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Change the joint configuration in midair
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Complexity of Floating-base Manipulators

* Fixed-base: All degrees of freedom (DOFs) are typically actuated.

* Floating-base: The base Is unactuated (or indirectly actuated),
eading to under-actuation.
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Complexity of Floating-base Manipulators

* Fixed-base: The base Is stationary; dynamics are primarily local to
the manipulator.

* Floating-base: Base and arm(s) dynamics are tightly coupled, and
the base has holonomic or non-holonomic constraints.
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Complexity of Floating-base Manipulators

* Fixed-base: Stability is not a concern as the base is immobile.

* Floating-base: Especially in ground or legged platforms, stability Is
dynamic and must be actively maintained.
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Complexity of Floating-base Manipulators

* Fixed-base: External reaction forces are naturally transferred to the

environment.

* Floating-base: Internal forces and torques cannot rely on ground
reactions (linear and angular momentum must be managed by

control carefully)
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Complexity of Floating-base Manipulators

* Fixed-base: Simpler joint-space or task-space control suffices in
many cases.

* Floating-base: Requires whole-body control, prioritization, and
constraint handling.
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« Recap: Dynamics of Fixed-Base Manipulators




Recap: Fixed-base Dynamics

* Structure:
* n X Rigid Bodies
* n. X 1-DOF Revolute Joints
* n, X 1-DOF Prismatic Joints
* Frame {i} is attached to i-th body, i€ {1,:--,n}
* Frame {0} = IS stationary.
 Configuration Space:
» Unconstrained: Qfree = (SE(3))"
* Constrained/Reduced: Q =S* x - xS! X Rx X R

4

nr np

* dimQfpee =6n , dimQ =n

ng+np=n




Recap: Fixed-base Dynamics

* 1-DOF Joints:
« Joint configuration: ¢g; € St org; € R
« Joint velocity: gi €ER
. Relative Pose: HI"Y(q) = H™1(0) 5 9 € SE(3)
- Relative Twist: vHl =g e RO

l




Recap: Fixed-base Dynamics

* Recursive Newton-Euler Inverse Dynamics
s VP = Ad,: VISP T

l 1

) T]ii _Ad i ll__ll —ad ll 1q (Ad i li__ll' )+Sll 1q

l1 l1

° Wil’_ll — zl,lvi; _ ad;ii’ (zl,lvi )_|_ Adl-l;ii+1wil+1,l+1

"= (Sii'i_l)TWii'—i1

Fori=1, V,° =0




Recap: Fixed-base Dynamics

« Compact Newton-Euler Inverse Dynamics
*V=L(q)Sq
*V=L(@S§—L(q)ads 4 A(QV
cW=LT(@QIV —LT(q)ad}, TV
c7=8"W

Unconstrained Variables Constrained/Reduced Variables




Recap: Fixed-base Dynamics

« Compact Newton-Euler Inverse Dynamics
-V =7J)q
* V =J(q)§ — L(q) ads 3 A(q) V
cW=LT(@QIV —LT(q)ad}, TV
c7=8"W

Geometric Body Jacobian of all n-links

511,0 0 0 \ (711,5
1,0 2,1
AdH (q)S SZ 0 JZZ,S(q)
— 1,0 2,1 3,2 =
J@ = | Adys (q)s Adys (q)s s w0 J3* (@)




Recap: Fixed-base Dynamics

* Reduced Dynamics

* V=7(q)q
V=7J@d—L(q)ads 4 A(q)V
W= LTIV —LT(q)ad), IV
T=8"W

M(q)G+C(q,q)q=r1

M(q) =3 (@ TI(@)
C(q,q) = J"(@|-TL(Qads 4 A(q) —ad[y)s4Z|T(q)




Recap: Fixed-base Dynamics

* Reduced Dynamics with gravity and end-effector wrench

M(q)§ + C(q,¢)d + g(q) = 7+ Ja (W
Vee'S — Je(Q)q
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