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CIaSSical NMPC Quick reminder

Dynamical Systems
z = f(z,u) — sampling time 7
Control parameterization (over some prediction horizon)
Upwe(p) == (uM(p),...,uM(p)) € U c RN
Open-Loop optimization problem

P(z) : p(x):=argmin J(p,z) under C(p,z) <0
P

Ideal NMPC feedback

This suppose that the computation of p(z) can be done in a fraction of the sampling

period 7. We call Fast systems those systems requiring sampling periods for which this is

not true.
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Real-Time NMPC The principle

J(x(tk)a Tpap)
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Real-Time NMPC The principle

J(x(tk)a Tpap)
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Real-Time NMPC The principle

J(@(th41), Tps 1)
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Real-Time NMPC The principle

J(@(th41), Tps 1)

Mazen Alamir GT-CPNL, Paris, November 2012 Monitoring Control Updating Rate In Fast NMPC



Real-Time NMPC The principle

J(2(tr12), Tp; )
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Real-Time NMPC The principle

J(2(tr12), Tp; )
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Real-Time NMPC The principle

J(x(tks3), Tp, p)
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Real-Time NMPC The principle

J(x(tks3), Tp, p)
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Real-Time NMPC The principle

J(@(tr14), Tp; )
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Real-Time NMPC The principle

J(@(tr14), Tp; )
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Real-Time NMPC The principle

J(@(trra); Ty )

Minimum tracking ...
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Real-Time N MPC A bit of history ...
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Page 5 : "In the distributed Newton Method, the Newton iterations are distributed over

the successive sampling periods. One step at each sampling period."
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Real-Time N MPC A bit of history ...

M. Alamir, Control Engineering Practice, 2001.

T. Ohtsuka, Automatica, 2004.

M. Diehl et al. SIAM J. Control and Optimization, 2005.
IFAC Workshop on NMPC for Fast Systems, Grenoble, 2006.

Embedding numerical libraries is an issue in
M. Alamir, Springer, 2006.  applications for memory, certification and reli-
ability reasons.

D. DeHaan, M. Guay, Springer LNCIS, 2007.
Y. Wang, S. Boyd, IEEE CST, 2010.
B. Houska et al. OCAM, 2010.

Fast Gradient (Y. Nesterov, 1983) related NMPC implementation :

P. Zometa et al. ACC, 2012
A. Bemporad, P. Patrinos, IFAC NMPC2012
C. Jones et al., IFAC NMPC2012
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Exam p|eS Diesel engine

e BMW M47D Diesel Engine (Linz)
e Sampling time 7 = 50 ms

e Prediction Horizon 30 - 7

e QObservation Horizon Np = 107

e Solver SQP/Trust region

e Number of iteration ¢ = 30

e NL model, 11 states, 2 controls

André Murilo R. Fiirhapter

Peter Ortner

Alamir et al. Automotive MPC: Models, Methods & Applications, Linz, Austria, 2009
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Exam p|eS Diesel engine

BMW M47D Diesel Engine (Linz)

Histogram of the Computation Time

. . 1000
e Sampling time 7 = 50 ms
. . . 800+ gcenal’!o ; 1
e Prediction Horizon 30 - 7 Scenario 3
e Observation Horizon Np = 107 eoor ]
e Solver SQP/Trust region 00
e Number of iteration ¢ = 30 o0 ]
~A
e NL model, 11 states, 2 controls % 7 5 5 o
omputation Time (s) x 107
] André Murilo R. Flirhapter Peter Ortner

Alamir et al. Automotive MPC: Models, Methods & Applications, Linz, Austria, 2009
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Examp|es AMT (Automated Manual Transmission)

Hybridation légére d’un véhicule roulant au gaz naturel

Only 0.3 Mb for control software

Base sampling time 1 ms

Preparation + 1 iteration ~ 50us

Number of iteration ¢ = 21

réservoir et circuit GNV

moteur 660cc GNV

alterno-démarreur
réversible (StARS)

boite de vitesses
robotisée

G

T s
}i §
e

controle du groupe
motopropulseur

ife ==

Vehicle gearing-down : 3 — 2 — 1

ken/t]

Veh. Speed __
(km/b) _|

Rachid Amari

Amari et al. IFAC WC, Seoul, 2008
Alamir et al. Automotive MPC: Models, Methods & Applications, Linz, Austria, 2009
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Examp|es AMT (Automated Manual Transmission)

1x103 i i i (a)
e Only 0.3 Mb for control software ::s ,,,,,,, mf.d.e_ml.de 3 e
e Base sampling time 1 ms N :i:?\::::;j::'up A
e Preparation + 1 iteration ~ 50us
e Number of iteration ¢ = 21

Vehicle gearing-down : 3 — 2 — 1

0/l

o/ N
Veh. Speed

Mo Gm/m) | -

%6

e

Rachid Amari

4 395 395 397 398 299 400
Tie (Sec)

Amari et al. IFAC WC, Seoul, 2008
Alamir et al. Automotive MPC: Models, Methods & Applications, Linz, Austria, 2009
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Examples Twin Pendulum

NL system, 6 state, 1 control

Highly unstable
e Sampling period 200 ms

Number of iterations ¢ = 20.

M. Alamir, A. Murilo, Automatica, 2008.
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Real-Time NMPC More precisely

u
0

u

time
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Real-Time NMPC More precisely

a(tg)

tu time
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Real-Time NMPC More precisely

(tg)

tu time
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Real-Time NMPC More precisely

a(tg

p(t8)

£

u

5|
|

time
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Real-Time NMPC More precisely

u
0

Tu
p(t5)
p(tY)
Computation

time
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Real-Time NMPC More precisely

Tu Updating Period
Sampling Period
p(tg) /
z(tg)
> Mpwc( 7p)
fu T time
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Real-Time NMPC More precisely

p(t8)

(tg)

A

&

tu time
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Real-Time NMPC More precisely

(t5)

0

tu time
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Real-Time NMPC More precisely

u
0

Tu
p(t5)
p(tY)
Computation

time
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Real-Time NMPC More precisely

N

fu time
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Real-Time NMPC More precisely

a(th)
e ()

fu ty time
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Real-Time NMPC More precisely

Define P (&(t}))
p(tg)

(tg) +.

(¢1)

/o

fu ty time
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Real-Time NMPC More precisely

u
0

Tu
Define P(&(t}))
p(t5) Initial guess p+(tg)
)
- & time
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Real-Time NMPC More precisely

Tu
Define P(f?(tqf»
p(tg) Initial guess P+(t8)
o(tg)s
(1Y)

S (vt (t8), 2(t1))

u £y time
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Real-Time NMPC More precisely

Tu Define P(i(tqf))
p(t5) Tnitial guess pt ()
U
Ll So8(p*(t).a(11))
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Real-Time NMPC More precisely

Tu
Define P (i'(tqf»
p(t5) Initial guess p™ (%)
w(tg)r
o B(tY)

So...So0 S(p+(t8)a ‘%(tzf))

fu ty time
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Real-Time NMPC More precisely

Tu
Define P (Z(t}))
p(tg) Initial guess p+(tg)
a(tf) A
()

S (p* (1), 2(13) )

tu tu time
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Real-Time NMPC More precisely

Tu
Define P(f(tqf»
p(t8) Initial guess p*(t{)
AL
Ll S(p* (1), 2(81)) = p(t})
HH 4

£ ty time
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Real-Time NMPC More precisely

Define P (&(t}))

Initial guess p™ (t5)

S (1Y) I u
S s (pt).a) - p)

RITEN =

¢ CPU (single iteration)

fu £y time
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The Control Updating Period Paradigm

Tu

Define P (&(t}))

P(t5) Initial guess p* (t§)

S0 s (). ae) - p)
A -

- u
4 CPU (single iteration)

tw tu time

This results in the extended dynamic system:

x(t}:-ﬁ—l) = XT(QT,J)(tZ),p(tZ),W)
Plti) = SU(p* (1), X(ar2(t), (1)
Bty )
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The Control Updating Period Paradigm
Given S

w

—

z:= (p,x)
q y = J(2)

This results in the extended dynamic system:

x(t}:-ﬁ—l) = XT(QT,J)(tZ),p(tZ),W)
plti) = SU(p* (1), X(ar 2(t), (1)
Bty )
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The Control Updating Period Paradigm
Given §

W
— +

2T = F(z,q,W) |, .— (p,x)
g | v = J@)

Monitoring
Updating
Period

This results in the extended dynamic system:

x(t}:-ﬁ—l) = XT(QT,J)(tZ),p(tZ),W)
plti) = SU(p* (1), X(ar 2(t), (1)
Bty )
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The Control Updating Period Paradigm

Given S Problem Statement
w [ Given a solver &, propose a concrete
2T = Fzqw) | 2= (pa) (on-line) feedback:
q y = J(z)
a(t) = K(=(),..)
Monitoring steering y to its minimum value.
Updating
Period
This results in the extended dynamic system:
x(tZ+1) = X" (qT7 x(t%),p(t%), W)
plti) = S (), Xara(t), (t)))
:i(t‘l):+1)

Mazen Alamir
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The Control Updating Period Paradigm

Given S Problem Statement
w [ h Given a solver &, propose a concrete
7= FEaew) = ) (on-line) feedback:
q y = J(z)
a(t) = K(=(t),..)
Monitoring steering y to its minimum value.
Updating

Period NOTA The computation time needed for

this feedback must be negligible.

This results in the extended dynamic system:

z(thy) = XT(qT,x(tZ),p(t}j),w)
pltie) = S (), Xara(t), (1))
Bty )
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A Small Gain Paradigm

Preliminary Assumption

There is a positive J > 0 such that for all (p,z) of interest, the
inequality:

J(p,x) >J>0

is satisfied

This can always be satisfied by adding sufficiently high constant to the cost function’s

definition.
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A Small Gain Paradigm

J(t) = I (p(t), (1))

fu By time
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A Small Gain Paradigm

J(t) = I (p(t), (1))

Ty
— THEE,) = J(p*(t}g),;i-(!,’j‘ ]))
J(t})
s ()
t £ time
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A Small Gain Paradigm

J(t) = I (p(t), (1))

Tu
A ES] (e CO RN
J(t} . »
(k) J(tp) = J(P(t;:-i-l)v"“}f | \))
e ()
q iterations
J(tig1)
t £ time
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A Small Gain Paradigm

J(t) = I (p(t), (1))

Tu
A T ] ()
J(t} N .
(k) J(thg) = J(P(t;:-i-l)w"(/}f \ 1))
e )
q iterations
I (i)
S1(pt 1), 2())
fu tu time
k k+1
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A Small Gain Paradigm

J(t) = I (p(t), (1))

Tu
— THEE,) = J(p*(t}g),;i-(!,’j‘ ]))
J(tY 5 .
(k) J(tp) = J(P(t;:-i-l)v"“}f | \))
e ()
q iterations T J(t%+1) = J(p(tz+1)7 51‘“},’+1)>
J(tiq1) J
S1(pt 1), 2())
fu tu time
k k+1
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A Small Gain Paradigm

q iterations

fu By time
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A Small Gain Paradigm

)

| JH(ty) = ( ). )
u
J(tk) ‘Hl < 7“1 )
...... e JH(EL )
¢ lterations I J(t) = J (), o (01))
It }
9( (), 4 UHI))
u i -
i L

Jt) _ 1) J(ti) I (tg1)
J{Zgi - [j(f:»:)] db- (f§j1>] <[ J(tlj,;)1 )
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A Small Gain Paradigm

)

j () = ( ") )
J(t}
W = (o)
...... e JH(EL )
q iterations I J(tis) = .l(l’(’ifw)‘ Ptk ‘)
It }
9( (), 2 UHI))
A ti -
. k+1

Jv, ) It ) J(tv, ) JH(E, )
J{Zgi - [j(f:»:)] x [J (f§j1>] dl J(t%l )

E(q(ty))
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A Small Gain Paradigm

)

| () = ( ") )
J(t}
(A) £A+l < ny
...... e JH(EE, )
¢ lterations Il(r;;,);: I (Pl ))
J(tis1) }
g( (t4), (ful))
| p time
u k+1

J) ) T 7 o1t ()
7@ " [J(ti,:‘i)} X{ﬁ(kﬁn]x[ J(t]?)l}

Uncertainty Er(q(t}))
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A Small Gain Paradigm

)

| () = ( ") )
u
s Jate) = 9ot
...... e JH(EE, )
 terations ] J(th,) = .l([?(’i{—ﬂ)v r(t] ‘)
It }
9( (t), (t‘“))

: - time
1 481

J(t) It J(t) Tt )
J{ZB - [J(ti;i)} x {J+(k:+1)]x [ J(t%l}

Uncertainty By (q(t})) Parametrization
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A Small Gain Paradigm

)

| () = ( ") )
I i) =St )
...... e JH(EE, )
 terations ] J(th,) = -l([?(’x—ﬂ)v r(t] ‘)
It }
) ( (t4), (ful))

i iy time

J(tqﬁﬂ) N [ j(t}éﬂ) } % [J(t}iﬂ)} % [JJr(t%H)}

J(ty) JT(tE ) J(te, ) J(ty)
Er(a(ty)) Uncertainty Parametrization
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A Small Gain Paradigm

)

| () = ( ") )
J(t}
(A) £A+l < ny
...... e JH(EE, )
¢ lterations Il(r;;,);: I (Pl ))
J(tis1) }
g( (t4), (ful))
| p time
u k+1

J(tqﬁﬂ) N [ j(t}éﬂ) } % {J(thl)} % [J+(t}é+1)}

J(ty) JT(tE ) J(te, ) J(ty)
N————’
Er(q(t})) Dy (q(t%))
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A Small Gain Paradigm

)

| () = ( ") )
J(t}
(A) £A+l < ny
...... e JH(EE, )
¢ lterations Il(r;;,);: I (Pl ))
J(tis1) }
g( (t4), (ful))
| p time
u k+1

J(tqﬁﬂ) N [ j(t}éﬂ) } % {J(thl)} % [J+(t}é+1)}

J(ty) JT(tE ) J(te, ) J(ty)
N————’
Er(q(t})) Dy (q(t%))
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A Small Gain Paradigm

-]

| JH(t) = (+(tk )
J(t}é) ‘Hl < (tis1)s
""" g JE(E )
¢ iterations Il(rg“):: .l(p(l;fﬂ),‘l"‘ \)
J(t;(l'+l) }
st (1), (014))
i iy time
Jtia) = |Bulat)] - [Dala)] - Tt)
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A Small Gain Paradigm

e J*(tm)-: (*(m )
J(tf‘f) () = (ple ), 201 ))
""" g JE(E )
¢ iterations I J(ty,) = .1(;,(1;5+]), (i} \)
G }
st (1), (014))
i iy time
Jtia) = |Bulat)] - [Dala)] - Tt)

[Knla))] - I(¢7)
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A Small Gain Paradigm

e J*(tm)-: (*(m )
J(tfé) () = (ple ), 201 ))
""" g JE(E )
¢ iterations | J(ty,) = .1(,,(r;z+]), (i} ‘)
G }
st (1), (014))
i iy time
Jtia) = |Bulat)] - [Dala)] - Tt)

[Knla))] - I(¢7)

NOTA: If K} < 1, the settling time is t,.(q(t}!)) ~

|log (K (a(t})))]

Monitoring Control Updating Rate In Fast NMPC
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The Ideal Updating Scheme Fprinciple

Given §
W Problem Statement
Z+ = F(Z,q,W) Z = (p,%)
g | v = J0& Given a solver S, propose a concrete
(on-line) feedback:
Monitoring q(ty) = I((Z(t}é), o)
Updating
Period steering ¥ to its minimum value.
arg min NI Ki(q(ty) <1
N 9€{1,gma=} | log(Kx(q))]
q(tiy) ==
arg min Ki(q) otherwise

q€{1,qmazx}

A one-step scalar predictive control ... !!
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Numerical |nV€Stigati0n Small gain paradigm illustration

E(q) :qi . Dig)=(1+1-0)

N

~Gain K
_.hormalized tr

—stability limit

1 /

0.5 e

=- Contraction needs ¢ > 2, optimal ¢ = 4
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Numerical |nV€Stigati0n Small gain paradigm illustration

2
E(q) = 2 D(g)=01+1-q)

4 ~Gain K
35 __hormalized tr

o —stability limit
oo |

2
1.5¢ q

1
! & —

= Contraction needs ¢ > 3, optimal ¢ =6
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Numerical |nV€Stigati0n Small gain paradigm illustration

E(q):=— ; D(@=(1+1-9)

~Gain K
. _normalized t

" |—stability limit

) "

= Contraction needs ¢ > 1, optimal ¢ = 2
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The Ideal Updating Scheme Dpiscussion ..

. q .
arg min @ ——— if Ki(q(t})) <1
w qe{Lthw—'} | log(Kk(q))| ( ( k))
q( k+1) =
arg min  Ki(q) otherwise
a€{1,qmaz}
Recall that:
Ky (q) := Ex(q) x Dy(q) Given S
e FEi(q) is badly known e Faw) |2 ()
e On-line identification based on a g v o= Ik —
parametric structure:
By, (Q) = g(vaE(k)) Monitoring
[Alamir, Springer, 2008] Ugjﬁfj{’;g

e Critical when g(t}!) is close to 1.
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The Ideal Updating Scheme 1dea ..

Given &
W Problem Statement
z = F(Zz q,W) zZ = (p,x)
g | v = J@& Given a solver S, propose a concrete
(on-line) feedback:
Monil:oz.ring q(ft) = I((Z(f]l:), )
Updating

Period stabilizing y = 0.

q
if Kp(q(th)) <1
w o Y. , | log(Kx(q))| r
q(tkyq1) :=arg min
qe{lvqmar} A
K (q) otherwise
A one-step scalar predictive control ... !!

— Distribute the optimization over time ... AGAIN !
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Updating Algorithm

q

9 K (g(ty) < 1
) g d T )
k1 qe{LQmam}

Ki(q) otherwise

Algorithm 1 Updating rule q(t}!, ) = U(q(t}), )

1: If (Kk > 1) then
AKy, .
3: Else N
q k
—log(Kg) + — x 13
L Al _ R R X R ()
Aq [log(Kx)]?
5: End If
6: q(ty, ) < max{2,min{qma1,q(t}j) —9- sign(I‘)}}
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Updating Algorithm

q

9 K (g(ty) < 1
) g d T )
k1 qe{LQmam}

Ki(q) otherwise

Algorithm 4 Updating rule q(t}!, ) = U(q(t}), )

1: If (Kk > 1) then
AKy, .
3: Else N
- q k
—log(K)) + — x 3%
o b Aa/los(ianh B g X 5y )
. = —
Aq [log(Kk)]
5: End If
6: q(ty, ) < max{2,min{qma1,q(t}j) —9- sign(I‘)}}

AKy
Need to compute /;(¢(t})) and Aqk (q(t))
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SenSitiVity Computation Ej-related quantities

Recall that:
_ J(p(q 7£(tz+1))

)
E = ©) .= pt (g2

)

therefore:
ABLu  JOUD)200) — T0D D, 3,)
Ag K J(p©, &(ty, 1))

— ¢ need to be greater than 2.

AE
— Ey(q(t})) and A—k(q(tg)) are computable from available

computer data at the cost of 2 divisions and 1 addition

Monitoring Control Updating Rate In Fast NMPC
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SenSitiVity Computation Dj,-related quantities

Consider the simple uncertainty model:
Dy(q) =1+ [ap]-q

recall that one has by definition:

Jip1 X JiF 1 Jey1
Dp(q(ty)) = ——+ = —
ADk 1 1 Jk+1
= —(7)) = — 1
= 22 Aq (q( k)) q(t%) x |:Ek Jk ]

AD
— Di(q(t)) and =% (q(t%)) are computable from available

Aq
computer data at the cost of 2 divisions and 1 multiplication
AK,  _ AD AE,
— A =By Ag + Dy, Aq
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Convergence

Convergence depends on the issue of a COMPETITION between:

1. A DECREASE in t.(q) due to the quantized gradient descent

2. A potential INCREASE due to change between ¢} and #}; ;.
Does t,.(q) show a unique local minimum on [2, Gmaz] ?

This is more likely to be true if F(+) is strictly monotonically decreasing.

What about E(-) in the case of fast gradient ...?
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Fast gradient descent Definition, [Y. Nesterov, 1983]

Algorithm 2 Fast gradient iterations p = S (p, z)

1: Initialization. p(® < p, r < p

2: for i =1,q do

5 D Polr— 2[VJ(r2)))
6 repdic puf_ p=D)

5: end for

6: D p(q)

* V(z,p1,p2) , VI (p2,2) = VJ(p1,2)|| < Llp2 — pa
e ce|0,1]:

o ¢ =0 — pure (slow) gradient descent
VAmae (H) = A/ Amin (H)
VAmae (H) + \/ Amin (H)
e Pgo(+) : projection on the admissible set.

o For quadratic problems ¢ =
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Fast gradient descent Definition, [Y. Nesterov, 1983]

Algorithm 2 Fast gradient iterations p = S (p, z)

1: Initialization. p(o) &~ D, TP

2: for i =1,q do

5 p® e Po(r— ~[VJ(r,2)))
4: r«p@d +e¢ p($_ pli= 1))

5: end for

6: D p(q)

° J(p(k)’x) — J*(z) < —w (optimal c¢)

o 1< Po(r—(VJ)/L)+ ... [ris somehow an integrator state]

e Induced oscillations for high values of ¢ € [0, 1].
B. O’Donoghue and A. Candes. Adaptive restart for accelerated gradient
schemes. arxiv:1204.3982. April 2012.

o Efficiency map Ej(-) of original Fast Gradient is not monotonic
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Fast gradient descent Definition, [Y. Nesterov, 1983]

Algorithm 3 Fast gradient iterations § = S (p,x) with
constant restarting strategy

1: Initialization. p©® < p, r < p, s + 0

2: fori=1,q do

3: s+—s+1 1

4 p@D < Po(r— —[VJ(r,2)))

5. rep®4e p(z%_ p=1))

6 if (s = Smas) then r p(’) s =0 End if

° J(p(k)’x) — J*(z) < —w (optimal c¢)

o 1< Po(r—(VJ)/L)+ ... [ris somehow an integrator state]

e Induced oscillations for high values of ¢ € [0, 1].
B. O’Donoghue and A. Candes. Adaptive restart for accelerated gradient
schemes. arxiv:1204.3982. April 2012.

o Efficiency map Ej(-) of original Fast Gradient is not monotonic
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Fast Gradient with Restart Mechanism

Typical behavior of successive cost function values under pure gradient and fast gradient

descent method without and with restarting mechanism

0
-0.1F ]
T
s —~Pure Gradent
%%\'0'27 ~Fast Gradient with no restart| |
e —~Restart each 5 iterations
?%_0_3, —Restart each 10 iterations
é,
=
o 0.4 7
2
15
'
o -0.5f -
| SO
H
-0.61 3
- 1 L 1
0'70 20 4 60 80 100

0
Number of iterations ¢
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period

Consider the following triple integrator system
b1 =xy; de=w3; 3=u ; [u/<1

Consider MPC scheme based on the following cost function:

N
T = lytk) =y (B)IG + u(k) 1%
k=1

Standard p.w.c parametrization
7=0.02 Q=100 R=1
Restarting parameter s,,4, = 8

e Gradient step for ¢, 6 = 10
e Prediction horizon N € {100,200}
® Gmaz = 100
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period

, Output Evolution Control Evolution
. . , :
05
% { VV |4 V VV
0.5 !
e Adapt. ON |
° q(o) =9 ) 20 40 60 80 100 0 20 40 60 8 100
Evolution of ¢ 2 Evolution of o
e N=200 ‘ 210 &
10 2
0 4 ‘
0 20 40 60 80 100 0 20 40 60 80 100

Time Time
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period

, Output Evolution Control Evolution
1
ol l
0
05
e Adapt. ON ,
° q(o) =100 2 20 40 60 80 100 0 20 40 60 80 100
Evolution of ¢ s Evolution of &
e N =200 100 2x10 P
° =10 0 -
50
2
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0 20 40 60 80 100 0 20 40 60 80 100
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period

, Output Evolution Control Evolution
1
1 0.5 |
&
1 \t e
A ‘.\v -0.5 I
e Adapt. ON At !
° q(o) =92 “o 20 40 60 80 100 0 20 40 60 80 100
Evolution of g s Evolution of o
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e §j=2 1
50 O~
\erWmn/‘LMA )
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period

) Output Evolution Control Evolution
1
0.5 I A A i
S a - ’ -0.5-
e Adapt. OFF )
Y q = 2 -20 20 40 60 80 100 0 20 40 60 80 100
Evolution of ¢ s Evolution of ap
e N =200 3 2x10
e =10 25 0
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period

Output Evolution Control Evolution
1
05
0
o Adapt. OFF P e >
e ¢=100 % 20 40 60 80 100 0 20 40 60 80 100
e N =200 101 Evolution of ¢ . 10 Evolution of ap
e =10 100.5 2
100 0 ’|JJ-|"J|J r'LrLJ-I
995 ! 2
% 20 40 60 8 100 “ 20 40 60 80 100
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period

) Output Evolution Control Evolution
1
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period
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[[lustrative examp|e MPC-Controlled system with adaptive control updating period

, Output Evolution Control Evolution
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Conclusion & Future Work

e Simple and computationally cheap solution for adapting control updating
rate in distributed-in-time NMPC.

e General adaptation layer that can be added to your favorite descent
method.

e Two tuning parameters (§ and S;qz)

e Avoid worst case choice of updating period [Allow less control CPU use].

e Dual formulation for Moving-Horizon Observers

e Potential use in a task management under computational resource
sharing context.

e Interaction with event-based control and sensing paradigm.
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For more details

http://arxiv.1209.4922
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