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Inverse Kinematic Analysis of a Binary Robot Manipulator
using Neural Network

Gil Ha Ryu’, Jong Dae Jung”

ABSTRACT

The traditional robot manipulators are actuated by continuous range of motion actuators such as
motors or hydraulic cylinders. However, there are many applications of mechanisms and robotic
manipulators where only a finite number of locations need to be reached, and the rchot’s trajectory is
not important as long as it is bounded. Binary manipulator uses actuators which have only two
stable states. As a result, binary manipulators have a finite number of states. The number of
states of a binary manipulator grows exponentially with the number of actuators. This kind of robot
manipulator has some advantage compared to a traditional one. Feedback control is not required,
task repeatability can be very high, and finite state actuators are generally inexpensive. And this
kind of robot manipulator has a fault tolerant mechanism because of kinematic redundancy.

In this paper, we solve the inverse kinematic problem of a binary parallel robot manipulator using
neural network and test the validity of this structure using some arbitrary points in the workspace of
the robot manipulator. As a result, we can show that the neural network can find the nearest
feasible points and corresponding binary stétes of the joints of the robot manipulator

Key Words : binary robot manipulator23 2% vy E#lelH), kinematic analysis(7]7 % 3 s)4]),
variable geometry truss(7}¥ E&]2& FZ) neural network(¢1FA7Z %)

* @371 {NRI AojrAF
had g3l foistn AT

210



FA8 - AFd - FXALIEAA Aed AL

1L AME

gutd oz ol AMgHE 2R oUEgolHE
A7) REHY FYAEn T FEHYLE ARE
I Jrk. ol FHHP L FQQES] HYYE I
Hog ¥HAMYg 4 gloeng 2R ojUEoly
o] A& A Ao {FHEA dled 5 Ao}
I AEEA FEYsitt. 23 2R oy Eo)
BT AAAQ 71sar3y o] a9 19 vehd
upel go] b Egla 72E &1 lou F9)
E9 FFHog AlEFHE dFdolEE 27149
AT AUz 9o, wehxd BE ZUE HY
£ 23R EQE # AeH A ¥ Hx
Ao 2 Ve g, 22 oy & oled]
FolzE AU FeHEs o8 74x7t et IA
2589 d439 AHZ(continuous path)E
Z FHole A¥Y FoA X (discrete
position)& T Folv HLE FE E F
A}, 27 2X wfyFEHolEe] A9 TJE W
7t A& Folx] g7 o g ZAAHend
effector)e] & Z3 EBHEHo=z YehiiA
3. & 2R diJEdole e FAYygdoe]l gt
2R qduEHoled 28 X #WE(position
vector)?] Y ez [HAFHH dFdolE9
A7t 27U BE 2R duEdolEE 2"
o] fAol| =Ed& & Qot. ojHE BFPoE <
std A&2Q F2E we olFdtdof 3t FAY
oy & AUEE 273 FAYdE AEsHA
%S & & UAT O A8 7M1 FFE W Est
I Aok, ZRAE ¥Fr) A5Holx] Gm Ay
HAG £ HA HYETE R gleEm 2
QE Wpd] thet Aojrl He glu M Egs
T2 FE& F7MIE Hud & APJYgAE 7
AR D oE g2 ARFEE YD Yol Fol
Eo] AE A= gA ALo] st
olele] Ftol AAE L AHAHE FAE
ATE. o9} mEo pH Eys FXY 2R o)
YEHolgEe do 22 ulyEd o8 (redundant
robot manipulator)o]2® m#Fo =T Qe H
M ZAE} #5384 ¥ FHAME 22X Al
"o AZAHE R T de A &(fault
tolerant) T2& AU g B opJzt MY
dFdole] A7 e Ea T2E A8

21

8t7] ol Hxe 2 BEArt W glojxjms
AAH oz 22X o FEeolee FAZ /YR
. A 2R sy EHolEE AlgstE A9
7o) &7 Fholy F & FolojA] = oy
Edoleldl 1ol WASAE HA wASAY
Fe7t P& BolAY FolEo] EAsts B¢
o ARo] 7}53did 2R v EHolEle] AW 9
3 Alols & &0 H7HEQ A3, JE B
W ¥dy 22 oJEYoH 5L Hxgoes
A FEG ¢ Atk dulFoez 2R ofuEo)
E7} £33t 3492 92&Y(point to point,
PIP)o] tiF-Eolmz o] B¢ g s =
2 dAT 5 o] Aol Hoypk & 4 9
. d£3HQ XE HALgg AW MFEY do
2EE dUEeole g 7|78F Ao thdie 2
< A77E olFojA  ful,
Padmanabhan® Subramaniam® 7PA3¥ FRE A
d HEY 334 g4 2R vuU#Eole g 7
T8 HHd @ ATE FYsPgE.
ChirikjianZ 7MH% Ega F2E Ad 49
EX oUEHolgd dig 71783 ML Ao
o #g AFME FW T (backbone curve)g o
43t S on 7383 Yo wgE &
7 P 49 A7 $48 v Y 9
Aojol 185 270 2R o Eolee] RAUE
My gAY d9a 2 A2 A A4 #
& A79g e85

AFMNALL a8 &4 4&8 £388= 7
(neuron)E°] o8 AFE FAsiA HH-G
7HFAE FE JdZAAM 3 didy ¥E AF-
TZ2 Ho gon FFojzs FHFL Fd o
44 1ERES 2EEYd o024 o9 U2
Htel A3(mapping)€ ZAh(approximation)®
£ AEE & RogpM o] %L ATt ¥
o] F2E HE ZozA didy yEAd 9
g 1% doly At rMedtn 59 229
AAGUNe] 7HERE B BAAY go=i Al
Aol dF &4 g FEIE Al 72
o] 7tedlY SEHA ¥ YYEZRA dHMx
7] 4d Ao 2RE APY 2YE FEE U
Uzl 8L 2=y AFAAL o]d ¢
28 AM7I5S B2 AFAEd 3 AA 24
of Ago] Mg &3] AFYe EAY £A
Q14], Mz A 53 L BEopdME 2 v

a0
W

——

L

fu,



F2& - A% - FFIALFREA A6 Az

g Ag3rt BasEn Y 4G, AolEA
gAl AlzAEe & UFEER 4zE 5 deH o
#A BL AFAEC] AEAN AAYL &
sn F& ARE dEsin G, =3 Ao
4 FAo] BAEAE AU AGEsIt vF
9 AL ARDY F&7eH durdreE AHE
gozy 219y T2 F& ARE L F U
. B =RdMe /MHY Edr F2E AY
B 27 22 dJEeoleid] dide 71584
PAE ojgdt] ¢ 717HE ML FPgle
o & 7|78 sHoa e dojRl RUE A
W dEES 14 P g9 234 94X
HE 8 ARS8t AAY L SdEAP RN do
2 g9 239 JAHest Fof AL uf 19
I3 g ARZE ol FEy]) AF 27 RJE A
B4 W E ol g 778 HHE 3
a3t

2. 7\ P oA

21 7|78y 243

a9 19 e pd Eda F2E Ad 27
22 duEHoIHE 19 29 L 71E Ega
2ES HFe 7AEYH. 39 29 yERd Bt
o} Zo] Ztzte] 71 EEL M AF AFd o]
B2 750 glom ZF dFdojEle] Mes A
ZFolA Fi A HAHTY Hd WMoz
FaAg. gepA ZQES] ¥y FHE 2342
E@o] 7ledty 09 BT A Uy dHE 1
2 190 BFee HAd By ZEE dEde
m/e ZEZ FAHE 23 2R o EHolE9
AL 3m AN A 27 FF ZIJEE A
gz 23X JuEyolee v z@AxE 2
Ao AXd =2 & £ At 717EH d4e
At ¥ 2¢] vERd High go] & EEF o]
& E A (moving coordinate system, x;,¥;,2;)
& %93l 71&F T Al(reference coordinate
system, xp,¥p,%p)E A WA ZEQ wo]xd
AAsn 47 AFFH LAEH o FFgL
ol2g we zu y WFL wojxd £
HgE FAEE AXT Ud. 4 ZEA Fo
g o]FHEA{ I - L A AA(DAD)

831 xS 4eg 9ot agn g A
ol FAF PEgE YH=E JXsn Jo. 2
d 2= HA 2Ed Rog ATAE JEIY
T HEA Alole) AL {/ 1F¥AA 3
o] A9 FH X dNHEE {(—1}1FEA=
Eggezy 78 £ Ut 27|99 A (home
position)] A & REC Hog EE olFF
EAYG 7EHEA 9] HES JFS A2 IXT

Fig. 1 Planar binary robot manipulator
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Fig. 3 The structure of neural network
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Table 1. Input data for inverse kinematic
analysis and resuit

Xides. Kiresult distant error

case K2des. Koresult joint states
10.0 9.89497 0.145683

@ 250 2489904 | 100010110010000
200 | 19.88038 020197

® 200 |1983726| 100110100110111
200 |-20.04723 0.15141

© 150 |15.14385 | 000011000101001

216



Fds - A2d - FEFLTHAA A6d A1z

(@)

®)
Fig4 Workspace of binary robot manipulator
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(b) case b

(c) case c
Fig.5 Configuration of binary robot manipulator
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