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Abstract  

 

With the rapid development of clean energy, photovoltaic (PV) generation has been utilized in the harmonic compensation of 
power systems. This paper presents a novel multi-function PV micro-inverter with three stages (pseudo-two-stage). It can inject 
active power and compensate harmonic currents in the power grid at the same time. In order to keep the micro-inverter working 
under the maximum allowable output power, an optimized capacity limitation strategy is presented. Moreover, the harmonic 
compensation can be adjusted according to the customized requirements of power quality. Additionally, a phase shedding 
strategy in the DC/DC stage is introduced to improve the efficiency of parallel Boost converters in a wide range. Compared with 
existing capacity limitation methods, the proposed strategy shows better performance and energy efficiency. Simulations and 
experiments verify the feasibility of the micro-inverter and the effectiveness of the strategy. 
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I. INTRODUCTION 

With the gradual depletion of fossil energy and the 
increasing deterioration of the environment, the study of 
renewable energy, represented by solar energy and wind 
power, has become a hot topic worldwide. Due to the price 
decline of PV modules and the development of global PV 
markets, the cost of PV power systems continues to go down 
[1]-[3]. PV power systems are gradually showing their 
competitiveness. 

For grid-connected PV systems, a centralized PV inverter 
is conventional equipment for PV modules interfacing with 
the electricity network [4]. In this approach, PV modules are 
first divided into series connections and then into parallel [5]. 
Although this kind of inverter can reach high power levels, it 
has obvious drawbacks. When some PV modules are faulty or 
when partially shading occurs, the mismatch losses between 
the PV modules significantly influence the efficiency of the 
whole PV system. Some methods have been presented to 
optimize the maximum power point tracking (MPPT) 
algorithm and to detect PV module faults [6], [7]. A virtual 

MPPT scheme combined with thermographical fault 
diagnosis is proposed to improve efficiency under partial 
shading conditions [8]. A micro-inverter, also called a cell 
inverter or an ac-module inverter, integrates an inverter and a 
single PV module into one electrical device [9], [10]. Since 
every PV module has its own individual MPPT, a PV power 
system can achieve a relative high energy efficiency even 
under partial faulty or partial shading conditions. In addition, 
the characteristics of “Plug and Play” operation and good 
expandability make the micro-inverter suitable for low-power 
level conditions, such as the Roof Program and some building 
integrated PV (BIPV) projects [11]-[14]. 

Meanwhile, with the extensive application of power 
electronic devices and other nonlinear loads in distribution 
networks, power quality problems have become serious [15]. 
Capacitors and passive harmonic filters are typical passive 
power quality conditioners with simple features and a low 
cost. Moreover, active power quality conditioners, such as the 
active power filter (APF), dynamic voltage regulator (DVR) 
and unified power quality conditioner (UPQC), with their 
more flexible strategies and controllable functions, can 
achieve better performance in power quality conditions. 
Because of the difference between ideal and practical 
working environments, many PV inverters work under the 
conditions that are below the rated output power in the 
daytime. The remaining capacity of these inverters can be 
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used for other functions. Since some active power quality 
conditioners have a structure that is similar to that of PV 
inverters in the DC/AC stage, some researchers have tried to 
multiplex them to achieve multi-function [16]-[19]. Wu T.F. 
et al. have designed a single-phase PV system, which can 
provide real power injection and harmonic current 
compensation at the same time [16]. He J.W. et al. have 
presented a voltage-control-based DG-grid inverter with 
harmonic compensation [17]. The method is flexible and 
cooperates well with V-f droop controlled DG systems. He 
J.W. et al. have also proposed an enhanced current-control 
DC unit, which can achieve harmonic compensation without 
using any local harmonic extraction or harmonic voltage 
detection at the point of connection (POC) [18]. A flexible 
power controller based on the single-phase p-q theory is 
developed, which can improve the controllability of 
grid-connected multi-functional photovoltaic inverters with 
advanced features, such as low voltage ride-through and 
reactive power compensation [19]. 

Generally, the primary task for a PV inverter is to inject 
active power current into the grid while the secondary task is 
to compensate harmonic currents with the remaining capacity.  
However, the requirements of harmonic compensation for 
power grid always go far beyond the capacity of an inverter, 
particularly micro-inverters. If the output current exceeds the 
allowable value of an inverter, the device can be damaged. 
For safety, the capacity for the harmonic compensation of an 
inverter must be limited. In order to control the output current, 
an amplitude clamping algorithm (ACA) and an amplitude 
scaling algorithm (ASA) have been proposed [21]. However, 
an inverter needs to identify the load-type first and then 
determine which algorithm should be utilized. Furthermore, 
the ACA will introduce new harmonic currents to the grid. 
Zeng Z. et al. have proposed a coordinated control strategy 
based on the Fryze-Buchholz-Dpenbrock (FBD) theory [22]. 
By limiting the harmonic and reactive conductance and 
susceptance, the inverters can cooperate in accordance with 
their capacities without communication. However, the 
computational process of this strategy is too complicated to 
apply in electricity networks with complex topologies. 

In this paper, a novel multi-function micro-inverter with 
three stages (pseudo-two-stage) is presented. Focusing on the 
capacity limitation problem of micro-inverters, an optimized 
harmonic compensation strategy is proposed. By controlling 
the scaling factor of every harmonic order individually, the 
limited compensation capacity can be utilized more 
effectively. Moreover, the strategy can customize the 
allocation factor of the compensation capacity according to 
the requirements of power quality. Compared with existing 
methods, the proposed strategy is customizable and easier to 
apply. In addition, a phase shedding control for parallel Boost 
converters in the DC/DC stage is presented to improve the 
efficiency of the converter under light and heavy loads. 

Section II introduces the topology of the PV micro-inverter. 
Section III presents the control structure of the multi-function 
micro-inverter. An optimized capacity allocation strategy 
with a better compensation effect is also proposed. Section IV 
introduces parallel Boost converters in the DC/DC stage and 
efficiency optimization with phase shedding control. Then, a 
prototype of the micro-inverter is built. Simulation and 
experimental results are presented in Section V. Finally, some 
conclusions are given in Section VI. 

 

II. TOPOLOGY OF THE MULTIPLE-STAGE 
MICRO-INVERTER 

The topologies of PV inverters can be classified on the 
basis of the numbers of power processing stages, the location 
of the power decoupling capacitors and the type of the 
transformers [4]. A single-stage inverter should achieve 
voltage amplification, MPPT, output current shaping and 
galvanic isolation functions all in one stage [23], [24]. The 
fly-back topology is a common topology with a relatively 
simple structure and control strategy [2], [25]. For a 
single-stage micro-inverter, it has to step up the low voltage 
of a single PV module significantly to match the utility level. 
It is a challenge to achieve high efficiency and multiple 
functions with large turn ratios. For a two-stage 
micro-inverter, a cascade connection of a step-up DC/DC 
converter and a grid-tied high-frequency inverter is a typical 
design [26], [27]. Since multiple-stage micro-inverters have 
more stages than other types, more control algorithms and 
functions can be applied individually [28], [29]. They can 
have better performance with various optimal control 
strategies. 

This paper proposes a micro-inverter with three stages 
(pseudo-two-stage) as shown in Fig. 1. The first stage is a 
double parallel Boost converter, which performs MPPT and 
raises the DC voltage to 48V. The second stage is a fly-back 
converter. The output current of this stage is modified to 
follow a rectified wave including fundamental and harmonic 
signals. The third stage is a full bridge converter to unfold the 
rectified current at low switching frequencies. Then the 
current passes through a passive LC filtering circuit and 
connects to the grid. 

Since the multi-stage micro-inverter has more components 
than others, improving the energy efficiency and reducing the 
product cost are challenging issues. In addition to the 
disadvantages mentioned above, this topology has the 
following advantages: 

1) Since the output voltage of the PV module has a wide 
range, the efficiency of the DC/DC converter is influenced. 
With the optimal phase shedding control presented in Section 
IV, the parallel Boost converters can improve efficiency 
when the output of photovoltaic fluctuates. 

2) Compared with single-stage inverters, multiple-stage 
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Fig. 1. Topology of the multiple-stage micro-inverter for single PV module. 
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Fig. 2. Control block of the multi-function inverter. 

 
inverters have individual control tasks for each stage. 
Therefore, they can provide more room to optimize the 
control algorithm. 

3) The fly-back converter is suitable for low-power 
applications. It also can provide electrical isolation at the 
same time. As a result, there is no need to put a power 
frequency transformer in the micro-inverter. 

4) By using active clamping technology for the fly-back 
converter and zero current transition (ZVT) method for a full 
bridge converter, the switching loss can be reduced. 

5) This micro-inverter is expandable and suitable for 
residential distribution networks. It can become a PV-Battery 
hybrid system by accessing an energy storage device after the 
parallel Boost converters (the grey part “Battery” in Fig. 1). 
Then, more functions and operation modes can be developed. 
 

III. CONTROL OF HARMONIC CURRENT 
COMPENSATION 

A. Control Structure of the Multi-Function 
Micro-Inverter 

A control block diagram of the multi-function 
micro-inverter is shown in Fig. 2. The Output current of the 
micro-inverter includes active power injection and harmonic 
compensation. 

The desired value of the active power current if
* is 

calculated by the MPPT and the voltage of the capacitor Cout. 

By detecting the harmonic currents in the grid and combining 
them with the maximum value of the allowable output current 
of the micro-inverter, the desired value of the output 
harmonic compensating current ih

* can be calculated. Then 
the desired output current iref

* can be described as Equ. (1). 

 * * *
ref f hi i i    (1) 

Modulated by the absolute rotary and the SPWM block, the 
control signal of the fly-back converter can be generated. 

Based on the deviation between the desired output current 
iref

* and the actual output current iout, the desired output 
voltage uout can be calculated.  

 *
grid ( )out ref out

L
u u i i

T
  


  (2) 

where ugrid is the voltage of the grid, L is the inductance of the 
output inductor, and T  is the sampling time.  

By tracking the zero crossing point of the desired output 
current, the power switches of the full bridge converter can 
be controlled. 

B. Harmonic Current Detection 

In three-phase power systems, instantaneous reactive 
power theory has been widely used to detect harmonic signals 
[30]. For single-phase systems, a virtual synchronous frame 
conversion of the measured signals needs to be constructed 
[31]. To reduce the computational burden and complexity, 
this paper has applied a high-performance harmonic 
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extraction algorithm [32]. By multiplying the sine and cosine 
functions of the chosen frequency and filtering by a low pass 
filter, the target components in the measured signals can be 
extracted, as shown in Fig. 3. 

For example, the measured signal iload contains 
fundamental and nth harmonic components as: 

 0 0 0 0cos( ) cos( )load n ni I t I n t        (3) 

Multiplied by 0cos( )n t , the signal can be expressed as: 

 

0
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After a low pass filter is added, the signal is multiplied by 

0cos( )n t  a second time: 
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2
n

c cl n

I
i i n t n t     (5) 

Finally, in
h is the nth harmonic component extracted in iload. 
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Compared with the commonly used harmonic filtering 
approaches, this algorithm is simpler and easier to apply to 
the controllers. 

C. Capacity Limitation 

For PV systems, the weather condition directly affects the 
output power of a PV module. When the sunlight is abundant, 
the output power of a PV module may approximate its rated 
value. On the contrary, if the sunlight is weak or blocked, the 
output power of a PV module is less than its rated value and 
the remaining capacity for harmonic compensation is 
sufficient. However, in practical conditions, most 
micro-inverters are low-power and the requirements of 
harmonic compensation for power grids always exceed the 
capacity of a single PV micro-inverter. For safety, a 
limitation on the capacity for harmonic compensation is 
necessary. 

For a convenient analysis, Fig. 4 shows the harmonic 
compensating current with different limitation algorithms. 
The gray line (itotal) represents the compensating current 
without a limitation. The orange line (Ih

max) represents the 
amplitude of the maximum allowable harmonic compensating 
current. The black line (iACA) and green line (iASA) represent 
compensating currents with the ACA and ASA algorithms, 
respectively. The red line (iASA*) is the compensating current 
with different scaling factors for each harmonic order. In 
low-voltage distribution networks, the low-frequency odd 
harmonics are prominent and the amplitudes of the 
high-frequency harmonics are relative small. The 
compensated harmonic currents in this paper only include the  
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Fig. 3. Control block of harmonic extraction. 

max
hI

(s)t

(A)i totali

ACAi

ASAi
*ASAi

 
(a) 

0

10

3rd 5th 7th 9th 11th 13th 15th

IH
D
（

%
）

totali

ACAi

ASAi

*ASAi

 
(b) 

Fig. 4. Comparison of compensating current with different 
limitation methods. (a) Waveforms of compensating current. (b) 
Harmonic components of compensating current. 

 
3rd, 5th and 7th order. 

Since itotal represents the compensating current without a 
limitation, it can be derived as: 

 
0

3,5,7

2 cos( )total n n
n

i I n t 


   (7) 

The harmonic compensating current with the ASA 
algorithm can be expressed as: 

 max

max

,            0

,     

h
total total

ASA h
ASA total total

i I I
i

x i I I

   


 (8) 

and: 

 max
h

ASA
total

I
x

I
  (9) 

where Itotal is the amplitude of the ideal harmonic 
compensating current without a limitation, and xASA is the 
global scaling factor. 

When the harmonic compensating current is below the 
maximum allowable value, there is no need for a limitation. 
On the contrary, the current should be scaled down according 
to the global scaling factor. 

For the ACA, if the current exceeds the maximum 
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allowable value, it is clamped at the value of Ih
max, as shown 

in Fig. 4(a). 
With the ASA, harmonic compensating currents of every 

order will be scaled down linearly to fit the rated current 
value. Even though no additional harmonic current will be 
generated, the utilization efficiency of the capacity for 
harmonic compensation is not satisfactory. With the ACA, 
only the peak current is clamped to the rated value, and the 
system can achieve a high energy efficiency. Compared with 
iASA in Fig. 4, iACA has a relative higher utilization of the 
compensating capacity. However, the clamped compensating 
current includes harmonic components of higher orders. It 
introduces additional harmonic current to the grid, as shown 
in Fig. 4(b). 

From the above, if the scaling factor of every harmonic 
order is controlled individually, the capacity for harmonic 
compensation may be utilized more effectively.  

 
*

max

0 max
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,                                       0

2 cos( ),   
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  (10) 

where xn is the individual scaling factor for every harmonic 
order. 

Moreover, if the scaling factor cooperates with the 
customized task of power quality, the effect of harmonic 
current compensation can be improved at the same time. 

D. Optimization of Harmonic Current Compensation 

In this paper, the proposed strategy of harmonic current 
compensation is focused on the following three points: 
1) Customization of Power Quality 

Different categories of power loads have different 
requirements for power quality. For example, if power loads 
have a relative low requirement for harmonic distortion, the 
capacity for harmonic compensation can be reduced [33]. 
Therefore, the strategy for harmonic compensation should be 
adjusted according to the specific power quality demands of 
the loads. Then, the customization of power quality can be 
achieved.  
2) Optimization of Capacity Allocation 

When the capacity for harmonic compensation is limited, 
the effect of compensation with the ASA is not optimal. This 
is due to the fact that the ASA allocates compensation 
capacity on the basis of the same scaling factor to every 
harmonic order. However, the distortion degree of every 
harmonic order is different. If the allocation is based on the 
extent of distortion, a harmonic order with a more serious 
distortion will be allocated more compensation capacity (the 
scaling factor of the harmonic order with a more serious 
distortion will be larger).  
3) Simplicity and Practicality 

Since a micro-inverter is applied to a single PV module, 
volume and cost should be taken into account. The control 
circuit and strategy should be highly efficiency and easy to 

apply. 
This paper proposes an optimized strategy for capacity 

allocation for harmonic current compensation. In order to 
ensure the speed and efficiency of the control system, this 
paper chooses to calculate the amplitude of the maximum 
allowable harmonic current instead of the maximum 
allowable capacity. Compared with the complexity of the 
capacity calculation, the amplitude calculation of the 
harmonic current is easier to apply. The amplitude of the 
maximum allowable harmonic compensating current can be 
expressed as: 

 max max
h

fI I I   (11) 

where If is the amplitude of the active power current injected 
into the grid, and Imax is the amplitude of the maximum 
allowable output current of the micro-inverter. 

The primary task of harmonic compensation is to minimize 
harmonic distortion and keep the output current of the 
micro-inverter under an allowable value. Since total harmonic 
current distortion (THDI) is an important indicator to measure 
the effect of harmonic compensation, the relationship can be 
described as: 

 

2

3,5,7...

(1 ) k
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k
I

f

x i
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 (12) 

 max
3,5,7...

h k h
k

k

I x i I


   (13) 

where ik is the harmonic current of the kth order, xk is the 
scaling factor of the kth order, and xki

k is the harmonic 
compensating current for the kth order. 

By solving these two equations at the same time, the 
optimized scaling factors can be obtained, and optimized 
harmonic compensation with a minimum of total harmonic 
distortion under the situation of a capacity limitation can be 
achieved. However, the operation method is too complicated 
to utilize in practical applications. Based on the above 
theories, a simplified operation method is proposed. 

By means of harmonic detection, the harmonic current 
distortion of every order (IHD) can be calculated. Combined 
with the customized task of power quality, the optimal 
capacity allocation of harmonic compensation can be 
achieved. For example, the computational processes of 
harmonic current compensation for the kth order are shown in 
Equs. (14)-(16). IHDk is the kth harmonic current distortion. 
IHDk

* is the customized value for the kth harmonic current 
distortion. ΔIHDk is the deviation between IHDk and IHDk

*.  

 
2

100%k
k

f

I
IHD

I
   (14) 

 
* *

*

  ( )

0                     ( )   

k k i i
k

i i

IHD IHD IHD IHD
IHD

IHD IHD

    


 (15) 

Then, the amplitude of the kth harmonic compensating  
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Fig. 5. Control block of capacity limitation. 

 
current can be calculated as: 

 *
max

3,5,7...

h k
k

k
k

IHD
I I

IHD






 (16) 

Fig. 5 shows a control block of the optimized capacity 
limitation for harmonic compensation. 

For every harmonic order, the greater the deviation of the 
harmonic distortion when compared with the customized 
threshold, the more capacity for harmonic compensating 
current will be allocated. That is to say, the capacity 
allocation will be proportional to the deviation of every 
harmonic order. Thus, the limited capacity will put more 
effort into the primary harmonic distortion orders. When 
compared with the ASA, both the effect of the harmonic 
compensation and the efficiency of the energy utilization will 
be improved. When compared with the ACA, no additional 
harmonic orders are produced. This strategy does not 
generate any additional harmonic current pollution. 

 

IV. EFFICIENCY OPTIMIZATION OF THE DC/DC 
STAGE 

As a general rule, a DC/DC converter is designed 
according to the rated operation situation. As a result, the 
efficiency of the converter under light loads and heavy loads 
will be greatly reduced [34]. Meanwhile, fluctuations in the 
output power of the PV module affect the efficiency of the 
DC/DC converter. This paper proposes parallel Boost 
converters for PV generation systems with the phase 
shedding strategy. By comparing the actual input current with 
the phase shedding point, the phase number of the parallel 
converters can be determined, and the efficiency of the PV 
power system under light loads and heavy loads can be 
improved. 

A. Efficiency Model of the Boost Converter 

Fig. 6 is an equivalent circuit of a Boost converter. In this 
figure, L and D are the inductor and diode, Cin represents the 
input capacitor, Us represents the output voltage of the PV 
model, Uo is the output voltage of the Boost converter, Uon is 
the forward voltage drop of the diode, RC is the equivalent 
series resistance of the input capacitor, RL is the equivalent 
resistance of the inductor, and Ron represents the on-resistance 
of the power switch. 

The efficiency of the converter can be expressed as: 

 out

c s out

P

P P P
 

 
  (17) 

 
Fig. 6. Equivalent circuit of Boost converter. 

 
where Pout is the output power of the Boost converter, Pc 

represents the conduction loss with consideration of the 
voltage drop and equivalent impedance, and Ps is the 
switching power loss of the power switches. 

The output power of the Boost converter can be expressed 
as:  

 (1 )out o LP d U I   (18) 

where d represents the duty ratio, and IL is the average current 
of the inductor. 

According to the operation characteristics of the Boost 
converter, Ps can be expressed as: 

 
1
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2
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4

o on L s
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P U U

U I R R d
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 (19) 

 1 ( ) ( )s cross off cross onT t t   (20) 

 2 ( ) ( )s cross off cross onT t t   (21) 

where f is the switching frequency, and tcross(on) and tcross(off) 

are the crossover times of the power switch turning-on and 
turning off. 

Pc consists of the voltage drop loss of the diode, the 
conduction loss of the power switches and the loss of the 
equivalent resistance in the circuit.  

 2 2 2(1 ) ( )c L on L on L L in L cP I d U dI R I R I I R       (22) 

Under the static state, Iin is equal to the average current of 
the inductor IL. 

 
in LI I  (23) 

Plugging Equs. (18)-(23) into (17) yields an efficiency 
model of the Boost converter: 

 
2

o in

in in

U I

I I


  


 
 (24) 

where α、β、γ can be expressed as: 
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L onR dR
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Fig. 7. Expected efficiency-current curve of Boost converter. 
 

B. Phase Shedding Strategy 

If the parameters are constant, the efficiency of the 
converter is only related to the input current. For the Boost 
converter, first order partial derivatives of the efficiency 
model can be expressed as:  

 
2

2 2

( )

( )
o in

in in in

U I

I I I

 
  




  
 (28) 

Fig. 7 shows the expected efficiency-current curve of the 
Boost converter. As shown in this figure, the efficiency 
rapidly increases along with the input current when the 
current is low. However, when the loads are heavy, the 
efficiency decreases while the input current increases. Since 
the output power of a PV module is affected by the 
environment, the photovoltaic has less time to work at its 
full-power output. The average efficiency of a photovoltaic 
generation system is unsatisfactory. 

Since parallel converters can extend the working range and 
reduce the current stress by adjusting the phase number of the 
parallel converters, the efficiency of the system can be 
improved [35], [36]. 

For parallel converters, there is an assumption that all of 
the parameters of the circuit are the same. Thus, every phase 
of the parallel converters has the same efficiency model. 
Since there are two parallel boost converters in the proposed 
topology, the current in every phase distributes the total 
current evenly. Referring to Equ. (24), the efficiency model 
of each phase can be expressed as: 

 
2

2
( )

2 2 4
in o in

in in

I U I

I I


  


 
 (29) 

According to Equ. (29), the expected efficiency-current 
curve of the multiphase Boost converters can be drawn as Fig. 
8. In this figure, the dotted black line represents a single 
(one-phase) Boost converter and the dotted red line represents 
double parallel (two-phase) Boost converters. The solid blue 
line represents the curve of double parallel Boost converters 
with the phase shedding strategy. When compared to 
converters with a constant phase number (one-phase and 
two-phase), the converters with the phase shedding strategy 
have a higher efficiency when the loads are light or heavy. 

As shown in Fig. 8, P is the phase shedding point. If the  


max

2PSI  
 

Fig. 8. Expected efficiency-current curve of multiphase Boost 
converter. 
 

 
 

Fig. 9. Prototype of multi-function PV micro-inverter. 
 

 
(a) 

 
(b) 

Fig. 10. Experimental results of micro-inverter with active power 
injection. (a) Waveforms of the micro-inverter. (b) FFT analysis 
of iout. 

 
input current is less than the point of P, the efficiency of the 
one-phase Boost converter is higher. On the contrary, 
two-phase Boost converters have a higher efficiency. Thus, 
the optimized efficiency model can be expressed as: 
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where IPS is the current of the phase shedding point P. 
 

V. SIMULATION AND EXPERIMENTS 

A. Multi-function Micro-Inverter 

A 190W experimental prototype of a multi-function 
micro-inverter has been built, as shown in Fig. 9. 

For the fly-back inverter, the power switch of the primary 
side is an IRFS4321, the clamp switch is a SI7115DN, the 
power switches of the full bridge are 17N80s, and the master 
controller is a TMS30F28335. The single PV module is on 
the roof and it connects to the micro-inverter with electrical 
wire. 

Fig. 10 shows the function of the active power injection by 
the micro-inverter. ugrid is the voltage of the power system. iout 
is the output current of the micro-inverter and it changes 
along with ugrid in sinusoidal form. ipril is the primary side 
current of the fly-back converter with the SPWM control. 

Fig. 11 shows the multi-function of the active current 
injection and the harmonic current compensation by the 
micro-inverter. iload is the load current of the power system 
caused by non-linear loads. iout is the output current of the 
micro-inverter, which includes the active power current and 
harmonic compensating current. igrid is the current of the 
power grid. With the harmonic current compensation, igrid can 
be returned to sinusoidal form. 

B. Optimized Capacity Allocation 

When the capacity for the harmonic compensation is 

insufficient, the output current for the harmonic 

compensation should be limited. In order to verify the 

superiority of the proposed capacity allocation strategy, an 

experiment has compared it with the ASA. The customized 

value of the individual harmonic distortion is 3%. The bar 

charts in Fig. 12 are the harmonic current distortions of the 

3rd, 5th and 7th harmonic orders. The blue bar is the harmonic 

distortion before compensation. The red bar and green bar are 

the harmonic distortions with the ASA and the proposed 

strategy, respectively.  

Since the harmonic distortion of the 3rd order is the most 
serious, when compared with the ASA, the system with the 
proposed strategy has allocated a lot more capacity for the 3rd 
harmonic current compensation. As a result, the harmonic 
distortion of every harmonic order is more even. The total 
harmonic distortion (THD) with the proposed strategy is 
reduced to 4.38% while the THD with the ASA is 5.52%.  

 
(a) 

 
(b) 

Fig. 11. Experimental results of micro-inverter with active power 
injection and harmonic current compensation. (a) Waveforms of 
the micro-inverter. (b) FFT analysis of iout. 
 

 
Fig. 12. Harmonic current distortion with compensation. 

 
When compared with the ASA, the proposed strategy has a 
better and more balanced performance in terms of harmonic 
current compensation. 

C. Phase Shedding Strategy 

To verify the phase shedding strategy in the DC/DC stage, 
several experiments have been carried out. Table I shows the 
key parameters of the converters. 

Regardless of the power loss of the converters, the 
auxiliary power supply and the drivers, the input and output 
power can be measured. The efficiency-current curve of the 
converters can be drawn as shown in Fig. 13. In the figure, 
the black dot is the efficiency of a one-phase Boost converter, 
the red dot is the efficiency of two-phase Boost converters, 
and the blue dot is the efficiency of two-phase Boost 
converters with the phase shedding strategy. Since the result 
is consistent with the analysis shown in Section IV, it can be 
seen that the efficiency, especially under light and heavy 
loads, of the converters has been improved. 
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TABLE I  
KEY CIRCUIT’S PARAMETERS OF BOOST CONVERTERS 

Parameters Value Parameters Value 

Pout/W 190 RL /Ω 0.8 

Uout/V 48 RC /Ω 0.01 

Us /V 26~38 tcross(on)/ns 30 

f /kHz 300 tcross(off)/ns 50 

L/uH 10 Uon /V 0.5 

Cout/uF 47 Ron /Ω 0.045 
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Fig. 13. Efficiency-current curve of converters with phase 
shedding control. 

 

VI. CONCLUSIONS 

This paper proposes a novel multi-function PV 
micro-inverter with three stages (pseudo-two-stage). It can 
achieve active current injection and harmonic current 
compensation at the same time. An optimized limitation 
strategy for harmonic compensation is proposed. According 
to the requirements of power quality, the strategy can 
customize the optimal capacity allocation factor for harmonic 
current compensation. When compared with existing methods, 
the proposed strategy has a better efficiency in terms of 
energy utilization and harmonic compensation performance. 
Moreover, in the DC/DC stage of the micro-inverter, the 
phase shedding strategy for parallel Boost converters can 
maintain a relative high efficiency under light and heavy 
working conditions. In addition, because of the capacity 
limitation, the harmonic compensation of a single 
micro-inverter is suitable for low power applications. For 
higher power applications, several micro-inverters need to 
working together to accomplish the task. In such cases, the 
strategy of coordination control for these micro-inverters 
requires further study. 
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