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 In AC/DC hybrid micro grid system (HMGS) power converters are always 

tested for is performance in distribution, its ability to provide accurate power 

sharing, transient stability and load dynamics. The existing control methods 

either complex or limited to achieve optimal power flow. This paper 

proposes a modified decentralized droop control scheme for interlinking 

converter (ILC) connected to interconnected AC and DC grids. A three 

coordinated model is proposed where AC frequency, ILC power and DC 

voltage are corresponding axis. The power sharing through the ILC is 

dependent on the AC frequency droop and DC voltage droop which occurs 

due to overloading. The control scheme is designed for single and three 

phases ILC. The obtained results are compared with double loop control 

method which shows less frequency deviations, accurate power sharing. The 

ILC performs autonomously and transfer power bidirectional under islanded 

mode. The simulation is carried in MATLAB/Simulink. 
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1. INTRODUCTION 

The detailed micro grid (MG) architecture with converter control viz centralized and decentralized 

control scheme is discussed [1]. Decentralized control scheme for MG performs without communication link, 

as several control schemes like through droop control or reverse droop control, line impedance droop control, 

angle droop control, virtual impedance, adaptive voltage droop control [2]. A conventional method to control 

and operate single phase inverters connected in parallel to MG with reducing the harmonic distortion [3]. 

Interlinking converter (ILC) performance is always discussed for stability, excessive power losses the issues are 

highlighted and analyzed by controlling the voltage and current [4]. Centralized control with particle swarm 

optimization (PSO) method with maser and slave concept is proposed for controlling MG with renewable 

energy sources (RES) [5]. Electric vehicle is the present trend attracting researchers for integrating to MG, 

nano grid (NG) for two-way power flow through energy storage system (ESS), the power quality problems 

associate to grid are discussed with optimal solution by connecting filter and restorer [6]. A review paper 

discusses the power quality issues in bidirectional power flow in electric vehicle to grid [7]. To reduce the 

total harmonic distortion (THD) in a single-phase inverter a control technique confined band variable 

switching frequency pulse width modulation (CB-VSFPWM) is designed [8]. To extract maximum output 

power for a cluster MG, a modified reverse current flow method is proposed for radial system [9]. A multi-

port DC-DC boost converter is designed for integrating PV and proton exchange membrane fuel cell 
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(PEMFC) [10]. A fuzzy logic controller is designed to drive and control the PV wind and battery system for 

smooth power output without fluctuation and maintains stable voltage and frequency [11]. 

The MG architecture, distribution, layouts with information technology-based control for series and 

parallel MG is elaborated [12]. There is always a risk in control of MG with communication-based control, as 

MG are at high chance of getting attacked by cyber security, a cyber cooperative control is designed for ILC 

for detecting the false signal attacks [13]. The fluctuation caused by the PV generation and battery will have 

adverse effect on power grid, structuring both PV and battery on a common DC bus by proposing hysteresis 

energy management for the DC bus and eliminate the frequent charging and discharging of battery system 

[14]. A voltage source converter (VSC) with microcontroller-based control is design for bidirectional power 

exchange [15]. A thorough study on ILC with its features and unresolved tasks when connected to islanded 

mode is elaborated [16]. Voltage drop and harmonic distortion are serious problems for power quality in MG, 

plenty of research has been done to compensate one such paper to is designed using adaptive neuro fuzzy 

inference system [17]. An optimal power routing scheme is designed for the ILC to reduce the unbalancing of 

power, losses of active power and the voltage deviations, an AC/DC converter of three phase with four leg is 

used for optimal power utilization where a IEEE13 bus system is used as unbalanced hybrid micro grid 

system hybrid micro grid system (HMGS) and IEEE-34 bus as unbalanced distribution network [18]. A five-

level inverter is designed to ESS with a bidirectional power flow connected to AC/DC MG [19]. 

The modified decentralized control scheme is designed to power sharing and to avoid circulating 

currents through the converter [20]. A digital pulse width modulation (PWM) control is implemented for PV 

connected inverter with by synchronizing the output voltages and current [21]. This paper proposes a 

modified decentralized droop control scheme for ILC-1 for bidirectional power flow through AC/DC and 

interconnected single phase MG as shown in Figure 1. 

 

 

 
 

Figure 1. Block diagram of interconnected MGs 

 

 

2. CONTROL AND OPERATION OF INTERCONNECTED MG 

2.1.  Droop control 

In the era of modern power electronics inverters with extensive distribution can set their 

instantaneous active and reactive power with an extra communication cable. The droops are much similar 

which occurs in utility grids. The communication-based control makes a master slave operation which makes 

a complex control and moreover failure occurs due to one faulty point. In a decentralized droop control 

distributed generation (DG) has different owners, more flexible with a plug and play option, simple algorithm 

and faulty points can be healed without halting the system. Droop control for AC MG regulates the active 

power (P) versus frequency (F) and reactive power versus voltage (V) as described in (1), (2). 

 

𝐹𝑛 = 𝐹𝑚 + 𝛼𝑚𝑃𝑚  (1) 

 

𝑉𝑛 = 𝑉𝑚 + 𝛽𝑚𝑄𝑚  (2) 

 

𝑃𝑙𝑜𝑎𝑑,𝑎𝑐 =  ∑ 𝑃𝑎𝑐(𝑖) ∗ 𝑘𝑎𝑐
𝑛
𝑖=0 (𝑖) (3) 

 

Where, Fm and Vm is frequency and voltage at peak, αm and βm are the negative droop coefficients. Droop 

coefficients selection is relied on its rating (3) where 𝑃𝑎𝑐(𝑖) is the power supplied from AC power station, 

unit 𝑘𝑎𝑐 is the droop gain and number of units is given by n. DC droop control comparatively an easy task 

compared to AC droop control. The (4) defines the DC droop control by regulating DC power and DC 

voltage. 

 

𝑉𝑑𝑐,𝑛 = 𝑉𝑑𝑐,𝑚 + 𝛾𝑚𝑃𝑑𝑐,𝑚 (4) 

 

𝑃𝑙𝑜𝑎𝑑,𝑑𝑐 =  ∑ 𝑃𝑑𝑐(𝑖) ∗ 𝛾𝑎𝑐
𝑛
𝑖=0 (𝑖) (5) 

 

Where Vdc is nominal DC voltage, 𝛾 is the droop coefficient of unit m, 𝑃𝑑𝑐(𝑖) is power supplied from DC 
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power station and 𝛾 is droop gain of DC power. 

 

2.2.  Detailed architecture of interconnected HMGS 

The proposed design of interconnected HMGS shown in Figure 2 is referred from [22]. Four MG 

with DG and ESS are interconnected with two ILCs and loads. ILC performs autonomously which depends 

on the frequency and voltage values. A similar analysis on grid with RES and without RES is done for 

voltage stability, cost analysis for IEEE 14 bus and IEEE 30 bus [23]. Meanwhile another paper on multi-port 

ILC is discussed which is connected to HMGS to share power among grids with different voltage level [24]. 

ILC-1 used is a VSC with 6-IGBT/diode to perform bidirectional power flow and ILC-2 is VSC with 4-

IGBT/diode. In case of ILC-1 the power is exchanged from AC grid to DC grid during the DC voltage droop 

which leads to increasing the frequency and to generate additional AC power to share from AC to DC via 

ILC-1, hence the converter behaves as rectifier and with positive sign of power. On frequency droop the 

power is transferred from DC grid to AC load, the power sign is negative and ILC-1 is termed as inverter.  

The signs notations are reverse in case of ILC-2 for better results understanding that is during 

rectifier mode it signs negative and during inverter mode it signs positive. Autonomous bidirectional power 

transfer among AC and DC grids via ILCs is achieved through outer loop control. Frequency droop indicates 

power demand at AC load and voltage droop at DC indicates power demand at DC load. DC-capacitor 

connected to DC main voltage bus, LCL and LC filter connected to AC sub grid to eliminate the voltage 

ripples and current harmonics. Table 1 shows the HMGS parameter. 
 

 

 
 

Figure 2. Simulation model of interconnected HMGS in MATLAB/Simulink 
 
 

Table 1. Parameter of interconnected AC/DC HMGS 
AC-Sub Grid ILC-1 ILC-2 DC-Sub Grid 

MG voltage (3-ф,1-ф) V = 380 V, 220 V 

System frequency, F = 60 Hz 
LC filter, L = 5 mH; C = 40 μF 

Line impedance, R = 0.01 Ω;  

L = 0.02 mH 
LCL filter, L =2,4.2 mH; C = 60 μF 

Capacitor, C = 2200 μF 

Inductance: LCL filter L=0.2 mH 

ILC ref.Pcon_ref = 10             

KW 
PI controller-1, 2: - KP = 1, 

KI = 100, KP = 20, KI = 30 

Droop coefficients, α = 
0.00025; γ = 0.0005 

Vdc_ref = 800 V 

Ref. frequency, Fref = 60 Hz 

PI-1, KP =0.01, KI =25 

PI-2, KP =0.05, KI =25 
PI-3, KP =0.08, KI =10 

Voltage, Vdc = 800 V, 370 V 

L= 5 mH, C=2200 μF 
Capacitance, C: DC-bus, 

BESS, boost converter, LCL 

filter: C=2000 μF,1000 μF,  
500 mF, 80 μF 

Inductance, L: DC bus, Boost 

converter, L=470 μH , 0.1 μH 

 

 

3. CONTROL OF ILCs 

3.1.   Control of ILC-1 for 3-phase 

The proposed droop control method is shown in Figure 3. The mathematical relation for 

autonomous power exchange and balancing the power load demand on both sides of ILC-1 is expressed in 

(6), which describes the relation of DC-voltage, ILC power and frequency. 

 

(𝜃11𝑉 − 𝜃1𝑉𝑟𝑒𝑓 ) + (𝜃2𝑃𝑐𝑜𝑛 − 𝜃2𝑃𝑐𝑜𝑛𝑟𝑒𝑓  ) − (𝜃3𝐹 − 𝜃2𝐹𝑟𝑒𝑓 )  =  0 (6) 
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The scaling values for θ1=0.3, θ2=0.007, θ3=10 is predefined to set the controller. In case of overload demand 

on AC load bus it will impact on the AC generation power grid given in (7). 

 

𝛥𝑃𝑎𝑐,𝑙𝑜𝑎𝑑 =  𝛥𝑃𝑔𝑒𝑛,𝑎𝑐 − 𝛥𝑃𝑐𝑜𝑛 (7) 

 

Droop in frequency happens due to change in AC load demand, which causes change in generating power at 

AC sub grid side which is verified by (8). 

 

𝛥𝑃𝑔𝑒𝑛,𝑎𝑐  =  
−𝑃𝑔,𝑎𝑐

𝛼
𝛥𝐹 (8) 

 

Sharing of active power 𝛥𝑃𝑐𝑜𝑛 from AC sub-grid to ILC and to DC load bus is expressed as (9). 

 

𝛥𝑃𝑐𝑜𝑛  =  −
𝑃𝑐𝑜𝑛

𝛼
𝛥𝐹 +

𝑃𝑐𝑜𝑛

𝛾
𝛥𝑈 (9) 

 

On solving (7) ΔPac, load 

 

𝛥𝑃𝑎𝑐,𝑙𝑜𝑎𝑑 =
−𝑃𝑔,𝑎𝑐

𝛼
𝛥𝐹 − (−

𝑃𝑐𝑜𝑛

𝛼
𝛥𝐹 +

𝑃𝑐𝑜𝑛

𝛾
𝛥𝑉) (10) 

 

The (10) explains the variations on frequency and DC voltage due to the change in AC load demand. When 

DC loads is overloaded, the power utilized by DC sub grid at the load side is the sum of total power supplied 

by DC power and power shared by ILC-1 from AC sub-grid expressed in (11). 

 

𝛥𝑃𝑑𝑐,𝑙𝑜𝑎𝑑 =  𝛥𝑃𝑔𝑒𝑛,𝑑𝑐 + 𝛥𝑃𝑐𝑜𝑛 (11) 

 

DC droop illustrate any changes in DC voltage has its consequence on generation of DC power (12). 

 

𝛥𝑃𝑑𝑐,𝑔𝑒𝑛 =  −
𝑃𝑔,𝑑𝑐

𝛾
𝛥𝑉 (12) 

 

Power sharing due to changes in DC load has a impact on frequency and DC voltage which given by (13). 

 

𝛥𝑃𝑑𝑐,𝑙𝑜𝑎𝑑 =  (
−𝑃𝑐𝑜𝑛

𝛼
)𝛥𝐹 + (

−𝑃𝑐𝑜𝑛

𝛾
+
𝑃𝑐𝑜𝑛

𝛾
) 𝛥𝑉 (13) 

 

A control method for charging and discharging of battery energy storage system (BESS) is considered from 

[25]. AC/DC MG is integrated with BESS is referred from [26]. A DC/DC bidirectional converter is designed 

for BESS with voltage and current controlled [27]. A PID controller is adopted for controlling a buck boost 

converter [28]. 

 

 

 
 

Figure 3. Control scheme for 3-phase ILC-1 
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3.2.  Control of ILC-2 for 1-phase 

The Figure 4 illustrates the control method of 1-phase ILC-2 which intends to perform the 

autonomous bidirectional power transfer. Using phase lock loop (PLL) to generate the current and voltage 

reference signals. The PV system generates 4 KW of power with output voltage of 200 V at DC main bus  

370 V is maintained by the use of boost converter. BESS output voltage of 420 V is boost to 800 V which 

feeds the critical load bus. Control and monitoring of voltages and currents through BESS and PV are done 

by tuning PI controllers. The inner loop control maintains the current in the set range while the outer loop 

control compares with the reference values of voltage and restricts within limits. The optimal control of PI 

control depends on duty cycle. Performance of inner loop is more accurate and faster due to corner frequency 

greater compare to outer loop. PI controller is still an absolute selection for unstable system. This proposed 

method is a simple and robust for sharing power to either side of ILC on power demand. 

 

 

 
 

Figure 4. Control scheme of 1-phase ILC-2 (voltage control-outer loop, current control-inner loop) 

 

 

4. RESULTS AND DISCUSSION 

The paper explains the optimal power management for HMGS connected with multiport ILC with a 

distributed coordinated control with bidirectional power flow [29]. A conventional droop control method is 

designed for ILC power autonomous power sharing [30]. Due to load variation in AC and DC it impacts on 

frequency and DC voltage. To achieve the limitations of conventional droop control method and line 

impedance during nonlinear loads a novel method is discussed [31]. In this proposed paper AC generation is 

of 120 KW capacity and the load of 90 KW. The DC power generates up to 45 kW with the DC maximum 

load of 75 KW. AC MG voltage is 3-phase with 380 V, 1-phase 220 V and DC bus voltage is 800 V, 370 V. 

The acceptable voltage range is 5%−
+  and for frequency is 3%−

+ . Controller scaling factor θ1, θ2, θ3, are 

considered for autonomous functioning. The frequency drop of 0.00008 and DC voltage droop is 0.0006. A 

paper is presented on interlinking converter for hybrid AC/DC MG for optimal power flow with stable 

voltage [32]. Table 2 explains the complete performance of MG during various circumstances load variation. 
 

 

Table 2. Power distribution to load from power source and power transfer from ILC-1,2 
Time(s) ILC-1 ILC-2 
 

3-Phase 

Load 
(KW) 

DC load 

(KW) 
800V 

ILC-1 

(KW) 
Rect./Inv 

AC 

Source 
(KW) 

DC 

Source 
(KW) 

1-Phase 

Load 
(KW) 

DC load 

(KW) 
370V 

ILC-2 

(KW) 

Rect./ 
Inv. 

AC 

Source 
(KW) 

DC 

Source 
(KW) 

3-Phase 

Load 
(KW),  

0 40 15 10, Rect. 50 5 - 20 16, Rect. 16 4 40 

0.5 - - - - - - 18 18, Rect. 18   - 

1 0 25 25, Rect. 25 0 - 12 12, Rect. 12   0 
1.5 - - - - - - 5 5, Rect. 5   - 

1.6 50 0 40, Inv. 10 40 -         50 

2 - - - - - 10 - 10, Inv   10 - 
2.5 - - - - - 5 - 05, Inv   5 - 

3 - - - - - 5 - 50, Inv   5 - 

Total 90 40  85 45 20 55  51 24 90 

 

 

4.1.  ILC performs as rectifier 

At time t=0-1 s AC source generates 50 KW, the AC load-1 consume 40 KW and access 10 KW is 

supposed to transferred to utility grid or DC grid. Meanwhile DC load-1 of 15 KW is turned on and DC 
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power generates about 5 KW due to insufficient power demand decrease in voltage from 800 V to 790 V, 

converter-1transfer active power of 10 KW supplied by AC sub grid with frequency variation of 0.1 Hz. At 

t=1s a DC load-2 of 60 KW is connected which decrease voltage to 780 V, hence power is shared from AC 

sub-grid via ILC-1. Figure 5 shows the power transfer through ILC-1.  

Similarly, for ILC-2 DC linear loads at time t=0s, 0.5s, 1s, 1.5s with capacity of 20 KW, 18 KW,  

12 KW, 5 KW is connected. PV output of 4 KW on DC sub grid which is delivered to load-1 and for 

remaining loads, power is transferred from AC single-phase sub-grid via ILC-2. The power delivered through 

BESS, PV and ILC are shown in Figure 6. Figure 7 shows the variation in frequency during load changes for 

ILC-2.  
 

AC power 
𝐼𝐿𝐶(𝑎𝑠 𝑅𝑒𝑐𝑡𝑖𝑓𝑖𝑒𝑟)
→             DC Load = {

Pac,gen > Pac,load also Pac,gen > Pdc,gen
Pdc,load > Pdc,genhence Pcon shares power to DC load

(13) 

 

4.2.  ILC performs as inverter 

At t=1.6s 50 KW of load on AC side is connected. Since 120 KW capacity of AC grid is connected 

to loads and already 110 KW is supplied to loads, as the frequency drop of 0.1 Hz is sensed by controller. 

The requirement of 40 KW is supplied by DC sub grid by adding additional string to BESS to boost the 

power capacity. Power is transferred from upgraded BESS at DC side to AC load side via ILC-1. Hence ILC-

1 performs as inverter with negative sign. 

For ILC-2 during t=2s, 2.5s, 3s AC load of 10 KW, 5 KW, 5 KW is connected and previously 

connected DC loads and AC power is disconnected. DC side BESS is connected to DC main grid to deliver 

the power to AC loads, hence ILC-2 acts as inverter and sign is positive, results are shown in Figure 8. 
 

DC power 
𝐼𝐿𝐶(𝑎𝑠 𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟)
→             AC Load = {

Pdc,gen > Pdc,load also Pdc,gen > Pac,gen
Pac,load > Pac,genhence Pcon shares power to AC load

 

 
 

 
 

Figure 5. Power transfer through ILC-1 
 

 

 
 

Figure 6. Power waveform of AC/DC BESS, PV 
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Figure 7. Frequency variations in ILC-2 

 

 

 
 

Figure 8. Power transfer through ILC-2 

 

 

5. CONCLUSION 

This paper proposes a modified decentralized droop control scheme for ILC in islanded mode of 

operation and when connected to inter-tied MG which delivers autonomous bidirectional power sharing for 

AC/DC HMGS. The ILC activates and shares power upon droop in AC frequency and DC voltage when 

loads are changed from under loaded to overloaded condition. The following points can be concluded from 

the proposed paper: Based on the droop coefficients the converter share power with a simple 3-coordinated 

mathematical model which is regulated with AC frequency, DC voltage and ILC power. Excess power can be 

transferred to either side of grid or utility grid or to BESS for charging purpose. This forms the optimum 

power utilization. Three phase converters can share the power to single phase grid via ATS/STS or via buck 

boost converter. Plug and play feature with future extension of adding active and passive sources. The 

simulation results are evident for a reliable, secure from system during blackouts, better performance in 

power distribution, accuracy of power sharing autonomously without communication link. Finally proposed 

AC/DC HMGS structure provides a clear idea of up gradation of NG to MG and controls the frequency 

deviations and voltage sag due to load variation.  
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