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Optimal structures for amodel of crop

S(t) =
(S)

Constraints :

irrigation with constraints

fr (—p (1) Ks(S(5) (1~ 0(0) Kr(S() +hau(t))
B(t) = ¢(t)Ks(S(t))
V(t) = u(t)

Initial conditions : S(0) = .Sy € (S*,1], B(0)

Sior < S(t) <1 (state constraints)
Viol < Vinit < V" (deficit irrigation)

S :

so1l moisture
B : biomass

Ruben Chenevat, Bruno Cheviron, Alain Rapaport, Sébastien Roux

V . water consumption
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Time-varying feedback controls, parametrized "best" and "worst" strategy families :
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(tq : trigger time)
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(Vg : trigger volume)
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pour [Environnement et Ffgronomie

Gestion de l'Eau, Acteurs, Usages
Water matters

Maximizing biomass, limited water quota

(B1) :

m(aic B(T) ,st: V(T) < Vit

Minimizing biomass, wasting water quota

(W1): min B(T) st :
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e To apply the non-smooth PMP, additional state variables and targets : Y(t) = min(0, S(t) — Sto1)

Z(t) = max(0,S5(t) — 1) ;

Y (0) = Z(0) = Y(T) = Z(T) =0

¢ Denoting up the optimal control for problem (P), and (Sp, Bp,Vp,Yp, Zp) the corresponding solution, then the target is saturated : Vg1 (T) = Viz1(T) = Vinit

¢ Common Hamiltonian for the problems : Hp = A3k1 (kau — (p()Ks(S(t)) + (1 — p(t))Kr(S(t)))) + ABp(t)Ks(S(t)) + Apu+ AL fy (S(t)) + A2 fz(S(t))

¢ Adjoint equations, with the Clarke generalized gradients : <

e Switching function : ¢p(t) = A2 (t)k1k2 + A%. Signs of adjoints :

e Singular arcs :

(35(1) € p(t) (AE (k1 — AB) O Ks(S(1) + (1 — p(t)AE(Dk10c Kr(S(1) — Abdcfy (S(1) — e £2(S(1))
AB =AY =AY = AZ =0

A2, (T) =0

S
A, >0

B _
A =1

\%4
AV, <0

Ao (T)=0 X5, <0 AE. . =-1 A}, >0

Sp(t) = S where S is a non-differentiable point of Kg, Kg, fy or fz. Singular control : 4(t, S) =

e The sets xp1 = {t € [t*,T], ¢p1(t) > 0} and xw1 = {t € [0,T], ¢pw1(t) < 0} are connected.

Sp(t)KS(g)‘Hlj—@(t))KR(g)
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|1] R. Chenevat et al., https://hal.science/hal-04506794,
Working paper, March 2024.
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Sensitivity analysis for the stress of optimal strategy :

Sensitivity analysis for the maximal biomass :
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Sensitivity analysis for the optimal trigger time :

~—Optimal trigger time driven
L by pl.ant ch aracter l.stics ...................................
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Optimal trigger time
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L Stress of gpﬂmal strategy -~
—.driven by soil characteristics.

Stress of optimal trajectory

o8

06

02

0.0

T T
0.06 k 1 0.08 0.10

01

2

high
Vinit

medium
Vinit

low
Vinit

So € 10.7,1
ETy € 2,7
Vol €[50, 300]
S* € 10.55, 5]
ko € (2,6

6 €10.1,0.9]

v € [2,8]

Parametrization of ¢ :

Gap between Dbest
U1 and worst U™
Gap between best
and worst U™

BWl(Vinit) :
|

20 25 30 35

1 15 !
Vol V*

Distributions and average of relative gain :
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