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ABSTRACT 
The paper deals with the high dynamic properties of 
single-phase unified power flow conditioner (UPFC). 
Using a virtual approach and application of orthogonal 
transform theory the ordinary single-phase system can be 
transformed into equivalent two-axes system. The new 
thought is based on the idea that ordinary single-phase 
quantity can be complemented by virtual fictitious phase 
so that both of them will create orthogonal system, as is 
usual in three-phase systems. Application of above-
mentioned theory makes it possible to use complex 
methods of analysis as instantaneous reactive power 
method. Both, the active and reactive powers can be 
determined by this way. Practical application of the 
method is outlined for the case of active and reactive 
power determination for single-phase power unified 
power flow controller. The paper presents some examples 
of the simulation experiments results focused on 
regulation output voltage of UPFC, in its last part. 
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1. Introduction - Controlling UPFC 
 
Voltage changes and voltage drops belong in the most 
important quality parameters of supplying electric energy. 
With extension of voltage sensitive appliances, industrial 
processes are exposed to permanent risk of failure, 
respectively to wrong function of process activity because 
of voltage drop. Serial active filter has to generate missing 
voltage for power system voltage drops corrections. It is 
also possible to control active and reactive power 
simultaneously with output voltage regulation [3], [6], [7]. 

Parallel shunt active filter of UPFC can filter and 
compensate reactive power of basic and higher current 
harmonics. 
 

 
Fig. 1 Basic block scheme of unified power flow 

controller/conditioner (UPFC) 
 
2. Instantaneous Power Flow Determination 
 
Assume now, for the simplicity, harmonic waveforms 
of phase-voltage and phase-current 
 

)tcos(.U)t(u ω= ; )tcos(.I)t(i ϕω −=  (1a,b) 
 

Utilization of instantaneous reactive power method 
is used in [1], [2] for three-phase systems, and the 
theory introduced in [4], [5], [8] allows its use for 
single-phase systems as well 
 

ββαααβ i.ui.up +=  

αββααβ i.ui.uq −=  (2a,b) 
 
where pαβ and qαβ are the instantaneous active and 
reactive powers of both phases in orthogonal co-
ordinates.  

Using time-sub-optimal analysis in transformed 
orthogonal co-ordinates for 4-side symmetry an 
average value of active power PAV of an original (real) 
phase is 
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Average values of active power of fictitious phase 

PiAV and reactive powers of both original QAV and 
fictitious QiAV phases can be determined by similar 
way. 
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Fig. 2 Time-dependence of instantaneous p��, q�� 
components of the power for harmonic supply and 

reactive load 
 
3. Instantaneous Phase Shift Determination 
 
Average values of active and reactive powers for 
harmonic waveforms are equal to constants (Fig. 2), 
and power factor can be determined by phase shift 
 

( ) ( )αβαβαβαβϕ p/qarctgP/Qarctg AVAV ==  (5) 
 

It’s important that pαβ, qαβ and ϕ are in this 
‘harmonic case’ determined instantaneously, what is 
the essential contribution of the introduced method.  

In case of non-linear loads the values of 
instantaneous active and reactive powers are not 
constant (Fig. 3), due to existence of distortion power 
caused by current harmonic components. Then the 
instantaneous active and reactive powers are 
 

ACAV pPp αβαβαβ +=  , and  (6a,b) ACAV qQq αβαβαβ +=
 
thus 

)P/Q(arctg AVAV αβαβϕ =  (7) 
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Fig. 3 Time-dependence of instantaneous p��, q�� 

components of the power for non-linear load 
 

Thanks to the orthogonal transform theory for 
single-phase system described in [4]-[5], it is possible 
to compute the average values of active and reactive 
powers for 1/4 of time period. These average values 
can be calculated continuously for each calculation step 
(or time instant Δt), using data stored for previous 1/4 
of period, and using moving average method [5] 
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where k = 0 for time  (t - T/4) and  k = N for time 0. 
 
4. Control Strategy of UPFC for Output 

Voltage (with unity power factor) 
 
New control strategy of output voltage has been 
developed for both compensation of power factor, and 
regulation of voltage changes. This is based on knowledge 
of instantaneous phase shift of load current against load 
voltage (see previous Chap. 3). 
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Fig. 4 Block scheme of network, UPFC, and load connecting 

427



Control of shunt active filter of UPFC can be focused 
now on filtering higher harmonics only, without 
compensation of fundamental harmonic component, and it 
can be controlled with very small sampling interval, and 
switched by rather high frequency (Fig. 5a bellow). 
 
 
 
 
 
 
 a) 
 
 
 
 
 
 
 
 b) 
 
 
 

Fig. 5 Detailed connection of filtering PAF (a),  
and inductive load (b) 

 
 Then, there is possibility to rotate vector of series 
filter voltage by such shift angle, so, the vector of load 
current will align with vector of network voltage. That 
means, power factor on input side of UPFC will be equal 
to one, and reactive power of load will be delivered by 
series active filter of UPFC. 

The operation of PAF is clear from Fig. 6, whereby 
the inductive load has been switched-on in time equal 
0.26 sec. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6 Time-waveforms of instantaneous uLOAD,  
iNET, iFILTER, iLOAD quantities 
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  b) 
 
Fig. 7 Phasor diagrams for UPFC voltage without- (a) and 

with inductive load connecting (b) 
 
 Besides, it is also possible to control small changes of 
active power by such a way that contribution of the series 
voltage will be in phase with the network voltage. This 
can be done either with compensation of power factor or 
without compensation, Fig. 7a,b or 8a,b. 
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 Above mentioned manner of control of output 
voltage of UPFC can be called continuous vector voltage 
control for compensation both of power factor and 
voltage load changes. Since the phase shift is determined 
continuously and instantaneously it is also possible to 
provide compensation of step changes of voltage (or 
power factor) very fast, i.e. in the next calculation interval 
Δt. (see also appendix). 
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  a) 
 
 
 
 
 
 
 
 
 
 
  b) 
 
Fig. 8 Scheme for compensation of power factor by SAF 

(a), and phasor diagram (b) 

UNET(on)

ϕLOAD(on)

ULOAD(on)C

U Ls(o
n)

0
IREQ(on)

IRL(on)

ILOAD(on)

USAF(on)C

U
LOAD(on)

α
β γ

δ

ε

uNET(on) Ls uLOAD(on)

iLOAD0iNET(on)c

SAF

uLs(on)

|ZLOAD(on)|, ϕLOAD(on)

428



 In case that network voltage is smaller than nominal 
one, SAF will compensation such a drop voltage, Fig. 9. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9 Compensation when uNET < uNET Nom 
 
 The block scheme of control circuits is shown in next 
Fig. 10. Both power factors, load- and network, are 
continuously calculated, and any load or network changes 
can be respected in next calculation step, almost 
instantaneously. 
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Fig. 10 Block scheme of control circuits 
 

 
Fig. 11 Scheme of series part of simulated circuit of 

UPFC 
 

5. Simulation Experiment Results of UPFC  
 
The scheme of series part of simulated circuit of UPFC 
with continuous vector control of output voltage and 
power factor compensation is given in Fig. 11. 

There are some simulation results in the next Figs. 
12a,b,c,d. It has been assumed for all of these simulation 
experiments that distortion power of the load is to be 
filtered by shunt active filter of UPFC, and reactive power 
of the load will be compensated by series filter.  

Network and load voltages are shown in Fig. 12a. 
Load voltage has been increased by 20 %. Detailed time 
waveform of output voltage of serial active filter is 
depicted in Fig. 12b (next page). 
 During these experiment (12a-12d) the power factor 
of the load has not be compensated. 

Current circumstances in serial active filter with 
sampling frequency fSAM =25 kHz and relative hysteresis h 
= ± 3 % are presented in Figs. 12c,d. 
 
 

 
Fig. 12a Network uNET - and output voltage of SAF uSAF 

 
 

 
Fig. 12b Detail of output voltage of serial filter 
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Fig. 12c Reference IREF - and switched currents ISW of 

serial filter of UPFC, fSAMP  = 25 kHz, h = ± 3 % 
 

 
Fig. 12d  Details of  reference IREF - and switched currents 

ISW of serial filter of UPFC   
 
 The simulation experiment of inductive load switch-
on and compensation of load power factor are depicted in 
Fig. 13. 
 
iNET  

 
uNET 

 
uLOAD 

 
uSAF 

 
 

Fig. 13 Time waveforms of iNET , uNET , uLOAD and 
uSAF during compensation of power factor by SAF 

 
6. Conclusion 
 
A new theory of orthogonal transform for control of 
single-phase UPFC has been used. This theory makes it 
possible to use efficient methods of analysis, as time-
sub-optimal determination of fundamental harmonic or 
average- and/or root-mean-square values. 
 The main advantage of presented theory is to use it 
forl as instantaneous active and reactive powers 
determination, and also for phase shift of load current 
estimation.  
 The later can then be effectively used for 
compensation of voltage drops and compensation of 
load power factor by single-phase UPFC quasi-
instantaneously.  
 The simulation results, given at the end of the 
paper, show the steady-state operation as well as 
transient one during inductive load connection. It can 
be clearly seen from the results that proposed method is 
suitable. 
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Appendix 
 
Calculation of compensating voltage uSAF(on)C:  
Assuming C)on(LoadNET UU =  (see figure – we get) 
 

C)on(LOADNETC)on(SAF sin.U.U ϕ2=  (9) 
 
and consequently 
 

)tsin(.Uu Cu)on(SAFC)on(SAFC)on(SAF ϕω +=  (10) 
 
where 
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ϕπ
γϕ

−
==  (11) 

 
Calculation of compensating current iSAF(on)C:  
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after integration 
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