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Abstract: The paper deals with measurement and 

control aspects of active power filtering in ship systems. A 
main focus of the paper is concentrated on improvement of 
harmonic current measurement algorithms based on ip-iq 
method with application of LPF module and, alternatively, 
on ip-iq method with application of mean value module. 
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1.  INTRODUCTION 

One of the ways for improving electrical power quality 
in ships systems, especially loaded by non-linear and non-
stationary consumers is an application of the correcting and 
filtering systems. An exemplary solution consisting of 
parallel active power filter with power factor correction, 
series active power filter and set of passive power filters (so 
- called Combined APFCC and SAPF/PF), dedicated to 
simultaneous reactive power compensation and mitigation 
of higher harmonics, has been described in [1]. Further 
research carried out under polish - chinese joint project led 
to conclusion, that a basic part of the analysed filtering and 
correcting system is active power filter and improvement of 
its properties has a critical importance for solving the 
analysed problem. Taking into account well known 
configuration of this filter and related procedures of its 
control [2], [3] authors proposed a progress on the way of 
more precise measurement of load harmonic current and the 
better APF control. The last problem is presented in the 
separate publication [4], concerning optimization on current 
tracing algorithm in active power filter based on SVPWM, it 
means paper dedicated to matter how to improve a 
compensating current waveform. In this paper a problem of  
detecting of harmonic current for APE control is considered. 

2.  MODEL OF THE SHIP ELECTRICAL POWER 
SYSTEM 

Related block diagram of the physical model of ship 
power system equipped with shunt active power filter is 
illustrated in Fig.1. 

 Ship Generator
Voltage 

controller

Fig.1. Physical model of ship electrical power system equipped 
with active power filtering system. 

 
Application of active power filter in the configuration of the 
system shown in Fig.1 is connected with two basic 
problems: measurement of distorted load current (including 
an identification of its waveform) and generation of 
appropriate compensation current by active power filter. A 
supply side of the considered system was realized, by means 
of an appropriately chosen voltage controller and 
transformer as overland electrical power separator and that 
made the electric network connected to the transformer be 
an isolated small capacity network, together with a resistive-
inductive character non-linear load. This physical model 
corresponds to an isolated power network, like ship network. 
In the preliminary research for solving the first problem the 
current component filtering method and alternatively 
wavelet transform method were considered. On the other 
hand, for solving the second problem the space vector pulse 
width modulation control strategy, or the fuzzy-sliding 
mode control strategy as an alternative possibility were 
carried out. Finally, for further investigations, taking into 
account the experimental research results a method of 
harmonic current measurement based on the current 
component filtering and active power filter control strategy 
based on the space vector pulse width modulation concept 
have been chosen. The designed shunt active power filter 
was able to fulfill the task of harmonic current suppression 
and keep the current of the network side approximately 
sinusoidal. 



3.  A CONCEPT OF IMPROVEMENT OF 
HARMONIC CURRENT MEASUREMENT 

ALGORITHMS 

In this part of the paper a new solution of harmonics 
measurements for shunt APF is proposed. It applies a mean 
value module to the APF instead of the commonly used low-
pass filter (LPF) module in the algorithms based on ip-iq 
method [2], [5]. In a marine electric network with 
considerable load, like an electric propulsion ship, usually 
asymmetric three-phase voltage occurs. And the application 
of a mean value module to the APF can make the accuracy 
of harmonic detection greatly improved, if compared with 
the application of commonly used LPF module. The last 
solution leads to the deterioration of harmonic measurement 
precision, which is mainly due to the phase shift and 
amplitude variation of the distorted voltage. Simultaneously, 
the application of a mean value module can significantly 
reduce the response time of harmonic measurement of a 
three-phase asymmetrical voltage. 

 
3.1. Measurement of harmonic current with traditional 
ip-iq algorithm [5,6] 

 
The method applied to measure the fundamental active 

current with traditional ip-iq algorithm is shown in Fig. 2. 
 

 
 

Fig. 2  Block diagram of basic principle of traditional ip-iq 
algorithm. 

 
Where, ua is network phase “a” voltage. The currents 

ia, ib, ic are three phase detected load currents respectively, 
and i*

a, i*
b, i*

c are three phase harmonic currents 
respectively. The currents ip, iq stand for active current and 
reactive current respectively, and ip1, iq1 stand for 
fundamental active current and reactive fundamental current 
respectively. The currents i*

a, i*
b, i*

c are the difference of 
three phase line currents ia, ib, ic and three phase 
fundamental currents iaf, ibf, icf respectively. Their 
mathematical relationship is: 
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3.2 Measurement of harmonic current with improved ip-
iq algorithm 
 

In this part, a new solution of harmonics measurements 
for shunt APF is proposed. It applies a mean value module 
to the APF instead of the commonly used low-pass filter 
(LPF) module (Fig. 2) in the algorithms based on ip-iq 
method [7, 8, 9], as shown in Fig. 3. 

It is supposed that the unbalanced 3-phase voltage is ua, 
ub, uc. At this time, to obtain the synchronization rotation 
angle uφ  using traditional single phase PLL, and to act this 
synchronization rotation angle as the standard vector phase 
will make the measurement precision much lower. In this 
paper, an improved solution is applied to obtain the 
synchronization rotation angle of 3-phase voltage. 

Firstly, using balanced component method to 
decompose ua, ub, uc into 3 sets balanced fundamental 
components of positive sequence. 
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and negative sequence components, 
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zero sequence component: U0 
where, uu φφ =+ ，Ua=Ua1+Ua2+U0；Ub=Ub1+Ub2+U0；
Uc=Uc1+Uc2+U0,  



 
 
Fig. 3.  Block diagram of harmonics measurement algorithm with application of a mean value module for shunt active power filter in ship 
network 
 
 
So that U0=1/3(Ua+Ub+Uc). 
u*

a, u*
b, u*

c are the sum of positive sequence component and 
negative sequence component. To make transform similar as 
ip-iq transform, then to be filtered with a mean value module, 
the DC component can be obtained. 
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ia, ib, ic, are 3-phase load current, and the active component 
ip and reactive component iq are, 
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sin )( ut φω +  and -cos )( ut φω +  are all in-phase with source 
voltage which are obtained through 3-phase voltage phase 
lock module. 

Through a mean value module, fundamental active 
current 

pi  and reactive fundamental current qi  are obtained 
respectively. Then, 
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And afterwards, 
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It is supposed that the measured 3-phase current is, 
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where, u, kmI φ  are the amplitude and initial phase of the kth 
harmonic current respectively. 
 

According to figure 3, and based on formula (14), ip, iq 
are described as, 
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Generally the above currents (15) are composed of the 

AC and DC components. But since the network has no even 
order harmonics, the mean value of the AC component in 
1/6 period is 0. Then the DC component qpi i,   can be 
obtain by using the mean value module, as listed in the 
formula (16). 
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From formula (16), when a mean value module is applied, 
only 1/6 fundamental period is delayed in obtaining 

pi  and 

qi . It shows that the response time is reduced. 

4.  RESULTS OF SIMULATION RESEARCH 

This has been mentioned above that two version of ip-iq 
method have been chosen for this paper purpose. First 
version is based on application of the commonly used low-
pass filter as harmonic detection module. Second version 
implements mean value module for the very same aim. In 
both cases the resulting distortions of load currents have 
been analyzed and compared. This is justified by the fact 
that the whole solution is to improve the very current quality. 
Further, voltage distortion in ship systems are due to mutual 
interaction of load current as well as present configuration 
of ship electric power plant. It means that level of voltage 
distortions can vary depending on actual load and power 
plant configuration. Nevertheless, this it seems certain that  
the more distorted current the worse effect for voltage in 
whole ship system. 

Finally, the current waveforms for both considered cases 
completed by their respective spectra are presented in Fig. 4. 
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Fig.4. The current waveforms after compensation for two version 
of algorithm based on ip-iq method, with use LPF module (a) and 
mean value module (c) and their harmonic analysis (b) and (d). 

 
Next problem to solving has been criterion for the 

methods comparison. There are quite a number indices for 
assessment of signal waveform distortions. Arguably, the 
most commonly used is total harmonic distortion factor, 
designated as THD. This is calculated as a square root of 
sum of squares of harmonic r.m.s values related to the r.m.s 
value of fundamental component [10]. This factor is 
expressed in percentage. In real power systems there are 
voltage magnitude fluctuations and its frequency changes. 
The impact of such a voltage parameters variations on 
results of harmonics measurements is hardly negligible. The 



partial solution would be concept of harmonics subgroups 
laid in related IEC 61000-4-7 Standard [10]. This concept 
consists in calculation of square root of the sum of squares 
of r.m.s. value of harmonic component and r.m.s. values of 
two spectral components immediately adjacent to it. The 
result is considered as rms value of harmonic subgroup G 
[10] (formula for 50-Hz systems): 
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where: h – order of frequency bin, C – r.m.s. value of 
frequency bin calculated by Discrete Fourier Transform 
(DFT) on the basis of ten cycles rectangular window. 
 
Finally, THD is designated as THDS and calculated as 
follow [10]: 
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where: G1 – r.m.s. value of subgroup of fundamental 
component. 

 
However, there are standards, which define THD factor 

in other way as the ratio of rms value of the residue (after 
elimination of the fundamental) to the rms value of the 
fundamental expressed in percentage [11], [12], [13]. The 
distortion index calculated according to this definition is 
sometimes designated as total waveform distortion TWD 
[14]. After incorporating the concept of harmonic subgroups 
the factor can be designated as TWDS and defined as [15]: 
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where: Arms – r.m.s. value of whole signal, e.g. current. 
 
The advantages and disadvantages of above presented 

factors for assessment of waveform distortions have been 
profoundly discussed in ref. [15] on the basis of real ship 
signals. 

For the paper purpose both above described factors, 
namely THDS and TWDS, have been calculated. The results 
of the calculation are laid in Table 1. 

 
Table 1. Measurement results of selected indexes of current 
distortion for algorithm based on ip-iq method with application of 
LPF module (a) and mean value module (b). 

 a) b) 
THDS [%] 8.34 8.20 
TWDS [%] 27.12 12.23 

 

Analysis of the results shown in Table 1 leads to the 
conclusion that application of mean value module instead of 
low-pass filter possess clear advantage if TWDS factor is 
considered. Its value it more than two times lower for the 
former case.  Moreover, there is huge difference between 
values of THDS and TWDS factors, especially if LPF 
module is analyzed. This confirms conclusion laid in ref. 

[15] that application of THDS factor for rough assessment 
of waveform distortions in ship systems is at least doubtful. 
If only THDS would be analyzed, the existing difference 
between obtained results for both methods would be 
overlooked. 

Finally, this should be added that total harmonic or 
waveform distortion factors seem the best but not only 
criteria for the methods assessment. In many cases the 
content of respective harmonics are to be considered. This 
can be noted that maximum value of the content of fifth 
harmonic is below 5% for LPF module and slightly above 
6% for mean value module (see Fig. 2b and Fig. 2d, 
respectively). Nevertheless, comparison of  THDS and 
TWDS as well as analysis of Fig. 2 lead to conclusion that 
in the case of LPF module the lower value of fifth harmonic 
is accompanied by higher values of other harmonics and, 
even worse, interharmonics. Especially, high values of 
interharmonics are to be pointed out since some authors 
recommends limiting their respective content to 0.1% 
(concerns voltage waveform), independently of their 
frequency [16]. So, the advantage of mean value module is 
still unchallenged. 

5. FINAL REMARKS 

The problem of power quality in marine networks have 
gained its due significance over last few years. This results 
from some accidents, like malfunctions of important 
systems, black-outs or even fire. The accidents were due to 
inappropriate level of power quality in ship systems. The 
solution is to control and improve the level of power quality. 

In this paper a new concept of harmonics measurements 
for shunt APF has been proposed that uses a mean value 
module instead of the traditional low-pass filter (LPF) 
module. The method, if applied to an electric network with 
asymmetric three-phase voltage, e.g. an electric network of 
electric propulsion ship, is able to significantly reduce the 
response time of harmonic detection for the three-phase 
asymmetrical voltage. The simulation results under the 
environment of Matlab/simulink show that, compared with 
the commonly used ip-iq method with LPF, this method is 
faster in detection response and more accurate in harmonic 
control. The new method based on mean value module also 
makes the accuracy of harmonic detection greatly improved 
when the three-phase voltage is asymmetry.  This visible for 
TWDS factor in particular. The difference is huge and must 
not be neglected. 
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