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Compact Robotic Arm to Assist with Eating using a Closed Link Mechanism

Chul-Ung Kang’, Jong-Hwan Lim"

ABSTRACT

We succeeded to build a cost effective assistance robotic arm with a compact and lightweight body. The robotic arm
has three joints, and the tip of robotic arm to install tools consists of a closed link mechanism, which consisted of two
actuators and several links. The robotic arm has been made possible by the use of actuators typically used in radio
control devices. The controller of the robotic arm consists of a single chip PIC only. The robotic arm has a friendly user
interface, as the operators are aged and disabled in most cases. The operator can manipulate the robotic arm by voice
commands or by pressing a push button. The robotic arm has been successfully prototyped and tested on an elderly
patient to assist with eating. The results of field test were satisfactory.
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Fig. 1 System configuration of robotic arm using closed link mechanism
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Base of Robotic arm

Fig. 2 Closed link mechanism of robotic arm (upper
view)

A& We g7 7172 FASAL

ABEE 3 & #as gy 7|7E o] &3y
23 oo Faolge AN, =R ¥ ¥
83 A8l oleFe FR3IV] Asde F3HY
Y Z Aol Yot oy, 483td g
te AEEL NREEHE Ui XAz 29
AAFE AFstes ZAA 7177 WA Qi
Yy Jojol AL MEEY 3 9 Hag F
AFE Hrr] A AXAANZE HI3HA
oo, ZFA IJAFES AFsE 7IAH JFE
AAzIS doEe AHE VS ES dTh E7L,
2R g9 A3 5FE AFN] A HE
7Y 39 AL HEsAoL 3t} B 2R
ME9} 2 7o XEQIHYHHE FA4E AEAXNE
Azl HEE FU2 7)o Zof, XEUEYH
E 23 g9 Holxd X MEEH 3 9
3 AFE HEIA
22 A=A @3 I|F+
2212749 3z FH&E 3 7|1+

g2 Y4 717E AL 2R 2L 499
2 A HEAA o]FAF)7] YA 22X B9
Holxo) HAH 2 MY AREEHE FHAot 3}
I, 28 & 2o gAE Hlo|2d A 279

204

Fig. 3(a) Simple closed link mechanism model connected
two links

AREE Az o AFAct WA, Fig
3@ 2ol 2 719 Y32 F&E B9e P32 7]
TE ALE 5 Jeod, ¥a 77 Y AHA
Al(xl’yl)}‘f_ A L“'o‘] Az 0“34 EE L,
3 L, Aol & g,°l o8 thgw o] 2A
g

x, =L, cosf, +L,cos(f,+0,)

. . 1)
y.=L, Slngn +L, Sln(0n +912)

aelm, e ge S BANe 9 5
sict.

L, ={L, cos(6, +6,)} +{L, sin(6,, +6,)f ()
4 @9 4 g A8,

x12 +y|2 "'Ln2 _lez
2L,

3

x,c0s8, +y sinf, =

P

F At H7IA, x,cos, +y,sinb, =c,
2 39, g=tan'(y,/x,) 7} AeH & E&
He AAes BHoERY 98 & AT

& de

6

[ 2 2
X )

x +y ¢’
sin(g-6,,) =+ [~———"
X+

cos(¢—6,) =
4



ZEE - ATY  FFEYTTHA 20 A3 R

w2, Fig. 3@ 0,& 71Fo8 &
Az 9, 2 4)EEH

+ /xz_'_yz_cz
4T \ \
L—tan‘—l—————
Xy €

&)

6, =tan™

04 7]}“1, <, =(x12 +)’;Z +an "lez)/ZLn ol \:}

222 HE #H3 7R JHE5X g2 A=
A 83 714

I22 3 71FE Fig. 3@9dA BddFE F3a
7179 Al g8 748 & 3, #HE F=3
7i7ell 98 AgEHA ¥ AHy H3 JEs
Fig. 3(b)¢t 22 292 vehd 4 Uth Fig. 3(b)<
A A,(x,,,) 2] (1)‘?’} ol 0,, 6, o 9dj
ARQHE e 2L Joz FojAq,

x, =L, cos@, —L,, cos(d, +6,,)

. . (6)
y, =L, sin@, —L, sin(@, +6,,)

P27 6, ¢ A I Pl 93 Fig
3 0, NFeE & ¥ L, 9 AL g,

’ 2 2 2
+ X, Yy, —¢

¢

222

Xy

Q)

6,, =tan

A7V, ¢, =00, 4y, + Ly — Ly ")/ 2Ly, ©Th

Fig. 3(b) Closed link mechanism model unconnected
paralle] link mechanism

205

223 WE 3 7|70 o8 FYKE A=A
g3 7|+

AA, &Y AAAYD 2R Zo| A& A2A
B3 7Fe L,=L,, L,=L, 7t AEF AFRs
R, Fig. 20 BodE AXNY 2F9 g FA
g FIEE 517] A& HEPI 77l o
8 A&=o] Utk Fig 3 ¥ 2E A="d A
£3% 982 4 719(0,AA,0,)8 YERR 3]
g A71A, 33 L,°] HE P73 7|3l d& &
f 22218 FIEE {FASA Q7] dEe 2R
Y AAE 3 LY A TS AR T 7
22 33 AFE T /B 7M3 83 L,
L, 931 848 Fig 3(0)d T3 222 ¥
717(0,T0,)E YERd & 9ok 7Md M ¥
L, % L,< 71884 #AZYEH g3 Z
Fojzl}.

o>

L

L

W e

S

Lilz = Lzz +(i)2 -LL, cos(6, +8,,)
2 ®)

L
Lizz = Lzz +(‘_21'

>~ L,L,cos(f, +6,,)

et 22 & €9 HAE T(x,y) & #AE
o, AA 22X & A& ZAA37] AF AlE
ok & 0, % 0,9 &€ ¥z AL 4,3
6, < 221 A9 4 (5)°A 6,, 222 9 4 (7)
AN 6, & AR WEFH FU}A g3 #
o] ZAH

Fig. 3(c) Closed link mechanism model (0,A A0, )
connected parallel link mechanism and
homogenous closed link mechanism model
(0,T0,)



BAHE - ATH AL THEHA A20A A3 E

2 2 2
i'vx, +y1 —6‘1

¢

, 2 2 2
I AR T

S

Y tan™!

X,

6,

|, =tan

' )
6, =tan" 2 —tan
xi
A71M, ¢, =(x +y +L -L,7)/2L, °13, k=1~2
o]t}

3. &8 AAXIH 2Re| HERZ

3.1 3t=Efof
28 Az 2R AEEY FAYE Fig 4
o Jeldz ¢t FAEZHE 2R ALHS &

dalsla AANE 2E AP 71400 sLEr]
A B AxEdAE 24 1 A9 PIC 7 o] &
e a2 AJ2"oA o]&% PIC &
PIC16F873(Microchip Co. US.A)S.2 3 71¢] Eloln,
gy yo HEE, A/D BE7), ¥E7] AY §
Al AEgY a2 F7] Y B4 JEEY F
ol WAHo glo] 7FHAEY AEEY M, 2
Bo] B A28 JE 5 thepdt fokollA B
AsA &&= gl

AEEE Fig. 4 o Jebd AAE 4 Ao
PWM(Plus Width Modulation) AEE2, ¥x HFE
7], ON/OFF Z&712 T45o dot.

PWM HEZZ = 4 Ade PWM MNEE AMH
of AAY X9 olF; wl FA3Y grje
AEES MEEHE 75 A7tk AAAde #
2% 259 o)FHE AR 74 HEEEHY Al
o]&L Lookup HolE HoJEE o]&3tth A}
YL H3ly] Y3 2R a2 JAY AHE
o] F7Fo met ttE7] W&ol Lookup Ho]E9)
AL foldtA Vs B ZRAZHAAME
2R ANx2"EE pC ¢ JHIY wWiwdE E=oA
Z3ste] Ao "Had $3& FY37] 9
& "R 3= AMBREEH AojFo Look-up Elo|
E e S Fig. 49 ARREH 1,2 28314
o] &g pwM REEHE 4x Aol PWM A
35 A4, AEEE 3 o H&E PWM JE
£ £5 AolE PWMAZE #AI )

A Y 2R AtesS HE3] A
e 999 MBS FrE el Yoy AL
gre AEER MBEEEHE ARz 74

206

Motor 1
(Position Control)
Motor 2 g
(Position Control) ? §
g0
Motor 3 § %
Q
(Velocity Control) z e
(4]
Motor 4
(Position Control)
Angle Sensor Detector of
( Shutter and
Pulse
Photointerrupter)
Push
Button Detector of
Detector ON/OFF
Micro- of Signal Signal
phone Level -

PIC16F873

Fig. 4 Block diagram of robotic arm controller system
using PIC one-chip micro-controller
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Fig. 7 Control flowchart of eating-assistant robotic arm
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Table 1 Look-up table using the robot controller (psec)

Pl | P2 | P3 | P4 | PS
Motor 1 | 1364 [ 703 | 775 | 1158 | 1416
Motor2 | 2099 | 2171 | 1706 | 1757 | 1764
Motor4 | 1447 | 1447 | 1447 | 1189 | 1189
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Fig. 8 Eating-assistant test for the aged patient at the
hospital
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