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 Growing-up of high voltage direct current (HVDC) penetration into modern 

power systems (PS) makes difficulty on the PS operation. The HVDC 

produces high and slow transient current (TC) at start-time, especially for 

higher up-ramp rate (Urr>20 pu/s). Its condition makes the HVDC cannot be 

linked and synchronized into the PS rapidly. A strategy to reduce the TC is 

proposed by an adaptive network based fuzzy inference system (ANFIS) 

control on inverter HVDC-link to cope up this problem. The ANFIS control 

is tuned with the help of conventional control in various train-data by using 

offline mode. Response of ANFIS scheme is improved by suppressing TC at 

the values of 3.75% for the both phases (A and C), and 3.95% for phase B, 

for the Urr=30 pu/s. While the conventional control achieved at 9.1% for the 

both phases (A and B), and 9.2% for the phase C. The ANFIS control gives 

shorter settling time (0.553 s) than the conventional control (0.584 s) for all 

phases. The proposed control is more effective than the conventional control 

at all the scenario. 
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1. INTRODUCTION 

Transmission networks have played a prominent role to transmit amount of power through high 

voltage direct current (HVDC) circuits in modern power systems. The HVDC is not applied on flat-land only, 

but commonly installed on over-terrain areas also, and operated on extremely environment temperature. 

These conditions make the HVDC lead to high-rate faults on its line, such as: 3-phase or/and phase-to-ground 

short-circuit faults. Some protection schemes have conducted to cove these problems, likes: Smoothing-

reactor voltage method is used on pilot protection to protect LCC-HVDC [1], wide-area protection for 

transmission-link using fault-component complex power [2]. Transient response maintenance of LCC-HVDC 

model is done by controlling both on the voltage and current of rectifier and inverter-sides, respectively [3].  

Indonesia has around 290 million people, to develop the HVDC-link is one of economy aspect 

considered to grow-up income of domestic residents [4] occupy and live on main-islands [5] and other  

small-islands, that the total number of islands in Indonesia archipelago is 16,771 islands in 2020 [6]. So, to 

build transmission of electric power systems (EPS) in this country should be considerate to use high voltage 

alternating current (HVAC) and HVDC lines. Due to geographically constraint, the EPS(s) of Indonesia are 

developed in main-islands and each EPS(s) are operated to service local load demand. Moreover, the EPS(s) 

are separated by strait or sea, except for Java-Madura-Bali EPS. The HVDC-link has been considered to 

develop in order to merge the existing EPS, and to meet the increasing of energy demand. Pre-study and 
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feasibility analysis of HVDC-transmission to connect the Java-Sumatra EPS are done in [7], [8]. In power 

systems perspective, the HVDC-link is used to avoid line-outage-cascade by preserving a load-margin of 

some selected critical AC-lines at an acceptable-level during disturbance period [9]. Small-signal model is 

built using transfer-function matrix to control hybrid multi-terminal HVDC on different mode operation [10]. 

Accurate small-signal stability is implemented on an appropriate level HVDC-model to match with EPS 

model, and a simple HVDC-model is able to reduce complexity of model and simulation time [11]. 

Protection and control schemes are done as follow: Rapid fault-detector scheme developed by low-freq 

voltage-part and fast-filter to protect both the pole and line of HVDC transmission [12], a module to prevent 

commutation-failure to reduce extinction-angle in HVDC by adjusting of resistance proportionally [13], 

supplementary control is implemented to suppress transient response in HVDC-side [6], supplementary 

damping control is used to mitigate inter-area oscillation in EPS-side [14], and a novel supplementary 

damping control based on response-frequency is applied to improve the stability margin of weak HVAC  

grid [15]. Application of artificial intelligent expands to electrical engineering such as: Artificial neural 

network is applied for protection current source converter- high voltage direct current (CSC-HVDC) line in 

[16] to improve transient stability under variation operating of HVDC-link [17] and robust stability power on 

transmission-line [18].  

Optimization method (OM) is develop also, like: Chaotic brain-storm and teaching-learning OMs 

are used to minimize power loss on 14/30 and 57 IEEE standards [19], [20], particle swarm optimization 

(PSO) and the PSO combine by adaptive network based fuzzy inference system (ANFIS) are applied on wind 

farm-HVDC [21] and on photovoltaic (PV) tracking [22]. Genetic algorithm OM based on sliding mode 

control is used to improve dynamic stability system of source voltage converter HVDC in considering wide 

range operating conditions [23]. Bacterial foraging and grey wolf OMs are applied in capacitor-run motor 

[24] and to estimate input-output parameters power plant, respectively [25]. Fuzzy and fuzzy type-2 controls 

are used to improve maximum performance point tracker (MPPT) of solar panel dynamic performance under 

variation weather conditions [26] and drive control of permanent magnet synchronous machine [27]. 

Moreover, ANFIS control has been applied to enhance the performance of wind-farm induction generator 

[28], to regulate vector control of induction motor [29], to control the MPPT under rule numbers reduce in 

terms of tracking speed and static error [30]. Also, the ANFIS control is used on inverter HVDC [31], on 

stability enhanced of three-bus EPS [32], combined by fuzzy type-2 method applied on large-scale EPS [33], 

and collaborated by proportional–integral–derivative (PID) loop control to improve transient voltage on EPS 

[34]. Simulation of the HVDC produces high and slow transient current (TC) at starting-time, especially for 

higher up-ramp rate. So, this issue makes the HVDC too slow to be linked and synchronized to the EPS. 

Some efforts have done to reduce transient responses such as: on AC-DC power converter using feedforward 

compensation system [35], on inverter using neural network with embedded machine learning [36], on DC-

DC buck converter to improve transient response by using source in triangular wave shape signal [37], on 

DC-DC converter to improve transient responses by implementing internal [38] and feedforward 

compensations [39], respectively. But, how to reduce transient current of starting-time in inverter-side of 

average value model-high voltage direct current (AVM-HVDC) is very important to make the linking and 

synchronizing the HVDC to the EPS networks faster and secure. To cope up this problem, a strategy to 

reduce the TC is proposed by an ANFIS-based control on inverter HVDC-link. The rests of this article are 

organized as follows: Concept of average value model and its application for HVDC are explained on section 

2. Moreover, in section 3 is described procedure to design ANFIS control. Next, simulation results of ANFIS 

control in reducing the current transient analysis and discussion are given in section 4. Finally, effectiveness 

of the proposed control to reduce the transient response is concluded in section 5. 

 

 

2. AVERAGE VALUE MODEL OF HVDC 

A popular method that can be applied to build supplement model of a physical complex system by 

using differential and/or algebra equations is an average value model (AVM). The AVM of the HVDC is 

emerged on [40]–[42], this model is developed to replace detailed model function and to analyses HVDC 

behavior when it connected to the power system. The AVM-HVDC model that we used is provided by [43]. 

The model is structured by: An ideal source, filter and rectifier at sending-end, 300 km long-distance  

DC-line, inverter, filter and an ideal source at receiving-end. By assuming, the HVDC is operated on normal 

mode that power direction is flowed from sending-end to receiving-end. The AVM on inverter HVDC can be 

realized according to block diagram depicted on Figure 1(a). Signal guide of current reference on Master 

control is shown in Figure 1(b). Figure 2(a) shows the equivalent model of AVM-HVDC inverter-side that 

constructed by DC system, inverter and AC system. For the AVM model, all high-frequency switching in 

detailed-models such as: The DC, inverter and AC systems are substituted by differential and algebra 

modules. So, interfacing and implementing scheme of inverter-side are done to convert the detailed-model 

into the AVM at receiving-end of HVDC. There are two methods can be used such as: A 3-phase original and 
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a direct-quadrature axis transformation methods [40]. Block diagram of original method is shown in Figure 2(b). 

While, transformation method block diagram is shown in Figure 2(c). 

 

 

 
(a) 

 

 
(b) 

 

Figure 1. HVDC transmission based on AVM for (a) inverter-side of HVDC, its control and (b) pattern of Iref 

signal to guide the inverter pole control (Block 7) 

 

 

  
(a) (b) 

 

 
(c) 

 

Figure 2. Implementing and interfacing of AVM on inverter-side HVDC-link at (a) AVM of inverter-side 

HVDC, (b) on abc original circuit and (c) on qd0 transformation circuit 

 

 

3. PROCEDURE TO OBTAIN ANFIS CONTROL 

To obtain ANFIS parameter controller some procedure was done: Running the system under start-

time equipped by conventional (PI) controller as shown in Figure 3(a). The up-ramp rate was varied from  

20 until 30 pu/s, data were collected and stored on mat file format. Fuzzy model Sugeno [44], [45] was used 

to realize the ANFIS control because this model can be trained by using data that has collected before. Next, 

the ANFIS control was developed by training processes to adjust ANFIS parameters. At training stage, three 

matrix-data such as: Training-data, testing-data and checking-data are loaded from workspace. In this 

initiated, 2 Gaussian membership functions (MFs) and linear MF were set on inputs and output, respectively. 

Fuzzy inference system was generated and set by grid-partition algorithm. Hybrid optimization method was 
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set to optimize the ANFIS parameters. Inputs of the ANFIS are the current error (Ierr) and its derivative (dIerr). 

Figure 3(b) depicts membership functions for the Ierr input. Linear function type is applied to present output 

membership function in this learning. Relationship of the both inputs and output of ANFIS control can be 

represented by input-output control surface that shown in Figure 3(c). Conventional combined by ANFIS 

control diagram block is shown in Figure 3(d). 
 

 

  
(a) (b) 

 

  
(c) (d) 

 

Figure 3. Inverter control, (a) conventional, (b) MF for Ierr input, (c) I-O surface, and (d) conventional plus ANFIS  

 

 

4. RESULTS AND DISCUSSION 

To assess proposed control performance, the controller is tested by changing parameters at Master 

control such as: Up-ramp final-value and up-ramp rate. Simulation is performing on Intel Core i5-7400 PC 

and MATLAB/Simulink software [46]. In this research, the up-ramp final-value was set at: 1.0 (default), .98 

(decreased), and 1.02 pu (increased) scenarios. The proposed control was run on respective scenarios and 

compared to conventional controller (PI) on default setting (Kp = 45; KI = 4500) [43]. 

 

4.1.  Testing ANFIS scheme control for default value (1.0 pu) 

At first time, the AVM-HVDC system was tested by default of up-ramp final value (Urfv) at 1.0 pu. 

Up-ramp time was taken at .4 s. Simulation results are observed on maximum peak overshoot (Mp) and 

settling time (ts) for respective effective phase currents (or phase currents for simplification) (Ia_eff, Ib_eff and 

Ic_eff) at start time. In order to simplify peak overshoot of current reference and phase current comparison, the 

value of Ieff was added by .206 pu for Iref 1.0 pu. These results are illustrated in Figure 4. Quantitive results 

are listed on Table 1. When the system was run on up-ramp 20 pu/s, the conventional controller gives the 

results as follows: Peak overshoot (Mp) was achieved at the values of 1.0432 (4.32), 1.0431 (4.31) and 1.0442 

(4.42) pu (%) for Ia_eff, Ib_eff and Ic_eff. The response was settled at time .599 s for all phase currents. 

When up-ramp rate (Urr) was set on 22 pu/s, peak (maximum) overshoot (Mp) increased also to the 

values of 1.0568 (5.68), 1.0562 (5.62) and 1.0561 (5.61) pu (%). The settling time (tst) obtained slightly 

shorter at time of .569 s for all phase currents. For the Urr regularly increased the response for the Mp was 

also increased again proportionally. The highest of peak overshoot was observed at 1.092 (9.2) pu (%) for the 

phase C current (Ic_eff) for the Urr at the values of 30 pu/s. At this operation, the HVDC gives settle time at 

0.569 s. Next, the (Urr = 20 pu/s), the ANFIS controller gives results as follows: The Mp response was 

obtained at 1.0095 (0.95), 1.0085 (0.85) and 1.0084 (0.84) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The 

response was settled at time 0.569 s for all phase currents. The testing signal increased to 22 pu/s, it is 

obtained that peak overshoot at 1.0134 (1.34), 1.0152 (1.52) and 1.0145 (1.45) pu (%). The settling time is 

slightly shorter at time of .567 s for all phase currents. The highest of peak overshoot was obtained at the 

value of 1.0395 (3.95) pu (%) for the phase B current for the Urr at 30 pu/s. At this condition, response for 

the ts was at time .553 s. These detail responses are given in Figure 5 and Table 1 for the both controllers. 

From this scenario we show that the peak overshoot of the ANFIS controller is less than the peak overshoot 

of the PI controller. The performance of the ANFIS controller is better than the competing controller for both 

the peak overshoot and settling time criterions. 
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Figure 4. Comparison of Iabc peak overshoot of inverter for PI and ANFIS controllers at start-time 

 

 

 
 

Figure 5. Reducing of Iabc peak overshoot of inverter by ANFIS controller 

 

 

Table 1. The reduce of transient current responses at default up-ramp final-value 

 

 

4.2.  Testing on the current reference decrease to 0.98 pu (2%) 

In this scenario, the up-ramp final value (Urfv) was given on .98 pu. Performance of conventional 

control is depicted in Figure 6 and listed in Table 2. At the Urr was taken at 20 pu/s, the Mp obtained at the 

values of 1.0258 (4.0392), 1.0251 (4.602) and 1.0264 (4.7347) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. 

HVDC response for the ts was settled at time .617 s for all phase currents. The HVDC system was test under 

the Urr set on 22 pu/s, in this scenario the Mp was obtained at 1.0386 (5.9796), 1.0382 (5.9388) and 1.0378 

(5.898) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The settling time was achieved at time .611 s for all phase 

current effective. Furthermore, the up-ramp rate is increased step-by-step until at maximum value: 30 pu/s. 

At maximum value, the peak overshoot was increased to 1.0713 (9.3163), 1.0721 (9.398) and 1.0722 

Up-ramp 

rate 

(pu/s) 

Conventional control ANFIS control 

Ia_eff Ib_eff Ic_eff Ia_eff Ib_eff Ic_eff 
Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) 

20 
1.0432 

4.32 
.599 

1.0431 

4.31 
.599 

1.0442 

4.42 
.599 

1.0095 

.95 
.569 

1.0085 

.85 
.569 

1.0084 

.84 
0.569 

22 
1.0568 

5.68 
.598 

1.0562 

5.62 
.598 

1.0561 

5.61 
.598 

1.0134 

1.34 
.567 

1.0152 

1.52 
.567 

1.0145 

1.45 
0.567 

24 
1.0674 

6.74 
.596 

1.067 
6.7 

.596 
1.0671 

6.71 
.596 

1.0198 
1.98 

.564 
1.0191 

1.91 
.564 

1.021 
2.1 

0.564 

26 
1.0765 

7.65 
.593 

1.0768 

7.68 
.593 

1.0763 

7.63 
.593 

1.0265 

2.65 
.558 

1.0248 

2.48 
.558 

1.0254 

2.54 
0.558 

28 
1.0845 

8.45 
.589 

1.085 

8.5 
.589 

1.084 

8.4 
.589 

1.032 

3.2 
.556 

1.032 

3.2 
.556 

1.0298 

2.98 
0.556 

30 
1.091 

9.1 
.584 

1.091 
9.1 

.584 
1.092 

9.2 
.584 

1.0375 
3.75 

.553 
1.0395 

3.95 
.553 

1.0375 
3.75 

0.553 
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(9.4082) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The settling time was achieved at time .604 s for all 

phase currents. On the other hand, ANFIS controller gives results as follows: Peak overshoot (Mp) at the 

values of .9908 (1.102), 0.9903 (1.051) and .9891 (.9286) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. So, the 

HVDC response was rapidly to settle on time 0.572 s for all phase currents for (Urr=20 pu/s). Simulation for 

(the Urr=22 pu/s), the system gives results as follows: The Mp was gradually uphill to 0.9945 (1.4796), .9964 

(1.6735) and .9962 (1.6531) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The settling time was slightly 

decreased to time 0.567 s for all phase currents. Moreover, the Urr was increased again until to 30 pu/s. In 

this maximum value, simulation results as follows: The Mp obtained at 1.0713 (9.3163), 1.0721 (9.398) and 

1.0722 (9.4082) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. Also, the settling time was slightly decreased to 

time .604 s for all phase currents at this setting. The complete results of ANFIS controller in this scenario are 

illustrated in Figure 7 and Table 2. 

 

 

 
 

Figure 6. Comparison of phase current inverter for up-ramp rate final-value at .98 pu 

 

 

Table 2. The improvement of transient current responses at up-ramp final-value .98 pu 

 

 

 
 

Figure 7. Comparison of phase current inverter for PI and ANFIS controllers at up-ramp rate 30 pu/s 

Up-ramp 

rate 

(pu/s) 

Conventional control ANFIS control 

Ia_eff Ib_eff Ic_eff Ia_eff Ib_eff Ic_eff 
Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) 

20 
1.0612 

4.0392 
.615 

1.0619 

4.1078 
.615 

1.0623 

4.1471 
.615 

1.0284 

.8235 
.575 

1.0271 

.6961 
.575 

1.028 

.7843 
.575 

22 
1.0752 

5.4118 
.598 

1.0745 

5.3431 
.598 

1.0751 

5.402 
.598 

1.0333 

1.3039 
.567 

1.0344 

1.4118 
.567 

1.0331 

1.2843 
.567 

24 
1.0868 
6.549 

.596 
1.0864 
6.5098 

.596 
1.0862 
6.4902 

.596 
1.0385 
1.8137 

.564 
1.039 

1.8627 
.564 

1.0402 
1.9804 

.564 

26 
1.0962 

6.549 
.593 

1.0964 

7.4902 
.593 

1.0961 

7.4608 
.593 

1.046 

2.549 
.562 

1.0436 

2.3137 
.562 

1.0454 

2.4902 
.562 

28 
1.1047 

8.3039 
.589 

1.0151 

8.3431 
.589 

1.1039 

8.2255 
.589 

1.0523 

3.1667 
.558 

1.0516 

3.098 
.558 

1.0498 

2.9216 
.558 

30 
1.1121 
9.0294 

.585 
1.1127 
9.0882 

.585 
1.1121 
9.0294 

.585 
1.0579 
3.7157 

.555 
1.0591 
3.8333 

.555 
1.0567 
3.598 

.555 
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4.3.  Transient response reducing for final-value increased to 1.02 pu (2%) 

To completeness performance of both the controllers (conventional and ANFIS), these controllers 

are also tested on 1.02 pu (2% increased). The simulation results as follows: At up-ramp rate was given at  

20 pu/s, the peak overshoot (Mp) was obtained at the values of 1.0612 (4.0392), 1.0619 (4.1078) and 1.0623 

(4.1471) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The results for up-ramp rate at 20 pu/s are shown in 

Figure 8 and listed in Table 3. The settling time was achieved at time .615 s for all phase currents. Next, the 

up-ramp rate was increased to 22 pu/s, the peak overshoot was achieved at the values of 1.0752 (5.4118), 

1.0745 (5.3431) and 1.0751 (5.402) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The settling time was slightly 

decreased to .598 s for all phase currents. Furthermore, the up-ramp rate was increased again until reach 

maximum value at 30 pu/s. For the maximum Urr, the HVDC response of Pi control achieved on 1.1121 

(9.2094), 1.1127 (9.0882) and 1.1121 (9.0294) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The settling time 

was achieved at time .585 s for all phase currents. 

 
 

 
 

Figure 8. Reducing of Iabc peak overshoot by ANFIS controller at up-ramp rate final-value 1.02 pu 
 

 

Table 3. Simulation results when up-ramp final-value increased to 1.02 pu 

 

 

Meanwhile, results of ANFIS controller are as follows: Peak overshoot was achieved at the values of 

1.0284 (0.8235), 1.0271 (0.6961) and 1.028 (0.7843) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The settling 

time was achieved at time .615 s for all phase currents, for the (Urr=20 pu/s). Moreover, the up-ramp rate 

was increased to 22 pu/s, the results as follows: Peak overshoot was increased to 1.0333 (1.3039), 1.0344 

(1.4118) and 1.0331 (1.2843) pu (%) for Ia_eff, Ib_eff and Ic_eff, respectively. The settling time was slightly 

decreased to time .567 s for all phase currents. Finally, the up-ramp rate was taken at 30 pu/s, the peak 

overshoot was obtained at 1.0579 (3.7157), 1.0591 (3.8333) and 1.0567 (3.598) pu (%) for Ia_eff, Ib_eff and 

Ic_eff, respectively. Also, the settling time was slightly decreased to time 0.555 s for all phase currents at this 

setting. The complete simulation results of ANFIS controller in this scenario are illustrated in Figure 9 and 

Table 3. We can proof our proposed control is effective to reduce the HVDC response on significant value at 

around 3%, while result of competing control is around 9%. In addition, the ANFIS control gives the HVDC 

response is shorten to settle for all scenarios. The proposed control gives good results in the scenarios. But 

the proposed control gives not a significant improvement on low up-ramp rate. The other scenario, except 

that explained in this research is not conducted yet. 

Up-ramp 

rate 

(pu/s) 

Conventional control ANFIS control 
Ia_eff Ib_eff Ic_eff Ia_eff Ib_eff Ic_eff 

Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) Mp (pu) (%) ts (s) 

20 
1.0258 

4.6735 
.617 

1.0251 

4.602 
.617 

1.0264 

4.7347 
617 

.9908 

1.102 
.572 

.9903 

1.051 
.572 

.9891 

.9286 
.572 

22 
1.0386 

5.9796 
.611 

1.0382 

5.9388 
.611 

1.0378 

5.898 
.611 

.9945 

1.4796 
.568 

.9964 

1.6735 
.568 

.9962 

1.6531 
.568 

24 
1.0486 

7.0 
.609 

1.0488 
7.0204 

.609 
1.0486 

7.0 
.609 

1.0016 
2.2041 

.564 
.9996 

2.0 
.564 

1.0019 
1.9804 

.564 

26 
1.0573 

7.8878 
.607 

1.0577 

7.9286 
.607 

1.0569 

7.8496 
.607 

1.0077 

2.8265 
.563 

1.0064 

2.6934 
.563 

1.0059 

2.6469 
.563 

28 
1.0649 

8.6633 
.606 

1.0655 

7.9286 
.606 

1.0648 

8.6531 
.606 

1.0128 

3.3469 
.562 

1.1034 

3.4082 
.562 

1.011 

3.1633 
.562 

30 
1.0713 
9.3163 

.604 
1.0721 
9.398 

.604 
1.0722 
9.4082 

.604 
1.0175 
3.8265 

.561 
1.0197 
4.051 

.561 
1.0187 
3.949 

.561 
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Figure 9. Reducing of I (abc) of inverter by ANFIS controller at up-ramp rate 30 pu/s 

 

 

5. CONCLUSION  

A strategy to reduce the peak overshoot of HVDC by using ANFIS controller is proposed, designed 

and simulated in this research. The ANFIS algorithm is built by training data procedure that find out from 

running up the HVDC-link and regulated by PI control on its firing angle. During the development period, 

the HVDC model is run under variable and parameter values are changed in various ways. First, at up-ramp 

final-value 1.0 pu, (Urr=30 pu/s) the PI control gives results: The maximum peak overshoot (Mp) of phase 

current was at the values of 9.1% for the both phases (A and B), and 9.2% for the phase C. Meanwhile, the 

proposed control gives results as follows: The Mp of phase current is observed at the values of 3.75% for the 

both phases (A and C), and 3.95% for the phase B. At this operation, the settling time is achieved at the time 

of 0.584, and 0.533 s, for the conventional and proposed controls, respectively. Second, result of the 

conventional control with the up-ramp final-value set at .98 pu, the peak overshoot of phase was at the values 

of 9.0294% for the both phases (A and C), and 9.0882% for the phase B. For the proposed control, the peak 

overshoot of phase current was at the values of 3.7157, 3.8333 and 3.598% for the phases A, B and C. The 

settling time is achieved at the time of .585, and .555 s, for the conventional and proposed controls. Third, the 

result of conventional control with the up-ramp final-value increased to 1.02 pu, the peak overshoot of phase 

current was at the values of 9.3163, 9.398 and 9.4082% for the phases A, B and C, respectively. The 

proposed control was as follows: 3.8265, 4.051 and 3.949% for the phases A, B and C. The settling time was 

at the time of .604, and .561 s, for the conventional and proposed controls. So, the ANFIS control makes the 

Mp decrease and the settling time shorter. Where, the results of the proposed control are compared to results 

of PI control for validity procedure is properly done. In the next research, it is potential to investigate other 

schemes of control of HVDC in simulation as well as laboratory scale using real-time digital system (RTDS) 

or side-field. 

 

 

ACKNOWLEDGEMENTS 

The authors would like thank to “RISTEK-DIKTI Republic of Indonesia through LPPM UNRAM” 

by providing a part of financial-aid through “Skema Penelitian PNBP 2020” to publish this paper. 

 

 

REFERENCES 
[1] Y. Li, Y. Zhang, J. Song, L. Zeng, and J. Zhang, “A novel pilot protection scheme for LCC-HVDC transmission lines based on 

smoothing-reactor voltage,” Electric Power Systems Research, vol. 168, pp. 261–268, Mar. 2019, doi: 
10.1016/j.epsr.2018.12.012. 

[2] S. S. Mirhosseini and M. Akhbari, “Wide area backup protection algorithm for transmission lines based on fault component 

complex power,” International Journal of Electrical Power and Energy Systems, vol. 83, pp. 1–6, 2016, doi: 
10.1016/j.ijepes.2016.03.056. 

[3] D.-H. Kwon, Y.-J. Kim, and S.-I. Moon, “Modeling and analysis of an LCC HVDC system using DC voltage control to improve 
transient response and short-term power transfer capability,” IEEE Transactions on Power Delivery, vol. 33, no. 4,  

pp. 1922–1933, Aug. 2018, doi: 10.1109/TPWRD.2018.2805905. 

[4] E. Liun and M. Prapatan, “Economic aspect of Hvdc transmission system for Indonesia consideration in nuclear power,” Jurnal 
Pengembangan Energi Nuklir, vol. 11, no. 2, pp. 100–109, 2009, doi: 10.17146/jpen.2009.11.2.1439. 

[5] I. M. Ginarsa, A. B. Muljono, I. M. A. Nrartha, and 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, 2020, doi: 10.11591/ijpeds.v11.i4.pp2107-2115. 

[6] Directorate of Use of Coastal and Small Islands, “Number of islands,” (in Bahasa), Directorate General of Marine Space 



                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 12, No. 5, October 2022: 4790-4800 

4798 

Management, 2017. https://kkp.go.id/djprl/p4k/page/4270-jumlah-pulau (accessed Jan. 11, 2020). 

[7] R. Faizal, M. Nurdin, N. Hariyanto, S. Pack, and J. Plesch, “Sumatra-Java HVDC transmission system modelling and system 
impact analysis,” in 2015 IEEE Eindhoven PowerTech, Jun. 2015, pp. 1–6, doi: 10.1109/PTC.2015.7232498. 

[8] D. Sudarmadi, M. Reza, G. C. Paap, and L. Van Der Sluis, “DC interconnection between Java and Sumatera, in Indonesia,” in 

2006 IEEE PES Power Systems Conference and Exposition, PSCE 2006 - Proceedings, 2006, pp. 1210–1214, doi: 
10.1109/PSCE.2006.296479. 

[9] M. Benasla, T. Allaoui, M. Brahami, V. K. Sood, and M. Denaï, “Power system security enhancement by HVDC links using a 

closed-loop emergency control,” Electric Power Systems Research, vol. 168, pp. 228–238, Mar. 2019, doi: 
10.1016/j.epsr.2018.12.002. 

[10] X. Chen, Y. Liang, G. Wang, H. Li, B. Li, and Z. Guo, “A control parameter analysis method based on a transfer function matrix 

of hybrid multi-terminal HVDC system with flexible adaptability for different operation modes,” International Journal of 
Electrical Power & Energy Systems, vol. 116, Mar. 2020, doi: 10.1016/j.ijepes.2019.105584. 

[11] S. Asvapoositkul and R. Preece, “Impact of HVDC dynamic modelling on power system small signal stability assessment,” 

International Journal of Electrical Power & Energy Systems, vol. 123, Dec. 2020, doi: 10.1016/j.ijepes.2020.106327. 
[12] X. Chu and H. Lv, “Coupling characteristic analysis and a fault pole detection scheme for single-circuit and double-circuit HVDC 

transmission lines,” Electric Power Systems Research, vol. 181, Apr. 2020, doi: 10.1016/j.epsr.2019.106179. 

[13] S. Mirsaeidi, X. Dong, and D. M. Said, “A fault current Limiting approach for commutation failure prevention in LCC-HVDC 
transmission systems,” IEEE Transactions on Power Delivery, vol. 34, no. 5, pp. 2018–2027, Oct. 2019, doi: 

10.1109/TPWRD.2019.2907558. 

[14] Y. Xu, W. Bai, S. Zhao, J. Zhang, and Y. Zhao, “Mitigation of forced oscillations using VSC-HVDC supplementary damping 
control,” Electric Power Systems Research, vol. 184, Jul. 2020, doi: 10.1016/j.epsr.2020.106333. 

[15] Y. Wang, C. Guo, and C. Zhao, “A novel supplementary frequency-based dual damping control for VSC-HVDC system under 

weak AC grid,” International Journal of Electrical Power and Energy Systems, vol. 103, no. May, pp. 212–223, 2018, doi: 
10.1016/j.ijepes.2018.05.033. 

[16] S. Ankar and A. Yadav, “ANN-based protection scheme for bipolar CSC-based HVDC transmission line,” in 2019 Innovations in 
Power and Advanced Computing Technologies (i-PACT), Mar. 2019, pp. 1–5, doi: 10.1109/i-PACT44901.2019.8960148. 

[17] Y. Tang, H. He, Z. Ni, J. Wen, and T. Huang, “Adaptive modulation for DFIG and STATCOM with high-voltage direct current 

transmission,” IEEE Transactions on Neural Networks and Learning Systems, vol. 27, no. 8, pp. 1762–1772, Aug. 2016, doi: 
10.1109/TNNLS.2015.2504035. 

[18] B. Abdelkrim and Y. Merzoug, “Robust stability power in the transmission line with the use of a UPFC system and neural 

controllers based adaptive control,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 10, no. 3,  
pp. 1281–1296, Sep. 2019, doi: 10.11591/ijpeds.v10.i3.pp1281-1296. 

[19] K. Lenin, “Power loss reduction by chaotic based predator-prey brain storm optimization algorithm,” International Journal of 

Applied Power Engineering (IJAPE), vol. 9, no. 3, pp. 218–222, Dec. 2020, doi: 10.11591/ijape.v9.i3.pp218-222. 
[20] K. Lenin, “Minimization of real power loss by enhanced teaching learning based optimization algorithm,” IAES International 

Journal of Robotics and Automation (IJRA), vol. 9, no. 1, pp. 1–5, Mar. 2020, doi: 10.11591/ijra.v9i1.pp1-5. 

[21] M. Tavakoli, E. Pouresmaeil, J. Adabi, R. Godina, and J. P. S. Catalão, “Load-frequency control in a multi-source power system 
connected to wind farms through multi terminal HVDC systems,” Computers & Operations Research, vol. 96, pp. 305–315, Aug. 

2018, doi: 10.1016/j.cor.2018.03.002. 

[22] N. Priyadarshi, S. Padmanaban, J. B. Holm-Nielsen, F. Blaabjerg, and M. S. Bhaskar, “An experimental estimation of hybrid 
ANFIS–PSO-based MPPT for PV grid integration under fluctuating sun irradiance,” IEEE Systems Journal, vol. 14, no. 1,  

pp. 1218–1229, Mar. 2020, doi: 10.1109/JSYST.2019.2949083. 

[23] M. Ahmed, M. A. Ebrahim, H. S. Ramadan, and M. Becherif, “Optimal genetic-sliding mode control of VSC-HVDC transmission 
systems,” Energy Procedia, vol. 74, pp. 1048–1060, Aug. 2015, doi: 10.1016/j.egypro.2015.07.743. 

[24] G. M. Sivasubramanian and M. Narayanamurthy, “Implementation of PWM AC chopper controller for capacitor run induction 

motor drive via bacterial foraging optimization algorithm,” International Journal of Reconfigurable and Embedded Systems 
(IJRES), vol. 9, no. 3, pp. 169–177, Nov. 2020, doi: 10.11591/ijres.v9.i3.pp169-177. 

[25] O. Zebua, I. M. Ginarsa, and I. M. A. Nartha, “GWO-based estimation of input-output parameters of thermal power plants,” 

Telkomnika (Telecommunication Computing Electronics and Control), vol. 18, no. 4, pp. 2235–2244, 2020, doi: 
10.12928/TELKOMNIKA.V18I4.12957. 

[26] K. W. Nasser, S. J. Yaqoob, and Z. A. Hassoun, “Improved dynamic performance of photovoltaic panel using fuzzy logic-MPPT 

algorithm,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 21, no. 2, pp. 617–624, 2020, 
doi: 10.11591/ijeecs.v21.i2.pp617-624. 

[27] S. Wahsh, Y. Ahmed, and A. Elzahab, “Implementation of type-2 fuzzy logic controller in PMSM drives using DSP,” 

International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 9, no. 3, pp. 1098–1105, Sep. 2018, doi: 
10.11591/ijpeds.v9.i3.pp1098-1105. 

[28] P. Sharma, S. Singh, and V. Pahwa, “Implementation of ANFIS based controller on IG wind farm for improved performance,” 

IAES International Journal of Robotics and Automation (IJRA), vol. 8, no. 2, pp. 94–104, 2019, doi: 10.11591/ijra.v8i2.pp94-104. 
[29] G. Joshi and A. J. Pinto Pius, “ANFIS controller for vector control of three phase induction motor,” Indonesian Journal of 

Electrical Engineering and Computer Science (IJEECS), vol. 19, no. 3, pp. 1177–1185, 2020, doi: 

10.11591/ijeecs.v19.i3.pp1177-1185. 
[30] L. Farah, A. Haddouche, and A. Haddouche, “Comparison between proposed fuzzy logic and anfis for MPPT control for 

photovoltaic system,” International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 11, no. 2, pp. 1065–1073, 

2020, doi: 10.11591/ijpeds.v11.i2.pp1065-1073. 
[31] I. M. Ginarsa, I. M. A. Nrartha, A. B. Muljono, and I. P. Ardana, “ANFIS-based controller application to regulate firing angle of 

inverter in average value model-High voltage direct current transmission system,” in 2018 International Conference on Smart 

Green Technology in Electrical and Information Systems (ICSGTEIS), Oct. 2018, pp. 1–6, doi: 
10.1109/ICSGTEIS.2018.8709106. 

[32] I. M. Ginarsa, A. Soeprijanto, and M. H. Purnomo, “Controlling chaos and voltage collapse using an ANFIS-based composite 

controller-static var compensator in power systems,” International Journal of Electrical Power & Energy Systems, vol. 46,  
pp. 79–88, Mar. 2013, doi: 10.1016/j.ijepes.2012.10.005. 

[33] A. B. Muljono, I. M. Ginarsa, I. M. A. Nrartha, and A. Dharma, “Coordination of adaptive neuro fuzzy inference system (ANFIS) 

and type-2 fuzzy logic system-power system stabilizer (T2FLS-PSS) to improve a large-scale power system stability,” 

International Journal of Electrical and Computer Engineering (IJECE), vol. 8, no. 1, pp. 76–86, Feb. 2018, doi: 



Int J Elec & Comp Eng  ISSN: 2088-8708  

 

 Strategy to reduce transient current of inverter-side on an average value model high … (I Made Ginarsa) 

4799 

10.11591/ijece.v8i1.pp76-86. 
[34] I. M. Ginarsa, A. Soeprijanto, M. H. Purnomo, Syafaruddin, and T. Hiyama, “Improvement of transient voltage responses using 

an additional PID-loop on ANFIS-based composite controller-SVC (CC-SVC) to control chaos and voltage collapse in power 

systems,” IEEJ Transactions on Power and Energy, vol. 131, no. 10, pp. 836–848, 2011, doi: 10.1541/ieejpes.131.836. 
[35] S.-J. Hong, S.-W. Hyun, K.-M. Kang, J.-H. Lee, and C.-Y. Won, “Improvement of transient state response through feedforward 

compensation method of AC/DC power conversion system (PCS) based on space vector pulse width modulation (SVPWM),” 

Energies, vol. 11, no. 6, Jun. 2018, doi: 10.3390/en11061468. 
[36] P. Suresh et al., “Reduction of transients in switches using embedded machine learning,” International Journal of Power 

Electronics and Drive Systems (IJPEDS), vol. 11, no. 1, pp. 235–241, 2020, doi: 10.11591/ijpeds.v11.i1.pp235-241. 

[37] S. Wu, Y. Kobori, N. Tsukiji, and H. Kobayashi, “Transient response improvement of DC-DC buck converter by a slope 
adjustable triangular wave generator,” IEICE Transactions on Communications, vol. E98.B, no. 2, pp. 288–295, 2015, doi: 

10.1587/transcom.E98.B.288. 

[38] B. Butterfield, “Optimizing transient response of internally compensated DC-DC converters with feedforward capacitor,” 
Application Report, Texas Instruments, 2017. 

[39] K. Sato, T. Sato, and M. Sonehara, “Transient response improvement of digitally controlled DC-DC converter with feedforward 

compensation,” in 2017 IEEE International Telecommunications Energy Conference (INTELEC), Oct. 2017, pp. 609–614, doi: 
10.1109/INTLEC.2017.8214205. 

[40] H. Atighechi et al., “Dynamic average-value modeling of CIGRE HVDC benchmark system,” IEEE Transactions on Power 

Delivery, vol. 29, no. 5, pp. 2046–2054, 2014, doi: 10.1109/TPWRD.2014.2340870. 
[41] S. Ebrahimi, N. Amiri, Y. Huang, L. Wang, and J. Jatskevich, “Average-value modeling of diode rectifier systems under 

asymmetrical operation and internal faults,” IEEE Transactions on Energy Conversion, vol. 33, no. 4, pp. 1895–1906, 2018, doi: 

10.1109/TEC.2018.2832652. 
[42] J. Jatskevich, S. D. Pekarek, and A. Davoudi, “Fast procedure for constructing an accurate dynamic average-value model of 

synchronous machine-rectifier systems,” IEEE Transactions on Energy Conversion, vol. 21, no. 2, pp. 435–441, Jun. 2006, doi: 

10.1109/TEC.2006.874249. 
[43] S. Casoria, “Thyristor-based HVDC transmission system,” Hydro-Quebec, 2013. 

[44] J.-S. R. Jang, C.-T. Sun, and E. Mizutani, Neuro-fuzzy and soft computing: A computational approach to learning and machine 

intelligence. New Jersey: Prentice-Hall Inc., 1997. 
[45] J. R. Jang and C.-T. Sun, “Neuro-fuzzy modeling,” in Proceedings of the IEEE, 1995, vol. 83, no. 3, pp. 378–406. 

[46] MATLAB, “MATLAB Simulink.” The Mathworks, Old Baltimore Pike, Beltsville, 2013. 

 

 

BIOGRAPHIES OF AUTHORS   
 

 

I Made Ginarsa     received the B.Eng. (1997), M.T. (2001) and Ph.D (2012) 

degrees in electrical eng. from Udayana, Gadjah Mada Universities, and Institut Teknologi 

Sepuluh Nopember, Indonesia, respectively. He is a lecturer at the Dept. of Electrical Eng., 

University of Mataram. In 2010 he was a member of EPS Lab., Kumamoto Univ. His research 

is voltage and dynamic stability, nonlinear dynamic, application of artificial intelligence in 

high voltage direct current and power systems. He was IEEE, FORTEI members, author,  

co-author and invited reviewer on national and international publications. He was an author of 

book chapter in Springer. He can be contacted at email: kadekgin@unram.ac.id. 

  

 

I Made Ari Nrartha     He received in B.Eng and M.Eng in electrical eng. from 

Institute Technology Sepuluh Nopember, Surabaya and Gadjah Mada University, Yogyakarta 

Indonesia, in 1997 and 2001, respectively. Since 1999 he was a lecturer at Electrical Eng., 

University of Mataram. His research interests are power system dynamic and stability, 

transmission and distribution, optimization, power quality and artificial intelligent application 

in power systems. He was an active author and co-author research papers in national and 

international journal, and served as editorial board in Dielektrika Journal. She can be contacted 

at email: nrartha@unram.ac.id. 

  

 

Agung Budi Muljono     received the B. Eng and M. Eng. in Electrical Eng. from 

Malang Institute of Technology (1996) and UGM (2000), respectively. He was IEEE, FORTEI 

members, author, co-author papers and served as editorial board in Dielektrika Journal. His 

research interests include transmission and distribution, dynamic and stability, artificial 

intelligent application, and energy planning and distributed generation in power systems. He 

was IEEE, FORTEI members, author, co-author papers and served as editorial board in 

Dielektrika Journal. He can be contacted at email: agungbm@unram.ac.id. 

mailto:nrartha@unram.ac.id
mailto:agungbm@unram.ac.id
https://orcid.org/0000-0002-3075-2698
https://www.scopus.com/authid/detail.uri?authorId=35795378400
https://publons.com/researcher/1470584/i-made-ginarsa/
https://orcid.org/0000-0001-9779-5759
https://scholar.google.co.id/citations?user=B61LC6wAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=55946635800
https://publons.com/researcher/4857658/i-made-ari-nrartha/
https://orcid.org/0000-0002-6444-4116
https://scholar.google.com/citations?hl=id&user=KyGFZTsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55946642700
https://publons.com/researcher/4857176/agung-budi-muljono/


                ISSN: 2088-8708 

Int J Elec & Comp Eng, Vol. 12, No. 5, October 2022: 4790-4800 

4800 

 

Sultan     received the B.Sc. and M.Sc. degrees in electrical engineering from 

Hassanudin University (1995) and Gadjah Mada University (2005), respectively. In 1997 he 

was a lecturer in University of Mataram, Indonesia. His research interests include power 

system transmission and distribution, power system dynamic and stability in power systems. 

He was an active author and co-author research papers in national and international journal, 

and served as editor in chief of Dielektrika Journal 2010-2018. He can be contacted at email: 

sultandarma@unram.ac.id. 

  

 

Sabar Nababan     received the B. Eng. and M.Eng. degrees in electrical 

engineering from Sumatra Utara University and Gadjah Mada University in 1998 and 2002, 

respectively. His researches interest is power system quality especially on harmonics, design of 

filters and renewable energy. He joined to the Elect. Eng. Dept., UNRAM since 2000. He has 

experiences to study abroad at Asian Institute of Technology (AIT) in Thailand, at Aalborg 

University (AAU) in Denmark (2012), and at Suranarenee University of Technology (SUT) in 

Thailand (2014). He can be contacted at email: sabar@unram.ac.id. 

 

https://orcid.org/0000-0001-6396-8463
https://scholar.google.com/citations?hl=id&user=ANetniQAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57224424181
https://orcid.org/0000-0001-8674-6695
https://scholar.google.com/citations?hl=id&user=4Q4WJPUAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55371721100

