IRob2305: Introduction to Robotics

LECTURE 5

Manipulator Kinematics, Link Description, Link Connections,
Denavit-Hartenberg Parameters, Summary - DH Parameters,
Example - DH Table, Forward Kinematics



Link and Joint Parameters

Joint angle g the angle of rotation from the X;_4 axis to
the X; axis about the Z._, axis. It is the joint variable if joint |
IS rotary.

Joint distance d.: the distance from the origin of the (i-1)
coordinate system to the intersection of the Z,., axis and
the X; axis along the Z,, axis. It is the joint variable if joint |
IS prismatic.

Link length a;: the distance from the intersection of the Z_,
axis and the 5(,- axis to the origin of the ith coordinate
system along the X, axis.

Link twist angle @;: the angle of rotation from the Z._, axis
to the Z; axis about the X; axis.



DH PARAMETERS
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Let's consider a 2 dof planar manipulator:

Example 2:
Denavit-Hartenberg parameters
d| 6 a e
ooy | 0 91 dl 02
L2 0 92 d»n 0°
The "~1H; matrices result:
i C1 —51 0 31C1 : ] C2 —52 0 32C2 T
oH . 51 C1 0 3151 1H . 52 C2 0 3252
*—lag 9 1 B ““la » 1 0
Lo @ i R | @ B @ |
Then
Ciz2 =512 0 aG+axCr2
Or. = Ve |0 & 2P| S12 G2 0 a5+ 22512
0 0 0 1 0 0 1 0
0 0 0 1




Bample 3:  Example: planar 4 dof manipulator (redundant)

DH parameters

+
d| 6| a | a
|_1 0 0 1 dl 00
L2 0 02 a2 0o
L3 )0 | 63| a3 | O°
L4 0 04 d4 Oo

All the '~1H; matrices have the same

structure
[ G =S; 0 aC |
; S G O 955
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= 0 0O 1 O
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Example 4:

Ye
Link ai ol di 0i
0 0 P 1 o1 Tl — Tz,().,: Tz,(l,,-,TI:,(z,,,-, Tz:,(x,; —
JT

L Rz G 0 I Pd; I Pa; R:zz SOl

3 0 7/2 0 03 + 7/2 - -
Co, —3%0,Co, 99,85, Gila,

4 0 | —m2 | a4 04 i 9 “akae Yow

_ S8; CB:iCoz —Co:8a; iS6;
5 0 /2 0 05 0 Se; Ca, d;
6 0 0 do6 06 0 0 0 1




Where, the Rx, Rz — base rotation matrices

Pd, Pa - vectors

—COS 9, — sin 9, 0
sinf); cosf;, 0
0 0 1

1 0 0

0 cosa; —sinq;

0 sina; cosq;
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Denavit Hartenberg matrix:
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Final will be:



Example 5: PUMA 260

Waist rotation 330° 1.  Number the joints
~ 63 R 2. Establish base frame
|
\\' (/' \\ 3. Establish joint axis Zi
'( S 4. Locate origin, (intersect.
. 8.0 in EE e of Zi & Zi-1) OR (intersect
i of common normal & Zi'

5. Establish Xi,Yi

l Xi:i(Zi—IXZi)/ Z 4 xZ,
Wrist Y =+(Z,xX,)/|Z,x X,

rotation

13in

/ ' PUMA 260




>> md1l_puma560

>> p560
p560 =

Puma 560 [Unimation]::

CODE EXAMPLE IN MATLAB

- viscous friction;

1
T

params of 8/95;

6 axis, RRRRRR, stdDH, fastRNE

1

1

I
T

offset |

| 7 | theta | d | a | alpha |

| 1] ql] 0] 0] 1.5708| 0|
| 2] q2 | 0| 0.4318| 0| 0|
| 3] q3| 0.15005 | 0.0203| -1.5708 | 0|
| 4] q4 | 0.4318| 0| 1.5708 | 0|
| 5] q5 | 0| 0| -1.5708 | 0|
| 6] q6 | 0] 0] 0] 0

>> p560.fkine([0 0 0 @ 0 0])

ans =

(SIS IS I

(SIS I o

0.4521
-0.15
0.4318
1

% forward kinematics

We can animate a

path:
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Best industrial robot systems

https://www.youtube.com/watch?v=neWc5191dQ4



