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Kinematic Analysis of a Binary Robot Manipulator

Gil Ha Ryu"

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 robot’s trajectory is not important as
lung 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. This paper develops algorithms for kinematics and workspace analysis of
a binary manipulator.

Key Words :binary robot manipulator(22 23 wju&do|8)), kinematic analysis(71782 &4), variable
geometry truss (7F8 Ed A F2), workspace(ZHFF)

.M & 4 AEg AYn ot w2 ZE ZUE A9 2

T2 EYE & don Ad wAg H4 wivez

QiAo 2 gol AgHE 2R wUEdolHe A7) UrEMﬂl go. 2% dyEdolg —rfﬂxlt 2l ¥
REY FEEEY §& FHUoE AHgEla la oY Be o 77 eu 3A B 9439 A2

59 RUE HIE d4H 0T MFANY 4 9] (continuous path)E we} &3 ol& 731‘9} FoiA 9
on2 22X dyFE e A&HA JX A {4 A (discrete position)& Wt Hole A2 7 &
A & 4 Ao} 2 AHES BE A & gtk 27 2R uuEolee S RIE AF7L

27 2% uUEd ot AANAA 7831 AAo) A3 o)x| 7] dj o] Y 222 (end effector) 2] 9

a9 16 vehd ups} Zo] JhH Ex F2E a3l A EY BA&H ez vehdA dd. F 2X Y EF
o0 2YES TFHeE AHHE dFdoEHe 2714 olel¢] 231 % (workspace)o] Gt 2X wjy EdolE]

* @V nsdda folrlAF R

162



axyYF A A15F A123 (19989 12€)

g} 22] 914 Wel (position vector)2] A Helz &
soj dAFxofolel ] AF7t niY B 22X v Ego]
HE 2n 719 X =28 4 o, o2 ddez
A3t A&AQ A2E we} olFddof she Aoyt
& AExE g7 A AR S F =
AA T 2 o2 7HA 9 FAE Edn Yot ZAE
HE7t A&FolA gGa o d9a 2 A4 A ¢
€ 7R glenz2 ZQAE Wad g Alojrt e ¢
3 7P Efa 729 & S/ vy & A
99E /M B T opg} Ao Eo] e BHlx 4
A go] 7hadtn Ao e gho] At ¥ A
A& FAY ¢ U 3 13 2L /M Eya 29
Z¥ vy EYelHe 99 22X wjyEdoH (redun-
dant robot manipulator)?|22 TALZ QU3 R
MY ZAEF} FEHA G AT 28 A 269
A4S G2 ¥ e 249 Bde(fault tolerant)
F2% Az Q& B opg Ay AFdolH AA7}
e Egjx 728 A4S 3] g ¥ 22X
izl 92 golNez AAFer 2% uUEd oy
o A7 /P AT metd 2R sy EH OB E AE
he Aol +F FUojU E & FolojA mAo]
BT 4 mASAY F7t Y€ ALl AY F
fZo] A A 4o F ol PFedin B2 HA Aol
t 0d 23R B2 A, E 8 HEY 2R
Y EHolE " 25 E AT 2N FHT 4 Uk, gt
Aoz X U EHHI} FPste AP S JAFY
(point to point, PTP)o] tlfEolmn 2 o] A4 g
A4 2RSS AT F 9ol AN Hojut & &
At AEAQN ZAE A5HE A AEY dd 2%
W& ole 9 7] 78A A sl 2 FH BS &
F7F ol ol Fe,

Padmanabhan® Subramaniame 738 +%& A
d WEY 339 49 2 Y& olge 7|78
Ao} B3 AFE YA} ?. Chirikjiane 71
EfA T2E Ad 4o 23 i 7178H 4 &
Aojo B AF"E FPitgon 7188y N bt

< E A 3o B AFOF £A v} A2 94X
Aol AHgEE 27 22X v EYolEe ZUE WF
g 233 Bdg 2 A4 BA) 9 ug A7,
FPeAct. £ =RdMe 7MY Efx 728 XY
B 27 28 o Eoleld] gjstd JaEA e
olg3la] 7118 &4 & FP3ien] 7)EtA v

163

Here] Hst7t AgGq vie P dist] zAks}
A= S

2. 7|73 iy

2.1 7|78y nEE

ad 19 Jehd 71l Ea FRE A 27 24 1)
Yol a3 29 22 7|2 EYA BRET A58
o PG, 29 20 Vebd uls} o] e J|E B
E2 M9 AY AFololE( gaizr Gaimrs air i=1,2
beem, miRES AF)R FAH 9o 7 AR
olH Y WY d4F A ¥ Ha: AAZT Hd w4
grozut 53, el 2UE9 WY Fde 244
2 | 7hedd 09 A4 A4 W9 AHE 28ln
19 A%= Hd ¥4 ™€ el mil B2E2
T4E 23 2 vy Edolge A% 3m A H¥ T
F ZAEE /IAA Hug 2% oyEgolHe 9d =
e 2= 749 A =2 & £ 3o}, 717EE §4
£ 93l &4 2Ed] o] EAEA (moving coordinate
system, X, ¥, )& Foq8H 71EFEA (refer-
ence coordinate system, Xo» Yo- 20 )€ RWH &
o] ol o X5t YHE AR AT} 28 2
1 94 ZES JeiL Jlen $o8 o5 EA )4

Fig.1 Planar binary robot manipulator
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Fig. 2 Kinematic modelling of binary robot manipulator
(for i-th module)
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Table 1. Input data for inverse kinematic analysis and result

robot

i Xdew. Xeealt distant error
manipulator
e Ve Vremsit: joint states
geometry
100 10.10392 0.26223
(a) -
width=5 2.0 2524076 100001110110010
Q=5
Q=8 -150 -14.85242 0.28925
(b)
~150 ~15248T1 001001011001110
20 19.88038 0.20197
(¢
width=5 200 1983726 | 100110300110111
Gnin=5
Qo™ ~200 ~20.04723 015141
@
150 15.14385 000011000101001
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Fig. 3 Workspace of binary robot manipulator
(width=5, g, =5)
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Fig. 4 Density of workspace of binary robot manipulator
(width=5, q_, =5)
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Fig. 5 Workspace of binary robot manipulator
( qmin=5’ qmax=7)

(d cased

(c) case c

Fig. 6 Configuration of binary robot manipulator
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(b) density of workspace

(a) warkspace

Fig. 7 Workspace of binary robot manipulator
(joint 3 and 8 are out of order)

Fig. 8 Configuration of binary robot manipulator
(joint 3 and 8 are out of order)
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