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Abstract

The limited reserves of fossil fuels and their environmental pollution potential during utilization
have driven significant interest in solar energy as a clean and renewable alternative. However, the
inherent stochastic characteristics of photovoltaic (PV) systems, particularly those influenced by
solar irradiance fluctuations and ambient temperature variations, pose significant challenges to achiev-
ing reliable maximum power point tracking (MPPT). To address the above problems, this study pro-
poses a PV MPPT control strategy based on stochastic model predictive control (SMPC) to realize
the maximum power output of PV systems in stochastic environments. First, a nonlinear state-space
model is formulated to describe the PV system affected by stochastic factors. Subsequently, an im-
proved Kepler optimization algorithm (IKOA) is proposed for quickly locating the maximum power
point; in order to cope with the effects of the solar irradiance and the ambient temperature on the PV
system, this paper designs a scenario-tree-based SMPC controller: 1) A scenario tree-based model-
ing framework is proposed to probabilistically represent solar irradiance, temperature variations
and other factors; 2) A Markov jump model is established to improve the accuracy of scenario con-
struction and transition. The PV MPPT strategy based on scenario-based SMPC ensures that the PV
system can obtain the maximum power output under the stochastic perturbations of solar irradiance
and ambient temperature. Simulation experiments demonstrate the effectiveness and superiority
of the proposed control strategy.
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Figure 1. Block diagram of photovoltaic system
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Figure 2. Single diode equivalent circuit for photovoltaic cells
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Figure 3. PV array current, power and voltage, irradiance, temperature relationship curve
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Figure 4. Boost circuit diagram
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Figure 5. Control strategy block diagram
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Figure 6. SMPC scene tree structure diagram
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G w(2) AR IR 5 N 8, B R TR A FTREI s ANAORME RS IER, Mtk
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01: At any step &:
02: set T={M},EN-1 =lLn=1c=s;

03:set C= szl{succ(/\/l,wj )}

04: while n<n do

total

05: for all ie{l,Z,---,C} , do

06: compute 7T ;

07 if T, >

08: set NV, =C;

09: set TZTU{/\/HH};

10: set ng{succ(q*,wj)}u(C\C;);

11: set c=c+s—1l,n=n+1;
12: end if
13:  end for

14: end while
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1) 2T wloMiER T (k) ;

2) BT T (k) SRAFAn B o PR Ak 42 i ) R0

min = > 7 (y, _’?)TQ(yi —1)+ 7.Au RAu,
" ieT (k)/{N) ieT (k)/S

(17)

Hep, w={u,: N, eT (k,n,, )/S} NEBENITH: wik)FmBLIE R, FRGEIRRERIEIE . MR
A5 RO RE— 2R AR, BN P R SEEL,  RIRORAR MR EZ AN RE T REE DL — R TN,
EORMEE — MU AR R EBIH7Y lite E R R T RGN TIARES, 7 EORME A2
AR IR e BIEH o, EEMINERES S, 5 KBEIMERRR N7, HARN 1,
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3) P A 5 2R AT RIS u:
w=[u(k) u(k+1) - u(k+Ne-1)] (18)

Real R i3 — MEHIE w(ofEH T 258
ER ERERE, A SKBDCR ARG R R . MBI RN AR S A N R KT

4. fHEIE

ARSCHEH T T IKOA Al T35 1) SMPC Y6k MPPT %l e, 38 T35 (1) SMPC | 4% i
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g T IL S EOREE I 8 S R 1 R

Table 1. PV system simulation model parameter table
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Figure 7. Scenario division and transition diagram
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Figure 8. Example 1: Sunny day simulation result diagram
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Figure 9. Example 2: Rainy day simulation result diagram
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Figure 10. Example 3: Cloudy day simulation result diagram
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Figure 11. Example 4: Snow day simulation result result diagram
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Table 2. Evaluation table for tracking results of different MPPT strategies
% 2. N[E MPPT SREGBRERE RIFMN R

=] E2 il R7S ITAE
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|
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