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Redundancy

* Redundant actuation system
e System that has more actuators than degrees of freedom

* A system can have a redundant actuation system, while remaining under-
actuated

* Only subsets of Dofs can be redundant
p

* Opportunities in the control allocation problem u'\&
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Redundancy

* The Control Allocation problem :

* Given the actuation system :

Fg =A - Fy

‘Concentrator’

 Compute the desired actuators’ force, Fr‘rll, in order to produce a
prescribed resulting action Fg on the system.

Fd =D - F§
‘Dispatcher’

* IfAis (nxm), where m > n, under-determined
* Ifdet(A) # 0, D is uniqueand D = A1
e If Ais (nxm), where m < n, D is not unique



Redundancy

* Example : Jack
e 6 actuators for 6 Dof

* redundant in the H plane
* Globally underactuated
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Redundancy

* Example : Jack, Dead-zone effects compensation

e Use of the Moore-Penrose pseudo inverse : At = AT . (A : AT)

Yow oo (1) response, uang A*

* Test on Jack, yaw regulation
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Redundancy

* Example : Jack, Dead-zone effects compensation

e Use of the Moore-Penrose pseudo inverse : At = AT . (A : AT)

» Test on Jack, yaw regulation, folding DZ
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Yaw angle y(t) [°]
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F. (Thrust, N)
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Redundancy

* Example : Jack, Dead-zone effects compensation
* Use null-space projetor

If Ais (nXm), wherem >n, - kerA # {@#},andVM,, € kerA, A-M, =0

Hence, V1€ R, F, =AY -F§ + M, 1, > Fg =A-F, =A- (A" -F§ + M, - 13,

d =A-A" - F§+A-M_ -1, = F§
F,, = [A* Fp
m = [ Mm]' = F4

T (for some nice properties of A)
m

Yaw angle y(t) response, using redundancy
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Redundancy

* Example : Robustness against motors’ characteristic uncertainty and disparity

F =Q(,)

The actuators characteristic F m Vs
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F, :A-Q(fl_l(AJ’ F+M_ -rm))EA-Q-fZ_I -(A+ F+M_ -rm);tFI;1 =>» DOF Coupling effect



Redundancy

* Example : Robustness against motors’ characteristic uncertainty and disparity

Linear velocities evolution Heeading angle evolution
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Redundancy

* Example : Robustness against motors’ characteristic uncertainty and disparity

Linear velocities evolution 10" Heading angle evolution
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Redundancy

* Example : Robustness against motors’ characteristic uncertainty and disparity

F, =A-Q(f2_l(A+ Fy +M_ -rm))EA-Q-fl_l -(A+ Fy +M_ -rm);ﬁF]‘; =» DOF Coupling effect

* |dentification of corrective coefficients Fp=A-Q-c (c)=0
» Consider the following regulation law : = ¢, (c,) € ker(A - Q)

_ —U— tu- _ C;l
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Redundancy
* Example : Robustness against motors’ characteristic uncertainty and disparity
F, = A-Q(f)‘l(A” Fy +M_ -rm))EA-Q-fl_l -(A+ Fy +M_ -rm);ﬁF,‘; =» DOF Coupling effect

* |dentification of corrective coefficients
* Consider the following regulation law 2r Evolution of the ratio a(Co)

1.8

* lterate for ¢ < ¢, < ¢ and build Q(cy) .

F,=A-Q-¢co(c,)=0 Eal :
= ¢, (c,) e ker(A-Q)
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Redundancy

* Example : Robustness against motors’ characteristic uncertainty and disparity

F, =A-Q(fl_l(A+ Fy +M_ -rm))EA-Q-fl_l -(A+ Fy +M_ -rm);ﬁF];l =» DOF Coupling effect

 |dentification of corrective coefficients system trajectory
e Consider the following regulation law j
| QO v pon B [0;1;,0] T {red; N)
* Iterate for ci'™ < ¢y, < ¢ and build Q(c,,) \ F¢ = [1,0,0]T (blue, N)
* Implement the follwing open loop control e 107
-
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. , -)D;OF decoupled
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Redundancy

* Example : Robustness against motors’ characteristic uncertainty and disparity

F, =A-Q(f2_1(A+ Fy +M_ -rm))EA-Q-fl_l -(A+ Fy +M_ -rm);ﬁF]‘; =» DOF Coupling effect

* |dentification of corrective coefficients

H 1 Heading angle evolution Rotation velocity evolution
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Redundancy

* Dead-zone effects compensation

* Robustness against motors’ characteristic uncertainty and disparity

* Robustness against actuators failure : r,? / Fi=1_x= 0 & Fg = [Fy, ..., Fp]T = F§

F: =A-F,
e




Redundancy

* Dead-zone effects compensation
* Robustness against motors’ characteristic uncertainty and disparity

* Robustness against actuators failure : r,? / Fi=1_x= 0 & Fg = [Fy, ..., Fp]T = F§

 Maximum failure ?
* If omni-directionality preserved :

» rank (A,) = 6,A, = A—{a;_;_;} Fg = A-F,
@ 6 @
) +’@ ,




Redundancy

* Dead-zone effects compensation
* Robustness against motors’ characteristic uncertainty and disparity

* Robustness against actuators failure : rn? / Fi=1 k= 0 & Fg = [Fy, ..., Fp ]t =

 Maximum failure ?
* If omni-directionality preserved :
* rank (A*) =6A,=A- {al=1,...,k}

* If displacement capability preserved :
* rank (A*) = 31A* =A-— {al=1,...,k}
* Guidance & Control adaptation




Redundancy

* Dead-zone effects compensation
* Robustness against motors’ characteristic uncertainty and disparity

* Robustness against actuators failure : r,? / Fi=1_x= 0 & Fg = [Fy, ..., Fp]T = F§

 Maximum failure ?
* If omni-directionality preserved :
» rank (A,) = 6,A, = A—{a;_;_;}

* If displacement capability preserved :
» rank (A,) =3,A, = A—{aj-;_;}
* Guidance & Control adaptation

e Reducing actuation activity
 Saturation avoidance




Redundancy

* Next time :

e Optimimal redundant design (properties of A)
* Manipulability
* Energy
Workspace
Reactivity
Robusness

(a) Cube robot in C' configuration (b) Cube robot in C? configuration

Figure 19: Cube robot in two configurations C' and C2




Redundancy

* Next time :

e Optimimal redundant design (properties of A)
* Manipulability

* Energy

* Workspace i r.‘..m.

* Reactivity : wq» o2 || comnons

* Robusness m:m & @
* Dynamic management s | = L |

. . (a) Umbrella robot in open-forward Lol Ll Ll e
of variable actuation system |

(b) Umbrella robot in close




Redundancy

* Next time :

e Optimimal redundant design (properties of A)
e Manipulability

* Energy
* Workspace 08
* Reactivity
* Robusness NOTEVRS
* Dynamic management o
of variable actuation system o .
* Final hybrid proposal e

Temps
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