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D-H convention ' R PG o k
» Rot(z,0i)* Trans(z,di)*Trans(x,ai)*Rot(x,ai)
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D-H frame Assignment 5 s
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LINK COORDINATES
Joint n Joint n+1 Joint n+2

2+

A , Parallel to z,,
a -\




To find DH parameter (0i-joint angle)

1. Rotate the joint at angle 8, about the z -axis.
This will make x, and x,,, parallel to each other




To find DH parameter (di-link offset)

2. Translate along z, - axis a distance d,,.
This will make x,and x,,, colinear.

"
A Xn




To find DH parameter (ai-link length)

3. Translate along x,, - axis a distance a_,.
This will bring the origins of x,and x,,,. That is the two
origins will be the same.

pe - Zn+l zn
i < o
n+l
+ n
a,41 Xy 41 5t - Xp+1

Xn



To find DH parameter (ai-link twist)

4. Rotate the z -axis at angle a,,, about the X, -axis.

This will make z_to align with z,,; axis.

So the frame n and n+1 will be exactly same and we have
transformed from one frame to the next.
Zn+1r Zn

1 #n < &
%1 W X1

Angle is taken positive when rotation is made counter clockwise.



What is Forward Kinematics and Inverse Kine

Joint
% space
6> —» Forward kinin;gﬁﬂs
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2 link Planar Manipulator(RR)

» Explained earlier




1.How to find DH parameter table for a 2 link planar manipula

p These are the 4 forms which helps in finding different DH parametxers
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To find Homogenous Transformation Matrix

» Transformation matrix is represented as Ai=Rot(z,6i)*Trans(z,di)*Trans(x,ai)*Rot(x, ai
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Manipulators

+ Robot Configuration: 2

, , Hand coordinate:
L SCARA: RRP n: normal vector; s: sliding vector;
Articulated: RRR (Seleclive Compliance a: approach vector, normal to the

Y nesamo Rcbct o) tool mounting#fie




2. 3 link cylindrical robot(RPP)
L Ak bl tabel ( RPP)
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MODULE-4-ROBOTICS.pptx

Example 3: spherical wrist

3DOF: need to assign four coordinate frames

yaw, pitch, roll (&,, s, 6,) all intersecting at one point o (wrist center)
Choose z, axis (axis of rotation for joint 4)

Choose z, axis (axis of rotation for joint 5)

Choose z; axis (axis of rotation for joint 6)

Choose tool frame:
*  Z;(a)is collinear with z¢ 2
* ¥ (s)is in the direction the gripper closes‘ =
= xg(n)is chosen with a right-handed conventior

Rl o Al

Z3,Xs ’

70 0,

Wrist Center Point

ES159/259

To Gripper



+ Note that z, (axis for joint 4) is collinear with z, (axis for joint 3), thus we

Example 4: cylindrical robot with spherical wrist can make the following combination:
_ . Ty = 00CiCs - OS5, + 8,56
+ 6DOF: need to assign seven coordinate frames e fa b ivail s,‘s‘s,- c:ssce
- Butwe already did this for the previous two examples, so we can fillin the R=NT = 2 T 0, :'__' bt °_ ; °
table of DH parameters: fy Ty Ty 0, ot = ~5CeCl = CuS;
\ 0001 iy = =CiC,Cs8y = Ci8,Cy = 80y
; iy Oy la =500 =588, + 68,
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3.Cylindrical manipulator with spherical wrist
(RPP+spherical wrist(3 DOF)=6 DOF)

0) Cpisduiead wonipulation wtl, Aphuical_waisk x.#u
4 £
faf A

. s e Y 3NNk wusk mechanm bor bl
‘I"’ ‘J &} Jolnlﬂlﬂ 3.2, Ze tm J Faipe
3 ~ et Comlpy

T‘ : Ay Mgt Ag
A ¢ - .
" ] 4 © ',V Ag:[Cs 0 5. 0
S, o G o |
o I © o S¢ 0 ~C5 0
0o o o ) | 0 -1 ©0 0O
lo o o1

Ay =[¢ S © © "'
Sp G 0 ©° |
0o o 1 d¢
© o o1
| ]

T o [CneGSu 8 ~CuGs€-3uG Sy Cusydy
345G 10,5, =8 CsSt G, ¢ Susy  Syssde

=856, S58 N
) o ) |

T: : 150- T[’

[ My wyy dg My 7 G Cs e Qs gt Siss €
all Ha; ‘\.J ‘:‘ E T 31‘!0‘(‘(‘4-!-5"“'(';‘,-(“
HMay 2 =8, Cs G- €
,"ll A3z ‘\.‘ dy, g Sics “s
| o 0 12 % = Gyl =€ 5, 0,515,
i a L o | My, = .s'tﬂtb'sc'sliq$¢f-q§.(‘
312 =8, 5¢ Maz s SylsC -CyC,

dx ; CitusScde~Sits d,~5da

VA o« Citua .o



&4 FORWARD AND INVERSE KINEMATICS

should this
be d17?

Fig. 211 DH coordinate frome assipnment for the SCARA moanipulator

Table 3.5 Joint paramecters for SCARA

Why not d17
|Liuk|af|a.|d‘|€._.|__.__—-—"" ¥

1 @y 0 o= &
2 az | 180 | o | e~
3 0 0 o= 0
4 L] 0 gy [

* joint variable




4.SCARA Manipulator(RRP+1 DOF=4 DOF)
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Example 5: the Stanford manipulator

= 6DOF: need to assign seven coordinate frames:

Choose z, axis (axis of rotation for joint 1, base frame)
Choose z,-z; axes (axes of rotation/translation for joints 2-6)
Choose x; axes

Choose tool frame

Fill in table of DH parameters:

AN
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| Suggested insertion:
- photo of the Stanford
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