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Redundancy

* Redundant actuation system

— 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

— Opportunities in the control allocation
problem:



 Exemple de systemes redondants
« Jack, Ulysse, Taipan, BlueRov



Redundancy

* The Control Allocation problem :

— Given the actuation system :
Fg =A-Fy
‘Concentrator’

— Compute the desired actuators’ force, F3, in order
to produce a prescribed resulting action Fg on the
system.

d _ d
Fn = L]Y)J - Fp
‘Dispatcher’
— If Ais (n X m), where m > n, under-determined

— If det(A) # 0, D is unique and D = A1
—If Ais (n x m), where m < n, D is not unique



Redundancy

 Example : Jack
— 6 actuators for 6 Dof
— redundant in the H plane
— Globally underactuated
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Dead zone

Redundancy

 Example : Jack
— Use of the Moore-Penrose pseudo inverse
A*=AT-(A-AT)"  Fp=A"F§
— Test on Jack, yaw regulation

_Fud_ ;
d _ _
Presentation mani Fy = |B'| = d 0
P rd _k1'(1/J —I/J)—kz'r_



Dead zone

Redundancy

 Example : Jack
— Use of the Moore-Penrose pseudo inverse
A*=AT-(A-AT)"  Fp=A"'F§
— Test on Jack, yaw regulation

w angle 1p(t) resp:

_angle w(_r) [°]
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Dead zone

Redundancy

 Example : Jack
— Use of the Moore-Penrose pseudo inverse
A*=AT-(A-AT)"  Fp=A"'F§
— Test on Jack, yaw regulation, folding the DZ

Yaw angle y(t) response, using A*& folded caracteristic
T T T .

Yaw angle y(t) []
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Dead zone

Redundancy

Example : Jack
— Use redundancy

If Ais (n xm), where m <n, —» kerA # {0}, and VM, € kerA, A-M_, =0

Yaw angle 1(t) respense, using redundancy

Hence, V1€ R, F, = At -F$ + M, - 1,

>Fg=AF,=A-(A"-F§ + M, -1,

LH

_ —A-At.Fd : .y = Fd
= = - E(, Id 0
i (for some nice properties of A)
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6. Actuation layer robustness & %

6.a Consider the motors’ characteristic uncertainty and disparity
_ _ O]
F =Q(c,) ¢.=Q (F))
Fo=A-Q(Q7(AT-F{+M,, )| =A-Q Q" (A Fg+ M, r, ) £ FS
= DOF Coupling effect = == sori "

Forces generated by the actuators [N]
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6. Actuation layer robustness & %

6.a Consider the motors’ characteristic uncertainty and disparity
-1
F =Q(c,) ¢.=Q (F))
F, =A-Q(é‘1(A+ .F;;+Mm-r,,,,))EA-Q-§:-1 (A*-FS+M,, 1) = FS

= DOF Coupling effect = == sori "
6.b Consider the following closed loop control

F-=A-Q-c.(c)=0
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6. Actuation layer robustness & %

6.a Consider the motors’ characteristic uncertainty and disparity
_ —O-!
Fm _Q(cm) cm _Q (Fm)
F, =A-Q(f2‘1(A+ .F,g+Mm.r,,,,))EA-Q-fz-1 (A*-FS+M,, 1) = FS
= DOF Coupling effect

6.b Consider the following closed loop control -
] ) Fo=A-Q.c. (c)=0
—u—J.Otu-dl‘ = c,.(c,) eker(A-Q)
: c,=Q" A" (FS+M, 1) c
Fd — Ry th ’ m B m 'm . _ m,i
B J.O | r Q¢ = Ol,(CO) c
L _l//_r_o.l."-ol//.dt _ jQ(cm):diag(alaa2aa3aa4)

6.c Iterate for Crimin < Cn < Crimax

Evolution of the ratio a;(cg)

afco)




6. Actuation layer robustness

& N

6.a Consider the motors’ characteristic uncertainty and disparity
_ —O-!
Fm T Q(cm) cm _ Q (Fm)

FB=A-Q(é‘1(A+-F§+Mm-rm))sA-Q-f2‘l-(A*-F§+Mm-rm)¢ F¢

= DOF Coupling effect
6.b Consider the following closed loop control

Fo=A-Q.c. (c)=0
—u—_[otu-dt = c,.(c,) eker(A-Q)
) t c.=Q" A" (Fi+M_-r e
Fs _V_Io v-di ’ % ) = a,(¢,) =
t r.=Q-c¢, C,
—y—r—0.1-{ y-dt -
L l// J.O l// _ = Q(cm) = dlag(ala 0527 a39 a4)
system trajectory
6.c lterate for Crimin < Cn < Cpmax

20}
6.d Implement

the following open loop coi
C,= Q(Q1 A (FCBI +M . .rm))
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= DOF decoupled
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6. Actuation layer robustness

Heading angle evelution
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Yaw control with different actuatior dispatchers (, = 120°)
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Yaw control with different actuatior dispatchers (, = 120°)
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Yaw angle: ¢ ()

Yaw control with different actuatior dispatchers (, = 120°)
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Motor input (-)

Motor input (-)
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Dead zone

Redundancy

 Example : Jack, classical approach
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