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Abstract: 
 
The most critical issues associated with Unified Power Quality Conditioner    (UPQC) control 
is that of finding an algorithm which can obtain an accurate harmonic reference signal for 
control purpose, particularly in the practical case where the harmonics and the system 
frequency of a power system are time varying. In this paper, application of Adaptive Noise 
Canceling (ANC) theory in unified power quality conditioner is proposed. It uses a primary 
input containing the corrupted signal and a reference input correlated with the fundamental 
component of the system voltage. The reference input is adaptively filtered and subtracted 
from the primary input to get the wanted control reference signal. Its validity is assessed by 
the simulation and experimental results. 

 
Ι. Introduction 

 
Distribution of sinusoidal voltage and current waveforms   caused by harmonics is one of the 
major power quality concerns in the electric power industry. Considerable efforts have been 
made in recent years to improve the management of harmonic distortion in power systems [1]. 
Static power converters and other nonlinear loads are the culprits of these distortions. The 
switching actions of the static power converters result in distorted input currents, which 
contain a fundamental component and other higher harmonic components. Hence, these static 
power converters behave as a current source, injecting harmonic current in to the supply 
network. This constitutes the problems of power system harmonics. One of the problems of 
power system harmonics is the supply voltage distortion at the point of common coupling 
(PCC). When a static power converter injects a distorted current into the supply network, a 
harmonic voltage is developed across the source impedance. The voltage at the PCC, being 
the difference between the source voltage and the voltage across the source impedance, is 
distorted [2]. 

Active filters have been known as the best tool for harmonic mitigation as well as reactive 
power compensation load balancing, voltage regulation, and voltage flicker compensation. 
Active filters have been designed, improved, and commercialized in the last 25 years. They 
are applicable to compensate current-based distortions such as current harmonics, reactive 
power, and neutral current. They are also used for voltage-based distortions such as voltage 
harmonics, voltage flickers, voltage sags and swells and voltage unbalances. Many 
configurations such as shunt, series, hybrid (a combination of shunt and series active filters), 
and unified power quality conditioner combination have been introduced and improved [1]. 

An Adaptive Noise Canceling Approach Theory Based Single-Phase 
Unified Power Quality Conditioner  

 
AHAD KAZEMI, MOSTAFA SARLAK, MOJTABA BARKHORDARY 

 
Department Electrical Engineering ofِ 

Iran University of Science and Technology 
Iran 

 
Keyword -   Unified Power Quality Conditioner (UPQC), Adaptive Noise Canceling (ANC) 



According to the basic idea of UPQC, it consists back-to-back connection of two three-
phase active filters (AFs) with a common dc link. One of the AFs is connected in parallel with 
the utility and is called parallel active filter (PAF). The PAF works as current source and 
usually compensates for current quality problems of load and regulating of dc link. On the 
other hand, the second AF is connected in series with the utility and acts as series active filter 
(SAF) to compensate for voltage quality problems of load and in the same time, isolates the 
load from voltage quality problems of utility. The configuration of the system is shown in 
Fig1. [2]. 

The unified power quality conditioner is firstly introduced in [3]. Traditionally, it was used 
to mitigate current and voltage disturbances. Subsequently, it was developed to compensate 
some problems in the distribution systems such as current disturbances (harmonics and 
unbalance) [4], voltage flicker [5], zero – sequence compensation [4, 6]. Some modification is 
made to enable UPQC to perform more than one function such as current harmonic mitigation 
and balanced voltage sags compensation [7]. 

Many contributions were introduced to modify the configurations [8, 9] and the control 
algorithms to enhance its performance [10, 11].  

The control algorithms are classified into three classes; 
1-Time domain techniques: the control techniques are based on instantaneous derivation of 
the compensating commands in the form of either voltage or current signals from the distorted 
and harmonic-polluted voltage or current signals, for example, p-q theory [15], d-q orthogonal 
coordinates [12], synchronous detection method [11], sliding mode, and deadbeat control [3].  
2-Frequency domain techniques: most of the    frequency domain techniques depend on FFT 
for disturbance extraction. 3-Time-frequency domain: Wavelets transform [13].  

This paper introduces an adaptive noise canceling theory based control strategy for UPQC. 
The simulation results demonstrate its effectiveness despite its very simple structure. In 
section II, system configuration of full-bridge UPQC is described. Principles of control 
system are discussed in section III. Compensating current and voltage calculation is described 
in section ΙV. Control system is presented in section V. In section VI simulation results are 
presented.  

 
 

Figure 1.Block diagram of a typical unified power quality conditioner 
 

II. Configuration of full-bridge UPQC 
 

A conventional UPQC topology consists of two full-bridge bidirectional converters connected 
to a common DC link bus, as shown in Figure 2. 



 
 

Figure 2. A full bridge single-phase UPQC 
 

 The series bi-directional converter consists of four switches. It is connected via a 
transformer in series with the AC line. The parallel bi-directional converter also consists of 
four switches. Two passive filters formed by L1, C1, L2, and C2 remove switching frequency 
harmonics from the output current of the parallel converter and the output voltage of the 
series converter, respectively. L1 also acts as a link between the filter and the system. Parallel 
converter delivers its current to the system through this inductor. Its inductance directly 
Influences the bandwidth of the parallel converter. Load is a sensitive non-linear electronic 
device. The series converter compensates the voltage difference of the input and reference 
voltage and regulates the voltage of the load terminal. This converter has the ability to cancel 
voltage disturbances such as harmonics, voltage sags and swells, and spikes. It gives or 
absorbs active power in the case of voltage sags and swells, respectively. For compensating 
the voltage harmonic of the source side, it only delivers reactive power. Parallel inverter 
mitigates load’s current harmonics, compensates the reactive current, and draws a small 
component of the fundamental  

 
III. Principle of control 

 
An analogue adaptive detecting circuit based on adaptive interference canceling theory is used 
to extract the reactive power and harmonics components of the load current and the load 
voltage as the control signals of the UPQC and then a current and a voltage equal in 
magnitude but opposite in phase of the detected current and voltage are injected into the 
system by the UPQC. By using a fixed switching frequency, the high-frequency ripple current 
generated by proposed UPQC can be easily removed from the power system. The block 
diagram of the UPQC control system can be found in Fig.3. It consists of a control system 
unit, the dc voltage control unit, two adaptive detecting circuit units and the gating signals 
generators. The ac current and voltage generated by the inverter is forced to follow the 
reference current and voltage signals obtained from the adaptive detecting circuit. The 
adaptive detecting circuit is used to retrieve the reactive and harmonic components from load 
current and load voltage as reference signals for the unified power quality conditioner. A 
constant switching frequency is achieved by comparing the current error signal with a 
triangular reference waveform and makes the design of high-frequency filter and inductor L 
easier. The constant voltage across the dc capacitor is maintained to prevent the power 
inverter from entering the uncontrollable rectifying range and deteriorating the quality of 
compensation. By keeping the dc voltage constant, the inverter voltage gain is increased and 
the amplitude of high-frequency inverter ripple current component is reduced. In this paper, 
the voltage-source inverter is adopted due to its simple structure, small size and high 
efficiency. 
 



 
 

Figure 3. Block diagram of the UPQC control 
 

In Fig.4, s1-s2 is four ideal switches. By controlling on-time and off-time of these 
switches, arbitrary current waveform iL can be achieved. If the current and voltage injected by 
UPQC is same as that of reactive power and harmonic components of a nonlinear load, the 
current and voltage provided by ac power source will only have fundamental real component 
as shown in Fig.2, 

 
fLS I+I=I                                               (1) 

SLSOURCE V+V=V                                                   (2) 
 

where the source line current is IS, If is the compensating current, IL is the load current, the 
source line voltage is VSOURCE, VS is the compensating voltage, and VL is the load voltage.   

The mathematical model of the voltage-source inverter is as follows  
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where 
S=1: s1, s4 turn-on, s2, s3 turn-off 
S=-1: s2, s3 turn-on, s1, s4 turn-off 
and s1 , s2 , s3 , s4 are the switch states related to Fig.4.  

 
 

 
 

Figure.4.Block diagram of power inverter 



From eqs.(3) and (4), the voltage across the dc capacitor should be greater than the peak 
value of ac source voltage in order to guarantee the current flow in positive and negative 
direction, i.e. the current can go up and down in one period time. The ability to track the 
reference current and voltage are affected by the difference (vs-vc) and L. 

Reducing and increasing (vs-vc) will improve this ability and the quality of compensation 
for reactive and harmonic current and voltage [14]. 

 
IV. Compensating and voltage calculation 

 
The critical problem of a unified power quality conditioner is to find an algorithm which can 
obtain an accurate harmonic reference signal for control purpose. In this paper, a detecting 
method based on adaptive noise canceling theory [16], which is used widely in the signal 
processing in recent years, is adopted to measure the reactive power and harmonic 
components of the nonlinear load current and load voltage is implemented. The block diagram 
of the adopted scheme is shown in Fig.5 where IL is the load current, and VL is the load 
voltage, If is the output signal of the adaptive detecting circuit, VS is the output signal of the 
adaptive detecting circuit; and D' is the fundamental reference voltage which is in phase with 
ac source voltage D'= tE ωsin . As seen in Fig.5, 
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Figure.5.Block diagram of the ANC circuit 
 

 
From the theory of ANC and eq.(4), as the input sinusoid reference signal, i.e. the 

fundamental component of the system voltage, has the same frequency and in phase with the 
desired fundamental components of load current and load voltage, the dc component of the 
output of integrator will tune accordingly until they are equal in magnitude. The 
corresponding fundamental real components of the current and voltage are then extracted 
from the sampled load current and load voltage. Under the action of ANC loop, in steady state 
the output current and voltage If and VS of detecting circuit have no larger include the 
fundamental real components, the dc component of the integrator output will keep a constant 
value, which is in proportional to the magnitude of the fundamental real component of load. 
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For eq.(7) and eq.(8), Em is the peak value of the fundamental reference voltage; K1 is the 

proportional coefficient; and Ko is the dc component of the integrator output. 
Due to the large time constant of the integrator and the orthogonally, all the components in 

K1 except the fundamental real component which is in phase with the reference input, i.e. the 
real component in system voltage and real component in If in steady state are approximated to 
zero, K1 will be also approximated to zero. Then the last term in eq. (7) and eq. (8) can be 
omitted. Assume that the load current and load voltage can be expressed as 

 
hqpL IIII ++=                                      (9) 

hqpL VVVV ++=                                   (10) 
 

where Ip is fundamental active component load current; Iq is fundamental reactive component 
of load current; Ih is harmonic components in load current; Vp is fundamental active 
component of load voltage; Vq is fundamental reactive component of load voltage; and Vh is 
harmonic components in load voltage. Then  
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From eq. (11) and eq. (12), the output signal of the adaptive detecting current and voltage 

are just the reactive power and harmonic components of the nonlinear load voltage and 
current. The adaptation speed and accuracy of the adaptive detecting circuit which determine 
tracing ability of UPQC is related to the time constant RC and the proportional coefficient K. 
If the time constant RC is kept constant, as the coefficient K increase, the response time gets 
shorter, and the detecting accuracy varies non-linearly with K value [14]. A trade-off must be 
considered in the selection of K and RC. In our case, the optimum K value is in the range 250 
to 300 as the time RC is approximately 50ms corresponding to the shorter response time. 

 
V. System control 

 
One current control technique is proposed for the shunt inverter. The strategy for current 
control of the series inverter remains the same in the scheme. These control schemes of the 
proposed UPQC are shown in Fig. 5 and 6, respectively. Both the inverters of the UPQC are 
operated in current control mode employing PWM control technique. With a view to have a 
self regulated dc bus, the cycle to cycle energy balanced is maintained by employing a 



suitable closed loop control of the dc bus of the UPQC. Next we will discuss them one by 
one. 
 
A. Control scheme for the series AF 

 
The series inverter, which is operated in current control mode, isolates the load from the 
supply by introducing a voltage source in between. This voltage source compensates 
harmonics in the load voltage. This control scheme of the proposed UPQC is shown in Fig.6. 

  

 
 
 

Figure.6. Block diagram of the control scheme for series inverter 
 
 
Detecting circuit results in single phase reference voltage (vs) are injected in series with the 

load. By taking recourse to a suitable transformation, the single phase reference (i*) of series 
inverter is obtained from the single phase reference voltage (vs). This reference current (i*) is 
fed to a PWM current controller. The gating signals obtained from PWM current controller 
ensure that the series inverter meets the demand of voltage harmonics in the load and thus the 
supply voltage remains sinusoidal.  

 
B. Control scheme for the parallel AF 

 
The double loop control strategy is adopted in the control system of the single-phase APF 
proposed in this paper. The control system includes an inner loop of the current-following 
control and outer loop of the dc voltage control. The main block diagram is shown in Fig. 7. 

The constant frequency PWM technology is incorporated in current-following control. The 
differential signal rVΔ  between the synthetic reference current signal (ip+io) and the actual 
compensating current signal iL is modulated by triangular-carrier signal and produces the 
pulse sequence which width varies with the synthetic current signal, then this pulse sequence 
is delivered to the pulse distribution and drive units as the gate driving signal by which the 
power device are controlled, to force the compensating current if to following the synthetic 
reference current signal. 

 



 
 

Figure. 7 Block diagram of control scheme for the parallel inverter 
 
The dc voltage across the capacitor should be maintained higher than the peak value Em of 

ac source voltage to prevented entering uncontrolled rectified state from the power inverter. 
Fundamental component should be absorbed into the inverter to counteract the switching and 
other losses. The dc voltage control is performed in the outer loops in control system. The dc 
voltage regulator is used to generate a voltage control signal as shown in Fig. 7. This signal 
forces the shunt active filter to draw additional active current from the network to compensate 
for losses in the power circuit of the UPQC. Additionally, it corrects dc voltage variations 
caused by abnormal operation and transient compensation errors. This point is clarified later, 
where simulation results are discussed. Fig. 7B shows the dc voltage regulator circuit. It 
consists only of a PI controller. Control parameters are shown in Table 1. 

 
Table 1.Control parameters used for system under study 

 
P gain for DC voltage controller kvp 0.15A/V 

I gain for DC voltage controller Kvi 10e5 
A/Vsec 

P gain for current controller Kip 5V/A 

DC voltage reference Vdc 120V 

 
 

VI. Simulation results 
 

Using the Matlab/Simulink software, several simulations are implemented to evaluate the 
proposed "Adaptive Noise Canceling" based UPQC. Data used for simulation system are 
shown in Table 2.  

The following simulations correspond to a high frequency voltage with 10%-third 
harmonic content, as shown in Fig.8, with amplitude of 100V and frequency of 50 Hz. 



The voltage source supplies the parallel association of a non-linear load (composed of a 
series connection of a diode, a 5-ohm-resistance and a 0.05mH-inductance). Fig.9 shows the 
load current, without compensation, for this test. 

 From Figs.8 and 9 it can be seen that the both voltage and current present a high harmonic 
content. The shunt active filter of the UPQC is controlled to mitigate current harmonics. In 
this way, it is expected that the source current becomes sinusoidal and also, is phase with the 
fundamental source voltage. 

 
 

Table 2. Data used for system under study 
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100,50Hz 
 
 
 

10mΏ 
 
 

50µH 
 
 

5Ώ 
 
 

0.05mH 

 
 
 
 
 
 
 
 
 

UPQC 

 
 
 

Series 
Inverter 

 
 
 
 
 
 
 
 
 

Shunt 
Inverter 

 
 
 
 

DC Link 
 
 
 
 
 
 
 
 

 Control                 PWM 
 
Switching 
Frequency (fc)        5kHz 
 
Capacitance(Cse)    10µF 
 
Inductance(Lse)       5mH  
 
Series transformer(N1:N2)  1:12 
 
 
Control                   PWM  
 
Switching 
Frequency(fc)          5kHz 
 
Capacitance(Csh)    27µF 
 
Inductance(Lse)     12MH 
 
parallel transformer(N1:N2)  1: 2 
 
 
                 2200µF 
    



 
 

Figure.8. Source voltage without compensation 
 

 
 

Figure.9. Source current without compensation 
 
The shunt-active filter and the series-active filter start their operation at t=0.4s. The total 

simulation time is 1.2s. The thyristor rectifier is connected at t=0.2s. 
The compensating current and the resulting source current are shown in Figs. 10 and 11, 

respectively. It can be seen that the source current is similar to a sine wave. The shunt active 
filter has supplied the current harmonics. 

 

 
 

Figure.10. Compensating current for source current 
 

If is the output current of the shunt-active filter. This output current is calculated by eq. 
(10). Before the shunt-active filter starts, the load current is distorted because the diode 
rectifier, which is a harmonic voltage source, is connected in parallel to the RL linear load; 
the total harmonic distortion (THD) of the diode rectifier current is 15%. The source current 
will be purely sinusoidal if the shunt-active filter starts. The THD of Is about 3.5%. It can be 
seen that not only the harmonic currents but also the reactive current was compensated. The 
shape of the diode rectifier current waveform is the same as before and after starting of the 
shunt-active filter. This means that the proposed compensator overcomes those problems 
previously associated with shunt-active filters, namely, that they fail to cancel harmonics 
completely and enlarge the dc ripples and ac peak current of the diode rectifier. 



 
 

Figure.11. Source current after compensation 
 
Fig.12 presents the compensating voltage and Fig.13 presents the resulting source voltage, 

after compensation. It can also be seen that the resulting voltage is almost a perfect sine wave. 
The THD value of the source voltage before the compensation was 10%, and it was improved 
to 1.7% after the compensation. The series active filter of the UPQC has compensated the 
voltage distortion. 

 

 
 

Figure.12. Compensating voltage for source voltage 
 
 

 
 

Figure.13. Source voltage after compensation 
 

Fig.14 shows the dc link voltage vdc and the losses in the UPQC, represented by the 
voltage control signal. The reference value at the terminals of the dc-link is 120 volts. It may 
be noticed, that the ripple at the dc-link voltage is very small, in the order of 4% of the 
reference value during a short transient period, after the start of the UPQC, and less than 
0.8%, in steady state operation. The switching losses of the inverters may not represent the 
reality, since ideal models of switches in the digital simulator are used.  

 



 
 

Figure. 14 DC Link voltage in UPQC 
 
VII. Conclusion 

 
In this paper, an Adaptive Noise Canceling approach theory based single-phase unified power 
quality conditioner has been proposed and the design procedure of control system of UPQC is 
discussed. The simulating results demonstrate the validity of the proposed UPQC for 
compensating reactive and harmonic components to improve the system performance. The 
characteristic of maintaining the null exactly at the reference frequency, in our case power 
system frequency, during the total adaptive process makes it generally superior to other kinds 
of frequency fixed schemes of UPQC. The requirement of improving the effectiveness of 
harmonic elimination, which calls for a large time constant of integrator, is contradiction with 
that of a fast adaptation speed. However, the high compensating accuracy, the wide 
adaptability to the frequency variation and the simple structure make it a promising way in 
developing UPQC. The method of adaptive noise canceling has more 25ms detecting time-
delay. So it can not guarantee real-time and fit to detect slow-change load. 
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Êàçÿìè À., Ñÿðëàê Ì., Áàðùóäàðè Ì. 

 
Ùàðìîíèê ñèãíàë ÿëäÿ åòìÿê ö÷öí àëãîðèòìäÿí èñòèôàäÿ åäÿðÿê åëåêòðèê åíåðæèñèíèí 
êåéôèééÿòèíÿ íÿçàðÿò åòìÿê öñóëó øÿðù îëóíóð. Òÿëÿá îëóíàí ñèãíàë ÷ûõûøäà, äàõèë îëàí ñèãíàëû 
ñöçýÿúäÿí êå÷èðìÿêëÿ ÿëäÿ åòìÿê îëóð. Öñóëóí äÿãèãëèéè òÿúðöáè âÿ ìîäåëëÿøäèðìÿ íÿòèúÿëÿðè 
èëÿ òÿñäèã îëóíóð. 
 
АДАПТИВНЫЙ ПОДАВИТЕЛЬ ШУМА ПРИМЕНИТЕЛЬНО К УНИФИЦИРО-

ВАННОМУ КОНТРОЛЛЕРУ КАЧЕСТВА ЭЛЕКТРИЧЕСКОЙ ЭНЕРГИИ 
 

Каземи А., Сарлак М., Бархордари М. 
 
Описан способ контроля качества электрической энергии с использованием алгоритма 
для получения требуемого гармонического сигнала. Полезный сигнал выделяется на 
выходе системы после фильтрации входного сигнала. Корректность способа 
подтверждена результатами моделирования и экспериментов. 


