R8 Mast “Zero-Position” Approach

Figure 1. Definition of coordinate frames at joint angle zero positions for the Rock8 Mast

When each joint axis at the zero position can be aligned with one of the coordinate axes, all link frames can be assigned to be parallel with each other. Most of practical manipulator arms happen to be designed in this manner.  In these examples the “zero-position” approach is usually easier than the Denavit-Hartenberg method, although they are shown to be mathematically equivalent. An example with the R8 Mast is described below.

First we use notations Rot(axis, theta) and Trans(x, y, z) as defined below.
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From Figure 1, 
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Note that for the joint angle 3, 
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 is used instead of 
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 to switch the positive joint angle direction. For the above four equations,
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The end effector position,
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p

, relative to the 
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 frame is
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The above formulas are identical to the ones used in forward_kinematics_dx_mast() of dx_mast.cc.

R8 Mast Denavit-Hartenberg Approach 


Figure 2. Coordinate frame definitions under Denavit-Hartenberg approach for the Rocky8 Mast.

The Denavit-Hartenberg approach provides concise means of representing manipulator kinematics using minimal number of link parameters. The constraint is, however, that the joint zero positions are no longer arbitrary, but dictated by the Denavit-Hartenberg rules. Figure 2 shows coordinate frames defined under Denavit-Hartenberg approach for the Rocky8 Mast. Note that the length of the link 3 is L3DH, not L3. Denavit-Hartenberg link parameters are listed in Table 1. In particular, the joint angle offsets are added so that the forward kinematic transformations for the given joint angles are identical to those of the “zero-position” approach described above. The L3DH is given by
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Table 1. Denavit-Hartenberg Link parameters for the Rock8 Mast
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We computed the end effector position, p4, and it was identical to the one obtained from the “zero-position parallel frames” approach.
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