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Abstract— this paper presents the analysis and the 

simulation of a single-phase active power filter as the 

function of UPS. The system provides combined functions 

of the battery bank energy storage, power factor 

compensation, harmonic elimination and uninterruption of 

the power supply. When the utility is in normal operation, 

the system will not only supply DC power for battery 

charging, but also function as an active power filter for 

improving the power factor and reducing the current 

harmonics on the utility side. If the utility power fails, the 

proposed system will function as an inverter immediately to 

supply the battery power to the ac load. 

Key words: UPS, Active filters, battery charging, harmonic 

elimination. 

I. INTRODUCTION 

The growing number of power electronics base equipment 

has produced an important impact on the quality of electric 

power supply. Both high power industrial loads and 

domestic loads cause harmonics in the network voltage. At 

the same time, much of the equipment causing the 

disturbance is quite sensitive to deviations from the ideal 

sinusoidal line voltage. Therefore power quality problem 

may originate in the system or may be caused by the 

consumer itself. The disturbances, which normally occur in 

commercial utility supply, are – Transients, Momentary over 

or under voltage, Sustained under voltage, Generation of 

harmonics or distortion of waveforms, Electromagnetic 

interference (EMI or RFI), etc.  

For an increasing number of applications, 

conventional equipment is proving insufficient for 

mitigation of power quality problems. Harmonic distortion 

has traditionally been dealt with by the use of passive filters. 

However, the application of passive filters for harmonic 

reduction may result in parallel resonance with the network 

impedance, over compensation of reactive power at 

fundamental frequency, and poor flexibility for dynamic 

compensation of different frequency harmonic components. 

The increase severity of power quality in power 

networks has attracted the attention of power engineers to 

develop dynamic and adjustable solution to the power 

quality problems. Such equipment’s generally known as 

active power filters, is also called as active power line 

conditioners, and is able to compensate current and voltage 

harmonics, reactive power, regulate terminal voltage and 

suppress flicker. The advantage of active filtering is that it 

automatically adapts to change in the network and load 

fluctuations. They can compensate for several harmonic 

orders, and are not affected by major change in network 

characteristics, eliminating the risk of resonance between 

the filter and network impedance. Another pulse is that they 

take up very little space compared with traditional passive 

compensators. 

II. PROPOSED MODEL 

Since power-electronics techniques are widely applied to 

industrial devices, a great number of single-phase nonlinear 

loads, such as AC/DC motor drives, AC/DC power supplies 

and lighting loads etc., usually introduce harmonics into the 

utility. 

 

Fig. 1: Block Diagram of the proposed system 

They also cause poor input power factors and low 

efficiency, and result in the destruction of other equipment. 

To improve the power quality of utilities, mainly single-

phase active power filters have been used. The active power 

filters inject a compensation current into the utility to 

maintain the source current as a sine wave in phase with the 

utility voltage. Generally, diesel-engine generators are used 

as the spare power; however, they cannot be started 

immediately. This necessitates the use of an uninterruptible 

power supply (UPS) to keep the load operating until the 

utility power is recovered or the spare power takes over. 

Several researchers have focused on a system, 

which combines the function of an active power filter and a 

UPS. It combines the functions of an active power filter, 

battery-energy storage and a UPS, which together improve 

the power quality and reliability of the utility. Figure 1 

shows the block diagram of the proposed system. It is seen 

from Figure 1 that, on the utility side, a half-bridge switch-

mode rectifier is used as either an active power filter or 

inverter. The charging aid discharging of the battery bank 

are conducted by a buck boost DC chopper, When the utility 

is normal, the proposed system, which serves as an active 

power filter, calculates the current command of the rectifier 

from the load current and the required energy of the battery 

to control the source power, with improved input harmonics 

and power factor. Meanwhile, depending on the voltage 

level of the battery bank, the constant-current and constant-

voltage control methods are applied alternately to control 

the DC chopper, which sustains the battery life. When the 

utility fails, the half-bridge switch-mode rectifier will 

function quickly as an inverter to supply the power to the 

load. The DC chopper discharges the battery to keep the 

DC-link voltage at a fixed level. 
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III. POWER CIRCUIT 

The power circuit of the system is shown in Figure 2. It is 

seen from Figure 2, that the system contains two insulated-

gate bipolar-transistor (IGBT) modules. Ta+ and Ta– are the 

first pair of IGBT modules which is used in the half-bridge 

switch mode rectifier for AC/DC conversion, while Tb+ and 

Tb- are the second pair of IGBT modules which is used in 

the buck/boost DC chopper for DC/DC conversion. The DC-

link is a cascaded connection using two identical capacitors 

Ca1 and Ca2. La, Cs, Lb1 and Cb are used for attenuating high-

frequency components. FSw1 and FSw2 are fast AC switches. 

When the utility is in normal operation, FSw1 is turned on 

and FSw2 is turned off, the system functions as an active 

power filter and the battery bank is in the energy-storage 

mode. On the other hand, when the utility fails, FSw2 is 

turned on and FSw1 is turned off, and the system is in 

inverter mode, functioning as an uninterruptible power 

supply. 

 

Fig. 2: Power circuit of the proposed system 

 

Fig. 3: Single phase nonlinear load circuit 

It is noted from figure 2 that the two IGBTs which 

belong to the same module cannot be turned on 

simultaneously. For example, when Ta + is on, Ta- is off, 

and vice versa. Assume that the IGBTs are ideal switches 

with the switching functions d1 and d2. When Ta+ is on, d1 

= 1, whereas when Tb + is on, d2 = 1, this indicates that the 

proposed system can be expected to operate highly 

efficiently. To better illustrate the effect of the system in 

both the rectifier and inverter modes, a typical nonlinear 

load, such as the single-phase full-bridge rectifier shown in 

figure 3, is introduced deliberately. Besides diodes, other 

elements of figure 3 include a smoothing capacitor Co, a 

series inductor Ls and a resistance Ro which characterizes 

the DC load. 

 

Fig. 4: The Control Block diagram of the Proposed System 

IV. ACTIVE POWER FILTER MODE 

Let the utility voltage be sinusoidal, represented by 

                                   𝑉𝑠 =  𝑉𝑚 𝑠𝑖𝑛 (𝜔𝑡)                               (1) 

Also let the nonlinear load current can be expressed by 

                       𝑖𝐿 = ∑ 𝐼𝑛 𝑠𝑖𝑛(𝑛𝜔𝑡 + 𝜃𝑛)∞
𝑛=1                        (2) 

It can be subdivided into the fundamental and harmonic 

components as 

      𝑖𝐿 = 𝐼1 𝑠𝑖𝑛(𝜔𝑡 + 𝜃1) + ∑ 𝐼𝑛 𝑠𝑖𝑛(𝑛𝜔𝑡 +  𝜃𝑛)∞
𝑛=2         (3) 

Assume that iu is the unit sine wave and in-phase with the 

source voltage. 

                                     𝑖𝑢 = 𝑠𝑖𝑛 (𝜔𝑡)                                  (4) 

Using Fourier analysis, one can obtain the amplitude of the 

real component of the fundamental load current, which is in-

phase with the source voltage as 

                   𝐼𝑠𝑚1 =
2

𝑇
∫ 𝑖𝐿  𝑖𝑢

𝑇

0
𝑑𝑡 = 𝐼1 𝑐𝑜𝑠 𝜃1                        (5) 

Physically, Ism1 is the amplitude of the utility current, which 

provides the average real power for the nonlinear load. Here 

the Ism1 of equation 5 was calculated by integrating the term 

2ILIu, which was sampled, held and reset by the zero-

crossing signal of the utility voltage in every utility cycle. 

Referring to figure 2, it is seen that the utility will supply the 

real power for not only the nonlinear load but also the 

battery charging and system operation loss. In the steady 

state, the real power of the system will balance in one utility 

cycle. It can be found that if the nonlinear load is switched 

off, the system operation loss is negligible, the source 

current is a sine wave, which is in phase with the source 

voltage and with amplitude of Ism2, and the amplitude of the 

source current can be obtained as 

                                   𝐼𝑠𝑚2 = 2 𝑉𝑐𝑏 𝐼
𝑏1 

𝑉𝑚 
                                (6) 
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In addition, to ensure proper operation for the half-bridge 

switch-mode rectifier, a proportion-integral (PI) controller is 

used to keep the DC-link voltage above 2Vm Thus the 

amplitude of the source command current can be 

represented by 

     𝐼𝑠𝑚
∗  = (𝐾𝑝1 ∆𝑉𝑐𝑎 + 𝐾𝐼1  ∫ ∆𝑉𝑐𝑎  𝑑𝑡) + 𝐼𝑠𝑚1 + 𝐼𝑠𝑚2       (7) 

 

Fig. 5: Block diagram of compensation current command, 

Ia* 

The source command current can then be obtained by 

multiplying 𝐼𝑠𝑚
∗  by IL as 

                                   𝐼𝑠
∗ =  𝐼𝑠𝑚

∗  𝑠𝑖𝑛 (𝜔𝑡)                              (8) 

The active power filter compensation current 𝐼𝑎
∗  can be 

calculated by subtracting the source command current 𝐼𝑠
∗ 

from the load current IL. This yield 

                                       𝐼𝑎
∗ = 𝐼𝐿 − 𝐼𝑠

∗                                    (9) 

The control block diagram of 𝐼𝑎
∗ is shown in figure 5. 

V. INVERTER MODE 

When the utility fails, the half-bridge switch-mode rectifier 

is operated in the inverter mode. Consequently, the DC link 

capacitors can supply the power to the nonlinear load 

uninterruptedly with appropriate control of the duty ratio dl. 

To minimize the effect of the load voltage fluctuation, the 

output command voltage of the inverter will be in phase 

with the utility as power outage occurs. It can be represented 

by 

                              𝑉𝑐𝑠
∗ =  𝑉𝐿

∗ = 𝑉𝑚 𝑠𝑖𝑛 (𝜔𝑡)                       (10) 

From equation 10, one can obtain the command current of 

the filter capacitor Cs as 

                   𝐼𝑐𝑠
∗ = 𝐶𝑠 (

𝑑𝑉𝐿

𝑑𝑡
) = 𝜔𝐶𝑠 𝑉𝑚 𝑐𝑜𝑠(𝜔𝑡)               (11) 

The output voltage of the inverter will be affected by a 

change of load. Assuming that the fluctuating voltage of the 

load is Δ𝑉𝐿 = 𝑉𝐿
∗ −  𝑉𝐿  one can obtain appropriate 

compensation using a proportion-integral controller. To 

improve the transient response, the load current IL is also 

added to command current for feed forward control. This 

gives the inverter output command current 

               𝐼𝑎
∗ = 𝐼𝑐𝑠

∗ (𝐾𝑝2 ∆𝑉𝐿 + 𝐾𝐼2  ∫ ∆𝑉𝐿 𝑑𝑡) + 𝐼𝐿             (12) 

VI. BATTERY CHARGING AND DISCHARGING 

Figure 6 is the control block diagram of the battery charging 

and discharging. When the utility is normal, the DC chopper 

operates in the buck chopper mode to store the energy from 

the DC-link to the batteries. The optimum charging 

operation adopted is a two-step constant-current and 

constant-voltage charging. When the battery voltage is 

below the gassing voltage, Vblmt, constant-current charging 

is used to reduce the charging time. When the battery 

voltage approaches the gassing voltage, constant-voltage 

charging is exercised to maintain the battery capacity. Thus, 

the constant-voltage charging current command 𝐼𝑏1
∗  can be 

expressed as 

                   𝐼𝑏1
∗  = 𝐾𝑝3 ∆𝑉𝑐𝑏 + 𝐾𝐼3  ∫ ∆𝑉𝑐𝑏  𝑑𝑡                    (13) 

When the utility fails, the DC chopper operates at 

boost chopper mode and the battery discharges quickly to 

keep the DC-link voltage at the voltage command,𝑉𝑐𝑎
∗ . In the 

steady state, if the system operation loss is negligible, the 

battery discharging power will be equal to the real power of 

the nonlinear load in one utility cycle. Then, the battery 

discharging command current can be written as 

         𝐼𝑏1
∗  = −((𝐾𝑝4 ∆𝑉𝑐𝑎 + 𝐾𝐼4  ∫ ∆𝑉𝑐𝑎  𝑑𝑡) +

𝑃𝐿

𝑉𝑐𝑏
            (14) 

In equation 14, 𝑃𝐿  is the average real power of the 

load in each cycle. It can be calculated from Ism1 of equation 

5 as 

                                          𝑃𝐿 =
𝑉𝑚 

𝐼𝑠𝑚1
                                   (15) 

 

Fig. 6: Block diagram of Battery Charging and Discharging. 

VII. SIMULATION RESULTS 

 Simulation of power circuit and its Parameters 

The power circuit is shown in figure 2. The simulation 

model is shown in figure 7 and the results are shown in 

figure 8 to 21. 

 

Fig. 7: Simulation model of the power circuit. 
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To verify the performance of the system, the 

system is simulated using the PSIM software package. The 

major parameters used in simulation are as follows: 

1) AC source voltage = 110 V rms 

2) Frequency = 60 Hz 

3) DC link capacitor = 3000μF 

4) Inductor La = 4 mH 

5) Inductor Lbl = 10 mH 

6) Inductor Ls = 4 mH 

7) Battery bank voltage = 175 V 

8) Load capacitor Co = 3000 μF 

9) Load resistance = 20 Ω 

10) Switching period Ts = 100 μs 

 Simulation results of active power filter mode 

 

Fig. 8: Waveform of the source current, Is 

The waveform of the source current when only 

load circuit is simulated is shown in figure 8; figure 9 shows 

the frequency spectrum of this source current. The 

waveform of the compensation current (ia) is shown in 

figure 10; the waveform of the source current after 

compensation is shown in figure 11. 

 

Fig. 9: Spectrum of the source current, Is 

 

Fig. 10: Waveform of the compensation current, Ia 

 

Fig. 11: Waveform of the source current 

 Simulation results of inverter mode 

The simulation during the inverter mode is done in two 

cases; 

1) Case 1 – when utility supply gets cut off 

2) Case 2 – power recovery (when utility supply is 

available) 

 UPS mode Case 1 – when utility supply goes off 

Figure 12 to figure 16 shows the simulation result during 

case 1 when utility supply suddenly goes off. Figure 12 

shows waveform of source voltage, figure 13 shows 

waveform of source current, figure 14 shows waveform of 

load voltage, figure 15 shows waveform of load current. 

Figure 16 shows the combined simulation results of 

case 1 in which source voltage and source current, load 

voltage and load current are included. 

 

Fig. 12: Waveform of the source voltage (case 1) 

 

Fig. 13: Waveform of the source current (case 1) 
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Fig. 14: Waveform of the load voltage (case 1) 

 

Fig. 15: Waveform of the load current (case 1) 

 

Fig. 16: Combined simulation results (case 1) 

 UPS mode Case 2 – Power Recovery 

Figure 13 to figure 17 shows the simulation result during 

case 2 when utility supply available after some time. Figure 

13 shows waveform of source voltage, figure 14 shows 

waveform of source current, figure 15 shows waveform of 

load voltage, figure 16 shows waveform of load current. 

Figure 17 shows the combined simulation results of 

case 2 in. which source voltage and source current, load 

voltage and load current are included. 

 

Fig. 17: Waveform of the source voltage (case 2) 

 

Fig. 18: Waveform of the source current (case 2) 

 

Fig. 19: Waveform of the load voltage (case 2) 

 

Fig. 20: Waveform of the load current (case 2) 

 

Fig. 21: Combined simulation results (case 2) 

 Simulation Analysis 

The simulation results including simulation model are 

shown in figure 7 to figure 21. A single-phase full bridge 

rectifier is introduced as a non-linear load. The simulation 

model of the power circuit is shown in figure 7. The source 

current drawn by the nonlinear load is shown in figure 8. 

From figure 8 we can see that the source current is far away 

from a sinusoidal waveform and because of this a huge 

amount of current harmonics are introduced in the 
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commercial power supply which is detrimental for the other 

loads or equipment’s supplied by the same power supply. 

From the frequency spectrum of the source current, which is 

shown in figure 9, we can see that huge amount of lower 

order harmonics are present, the total harmonic distortion 

(THD) of this source current 58%, which is much higher 

than the value recommended by IEEE standard (IEEE 519-

1992). To overcome this problem an active power filter is 

connected in parallel with the load circuit, which injects a 

compensation current shown in figure 10. This 

compensation current reduces the harmonic contents in the 

utility supply. A half-bridge rectifier is used as an active 

power filter. The source current of the system is shown in 

figure 11, which is very near to sinusoidal waveform having 

almost negligible harmonics. During the inverter mode the 

half bridge rectifier functions as an inverter, it supplies 

almost sinusoidal voltage to the nonlinear load. Figure 12 –

figure 16 shows the simulation result during this mode. We 

can see from figure 17 and figure 21, when utility supply is 

not available the load voltage is almost sinusoidal having 

very low distortion. With supplying sinusoidal voltage to 

nonlinear load the system is also able to maintain the source 

current nearly a sinusoidal waveform with very low 

distortion. The results shows that the system fulfill the 

requirement regarding the harmonics recommended by the 

IEEE standard. 

VIII. CONCLUSION 

UPS systems are used to continuously feed sensitive 

technical equipment with alternating current. With the 

introduction of new standards for harmonic distortions, a 

fresh look into the topology of UPS needs to be taken. In 

this research paper a new system ‘Single Phase Active 

Power Filter with the Function of UPS’ is covered. It covers 

the function of an active power filter to decrease the 

harmonic content in the commercial power supply and a 

UPS to maintain a continuous power supply to the critical 

equipment. It also improves the power quality and reliability 

of the utility. When the utility is normal, the proposed 

system serves as an active power filter, when the utility fails 

the system serves as an UPS. 

In this paper the active power filter with the 

function UPS is analyzed. The system operates in mainly 

two parts the active power filter mode and the UPS mode. In 

the active power filter mode a half-bridge rectifier is used as 

an active power filter and a single-phase full bridge rectifier 

is used as a non-linear load. In UPS mode the half bridge 

rectifier functions as an inverter. A Buck Boost DC chopper 

is used to control the charging and discharging of the 

battery, it also helps to keep the DC link voltage at fixed 

level. The simulation results show that the system reduces 

harmonic contents in the utility power supply. The proposed 

system when widely used, can effectively improve the 

quality and reliability of the power supply. 
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