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Abstract: In order to improve the frequency stability of power system and fully use the demand-side controllable load
resources, the paper proposes a distributed frequency control method based on two-dimensional cloud model considering
the response for thermostatically controlled loads. The load frequency control model of multi-area interconnected pow-
er systems is established, and a distributed control strategy of thermostatically controlled loads based on Fokker-Planck
equations is designed. Meanwhile, the cloud model algorithm and fractional calculus theory are adopted, a distributed
fractional-order PID frequency controller based on two-dimensional cloud model is designed. Finally, through control sim-
ulation comparison and analysis, it is demonstrated that the proposed integrated control method has better dynamic and
steady-state performance in different operation scenarios. The results show that the control method is feasible and effective.
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Fig. 1 Control block diagram of three-area interconnected power system
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Table 1 Digital characteristics of two-dimensional cloud model
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Table 2 Comparison of performance indexes of dif-
ferent controllers
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Table A1 Basic parameters of three-area power

system
ZHIIX IS, Xkl X2 o X3
A [A] L T 0.7 0.9 15
TRECHLES [A] 4L T 1.7 1.2 0.9
WEFRHR 25 2.7 2.4
W7 R B 0.35 0.425 0.4
B e R D 1 15 3
KPR S H 10 12 15
TR Tac 2500 2000 2200
FARR A X T [22,25] [22,25] [22,25]

WRERL IR A R BTy 0.02 0.02 —

% A2 AK, 8935 &
Table A2 AK,, control rules

Ec

ZAERALI
NM NS ZE PS PM PB

NB ZE NS NS NS NS NS ZE

NM NS ZE ZE ZE PS PS PS

NS NS ZE ZE ZE PS PS PS

E ZE NS ZE ZE ZE PS PS PB
PS NS ZE ZE ZE PS PS PS

PM NS ZE ZE ZE PS PS PS

PB NB NS NS NS PS PS ZE

A A3 AK 8942 F1 A0 &
Table A3 AK; control rules

Ec

ZAHERRL
NM NS ZE PS PM PB

% A4 AK 893250 %
Table A4 A K4 control rules

E

ZHEFEER .
NM NS ZE PS PM PB
NB NS NB NB NB NB NB NS
NM ZE NS NS NB NS NS ZE
NS ZE NS NS NB NS NS ZE
E ZE ZE NS NS NS NS NS ZE
PS ZE ZE ZE ZE ZE ZE ZE
PM ZE ZE ZE ZE ZE ZE ZE
PB PB PS PS PS PS PS PB

£ A5 AXNBEEHIALN] &
Table A5 A control rules

E

S -
NM NS ZE PS PM PB
NB NB NS NS NS NS NS ZE
NM NS NS NS NS ZE ZE PS
NS NS NS NS NS ZE ZE PS
E ZE NS NS NS ZE PS PS PS
PS ZE ZE ZE PS PS PS PS
PM ZE PM PM PM PM PM PB
PB 7ZE PS PS PS PS PS PB

& A6 Apdgd=HI PN &
Table A6 Ay control rules

NB ZE ZE ZE ZE ZE ZE ZE

NM NB ZE ZE PS PS PS PS

NS PS PS PS PS ZE ZE PS

E ZE NS NS NS ZE PS PS NS
PS NB ZE ZE PS PS PS PS

PM NB ZE ZE PS PS PS PS

PB ZE ZE ZE ZE ZE ZE ZE

E.
ZHEEEER ]
NM NS ZE PS PM PB
NB PB PB PB PB PM PS PS
NM PB PB PB PM PM PS PS
NS PB PB PB PM PM PS ZE
E ZE PB PB PM PM PS ZE ZE
PS PM PM PM PS ZE NS NS
PM PM PM PS ZE ZE NS NS
PB PM PS ZE NS NS NS NS
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