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Control Parametrization

Consider a dynamical system :

x(t) = X(t,xo,u) x€R" ueU"T
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Control Parametrization

Consider a dynamical system : u(")
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Diesel Engine Control

Automated Manual Transmission
Consider a dynamical system

More generally
) Any map
x(t) = X(t,xo,u) x€R" ueUlT

Control Parametrization

u(t) =

C:P—TU"
C(p) = (u'(p) «"(p))
uB(p) 5 teltio, ti]

defines a [PP-parameterized piecewise
constant control profile

u = Upne (-, P)
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Control Parametrization

Consider a dynamical system : A
| Sattime= (ple‘t + pze_2t>

x(t) = X(t,x0,u) x€R" ueUl // ""’i"‘ ‘ ‘ ‘
Control Parametrization : T Z‘/{pwc .’pu
u(t) = uP(p) i telttd 5 _ — ui(p)‘ '
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Consider a dynamical system L A
1 Sattmes (pre~t 4 pae
x(t) = X(t,xo,u) x€R" ueU"T
Control Parametrization : !
u(t) = u“(p) ;

]
t € [ti—1, t]

upwc(': p)
: ‘ i Umnaz

AT
BARBERE=sARRRRb!
K:=uYop:R">U
plx(8)) = argmin [ J(x(5). p)|
under C(x(tj),p) <0
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Real-Time Implementation

A

Diesel Engine Control
: Pros & Cons

1 Manual Tr

Simple OL param.

Complex CL behavior
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Control Parametrization

Real-Time Implementation

Diesel Engine Control A i Manual Ti
: Pros & Cons
. . J(an ll)
Solve exactly a sub-optimal formulation
could be better than
Solve loosely the exact problem
J(xmupwc(':p))
D
u
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Control Parametrization

Real-Time Implementation

Diesel Engine Control
: Pros & Cons

Reduced dimensional and well posed

Automated Manual Transmission

optimization problems

Render efficient

A family of simple, non smooth and
memoryless algorithms that would be

out of scope for large scale problems
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Control Parametrization : Pros & Cons

Low dimensional formulation & simple
self-contained algorithms are more likely
to be assessed and hence admitted in
industrial context.

Alamir et al., NMPC: Slow Thoughts For Fast Implementation 4/18
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Control Parametrization

Real-Time Implementation

A

Diesel Engine Control
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e Problem dependent
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Outline Control Parametrization Pros & Cons
Control Parametrization

Real-Time Implementation

Diesel Engine Control
: Pros & Cons

A

1 Manual Tr

e Problem dependent

[Alamir, M. Stabilization of Nonlinear Systems Using Receding-Horizon
Control Schemes : A Parametrized Approach for Fast Systems. Lecture
Notes in Control and Information Sciences, Springer, London, ISBN
1-84628-470-8 (2006)]
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Real-Time Implementation

NMPC

o Choose a sampling period 7

K:=uYo p:R" U e Deduce a maximum number of

iterations g € N
P(x(1)) := argmin|J(x(t), p)]
pEP

e Distribute the optimization over
under C(x(t;),p) <0

the system real life-time :

M) = X(rsx(8), v (p(60)

p(tir) = SOp™ (&), X(tus1))
pl™ = S, x(t))

p(o) po EP
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Diesel Engine Control

Control of emission needs to track the
following outputs

e Manifold Air Pressure (MAP)
e Mass Air Flow (MAF)

Control inputs

e Exhaust Gaz Recirculation (EGR)

e Variable Geometry Turbocharger
(VGT)

Measured disturbances

e Engine Speed (N) uar

e Fuel Injection (wf)

Alamir et al., NMPC: Slow Thoughts For Fast Implementation 6/18
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Models & State Observer
Model 1 [tested by simulation] Model 2 [tested experimentally (see later)]
X = [AW)]xa+ Biu+ Giw X = [Alu,w)]x+ B+ Gw
i o= [Cy)]x o = [Clu,w)]x
e x € Rn:13 = ans
e Sampling Time 7, = 10 ms

e Sampling Time 7. = 50 ms
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Diesel Engine Control A i Manual Ti

Models & State Observer

Model 1 [tested by simulation] Model 2 [tested experimentally (see later)]

x5 = [A(y)}xl—i—Blu—Fle X = [A(U, W)]X2+B2U+ Gow
»n [C)]x o = [Clu,w)]x

e x € Rn:13 = RH:S

e Sampling Time 7, = 10 ms

Moving Horizon Observer :

e Sampling Time 7. = 50 ms

where :

R = [@(Uk)] - opt(Uks Yie, %e—1) + [W(Uk)] - U

Eopt(Uk, Yi, %—1) solution of a QP
and where State/Output noise classical trade-off is introduced
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Diesel Engine : Control Parametrization

e vy : desired output

e w : measured disturbance

Umin

u(t) = Sat,m (u*(yd7 w, ug) + are M ozzechM> © o € R?
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e vy : desired output

e w : measured disturbance
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e )\ and gc constant coefficients (Control bandwidth)
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Diesel Engine : Control Parametrization

e vy : desired output

e w : measured disturbance

Umin

u(t) = Sat,m (u*(yd7 w, ug) + are M ozzef‘w‘t) © o € R?

e )\ and gc constant coefficients (Control bandwidth)
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Diesel Engine : Control Parametrization

e vy : desired output

e w : measured disturbance

Umin

u(t) = Sat,m (u*(yd7 w, ug) + are M ozzef‘w‘t) © o € R?

e )\ and gc constant coefficients (Control bandwidth)

e Stationary Control u* (v, w, ug) = arg  min  ||yc(u, w) — y4||°

UE [UminsUmax
® Continuity of the control (t = 0)

Ut 4 a1+ a2 = uk—1
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Diesel Engine : Control Parametrization

® y, : desired output
e w : measured disturbance

Umin

u(t) = Sat,m (u*(yd7 w, ug) + are M ozzef‘k)‘t) © o € R?

e )\ and gc constant coefficients (Control bandwidth)

e Stationary Control u™(y4, w, ug) = arg  min ]H)’C(“~ w) — yal®

UE[Umin,Umax

® Continuity of the control (t = 0)
Ut + o1+ a0 = Uk
@® Parametrization of the derivative (t = 7)
(e —1)-a1 + (679 —1)-as = pdmax  where p € [~1,1]?
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Diesel Engine : Control Parametrization

e vy : desired output

e w : measured disturbance

u(t) = Sat,m (u*(yd7 w, ug) + are M azef‘w‘t) © o € R?

Umin

e )\ and gc constant coefficients (Control bandwidth)

e Stationary Control u*(y4, w,us) = arg  min ]Hyc(u7 w) — yall?
u

Umin»Umax

(SN = ((ad Ly e y) (7 s

peEP=[-1,+1]
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Diesel Engine : Control Parametrization

e vy : desired output

e w : measured disturbance

u(t) = Sat,m (u*(yd7 w, ug) + are M ozzef‘w‘t) © o € R?

Umin

e )\ and gc constant coefficients (Control bandwidth)

e Stationary Control u*(y4, w,us) = arg  min ]Hyc(u, w) — yall?

UE[UminsUmax
ai(p)) _ (1 1\ (w1 — 0" (ya, w, ug)
ax(p)) ~ \e MM —1 e %A 1 POmax
peEP=[-1,+1]

e 2-dimensional problem that structurally meets the constraints.

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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Diesel Engine : The Cost Function & Control Parameters

Ip) = o x(Np) = "I+ 3 I (7) = vl
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Diesel Engine : The Cost Function & Control Parameters
NP
I(p) = pr- Ix(Np) = "I+ D [y () = vl
i=1

e Testbench Linz (BMW M47D
Diesel Engine)

e Sampling time 7 = 50 ms

e Prediction Horizon 30 - 7

e Observation Horizon No = 107
e Solver SQP/Trust region

e Number of iteration g = 30

e Control param. A =1, g. =5
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Diesel Engine : The Cost Function & Control Parameters
NP
I(p) = pr- Ix(Np) = "I+ D [y () = vl
i=1

e Testbench Linz (BMW M47D
Diesel Engine)

e Sampling time 7 = 50 ms

e Prediction Horizon 30 - 7

e Observation Horizon No = 107
e Solver SQP/Trust region

e Number of iteration g = 30

e Control param. A =1, g. =5

Preliminary experiments

André Murilo

R. Fiirhapter Peter Ortner
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Experimental Results

Fuel [mg/cyl] Speed [RPM]
2400
25
2200
20 2000
1800
15t
1600
10} 1400
1200
s
1000
o 50 100 150 200 250 300 o 50 100 150 200 250 300

Time (s) Time (s)

NMPC, Speed N and fuel injection wr of the (New European Driving Cycle)
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Experimental Results
EGR [%] VGT [%]
100 100
80 90
60 80
40 70
20 60
0 50
0 50 100 150 200 250 300 0 50 100 150 200 250 300
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0
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Time (s) Time (s)
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Experimental Results

Histogram of the Computation Time

1000 T T T
------ Scenario 1
8001 ; —=-Scenario 2 )
——Scenario 3
600
400
200} b
1
o PN LA .
5 6 7 8 9 10
Computation Time (s) x 10—3

Fig. 7. Histograms of the computation time needed at at each sampling
period to perform the observation task and the N;e, iterations of the
optimization procedure.
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Automated Manual Transmission

Trade-off between sty —> e, [cten] ma

shaft
J crankshat !

e Manual : efficient, low weight, low
cost

start-up clutch

e Automatic : better comfort / high

b} -L actuator
cost & consumption AMT CONTROL =] gearbox

gearshit __N actuator(s)
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Automated Manual Transmission

Trade-off between sty —> e, [cten] ma

shaft
J crankshatt |

e Manual : efficient, low weight, low
cost

start-up clutch

e Automatic : better comfort / high

b} -L actuator
cost & consumption AMT CONTROL =] gearbox

gearshit __N actuator(s)

Control objective :
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Automated Manual Transmission

Trade-off between sty —> e, [cten] ma

shaft
crankshaft 1
o+

e Manual : efficient, low weight, low
cost

clutch

start-up

e Automatic : better comfort / high
cost & consumption

Tequest —L actuator
AMT CONTROL Ly gearbox

gearshit __N actuator(s)

Control objective :

e Smooth transitions for wg — 0

(this is intimately linked to the dynamic of the slip velocity ws = we — we)
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A | Manual Tr

Diesel Engine Control

Automated Manual Transmission

Trade-off between

e Manual : efficient, low weight, low
cost

e Automatic : better comfort / high
cost & consumption

Control objective :

e Smooth transitions for wg — 0

torque ENGINE
domana > conTroL [ clutch | main
shaft
crankshaft |
-+

clutch

start-up

Tequest —L actuator
AMT CONTROL Ly gearbox

gearshit __N actuator(s)

(this is intimately linked to the dynamic of the slip velocity ws = we — we)

e Transparency

The torque must be somehow related to the pedal’s position

Alamir et al., NMPC: Slow Thoughts For Fast Implementation 11/18
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Automated Manual Transmission

Wi Engine Torque

Trade-off between
. N
® Manual : efficient, low weight, low = / \
cost 7 / N
e Automatic : better comfort / high T //,
cost & consumption apy

TR
Engine Spees [RPM]

Control objective :

e Smooth transitions for wy — 0

(this is intimately linked to the dynamic of the slip velocity wsg = we — we)
e Transparency

The torque must be somehow related to the pedal’s position

o Control of the engine velocity :
wref = mélx{wg7 77! ( '/'ed(Xped;,,/7 we))}

Alamir et al., NMPC: Slow Thoughts For Fast Implementation 11/18
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Automated Manual Transmission

Trade-off between sty —> e, [cten] ma

g T

e Manual : efficient, low weight, low
cost

start-up clutch

e Automatic : better comfort / high

b} -L actuator
cost & consumption AMT CONTROL =] gearbox

gearshit __N actuator(s)

Constraints :
e Torque saturation

Te S [Temina Tefnax(WS)]
TC S [Tcmina TénaX(WS)]

e Torque variation rate saturation
7'—e c [—'I—ernl'n7 —'I—ema><]
o oe [T 10
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Outline Control Parametrization Pros & Cons Real-Time Implementation Diesel Engine Control A i Manual Ti

Simplified Model for Control
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Simplified Model for Control

Jewe = Te — Sign(wﬂ) . TC(XC)
AN . 1 c
[JC =+ Jeq(lg, ld)](x}c - Slgn(wsl) . TC(XC) - m |:ktw0cw + 6tw(.a)7. - Ww)]
g

Igld

. p We
JWwW — ktwecw + sii’tw( P ww) - TL(wW)
Igld
. We
Ocw = — — ww
Igld

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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Simplified Model for Control

Jewe = tn — sign(wsr) + Uz + e

AN . 1 c
[JC =+ Jeq(/g, ld)]wc = Slgn(wsl) . TC(XC) - m |:ktw0cw + 6tw(.a)7. - Ww)]
g

Igld

. p We
JWwW — ktwecw + sii’tw( P ww) - TL(wW)
Igld
. We
Ocw = — — ww
Igld
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Simplified Model for Control

Jewe = tn — sign(ws) - Uz + e
[JC + JEq(iga "d)]‘-‘.fc = Sign(ws/) Uy — Oc

Jwiorw = kewBow + Bow (s — wi) — Ti(ww)

Igld
We

écw =

- T Ww
Igld

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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Simplified Model for Control

Jewe = tn — sign(ws) - Uz + e

[Je + Jeq(ig, ia)Jwe = sign(wsi) - u2 — dc
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Simplified Model for Control

Jewe = tn — sign(ws) - Uz + e

[Je + Jeq(ig, ia)Jwe = sign(wsi) - u2 — dc

e . copes with tracking error on T:” and TZ°.

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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Simplified Model for Control

Jewe = u1 — sign(ws) - U2 + de

[Je + Jeq(ig, ia)]oe = sign(wss) - uz — d¢

e . copes with tracking error on T:” and TZ°.
e J. copes with
® tracking error on T:°

@ non explicitly represented dynamics
® unknown load T,
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Simplified Model for Control

Jewe = u1 — sign(ws) - U2 + de

[JC + Jeq(ig, id)]u'zc = sign(ws/) <y — O¢

e . copes with tracking error on T:” and TZ°.
e J. copes with
® tracking error on T:°

@® non explicitly represented dynamics
® unknown load T,

| Manual Tr

e Over time windows where ws keeps a constant sign, the system is linear.

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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Simplified Model for Control

Jewe = u1 — sign(ws) - U2 + de

[JC + Jeq(ig, I'd)]dic = sign(ws/) <y — O¢

e . copes with tracking error on T:” and TZ°.

0c copes with

® tracking error on T:°
@ non explicitly represented dynamics
® unknown load T,

e Over time windows where ws keeps a constant sign, the system is linear.

e Since w. and w. are measured, observer can be designed for J. and d.

Alamir et al., NMPC: Slow Thoughts For Fast Implementation 12/18
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The Parameterized NMPC scheme

Model for prediction

Jewe = u1 — sign(ws) - u2 + 5.

[Je + Jeglwe = sign(wsr) - uz — dc

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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The Parameterized NMPC scheme

Model for prediction

Jeve = 1 — sign(wy) - Uz + e

[Je + Jeglwe = sign(wss) - 2 — 0c

e Consider a prediction horizon N, - 75

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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The Parameterized NMPC scheme

Model for prediction

Jeve = 1 — sign(wy) - Uz + e

[Je + Jeglwe = sign(wss) - 2 — 0c

e Consider a prediction horizon N, - 75

o Consider the reference on we : wi = max{wg,T‘l(Ted(Xpeda,,we))}
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The Parameterized NMPC scheme

Model for prediction

Jewe = u1 — sign(ws) - u2 + e

[Je + Jeqlire = sign(wa) - uz — bc

e Consider a prediction horizon N, - 75
e Consider the reference on w. : w = max{wg, T_I(Ted(Xpeda/,we))}

o Consider the reference on the slip velocity wsy = we — wc defined at each
sampling instant k - 75 :

re . 1—
wslf(k + I,P) = ﬁ B wsl(k)

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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The Parameterized NMPC scheme

=i/ N, =20, p =N,

T+N-i/p
Model for prediction o8
Jewe = u1 — sign(ws) - u2 + e *
[Je + Jeglwe = sign(wsr) - uz — dc ol

e Consider a prediction horizon N, - 75

. ref

o Consider the reference on we : w* = max{wg, T_I(Ted(Xpeda,,we))}
o Consider the reference on the slip velocity wsy = we — wc defined at each
sampling instant k - 75 :

ref

. 1—i
Wsl (k+ ’ap) I/p

= TPk
T ip <)
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The Parameterized NMPC scheme

1=/ N, =20, p = 2N,

T+N-i/p
Model for prediction o8
Jewe = u1 — sign(ws) - u2 + e *
[Je + Jeglwe = sign(wsr) - uz — dc ol

e Consider a prediction horizon N, - 75

. ref

o Consider the reference on we : w* = max{wg, T_I(Ted(Xpeda,,we))}
o Consider the reference on the slip velocity wsy = we — wc defined at each
sampling instant k - 75 :

ref

. 1—i
Wsl (k+ ’ap) I/p

= TPk
T ip <)
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The Parameterized NMPC scheme

1=/ N, =20, p = 3N,

T+N-i/p
Model for prediction o8
Jewe = u1 — sign(ws) - u2 + e *
[Je + Jeglwe = sign(wsr) - uz — dc ol

e Consider a prediction horizon N, - 75

. ref

o Consider the reference on we : w* = max{wg, T_I(Ted(Xpeda,,we))}
o Consider the reference on the slip velocity wsy = we — wc defined at each
sampling instant k - 75 :

ref

. 1—i
Wsl (k+ ’ap) I/p

= TPk
T ip <)
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The Parameterized NMPC scheme

1=/ N, =20, p = 3N,

T+ -i/p
Model for prediction o8
Jewe = u1 — sign(ws) + u2 + O *
[Je + Jeglwe = sign(wsr) - uz — dc o
i
e Consider a prediction horizon N, - 75

Consider the reference on w. : wr = max{wg, T_I(Ted(Xpeda/,we))}

Consider the reference on the slip velocity wsy = we — wc defined at each
sampling instant k - 75 :

re . 1—
wslf(k + I,p) = ﬁ B ws/(k)

e p monitors the speed of convergence of w to 0
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The Parameterized NMPC scheme

Given Xpedar, for each choice of p € [N,, 00|, a piecewise constant control
profile can be defined according to the following unconstrained problem :

Np . ref . 2
. wsi(k +1) —wy (k+ 1,
MPWC(pvw) = arg mum Q(“v pUJ) = § ‘ ( ul)((k -‘r)l) o wlreg(k + Ig))>
i—1 e e Q

Alamir et al., NMPC: Slow Thoughts For Fast Implementation
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The Parameterized NMPC scheme

Given Xpedar, for each choice of p € [N,, 00|, a piecewise constant control
profile can be defined according to the following unconstrained problem :

Np

Upne(p,w) 1= arg min Q(u, p,w) := Z

LR

i=1 Q
Recall that :
’ef(k +i) = max{ T (T (Xpedat, we (k + ’)))}
ref H — i
We) (k+’,p) - 1+)\,/p wSI(k)
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The Parameterized NMPC scheme

Given Xpedar, for each choice of p € [N,, 00|, a piecewise constant control
profile can be defined according to the following unconstrained problem :

N,
Upne(p,w) 1= arg min Q(u, p,w) := Z

(wsl(k + i) — W (k4 i, p)>
we(k+1) — 'ef(k+l)

i=1 Q
Recall that :
W (k+ i) = max{wg,T*l(T:(X,,edahwe(k+ i)))}
ref - o 1- ’/P |
Wsl (k+l,p) - 1+)\-i/P “’Sl(k)

e For each p and Xpedar, Upnc(p, w) can be computed analytically
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The Parameterized NMPC scheme

Given Xpedar, for each choice of p € [N,, 00|, a piecewise constant control
profile can be defined according to the following unconstrained problem :

N,
Upne(p,w) 1= arg min Q(u, p,w) := Z

<w5/(k + i) — W (k4 i, p))
we(k+1) — ref(k+l)

i=1 Q
Recall that :
Wi (k+10) = max{wg, Tﬁl(Ted(Xpedahwe(k + I)))}
, ref - o 1- ’/P |
“%I(k'+’7p) - 1+7A-i/p “ﬂ(k)

e For each p and Xpedar, Upnc(p, w) can be computed analytically

e For sufficiently high p (slow convergence), constraints can be fulfilled
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The Parameterized NMPC scheme

Given Xpedar, for each choice of p € [N,, 00|, a piecewise constant control
profile can be defined according to the following unconstrained problem :

N,
Upne(p,w) 1= arg min Q(u, p,w) := Z

(wsl(k + i) — W (k4 i, p)>
we(k+1) — ref(k+l)

i=1 Q
Recall that :
W (k+ i) = max{wg,T*l(Tj(X,,edahwe(k+ i)))}
ref - o 1- ’/P |
Wsl (k+l,p) - 1+)\-i/P “’Sl(k)

e For each p and Xpedar, Upnc(p, w) can be computed analytically
e For sufficiently high p (slow convergence), constraints can be fulfilled
A scalar NMPC with the optimization problem :

(p, ) = |p—%et)

min_ J(p, under saturation constraints [C(p,w) < 0]
PE[Np,N>] Ts
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The IFP’s SMART demo architecture

STARTERALTERNATOR

Ultra-Capacitor

Mainshaft Driveshaft

Natural Gas. Synchronizer

The mild-Hybrid powertrain of the
VEHGAN demo-car VEHGAN on-board Control System

Hybridation légére d'un véhicule roulant au gaz naturel

R. Amari (IFP) P. Tona (IFP) Demo SMART car
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Experimental Results

Speeds Torques
P ks
/ K
y ) SN o,
R SUNN Y S 5T,
™ 15 e sl o
z = /
£/ i
8 / e

ﬂ_// s
- L
530 532 534 536 538 50 B30 532 534 536
Clutch Position [%] Accelerator Pedal position [0 100]
16
l ——xe® ——X.Acc.Pedal
| Xe 14

530 532 534 536 538 540 530 532 534 536 538 540
6l Is]

Parameterized NMPC - slow start-up
(The MPC scheme controls both the engine idle speed and the start-up phase)
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Experimental Results
Speot Torques
[ | A
Naear | /
e
~ . - Vi —~J1
= . HRmaa |
A

M5 126 127 128 120 130 131 132 133 134 13

9 B0 b1 B2 13 1E 15
Cluteh Position [4] Aceelerator Pedal position [0 100]
\k E——— —— XAccPedal

\ TN

BT 12 133 1 13

B 135 25 126 127 128 1

25 26 121 1z 129 B0 11 12 13 1
=l

E]
Parameterized NMPC - fast start-up
(The MPC scheme controls both the engine idle speed and the start-up phase)
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Outline Control Parametrization Pros & Cons Real-Time Implementation
F
() Spoeds (b) Torques
e
e . B
Ngear | ‘
_ O e
B
1S
/ — - [
6 1097 1098 1099 1100 1101 1102 1103 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103

{5 tos1 1095 10
(d) Torques

kb, Accelerator Pedal [0 100]

(c) Vehspoed
Vehspeed
----- X.Ace.Pedal =
/
1007 109 1099 1100 1101 1102 1103 {og3 7 1098 1099 1100 1101 1102 1103

(f) Clutch Position [4]

(e) MPC erations and W,
10 I

Il
I
E—
1093 1001 1095 109 1097 1:1“ 099 1100 1101 1102 1103 fhor e ot o0 Toss 1100 1101 11021103
fs 5]

Parameterized NMPC - Actuators saturation

(Note the closed-loop evolution of the parameter p

16/18
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Experimental Results

Vehicle gearing-up : 1 — 2 — 3
3200 — T T T T T

3000 f---
2800F---
2600 -

2400 ---

[rpm]

2200}---

2000 f---

1800 -,

160 | | i | i 1 1 | | 0
862 BE3  B64  BB5 G666 BET BBE B89 670 671 67%
Time (Sec)

Parameterized NMPC - Gearing up
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Experimental Results

3200

3000

2800

2600

2400

[rpm]

2200

2000

1800 |- eamnoooeeeee e ni. Veh. Speed .|
: ! (km/h)

160 i i | | 0
862 BE3 BE4 B65 [S1sls3 66%
Time (Sec)

Parameterized NMPC - Gearing up, 1 — 2
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Experimental Results

Vehicle gearing-down : 3 — 2 — 1

4000
3800
3600
3400
3200
2000
23001
2600
2400 -
2200
2000
1800

[rpan]

160 i i i i i i i i i 0
gQU 391 392 393 394 295 3296 397 3498 399 40%
Tire (Sec)

Parameterized NMPC - Gearing down
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Some Real-Time Implementation Issues

— toal untime.

e Matlab/Simulink, xPC Target ——
" Pentium I, 256 Mb (RAM) o =

e Only 0.3Mb for Control Software N O et \

e Base sampling time 1 ms

e Control blocks are executed synchronously with
cylinder top dead center

e variable sampling time € [6 ms, 50 ms|

e transmission control blocks are executed at 10 ms i
e Solution for p by dichotomy ;j
e Multi-tasks config (control : task2, other taskl) )

e Time for preparation + 1 iteration ~ 0.05 ms J“J} 'UUHM

e maximum (21 iterations) during saturation

e Control is computed each 50 ms

e Sampling can be drastically reduced (< 1 ms) I BCEE R
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Conclusion

e Model choice/simplification is a key step in NMPC design
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Conclusion

e Model choice/simplification is a key step in NMPC design

e Use simple NMPC but Update it more frequently
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Conclusion

e Model choice/simplification is a key step in NMPC design
e Use simple NMPC but Update it more frequently

e Keep being engineer (at least partially)

Alamir et al., NMPC: Slow Thoughts For Fast Implementation

Automated Manual Transmission
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