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Abstract: A new adaptive fuzzy controlling scheme is proposed for the photovoltaic maximum power point tracking.

The theory proves that the algorithm of on-line self-adjusting used to alter the fuzzy rule bases makes the photovoltaic sys-

tem stable globally. Based on such a scheme, good dynamic function and high robustness are achieved. The performance of

the system is evaluated by the simulation conducted with Simulink tools in MATLAB7.0 and satisfied results are obtained.
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2 (Design

of MPPT system )
2.1 (V module characteris-

tics )
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Fig. 1 I-V characteristics in constant temperature

and irradiation

2.2
(Scheme of MPPT system )

e = Pm − Ppv. (2)
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). (FLC)

e ΔDk,

D DC/DC ,

, .

Boost . e

.

2

Fig. 2 The control system block diagram

3 (Design of fuzzy con-

troller )
[6]:

x(n) = f(x, ẋ, · · · , x(n−1)) + bu, (3)

Ppv = x. (4)

: f , b .

x = (x, ẋ, · · · , x(n−1))T = (x1, x2, · · · , xn)T. (5)

u = u(x|θ) θ ,

Ppv Pm. If-

Then:

R(r)
u : If x1 is P r

1 and · · · and xn is P r
n ,

Then u is Qr. (6)

P r
i , Qr R , i = 1, 2, · · · , n, r = 1, 2,

· · · , Ln.

:

u = uF (x|θ). (7)

uF (x|θ) :

1 xi(i = 1, 2, · · · , n), mi

Ali
i (li = 1, 2, · · · , Ln).

2
n∏

i=1

mi

uF (x|θ),

If x1 is Al1
1 and · · ·xn is Aln

n ,

Then uF is Sl1···ln . (8)

: l1 = 1, 2, · · · ,mi, i = 1, 2, · · · , n.

,

uF (x|θ) =

m1∑
l=l1

· · ·
mn∑

ln=1

ȳl1···ln
u (

n∏
i=1

μli
Ai

(xi))

m1∑
l1=1

· · ·
mn∑
ln

(
∏

μli
AI

(xi))
. (9)

ȳl1···ln
u ,

θ ∈ R
n∏

i=1

mi ,

uF (x|θ) = θTξ(x), (10)

: θ
n∏

i=1

mi ; ξ(x) ,

l1 · · · ln
ξl1··· n(x) =

∏
μli

Ai
(xi)

m1∑
l1=1

· · ·
mn∑
ln

(
∏

μli
AI

(xi))
, (11)
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θ (6) ,

. (6)

.

4 (Design of adaptive rule)

e = (e, ė, · · · , en−1)T ∈ R
n, (12)

f(x) , b ,

u∗ =
1
b
[−f(x) + p(n)

m + KTe]. (13)

(13) (2) (3),

ė = ∧e + b[u∗ − uF (x|θ)], (14)

:

∧=

⎡
⎢⎢⎢⎢⎢⎢⎣

0 1 0 0 · · · 0 0
0 0 1 0 · · · 0 0
...

...
...

...
...

...
...

0 0 0 0 · · · 0 1
−kn −kn−1 0 0 · · · 0−k1

⎤
⎥⎥⎥⎥⎥⎥⎦

, b=

⎡
⎢⎢⎢⎢⎢⎢⎣

0
0
...

0
b

⎤
⎥⎥⎥⎥⎥⎥⎦

.

K = (k1, · · · , kn)T ∈ R
n,

e(n) + k1e
(n−1) + · · · + kne = 0 (15)

,

, lim
t→∞

e(t) = 0.

:

θ = arg min
θ∈R

nQ

i=1
mi

[ sup
x∈Rn

|uD(x|θ) − u∗], (16)

ω = uD(x|θ∗) − u∗. (17)

(10) (17),

ė = ∧e + b(θ∗ − θ)Tξ(x) − bω, (18)

Lyapunov

V =
1
2
eTPe +

b

2γ
(θ∗ − θ)T(θ∗ − θ), (19)

P n×n , Lyapunov :

∧TP + P∧ = −Q, (20)

Q n × n , γ, b .

V , (20),

V̇ =

−1
2
eTQe+eTPb[(θ∗−θ)Tξ(x)−ω]−b

γ
(θ∗−θ)Tθ̇=

−1
2
eTQe+

b

γ
(θ∗−θ)T[γeTpnξ(x)−θ̇]−eTpnbω, (21)

pn P .

θ̇ = γeTpnξ(x), (22)

V̇ = −1
2
eTQe − eTpnbω, (23)

ω ,

uF (x|θ), ω , | eTpnbω |< 1
2
eTQe,

V̇ < 0, .

5 (Simulation research )
ΔPk(e)

ΔDk,

ΔDk + 1, ΔDk 5

: (NB), (NS), (ZO), (PS),

(PB), ΔDk 3 : (N), (Z), (P),

ΔDk + 1 7 : (NB), (NM),

(NS), (ZO), (PS), (PM), (PB).

3 .

(a)

(b)

3

Fig. 3 Membership functions of input variables

,

, 1.

1

Table 1 Fuzzy rule table

ΔPk
ΔDk

NB NS ZO PS PB

N PB PM NS NM NB

Z NM NS ZO PS PM

P NB NM PS PB PB

1, If-Then

:
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1) D P ,

D ; ,

:

· If ΔDk is P and ΔPk is PB

Then ΔDk + 1 is PB

· If ΔDk is P and ΔPk is PS

Then ΔDk + 1 is PM

· If ΔDk is N and ΔPk is PB

Then ΔDk + 1 is NB

· If ΔDk is N and ΔPk is PS

Then ΔDk + 1 is NM

· If ΔDk is P and ΔPk is NB

Then ΔDk + 1 is NB

· If ΔDk is P and ΔPk is NS

Then ΔDk + 1 is NM

· If ΔDk is N and ΔPk is NB

Then ΔDk + 1 is PB

· If ΔDk is N and ΔPk is NS

Then ΔDk + 1 is PM

2) ,

, :

· If ΔDk is Z and ΔPk is PB

Then ΔDk + 1 is PM

· If ΔDk is Z and ΔPk is PS

Then ΔDk + 1 is PS

· If ΔDk is Z and ΔPk is NB

Then ΔDk + 1 is NM

· If ΔDk is Z and ΔPk is NS

Then ΔDk + 1 is NS

3)
∂P

∂D
= 0,

, :

· If ΔDk is P and ΔPk is ZO

Then ΔDk + 1 is PS

· If ΔDk is N and ΔPk is ZO

Then ΔDk + 1 is NS

· If ΔDk is Z and ΔPk is ZO

Then ΔDk + 1 is ZO
[7], MATLAB/Simu-

link

.

,

. 4 . (a) (b)

Upv Ppv t ,

(c) (d) Upv Ppv

t . :

, .

0.01 s ,

, ,

, .

(a)

(b)

(c)

(d)

4

Fig. 4 Results of simulation
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6 (Conclusion)
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,
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