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 Due to the poor accessibility, poor operating conditions, high failure rate, 

long maintenance time, and difficult maintenance of wind hybrid generators, 

the economic loss is huge once the failure stops. To this end, the fault 

adaptive fault-tolerant control of distributed wind and wind hybrid 

generators is studied, the historical operation data of offshore wind and wind 

hybrid generators and onshore wind and wind hybrid generators are counted 

and compared, and the fault characteristics of key components of offshore 

wind and wind hybrid generators are analyzed. The generator sets are 

summarized, and the common electrical faults of wind turbines and their 

impacts on the system are analyzed. This paper summarizes the current 

research status of fault-tolerant operation of existing offshore wind and wind 

complementary generators in terms of software fault tolerance and hardware 

fault tolerance, summarizes the current fault tolerance schemes for offshore 

wind and wind complementary generators, and analyzes the application 

feasibility of existing fault tolerance schemes. In addition, the main 

problems of fault-tolerant offshore wind and solar complementary generator 

sets are pointed out, and future research hotspots are foreseen. 
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1. INTRODUCTION  

Among the renewable energy utilization technologies, wind power generation technology is a 

promising and mature technology [1]. After years of rapid development, the global wind power industry has 

entered a stage of steady growth, and the scale of wind solar hybrid generators is expanding [2]. With the 

expansion of wind power grid and the development of wind solar hybrid generators in China, the reliability 

of wind power generation technology has higher requirements. Therefore, aiming at the most widely used 

doubly fed wind solar hybrid generator set, this paper studies the fault diagnosis of stator and rotor current 

detection system, fault diagnosis of speed detection system and fault-tolerant control of system after fault 

from the aspects of improving its safety and reliability [3]-[5]. The design of wind solar hybrid generator 

control system is usually carried out in continuous time domain, but in practical application, it is 

https://www.researchgate.net/institution/Baghdad_College_of_Economic_Sciences_University/department/Computer_Engineering_Techniques_Department
https://creativecommons.org/licenses/by-sa/4.0/


                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 12, No. 2, April 2023: 1029-1040 

1030 

implemented in discrete time domain. In this paper, a reduced order observer of stator and rotor current for 

wind solar hybrid generator set is established, and a fault diagnosis scheme of current detection system based 

on current prediction is proposed. Through pole assignment, the current reduced order observer can track the 

actual current quickly and stably, realize the redundancy of current signal, and use the observed value to 

reconstruct the system after fault [6]. The fault diagnosis scheme based on current prediction can quickly 

diagnose the fault signal. Theoretically, it only needs at least one control cycle, and the fault diagnosis 

scheme is not affected by power fluctuation and grid fault. The research results show that through fault self 

diagnosis and fault-tolerant control, the power converter can keep grid connected and controllable operation 

in the case of partial detection signal fault, which can effectively improve the reliability of the system [7]-[9]. 

 

 

2. METHOD 

2.1.  Fault area characteristics of distributed wind solar hybrid generator 

In variable speed constant frequency AC excited doubly fed wind power generation system, the 

generator adopts doubly fed induction machine, and its structure is basically the same as that of wound 

induction machine [10]. Variable speed constant frequency doubly fed wind power system is generally 

composed of wind turbine, gearbox, doubly fed wind turbine, and bidirectional power converter. The wind 

solar hybrid generator sets are excited by a back-to-back two-level voltage source PWM converter connected 

by DC link grid side converter and generator side converter, to realize variable speed constant frequency 

operation and maximum wind energy tracking control [11], [12]. Therefore, the research of wind solar hybrid 

generator control strategy mainly focuses on the control of AC excitation converter, as shown in Figure 1. 
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Figure 1. Schematic diagram of VSCF doubly fed wind power system 

 

 

The wind-solar complementary generator and the wire-wound induction motor are identical in 

structure, and their mathematical models are the same [13]. The mathematical model based on the T-shaped 

equivalent circuit is the most widely used. In this paper, the mathematical model of the wind-solar 

complementary generator is derived based on the T-shaped equivalent circuit, as shown in Figure 2. 
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Figure 2. T-type equivalent circuit of doubly fed machine 
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In order to analyze more easily the mathematical model of the complementary scenery generator, the 

following assumptions were made in the derivation process: the three-phase stator and rotor windings of the 

motor are spatially symmetrically distributed, and the magnetic dynamic potential generated by the currents 

of each phase is sinusoidally distributed in the air gap, without considering the effects of magnetic circuit 

saturation and core losses [14]-[18]. In addition, it is necessary to state the direction of the stator and rotor 

currents. The direction of the stator current outflow is positive (power generation state); when the rotor 

current flows positively (electrical state), the mathematical model of the scenic complementary generator set 

in the three-phase stationary ABC coordinate system can be written as: 
 

{
 
 

 
 𝑢𝐴 = −𝑅𝑠𝑖𝐴 +

𝑑𝜓𝐴

𝑑𝑡

𝑢𝐵 = −𝑅𝑠𝑖𝐵 +
𝑑𝜓𝐵

𝑑𝑡

𝑢𝑐 = −𝑅𝑠𝑖𝑐 +
𝑑𝜓𝑐

𝑑𝑡

 (1) 

 

{
 
 

 
 𝑢𝑎 = 𝑅𝑟𝑖𝑎 +

𝑑𝜓𝑎

𝑑𝑡

𝑢𝑏 = 𝑅𝑟𝑖𝑏 +
𝑑𝜓𝑏

 𝑑𝑡

𝑢𝑐 = 𝑅𝑟𝑖𝑐 +
𝑑𝜓𝑐

𝑑𝑡

 (2) 

 

{
𝜓𝑠 = 𝐿ss𝑖𝑠 + 𝐿sr𝑖𝑟
𝜓𝑟 = 𝐿sr𝑖𝑠 + 𝐿Ir𝑙𝑟

 (3) 

 

The expression of the equation of motion is: 
 

𝑇𝐿 − 𝑇em = 𝐽
𝑑2𝜃𝑚

𝑑2𝑡
+ 𝑅𝑛

𝑑𝜃𝑚

𝑑𝑡
 (4) 

 

For the scenic complementary generator set, the scenic complementary generator set can be 

considered as a linear system near the operating point, provided that the temperature variation, excitation 

saturation and skin effect are neglected because the change of motor speed is relatively slow compared to the 

change of current and can be considered as a constant at a certain operating point. Under the above 

conditions, a fourth-order state-space equation can be used to describe the relationship between the variables 

of the wind and complementary solar generators. Different variables can be selected as state variables in 

doubly-fed wind power systems according to different control schemes [19]. According to the grid voltage 

directed vector control technique, the state space equation of the wind and complementary solar generators 

can be derived as (5). 
 

𝑖̇ = 𝐴𝑖 + 𝐵𝑢/𝑇𝐿 − 𝑇em (5) 
 

The choice of discretization methods will be based on different accuracy requirements. In general, it 

is easy to choose computationally convenient methods and meet the accuracy requirements, such as the 

forward difference method, the backward difference method, and the bilinear transformation method [20]. 

The bilinear transformation method is second-order accuracy. However, it is computationally intensive and 

can only be used for discretization processes with high accuracy [21]. This paper uses the commonly used 

forward difference method to discretize the state equations of the scenic complementary generator set. The 

system's sampling period and control period are set to ts, the departure walk length is t, and the 

transformation equation of the forward difference method is t. 
 

�̇� =
𝑥(𝑘+1)−𝑥(𝑘)

𝑇𝑠
 (6) 

 

The forward difference of the continuous time equation of state is obtained. 
 

𝑖(𝑘+1)−𝑖(𝑘)

𝑇𝑠
= 𝐴𝑖(𝑘) + 𝐵𝑢(𝑘) (7) 

 

𝑖(𝑘 + 1) = 𝐴𝑑𝑖(𝑘) + 𝐵𝑑𝑢(𝑘) (8) 
 

It can be seen from the above formula that the discrete-time state equation obtained by the forward 

difference method is consistent with the continuous-time state equation. 
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2.2.  Fault tolerant monitoring of generator set 

Assuming that the system's state vector is n-dimensional if the m-dimensional vector is measurable, 

it can be assumed that no estimation is needed, and only the n-m dimensional vector needs to be observed. 

The stator current reduced-order state observer is designed using the stator-rotor voltage vector and rotor 

current vector so that the stator current observation is independent of the measured value and the actual stator 

current can be accurately observed even after a fault in the stator current signal detection system [22]. It is 

used for fault-tolerant control after a fault [23]. The design of the current observer is based on the discrete 

state equation of the wind and solar complementary power system, so the designed observer can be more 

easily programmed in the digital controller [24]. The state variables in the discrete state equation of the wind 

and complementary solar generator are divided into two parts. 

 

𝑖(𝑘) = [
𝑖𝑠(𝑘)

𝒊𝑟(𝑘)
] = [

𝑖sd(𝑘)

𝑖sq(𝑘)
𝑖rd(𝑘)

𝑖𝑞
(𝑘)

] (9) 

 

In order to make the measurement signals of the rotor current observer and the rotor current sensor 

independent of each other and to ensure that the accuracy of the observer is not affected after a failure of the 

rotor current sensor, a rotor current observer based on a reduced order observer is constructed by assuming 

that the rotor current is not measurable [25], [26]. In this case, the unmeasurable part of the state variable 

becomes ir(k) and the directly measurable part is is(k). Only the output equation changes, and the rewritten 

system state equation is as (10) and (11): 

 

[
𝑖𝑠(𝑘+1)

𝑖𝑟(𝑘+1)
] = [

𝐴𝑑11 𝐴𝑑12
 𝐴𝑑21 𝐴𝑑22

] [
𝑖𝑠(𝑘)

𝑖𝑟(𝑘)
] + [

𝐵ds

𝐵dr
] 𝑢(𝑘) (10) 

 

𝑦𝑠(𝑘) = [𝐶𝑠 0] [
𝑖𝑠(𝑘)

𝑖𝑟(𝑘)
] (11) 

 

Method of selecting the feedback gain matrix Kr and k for the rotor current observer. The pole 

configuration method allows the rotor current observer to have a better dynamic response, and the specific 

configuration method is not described here [27]. The structure of the stator current observer based on the 

reduced-order observer is the same as that of the rotor current observer, and the coefficient matrix is 

symmetric and easy to program, as shown in Figure 3. 
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Figure 3. Schematic diagram of rotor current observer 
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The double-fed converter current detection system mainly includes the processes of the current 

sensor, signal conditioning, and digital signal processor AD sampling. Any signal processing failure will 

cause the failure of the signal detection system and affect the control system. Current sensor failure is 

inevitable if the wind and solar complementary generator set works for a long time or operates in a harsh 

environment [28]. The current sensor faults can be classified as amplitude variation, DC offset, and output 

saturation. Under fault-free conditions, the three-phase instantaneous current can be expressed as (12): 

 

{
 

 
𝑖𝑎 = 𝐼 𝑠𝑖𝑛(𝜔𝑡)

𝑖𝑏 = 𝐼 𝑠𝑖𝑛 (𝜔𝑡 −
2

3
𝜋)

𝑖𝑐 = 𝐼 𝑠𝑖𝑛 (𝜔𝑡 +
2

3
𝜋)

 (12) 

 

If the current sensor has the fault of amplitude change, the current measurement value will change to: 

 

𝑙𝑎
𝑚 = (1 − 𝜀)𝐼 𝑠𝑖𝑛(𝜔𝑡) (13) 

 

The measurement error is: 

 

𝑖eror = 𝑖𝑎 − 𝑖𝑎
𝑚𝑠𝑖𝑛(𝜔𝑡)

 (14) 

 

The fault type of current sensor and the expression of current after fault can be expressed in Table 1. 

Faults in other links in the current detection system can be classified as signal transmission faults, circuit 

board faults, signal processing chip faults, and AD sampling faults. This link is more complex and has 

different types of faults. Therefore, for the convenience of expression, the current sensor is used to indicate 

the current of the signal detection system, and the current sensor fault is used to indicate the fault of the 

signal detection system [29], [30]. Then, the processed data is used to determine the sensor's status and the 

type of fault [31]. If a position sensor fault is determined, the sensor signal is cut off, a fault-tolerant signal is 

used, and the fault-tolerant control unit is notified for dynamic reconfiguration; the block diagram of the fault 

monitoring unit is shown in Figure 4. 

 

 

Table 1. Fault type and mathematical model 
Fault type Current expression 

DC offset Isin(wt)+Iɑffset 
Excessive noise Isin(wt)+Inoise(t) 

Amplitude variation (1-ε）I sin(wt) 

Output saturation Isat 

Sensor disconnected 0 

 

 

Speed position
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Fault 

diagnosis
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Fault tolerant 
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Figure 4. Structure block diagram of fault monitoring unit 

 

 

In order to accurately determine the status of the position sensor, three sets of data residual 

comparisons were used to vote on the status of the position sensor. In addition to the position sensor data, the 

other two sets are the speed estimates obtained from the stator voltage and current estimation and the 

processed historical data [32]. Also, in order to improve the credibility of the historical data, two types of 

data are selected in this paper, one is the velocity values of the historical data obtained from the RBF neural 
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network, and the other is the velocity values of the first six data obtained from the Lagrangian interpolation 

polynomial. The two kinds of data are weighted to obtain the second reference signal. 

 

2.3.  Realization of adaptive fault tolerant control for generating set 

The function of the fault-tolerant control unit is to reconfigure the closed-loop control of permanent 

magnet synchronous motor (PMSM) during fault and recovery. After receiving the reconfiguration 

command, the fault-tolerant control unit first calculates the initial values of generator speed and position at 

the fault point. It then calculates the fault-tolerant output values of speed and position during the 

reconfiguration process to realize the continuity and consistency of the reconfiguration process and finally 

completes the dynamic and disturbance-free reconfiguration of the control strategy [33]. 

The generator torque segment control is designed based on the generator torque speed control curve 

without wind speed information. A1Bcde torque speed tracking control curve is usually used to design the 

generator torque controller [34]. Segment A1B is the first stage, which is the start-up stage. e point is 

followed by the third stage, where the generator torque is fixed at the rated speed, and the pitch control starts. 

Therefore, the segment controller for generators is usually designed as (15): 

 

𝑇𝑒𝑚 =

{
 
 

 
 

0
𝑘𝑜𝑝𝑡𝜔𝑔

2

𝑇1 +
𝑇rated −𝑇1

𝜔rated −𝜔1
(𝜔𝑔 −𝜔1)

𝑇raled 

 (15) 

 

Stress sensors are used to measure the root load on each blade, and the d-q transform is used to 

obtain two components on the orthogonal coordinate axes: the yaw component and pitch component. The PI 

controller is used to minimize the blade deformation on the d-q axis, and then the d-q inverse transform is 

used to obtain the pitch angle compensation value on each blade, which is superimposed with the constant 

pitch control command value to obtain the final pitch angle of each blade, as shown in Figure 5. 

 

 

Torque of blade 1 Torque of blade 2 Torque of blade 3 azimuth

d-p coordinate transformation

d-axis controller q-axis controller

Inverse transformation of d-p coordinate

Blade 1 pitch angle Blade 2 pitch angle Blade 3 pitch angle

 
 

Figure 5. Structure block diagram of fault tolerant control unit 

 

 

For the tracking control of a class of uncertain nonlinear systems, adaptive output feedback control 

is proposed, whose input-output transfer functions themselves do not necessarily satisfy strictly positive real 

conditions [35]. The controller not only achieves the consistent transient performance of the system input and 

output states but also does not depend on the system model information. Compared with traditional adaptive 

control, the L1 adaptive controller can achieve decoupling between adaptive law updating and robustness. It 

is easier to achieve a reasonable trade-off between system control performance and robustness by choosing 
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the bandwidth of the low-pass filter in the controller [36]. Therefore, this particular control structure would 

be well suited for controller design of large-scale wind and solar complementary power systems with model 

parameter uncertainties and external disturbances. Consider a system like single input single output (SISO). 

 

𝑦(𝑠) = 𝐴(𝑠)(𝑢(𝑠) + 𝑑(𝑠)) (16) 

 

The nonlinear mapping satisfies the following Lipschitz hypothesis. 

 
|𝑓(𝑡, 𝑦1) − 𝑓(𝑡, 𝑦2)| ≤ 𝐿|𝑦1 − 𝑦2| 

 

|𝑓(𝑡, 𝑦)| ≤ 𝐿|𝑦| + 𝐿0 (17) 

 

The major difference between the differential gearbox front-end speed regulation wind turbine and 

the traditional dynamics modelling is introducing the differential gearbox speed regulation mechanism in the 

drive chain [37]. Therefore, establishing the dynamic model of the new front-end variable speed wind turbine 

is the basis and prerequisite for the subsequent control system design and performance analysis, and the 

laboratory team members have made some attempts in the early stage. The core components of the unit 

mainly consist of a wind blade, impeller, fixed speed ratio gearbox, differential gearbox, speed regulation 

motor and synchronous generator. According to the principle of the equivalent moment of inertia, the 

moments of inertia of the wind turbine, fixed ratio gearbox, drive shaft, planetary frame and planetary gear 

are converted to the input of the low-speed shaft of the differential (i.e., the speed of the low-speed shaft is 

taken as the reference), and the total equivalent moment of inertia is shown in (18). 

 

𝐽𝐿 =
1

𝜇𝑟
2 (𝐽𝑟 + 𝐽8) + 𝐽7 + 𝐽4 +𝑚2(𝑅1 + 𝑅2)

2 (18) 

 

In the same way, the equivalent moment of inertia of the high speed shaft and the speed regulating shaft of 

the differential gearbox can also be obtained. 

 

{
𝐽𝐻 = 𝐽3 + 𝐽𝑔

𝐽𝐴 = 𝐽1 + 𝐽5 + 𝜇𝑚
2 (𝐽6 + 𝐽𝑚)

 (19) 

 

Before linearizing the unit model, it is necessary to know which operating points linearize the unit to 

ensure the model's accuracy. The unit's steady-state operating point consists of the displacement, velocity, 

acceleration, control input and current wind speed when the unit reaches a steady state. The core idea is to 

make the final state of the unit converge to a predefined accuracy range and reach the steady state by 

adjusting the orientation position of the unit and the external control input at a certain wind speed. The unit's 

state, control input and current wind speed are taken as the current steady-state operating point [38]. For the 

design of the controller, it is necessary first to calculate several steady-state operating points of the set in the 

wind turbine plane, then linearize the model at each operating point, and finally average these linearized 

models to obtain the final linearized model of the set. In the existing converter controllers for direct-drive 

wind and solar complementary generating units, the generator-side converter is configured with only one 

control strategy: a vector control strategy or a direct torque control strategy. In the case of position sensor 

failure, the direct-drive wind power generation system can ensure the safe operation of the wind and solar 

complementary generators with a slight reduction of the output power performance index. 

The position sensor fault tolerance mechanism's design should focus on fault diagnosis and fault-

tolerant control. The control system structure of generator-side converter with position sensor fault tolerance 

mechanism is shown in Figure 6, which consists of a sensor, actuator, fault monitoring unit and fault tolerant 

control unit. The fault monitoring unit is responsible for real-time monitoring of the position sensors in the 

generator-side converter control system to cut off the fault source; the fault-tolerant control unit further 

processes the analysis results of the fault detection unit on the fault characteristics and dynamically 

reconfigures the closed-loop control structure of the permanent magnet synchronous motor in real-time to 

ensure that the direct-drive wind-solar hybrid generator can generate stable power within the allowed 

performance deviation after the position sensor failure. 

The main control strategy is an LD=0 vector control strategy with position sensor mode, and another 

control strategy without position sensor mode is the backup. The core algorithm of the sensorless control 

strategy is also LD=0 vector control, only the source of speed and position information is different. In the 

sensorless mode, the stator voltage and current signals are used to obtain speed and position estimates 

through the core algorithm's digital phase-locked loop (DPLL) technique. The LD=0 vector control strategy 

with position sensor mode is used during normal operation of the wind turbine complementary generator set 
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with relatively better control performance and a more stable unit; it reconfigures to the vector control strategy 

without position sensor mode after the fault diagnosis unit detects a fault in the position sensor and sends a 

reconfiguration signal. Although the operation performance is not as stable as the mode with a position 

sensor, it can ensure the fault-continuous operation of the scenery complementary generator set and minimize 

the number of fault emergency shutdowns and losses. 

 

 

 
 

Figure 6. Block diagram of fault tolerant control system 

 

 

3. RESULTS 

In order to verify the accuracy of the control algorithm, the cart2 model of the U.S. Energy Laboratory 

is still used as the simulation object. A joint simulation using fast software and Simulink was also performed to 

compare the control algorithm with the classical control algorithm and the higher-order sliding mode control 

algorithm to prove the effectiveness of the algorithm. Turbulent winds with a mean wind speed of 8 MGS and a 

turbulence intensity of 18% were generated using turbine software of fast software. The sampling period is  

50 ms, and the simulation time is 500 s. Here, the 6th-order memory prediction algorithm is used for wind speed 

prediction to obtain higher wind speed prediction accuracy. It can be seen that the 6th-order memory prediction 

algorithm requires more historical wind speed information than the 2nd-order prediction algorithm. However, in 

general, the algorithm structure is simple. The simulation results are shown in Figure 7. After statistical analysis, 

it is found that the average error of the predicted wind speed is 0.25 mg, which is a relatively high prediction 

accuracy. Therefore, it can be used to generate the desired wind speed. 

In order to verify the ability of the proposed fault-tolerant control strategy to cope with the actuator 

failure, the simulation and comparative study related to the case of partial torque failure of the generator are 

carried out in this paper. Firstly, it is assumed that the generator is in good condition for the first 250 seconds, 

and the generator torque output fails after 250 seconds, as shown in Figure 8. Since the generator fails after 

250 seconds, it can be seen that the wind turbine speed under the action of the classical control algorithm and 

the sliding mode control algorithm fluctuates more compared to the first 250 seconds, while the fault tolerant 

control algorithm is still able to track effectively. The mean squared deviation of rotor speed under the 

controller action is found to be 2.7363 rpm and 1.0996 rpm, respectively, which indicates that the fault-

tolerant control algorithm continues to maintain good maximum power point tracking (MPPT) control 

performance in the case of generator failure. 
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Figure 7. Comparison of predicted wind speed and real wind speed 

 

 

 
 

Figure 8. Schematic diagram of actuator failure factor 

 

 

4. CONCLUSION 

In order to improve the effect of fault adaptive fault-tolerant control of scenic complementary 

generators, a new adaptive fault-tolerant control method is proposed in this paper. According to the inherent 

characteristics of the wind-solar complementary generators and their operation, maintenance and servicing 

characteristics, the historical operation data of wind-solar complementary generators and land-based wind-

solar complementary generators are obtained. The characteristics of key components of the generating sets 

are determined according to the data characteristics, the fault tolerance mechanism of the position sensors is 

designed, and the fault control strategy is set according to the designed fault tolerance mechanism of the 

position sensors to complete the fault adaptive, the fault-tolerant control is completed. The experimental 

results show that the method is effective and feasible for the fault adaptive control of distributed wind and 

solar hybrid generator sets. 

 

 

2

4

6

8

10

12

14

50 100 150 200 250 300 350 400 450 500

Time (sec.)

W
in

d 
sp

ee
d 

(m
/s

)

 

1

0.8

0.6

0.4

0
100 200 300 400 500

F
a
il

u
re

 f
a
c
to

r

Time (sec.)

traditional method(Discussion on Anti-interference and Fault-tolerant Control of Wind Turbine)

Method of this paper



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 12, No. 2, April 2023: 1029-1040 

1038 

ACKNOWLEDGEMENTS  
The authors are grateful to the Iraqi Ministry of Higher Education and Scientific Research (MOHESR) 

for technically supporting the current research. This work was supported by AL-Mustaqbal University 
College (MUC-E-0122). 

 

 

REFERENCES 
[1] Y. Niu, L. Jiao, and A. Korneev, “Credit development strategy of China’s banking industry to the electric power industry,” 

Heritage and Sustainable Development, vol. 4, no. 1, pp. 53–60, Mar. 2022, doi: 10.37868/hsd.v4i1.81. 

[2] Q. Hong, I. Abdulhadi, D. Tzelepis, A. Roscoe, B. Marshall, and C. Booth, “Realization of High Fidelity Power-Hardware-in-the-
Loop Capability Using a MW-Scale Motor-Generator Set,” IEEE Transactions on Industrial Electronics, vol. 67, no. 8, pp. 6835–

6844, Aug. 2020, doi: 10.1109/tie.2019.2937038. 

[3] M. Rahnama and A. Vahedi, “Application of Acoustic Signals for Rectifier Fault Detection in Brushless Synchronous Generator,” 
Archives of Acoustics, vol. 44, no. 2, Apr. 2019, doi: 10.24425/aoa.2019.128490. 

[4] A. Verma and B. Singh, “Multimode Operation of Solar PV Array, Grid, Battery and Diesel Generator Set Based EV Charging 

Station,” IEEE Transactions on Industry Applications, vol. 56, no. 5, pp. 5330–5339, Sep. 2020, doi: 10.1109/tia.2020.3001268. 

[5] L. Karthikeyan, C. Vijayakumaran, S. Chitra, and S. Arumugam, “SALDEFT: Self-Adaptive Learning Differential Evolution 

Based Optimal Physical Machine Selection for Fault Tolerance Problem in Cloud,” Wireless Personal Communications, vol. 118, 

no. 2, pp. 1453–1480, Jan. 2021, doi: 10.1007/s11277-021-08089-9. 
[6] N. Agrawal, B. Bora, and A. Kapoor, “Experimental investigations of fault tolerance due to shading in photovoltaic modules with 

different interconnected solar cell networks,” Solar Energy, vol. 211, pp. 1239–1254, Nov. 2020, doi: 

10.1016/j.solener.2020.10.060. 
[7] N. Jara, H. Pempelfort, G. Rubino, and R. Vallejos, “A Fault-Tolerance Solution to Any Set of Failure Scenarios on Dynamic 

WDM Optical Networks With Wavelength Continuity Constraints,” IEEE Access, vol. 8, pp. 21291–21301, 2020, doi: 

10.1109/access.2020.2967751. 
[8] M. A. Shahid, N. Islam, M. M. Alam, M. M. Su’ud, and S. Musa, “A Comprehensive Study of Load Balancing Approaches in the 

Cloud Computing Environment and a Novel Fault Tolerance Approach,” IEEE Access, vol. 8, pp. 130500–130526, 2020, doi: 

10.1109/access.2020.3009184. 
[9] Y. Niu, “Coordinated Optimization of Parameters of PSS and UPFC-PODCs to Improve Small-Signal Stability of a Power 

System with Renewable Energy Generation,” in 2021 11th International Conference on Power, Energy and Electrical 

Engineering (CPEEE), Feb. 2021, doi: 10.1109/cpeee51686.2021.9383370. 
[10] Z. M. Yaseen et al., “Laundry wastewater treatment using a combination of sand filter, bio-char and teff straw media,” Sci. Rep., 

vol. 9, no. 1, p. 18709, Dec. 2019, doi: 10.1038/s41598-019-54888-3.  

[11] J. Kadiyam, A. Parashar, S. Mohan, and D. Deshmukh, “Actuator fault-tolerant control study of an underwater robot with four 

rotatable thrusters,” Ocean Engineering, vol. 197, p. 106929, Feb. 2020, doi: 10.1016/j.oceaneng.2020.106929. 

[12] S. Pourdehi and P. Karimaghaee, “Reset observer-based fault tolerant control for a class of fuzzy nonlinear time-delay systems,” 

Journal of Process Control, vol. 85, pp. 65–75, Jan. 2020, doi: 10.1016/j.jprocont.2019.11.001. 
[13] Z. A. Jaaz, M. E. Rusli, N. A. Rahmat, I. Y. Khudhair, I. A. Barazanchi, and H. S. Mehdy, “A Review on Energy-Efficient Smart 

Home Load Forecasting Techniques,” in 2021 8th International Conference on Electrical Engineering, Computer Science and 

Informatics (EECSI), Oct. 2021, doi: 10.23919/eecsi53397.2021.9624274. 
[14] I. Al-Barazanchi et al., “Blockchain Technology-Based Solutions for IOT Security,” Iraqi Journal for Computer Science and 

Mathematics, pp. 53–63, Jan. 2022, doi: 10.52866/ijcsm.2022.01.01.006. 
[15] Z. A. Jaaz, I. Y. Khudhair, H. S. Mehdy, and I. A. Barazanchi, “Imparting Full-Duplex Wireless Cellular Communication in 5G 

Network Using Apache Spark Engine,” in 2021 8th International Conference on Electrical Engineering, Computer Science and 

Informatics (EECSI), Oct. 2021, doi: 10.23919/eecsi53397.2021.9624283. 
[16] M. G. Arcia, Z. G. Sanchez, H. H. Herrera, J. A. G. C. Cruz, J. I. S. Ortega, and G. C. Sánchez, “Frequency response analysis 

under faults in weak power systems,” International Journal of Electrical and Computer Engineering (IJECE), vol. 12, no. 2, pp. 

1077-1088, Apr. 2022, doi: 10.11591/ijece.v12i2.pp1077-1088. 
[17] R. Muzzammel, R. Arshad, S. Mehmood, and D. Khan, “Advanced energy management system with the incorporation of novel 

security features,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 4, pp. 3978-3987, Aug. 

2020, doi: 10.11591/ijece.v10i4.pp3978-3987. 
[18] N. A. Shalash and Y. N. Lafta, “PSS/E based placement wind/PV hybrid system to improve stability of Iraqi grid,” International 

Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 1, pp. 91-104, Feb. 2020, doi: 10.11591/ijece.v10i1.pp91-

104. 
[19] A. D. Savio and V. J. A, “Development of multiple plug-in electric vehicle mobile charging station using bidirectional converter,” 

International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 2, pp. 785-791, Jun. 2020, doi: 

10.11591/ijpeds.v11.i2.pp785-791. 
[20] H. Al-Khazraji, “Optimal Design of a Proportional-Derivative State Feedback Controller Based on Meta-Heuristic Optimization 

for a Quarter Car Suspension System,” Mathematical Modelling of Engineering Problems, vol. 9, no. 2, pp. 437–442, Apr. 2022, 

doi: 10.18280/mmep.090219. 
[21] R. Mohamed, M. Helaimi, R. Taleb, H. A. Gabbar, and A. M. Othman, “Frequency control of microgrid system based renewable 

generation using fractional PID controller,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 19, no. 2, 

pp. 745-755, Aug. 2020, doi: 10.11591/ijeecs.v19.i2.pp745-755. 
[22] A. Taieb and A. Ferdjouni, “A New design of fuzzy logic controller optimized By PSO-SCSO applied To SFO-DTC induction 

motor drive,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 6, pp. 5813-5823, Dec. 2020, 

doi: 10.11591/ijece.v10i6.pp5813-5823. 
[23] G. Erdemir, A. T. Zengin, and T. C. Akinci, “Short-term wind speed forecasting system using deep learning for wind turbine 

applications,” International Journal of Electrical and Computer Engineering (IJECE), vol. 10, no. 6, pp. 5779-5784, Dec. 2020, 

doi: 10.11591/ijece.v10i6.pp5779-5784. 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Research on fault adaptive fault tolerant control of distributed wind solar hybrid generator (Yitong Niu) 

1039 

[24] S.-C. Kim, P. Ray, and S. R. Salkuti, “Islanding detection in a distribution network with distributed generators using signal 
processing techniques,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 4, pp. 2099-2106, 

Dec. 2020, doi: 10.11591/ijpeds.v11.i4.pp2099-2106. 

[25] I. M. Ginarsa, A. B. Muljono, I. M. A. Nrartha, and S. Sultan, “Transient response improvement of direct current using 
supplementary control based on ANFIS for rectifier in HVDC,” International Journal of Power Electronics and Drive Systems 

(IJPEDS), vol. 11, no. 4, pp. 2107-2115, Dec. 2020, doi: 10.11591/ijpeds.v11.i4.pp2107-2115. 

[26] B. Rajapandian and G. T. Sundarrajan, “Evaluation of DC-DC converter using renewable energy sources,” International Journal 
of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 4, pp. 1918-1925, Dec. 2020, doi: 10.11591/ijpeds.v11.i4.pp1918-

1925. 

[27] S. Q. Salih et al., “Integrative stochastic model standardization with genetic algorithm for rainfall pattern forecasting in tropical 
and semi-arid environments,” Hydrol. Sci. J., vol. 65, no. 7, pp. 1145–1157, May 2020, doi: 10.1080/02626667.2020.1734813. 

[28] J. V. R. Babu and M. K. Kumar, “Multilevel diode clamped D-Statcom for power quality improvement in distribution systems,” 

International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 12, no. 1, pp. 217-227, Mar. 2021, doi: 
10.11591/ijpeds.v12.i1.pp217-227. 

[29] R. T. Ahmedhamdi and S. W. Shneen, “Using position control to improve the efficiency of wind turbine,” TELKOMNIKA 

(Telecommunication Computing Electronics and Control), vol. 18, no. 6, pp. 3240-3246, Dec. 2020, doi: 
10.12928/telkomnika.v18i6.16171. 

[30] A. F. Algamluoli and N. H. Abbas, “Speed controller design for three-phase induction motor based on dynamic adjustment 

grasshopper optimization algorithm,” International Journal of Electrical and Computer Engineering (IJECE), vol. 11, no. 2, pp. 
1143-1157, Apr. 2021, doi: 10.11591/ijece.v11i2.pp1143-1157. 

[31] H. Azoug, H. Belmili, and F. Bouazza, “Grid-connected control of PV-Wind hybrid energy system,” International Journal of 

Power Electronics and Drive Systems (IJPEDS), vol. 12, no. 2, pp. 1228-1238, Jun. 2021, doi: 10.11591/ijpeds.v12.i2.pp1228-
1238. 

[32] M. Bouzidi, A. Harrouz, T. Mohammed, and S. Mansouri, “Short and open circuit faults study in the PV system inverter,” 

International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 12, no. 3, pp. 1764-1771, Sep. 2021, doi: 
10.11591/ijpeds.v12.i3.pp1764-1771. 

[33] Z. E. Idrissi, F. E. Mariami, A. Belfqih, and T. Haidi, “Impact of distributed power generation on protection coordination in 

distribution network,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 23, no. 3, pp. 1271-1280, Sep. 
2021, doi: 10.11591/ijeecs.v23.i3.pp1271-1280. 

[34] F. Mwaniki and A. A. Sayyid, “Characterizing power transformer frequency responses using bipolar pseudo-random current 

impulses,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 12, no. 4, pp. 2423-2434, Dec. 2021, 
doi: 10.11591/ijpeds.v12.i4.pp2423-2434. 

[35] M. A. Shawqi, M. H. Abdallah, and I. A. Nassar, “Impact of on-grid solar energy generation system on low voltage ride through 

capability,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 13, no. 1, pp. 488-499, Mar. 2022, doi: 
10.11591/ijpeds.v13.i1.pp488-499. 

[36] A. Mutharasan and P. Chandrasekar, “Fault detection and power quality analysis of wind turbine system using integrated 

systems,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 13, no. 1, pp. 576-585, Mar. 2022, doi: 
10.11591/ijpeds.v13.i1.pp576-585. 

[37] B. Ahmadi and R. Çağlar, “Determining the Pareto front of distributed generator and static VAR compensator units placement in 

distribution networks,” International Journal of Electrical and Computer Engineering (IJECE), vol. 12, no. 4, pp. 3440-3453, 
Aug. 2022, doi: 10.11591/ijece.v12i4.pp3440-3453. 

[38] T. Haidi and B. Cheddadi, “Wind energy integration in Africa: development, impacts and barriers,” International Journal of 

Electrical and Computer Engineering (IJECE), vol. 12, no. 5, pp. 4614-4622, Oct. 2022, doi: 10.11591/ijece.v12i5.pp4614-4622. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Yitong Niu     is an electrical engineering engineer. IEEE member, member of the 

society of automotive engineering. Research interests: new energy generation technology, 

renewable energy, electric vehicles, automotive circuits, batteries, internet of things, 

intelligent systems. He studied at Henan Agricultural University from 2015 to 2019 and 

received his B.Eng. with 2020. Thereafter, he studied electrical engineering at Belarusian-

Russian University and received his M.Sc. degree in 2021. He studied Financial Business 

Administration at Sofia University and received his MBA in 2022. He is currently pursuing 

his Ph.D at the University of Science Malaysia. He can be contacted at email: 

itong_niu@163.com. 

  

 

Intisar A. M. Al Sayed     Holds Ph.D. In Control and Computers Engineering 

from the University of Technology, Iraq. Currently, she is an Associate Professor at the 

Department of Instrumentation Techniques Engineering, Ashur University College, Iraq. 

Her research interests include intelligent systems, control engineering, soft computing, 

software design, and optimization methods. She can be contacted at 

email:intisar.almajeed@au.edu.iq, intisaralsaid@gmail.com. 

  

mailto:intisar.almajeed@au.edu.iq
mailto:intisaralsaid@gmail.com
https://orcid.org/0000-0001-6811-1936
https://scholar.google.com/citations?user=MsiEdfsAAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57376344100
https://www.webofscience.com/wos/author/record/2510635
https://orcid.org/0000-0002-3643-1465
https://scholar.google.com.my/citations?user=25laYj8AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=42961036400
https://www.webofscience.com/wos/author/record/2234369


                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 12, No. 2, April 2023: 1029-1040 

1040 

 

Alya'a R. Ali     holds a master of Computer Science from College of Science/Al-

Nahrain University, Baghdad, Iraq in 2019. She also received B.Sc. (Computer Science) 

from al-Turath University, Baghdad, Iraq in 2012. She is currently an assistant lecturer at 

Public Relations Department in College of Media, Al-Farahidi University, Iraq. Her research 

includes pattern recognition, image processing, multimedia, Department of Public Relations, 

College of Media, Al-Farahidi University, Baghdad, Iraq. She can be contacted at email: 

Aliaa.Rifat@alfarahidiuc.edu.iq. 

  

 

Israa Al_Barazanchi     received her Bachelor of Computer Science (BCS)  from 

Department of Computer Science, Baghdad college of economic science university-Iraq-

Baghdad in June 2002. In January 2010, she entered the master’s program at the Faculty of 

Information and Communication Technology, Graduate School of Computer Science 

(Internetworking Technology), Universiti Teknikal Malaysia. She is Currently a student 

Doctor of Philosophy in Information and Communication Technology. She is a lecturer in 

Department of Computer Engineering Techniques. Editor-in-chief for international union of 

universities journal. Member of Editor board in many Scopus journals for computer science 

field. Head of Researcher group. Member in many conferences panel and communications 

events. She is a reviewer of various high impact factor journals. Her research activities are: 

WBAN, WSN, WiMAX, WiFi on vehicular ad-hoc networks (VANETs), communications, 

networking, signal processing, IoT, smart systems, and blockchain. She can be contacted at 

email: israa.albarazanchi@baghdadcollege.edu.iq; israa44444@gmail.com. 

  

 

Poh Soon JosephNg       graduated with a Ph.D (IT), Master in Information 

Technology (Aus), Master in Business Administration (Aus) and Associate Charted 

Secretary (UK) with various instructor qualifications, professional certifications and 

industry memberships. With his blended technocrat mix of both business senses and 

technical skills, has held many multinational corporation senior management positions, 

global posting and leads numerous 24×7 global mission-critical systems. A humble young 

manager nominee twice, five teaching excellence awards recipient, numerous research 

grants, hundreds of citations and mentored various students competition awards recipient. 

He has appeared in live television prime time cybersecurity talk show and overseas teaching 

exposure. His current researches are on strategic IT infrastructure optimization and digital 

transformation. He can be contacted at email: joseph.ng@newinti.edu.my. 

  

 

Zahraa A. Jaaz     received her Master degree in 2014 in computer sciences, now 

she is a lecturer at Al-Nahrain University, she has around 18 years teaching in different 

fields of computer sciences. Her research interest areas are: computer networks, IoT, 

blockchain technologies, information systems, artificial intelligence and others. She can be 

contacted by email: zahraa.jaaz@ced.nahrainuniv.edu.iq. 

  

 

Hassan Muwafaq Gheni     received his Bachelor (B.Sc) of Electrical and 

Electronic Engineering from Department of Electrical Engineering, Babylon University-

Iraq-hilla in June 2016. In February 2018, he entered the master’s program at the Faculty of 

Electrical and Electronic Engineer, Universiti Tun Hussein Malaysia. He is a lecturer at Al-

Mustaqbal University College/Department of Computer Techniques Engineering. His 

research interest is optical communication, IoT, wireless sensor network, communications, 

V2V system, and artificial intelligent. He can be contacted at email: 

hasan.muwafaq@mustaqbal-college.edu.iq. 

 
 

mailto:Aliaa.Rifat@alfarahidiuc.edu.iq
mailto:israa44444@gmail.com
mailto:hasan.muwafaq@mustaqbal-college.edu.iq
https://orcid.org/0000-0002-2681-1261
https://scholar.google.com/citations?view_op=list_works&hl=en&hl=en&user=LyGd63EAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57211355977
https://www.webofscience.com/wos/author/record/13574
https://orcid.org/0000-0002-6798-6295
https://scholar.google.com/citations?user=R3pzuWwAAAAJ&hl=en&authuser=1
https://www.scopus.com/authid/detail.uri?authorId=56509628700
https://www.webofscience.com/wos/author/record/757193
https://orcid.org/0000-0002-6240-652X
https://scholar.google.com/citations?hl=en&user=HOw7atgAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57046066800
https://www.webofscience.com/wos/author/record/1609747
https://orcid.org/0000-0003-0928-679X
https://scholar.google.com/citations?user=JBPCqjkAAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57210340202
https://www.webofscience.com/wos/author/record/2711936
https://orcid.org/0000-0003-0971-0829
https://scholar.google.com/citations?user=DKq3mPMAAAAJ&hl=en&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57210428348
https://www.webofscience.com/wos/author/record/3404430

