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Abstract

In this paper, we derive an algorithm and develope a computer program which analyze rapidly
and precisely the inverse kinematics of robotic mechanism with spatial complex chain structure
based on the relative coordinates. We represent the inverse kinematic problem as an optimization
problem with the kinematic constraint equations. The inverse kinematic analysis algorithm,

therefore, consists of two algorithms, the main, an optimization algorithm finding the motion of
independent joints from that of an end-effector and the sub, a forward kinematic analysis
algorithm computing the motion of dependent joints from that of independent joints. We accom-
plish simulations for the investigation upon the accuracy and efficiency of the algorithm.
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Step 7.3 p=(p} pi)7lAM FHTSF fof TE Table 1 Dimensions of the links

Al skabeh Link | L | L | L | L | L | L

Length| 0.40 | 0.40 | 0.25 | 0.40 | 0.40 | 0.65

6. AlZ2{0| M

6.1 3DOFAHTS 2XIIT Table 2 T, of precision point

Fig. 18] AA7E 2873095 2ze] st

Euve 2elFel A3 RSl FEsle 34 ] Te
guze] watrlFedsole, alzelsy HiA (£) " 0.00000  0.00000 - 1.00000 —0.40000
= el a9l wekyel slalsla 1A #EA (0 |1 000000 1.00000  0.00000 ~ 0.00000
S M)zl A Zol A e], slAelze] slA 1.00000  0.00000  0.00000  0.80000
o4 smelelnbxlel Dol 4 melale] % [, welm L 0.00000 0.00000 0.00000  1.00000
7t7be] elzel Aol [(i=1, 4)% Table lo| 4] ©0.07276 —0.92978 —0.36086 —0.14434 T
el o || 018378 0.36812 —0.91114  0.36457

Agello] 4 uho g i= Table 20] Fofdl 42 0.98027  0.00000 0.19766  0.87906
el Eapnadal ol sl elselae 4 |l 0.00000 0.00000  0.00000 1.00000
FAVE e FoaA s AL gakskniA ol [ ~0.48994 ~0.06278  0.86949  0.34780 ]
Folng stderd, S Wl dig shE Ak o || 0.03082 —0.99803 —0.05470 —0.02188
77 1,002 sheivh whebd @i 4e) ubvhyolb 0.87121  0.00000  0.49090  0.99636
ANzt EA L Fol skl sl AehlAl Aol L 0.00000 0.00000 0.00000 1.00000
% shed apoleh wal dHgehy Asted viwal ©0.18306  0.96858 —0.16833 —0.06733 ]
of Fafab 1.0x107msh =g 7] 7k 1.0 —0.71297  0.24869  0.65561  0.26224
X107 olehsh 5wl Zzhel Hedael a7l Ul g 67688 0.00000 073610 1.09444
F3k sl 4le] Falste S ehich L 0.00000  0.00000  0.00000  1.00000

A geol Ao el A Aol a4 At

vo)sE R EAUSUS T E . . .
A elmolde sHEA F2 AL Goba ol Table 3 Simulation results and analytical solu-

ZE2latAd w20 kS Table 3ol A48kt ovd, 7| tions
Fo| ¥ 4% Fig 2o #)4stich, Table 32} 4
slu 25 7z pEgE 13-¥ 3klel 3|47t i |qv| Simulation results | Analytical solution
rE Rl A T o - n - (LA
rad) & uiebdled, Saei 4] Zlabek oigal4 4 1 0.00000 0.00000
Avh At g oy sk dHe] Ha ffslal 112 0.00000 000000
0.00000 0.00000
1 1.19381 1.19381
212 —0.19897 —0.19897
1) Base link 3 0.00000 0.00000
@ Frame 1 3.07876 3.07876
@ Link 1
@ Link 2 312 —0.51312 —0.51312
& Link 3
® Link 4 3 0.00000 0.00000
@ Motor 1 1 —1.31947 —1.31946
@ Motor 2
@ Motor 3 42 —0.82728 —0.82728
Fig. 1 Direct-drive robot mechanism 3 0.00001 0.00001




R A EE DI EES Sl
e Aol a4l A1Fe T44 ) e

4% ulisted Table 100] |4 ahed o},

62 6D.OF ARG EZNEy T
wel wA UL L5l Fig 3el sl
E FYFFIO= ol F3at 71X Ile] 6o o}l

—_- =
= AAsdds 63522 A FANc), A
o) cleje aAb¥dast dyeaz YR 1445

= we . —‘;:—2} =2 .

ol#e] #HAA {E)e o) Futel HAFA 9
St 1A sEA {0} 71 Agko] 92 she, )%
Tkrp ol atell AAH BALe 9 AE s T A

|G

Fig. 2 Pictures of direct-drive robot mechanism

@ Leg 1
@ Leg 2
@ Leg 3

@ Leg 4

® Leg 5

® Leg 6

D Base plate
® Moving plate

Fig. 3 Stewart-Platform mechanism
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Table 4 Positions of the joints on the plates

Al-9.1, -9.1)1 A3.0, 3.0) Bi(-7.3 0.0)
A0=91, 9.7 | As13.0. —3.0) | Bu(5.480722, 4.829)
As(-3.9,12.76) | As1-3.9, —12.76) | B4(5.480722, —4.822)

(see Fig. 3 for the location of A, and B))

Table 5 °T: of precision point
i T
(0.000 —1.000 0.000 0.000
] 1.000 0.000 0.000 0.000
0.000 0.000 1.000 S.OOOJ
L0.000  0.000 0.000 1.000
(04000 —1.000 0.000 0.000
9 1.000  0.000 0.000 0.000
0.600  0.000 1.000 12.000
L0.000 0.000 0.000 1.000.
(0.000 —1.000 0.000 2.000 7
3 1.000  0.000 0.000 0.000
0.000  0.000 1.000 15.000
L0.000  0.000 0.000 1.000.
(0.000 —1.000 0.000 10.000 7
A 1.000 0.000 0.000 0.000
0.000 0.000 1.000 15.000
L 0.000 0.000 0.000 1.000.
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Table 6 Simulation results and analytical solu- 1 2
tions
i | qv| Simulation results | Analytical solution
1 12.586732 12.586732 @
2 12.586732 12.586732
3 13.914071 13.914071
1 3 4
4 11.987620 11.987620
5 11.987620 11.987620
6 13.914071 13.914071
1 15.441044 15.441044
2 15.441044 15.441044 Fig. 4 Pictures of Stewart-Platform mechanism
0 3 16.540900 16.540900
4 14.956706 14.956706
5 14.956706 14.956706
6 16.540900 16.540900
1 18.048377 18.048377 @ Upper moving plate
2 18.048377 18.048377 @ Lower moving plate
@ Leg 1
3 19.779847 19.779847 @ Leg 2
3
4 16.545211 16.545211 ® Leg 3
® Wrist motor
5 16.545211 16.545211 @ Upper wrist link
6 19.779847 19.779847 ® Lower wrist link
1 20.760930 20.760930
2 20.760930 20.760930 Ao
i 3 24.855708 24.855708 Fig. 5 End-effector robot mechanism
4 15.162713 15.162713
Table 7 Positions of the joints on the plates
5 15.162713 15.162713
6 94 855708 24 855708 A{0.5, 0.0) B,(0.25, 0.0)
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B 70e 3abf ) YA Fet 3R] AN

gaduot dee el dt exsel 4

B,(—0.125, —0.216506)
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Table 8 °T, of precision point

i oTpl
1.000 0.000 0.000 0.000000 7
1 0.000 1.000 0.000 0.000000
0.000 0.000 1.000 1.933000J
L 0.000 0.000 0.000 1.000000
- 0.000  0.000 1.000 0.000000 7
5 0.000 1.000 0.000 0.000000
—1.000 0.000 0.000 1.933000
L 0.000 0.000 0.000 1.000000 J
[ 0.000 —1.000 0.000 0.000000
3 0.000 0.000 1.000 0.000000
—1.000 0.000 0.000 1.933000
L 0.000 0.000 0.000 1.000000 .
- 0.000 —1.000 0.000 0.201581 1
4 0.000 0.000 0.000 1.002186
—=1.000 0.000 1.000 1.263049 J
L 0.000 0.000 0.000 1.000000
Table 9 Simulation results
i qy Simulation i qy Simulation
Resuits Results
1 1.570796 1 0.522855
2 1.570796 2 2.285263
1 3 0.000000 3 3 1.371731
4 0.500000 4 0.394962
5 0.500000 5 0.700971
6 0.500000 6 0.394883
1 1.570795 1 0.343491
2 2.912075 2 1.765550
2 3 0.000001 4 3 1.536954
4 0.454596 4 0.483734
5 0.522105 5 0.628562
6 0.522105 6 0.540596
HAL AR Feiddoe|n, wddl 7|
M Ag dAshs NYAALE 4% £%eag

B 28779 iy 3405
1 2
3 4

Fig. 6 Pictures of end-effector robot mechanism

Z3
X3
X2 z3
z
z
2. °
Xg Yo

Fig. 7 Coordinate systems representing spherical
wrist joint

Table 10 Comparison between absolute coordi-
nates and relative coordinates

Direct- Stewart- |[End-effector
drive robot | Platform robot
mechanism | mechanism | mechanism

NC NE | NC NE|NC NE
Absolute"® | 18 15 | 98 92 | 63 57
Relative® 6 6 | 36 30| 18 12

Coordinates

NC: number of coordinates
NE: number of kinematic constraint equations
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