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obots (2nd Edition

| Page 81
Mobile Robot Kinematics 81 dent constraints....

) Page 81
AT,

Page §1
In contrast, consider a bicycle chassis....

& Page 81
equation (3.40), any robot consisting only...

" Page 81
Yet it has one less degree...

Introduction to Autonomous Mobile

D&K@ EQ_ DR & Q ¢ Pagsdlo

The dimensionality of the null space (dimN ! of matrix C\( IH 1§ @ measure ur the
-.I-...—i-.- mhﬂl

1hr0 20 I'-" log 7}5: ‘/‘ilgﬁ é; \ i

and - s . .. . L e
Consider an ordinary differential-drive ¢! ‘ N 75‘:] ;l% /‘T‘\
dard wheels sharing a common horizontal ay

no independent kinematic constraints to the system. Therefore, rank [C ,lﬁ‘}] = | and
0, = 2. This fits with intuition: a differential drive robot can control both the rate of its
change in orientation and its forward/reverse speed, simply by manipulating wheel veloci-
fies. In other words, its ICR is constrained to lie on the infinite line extending from its
wheels” horizontal axles.

In contrast, consider a bicycle chassis. This configuration consists of one fixed standard
wheel and one steerable standard wheel. In this case, each wheel contributes an indepen-
dent sliding constraint to C,(B,). Therefore, 3, = 1. Note that the bicycle has the same
total number of nonomnidirectional wheels as the differential-drive chassis, and indeed one
of its wheels is steerable. Yel it has one less degree of mobility. Upon reflection, this is
appropriate. A bicycle only has control over its forward/reverse speed by direct manipula-
tion of wheel velocities. Only by steering can the bicycle change its ICR .

As expected, based on equation (3.40), any robot consisting only of omnidirectional
wheels such as Swedish or spherical wheels will have the maximum mobility, &, = 3.
Such a robot can directly manipulate all three degrees of freedom.
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tandard wheel, the robot must move for the change in steering angle to have
impact on pose. As with mobility, we care about the number of independently
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1.1 Introduction

Robaotics has achieved its greatest success to date in the world of industrial manufacturing.
Robot arme, or manipulators, comprise a$ 2 billion industry. Bolted af its shoulder to a spe-
cific position in the assembly line, the robot arm can move with great speed and accuracy
to perform repetitive tasks such as spot welding and painting (figure 1.1). In the electronics
industry, manipulators place smiface-mounted components with superhuman precision,
making the portable telephone and laptop computer possible.

Yet, for all of their successes, these commercial robots suffer from a fundamental dis-

advantage: lack of mobility. A fixed manipulator has a limited range of motion that depends
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