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Abstract—The capacitive-coupling grid-connected inverter 

(CGCI) is coupled to the point of common coupling via a 

second-order LC branch. Its operational voltage is much lower 

than that of a conventional inductive-coupling grid-connected 

inverter (IGCI) when it serves as a multifunctional inverter to 

compensate reactive power and transfer active power 

simultaneously. It is a promising solution for micro-grid and 

building-integrated distributed generator systems. A quasi-

proportional-resonant (quasi-PR) controller is applied to reduce 

steady-state current tracking errors of the CGCI in this paper. 

The quasi-PR controller generates the voltage reference for use 

of carrier-based pulse width modulation, which can effectively 

reduce output current ripples. The second-order coupling 

impedance of the CGCI causes its modeling and controller 

design to differ from that of the conventional IGCI. A 

comprehensive design method for the quasi-PR controller in a 

CGCI is developed. The quasi-PR controller is also compared 

with a proportional-integration current controller. Simulation 

results are provided to verify the effectiveness of the quasi-PR 

controller and its design method in a CGCI. The current 

tracking errors are greatly reduced when the quasi-PR 

controller rather than the proportional-integration controller is 

applied. Experimental results are also provided to validate the 

CGCI as a multifunctional grid-connected inverter. 

Keywords—Active power; Capacitive-coupling grid-connected 

inverter; Proportional-integration controller; Quasi-PR controller; 

reactive power 

I. INTRODUCTION  

The increasing need for more effective and 

environmentally friendly electrical power systems plays an 

important role in the development of a smart grid [1]-[4]. 

The grid-connected inverter is the key element for efficient 

use of distributed energy resources. Recently, increasing 

attention has been paid to multifunctional grid-connected 

inverters, which can provide auxiliary services to enhance 

power quality [5], [6] in addition to providing active power 

transfer. Previous research on grid-connected inverters has 

mainly used an LC-type or LCL-type filter to reduce output 

current distortion [7], [8]. This type of grid-connected 

inverter is called an inductive-coupling grid-connected 

inverter (IGCI) in this paper because the fundamental 

frequency coupling impedance is inductive [9]-[11]. The 

IGCI usually requires a high DC-link voltage because its 

operational voltage should be higher than the grid voltage to 

transfer active power and perform power quality 

conditioning. 

A capacitive-coupling grid-connected inverter (CGCI) 

was also proposed [12], [13].The CGCI is coupled to the grid 

via an inductor in series with a capacitor. The fundamental 

frequency impedance of its coupling branch is capacitive. 

This topology was first proposed under the name of hybrid 

filter [14]-[17], and it has shown its advantage in reducing 

operational voltage under certain circumstances. The CGCI 

can transfer active power and inject leading reactive power 

into a grid with an operational voltage lower than the grid 

voltage [17]-[21]. The required DC-link voltage is much 

lower than that of the IGCI. As a result, the CGCI appears to 

be a promising solution for building-integrated photovoltaic 

generation systems or small-scale micro-grids. It can be 

coupled to a low-voltage DC bus to provide reactive power 

and inject active power into an AC grid.  

As aforementioned, the capacitive-coupling inverter was 

first named as hybrid active filter (HAPF) and was used to 

damp harmonic resonance in industrial power system [14]-

[17]. The inverter output voltage reference is obtained by 

amplifying harmonic current by a gain K. Then carrier-based 

pulse width modulation (PWM) or space vector modulation 

is used. The following study was concerned with the 

fundamental frequency reactive power control capability of 

the HAPF. Since the previous voltage reference is not 

applicable, current tracking directly with hysteresis PWM 

was adopted to control the LC-HAPF [18]-[21]. This method 

is simple and easy to implement. However, the sampling rate 

for the current must be high enough to track the reference 

current accurately. At the same time, the hysteresis PWM 

method has the drawbacks of widely varying switching 

frequency and large current ripples. The carrier-based PWM 

can fix the variability of switching frequency and reduce 

output current distortion. However, a voltage reference needs 



 

 

to be generated for controlling the CGCI, so it can use 

carrier-based PWM [6], [7], [10], [11], [22]-[24].  

A current controller could convert current reference to 

voltage reference. The proportional (P) current controller 

was used to derive the voltage reference in CGCI [12]. A P-

unit current controller was proposed for the CGCI [13], 

which is equivalent to a proportional (P) controller in the s-

domain and is equivalent to a proportional-integral (PI) 

controller in the z-domain. A high gain must be used to 

guarantee the performance of the current controller, which 

does not meet stability margin requirements. In addition, the 

parameters are selected by trying and testing. Hence, a 

current controller with better performance should be applied.  

PI and proportional-resonant (PR) controllers are the two 

most widely used current controllers for IGCI [6]-[11], [24]-

[28]. The conventional PI controller is not capable of 

eliminating steady-state errors in current tracking [9], [22], 

[24], [29], especially when an LC or LCL filter is coupled to 

the inverter. A synchronous PI controller was proposed to 

achieve theoretical zero steady-state errors for a three-phase 

inverter, in which stationary-frame AC quantities are 

transformed to DC quantities [22], [30]. However, additional 

computations are required to coordinate the transformation 

when this method is applied to the single-phase IGCI. A 

stationary-frame PR controller has the same operational 

principle as a synchronous-frame PI controller when it is 

applied to the conventional single-phase IGCI [22], [31], [32]. 

Compared to the stationary-frame PR controller, a quasi-PR 

controller can avoid the stability problems associated with an 

infinite gain and reduce the sensitivity toward slight 

frequency variation [31], [33]. 

Sliding mode control (SMC) can provide attractive 

features such as fast transient response and applicable to 

multivariable systems. But its chattering problems may lead 

to low steady state accuracy, especially when switching 

frequency is not high enough [34]-[37]. Repetitive control 

(RC) can be employed to improve tracking accuracy by 

placing an internal model into the loop. The dynamic 

response of RC is much slower than that of a feedback 

controller such as PI or PR controller [38]-[39]. Many other 

advanced controllers have been proposed, such as adaptive 

sliding mode control, improved repetitive control, model 

predictive control, fuzzy logic control (FLC) and artificial 

neural network control (ANNC) [40]-[44]. These control 

methods could be more robust under system parameter 

variations and could achieve fast transient response. 

However, more efforts are required to implement these 

controllers. It is a time-consuming task to realize them on a 

digital controller using C/C++ language. What's more, the 

performance of adaptive based control, FLC and ANNC are 

also related to the available training data.  

As the first step to improve the current controller of the 

CGCI, a quasi-PR current controller is applied to control the 

CGCI for the first time, which can achieve zero steady-state 

error at the selected oscillation frequency with relatively 

small gain. The second-order coupling impedance of the 

CGCI causes its control model to differ from that of the 

conventional IGCI. The system response after applying the 

quasi-PR controller to the CGCI will be studied for 

parameter selection, which has not been done before. A 

comprehensive design method for the quasi-PR controller 

will also be developed. 

The operational principle of the CGCI is briefly 

introduced in Section II, followed by the mathematical model 

of its current control loop. The design of the quasi-PR 

controller for a CGCI is presented in Section III, in which a 

comparison with the PI current controller is also given. 

Simulation results for a CGCI with the quasi-PR controller 

are given for comparison with those with the PI controller in 

Section IV. The experimental results are provided in Section 

V. Finally, conclusions are drawn in Section VI. 

II. MODELING OF THE CGCI 

A. Operational principle of the CGCI 

The circuit configuration of a single-phase CGCI is shown 

in Fig. 1, where vs and Vinv denote grid voltage and inverter 

output voltage, and is, iL and ic are source, load and 

compensating currents, respectively. Lc and Cc are the 

coupling inductor and capacitor, respectively, and Cdc is the 

DC-link capacitor. 

The power flow (Pinj and Qinj) between the voltage source 

inverter and the grid can be calculated as follows [45]: 
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In (1) and (2), δ represents the phase angle between Vs and 

Vinv. The values of Z and θ are determined by the coupling 

impedance of the grid-connected inverter, which can be 

expressed as: 

 Z 90
1 1 1

j c
c

c j L j
C C C

X  
  

            (3) 

The power base is introduced as follows: 
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Fig. 1.  Circuit configuration of a single-phase CGCI  



 

 

By combining (1) to (4), the normalized output voltage of 

the CGCI is calculated as in (5), and its variation in 

normalized power flow can be plotted in three dimensions as 

shown in Fig. 2. 

2 2
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s base base
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According to analyses in previous works [12], [13], the 

inverter operational voltage is lower when its output reactive 

power varies in the vicinity of Sbase. Thus, it is better to 

connect the CGCI to the point of common coupling (PCC), at 

which continuous reactive power compensation is required 

for inductive loadings such as in water pumps and 

centralized air-conditioning systems, etc. Under this situation, 

the CGCI can simultaneously inject active power from a 

distributed source to the grid while keeping its operational 

voltage low. 

When the CGCI is used to transfer active power from the 

renewable energy sources and compensate reactive power at 

the PCC simultaneously, the output current reference is 

calculated as follows: 

  _ 2
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  (6) 

where Psource represents the active power from distributed 

generators. qL is the load reactive power extracted by using 

the instantaneous reactive power theory [12], [13]. 

B. Modeling the current control loop of the CGCI 

A current control loop is adopted to control the output 

current of the CGCI to track the current reference, as 

illustrated in Fig. 3. The carrier-based PWM method is used. 

Its corresponding mathematical model is deduced as given in 

Fig. 4. 
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Fig. 3.  Current control loop block diagram of the CGCI  
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Fig. 4.  S-domain model of the current control loop of the CGCI 

The mathematical model of each block in Fig. 4 is as 
follows. 

 Current Controller: (s)Gcc  

As mentioned in the previous section, current controllers 

with different characteristics have been developed for 

conventional grid-connected inverters, which are coupled to 

the grid via inductive impedance. A current control is 

designed for controlling the CGCI, which is analyzed in 

detail in the next section. 

 PWM Unit: (s)GPWM  

In an average s-domain model, the PWM converter can be 

simplified to a unity gain. However, the computation time of 

the digital controller cannot be negligible [9], [46]-[48]. To 

accurately describe the effects of time delay on the CGCI 

controller, the computation delay, sampler and zero-order 

hold as an s-domain PWM unit model are used as shown in 

Fig. 4. The s-domain transfer function of the PWM unit can 

be expressed as  

 
(1 )

(s)
s s

T s T s
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where Ts is the sampling period. To accurately reveal digital 

implementation effects and obtain a rational transfer function, 

delays are usually approximated by poles and zeros [49]-[52]. 

A proper way to accomplish this is to use the Pade  

approximation. The first-order Pade approximation shown in 

(8) can maintain the s-domain analysis with fair agreement 

between simplicity and accuracy. 
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Substituting (8) into (7) yields: 
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 Coupling Impedance: GImp(s)  

The LC coupling branch of the CGCI can be expressed as:  

 
Imp 2

C sc
G (s) =

L C s +1c c

  (10) 

According to Fig. 4, the overall transfer function of the 

CGCI controller is obtained as: 
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where Gcref_c(s) is the system closed-loop transfer function 

between ic and ic_ref, and Gvs_ic(s) is the closed-loop system 

transfer function between ic and Vs. GQuasi-PR(s)GPWM(s)GImp(s) 

is the open-loop transfer function. 

III. DESIGN OF A QUASI-PR CONTROLLER FOR THE CGCI 

A. Quasi-PR Controller for the CGCI 

A quasi-PR controller is used as the current controller in 

Fig. 4. Its transfer function is expressed as:  

r c
Quasi-PR p 2 2

c 0

2K s
G G (s) = K +cc

 s + 2 s +

(s) = 


 
   (12) 

Three parameters need to be selected for a quasi-PR 

current controller to simplify the parameters tuning 

procedure. The typical design scenario can be summarized as 

follows. 

 An appropriate ωc should be chosen to give a satisfactory 

bandwidth around the resonant frequency. 

 Kp should be chosen such that good transient response 

and stability are guaranteed. 

 Kr is chosen so that phase and magnitude steady-state 

errors are eliminated. 

On the basis of the power quality standards of Macau and 

Hong Kong (CEM supply rules, HKE and CLP supply rules 

of Hong Kong), the standard limit of frequency variation is 

±2% [57], [58]. Assuming that the frequency variation 

margin is ±2%, then ωc can be designed as 

ωc=2*π*50*2%=6.28. 

Kp should be high enough to obtain high gain at the 

fundamental frequency and the low-order harmonic 

frequency. However, the stability margin may be sacrificed 

when the Kp value is increased. The boundary of the Kp value 

is determined by using Routh’s stability criterion. The open-

loop transfer function of the related closed-loop transfer 

function Gcref_c(s) is GQuasi-PR(s)GPWM(s)GImp(s) and assume 

that Gcref_c(s)=N(s)/D(s). Then, the characteristic equation 

can be obtained: 

 D(s)+ KN(s) = 0   (13) 

where K indicates the upper boundary of the proportional 

gain under different Kp values. It is assumed that the delay 

time of the PWM unit is just half of the sampling period 

(0.5Ts); then, the corresponding boundary of Kp can be 

deduced as follows: 

 
c

p

s

8 L
K

3 T





  (14) 

The value of Kr is adjusted to limit the steady-state error. 

For example, the magnitude of GQuasi-PR(s)GPWM(s)GImp(s) 

needs to be higher than 100 to decrease the current tracking 

error to less than 1% according to (11) and without 

considering the effect of grid-side voltage Vs. Both Kr and Kp 

are adjusted to satisfy this requirement and simultaneously 

guarantee enough stability margin. 

In summary, the design procedures of the quasi-PR 
controller for a CGCI are as follows. 

1) According to the power quality standard, select the 

value of ωc. 

 c 0
=2 f f       (15) 

where f0 is the fundamental frequency, and ∆f is the 

standard limit of the frequency variation. 

2) Calculate the upper boundary of the controller’s 

proportional gain Kp according to (14). Select a value of Kp 

within this boundary. 

3) Set a small value for Kr, which can guarantee that the 

magnitude response of the open-loop transfer function at the 

designed resonant frequency (50 Hz) is above 40 dB. 

4) Adjust the Kp value within its boundary so that the 

magnitude response of closed-loop transfer function Gcref_c(s) 

approaches 0 dB and its phase response approaches 0 degrees 

at the fundamental frequency. Meanwhile, the frequency 

response of Gcref_c(s) should provide adequate attenuation of 

any high-frequency interference signal. 

5) The value of Kr is adjusted to ensure that the 

magnitude response of Gcref_c(s) at high frequencies, 

especially around 10 KHz, is well suppressed. 

6) The magnitude response of closed-loop transfer 

function Gvs_c(s) is evaluated to guarantee enough attenuation 

to the grid-side voltage disturbances. 

B. Design Verification of the Parameters 

 The model of the current control loop is analyzed by 

using MATLAB. The system parameter settings of the CGCI 

are given in TABLE I. According to (14), the Kp value should 

be smaller than 106. The selected parameters for the quasi-

PR controller and the PI controller are also listed in TABLE I. 

Bode diagrams of the open-loop and closed-loop current 

control systems are shown in Fig. 5 and Fig. 6, respectively. 

It can be concluded from Fig. 5 that the open-loop gain at 

the designed resonant frequency (50 Hz) is above 40 dB. 

Hence, the closed-loop response of Gcref_c(s) achieves unity 

gain with zero phase shifting at the designed resonant 

frequency. To illustrate the effect of Kp on the frequency 

response, curves obtained by using four different Kp values 

are shown in Fig. 5 and Fig. 6. In case the stability margin 

can be satisfied, a higher Kp results in good current tracking 

performance at the fundamental frequency response. 

However, to attenuate the high-frequency interference signal 

simultaneously, a Kp value of around 60 is a better choice 

according to Fig. 6.  

The Bode diagram of closed-loop transfer function Gvs_c(s) 

is shown in Fig. 7. The results indicate that the designed 

current control loop with the quasi-PR controller provides 

enough attenuation to the disturbance from the grid-side 

voltage. That is, the distortion component in the grid-side 

voltage will not be amplified by the CGCI, even though its 

coupling circuit is a second-order LC branch. 
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Fig. 5.  Bode diagram of the open-loop current control system – GQuasi-PR(s) 

GPWM(s)GImp(s) with ωc=5, Kr=5000 and different Kp 
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Fig. 6.  Bode diagram of the closed-loop current control system – Gcref_c(s) 

with ωc=5, Kr=5000 and different Kp 
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Fig. 7.  Bode diagram of the closed-loop transfer functions Gvs_c(s) (solid 

line: PI controller; dashed line: Quasi-PR controller) 

TABLE I. SELECTED PARAMETERS FOR MATLAB SIMULATION 

 Parameters Value 

 

 
System settings 

Switching frequency fs 10 kHz 

Fundamental frequency 50 Hz 

Filter inductor LC 4 mH 

Filter capacitor CC 125 µF 

Quasi-PR controller Kr =5800; Kp = 50 ; ωc =6.28 ; 

PI controller Kp =72; Ki =4200 

PR controller Kr =5800; Kp = 50 ; 

 

C. Comparison Between the PI Controller and Quasi-PR 

Controller 

In this section, a comparison between application of the PI 

controller and the quasi-PR controller to CGCI is performed. 

The PI controller is expressed as follows: 

 ( )
i

PI p

K
G s G (s) = K +

 s
cc    (16) 

By substituting (16) as the current controller into (11), the 

s-domain closed-loop transfer function with the PI controller 

is obtained. The system parameters of this controller are 

listed in TABLE I. The Bode diagram of Gvs_c(s) is also shown 

in Fig. 7 when PI controller is adopted. This controller also 

provides good attenuation of the grid voltage disturbances. 

The Bode diagram of Gcref_c(s) by using the PI controller 

and quasi-PR controller is shown in Fig. 8. A zoomed view 

of this figure in the vicinity of the fundamental frequency is 

shown in  Fig. 9. The current tracking error is clearly reduced 

when the quasi-PR controller is used, especially at the 

fundamental frequency. Increasing the Kp of the PI controller 

may force the magnitude response to approach zero. 

However, a large gain could cause the control system to 

become unstable and weaken its capability to attenuate high-

frequency interference signals. The quasi-PR control uses a 

lower Kp value, which meets the aforementioned stability 

margin requirement and design criterion. 
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Fig. 8.  Bode diagram of the closed-loop transfer function Gcref_c(s) (solid 
line: PI controller; dashed line: quasi-PR controller) 
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Fig. 9.  Zoomed view of Fig. 8. 

D. Comparison Between the PR Controller and the Quasi-

PR Controller 

In this section, a study is carried out to compare the PR 

controller and the quasi-PR controller. Both of these two 

controllers have not been applied to CGCI in early work. A 

PR controller is expressed as follows: 

 r
PR p 2 2

0

2K s
G G (s) = K +cc

 s +

(s) = 


  (17) 

The system parameters of the PR controller are listed in 

TABLE I. The coefficient Kp and Kr are set to the same value 

as that of the quasi-PR controller. The Bode diagram of the 

open-loop current control system with the PR controller and 

the quasi-PR controller is shown in Fig.10. It can be 

concluded that a PR controller introduces an infinite gain at 

the system frequency (50Hz). The gain of the quasi-PR 

controller is finite, bus still relatively high for reducing 

steady-state error. In addition, the bandwidth of the quasi-PR 

controller can be widened by adjusting the parameter ωc, so 

that the sensitivity towards slight frequency variation in a 

utility grid is reduced [53]-[56]. 

-100

0

100

200

300

400

Ma
gn
i
tu
d
e 
(d
B
)

10
0

10
1

10
2

10
3

10
4

-360

-180

0

180

360

Ph
as
e
 (
de

g)

 

 

Bode diagram of open-loop current control system

Frequency  (HZ)

PR

Quasi PR (ωc =3)

Quasi PR(ωc =6.28)

Quasi PR  (ωc =15)

Infinite gain

(PR)

Sufficient gain

(Quasi-PR)

50 Hz

PR—PR controller

Quasi PR—Quasi PR controller

 

Fig. 10.  Bode diagram of the open-loop current control system  

IV. SIMULATION RESULTS 

A. Simulation Setting 

 To verify the effectiveness of the quasi-PR controller for 

the CGCI, a set of simulation tests are carried out by using 

PSCAD/EMTDC. The control block diagram is shown in Fig. 

11. Table II lists the simulated system parameters, in which 

the DC-link voltage of the inverter is supplied by an ideal 

DC voltage source. The CGCI simultaneously injects active 

power from the external sources into the grid and 

compensates reactive power of the loads. The DC-link 

voltage is lower than the grid voltage when the CGCI is used. 

The comparison mainly focuses on the steady-state 

performance. Thus, the performances are conducted with 

respect to the following parameters: 

 Source current total harmonic distortion (THD_is) at the 

steady-state situation. 

 Active power error 

 __ source sourceinerro jr P P PP     (18) 

where P_inj is the output active power of the CGCI, and 

𝑃𝑠𝑜𝑢𝑟𝑐𝑒  is the active power reference, which is set in the 

simulation to model the output of the external sources. 

 Reactive power error 

__ _ _Load inj Loae drror Q QQ Q   (19) 

where Q_inj is the output reactive power of the CGCI 

and Q_load is the reactive power of loads connected to 

the PCC. 

Psource

QLoadInstantaneous

Power 

Calculation

Vs

iL

Current

Reference

Calculation
PWM 

PLL
Vm

θ

iC

iref Current 

Controller
ierror vref

Fig. 11.  Control block diagram of the CGCI 

TABLE II. SYSTEM PARAMETER SETTINGS IN THE SIMULATION 

System parameters 

Grid parameters Value 

Grid voltage Vs 220 V 

Fundamental frequency f0 50 Hz 

Sampling frequency 20 KHz 

Source inductor Ls 0.001 mH 

Inverter parameters Value 

DC link capacitor CDC 1 mF 

Filter inductor Lc 4 mH 

Filter capacitor Cc 125 µF 

Linear load  (‘//’: parallel structure; ‘+’: cascaded structure) 

DC link voltage VDC 170 V 

Linear load 1 (0.5 s-0.7 s) 15Ω // (120 mH + 8 Ω) 

Linear load 2 (0.1 s-0.3 s) 20Ω // (6 mH + 10 Ω) 

Linear load 3 (0.3 s-0.5 s) 28Ω // (4 mH + 8 Ω) 

 



 

 

B. Comparisons of steady state performance 

The quasi-PR controller is used as the current controller to 

generate a reference voltage for the carrier-based PWM. In 

order to illustrate the effectiveness of the quasi-PR controller 

in reducing steady-state current tracking error, the hysteresis 

band controller [18], [19] and PI controller are also used in 

the simulation. The hysteresis band controller could directly 

control the output current of the inverter to tracking its 

reference. Simulation results are shown in Fig. 12 to Fig. 14, 

respectively. The current reference and output current of the 

CGCI are shown in Fig. 12. Voltage and current waveforms 

and THD_is variations are shown in Fig. 13. The active 

power and reactive power variations are provided in Fig. 14.  

The system performance indexes at the steady state are 

summarized in Tables III, IV and V. It can be concluded that 

the current tracking error is reduced by using the quasi-PR 

controller. The hysteresis band controller and the PI 

controller cannot eliminate the steady-state current tracking 

errors. A similar case also occurs when the PI controller is 

applied to control an IGCI [6], [9], [11], [22], [25]-[27], [31]. 

As a result, both the active and reactive power outputs of the 

CGCI cannot track the reference with high accuracy. When 

the quasi-PR controller is used, however, both the active and 

reactive power tracking errors are lower. Moreover, the 

source current distortion is also lower. It can be concluded 

that the quasi-PR controller with carrier-based PWM is the 

better choice for use with the CGCI to achieve nearly zero 

steady-state current tracking errors. 

 

 0.200 0.250 0.300 0.350 0.400 0.450 0.500 0.550 0.600 0.650 0.700  ...

 ...

 ...

-20.0 

-15.0 

-10.0 

-5.0 

0.0 

5.0 

10.0 

15.0 

20.0 

25.0 

y 
(A

)

Ic_ref Ic

Time(s)

Ic_ref Ic

Ic_ref
Ic

0.20          0.25         0.30         0.35         0.40          0.45         0.50          0.50        0.60      

0.0

5.0

10.0

15.0

20.0

25.0

-5.0

-10.0

-15.0

C
u
rr

en
t(

A
)

-20.0

  
(a)  Hysterisis band controller 
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(c)  Quasi-PR controller 

Fig. 12 Current tracking waveforms  

 0.10 0.20 0.30 0.40 0.50 0.60 0.70  ...

 ...

 ...

-400 

400 

V
o
lt
a
g
e
 (

V
)

Vs Vdc

-40 

50 

C
u
rr

e
n
t 

(A
)

Is ILoad

0.0 

2.0 

4.0 

6.0 

8.0 

10.0 

y

THD_Is

Time(s)
T

H
D

(%
)

C
ur

re
n

t(
A

)

Vs Vdc

Is ILoad

THD_Is

Vs Vdc

Is ILoad

 0.10             0.20               0.30              0.40               0.50               0.60              0.70         

0

0.0

0

6.0

8.0

2.0
4.0

10.0

50

-40

400

-400

V
ol

ta
ge

(V
)

 
(a)  Hysterisis band control 

Time(s)

T
H

D
(%

)
C

u
rr

en
t(

A
)

V
ol

ta
ge

(V
)

Vs Vdc

Is ILoad

THD_Is

Vs
Vdc

Is
ILoad

 0.10             0.20               0.30              0.40               0.50               0.60              0.70         

0

0.0

0

6.0

8.0

2.0
4.0

10.0

50

-40

400

-400

 
(b) PI controller 

Vs Vdc

Is ILoad

THD_Is

Time(s)

T
H

D
(%

)
C

u
rr

en
t(

A
)

V
ol

ta
ge

(V
)

 0.10             0.20               0.30              0.40               0.50               0.60              0.70         

0

0.0

0

6.0

8.0

2.0
4.0

10.0

50

-40

400

-400

Vs
Vdc

Is
ILoad

 
 (c)  Quasi-PR controller 

Fig. 13  Voltage and current waveforms and source current THD  
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(c)  Quasi-PR controller 

Fig. 14 Active power and reactive power  

TABLE III. STEADY-STATE PERFORMANCE USING HYSTERESIS BAND 

CONTROLLER 

Hysterisis band control 

Time 
THD_is 

(%) 

P_inj 

(W) 

Psource 

(W) 

Q_inj 

(var) 

Q_load 

(var) 

P_error 

(%) 

Q_error 

(%) 

0.29s 3.02 447.50 500 1879.24 2002.3 10.5 6.15 

0.49s 4.99 646.91 500 2548.65 2738.78 29.38 6.94 

0.69s 4.53 260.08 500 1157.7 1227.64 47.98 5.70 

 

TABLE IV. STEADY-STATE PERFORMANCE USING THE PI CONTROLLER 

PI controller (Kp=72, Ki=4500) 

Time 
THD_is 

(%) 

P_inj 

(W) 

Psource 

(W) 

Q_inj 

(var) 

Q_load 

(var) 

P_error 

(%) 

Q_error 

(%) 

0.29s 0.95 439.39 500 1855.86 2002.29 12.12 7.31 

0.49s 1.09 659.07 500 2510.47 2738.77 31.81 8.34 

0.69s 1.10 214.17 500 1178.07 1227.64 57.17 4.04 

 

TABLE V. STEADY-STATE PERFORMANCE USING THE QUASI-PR 

CONTROLLER 

Quasi-PR controller (Kp=50, ωc=6.28, Kr=5800) 

Time 
THD_is 

(%) 

P_inj 

(W) 

Psource 

(W) 

Q_inj 

(var) 

Q_load 

(var) 

P_error 

(%) 

Q_error 

(%) 

0.29s 0.84 500.12 500 2021.64 2002.3 0.02 0.97 

0.49s 0.99 499.94 500 2761.53 2738.78 0.01 0.83 

0.69s 1.02 482.22 500 1257.3 1227.64 3.56 2.42 

C. Comparisons between the PR controller and the Quasi-

PR controller under system frequency variations 

A comparison between the PR controller and the quasi-PR 

controller are conducted. Both of these two controllers could 

reduce the steady-state current tracking error at fundamental 

frequency. The quasi-PR controller widens the band-width at 

the resonant frequency, as illustrated in Fig. 10. Therefore, 

their performance is compared under system frequency 

variations. The simulation results are listed in Table VIII and 

Table IX when the system frequency is set to 49.1 Hz. Result 

indicates that the performance of the quasi-PR controller is 

slightly better under system frequency variation. Since the 

quasi-PR controller can provide sufficient gain in a wider 

band near the designed resonant frequency (50Hz), it is 

selected to control the CGCI in this paper. 

TABLE VI. STEADY-STATE PERFORMANCE USING THE PR CONTROLLER 

WHEN SYSTEM FREQUENCY IS 49.1 HZ  

Time 
THD_is 

(%) 

P_inj 

(W) 

Psource 

(W) 

Q_inj 

(var) 

Q_load 

(var) 

P_error 

(%) 

Q_error 

(%) 

0.29s 2.43  495.28  500 2086.63 2020.23 0.94  3.29  

0.49s 4.52  539.52  500 2834.38 2756.35 7.90  2.83  

0.69s 2.84  474.84  500 1309.52 1246.72 5.03  5.04  

TABLE VII. STEADY-STATE PERFORMANCE USING THE QUASI-PR 

CONTROLLER WHEN SYSTEM FREQUENCY IS 49.1 HZ 

Time 
THD_is 

(%) 

P_inj 

(W) 

Psource 

(W) 

Q_inj 

(var) 

Q_load 

(var) 

P_error 

(%) 

Q_error 

(%) 

0.29s 2.44  496.05  500 2084.51 2020.23 0.79  3.18  

0.49s 4.49  535.84  500 2831.69 2756.35 7.17  2.73  

0.69s 2.82  478.05  500 1307.92 1246.72 4.39  4.91  

V. EXPERIMENTAL RESULTS 

A single-phase CGCI experimental prototype was 

designed and constructed in the laboratory, and its system 

parameters are listed in Table VIII. The control algorithm is 

implemented in a DSP-TMS320F28335. A photo of the 

experimental prototype is shown in Fig. 15. The grid-side 

voltage is scaled down to 110 V due to limitations of the 

laboratory facilities.  

The parameters of the quasi-PR controller (Kp=50, ωc=5, 

Kr=5800) are designed according to the proposed parameter 

design procedures described in Section III. The experimental 

results of the CGCI are evaluated with the same performance 

parameters as used in the previous simulation case. The DC 

voltage is set to 85 V, which is lower than the grid-side 

voltage of 110 V. The active power reference is set at 90 W, 

and a linear inductive load is used. 

TABLE VIII. EXPERIMENTAL SYSTEM SETTINGS 

Item Value 

Capacitor Cc 120.95 µF 

Inductor Lc 3.791 µH 

Grid voltage Vs 110 Vrms, 50 Hz 

DC-link voltage 85 V 

Active power transfer 90 W 

Linear load  14 Ω, 25.27 mH 



 

 

Fig. 16 shows the experimental results (load-side, CGCI-

side and source-side results) when the PI controller with 

carrier-based PWM is used, and Fig. 17 shows the 

experimental results when the quasi-PR controller is applied 

in CGCI. The experimental results are summarized in Table 

IX. It can be concluded that the power tracking errors are 

greatly reduced when the quasi-PR controller is used instead 

of the PI controller in CGCI. The source current distortion is 

also lower. The validity and effectiveness of the application 

the quasi-PR controller to be CGCI and its design method are 

thus proved. 

1

2

3

4

5

 
Fig. 15.  Experimental prototype of a single-phase CGCI. ① DC power 

supply, ② Loads, ③ Coupling impedance, ④ IGBT and drivers, ⑤ Control 

board and signal conditioning circuit. 

TABLE IX. EXPERIMENTAL RESULTS  

 

THD_is 

(%) 

P_inj 

(W) 

Psource 

(W) 

Q_inj 

(Kvar) 

Q_load 

(Kvar) 

P_error 

(%) 

Q_error 

(%) 

PI 3.1 64 90 0.465 0.45 28.89 0.0333 

PR 1.9 97 90 0.456 0.47 7.78 0.0298 

Load Side(Load 2)

Injecting Side(Psource= 90 W)

Source Side(Dc voltage Vdc=85 volt)   
Fig. 16.  Experimental results of the PI controller with carrier-based PWM 

Load Side

Injecting Side ( Psource=90 W)

Source Side (DC voltage Vdc= 85 Volt)   
Fig. 17.  Experimental results of the quasi-PR controller with carrier-based 

PWM  

VI. CONCLUSION 

The CGCI can inject active power into the grid and 

compensate reactive power with an operational voltage lower 

than grid voltage. It is a promising alternative to a grid-

connected inverter in a building-integrated distributed 

generator system or micro-grid. The CGCI is coupled to the 

grid via a second-order LC branch. Therefore, the 

mathematical model and current controller for a traditional 

IGCI cannot be directly applied to the CGCI. A quasi-PR 

controller is applied to the CGCI to reduce the steady-state 

current tracking error. A corresponding control parameter 

design method is proposed. Both simulation and 

experimental results are provided to validate the proposed 

controller and its design. Comparison with a PI controller is 

also provided. The results show that the quasi-PR controller 

is the better choice to fulfill the requirements of active power 

and reactive power injection with low source current THD. 
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