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Heliostat Rotation

Source:
http://theleadsouthaustralia.com.au/industries/resources-energy/solar-park-drive-plastic-heliostat-development/
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Optimise aiming strategy of heliostats

Maximise radiation

Minimise deviation from target distribution

Constrain heliostat rotation speed

Constrain radiation change on receiver
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Optimisation Problem
Model

The proportion of energy reaching the receiver for each

heliostat within the field, given:

Physical location (x , y)

Aim point (ρ cosφ, ρ sinφ)

fsp(x , y ,Θ) = f1(x , y ,Θ)

∫∫

S

exp
(−f2(u, v , x , y)

2f 2
3 (x , y ,Θ)

)

du dv ,

∑

h∈H

fsp(h, p, t).
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Optimisation Problem
Objective

Maximise Energy

∫ T

0

(

∫∫

R

∑

h∈H

f (h,p, t)dudv
)

dt

Minimise target distribution deviation

∫ T

0

∫∫

R

(
∑

h∈H

F u,v (h,p, t)− E
u,v ,t
tar (t))2dudvdt
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Optimisation Problem
Objective

Penalised weighted objective

Maximise A

∫ T

0

(

∫∫

R

∑

h∈H

f (h,p, t)dudv
)

dt−

(1 − A)

∫ T

0

∫∫

R

(
∑

h∈H

F u,v (h,p, t)− E
u,v ,t
tar (t))2dudvdt

with A ∈ [0, 1].
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Optimisation Problem
Constraints

Limit heliostat turn rate ṗh(t)

∫ T

0

(||ṗh(t)|| − Vp)
2
+dt ≤ τ1 ∀h ∈ H

Limit radiation change over time ∂
∂t F

u,v (h,p, t)

∫ T

0

∫∫

R

(

∑

h∈H

∂

∂t
F u,v (h,p, t)

)

dudvdt ≤ τ2
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Penalisation

Augmented Lagrangian

Gradient Ascent

Penalisation

Maximise A1

∫ T

0

(

∫∫

R

∑

h∈H

f (h,p, t)dudv
)

dt

−A2

∫ T

0

∫∫

R

(
∑

h∈H

F u,v (h,p, t)− E
u,v ,t
tar (t))2dudvdt

−A3

∫ T

0

(||ṗh(t)|| − Vp)
2
+dt − τ1

−A4

∫ T

0

∫∫

R

(

∑

h∈H

∂

∂t
F u,v (h,p, t)

)

dudvdt − τ2
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Penalisation

Augmented Lagrangian

Gradient Ascent

Augmented Lagrangian

Lµ(p;λ) := J(p) + ψ(M(p)− σ, λ;µ),

ψ(z, λ;µ) :=











−z · λ+
1

2µ
|z|2 if z + µλ ≤ 0

−
µ

2
|λ|2 otherwise

µ > 0 small

Take λn+1 = (λn − 1
µ
(Mi(p

n
N)− σ)+.
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Penalisation

Augmented Lagrangian

Gradient Ascent

Gradient Ascent

Aiming points pn+1
N found by gradient ascent:

pn+1
N = pn

N + γk
h∇GN(p

n
N).

Step size with Armijo’s Rule

γk
h = γk−1

h · ǫ

with ǫ ∈ (0, 1)
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Numerical approximation
Objective

Maximise radiation

∫ T

0

∫∫

R

(

H
∑

h=1

F
(u,v)(h, ph(t), t)

)

du dv dt ≈

T
∑

n=1

I
∑

i=1

H
∑

h=1

F
(ui ,vi )(h, ph(t

n), tn)

Minimise target distribution deviation

∫ T

0

∫∫

R

(

H
∑

h=1

F u,v (h,p, t)−E
u,v
tar (t)

)2
dudvdt ≈

T
∑

n=1

I
∑

i=1

(

H
∑

h=1

F ui ,vi (h,p, tn)−E
ui ,vi
tar (tn)

)2
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Numerical approximation
Constraints

Limit heliostat turn rate

∫ T

0

‖(ṗ(t)− Vp)+‖
2

dt ≈

∫ T

0

N
∑

n=1

(|Pn − P
n−1| − Vp)

2
+ dt ,

Limit radiation change on receiver

∫ T

0

(

∫∫

R

(

H
∑

h=1

d

dt
F u,v (h,p(t), t)

)2
du dv

)

dt

≈

∫ T

0

I
∑

i=1

|
H
∑

h=1

F ui ,vi (h,Pn
h, t

n)− F ui ,vi (h,Pn−1
h

, tn−1)|2 dt .
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Results - PS10, Sanlúcar la Mayor
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Figure: Maximum flux on receiver over time
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Questions

Questions?

tashley@us.es
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