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Adaptive tracking control algorithm for flexible power point of

photovoltaic system considering dynamic environment
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Abstract; A major problem related to the growing popularity of grid connected photovoltaic power
generation is the operational challenges (such as overload and overvoltage) due to the variability of
photovoltaic power generation. Flexible power point tracking (FPPT) can limit the photovoltaic output
power to a specific value to solve some integration problems. The traditional FPPT algorithm based on
disturbance observation has the problem of slow dynamics. Therefore, an adaptive FPPT algorithm is

proposed in this paper. The proposed algorithm has fast dynamic characteristics under the quick changing
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environment conditions (such as cloud layer passing), while maintaining low power oscillation in the steady
state. The proposed algorithm uses additional measurement samples under each disturbance to observe
changes in operating conditions (such as solar irradiance). Then, the voltage step is calculated adaptively
according to the observation conditions (such as transient or steady state) to improve the tracking
performance. Finally, the simulation experiment on a 3 kVA single-phase photovoltaic grid connected
system verifies the effectiveness of the algorithm in terms of fast dynamics and high accuracy under
different operating conditions.
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Fig. 1 Circuit configuration and overall control structure of a two-stage GCPVPP
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Fig. 2 The influence of the relative parameter changes of photovoltaic panels on the voltage reference value

K3 25 T IR MAE FPPT RazSas 7l al iy B I Fn i R i £ . &L 3 1T LU Y, T4 7 5 25 i el 2%
NRIEAE p ARG . P AT EFR A 0, 75 = (& — 1) T B, B 5 v 3 380 50 o 3 1) b o 3 v %
K v (b—1) ANE 3C) iR, Mtk ¢ = e —1/2) T B B GCAR B H R T 38, R I B 145 1l 4 78 21 4> SR A o] 10
T/2 W AR BIE v, . B TE =G —1/2)T B, pv LK o, 8018 HIEHEME W o0 (k—1) . pv il
WM OBEIE] p,.(E—1/2), £ t=G—1/2)T Mt=~rT Z 8], 53R A BE LA 2R Ay,
IR I, 76 3 1E] GRS DR p ARFEAE . B3 0 FT p o MR B AT E T PR-O-CPG Bk 1Y
RS H M) E,

Ap>0 Ap<0O
CAp>0 Ap0 |Api<0  Ap,0 |
ret v_(k-1) i v (k+1/2) v (k+1)
v = Pov k) £ = — Uy
" / "
Vo :
v (k-1/2) :
v (k1) ¢ v (k) v (k+1)d |
B p (k-172)
ﬁ IO Y
Popy
i \_p (k+1/2)
p,k-1) o  p,(k+1)
i i ]
G-ODT  G-12T ®T GUDT  G)T
A ]
(a) RAEKM
Ap>0 Ap<0
FAp>0  Ap0 {Ap,<0 Ap,~0
v, v (k-1) : : :
v, : T Vs
v (k-1/2) —,
v_(k—1) ~ v, (k)

v, k+172) v (k+1)

1 |

0, 4k)

p,(k+172)
: P, (k+1)

3

*-DT  G-12T BT G127 GDT
R ]
(b)) fR R L P Az fh
B3 ZEUHESREANBERNENS

Fig. 3 Extra measurements between consecutive calculation-step
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Fig. 4 Block diagram of the proposed adaptive constant power generation algorithm in GCPVPPs
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Fig. 5 Different operation modes of the photovoltaic system in constant power generation
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Fig. 6 Principles of the proposed voltage-step calculation algorithm during transients
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Fig. 7 Principles of the proposed voltage-step calculation algorithm in steady state
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Table 1 Parameters of the two-stage grid connected photovoltaic system
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Fig. 8 Experimental results of case I
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Fig. 9 Experimental results of case 11
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Fig. 11 Experimental results of case IV
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Table 2 Comparison of experimental results based on the tracking error
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Table 3 Comparison of experimental results based on the settling time
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