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Right hand Rule




Rotate about vector




Roll, Pitch and Yaw Angles
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A Numerical Example

The concept of roll, pitch and yaw angles has been used to |

represent the rotation of a frame {B} with respect to the reference  a«=tan (%)

frame {U}, that is %R. Let us suppose that the above rotation can B=tan—1<

also be expressed by a 3X3 rotation matrix as given below.

—0.250 0.433 —0.866 =
BR=|0.433 -0.750 —0.500
—0.866 —0.500 0.000

Determine the angles of rolling, pitching and yawing.
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Solution:

Andle of rolling: @=tan1 2 —ant 222 _ 50
° S r3z 0.000
= [
Angle of pitching g = tan™! 31
\[r%I + 131
0.866

= tan~!

J/(=0.250)2 + (0.433)?

—T21 o 0.433
= tan
11 —0.250

= —59.99 =~ —60°
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Angle of yawing ¥ = tan



Denavit-Hartenberg Notations

Link and Joint Parameters

W L T T « Length of link; (a)): It is the
\ L : mutual perpendicular

: u,:l' distance between Axis; ; and
,/ Y ’ b AXiSi
‘ s e « Angle of twist of link; (a;): It is
[Ny F defined as the angle
: s ‘Q?._ % between Axis; ; and Axis;



It is the distance
measured from a point where ¢,
intersects the Axis, ; to the point
where q; intersects the Axis; ,
measured along the said axis

« Joint Angle (0.): It is defined as the
angle between the extension of ¢,
Notes: and «; measured about the Axis, ,

*Revolute joint: 0. is variable
*Prismatic joint: 4. is variable




DH prameters -
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» (joint angle) 01 s angle from x0 to x1
measured about Z0



DH prameters

Z0

Xl € — — —O1]

» ( Link Offset) d1 distance from OO0 to O]
measured along z0



DH prameters

Z1 Z0

X0

» ( Link Length) al distance from z0 to z1
measured along x1



DH prameters
I Z0

» (Link twist) %1 is angle from z0 to z1
measured about x1



DH prameters A

1. Link length a; is the distance between z;_; and z; axes along the
r;-axis. a; is the kinematic length of link (7).

2. Link twist «; is the required rotation of the z;_;-axis about the x;-
axis to become parallel to the z;-axis.

3. Joint distance d; is the distance between x;_; and x; axes along the
z;_1-axis. Joint distance is also called link offset.

4. Joint angle 0; is the required rotation of x;_1-axis about the z;_-axis
to become parallel to the x;-axis.
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FIGURE 5.3. DH parameters a;, a;, d;, 6; defined for joint ¢ and link (2).



DH Techniques

* Matrix A, representing the four movements is found by: four
movements
1. Rotation of & about current Z axis
2. Translation of d along current Z axis
3. Translation of a along current X axis

4. Rotation of ¢ about current X axis

A = Rot_ 9 lrans_ J  § rans, , Rot_\,‘a]_
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Example 1
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Example 1
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Example 2
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Example 2
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Example 3

The three links cylindrical
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L [o] o Jd|e
2 | 0] =90 |ds]| 0
310 0 [dif0

* variable

Y1

Yo

24



Example 3
The three links cylindrical
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Example 4
Spherical wrist
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Example 4

Spherical wrist
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Example 5
The three links cylindrical with

Spherical wrist A
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Example 5

The three links cylindrical with

Spherical wrist
7 = BT}

given by example 3 given by example 4.
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Example 5

The three links cylindrical with
Spherical wrist
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FIGURE 5.4. Illustration of a 3R planar manipulator robot and DH frames of
each link.
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Frame No.

a; (873 dL 92
1 0| 90deg | O | 64
2 lo 0 l1 | 0
3 0 | —90deg | 0 | 65

FIGURE 5.5. 3R PUM A manipulator and links coordinate frame.
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