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IK Problem Formulation.

IK Problem Formulation:
Inverse Kinematics
Rs

Given: Desired position and orientation of

end-effector, p.
Required: Joint Variables q (6 or d) to get p

q=f(p)
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IK Problem Formulation.

IK Problem Formulation:
Inverse Kinematics
Rs

Given: Desired position and orientation of

end-effector, p.
Required: Joint Variables q (6 or d) to get p

a=f(p)
Given the desired 4 x 4 homogeneous transformation H
_ B o
=
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IK Problem Formulation.

IK Problem Formulation:
Inverse Kinematics
Rs

Given: Desired position and orientation of

end-effector, p.
Required: Joint Variables q (6 or d) to get p

a=f(p)
Given the desired 4 x 4 homogeneous transformation H
_ B o
=

The task is to find a solution (possibly one of many) of the equation:
To(qr, .- aqn) = Ar(q1) Az(g2) ... An(qn) = H

It is 12 equations with respect to n variables ¢, ..., g,
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IK Problem Formulation.

IK Problem Formulation:

Inverse Kinematics

Given: Desired position and orientation of

end-effector, p.
Required: Joint Variables q (6 or d) to get p

q=f(p)

X
,qn in a closed rather than numerical form:

It is often advantageous to find ¢, ...

dk :fk(hll)h127"'7h34)) k= 17"'7”

This will allow fast and deterministic computation of the joints variables instead of

searching for a possible solution.
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Geometrical Approach:

Example: Two link manipulator

link a, a d; 6,
a; &
2 a, 0,
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Geometrical Approach:

Example: Two link manipulator

¢ -5 0 apc c, —=s, 0 a,
q - s, ¢ 0 ags (= 5, ¢ 0 as,
o 1 o/ o 0 1 o0
0 0 1 0 0O 0 1
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Geometrical Approach:

Example: Two link manipulator

Cn, —Sip 0 a,¢ +a2012_

s, ¢, 0 as +a,s,
T20=/1'1‘42= 12 12 101 1

0 0 1 0

0 0 0 1]

Forward Kinematics:
x = aj cos(01) + ag cos(0y + 02)

y = aysin(6q) + az sin(61 + 62)
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Geometrical Approach.

Geometrical Approach:

Example: Two link manipulator

x = ag cos(01) + ag cos(0y + 02)

y = apsin(fy) + ag sin(fy + 62)
In Inverse Kinematics, we need the joint
variables 01, 02 in terms of the given x and y.

@ The Forward Kinematic equation are
non-linear of sine and cosine terms.

@ It is not easy to find a solution or a unique
solution in general.
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Geometrical Approach:

Example: Two link manipulator

¢ = a? + a3 — 2a1a9 cos(180 — )

2., ,2 2 _ 2
cos(92)2$ ty —aj—aj

2a1a9
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Geometrical Approach:

Example: Two link manipulator

If cosfsy is known,
sin(Gg) =4++1- D2

So,

o =1t Two Solutions

_ N2
- i\/lD D

where,

2 2 2 2
e+ a a
D = Y 1 2

2&1@2
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Geometrical Approach:

Example: Two link manipulator

2
X g
,
s |
i |
// !
Ve I
I |
g | _-
e 2 Prad
7z 1
. /J/ y
- _ |
P g
7z ]
. 21 !
/a |
7 ]
o
. 1 |
.
91 = (/) —

_ _ as sin 0y
f1 = tan lg—tam Pt S
x ay + as cos By
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Geometrical Approach:

Example: Two link manipulator

92:tan_1i\/1fD2 . D:x2+y2fa%fa§
D ’ 20,1(12
61 = tan~* y_ ta —1__ Q2802 $in 02
T a1 + as cos O
elbow up

" elbow down

Two Solutions exist

/
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Algebraic Approach:

Example: RPP Robot

‘[:;
c 0 s s1d i
| —851  —S1d3 .
TO — A AsA. — {81 0 cids ‘l LV
3 12 0 -1 0 di+ds ' ]
0 0 0 1 J
Forward Kinematics:
r = —dgsin ‘g
2
y = d3 cos 01 S
1}
z=di +d 5
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Algebraic Approach.

Algebraic Approach:

Example: RPP Robot

([_';
Tr = —d3 sin 91 , W {3}
y = dg cos 01 Y /l

z=di +dy

Inverse Kinematics:

_ £ ]

0y = tan~! o
Yy c

o

dQZZ*dl L")
d3:\/x2+y2 °
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Algebraic Approach.

Algebraic Approach:

Example: RP Robot

A = AQ+ A}

ce, 0 S8, 0

4= |56 0 —Co 0]
o 1 0 I
00 0 1

co, 0 56,
o= |56 0 —co
2 0 1 o

0 0 o

1
2

(=N =R

SO = O

d,56,
—d, 8,
L

1

T = dgsin 0y

y = —dg cos 6

Z:ll
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Algebraic Approach:

Example: RP Robot

T = dg sin 0y

y = —dg cos by
z = ll
Inverse Kinematics:
|-

X
01 =tan™ " —
Y

dgz\/l‘2+y2
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Algebraic Approach:

Example: Stanford Manipulator

T(? = Ay Ag

rin Tz Tz dy

To1 To2 Tz dy

T3 T32 T3z de

Lo o0 o 1]
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Algebraic Approach.

Algebraic Approach:

Example: Stanford Manipulator

11
a1
31
Té) = A Ag Fla
rin riz Tz de o
_ ro1 Toa Tz dy ‘
N r3y raz 13z d. I3z
[ 0 0 0 1 J "3
. . 23

Not easy to find the IK in
. 33

direct form!

dy
dy
d,
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cq[caleqeses — sy56) — sasscg] — da(sqcses + Cq86)
silca(cacses — s4s6) — sas5c6] + c1(s54¢506 + ca56)
—s2(eac506 — S456) — 28506

c1[—ca(cacsse + s4cq) + s25586] — s1(—s40586 + €406)
—s1][—ca(eacsse + s406) + sa8586] + ¢1(—s40556 + c406)
s2(cacrse + s406) + 25556

c1(eacyss + sacs) — 51

n

455

'

s1(cacyss + s905) + 15485

—520455 + €205

c18ads — sydy + +dg(crcacyss + c10552 — $15455)
5‘15‘2(]3 + C]_(l’g + d6(618455 —+ (45155 + 055‘152)

02(13 + (l’@(fg(% — (’.4.5'25‘5)
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Questions?

haitham.elhussieny@feng.bu.edu.eg
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