
I { o o 90’ o
Iterative Learning Control (Longman, R.W., 2000) L‘]JL!ﬂiﬁﬂ?ﬂﬂuizﬂﬂﬁmﬂﬂmﬁﬂ1%1 Tagvziin
1 Aa o J o Y @ = 9 g Y 3
fﬂﬂ’)'mNﬂWﬁ']ﬂ%Wﬂﬂ'li“Vl'l\‘ﬂui@‘Uﬂ’é]1!3J11J3°1Jﬂ?ﬂﬂ’)ﬂﬂ’]ﬂ’)ﬂﬂﬂllﬂﬂliﬂﬂg%W uaz%"lmﬂu Control Input
Y 1] Y 4
dmSuseumsihaudall JehldaanuAanaaiuanauiiesoumsiiaugau uamsauauuuuil
9 o Y A [ A 1 P g’/ Y] ~ .. .. 1 ~ I
‘1]3{5]@\1ﬂ?ﬁuﬂﬁlﬁlﬂﬁﬂﬁﬂﬂiﬁﬁ@ﬁuﬂuﬂ‘ﬂﬂ’)ﬂﬂuuuﬂaﬂllﬂ“l/lﬁ]qﬂ Initial Position ﬂ’aumzﬂ@mﬂu Control

) P '
Input dm5vs0uMIvhnuda lilidue FananmshauvesmsaiuguuuuBeuisaaasgla 2.16

)I Closed-Loop System H Tteration 0

Move Robot to initial position

Iteration 1

Move Robot to initial position

u2 = "1 + [, * Iteration 2

>I Closed-Loop System H

: Move Robot to initial position

u_ +L*

Iteration j

e = .
i )| Closed-Loop System H J

! 9
ﬂﬁ 2.16 ﬂ?i‘ﬂNWLl"U’é)\?ﬂ?iﬂ’)ﬂﬂhllﬂﬂliﬁlﬂi%?
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131N 2.16
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- 2 d 1 Y v
u; fie u;(0) Aeu,(p) FenAedayarat Control Input N181HAY Closed-Loop System
. A % -d' o
j Ap AeuNszysoUMITINIU
A o g}z o
p Ao 311U Time Step NIvualu 150051

yd fe yd(0) 74 yd(p) ¥39RAe Desire Output Trajectory 033 1Y usudnaou 14 11

'
13 =

— A = 2 gA ) ..
y; A8 y;(0) 01y, (p) sannoayayas Output 114910 Position Encoder

- A =< R A 1 a o ' Y = Y
e+ no e, ,(0)nve; ,(p) FINADAIANAANAIAVDITOUNITHINIUNBUNT I I 1A 91N
yd -y,

A . 1 ~ 9y A & .
L A® Matrix LHIN1TL78U3 1130 Iterative Learning Controller

Y i v
WaNN39191UYD4 Iterative Learning Controller Wy lumshaiulusoumsviaui o tiu
o Y 7 Y ! - Y v < Yy '
veiualiu, = yd ud2910u, 1911 Closed-Loop System naz 18 y, 11 agazwia1ny
Aawa1A e, 910 yd — y, tazazai19dya Control Input Trajectory U, @1%519101%AY Closed-
et c 2 3 y o — i 9
Loop System ¥8430UN134191UA 1 ¥39M39191A530 1 Taeerdwanmistiiu, + e, * L uda91e
—q Yo < Y 3 o v A A Y a
u, 197 Closed-Loop System Nag'la y, 11 nazsiedeiiae 1ises  ndrninuranainizanad
4 4 K L 5 d' 1 g’/ a
Foeuiiosoumirinunserhsunuagu Iagnanmshauinaaunivaunsaesuelugluny
AUNTAITUNIT
Ujn=Uj+L*ej

Uj=Uja+L*eja (2.4)

% g’/ < [ A H f o ' - v
FauunaemnNuAanaialuseud j-1 sxdwwanuannuAanalalusoud j lavauise

psueluglunuaums lAdsannis
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€ =ﬁ—y_,-

ej=yd—P*u;

ej=yd—P*[u,_ +L*ej]

ej=yd—P*u_ —P*L*ejs
ej=yd-y,_,—P*L*ej

ej=ej1—P*L*ejs

ej=(1—-P*L)*e;, (2.5)

Tao | Ao Identity Matrix 393U11A P LD p HaN 9 p AOTIUIU Time Step 14 1 50U

SN

H Y v
P fio Matrix NUNUTLUY W0 Transfer Function Y04 Closed-Loop System HULBY 4

ﬂ'”l‘ll"liﬂﬁ'lllﬁjﬁ]'lﬂﬁmﬂﬁ
CB 0 "0
n_| CAB CB o (2.6)
: : N
CA’'B CAP?B ... CB

%3 A, Buag C Ao Matrix ¥84Transfer Function 11 9 /1111 State-Space ¥4 Closed-Loop

System A4EAUNIT
x(k +1)= Ax(k )+ Bu(k) k=012,.,p-1 2.7)

y(k)=Cx(k) k=123,...,p (2.8)

v < o Y

Y . Y o ES A A
NTAUNIT ﬁ?ﬂul@'ﬂ N139L09NIUY L -Matrix Gl‘l’il’ﬁll'lgﬁNﬂUi%UUuuﬁiﬂuuﬂﬂﬂﬂ?iﬂ

' Rt Y

=\ =~ G o 9y a v 9 . Y
izﬂﬂmﬁﬂEJiﬂ1W1’ii’é]“l/lﬂ°ﬂﬂ’JHJW@]Wﬁ1ﬂ"ll’é)\‘158‘]J‘]JQLGUT§(@1!EIHH 2ADIDONUUY L -Matrix Gl,ﬁ 1

Eigen value Nn9A104 (I — P*L) fisnfesnimiladsetuelugiunuaums Idasaums

max|, (I -P*L)[<1 (2.9)
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. A0 Eigen value @291 i 403 (1 —P*L)

vy
v A

1 a 1 1 4 o ’J S 4
HAZAINUAANAIAIZAADIBE1NABLHDINNATINTINITHIET (Monotonic Decay) NADILD
fSingular Value NunAigaves (I — P*L)azdoatianioonimiladeesuielugduuuaumsld

AIFNNIS

maxo; (I -P*L) <1 (2.10)

lof A9 Singular value A7 | VYO (I-P*L)
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Power MOSFET 10-30 VDC si931# 3.5 wagamnsnsenszud vlihgagad 40 A Taelisiwazidonasil

5']81'613!%8@1/]1\1!,1/1?]13?]
Output: Single Motor Driver

Motor DC Supply 12-24 V 40 A (Max)

Full-Complementary Power MOSFET Driver with ultra-fast reverse recovery

protection diodes
Input:
Full Opto-isolated input interface signal
5V 8 mA TTL-Level
Drive Mode: independently with
ON-OFF Control
Direction Control
Speed Control (PWM Drives)
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AN
" A

51 3.5 vesATUNBIABS NTTUAATIFU IRF3205 H-Bridge Power MOSFET 10-30 VDC

( 30: http://www.micontechlab.com )
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Setpoint A Setpoint B Setpoint C
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(Theta) (Theta) (Theta)
0 0 0 0
1 40 0 0
2 40 80 0
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4 60 80 60
5 60 60 60
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7 20 80 60
8 0 80 60
9 0 0 60
10 0 0 0
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7 70 70 T=55.5-60
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