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Solutions of Inverse Kinematics of Articulated Robot by Using Repeatedly Direct Kinematics

Lubo SONG, Yoshitsugu KAMIYA, Hiroaki SEKI, Masatoshi HIKIZU and Qin ZHANG

In this paper, a method of repeatedly direct kinematics is introduced. By using this method, a flowchart

serving for the solution of inverse kinematical problem of an articulated robot arm is investigated. The

performance of the flowchart is analyzed in a robot arm whose inverse kinematical answers cannot be

directly obtained in formula because of the existence of an offset in its wrist. In the flowchart, because the

position error and the posture error are evaluated separately, the computing efficiency becomes very high. In

addition, another flowchart dealing with the plural answers of a robot hand with the same position and

posture is put forward. The solution of the plural answers makes it possible for a robot arm to avoid the

angular limitations of its joints or to bypass the obstacles while working.

Key words: repeatedly direct kinematics, inverse kinematics, articulated robot, offset
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Fig.1 The robot arm with an offset in its wrist
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Initial condition
- [1.  Initial robot hand:

Hu Huz Hup Xw
Hun Haz Hn Y

H=5T,°T'T, T, T, *T,*T,°T, =
0 712 Sy fu fs fe T Hunw Hw Hw Zx

0 0 0 i
2. Objective robot hand:
on O O Xo
Oun On On Jo
- On On Oun Zo
0 0 0 1
v
Set an initial position error:
£, = OO
> 3y <
Posture control (the 4th,5th.6th joint)
In the posture control, according to
6=0+86,, AH={A¢,0,-A¢} (i=4,5,6)

there are 27 kinds of options available.
The evaluated result
0,4=6,4+A 94 95=95+A Og, Ua=0p+A Gy
i=3,7=2

. : I
makes its posture error &= (Hy-Cy)" minimum.

1, 7=1

Finish (Y/N)?
(A 6,28 6¢=A §y=0)

Compute the position error
£=(Xu - Xo) + (Vs - Yo)? +(Zx - Zo)*

68, =0,

95' :95

B =85
A

Position control (the 1st,2nd,3rd joint)
In the position control, according to
0=6,+A0, AbGi={A¢,0,-A ¢}
there are 27 kinds of options available.
The evaluated result .
0,=6 +2 0, 6,=0,+00, 050,400,
makes its position error ¢ minimum.

(i=1,2,3)

Finish (Y/N)?
(A6 1=A 8 Z:A 63=U)

Fig.2 The flowchart of repeatedly direct kinematics
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Initial robot hand: Objective robot hand:

~037 ~0.87 032 560.00
0.00 —1.00 0.00 —250.00||-048 047 073 290.20
000 000 -100 23500 | |-079 011 -0.59 55837
000 0.00 000 100 0.00 000 000 1.00

100 0.00 0.00 400.00

10

Posture error
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600000
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200000

1 101 201 30t Loops

e b ol

- o e -
- a0 a0 -0 200
/\ua , /\m
).\ foo gw koo
Tt % E o T B e F
o o~ T L.»""l/ MN.\M.
e ED 00 400 4.

Fig.3 The example of an convergence in an answer
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The 1st answer
1) Set the initial values of the 1st answer:
(61),=(02),=(83),=(84),=(05)=(86),=0
2) Search the 1st answer by repeatedly direct kinematics.

Y

The 2nd answer
1) Set the initial values of the 2nd answer:
(g1),=(01), (62),=(82), (§3),=(83),
(64),=(04),+180 (85),=-(85), (96),=(06),+180
2) Search the 2nd answer by repeatedly direct kinematics.

v

The 3rd answer
1) Set the initial values of the 3rd answer:
(D) :=(0 1), (62):=(02)+2 (93)4=(03)-28

(94)3:0 (95)3=0 (96)3=0
a=atanZ (¥, X) B=atanZ2(Y-Y' , X-X')
X X’
13 KR 2 oo
=TT = z L= 7
0 1 0 1

The computations of 275-and 273 depend on the 1st answer.
2) Search the 3rd answer by repeatedly direct kinematics.

4

The 4th answer
1) Set the initial values of the 4th answer: i
(0 1),=(0 1)y (62)=(82); (93),=(83)4
(04),=(84),+180  (85),=-(§5), (66),=(866);+180
2) Search the 4th answer by repeatedly direct kinematics.

The 5th answer
1) Set the initial values of the 5th answer:
(0 1)5=(81),+180+2y (62),=180-(8 2)s (83)5=(03),

(94)s=0 (85):=0 (86)s=0
¥
y =atan2 (Y, ) 7,217,270, = | Z
0 1

The computation of 174 depends on the lst answer.
2) Search the 5th answer by repeatedly direct kinematics.

il 4

. The 6th answer
1) Set the initial values of the 6th answer:
(91)5:(91)5 (62)53(92)5 (93)s=(93)5
(94)»;:(94)54'180 (95)5:_(95)5 (66)5=(96)5+180
2) Search the 6th answer by repeatedly direct kinematics.

v

The 7th answer
1) Set the initial values of the 7th answer:

(9 1)7=(0 1y (02702 +2a  (03)=(83)¢-28
NS (§5),=0 (66)=0
a=atan2(Y,X) B=atan2(Y-Y' , X-X')
X X'
LY AT ¢ 2 :. ¥
nL="05'T, 2 I 2
0 1 0 1

The computations of 273 and 274 depend on the 5th answer.
2) Search the 7th answer by repeatedly direct kinematics.

A

The 8th answer
1) Set the initial values of the 8th answer:
(0 D=(8 1), - (82)g=(62), (83)5=(63),;
(0)=(94),+180 (95)=-(85), (66)3=(86),+180
2) Search the 8th answer by repeatedly direct kinematics.

Fig.4 The flowchart of searching 8 answers
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Objective robot hand:

0.66 —0.63
-0.73 -0.66

0.16 -042

0.00  0.00

0.41  300.00

018 -11.16
-0.90 493.93

0.00 . 1.00

‘fAnswer 1: Answer 2:
61:71.80 91:6.40
§2:4.10 0 62:50.30
B 3:.54.50 83:-22.80
Lﬂﬂ N 04:20.70 ¢ 6 4:74.70
8 5: 69.90 TU'J | o570
| 86:107.10 L-"00| 8 6:-20.70
v’/ r".d g
-~ gy e
Answer 3: Answer 4:
01:69.70 61:-83.10
_/_‘"“ 02:-156.90 . 02:-148.90
83:-126.40 i 83:-129.30
..»f\“ 84:-21.90 ’\\ 04:-154.80|
Tw 0 5:-59.70 00 8 5:90.00
] 66:123.90 . ~%op] 0 6: 141.00
a0 400 L
“ L:" .\.-—') L"—‘
e . S B S
- TBoo—~ - “bo—
Apswer 5: Answer 6:
8 1: 96.90 91:-110.30
§2:-31.10 0 82:-23.10
8 3:-50.70 # 3:-53.60
N §4:25.20 /\\ 84:158.10
§ 5:90.00 9 5:-59.70
| 86:141.00 _~Boo| ©6:123.90
---\/4 /.«"’400 S ~ ;&‘
e mn\‘BW"“ _ 400\__300“_-
Answer 7: Answer 8:
91:-108.20 61:-173.60
y 92:175.90 62:129.70
#3:-125.50 8 3:-157.20
n| 04:-159.30 J‘w 04:-105.30
d5:69.90 65:-7.80
.1 8610710 _~"8n] 66:-20.70
—— e _\\,- |
s "“’\mn\m - L\“"Aurr\\m
d nn’—-o - 0“*——
Fig.5 An example of 8 answers (& $=0.1° )
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Ja Ja Jeo Je Jes Js 48/ dt
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6 1:50.0
g2:-30.0
63:18.0
e 6 4:0.0
85:-76.0
- i 86:40.0
e R 8
dﬂﬁ%
Jacobian:

[ 8536 38376 25520 -279.83 3.70  0.00
25473 45734 30413 -84.42 441  0.00
0.00 9835 -24806  51.98 -16490 0.0
YTl o0o0 077 0.77 -0.13 0.77 -0.64
000 —064 -064 -016 -064 077
.00 0.00 0.00 -0.98 0.00 —0.03

det(J, )=38867925.20

(a) Non-singular posture

61:50.0
62:-72.0
6 3:162.0
fo 84:0.0
85:00

g~ WD 6 6: 40.0
Py N5l
B0~ pgg—

Jacobian:

[-366.81 24453  0.00 0.00  0.00 0.00
634.14 29142  0.00 0.00  0.00 0.00
0.00 688.61 565.00 —250.00 165.00° 0.00
v 0.00 077 077 0.64 0.77 0.64
0.00 -0.64 -0.64 0.77 -0.64 0.77
.00 0.00  0.00 0.00  0.00 0.00

det(J, )=0.00
(b) Singular posture
Fig.6 Examples of Jacobian
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