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Abstract—A cascaded H-bridge multilevel inverter based active 
power filter with a novel direct power control is proposed in this 
paper. It can be directly connected to medium/high voltage power 
line without using the bulky transformer or passive filter. Due to the 
limited switching frequency (typically below 1 kHz) of high power 
solid-state devices (GTO/IGCT), multiple synchronous/stationary 
reference frame current controllers are reviewed and derived. Based 
on this, a novel current controller is proposed for harmonic current 
elimination and system power factor compensation. Furthermore, a 
synchronous/stationary hybrid structure can be derived with 
fundamental de- coupling control. The instantaneous reactive power 
theory and synchronous reference frame based control are 
compared based on mathematical models. A direct power control 
concept is then derived and proposed. It is equivalent as the hybrid 
synchronous/stationary frame current controller, but has a simpler 
implementation. It has clear physical meaning and can be 
considered as a simplified version of the hybrid frame current 
controller. 
 
Keywords: Active power filter; Current control; Direct power 
control ;Low switching frequency; Medium voltage 

1. INTRODUCTION  

Voltage source inverter based parallel active filter is known 
for current harmonic compensation of the power system and 
have been widely studied by using high switching power 
device (IGBT) [1]. For medium/high voltage application, a 
direct connected active filter can be more attractive by 
eliminating the bulky transformer or passive filter. Due to 
the limited switching frequency (typically below 1 kHz) of 
high power solid-state devices (GTO/IGCT), multilevel 
inverters have to be used [2]. This paper proposed a cascaded 
H-bridge multilevel inverter based active filter. 

Multiple techniques are studied to increase the system 
bandwidth at low switching frequency: 

 First, a software based multiple-sampled phase shifted 
PWM. 

 Secondly, among most current controller designed for 
active filters, multiple synchronous referenceframe 

based current controller is proven to have the highest 
bandwidth with modest feed forward gain. 

 Thirdly, an equivalent stationary frame based current 
controller is easily derived based on complex vector 
theory. The results are similar as that derived from 
convolution [3] or physical concept [4] in recent 
literature. 

 Fourthly, to remove the fundamental cross- decoupling 
term in synchronous reference frame, a 
synchronous/stationary hybrid frame based current 
controller is proposed. 

 Finally, instantaneous reactive power (IRP) theory [5] 
and synchronous reference frame (SRF) [6] based 
methods are briefly compared. Based on these, an 
instantaneous reactive power theory based direct power 
control is derived from the synchronous/ stationary hybrid 
frame based current controller. 
 

This new concept combines the IRP theory and current 
control into one controller called direct power controller. 
The power reference is created by the IRP and a linear direct 
power controller is designed accordingly. It is similar to the 
multiple reference frame current controllers, which are 
suitable for high. 

2. CASCADED H-BRIDGE MULTILEVEL 
INVERTER 

In medium voltage/high voltage power electronics system 
design, there is a strong tendency to modularize the power 
pass and digital controller in order to reduce the price, 
simplify converter design and potentially increase the 
availability of applicable converters. There are three main 
voltage source multilevel converter topologies—diode 
clamped converter [7], flying capacitor converter [8] and 
cascaded H-bridge converter [9]. Among them, cascaded H 
bridge topology is presented to be the best candidate for 
medium voltage active power filtering application due to its 
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frequency. To simplify the complex rotation frame 
transformation, an equivalent stationary frame current 
controller can be developed by convolution derivation [3] or 
the direct physical concept [4]. 

In this paper, a different method is used to derive the 
stationary counterpart of the multiple synchronous reference 
frame by using the complex vector theory. First, a complex 
vector based mathematical model (Fig. 4a) is used to 
represent the multiple synchronous reference frame based 
current controllers; then a simple and straightforward 
derivation is used to find the equivalent stationary frame 
based current controller, as shown in Eqs. (1)–(5) and Fig. 
4b. Eq. (5) shows the same result as the ones in [3,4], and 
Eq. (2) gives the general relationship between rotationframe 
and stationary frame. 

 

Fig. 3: Typical current controlled voltage source  
inverter based parallel active power filter. 
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In unbalanced load conditions, both positive sequence 
harmonics and the negative sequence harmonics are 
presented and need to be compensated. Item ω2 in Eq. (3) 
shows that it can control both positive sequence and negative 
sequence components. This means that the derived controller 
can deal with unbalanced load conditions by nature. 

It is well known that the decoupling synchronous reference 
frame [12] can improve the current controller bandwidth, due 
to the existence of the system cross- coupling term on the 
synchronous reference frame. Therefore, a hybrid 
synchronous stationary frame current controller with de-
coupling scheme is then proposed with improved bandwidth 
(Fig 4 c and d). 

For a three phase balanced system as shown in Fig 

4.1, the lowest four dominant harmonics are the −5th, 
+7th,−11th, +13th. In fundamental synchronous rotation 

frame, they become equivalent as ±6th and ±12th harmonics 
Therefore, applying the multiple stationary reference frame 
on first rotation frame results in the proposed hybrid frame 
current controller as shown in Fig 4.3c and d. In this 
synchronous/stationary hybrid structure, current reference is 
generated by the well-known instantaneous reactive power 
(IRP) theory, and then transformed into synchronous reference 
frame (SRF) for the current control. These two-step 
transformations make the system complicated and a merging 
of these two transformations can be found. This is based on a 
brief review of IRP and SRF based system models in the next 
section. 
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4. SYSTEM MODEL BASED ON IRP AND SRF 
THEORIES 

Instantaneous reactive power [6] based and synchronous 
reference frame based active filtering theories have been 
popularly studied. To investigate the difference and 
connection between instantaneous reactive power theory and 
synchronous reference frame based control, mathematical 
models are derived separately. By using complex vector, Eqs. 
(4)-(11) give the mathematical equations of synchronous 
reference frame based control; Eqs.(12)-(24) give the 
mathematical equations of instantaneous reactive power based 
control. 
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