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Link Description

Axis (i-1)

d;_1: Link Length - mutual perpendicular
unique except for parallel axis

(._.: Link Twist - measured in the right-hand sense aboutai_1



Intersecting Joint AXes | s,

Axis'iA‘XI |
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a -1

The sense of a  Is free



Link Connections ,jg*

Axis (i-1) \

d : Link Offset -- variable If joint I Is prismatic
0 : Joint Angle -- variable if joint I Is revolute



First & Last Links

AXIS |

AXIS 1+1
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a.

a. and a. depend on joint axes I and 1+1
Axes 1 to n: determined

m) a .,a ..a_and a,0, .qa .

Convention:la, =a_=0 and a.=a
N 0 N




First Link Axis 9

AXIS 1
Axis O

a,=0 and a,=0




End-Efector Frame




Last Link

: AXIS n+1
AXIS Ntlayis n+1 I

a =0 and a =0




First & Last Links

AXIS 1+1

a

6. and d depend on links I-1 and |
mm) 0,0,..,06 andd,d,..,d

Convention: set the constant parameters to zero

Following joint type: d, or8, =0 and d or6 =0



First Link Axis 9

AXIS 1




Last Link

: AXIS n+1
AXIS Ntlayis n+1 I




Denavit-Hartenberg Parameters

4 D-H parameterS(O(i, a , di’ Gi)

3 fixed link parameters
6. revolute joint

1jointvariable{ | T
d. prismatic joint



Frame Attachment  axs ./

Axis (i-1)
Link i-1

y-vectors: complete right-hand frames



Summary — Frame Attachment

1. Normals 3. Z-axes
2. Origins 4, X-axes



The sense of a . Is determined by
the direction of x



First Link

{0} } z,=2, a,=0
{1} a,=0

Revolute d =0

8,=0 — {0)={1}

aO:O
aO:O
61:0

Prismatic

d,=0 — {0}={1}



L ast L|nk AXis n-1 AXIS n

Revolute |d =

Prismatic en =0

d =0— x=x
N N n-




Summary
AXIS I-1

a.: distance (z., z ,.) along x.
a :angle(z,z,,)aboutx
d : distance (x., , X.) along z
6 :angle (x_, , X ) about z



Example — RRR Arm




Forward Kinematics
Axis (i-1)
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| Z. . }di
7
p R ZQZP /
Z i1 Xi'liu P\ o
X, / Xq
ai-lv\
i-1 - R Q P
T="T T T T

i_liT(O(i-l,ai-l,Gi,di) = RX(O(i-l) Dx(ai-l) Rz(ei) Dz(di)



Forward Kinematics
Axis (i-1)
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Link i

Link i-1
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Forward Kinematics
Axis (i-1)

Link i-1




