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Abstract: Aiming at the problem that it is difficult to control the system stability when the traditional control-
ler method of centralized control is applied to the large-scale system, the accurate decentralized H∞ controller 
for a class of generalized power systems is studied. The mathematical model of generalized power system was 
established, the stability of the system was analyzed, the dimensionality reduction observer was designed, and 
the conditional inequality was solved by Lyapunov equation and Riccati equation. Based on H∞ loop forming 
and combined with decentralized control strategy, the design of an accurate decentralized H∞ controller is 
completed. By comparing the simulation experiments, it is verified that the power system equipped with an 
accurate decentralized H∞ controller can respond quickly to interference, that is, the proposed controller is 
more robust. 
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1. Introduction 
The power system is a typical nonlinear system, and the 
generalized power system is a very complex dynamic 
system, which has the characteristics of wide range and 
complex structure. The generalized power system is 
usually composed of several subsystems which are inter-
related, and the dynamic stability problem which is easy 
to occur after interconnection seriously affects the overall 
operation reliability of the power system. In recent years, 
with the development of smart grid, the structure of the 
power system is more complex, the stability is more dif-
ficult to control, and the control method and precision are 
required [1]. Therefore, for the complex generalized 
power system, improving the overall reliability of the 
system is the basic condition to ensure the normal opera-
tion of the system. In the traditional centralized control 
method based on fuzzy theory, the same controller is 
used to control the system. Although it can achieve a 
good control effect for the small system, when applied to 
the large system, the controller is not robust enough to 
realize the stability control of the generalized power sys-
tem. As the preferred control method for stability control 
of generalized power system, decentralized control can 
quickly respond to the interference in each subsystem, 
which is conducive to the realization of system control 
[2]. 
The characteristic of decentralized control is that there is 
no unified controller. In this control mode, the output, 
input signals and system signals of each sub-operation 
are correlated with each other. The advantages of decen-
tralized control are strong pertinence, high efficiency of 

information transmission and strong adaptability of the 
system. Although decentralized control has been applied 
in many industries such as transmission network, space 
system and economic system, the research results on de-
centralized control of generalized power system in China 
are not significant in recent years [3]. Based on the above 
analysis, this paper will study an accurate decentralized 
H∞ controller for a class of generalized power systems. 

2. Accurate Decentralized H∞ Control for a 
Class of Generalized Power Systems 
2.1. The mathematical model of generalized power 
system is established 

The power system is a typical generalized system, which 
has both the characteristics of the general system and the 
basic characteristics of the generalized system. It can 
describe a wider range of systems than the normal system. 
With the complexity of the power system and the conti-
nuous expansion of the control area, the structure of the 
generalized power system becomes more and more com-
plex, and the number of neutron systems in the system 
becomes more and more. The general model of genera-
lized power system is usually a generalized intercon-
nected system composed of several generalized subsys-
tems, which can be expressed as: 
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In formula (1), iiE  is the potential value of generalized 
power system; N  is the number of subsystems of gene-
ralized power system; ix  is the system state variable; iu  

is the control variable; 
1,

N

ij j
j j i

A x
= ≠
∑  is the correlation mea-

surement quantity of the system; 1iω  is the overall exter-
nal disturbance to the power system; 2iω  is the distur-
bance to the output part of the power system; iiA , iiB  
and iiG  are constant matrices with appropriate dimen-
sions; iy  is the feedback of generalized power system; 

iz  is the output of generalized power system; 2iiC  and 

1iiC  are the parameters of the feedback and output state 
variables of the power system respectively; 1iiD  is the 
parameter of the output of the power system; 2iiD  is the 
feedback disturbance parameter of the power system [4]. 
Compared with general generalized systems, the system 
model is more complex by adding interconnected subsys-
tems. Assuming that the matrices 1R  and 2R  are nonsin-
gular, the two matrices are as follows: 

1 12 12

2 22 22

T
i i

T
i i

R D D

R D D

 =


=
                            (2) 

In formula (2), 12iD  is the output variable parameter of 
the large system; 22iD  is the output variable parameter of 
the subsystem. ( )0 2, ,E A C  can be detected and the pulse 
signal can be observed, in which 0E  is an infinite eigen-
value [5]. In the above system, there exists Riccati in-
equality that matrix P  satisfies 0T TE P P E= ≥ . 

( ) ( )

( ) ( )

2

1 1 12 1 12 1

2

0

TT T T T T
D D

TT T T T T

P A A P P GG P P BB P P

C C B P D C B P D C

γ −+ + + − −

+ − + + <
 (3) 

In formula (3), the matrix P  is the n-order matrix; DP  is 
the diagonal matrix composed of diagonal elements in 
the matrix P . According to the above assumptions, the 
compact representation of the generalized power system 
composed of all subsystems is as follows [6]: 
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After designing the mathematical model of the genera-
lized power system, the controller with observer is used 
to obtain the approximate values of ix  and 1iω  states in 
the subsystem. 

2.2. Design of dimensionless observer 

The dimensional-reduction observer is used to observe 
the part of the state that cannot be directly observed from 

the output. It requires fewer integrators than the full-
dimensional observer, and the overall feedback system is 
simple in structure and low in cost. In order to design a 
dimensions-reduction observer for system (1), the state 
matrix A  and state matrix x  are divided into blocks. If 

[ ]0mC I   = , then y Cx= . The sufficient conditions for 
the existence of dimensionality reduction observer in 
generalized power system are as follows [7]: 
If ( )A C   can be seen, and the gain matrix P  and X  
exist, the following linear matrix inequality is established: 
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Then, Lyapunov function is used to obtain the asymptoti-
cally stable dimensional-reduction observer ( X PL= ) 
expression of the system (4) as follows: 
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In formula (6), φ∆  is the dynamic error of the observer. 
The form of controller obtained by the observer designed 
above is as follows: 
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In formula (7), iξ  is the state estimation of i  subsystem 
decentralized controller; 1iω  is the estimation of system 
disturbance. After designing the dimensions-reduction 
observer and simplifying the expression of the genera-
lized power system mathematical model by using the 
observer estimate, the H∞ loop is designed to stabilize 
the controller. 

2.3. H∞ infinity loop takes shape 

H∞ loop shaping is to describe the design objective of 
the closed loop system with the open loop transfer func-
tion. If the singular value of the nominal controlled ob-
ject ( ) ( )/G s G sτ  reaches the desired shape within the 
appropriate frequency range, select the pre-compensator 

( )1W s  or the post-compensator ( )2W s  to shape it. In 
order to make the system better able to suppress interfe-
rence, the gain of the open-loop transfer function ( )Gs s  
after shaping should be high enough in the low frequency 
band. At the same time, in order to ensure the robustness 
of the controller, the gain of open-loop transfer function 

( )Gs s  should be low enough in the high frequency band. 
In conclusion, to ensure good controller performance, the 

( )Gs s  must have the desired loop gain within the appro-
priate frequency range [8]. 
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The diagram below shows the design process of loop 
forming. 
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Figure 1. Circuit forming design process 

After the H∞ loop is designed according to the process 
shown in the above figure, the H∞ control theory is com-
bined with the decentralized control strategy to design an 
accurate decentralized controller for the generalized 
power system. 

2.4. Design accurate dispersion controller 

The accuracy of the decentralized controller was de-
signed in this paper, using the structure of feedforward 
control, feedforward control is the basic principle of the 
system's external disturbance signals by another branch 
to the controller, the external signal through the impact of 
main channel and offset by the impact of feedforward 
control, so as to achieve the purpose of elimination of the 
influence of interference signals. The observer can be 
used to approximate the measured interference signal, so 
a feedforward channel is added, and the appropriate feed-
forward channel is selected to make the interference sig-
nal affect the system through the feedforward channel, 
which can exactly offset the influence of the interference 
signal on the output signal of the original system. The 
standard H∞ controller block diagram is shown below. 
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Figure 2. Standard H∞ controller block diagram 

In the figure above, the weighted functions 1W , 2W  and 

3W  correspond to controller input, controller output and 

evaluation output respectively. 1W  is a weighted function 
of the transfer function and represents the norm solution 
of additive perturbation. In transfer function, if the cor-
responding weighted function 1W  is introduced, the size 
of the control quantity u  should be limited by selecting 
the size of the input weighted function to keep it within 
the allowable range of the system, so as to prevent the 
serious saturation phenomenon of the controller in the 
actual working process and the damage to the actuator 
caused by the excessive control quantity. From this point 
of view, and in order to ensure that the system has suffi-
cient bandwidth, the static gain of 1W should be appro-
priately small. 2W  plays a penalty function in the design 
of the controller. A larger 2W  results in a smaller control-
ler gain. In addition, the reasonable choice of 2W  phase 
helps the controller to control the object from the right 
direction. Generally speaking, 2W  can be chosen as a 
smaller normal number, but it is also optional. 3W  is used 
to adjust the weakly damped poles of the open ring. If the 
controlled object has open loop weakly damped poles, 
these poles will become the poles of the closed-loop sys-
tem after adding the controller closed loop, so that the 
designed controller cannot achieve a satisfactory effect. 
Therefore, the poles can be adjusted by 3W  [9]. 
Considering the generalized power system, for any 

0γ > , the following equivalence relation exists [10]: 
A. Function V  in matrix X  and 1C−  satisfies nR R→ : 

2 22 0
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dV y u
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B. The matrix X  satisfies this equation: 
2 0T T T TX TX A A X X BB C Cγ −+ + + <           (9) 

C. The matrix X  is allowed with respect to ( ),E A , and 

( )T s γ
∞
< , ( ) ( ) 1T s C sE A B−= − . 

In order to stabilize the closed-loop system, the decentra-
lized controller constructed is: 

i iu K x= −                                  (10) 
When the above conditions are met, the generalized 
power system can be controlled by H∞ accurately, and 
the control gain K  of the generalized power system is as 
follows: 

( )
1
2

1 12 1
T T

DK R B P D C
−

= − +                  (11) 
So far, the design of H∞ controller for a class of genera-
lized power system with accurate dispersion is completed, 
which makes up for the disadvantages of traditional con-
troller design and makes the closed-loop control perfor-
mance of generalized power system stable. 

3. Simulation Results 
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In this paper, a class of H∞ controller for generalized 
power system is studied. To test the performance of the 
controller designed in this paper, a simulation experiment 
is carried out. 

3.1. Experiment content 

The simulation experiment was conducted by comparing 
the accurately distributed H∞ controller designed in this 
paper with the controller based on fuzzy theory. The ex-
perimental group was the accurately dispersed H∞ con-
troller for the generalized power system studied in this 
paper, and the comparison group was the power system 
controller based on fuzzy theory. Experimental verifica-
tion was carried out under two conditions, namely, 

changing the operating point of the system and power 
system failure. Experimental data of the two conditions 
were comprehensively analyzed, and the robustness of 
the controller was compared, and corresponding experi-
mental conclusions were obtained. 

3.2. Experimental preparation 

This experiment takes the test system of 4 machines with 
two drives as an example for simulation analysis. The 
excitation system parameters of the four generators are 
all the same. 4. The analysis results of open loop eigen-
values of the machine system are shown in the following 
table. 

 
Table 1. Analysis of open loop characteristic values of 4 machine systems 

Model 1 2 3 
Eigenvalue -0.3647+j6.6075 -0.3563+j6.7433 0.1928+j3.5415 

Damping ratio 0.0551 0.0528 -0.0543 
Oscillation frequency /Hz 1.0516 1.0732 0.5636 

The dominant unit 1# 3# 2#, 3# 
 
The experimental group and the control group were used 
to control the four computer systems, and two experi-
ments were carried out in the two experimental environ-
ments. Process and analyze experimental data and draw 
corresponding conclusions. 

3.3. Experimental results 

Firstly, the control effect of the control group and the 
control group on the experimental system was verified. 
The control effect of the two controllers is shown in the 
figure below. 
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Figure 3. Comparison of controller effects

In order to illustrate the control effect of the controller on 
the experimental system, figure 3 compares the simula-
tion curves of the system without control, the controller 
in the comparison group and the controller in the experi-
mental group. It can be seen from the above figure that 
the system itself is unstable when the controller is not 
installed, and each generator shows an increasing oscilla-
tion. However, the stability of the system has been signif-

icantly improved after the controller is installed. Com-
pared with the control group, the control group can better 
suppress the oscillation of the system. 
Under the two experimental conditions of changing the 
operating point of the system and system failure, the re-
sponse of the system after installing the controller in the 
experimental group and the control group was compared. 
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The response curve of the system is shown in the follow- ing figure. 
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Figure 4. Comparison of response curves of the system under two experimental conditions 

As can be seen from the above figure (a), the experimen-
tal system can run stably at the initial operating point. At 
8 seconds, the system load is increased by 50MW, and 
the injected power of machine 1 is correspondingly in-
creased by 50MW, thus obtaining the response curve of 
the system. As can be seen from figure 4 (a), when the 
operating point of the system changes, the response curve 
of the system after installing the controller of the experi-
mental group fluctuates less and recovers quickly. 
According to the above figure (b), the system had a three-
phase short circuit failure at 5 seconds, and the system 
reclosed successfully after 0.2 seconds. During the sys-
tem fault recovery period, the system response of the 
control group controller was greatly fluctuated, indicating 
that the controller did not get the timely response to the 
system control instructions. The response curve of the 
experimental group was almost unchanged, indicating 
that the controller could keep good control of the system 
in case of sudden failure. 
To sum up, the accurate decentralized H∞ controller for a 
class of generalized power systems studied in this paper 
is more robust than the traditional fuzzy controller. 

4. Conclusion 
In this paper, a kind of generalized power system model 
is considered. Under the condition of observer, a system 
compact model composed of several generalized subsys-
tems is established. Lyapunov function and Riccati in-
equality are used to solve the problem. Simulation results 
show that the proposed controller reduces the harmonic 
distortion rate of the power supply current, improves the 
compensation effect, improves the stability and robust-
ness of the system, and improves the reliability of the 
dynamic operation of the generalized power system. 

5. Acknowledgments 
The Research is Supported by Project Supported by Na-
tional Natural Science Foundation of China (61074029); 
Dalian Project (2014A11GX006). 
 
References 
[1] Gao Hongliang, Zhan Xisheng, Zhu Jun, et al. Output feedback 

controller design for a single-machine infinite-bus power system 
based on H∞ control. Journal of Guangxi University (Natural 
Science Edition). 2019, 44(02), 396-403. 

[2] Xiao Huimin, Meng Xin. Adaptive H∞ control for a class of 
uncertain singular time-delay systems. Control and Decision. 
2019, 34(10), 2157-2163. 

[3] Sun Qiqi, Xia Chenyang, Li Xinyu, et al. H ∞ robust control of 
dual-LCL inductive power transmission system. Guangdong 
Electric Power. 2018, 31(11), 32-38. 

[4] Nie Yonghui, Zhang Yichuan, Ma Yanchao, et al. H∞ damping 
control of power system with time delay. Electric Power 
Automation Equipment. 2018, 38(10), 96-100. 

[5] Tan Yuangang, Wang Gang, Zhang Xiangdong, et al. Variable 
gain back-stepping adaptive L2robust decentralized excitation 
control for multi-machine power system. China Measurement & 
Testing Technology. 2018, 44(06), 109-114. 

[6] Wan Yong, Tian Hongxing, Yang Chen. H∞ optimal excitation 
control for power system based on sum of squares programming. 
Journal of Nanjing University of Aeronautics & Astronautics. 
2018, 50(03), 342-347. 

[7] Yu Guangxue, Cheng Xing, Yang Yunfei. A structured robust 
attitude controller design for RLV reentry. Computer Simulation. 
2018, 35(05), 76-80. 

[8] Xian Feng, Ma Hebao. Dynamic output feedback H∞ control for 
affine nonlinear descriptor system. Journal of Minjiang 
University. 2018, 39(02), 22-25. 

[9] Li Yan, Teng Yun, Leng Ouyang, et al. Transient stability linear 
parameter varying robust feedback control for interconnected 
power system by wind power AC/DC channel. Renewable 
Energy Resources. 2018, 38(08), 2315-2322, 2541. 

172 
 

http://c.old.wanfangdata.com.cn/Periodical-gxdxxb.aspx
http://c.old.wanfangdata.com.cn/Periodical-gxdxxb.aspx
http://c.old.wanfangdata.com.cn/Periodical-gxdxxb.aspx
http://c.old.wanfangdata.com.cn/Periodical-zgcsjs.aspx
http://c.old.wanfangdata.com.cn/Periodical-zgcsjs.aspx
http://c.old.wanfangdata.com.cn/Periodical-zgcsjs.aspx
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=mjxyxb201802005
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=mjxyxb201802005
http://c.old.wanfangdata.com.cn/Periodical-ncny.aspx
http://c.old.wanfangdata.com.cn/Periodical-ncny.aspx
http://c.old.wanfangdata.com.cn/Periodical-ncny.aspx


HK.NCCP                                         International Journal of Intelligent Information and Management Science 
                                                                   ISSN: 2307-0692, Volume 9, Issue 3, June, 2020 

[10] Li Zhihan, Zhang Yingmin, Zhang Shuang, et al. Design of 
multi-channel low order robust damping controller based on 

static H∞ loop-shaping method. Power System Protection and 
Control. 2018, 46(01), 23-29. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

173 
 

http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=jdq201801004
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=jdq201801004
http://www.wanfangdata.com.cn/details/detail.do?_type=perio&id=jdq201801004
javascript:void(0)
javascript:void(0)
javascript:void(0)

	References

