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Abstract: Because of strong randomicity of wind and photovoltaic resources and the variety of loads, the stability of

frequency of wind-photovoltaic hybrid power systems becomes low. The optimization of active power not only ensures the

safety and stability of frequency of power systems, but also makes it operating economically. However, it is a non-linear

optimization problem with constraints and multi-extremum, so this problem is difficult to be solved by traditional methods.

With the size of wind-photovoltaic hybrid power farm increasing, the performance of real-time control becomes worse.

Based on the above analysis, a mathematical model with the minimal generation cost as objective is constructed. Also a

new particle swarm optimization(PSO) based on uniform design and inertia mutation (UMPSO) and a multi-Agent based

collaborative optimization method are brought forward, which are used to optimize and control the frequency of power

system. Experiment verifies the correctness of the mathematical model and shows the higher effect of UMPSO than that of

the standard one. Another experiment indicates that the multi-Agent based collaborative optimization method is preferable

for larger power generation farm to the sole population PSO.

Key words: wind-photovoltaic hybrid power generation; frequency control; active power optimization; particle swarm

optimization (PSO); multi-Agent systems

: 1000−8152(2008)01−0155−04

1 (Introduction)
-

, –

. ,

,
[1].

, ,

.

, .

- ,

, -

.

.

, .

,

.

, ,

,

. .

: 2007−09−11; : 2007−10−01.

: (60534040); (05001819).



156 25

.

2 (Control of frequency)
,

[1,2],

[3∼5],

[3,6].

.

(PSO)[7] ,
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2.1 (Mathematical model)
,

,

,

, (1) .⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

min F (P ) =
M∑
i=1

Ci(PGi)

s.t. PGi min � PGi � PGi max, i=1, · · · ,M,

fmin �f �fmax,

M∑
i=1

(PGi − P 2
Gi+Q2

Gi

V 2
i

Ri − PL) = 0.

(1)

: P ;

PGi,QGi,Ci(PGi) i

; f ,fmin,fmax

; Ri

i ; M

; PL .

– ,

, ,

. , (2) :

PL = PDN − (f − fN)(KD∗
PDN

fN

+

n∑
i=1

KGi∗PGiN

fN

). (2)

: f ,fN

; PL ; i

; KD∗, KGi∗
; PDN ,PGiN

. KD∗
. ,

KD∗ = 1 ∼ 3. , KGi∗ .

, KD∗ = 2,KGi∗ = 25.

2.2 (Improved PSO)
[8,9] 1978

. ,

, .

, ,

,

.

1 :

C ,

δ1,

δ2.

(3) :⎧⎪⎪⎪⎨
⎪⎪⎪⎩

dfi =
fi − fg

min{|fi|, fg} ,

ddi =
N∑

j=1

(xij − Pgj)2.
(3)

: dfi i

, fi i , fg

, ddi i g .

(UMPSO) :

1) xi vi,

G P ε

T δ1

δ2 C1 C2.

2) (1) .

3) , (4) ;

(5) :

Pi(t + 1) ={
Pi(t), if f(xi(t + 1)) � f(Pi(t)),

xi(t + 1), if f(xi(t + 1)) < f(Pi(t)),
(4)

Pg(t) ∈ {P0(t), P1(t), · · ·PK(t)}/(Pg(t)) =

min{f(P0(t)), f(P1(t)), · · · , f(PK(t))}. (5)

4) , (3) PG ,

Ti 1.

5) Ti T . Ti >

T , 1 ,

. f(xi) < f(Pg), Pg =
xi, xi 1 , xi,

f(xi) � f(Pg), Ti = 0.

6) (6) (7)
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:

vi,j(t + 1) =⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

χ(vi,j(t) + c1r1,j(t)(Pi,j(t) − xi,j(t))+

c2r2,j(t)(Pg,j(t) − xi,j(t))),

if − Vmax,j � vi,j(t + 1) � Vmax,j;

vmax,j(t), if vi,j(t + 1) > vmax,j;

vmin,j(t), if vi,j(t + 1) < −vmax,j.

(6)

xi,j(t + 1) =⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

xi,j(t) + vi,j(t + 1),

if Xmin,j � xi,j(t + 1) � Xmax,j;

Xmax,j(t), if xi,j(t + 1) > Xmax,j;

Xmin,j(t), if xi,j(t + 1) < Xmin,j.

(7)

7)

G; T ε,

. , 8);

2).

8) Pg

, .

2.3 (Experiment and analysis)
1 – ,

, .

75 kW 45 kW

(BDFM,PM) 30 kW (PV) 140 kW·h
(BAT) (AS) (LD1,LD2)

. 400 V,

[380 V,420 V], 50 Hz,

[49.5 Hz,50.5 Hz], [49.8 Hz,

50.2 Hz].

, LD1 48 + j15.67, LD2 4 +
j1.38, BDFM 5.46 kW

[0,21 kW], PM 2.74 kW

[0,12.5 kW], PV 2.86 kW

[0,18.5 kW],

[0,41 kW].

75 kW 45 kW

0.705 /kWh 0.757 /kWh 1.65 /kWh;

1.56 /kWh, 0.8;

1.6 /kWh, 0.9.

1 –

Fig. 1 Scheme of wind/photovoltaic hybrid power systems

, P = 20, ε = 1E − 6, T = 4, δ1 = δ2 =
3E − 4, C1 = 2.8, C2 = 1.3. (3) KD =
2, U20(105)[9]. 20

2 , 1 .

2

Fig. 2 Optimization procedure

1 PSO UMPSO

Table 1 Comparison of optimization results between the standard PSO and UMPSO

/ kW

Battery BDFM PM PV
/Hz / / /ms

PSO 0.001097 0 21 12.5 18.5 50 53.13 4.67/3.32

UMPSO 0.001097 0 21 12.5 18.5 50 53.13 4.33/2.89

,

, .

,

, .

3 Agent (Collaborative optimiza-

tion based on multi-Agent)
Agent ,

, Agent ,
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[10]. 1

, BDI Agent. Agent1

, Agent2 .

Agent ,

. 52 kW,

Agent1 Agent, Agent1 Agent2

:

1) Agent1

, 1.06 ms, : BDFM

21+j5.46, PM 12.5+j2.74.

18.500703 kW, Agent1 .

2) Agent2 .

3) Agent2

, 1.13 ms, PV

18.5+j2.86, 0.001097.

4) Agent1 Agent2 , Agent2

. ,

. Agent1 Agent2

18.5+j2.86.

5) Agent2 , .

49.9994515 Hz,

.

6) Agent1 Agent2 ,

Agent, .

, 1); , .

, Agent (2.19 ms),

(2.89 ms) ,

. , Agent ,

, Agent

–

.

4 (Conclusion)
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