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𝑉𝑑𝑐 > √2 ∗ 𝑉𝑙 = √2 ∗ 380 = 537 𝑉



Zakaria Lammouchi et. al  

Photovoltaicsolar Water Pumping by Predictive Control of Induction Motor 

211 Tob Regul Sci.™ 2024;10 (1):207-223 

𝑇𝑙 = 𝐾𝑝𝑚𝑤𝑚
2
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𝑉𝑑𝑐
∗

𝜀𝑣𝑑𝑐(𝑘) = 𝑉𝑑𝑐
∗ (𝑘) − 𝑉𝑃𝑉(𝑘)

𝑤1(𝑘) = 𝑤1(𝑘 − 1) + 𝐾𝑃𝑑𝑐(𝜀𝑣𝑑𝑐(𝑘) − 𝜀𝑣𝑑𝑐(𝑘 − 1)) +     𝐾𝐼𝑑𝑐𝜀𝑣𝑑𝑐(𝑘)

ω

𝑤𝑃𝑉(𝑘) = (
𝑃𝑃𝑉(𝑘)

𝐾𝑃𝑚
)
1 3⁄
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𝑤𝑟𝑒𝑓(𝑘) = 𝑤1(𝑘) + 𝑤𝑃𝑉(𝑘)

α β

(

 
 
 
 

𝑖̇𝑠𝛼
𝑖̇𝑠𝛽

𝜙̇𝑟𝛼
𝜙̇𝑟𝛽
̇

𝑇𝐿̇ )

 
 
 
 

=

(

 
 
 
 

−𝐹1𝑖𝑟𝛼 − 𝐹2𝜙𝑟𝛼 + 𝐹3 𝜙𝑟𝛽
−𝐹1𝑖𝑟𝛽 − 𝐹3 𝜙𝑟𝛼 + 𝐹2𝜙𝑟𝛽
𝐹4𝑖𝑟𝛼 − 𝐹5𝜙𝑟𝛼 − 𝑝 𝜙𝑟𝛽
𝐹4𝑖𝑟𝛽 + 𝑝 𝜙𝑟𝛼 − 𝐹5𝜙𝑟𝛽

𝐹6(𝜙𝑟𝛼𝑖𝑟𝛽 − 𝜙𝑟𝛽𝑖𝑟𝛼) − 𝐹7 − 𝐹8𝑇𝐿
2𝐹9 )

 
 
 
 

+                                   

(

  
 

𝐹10 0
0 𝐹10
0
0
0
0

0
0
0
0 )

  
 
(
𝑢𝑠𝛼
𝑢𝑠𝛽
)

𝐹1 =
1

𝜎𝐿𝑠
(𝑅𝑠 +

𝐿𝑚
2

𝑇𝑟𝐿𝑟
) 𝐹2 =

1

𝜎𝐿𝑠
(
𝐿𝑚

𝑇𝑟𝐿𝑟
) 𝐹3 =

𝑝

𝜎𝐿𝑠
(
𝐿𝑚

𝐿𝑟
) 𝐹4 =

(
𝐿𝑚

𝑇𝑟
) 𝐹5 = (

1

𝑇𝑟
) 𝐹6 = (

𝑝𝐿𝑚

𝐽𝐿𝑟
) 𝐹7 = (

𝑓𝑣

𝐽
) 𝐹8 = (

1

𝐽
) 𝐹9 = 𝐾𝑃𝑉 𝐹10 =

1

𝜎𝐿𝑠

 :𝜎 = 1 − (
𝐿𝑚
2

𝐿𝑠𝐿𝑟
) 𝑇𝑟 = (

𝐿𝑟

𝑅𝑟
)

𝑆 =
3

2
(𝑆𝑎 + 𝑒

𝑗2𝜋 3⁄ 𝑆𝑏 + 𝑒
𝑗4𝜋 3⁄ 𝑆𝑐

𝑉𝑠(𝑆𝑎,𝑏,𝑐) = √
2

3

𝑉𝑑𝑐

2
(𝑆𝑎 + 𝑒

𝑗2𝜋 3⁄ 𝑆𝑏 + 𝑒
𝑗4𝜋 3⁄ 𝑆𝑐



Zakaria Lammouchi et. al  

Photovoltaicsolar Water Pumping by Predictive Control of Induction Motor 

214 Tob Regul Sci.™ 2024;10 (1):207-223 

𝐹|𝑖=1:8 = 𝑎𝑏𝑠 (𝑇𝑒
∗ − 𝑇𝑒

𝑝(𝑘 + 1)) − 𝛾𝜓 ∗  𝑎𝑏𝑠(Φ𝑠
∗ −   Φ𝑠

𝑝(𝑘 + 1))

γ ψ

𝜙𝑠(𝑘 + 1) = 𝜙𝑠(𝑘) + 𝑇𝑠𝑉𝑠(𝑘 + 1) − 𝑅𝑠𝐼𝑠(𝑘)

𝑖𝑠(𝑘 + 1) = (1 −
𝑇𝑠𝑅𝜏
𝐿𝑠𝜎

) 𝑖𝑠(𝑘) + ((𝜏𝑟𝑘𝑟 − 𝑗𝑘𝑟𝑤𝑚)𝜙𝑠(𝑘) + 𝑉𝑠(𝑘 + 1))

𝑇𝑒(𝑘 + 1) =
3

2
𝑝𝜙𝑠(𝑘 + 1). 𝑖𝑠(𝑘 + 1)

[

𝑖𝑠𝛼̇
̇

𝑇𝑙̇

] = [
0 𝐹3𝜙𝑟𝛽 0

0 0 −𝐹8
0 0 0

] [
𝑖𝑠𝛼

𝑇𝑙

] + [

−𝐹1𝑖𝑠𝛼 + 𝐹2𝜙𝑟𝛼 + 𝐹10𝑢𝑠𝛼
𝐹6(𝜙𝑟𝛼𝑖𝑠𝛽 − 𝜙𝑟𝛽𝑖𝑠𝛼) − 𝐹7

2𝐹9

] (12)

[

𝑖𝑠𝛽̇

𝜙𝑟𝛼̇

𝜙𝑟𝛽̇
] = [

−𝐹1 0 𝐹2
0 −𝐹5 0
−𝐹2 0 −𝐹5

] [

𝑖𝑠𝛽
𝜙𝑟𝛼
𝜙𝑟𝛽

] + [

−𝐹3 + 𝐹10𝑢𝑠𝛽
−𝑝 + 𝐹4𝑖𝑠𝛼

−𝑝 𝜙𝑟𝛼 + (𝐹2 + 𝐹4)𝑖𝑠𝛽

] (13)
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𝑋̇1 = 𝐴ℎ𝑔1(𝑢, 𝑦, 𝑋2)𝑋1 + 𝑔ℎ𝑔1(𝑢, 𝑦, 𝑋2, 𝑋1)

𝑦1 = 𝐶1𝑋1
 

𝑋̇2 = 𝐴ℎ𝑔2𝑋2 + 𝑔ℎ𝑔2(𝑢, 𝑦, 𝑋2, 𝑋1)

𝑦2 = 𝐶2𝑋2
 

𝑢 = [𝑢𝑠𝛼𝑢𝑠𝛽]′ 𝑋̃1 = [𝑖𝑠𝛼 𝑇𝑙𝑙]′ 𝑋2 = [𝑖𝑠𝛽 𝜙𝑟𝛼 𝜙𝑟𝛽]′ 𝑦 =

[𝑖𝑠𝛼𝑖𝑠𝛽]′, 𝐶1 = 𝐶2 = [1 0 0]′

𝐴ℎ𝑔1(𝑢, 𝑦, 𝑋2) = [
0 𝐹3𝜙𝑟𝛽 0

0 0 −𝐹8
0 0 0

]

𝑔ℎ𝑔1(𝑢, 𝑦, 𝑋2, 𝑋1) = [

−𝐹1𝑖𝑠𝛼 + 𝐹2𝜙𝑟𝛼 + 𝐹10𝑢𝑠𝛼
𝐹6(𝜙𝑟𝛼𝑖𝑠𝛽 − 𝜙𝑟𝛽𝑖𝑠𝛼) − 𝐹7

2𝐹9

]

𝐴ℎ𝑔2 = [

−𝐹1 0 𝐹2
0 −𝐹5 −1/𝑗
−𝐹2 0 −𝐹5

]

𝑔ℎ𝑔2(𝑣, 𝑋1, 𝑋2) = [

−𝐹3 + 𝐹10𝑢𝑠𝛼
−𝑝 + 𝐹4𝑖𝑠𝛼

−𝑝 𝜙𝑟𝛼 + (𝐹2 + 𝐹4)𝑖𝑠𝛽

]

{

𝑍̇1 = 𝐴ℎ𝑔1(𝑢, 𝑦, 𝑍2)𝑍1 + 𝑔ℎ𝑔1(𝑢, 𝑦, 𝑍2, 𝑍1) + 𝑆1
−1𝐶1

𝑇(𝑦1 − 𝑦̂1)

𝑆̇1 = −𝜃1𝑆1 − 𝐴ℎ𝑔1
𝑇 (𝑢, 𝑦, 𝑍2)𝑆1 − 𝑆1𝐴ℎ𝑔1(𝑣, 𝑍2) + 𝐶1

𝑇𝐶1
𝑦̂1 = 𝐶1𝑍1

{

𝑍̇2 = 𝐴ℎ𝑔2𝑍2 + 𝑔ℎ𝑔2(𝑢, 𝑦, 𝑍2, 𝑍1) + 𝑆2
−1𝐶2

𝑇(𝑦2 − 𝑦̂2)

𝑆̇2 = −𝜃2𝑆2 − 𝐴ℎ𝑔2
𝑇 𝑆2 − 𝑆2𝐴ℎ𝑔2 + 𝐶2

𝑇𝐶2
𝑦̂2 = 𝐶2𝑍2
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𝑆1
−1𝐶1

𝑇 𝑆2
−1𝐶2

𝑇

𝑍1 = [𝑖̂𝑠𝛼 ̂ 𝑇̂𝑙]′ 𝑍2 = [𝑖̂𝑠𝛽 𝜙̂𝑟𝛼 𝜙̂𝑟𝛽]′ 𝐶1 = 𝐶2 = [1 0 0]′ 𝑢 = [𝑢𝑟𝛼𝑢𝑠𝛽]
′

𝑦 = [𝑖𝑠𝛼𝑖𝑠𝛽]′

θ θ
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