
CHAPTER 2 

METHODOLOGY 

The project basically focus on five main topics viz (1) acquisition of voltage and 

current signals of a power appliance, (2) analysis of the acquired signals, (3) 

determination of the appropriate filter (4) simulation to implement active power filter, 

(5) validation of the acquired circuit parameters. 

2.1. Acquisition of voltage and current signals of the power appliance 

Accuracy in acquiring voltage and current signals is the major factor that determines 

the research outcome as well as the value of the results. Type of load, properties of 

the data acquisition card and auxiliary hardware circuit has to be compatible for 

proper and efficient functioning of the system. 

2.1.1. Sample load 

Extremely high frequency components are not usually present in computer power 

suppliers since they are supported with passive low pass filters (Annex_1). 

According to the preliminary studies made on computer power supply the 

approximate current wave form maintain a high peak to rms ratio (or crest factor). 

Use of Rectifiers (to convert AC to DC voltage) is a known cause to produce such 

observations. 
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Power rating of computer power supply utilized as the sample load was 400 W. 

However since the power demand of a computer is determined by several factors, 

including weather different components such as cooling fans, optical drivers, hard 

disk drives and processor are activated or not, on average the power demand of the 

sample load was around 150 W (without monitor). Once the data is acquired at a 

particular instant, it was assumed that the power is constant for the period of 

operation. However for better performance data acquisition at regular intervals is 

needed. 

2.1.2. Data acquisition card 

The National Instruments USB-6008 multifunction data acquisition (DAQ) module 

(Annex_2) was used to acquire data from the sample load viz. the computer power 

supply. MATLAB software facilitates data communication with the Nl USB-6008. 

USB-6008 is supported in Data Acquisition Toolbox 2.8 (MATLAB R2006a) or newer. 

There were eight analog input channels of which the input resolution was 12 bit and 

the maximum sampling rate was up to 10 kS/s. The input impedance was 144 KQ. 

The input range and the relevant level of accuracy are given in the table 1. 

Table 2.1: The input range and the relevant level of accuracy. 

Input range (V) ±20 ±10 ±5 ±2 ±1 

Accuracy (mV) 14.7 7.75 4.28 2.21 1.53 

Details of the National Instruments USB 6008 DAQ card can be obtained online via 

http://sine.ni.eom/nips/cds/view/p/lanq/en/nid/14604. 
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2.1.3. Hardware circuit 

The circuit diagram of the hardware circuit that was utilized to obtain the voltage and 

current signal of the sample load is given below. 
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Figure 2.1: Hardware circuit to obtain voltage and current signals 

Procedure to acquire the current signal: Current signal was acquired using a 

series resistor. This configuration causes voltage reduction across the sample load. 

Therefore for higher accuracy the voltage across the resistor was maintained at 

minimum, approximately 0.2 - 0.3 V rms. 

Procedure to acquire the voltage signal: In order to obtain the voltage signal a 

potential divider technique was incorporated to the circuit such that the 

arrangement satisfy the following conditions (1) to limit power consumption at a 
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minimum; (2) to limit peak value of the voltage wave around 1 -2 V. Application of the 

above conditions enables the voltage signal to be acquired within the same range 

where the current signal falls. The same further minimizes power losses. 

Protective measures: Thermal fuses, 2.0 A fuse in the load path and a 0.15 A fuse 

in the potential divider path of the circuit, were used as over current protectors. 

An additional resister in parallel configuration was used as a protective measurement 

against open circuit faults when measuring voltage across a resister. 

Similarly two resisters in series were used as the non measuring resister of potential 

divider to prevent failures due to short circuiting of the particular resister. 

Maximum measuring limits were kept substantially lower than the maximum limits of 

the input range in order to minimize damages to the data acquisition card due to high 

voltage. 

2.1.4. Acquisition of voltage and current signals using MATLAB 

The device and two of the channels within were configured to obtain current and 

voltage signals by specific MATLAB commands. 

Sampling rate was set to a value of 5000 samples per second, which is half of the 

maximum sampling rate available. The sample rate was determined such that the 

data bulk does not overload the data acquisition card. By selecting the sample rate 

as 5000 samples per second, the system can identify up to 50th harmonic which is 

adequate for general applications. 

12 



The device was triggered by using the voltage signal. Data acquisition was triggered 

at zero and at the rising crossings of the voltage signal. Data was acquired 

throughout a single complete power cycle at a time. 

2.1.5. MATLAB Data acquisition tool box 

Data Acquisition Toolbox provides a complete set of tools for analog input, analog 

output, and digital I/O from a variety of PC-compatible data acquisition hardware. 

The toolbox permits to configure external hardware devices, read data into MATLAB 

and Simulink environments for immediate analysis, and send out data [11], 

Figure 2.2: Schematic representation of the data acquisition using MATLAB 

MATLAB Data acquisition tool box version 2.8 or above is required to communicate 

with Nl USB 6008. DAQ tool box 2.8 or above is available at MATLAB R14SP3+ or 

later versions. 

MATLAB commands used for data acquisition are illustrated on the following figure 

(Figure 2.3). Commands are described by bold letters. 
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a i = a n a l o g i n p u t ( ' n i d a q ' , ' D e v i 1 ) ; % Configure an National 
Instruments DAQ input Object 

V o l t a g e = a d d c h a n n e l ( a i , 1 ) ; % Add channel of input 
object 

C u r r e n t = a d d c h a n n e l ( a i , 0 ) ; 

ai.SampleRate = 5000; % Set sampling rate 
ai.SamplesPerTrigger =0.02*5000; % Set number of samples 

per one trigger 

set(ai, 'TriggerType', 1 software'); % software trigger is 
used 

set(ai, 'TriggerRepeat', 0); % Execute the trigger 
once when the trigger condition is 
met. 

set (ai, 'TriggerCondition','rising') ; % The trigger occurs 
when the signal has a positive 
slope when passing through the 
specified value 

set(ai, 'TriggerConditionValue' , 0) ; % set specified value 
for TriggerCondition 

set(ai, 'TimeOut', 2); % Specify the waiting 
time to complete a read or write 
operation 

set(ai,'TriggerChannel',ai.Channel(1)) % Specify channel 
serving as trigger source 

start(ai); % To start ai 

[d,t] = getdata(ai); % To acquire data for 

under conditions 

stop(ai); % To stop ai 

Figure 2.3: MATLAB commands used for data acquisition 
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2.1. Analysis of acquired signals using MATLAB 

The acquired voltage and current signals was analyzed subsequently in order to 

obtain parameters of the wave forms including instantaneous values, root mean 

square (rms) values, active power, effective power factor, total harmonic distortion 

(THD), harmonic spectrum, percentage harmonics, and distortion factor. Low 

magnitude higher order harmonics were shed for convenience in data analysis. 

Instantaneous values of voltage and current 

Instantaneous voltage was determined by multiplying the acquired voltage signal by 

a factor of 194. Factor 194 arises from the ratio of resistors of the potential divider. 

The instantaneous current values were obtained by dividing the voltage across the 

series resistor, by which the current signal is determined, by the resistance of the 

same. The resistance value is 0.3. 

RMS values of voltage and current 

Root mean square (rms) value of voltage (Vrms) and current (Irms) signals were 

calculated by the square roots of the average sum of square values of the sample 

points. 

rms value = V(Sum of square of instantaneous values/No of samples) 

Active power 

Active power (P) was obtained by integrating the product of instantaneous voltage 

and current values for a complete power cycle using following relationship. 

t+T 

Active Power (P) = J (V(t). I(t))dt 
t 

Where t indicated time, T was the period of the wave, and V(t) and l(t) were 

instantaneous voltage and current values 
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Effective power factor 

Effective power factor was calculated by dividing the active power calculated as 

above by both Vrms and Irms. 

, . , „ . . . Active power(P) 
Effective power factor ((b) = — 

Vrms x Irms 

Total harmonic distortion (THD) 

Magnitudes of harmonics were acquired by fast Fourier transform of instantaneous 

signals. The harmonic magnitudes were then used to calculate THD as follows. 

Total harmonic distortion(THD) = 
A22 + A2+A2 + - + A5, 

Where AN is the amplitude of N harmonic component. 

Harmonic spectrum and percentage harmonics 

Harmonic magnitudes obtained by fast Fourier transformation were used to obtain 

harmonic spectrum and the percentage harmonic magnitudes. 

Distortion factor 

Distortion factor was calculated using the following relationship. 

1 
Distortion factor = 

V l + THD2 

All MATLAB commands used for waveform analysis are illustrated in the following figure 
(Figure 2.6). 
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%Instantaneous voltage and current 

V = 19 4 * d(:,1); I = d(:,2)/30; 

%Calculating tirue power. 

P = trapz(t,V.*I)/T; 

%Calculating RMS values. 

Vrms = sqrt(sum(V.A2)/(N-l)); Irms = sqrt(sum(I.A2)/(N-l)); 

%Calculating effective power factor. 

EPF = P/(Vrms*Irms); 

%Calculating FFT of current signal. 

X = f f t ( I ' ) ; Ampl i tudes = [X(l)/N, 2*abs(X(2:N))/N]; 

%Error correction 

K= floor(N/2); Amplitudes = Amplitudes(1:K); 

%Calculating Total Harmonic Distortion. 

THD = sqrt(Amplitudes(3:K)*(Amplitudes(3:K))')/Amplitudes(2) 

%Calculating Distortion Factor 

DF = (1+THDA2)A(-0.5); 

%Calculating Precentage Harmonic Levels. 

H_Percent = 100*Amp l i t udes /Amp l i t udes (2 ) ; 

%Shedding Negligable Percentages. 

k = K; 

while H_Percent(k)<2 

if H_Percent(k)<2 

H_Percent = H_Percent(1:k-1); 

end; 

k=k-l; 

end; 

Figure 2.4: MATLAB commands used for waveform analysis 
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2-3. Determination of the appropriate filter current 

Load current was obtained directly using the data acquisition card as described in 

section 2.1.1.The ideal sinusoidal total current was determined using the following 

equation. 

P = VI cos <fi » Equation--1 

Where; P = active power, V = rms voltage, I = rms current and cos 4> = power factor. 

P and V were obtained as described in section 2.1.4. In order to keep the ideal 

current in the same phase with the voltage, power factor was considered as unity. 

Then, 

T _ P 
1 — » Equation--2 

The total current obtained from the utility for the whole system, consisting of the 

sample load (computer power supply) and the filter, is equal to the sum of load 

current and the filter current as the filter is configured in parallel with the load. 

Therefore filter current is equal to the subtraction of actual load current from the ideal 

sinusoidal total current. 
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2.4. 

UNIVERSITY 0irMORATUWA,SRllANKA 
NiGHATUWA 

Simulation to implement active power filter 

Once the appropriate current was determined as described above, a circuit was 

constructed in simulation, by which the correct current waveform could be generated. 

2.4.1 Circuit arrangement of the simulation 

Filter current was implemented by switching an inductor using four insulated gate 

bipolar transistors (IGBT) arranged in H bridge configuration. A charged capacitor 

was employed to provide the appropriate voltage to the inductor and thereby the 

required current was obtained. To charge the capacitor a step up transformer with a 

full bridge rectifier convertor was used. The simulation circuit is given in Figure 2.5. 

S1-S4 are IGBT switches. 

Figure 2.5: Circuit diagram of the parallel active filter 

The simulation circuit was implemented using MATLAB Simulink software tool. 
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As the sampling rate available in the Nl USB 6008 data acquisition card was not 

sufficient for precise implementation of the simulation, the number of sample points 

was increased by generating additional sample points using the MATLAB software. 

For-loop technique was made use of assuming linearity between two adjacent 

sample points for the purpose (Annex_3). 

Current signal and voltage signal acquired from Data Acquisition Card was saved as 

"V" and "I" in MATLAB workspace. As described in section 2.3, filter current was 

determined and saved in MATLAB workspace as "Fil_current". Subsequently the 

acquired load current was saved as "Load_current" in MATLAB workspace, for 

convenience in identification. 

The current signal need to be obtained by switching circuit (ir) was determined by 

subtracting capacitor charging current from the filter current. Deference between the 

current described above (ir) and the actual current through the inductor was fed to 

the switching signal generator via a PI controller. Subsequently the signals 

generated by the switching signal generator were fed to IGBTs. 

The total current of the system was obtained by adding acquired load current, 

charging circuit current and current through the inductor. 

2.4.2 Simulation to obtain circuit parameters of the active filter 

THD was used as the measure of harmonic content. Hence, the optimal circuit 

parameters of the active filter were obtained by minimizing THD. 

The capacitance of the capacitor need to be sufficient in order to deliver the 

appropriate electrical charge to the system. Yet, installing a large capacitor is not 
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feasible because of physical size of it and the cost. A capacitor with the capacity of 

200 pF was used in the simulation. 

Inductance of the switching inductor, voltage of the step up transformer and the 

switching frequency of the system were worked out by simulation. However, THD of 

the simulation circuit varies with all three factors mentioned above i.e. (1) inductance 

of the Inductor, (2) output voltage of the step up transformer, (3) switching frequency 

of IGBTs. The simulation program was highly complex since all three factors were to 

be optimized simultaneously. Therefore, the first parameter was optimized while the 

other two were kept under minimum sensitivity. Once one of the parameters was 

optimized as above the next was optimized for the optimum value of the first 

parameter. 

Determination of the inductance of the switching inductor: Application of the 

appropriate inductance is essential as in a given voltage; large inductance has less 

potential to remove higher order harmonics. On the other hand the wave signals 

tend to deviate more from the reference wave when the inductance was small. 

A range of inductance values starting from 10 mH up to 100 mH in intervals of 10 

mH were studied under four different' combinations of two different switching 

frequencies viz. (1) 50 kHz, (2) 100 kHz, and transformer voltages viz. (1) 300V and 

(2) 400 V. The resulting waveforms and Total harmonic distortions (THDs) were 

observed. 

Physical parameters (size) of the inductor were important as when Inductors of high 

inductance were bulky and hence not suitable for low power applications as the one 
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being studied. Therefore Inductors of inductance higher than 100 mH was not 

considered in the simulation. 

• 

Voltage of the step up transformer: The appropriate inductance was identified as 

50mH. Higher voltages increase handling difficulties, insulation requirements and 

require equipments with high rated voltage. In contrast low voltages were incapable 

to supply the required filter current. Therefore four different transformer voltages; 

250 V, 300 V, 350 V, 400 V were studied at three switching frequencies 20 kHz, 50 

kHz, 100 kHz. The resulting waveforms and THD were observed. 

Switching frequency of the system: As described above the proper inductance 

and Transformer voltage were identified as 50 mH and 350 V respectively. The 

waveforms and THDs were studied at a range of switching frequencies starting from 

5 kHz up to 200 kHz at 50 mH inductance and 350V step up transformer voltage. 

Even though high switching frequencies were considered in the simulation such is 

extremely difficult to achieve in practical applications. 

2.5. Validation of the acquired circuit parameters 

At the best possible inductance of 50mH, transformer voltage of 350V, and switching 

frequency of 100 kHz which were chosen by the simulation, the behavior of the 

active power filter was studied under different (1) load variations (50% to 200%) and 

(2) system voltage variations (90% to 110%). 

Total harmonic distortion and the current wave form were observed. 
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