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Abstract—Interharmonics have become one challenging issue 

in power systems. One potential source of interharmonic emissions 

from photovoltaic (PV) systems is the perturbation of the 

maximum power point tracking (MPPT). In cascaded H-bridge 

(CHB) PV inverters, if the MPPT perturbations of CHB cells are 

in-phase, the oscillation on the equivalent total DC voltage will be 

multiplied, leading to large interharmonics in the grid. To address 

this issue, a phase-shifting MPPT (PS-MPPT) can be adopted. 

However, the interharmonic suppression performance of the PS-

MPPT method is limited for CHB PV inverters with an odd 

number of cells. Moreover, when some CHB cells are operating 

under varying environmental conditions, the PS-MPPT may fail 

to minimize the oscillation on the total DC voltage, and thus, 

interharmonics appear again. To overcome these limitations, a 

random sampling-rate MPPT method for the CHB PV inverter is 

proposed in this paper. By randomly selecting the MPPT 

sampling-rate of each CHB cell, the dominant interharmonics can 

be effectively suppressed. Compared with the original PS-MPPT, 

the proposed method performs better in dynamic conditions in 

terms of interharmonic suppression, especially for CHB PV 

inverters with an odd number of cells. Simulations and 

experimental results have validated the effectiveness of the 

proposed method.  

Keywords—Cascaded H-bridge (CHB), interharmonics, maxi-

mum power point tracking (MPPT), photovoltaic (PV) systems, 

power quality. 

I. INTRODUCTION 

Interharmonics are gaining significant attentions with the 
growing installation of PV systems, due to their potential to 
induce voltage fluctuation, sub-synchronous oscillations, light 
flickering and unintentional tripping of protection circuits [1]-
[3]. Therefore, as recommended by the IEEE Standard 1547-
2018, the interharmonic current distortion should be limited in 
a certain range for distributed energy resources [4]. For PV 
inverters, it has been revealed in the literature that the MPPT 
perturbation is one potential source of interharmonic emissions 
[2], [3]. This is because the low frequency oscillation caused by 
the MPPT will be reflected on the amplitude of the grid 
currents, and through the convolution with the grid phase-angle, 
interharmonics will emerge in the grid current [5], [6].  

To address the interharmonic issue caused by the MPPT 
from PV inverters, the analysis, modeling, and mitigation of 
interharmonics from PV inverters have been discussed in the 
literature [6]-[8]. One simple way to mitigate interharmonics is 

to reduce the MPPT sampling rate [7]. However, this method 
will inevitably slow down the MPPT dynamics, and thus affect 
the MPPT efficiency. In [8], the interharmonics were 
suppressed by limiting the abrupt change of the current 
reference, whereas the suppression performance is not 
significant, since the periodical perturbation of the MPPT still 
exists. A random sampling-rate MPPT method has been 
presented in [7], where the sampling-rate of the MPPT was 
random for the next MPPT cycle. By doing so, the inter-
harmonic contents can be distributed in a wider frequency range, 
and the amplitude of the dominant interharmonics can be 
effectively suppressed. Nevertheless, prior-art interharmonic 
mitigation methods are mainly for single-phase two-level 
inverters.  

In a large-scale PV system, the CHB configuration has been 
introduced due to its modularity, high efficiency, and improved 
harmonic performance [9]-[11]. The overall diagram of the 
CHB PV inverter is shown in Fig. 1, where the PV panels are 
directly interfaced to the DC side of CHB cells. Clearly, if the 
MPPT perturbations are in-phase, the oscillation on the 
equivalent total DC voltage (sum of the voltages of all CHB 
cells) will be amplified, as shown in Fig. 2, where the voltage 
references of a 4-cell CHB PV inverter are exemplified, leading 
to larger interharmonics in the grid current [12]. To address the 
interharmonic issue in the cascaded converters, in [13], a DC 
voltage feed-forward control has been introduced. However, 
this method is not capable to reduce the interharmonics caused 
by the MPPT. More recently, a phase-shifting MPPT (PS-
MPPT) method has been illustrated in [12] for CHB PV 
inverters, where the phase-angle of the DC voltage oscillation 
for each cell was detected and adjusted in a way to counteract 
with each other. By doing so, the oscillation in the equivalent 
total DC voltage can be mitigated, and thereby, the 
interharmonics. Nevertheless, when an odd number of 
converters are cascaded, no matter how to do the phase-shift, a 
small oscillation will still emerge in the equivalent total DC 
voltage. It means that the PS-MPPT has limited capability to 
suppress the dominant interharmonics [12]. Moreover, when 
part of the CHB cells are operating under dynamic conditions, 
e.g., varying environments (irradiance and temperature), the 
DC voltage oscillation of all cells will not be optimally phase-
shifted. Subsequently, the interharmonic suppression perfor-
mance will be degraded. Therefore, the PS-MPPT method 
cannot effectively suppress interharmonics under varying 
environmental conditions, especially with a high number of 
CHB cells. 



To overcome the above limitations of the PS-MPPT, a 
random sampling-rate MPPT method for CHB PV inverters is 
proposed in this paper, which has better interharmonic 
suppression performances in practice, especially when the 
number of CHB cells is high. In Section II, the control structure 
of the CHB PV inverter is briefly introduced, and the 
interharmonic suppression performance of the PS-MPPT 
method under varying environmental conditions is analyzed. In 
Section III, the proposed random sampling-rate MPPT is 
developed. Subsequently, the proposed method is verified and 
compared with the PS-MPPT by simulations, and validated by 
experiments in Section IV. In Section V, concluding remarks 
are provided.  

II. PROPOSED RANDOM SAMPLING-RATE MPPT METHOD 

A. Control Structure of CHB PV inverters 

The control diagram of an n-cell CHB PV inverter is shown 
in Fig. 3, where a two-layer control consisting of the primary 
control and the secondary control, is adopted [10], [14]. As 
shown in Fig. 3, the primary control is responsible for global 
MPPT tracking of the entire CHB PV system. It sums up all the 
outputs of individual MPPT controllers as the equivalent total 
DC voltage reference. Then, through the voltage-outer-loop and 
current-inner-loop control, the modulation index Mtotal can be 
calculated and equally distributed to each CHB cell. The 

secondary control is in charge of the individual MPPT by 
controlling the DC voltage of each cell through a proportional-
integral (PI) regulator. With this secondary control, a modified 
term ΔMk can be calculated for each cell (k denotes for the index 
of CHB cells), and added to the equally distributed modulation 
index Mtotal. As shown in Fig. 3, except for the nth cell, the 
modulation index for all other cells can be calculated as 

k total k isinM M M  
 (1) 

where θi denotes for the phase angle of the grid current ig, and 
it is extracted by a sliding discrete Fourier transform (SDFT) 
algorithm [14], [15]. For the nth cell, the modulation index 
should be expressed as 
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with the above-mentioned two-layer control method, the 
module-level MPPT can be achieved for the CHB PV inverter. 

B. Limitations of the PS-MPPT 

In general, the operating point of the PV panel swings 
around its maximum power point (MPP) as a three-stair voltage 
waveform in steady state. In this case, each DC voltage will 
oscillate at one fourth of the MPPT frequency fMPPT [6]. If this 
oscillation of each CHB cell is in-phase with each other, the 
oscillation on the equivalent total DC voltage will be n-time 
higher, as shown in Fig. 2. This magnified voltage oscillation 
will appear on the amplitude of the current reference, and 
consequently, higher interharmonics will be generated on the 
grid current through the control loops. This issue can be solved 
by the PS-MPPT method in [12], as shown in Fig. 4(a), where 
the DC voltage oscillations are properly phase-shifted to 
mitigate the oscillation on the equivalent total DC voltage, and 
thereby interharmonics. However, for CHB PV inverters with 
an odd number of cells, the interharmonic suppression per-
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Fig. 1. Topology of a single-phase CHB PV inverter, where iPVk and VPVk (k = 1, 
2, ..., n) represent the corresponding current and voltage of the kth cell, Lf and 

Rf are the output AC filter impedance, and vg and ig are the grid voltage and 

current, respectively. 
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Fig. 2. Illustration of the in-phase oscillation phenomenon on a 4-cell CHB PV 

inverter, where PVkV 
is the voltage reference for the kth cell, vstep is the MPPT 

perturbation step size, and totalV 
 is the equivalent total DC voltage reference. 
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Fig. 3. Control diagram of a single-phase CHB PV inverter (DFT - discrete 

Fourier transform; PWM - pulse width modulation; PI - proportional integral; 

PR - proportional resonant), where PVkV  is the filtered DC voltage for the kth 

cell, totalV   is filtered equivalent total DC voltage, and θg and θi are the phase 

angles for the grid voltage and current, respectively. 
*

gi  is the grid current 

reference, and 
*

di  and 
*

qi  are the current references of the d-axis and q-axis, 

respectively. Mk indicates the modulation index of the kth H-bridge cell and 

Mtotal is the equivalent total modulation index. 

 



formance of the PS-MPPT is limited [12], as aforementioned. 
Moreover, under varying environmental conditions, such as the 
changes of irradiance and temperature, the DC voltage 
oscillations may not be optimally phase-shifted. As examplified 
in Fig. 4(b), if the environmental conditions of PV #1 and #2 
change, their DC voltage references will no longer be kept as 

three-stair waveforms. In this case, since *

PV3V  and *

PV4V  are still 

phase-shifted,  * *

PV3 PV4V V
 will oscillate at fMPPT/4. This 

oscillation will appear in the equivalent total DC voltage, which 
induces interharmonics. Thus, under dynamic conditions, inter-
harmonic suppression performance of the PS-MPPT is limited, 
especially when a high number of cells are cascaded. In that 
case, it can be challenging to ensure that all the cells are 
properly phase-shifted to mitigate interharmonics. Therefore, 
more efforts should be made to overcome the limitations of the 
PS-MPPT.  

C. Proposed Approach 

In [7], a modified MPPT method has been proposed for two-
level PV inverters to mitigate the interharmonics in the grid 
current, where fMPPT was randomly selected between two values 
fmin and fmax for every MPPT cycle (fmin and fmax refer to the 
lower and upper limit of the MPPT frequency). Inspired by this, 
the random sampling-rates of individual MPPT controllers are 
applied to the CHB PV inverter in this paper, as illustrated in 
Fig. 5. As it can be observed in Fig. 5, the MPPT period TMPPT 
is randomly generated for each cell, and the MPPT algorithm is 
executed every time when the time counter is reset from the 
period value to zero. By doing so, the oscillation on the 
equivalent total DC voltage will become more arbitrary. The 

low frequency components will be reduced, and through the 
control loops, interharmonics will be scattered on a wider range 
of frequencies, leading to the reduction of the dominant 
interharmonics. Compared to the PS-MPPT, the random 
sampling-rate MPPT features a more simple structure for 
implementation, which can be more feasible for CHB PV 
inverters with a high number of cells in practice.  

III. SIMULATION AND EXPERIMENTAL RESULTS 

A. Simulation Results 

To validate the effectiveness of the random sampling-rate 
MPPT method, simulations of the proposed method on a 3-cell 
and a 4-cell CHB PV inverter have been conducted and 
compared with the PS-MPPT on MATLAB/Simulink. The 
simulation results are shown in Figs. 6-8, and the parameters 
are shown in Table I.  

Case 1: Firstly, the performance of the conventional MPPT 
method on a 3-cell CHB PV inverter is demonstrated in Fig. 6 
with a constant irradiance of 100 W/m2. As it can be observed 
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Fig. 4. PV voltage oscillation of the PS-MPPT on a 4-cell CHB PV inverter, 
where TMPPT indicates the MPPT sampling period: (a) DC voltage references 

in steady state, and (b) DC voltage references when PV #1 and #2 are under 

varying environmental conditions. 
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Fig. 5. Control diagram of the random sampling-rate MPPT for CHB PV 
systems, where fMPPT,#k refers to the MPPT frequency of the cell #k, and 

TMPPT,#k(α) refers to the αth MPPT period of the cell #k.  

 
TABLE I. PARAMETERS OF THE CHB PV INVERTER 

PV rated power for each CHB cell 1066 W 

DC link capacitor 680 μF 

Grid-side L-filter 5.4 mH 

Switching frequency of one cell 5 kHz 

Controller sampling frequency 10 kHz 

Grid voltage (RMS) 220 V 

Grid frequency 50 Hz 

MPPT sampling rate* 6.7 Hz 

MPPT step-size vstep 6 V 
 

*refers to the MPPT sampling rate for the conventional MPPT and PS-MPPT 



in Fig. 6, the perturbations on the DC voltages of all CHB cells 
are in-phase, leading to an even larger oscillation in the 
equivalent total DC voltage. The amplitude of the oscillation 
reaches 18 V (36 V for the peak-to-peak voltage), which is three 
times higher than the oscillations on one CHB cell. As a result, 
the grid current has a higher amplitude of oscillations, and large 
interharmonics can be expected in the grid current, as shown in 
Fig. 6(d). The dominant interharmonics locate at 50 ± (2m + 1) 
∙ (fMPPT / 4) Hz [6], where m = 0, 1, 2…, with the highest 
amplitude being 0.08 A at 5 Hz.  

Case 2: The performance of the PS-MPPT is also shown in 
Fig. 6, with the same test conditions of Case 1. As shown in 
Fig. 6, the DC voltage oscillations of cell #2 and #3 are shifted 
by TMPPT corresponding to cell #1, and consequently, the 
oscillation amplitude on the equivalent total DC voltage is 
reduced to 6 V. This is equal to the oscillation on one converter 
cell. The interharmonics have thus been suppressed, as shown 
in Fig. 6(d), with the largest interharmonic being 0.03 A at 5 Hz. 
However, since the periodical oscillation still exists on the total 
DC voltage, for the 3-cell CHB PV inverter, the PS-MPPT 
method is only capable to suppress the interharmonics by 
approximately one third compared to Case 1. 

Case 3: To demonstrate the effectiveness of the proposed 
random sampling-rate MPPT method, simulation results are 
shown in Fig. 6 with the same test conditions of Case 1. The 

sampling rate of each CHB cell is randomly selected within the 
frequency range of 2 Hz to 10 Hz. As shown in Fig. 6, in this 
case, the oscillation frequency for each CHB cell becomes 
arbitrary, and consequently, the oscillation on the equivalent 
total DC voltage randomly varies with its peak-to-peak voltage 
being about 36 V. The periodic oscillation on the grid current 
disappears, and the dominant interharmonics are almost 
eliminated, as shown in the frequency spectrum in Fig. 6(d), 
where the amplitude of the highest content is around 0.02 A. 
Due to the random selection of the MPPT rate, the 
interharmonics are spreading in a wider frequency region, 
rather than concentrating on particular frequencies. Therefore, 
compared to the PS-MPPT, the interharmonics can be further 
suppressed with the proposed random sampling-rate MPPT 
method for the 3-cell CHB PV inverter.  

Case 4: The interharmonic suppression performance of the 
PS-MPPT under varying environmental conditions is shown in 
Fig. 7, where a 4-cell CHB PV inverter is tested. The irradiance 
for PV #1 ramps from 100 W/m2 to 150 W/m2 from 6 s to 10 s, 
and irradiance for PV #2 ramps from 100 W/m2 to 150 W/m2 
from 8 s to 12 s. As shown in Fig. 7, before t = 6 s, the DC 
voltage oscillations of all cells are shifted by TMPPT, 2TMPPT and 
3TMPPT for PV #2, #3, and #4 with respect to PV #1, 
respectively. As a result, the oscillation on the equivalent total 
DC voltage is almost fully eliminated, as well as the inter-
harmonics, as shown in the frequency spectrum in Fig. 7(d). 
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Fig. 6. Simulation results of a 3-cell CHB PV inverter, where ig,fund is the fundamental component of ig: (a) grid current, (b) the equivalent total DC voltage, (c) DC 

voltages of 3 CHB cells, and (d) frequency spectrum of the grid current. 

 



However, during t = 6 s to 13 s, due to the slow change of 
irradiance, the DC voltages of PV #1 and #2 are no longer 
properly phase-shifted, and interharmonics appear during this 
period, with the dominant interharmonics being around 0.03 A, 
as shown in Fig. 7(e).  

Case 5: The interharmonic suppression performance of the 
random sampling rate MPPT under varying environmental 
conditions is shown in Fig. 8, with the same test conditions for 
Case 4. As shown in Fig. 8, before t = 6 s, the interharmonics 
are higher than Case 4. This is because the PS-MPPT can 
eliminate the oscillation on the total DC voltage for CHB PV 
inverters with an even number of cells. However, between 6 s 
to 13 s, the slow change of irradiance does not lead to the 
increase of interharmonics. As shown in Fig. 8(e), during this 
period, most interharmonics are below 0.02 A, which indicates 
that the random sampling-rate MPPT has a better interharmonic 
performance than the PS-MPPT under varying environmental 
conditions.  

B. Experimental Results 

The random sampling-rate MPPT method is further 
validated on a downscaled 2-cell grid-connected CHB PV 
inverter, as shown in Fig. 9. The experimental parameters are 
the same as those listed in Table I, except that 1) the rated PV 

power for each cell is 300 W, 2) a 40-V(rms) grid is connected 
due to the limited output voltage of the PV simulator, and 3) the 
MPPT step-size vstep is reduced to 4 V.  

Firstly, the in-phase oscillation phenomenon under the 
conventional MPPT method is illustrated in Fig. 10(a). As 
shown in Fig. 10(a), with the in-phase DC voltage oscillations 
of PV #1 and #2, periodical spikes also appear in the grid 
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Fig. 7. Simulation results of a 4-cell CHB PV inverter with the PS-MPPT when 

the irradiance changes: (a) grid current, (b) the equivalent total DC voltage, (c) 
DC voltages of 4 CHB cells, (d) frequency spectrum of the grid current in zone 

1 (before t = 6 s), and (e) frequency spectrum of the grid current in dynamic 

changing period (between t = 6 s to 13 s). 

 Fig. 8. Simulation results of a 4-cell CHB PV inverter with the proposed 

random sampling-rate MPPT when the irradiance changes: (a) grid current, (b) 
the equivalent total DC voltage, (c) DC voltages of 4 CHB cells, (d) frequency 

spectrum of the grid current in zone 1 (before t = 6 s), and (e) frequency 

spectrum of the grid current in dynamic changing period (between t = 6 s 
to 13 s). 
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Fig. 9. Photo of the experimental setup of the two-cell CHB PV inverter. 



current. This results in the interharmonics of the output current, 
which can be observed from the frequency spectrum in 
Fig. 11(a). The dominant interharmonics are around 0.05 A. On 
the other hand, the experimental results of the proposed random 
sampling-rate MPPT is demonstrated in Fig. 10(b). In this test, 
the MPPT sampling-rates of both PV cells randomly vary 
between 4 Hz to 20 Hz. As shown in the frequency spectrum in 
Fig. 11(b), compared with Fig. 11(a), it is clear that the 
interharmonics are effectively suppressed with the proposed 
random sampling-rate MPPT.  

IV. CONCLUSIONS 

In the CHB PV systems, due to the in-phase oscillation of 
the DC voltages of CHB cells, the interharmonics in the grid 
current may be amplified. To address this issue, the PS-MPPT 
can be employed. However, the PS-MPPT has two limitations: 
1) when an odd number of cells are cascaded, the interharmonic 
suppression performance is degraded; and 2) the interharmonic 
suppression performance may be affected, especially when a 
high number of cells are cascaded. To overcome these 
limitations, a random sampling-rate MPPT method was 
proposed in this paper for the CHB PV inverters, where the 
MPPT frequencies were random for individual CHB cells. In 

this way, the oscillation on the equivalent total DC voltage 
become arbitrary, and the interharmonics in the grid current 
were reduced both in steady-state and dynamic conditions. 
Compared with the PS-MPPT, the random sampling-rate 
MPPT is simpler and more practical for implementation. 
Simulations and experimental results have validated the 
effectiveness of the proposed method.  
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Fig. 10. Experimental results on a 2-cell CHB PV inverter under 200 W/m2 and 

25 °C with the PV rated power being 300 W for each cell, and the grid voltage 

is 40 V(rms) (VPV1 [25 V/div] and VPV2 [25 V/div]: DC voltages for cell #1 and 
#2; ig [2 A/div]: grid current): (a) with in-phase MPPT perturbations and (b) 

with the proposed random sampling-rate MPPT control. 
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Fig. 11. Fast Fourier transform (FFT) analysis of the grid current ig shown in 
Fig. 10: (a) with in-phase MPPT perturbations and (b) with the proposed 

random sampling-rate MPPT control. 
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