1.2 Surveys of the methods and algorithms for calculating active, reactive and distortion power in case of non-linear distortions and their fast calculation
Calculating of power delivered to nonlinear load is somewhat more complicated than if the current were sinusoidal. Due to harmonic distortion of current and/or voltage the definition of all power components (apparent, active, reactive power) have to be modified. For a single-phase system where h is the harmonic number and M is the highest harmonic, the total average power or active power is given by:
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It could be presented as a sum of components related to the fundamental and other harmonics:
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where P1 denotes fundamental active power that is contribution of the fundamental harmonic (h=1), while PH comprises the sum of all higher components (h=2,…M) and is referred to as harmonic active power.

According to Budeanu [1] the total reactive power in a nonlinear condition is defined as:
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(1.2.3)
where, similarly to (1.2.2), Q1 and QH denote fundamental reactive power and harmonic reactive power, respectively.  
The usefulness of QB for quantifying the flow of harmonic nonactive power has been questioned by many authors [1] (Czarnecki, Lyon [2]). However, according to [3], the “postulates of Czarnecki have not won universal recognition”. Field measurements and simulations (Pretorius, van Wyk, and Swart [2]) proved that in many situations QH < 0, leading to cases where QB < Q1. The reactive power, despite its negative value, contributes to the line losses in the same way as the positive reactive powers. As harmonic reactive powers of different orders oscillate with different frequencies, one can conclude that the reactive powers should not be added arithmetically (as recommended by Budeanu) [2]. Thereafter IEEE Std 1459-2010 suggests the reactive power to be calculated as:
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(1.2.4)
Equation (1.2.4) eliminates the situation where the value of the total reactive power Q is less than the value of the fundamental component Q1. The other definitions for reactive power are:

 Fryze’s  reactive power. 
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and Sharon’s reactive power: 
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 (1.2.6) 

The proposed definitions for reactive power calculation are verified using an original MATLAB script. We considered six cases with different types of loads connected to the grid. Namely they are:  
a) Fluorescent lamp (FL)

b) EcoBulb Compact Fluorescent Lamp (ECFL)

c) Phillips Compact Fluorescent Lamp (PCFL)

d) 6-pulse 3-phase diode rectifier dc power supply (3-DR))

e) 6-pulse switched-mode power supply (SMPS)

f) 6-pulse PWM controlled variable speed drive (PWM VSD)

Table 1.2.1 summarizes the current waveform spectra for every aforementioned load up to the 19th harmonic. Each harmonic of the current is specified in terms of magnitude/phase angle, which are taken from, [4], [5]. Magnitudes are given in percentage relative to the fundamental harmonic of current, and phase angle relative to the fundamental harmonic of voltage. Figure 1.2.1.a illustrates currents of FL, ECFL and PCFL. Figure 1.2.1.b presents waveforms of currents through 3-DR, 6-SMPS, and PWM VSD
TABLE 1.2.1 Percentage of harmonics in currents spectra for different type of loads 

	Harmonic

order
	FL
	EcoBulb

CFL
	Philips

CFL
	3-DR
	SMPS
	PWM VSD

	1
	100/-41.2˚
	100/18˚
	100/32˚
	100/-11.8˚
	100/-12˚
	100/0˚

	3
	20/273.4˚
	11.8/-151˚
	86.4/-107˚
	0/0˚
	81/135˚
	9/60˚

	5
	10.7/339˚
	25.9/21˚
	60.2/124˚
	72.3/-241.2˚
	61/-70˚
	70/70˚

	7
	2.1/137.7˚
	12.9/-128˚
	34.3/7˚
	51.5/-88.3˚
	37/ 83˚
	60/-150˚

	9
	1.4/263.2˚
	15.3/40˚
	21.7/-82˚
	0/0˚
	16/-115˚
	6/30˚

	11
	0.9/39.8˚
	9.41/ -101˚
	22.4/ -176˚
	16/ 15.7˚
	2.4/170˚
	30/-80˚

	13
	0.6/182.4˚
	8.24/58˚
	21.7/74˚
	9/-235.1˚
	6.3/-50˚
	20/-40˚

	15
	0.5/287˚
	5.88/-68˚
	17.8/-34˚
	0/0˚
	7.9/110˚
	3/-170˚

	17
	
	2.35/71˚
	15/-134˚
	7.5/-171.5˚
	
	15/70˚

	19
	
	3.53/-28˚
	14.3/15˚
	5.4/-41.9˚
	
	9/60˚
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a)                                                                       b)

Figure 1.2.1. Current waveforms for a) Fluorescent lamps: FL, ECFL and PCFL b) Rectifiers: 3-DR, SMPS and PWM VSD 

In order to simulate a realistic case the grid model was supplied with sine-wave voltage slightly distorted within allowed 3% THD. Namely, the fundamental component of voltage (50Hz and 230V RMS) is polluted with 3% of the third harmonic, relatively to magnitude of the fundamental. This is the maximum value allowed by the standard IEEE Std. 519-1995 (it will be discussed later). Table 1.2.2 summarizes the results obtained using (1.22)-(1.26).
TABLE 1.2.2 Simulation results of different reactive power definition for different types of loads
	
	FL
	EcoBulb

CFL
	Philips

CFL
	3-DR
	SMPS
	PWM VSD

	Q1[VAR]
	15.15
	-6.04
	-10.06
	470.34
	478.20
	0.00

	QH[VAR]
	0.14
	0.03
	0.47
	0.00
	-39.52
	-5.38

	QB[VAR]
	15.29
	-6.01
	-9.58
	470.34
	438.68
	-5.38

	QIEEE[VAR]
	15.15
	6.04
	10.07
	470.34
	479.83
	5.38

	QF[VAR]
	16.04
	9.66
	25.04
	2149.81
	2602.17
	2327.69

	QSH[VAR]
	8.14
	15.71
	17.25
	1975.96
	1879.96
	1799.39


One can easily conclude that Fryze’s and Sharon’s for reactive power are not appropriate. They give artificially greater value that differs a lot from fundamental reactive power. 
This is especially obvious for 3-DR, SMPS i PWM VSD. Therefore the definitions (1.2.5) and (1.2.6) will be ignored hereinafter. 
By definition [3] the apparent power is calculated as a product of RMS values of voltage and current. In presents of harmonics this means:
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If one calculates active and reactive powers acording to (1.2.1) and (1.2.3) or (1.2.4) and compares them with U, obtained with (1.27) he gets inequality: 
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Referring to the well known relation that is valued for sine-wave condition where U2=P2+Q2, it is clear that the difference is caused by harmonics. Following the logic about relation between active reactive and apparent power, Budeanu introduced the term distortion power in 1927 [1] and suggested a new expression for U:  :



[image: image11.wmf]2

2

2

2

D

Q

P

U

+

+

=

,
(1.2.9)

where D is the distortion power. The essence of this revision is the fact that in the absence of harmonics, D=0 and U2=P2+Q2. Therefore, this definition becomes the special case of (1.2.9).

According to (1.2.9) the distortion power can be expressed as:
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Substituting the equivalent expression for active, reactive and apparent power (1.2.1), (1.2.3), (1.2.7) in equation (1.2.10), one gets:
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In case of linear resistive loads (eg. heater, incandescent light) the current follows voltage waveform and has the same harmonics. Therefore the ratio between voltage and current is the same for all harmonics:
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 (1.2.12)
where h is the order of harmonics (h=1, ..., M). The condition (1.2.12) can be rewritten in the form Vn*Ik = Vk*In, where n≠k represent different harmonics. Resistive character of the load results with zero phase angle cosθn=cosθk=1. Therefore, all addenda in (10) will be equal to zero and, consequently, DB=0. 

In case of linear reactive loads at the grid (eg. induction motor), the load impedances at different harmonics are not equal (Z1≠ Z3≠ …≠ Zh ). Therefore, the condition (1.2.12) is not satisfied and DB≠ 0.

In presents of non-linear load, the condition (1.2.12 ) is not true. Namely, the current of non-linear load consists of harmonics, which do not exist in the voltage. These harmonics do not affect the active (1.2.1) and reactive (1.2.3) power. They contribute to the RMS value of the current and consequently, to the apparent power U and to the distortion power DB. Fig. 1.2.2 shows geometrical relationship between active P, reactive Q, phasor S, distortion DB and apparent power U, in monophase system with harmonic pollution.
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 Figure 1.2.2. Geometrical representation of relationship between active, reactive, phasor, distortion and apparent power
Obviously, Fig. 1.2.2 express the fact that in pure sinusoidal condition, the distortion power will be equal to zero, and apparent power U will be equal to phasor power S. It is important to stress that the influence of harmonics to the active and reactive power is relatively small and do not exceed 3% [1]  (PH/P<0.03, QH/Q<0.03). The main contribution of harmonic components is related to the distortion power.
According to (1.2.3)-(1.2.6), there are different definitions for Q in accordance with (1.2.10) that imply different values for D. After analysis of results in Table 1.2.2, definitions (1.2.5) and (1.2.6) are excluded. Nevertheless (1.2.3) and (1.2.4) left. Moreover, it may sense to replace Q in (1.2.10) with the fundamental reactive power Q1. Our goal is to research which one is more accurate and what are amounts of discrepancies between them for real nonlinear loads. Therefore, we performed a set of simulations to inspect influence of different definitions for reactive power. We considered nonlinear loads from Table 1.2.1 and two linear loads (incandescent lighting bulb ILB, and heater). Distortion powers corresponding to Q1, QB, and QIEEE are denoted as D1, DB, DIEEE, respectively in Table 1.2.3. 
 TABLE 1.2.3 Simulation results of power quantities for different types of loads
	
	ILB
	Heater
	FL
	EcoBulb

CFL
	Philips

CFL
	3-DR
	SMPS
	PWM VSD

	IRMS [A]
	0.44
	10.00
	0.10
	0.09
	0.13
	13.53
	14.84
	14.23

	VRMS [V]
	230.10
	230.10
	230.10
	230.10
	230.10
	230.10
	230.10
	230.10

	P1 [W]
	100.05
	2300.00
	17.31
	18.59
	16.09
	2251.39
	2249.74
	2300.00

	PH [W]
	0.09
	2.07
	0.01
	-0.06
	-0.14
	0.00
	-39.52
	3.11

	P [W]
	100.14
	2302.07
	17.31
	18.53
	15.95
	2251.39
	2210.22
	2303.11

	Q1 [VAR]
	0.00
	0.00
	15.15
	-6.04
	-10.06
	470.34
	478.20
	0.00

	QH [VAR]
	0.00
	0.00
	0.14
	0.03
	0.47
	0.00
	-39.52
	-5.38

	QB [VAR]
	0.00
	0.00
	15.29
	-6.01
	-9.58
	470.34
	438.68
	-5.38

	QIEEE [VAR]
	0.00
	0.00
	15.15
	6.04
	10.07
	470.34
	479.83
	5.38

	U [VA]
	100.14
	2302.07
	23.60
	20.90
	29.69
	3112.95
	3414.14
	3274.51

	THDV [%]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	THDI [%]
	3.00
	3.00
	22.85
	37.68
	120.23
	91.12
	109.61
	101.25

	DB [VAR]
	0.00
	0.00
	4.86
	7.57
	23.13
	2097.72
	2564.92
	2327.68

	DIEEE [VAR]
	0.00
	0.00
	5.28
	7.54
	22.93
	2097.72
	2557.55
	2327.68

	D1 [VAR]
	0.00
	0.00
	5.28
	7.54
	22.93
	2097.72
	2557.85
	2327.69

	DI  [VAR]
	3.00
	69.00
	5.26
	7.37
	22.81
	2095.65
	2520.99
	2328.69


Apart from quantities which we have already mentioned Table 1.2.3 contains three additional quantities. Those are THDV, THDI representing total harmonic distortion of voltage and current waveforms, respectively and current distortion power, denoted as DI. According to [3], DI is a product of THDI  and fundamental apparent power U1. As before, it is supposed that the voltage is polluted THDV=3%. 
As expected, for both linear resistive loads, the active power is equal to the apparent power, P=U. Therefore, the distortion power calculated using (1.2.10), equals zero independently on the definition for calculating reactive power Q, because Q=0. However, DI, gives quite inaccurate results for linear resistive loads because the nonlinearities of the current are caused entirely by nonlinear voltage supply. 
For nonlinear loads, all four methods for defining D offer comparable results. For all nonlinear loads there exist both active and reactive components. The waveforms of currents and calculated THDI clearly indicate the level of nonlinearity for each load. The obtained results confirm that measured D is proportional to both THDI and the value of apparent power.
The obtained negative Q1 indicates the capacitive character of two examples with CFL lights (Eco Bulb and Phillips).
Two characteristic examples are (3-DR) with PH=0 and QH=0 and PWM controlled variable-speed drive (PWM VSD) where Q1=0, deserve additional consideration: 

In case of 3-DR all three definitions for D resulted with the same value. Actually, there is no 3rd harmonic in current. Therefore, 
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PWM in the sixth example characterizes the absence of the fundamental component of reactive power. Therefore DB=DIEEE(D1. Larger QH implies greater difference between DB=DIEEE and D1.  
The results summarized in Table 1.2.3 show that distortion power, which is not registered by modern power meters, is not small. Moreover, it often exceeds the amount of reactive power and in some cases it is close to the active power (3-DR). A drastic example are Philips CFL, SMPS and PWM VSD in which the value of distortion power is greater than active power. This is especially important when we have larger loads (SMPS and PWM VSD, above 2kW). Of course, we should not neglect small CFL customers because their total number in the network is very large.
Considering the number of modern devices, which are characterized by great nonlinearity, it is obvious that the power distributors have the great losses because they do not register and consequently, do not charge this energy.  
In order to realize the extents of these losses more clearly Table 1.2.4 shows the ratio between non registered distortion power and registered apparent power for some non-linear loads. The value of power distortion is up to 78% of apparent power as Table 1.2.4 illustrates.
The second important conclusion, which comes from Table 1.2.3 and Table 1.2.4 is that the difference between values obtained for D, caused by using different definition for Q, are practically negligible. It is true that they are introducing a systematic error, but from the point of the power distributors, it can be compensated. Namely, if a customer overpays for the consumed reactive power, Q, he will pay less for the distortion power D.
TABLE 1.2.4 Distortion relative to apparent power for different types of loads
	
	Incandescent

lighting
	Heater
	FL
	EcoBulb

CFL
	Philips

CFL
	3p DR
	SMPS
	PWM VSD

	DB/U [%]
	0.00
	0.00
	20.59
	36.22
	77.91
	67.39
	75.13
	71.08

	DIEEE/U [%]
	0.00
	0.00
	22.37
	36.08
	77.23
	67.39
	74.91
	71.08

	D1/U [%]
	0.00
	0.00
	22.37
	36.08
	77.23
	67.39
	74.92
	71.09

	DI /U [%]
	3.00
	3.00
	22.29
	35.26
	76.83
	67.32
	73.84
	71.12


The previous analysis shows that, from the point of power distributors and customer, it is sufficient to register and charged active and non-active power. Non-linear power comprises both Q and D. However, the analysis which follows will prove that it is very important to know the nature of power loss. 
The constant growth of the number and types of nonlinear loads aggravates the problems caused by harmonics. This enforced almost every country to implement standard that restricts the allowed amount for each harmonic. The two best known and widely used standards in this area are the IEEE 519-1995 and IEC/EN61000-3-2.
IEEE 519-1995 standard is focused on two main issues: 
· the utility is responsible to produce good quality voltage sine waves;

· the customers is responsible to limit the harmonic currents at the point of common coupling (PCC). 
On the other hand, the main concern of IEC power quality standards is the compatibility of end-user equipment with the utility’s electrical supply system.

TABLE 1.2.5 Voltage Harmonic Distortion Limits according to IEEE Std. 519-1995
	Bus Voltage at PCC
	Individual Voltage Distortion
	Total Voltage Distortion(THD)

	69 kV and below
	%3.0
	%5

	69.001 kV through 161 kV
	%1.5
	%2.5

	161.001 kV and above
	%1.0
	%1.5


Table 1.2.5 shows the allowed limits of distortion power supply voltage according to IEEE 519-1995. This standard obliges the utility and customer of electrical energy. According to the standard, the utility is alowed to provide distorted voltage to the end user up to THDV≤5%.

Standard IEEE 519-1995 recognizes the main source of harmonic pollution at the end-user side. Therefore, it prescribes limits for distortion of current at the point of common coupling (PCC). It defines harmonic limits on the utility side based on the total harmonic distortion (THD) index, and on the end-user side as total distortion demand (TDD) index, as Table 1.2.6 shows. 
TABLE 1.2.6 Current Distortion Limits for General Distribution System from IEEE Std. 519-1995

	Maximum Harmonic Current Distortion in Percent of IL

	Individual Harmonic Order (Odd Harmonics)

	Isc/IL
	h <11
	11<h<17
	17<h<23
	23<h<35
	35<h
	TDD

	<20
	4.0
	2.0
	1.5
	0.6
	0.3
	5

	20<50
	7.0
	3.5
	2.5
	1.0
	0.5
	8

	50<100
	10.0
	4.5
	4.0
	1.5
	0.7
	12

	100<1000
	12.0
	5.5
	5.0
	2.0
	1.0
	15

	>1000
	15.0
	7.0
	6.0
	2.5
	1.4
	20

	· Even harmonics are limited to 25% of the odd harmonic limits above

	· Current distortion that result in a DC offset, e.g., half-wave converters, are not allowed

	Where

ISC: maximum short-circuit current at PCC

IL: maximum demand load-current(fundamental frequency component) at the PCC

TDD: Total distortion demand
h: Harmonic number


Total demand distortion (TDD) is based on the maximum demand load current (fundamental frequency component) and is a measure of the total harmonic current distortion at the PCC for all connected loads. TDD is not proposed to be the limit for any individual load within a distribution system. It is calculated as:
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Where IL is the RMS value of fundamental demand load current, and Ih is the RMS value of harmonic current of h order.

The standard IEC/EN61000-3-2 that entered into force in the European Union is the most important for us. It specifies the limits for the allowed non-linear distortion of the input current up to the fortieth harmonic. The standard applies to the distortion produced by electronic and electrical appliances in households. This includes consumers up to 16A per phase supplied with voltage up to 415 V. Practically, it comprises wide group of electrical device from welding apparatus to consumer electronics. This standard does not cover the equipment which has a nominal operating voltage less than 240 V. This standard categorizes equipments into four classes as Table 1.2.7 shows.
IEC/EN61000-3-2 classified all devices in four categories (class), referred as A, B, C, and D. Type of the equipment and in some situation the waveform of current defines particular category in which some device belongs. Table 1.2.7 specifies the limits for each class of equipment.
 TABLE 1.2.7 Harmonic Current emission limits from IEC 61000-3-2 Std. 
	Class A Equipment
	Class B Equipment

	Harmonics 
order (h)
	Maximum permissible harmonic current (A)
	Harmonics 
order (h)
	Maximum permissible harmonic current (A)

	Odd Harmonics
	Odd Harmonics

	3
	2.33
	3
	3.5

	5
	1.44
	5
	2.1667

	7
	0.77
	7
	1.1667

	9
	0.4
	9
	0.6

	11
	0.33
	11
	0.5

	13
	0.21
	13
	0.315

	15<h<39
	0.15 x15/h
	15<h<39
	0.225 x 15/h

	Even harmonics
	Even harmonics

	2
	1.08
	2
	1.62

	4
	0.43
	4
	0.645

	6
	0.3
	6
	0.45

	8<h<40
	0.23 x8/h
	8<h<40
	0.345 x8/h

	
	
	
	


	Class C Equipment
	Class D Equipment

	Harmonics order (h)
	Maximum permissible harmonic

current expressed as a percent of

the input current at the

fundamental frequency
	Harmonics order (h)
	Maximum permissible harmonic current per watt (mA/W)
	Maximum

permissible

harmonic current

(A)

	2
	%2
	3
	3.4
	2.33

	3
	%30 x PF
	5
	1.9
	1.44

	5
	%10
	7
	1.0
	0.77

	7
	%7
	9
	0.5
	0.4

	9
	%5
	11
	0.35
	0.33

	11<h<39
	%3
	13<h<39
	3.85/h
	0.21 x 13/h

	· Where PF: the circuit power factor
	
	


IEC 61000-3-2 std. specifies limits for harmonics current emission of an equipment independantly on the system they are connected to. All manufactured devices, before they go to the market have to be checked if satisfy the standard. This is very important because of the large number of nonlinear loads connected to the systems.
It is very important for the distributor to have an insight into the quality of the connected load. Only in that case it would be in position to financially punish or to disconnect consumers who enter high reactive and non-linear distortion in the network. On the other hand, the consumer should have access to the quality of energy supplied to him. The most natural way to meet the needs of both sides is to measure the parameters of the network at the point of common coupling (PCC) for each customer. In the current power systems PCC is place where power meters are installed. In fact, this means that the possibility of electronic power meters should be enhanced with the option of measuring, and recording consumed not only active but reactive and distortion energy, as well. The importance of this approach is growing in line with the development of the smart grid concept with many small power producers widespread across the network. The concept assumes that small investors, even households, are encouraged to install small power generators that would satisfy part of own energy needs, with the ability to sell the excess energy produced to the utility. Therefore, it is expected that everybody choose the way how to generate energy selected according to their own capabilities (photovoltaic panels, wind generators, mini / micro hydro power plants, etc.). Consequently, each household can be consumers or deliver of energy. This increases the risk of the network pollution not only with connected loads but with the non-linear generators, as well.
The presented concept emphasizes the importance of registering consumed/delivered all components of energy (active, reactive, and distortion) at the level of electronic meters. Therefore it is very important to enhance the power-meters with option to measure and register the effect of distortion.
There are two approaches for quantifying distortion at grid. One is based on measurement of harmonic levels in voltage and current. Practically it relays on spectral analysis of the voltage and current. The alternative approach is to calculate the distortion power using (1.2.10). Both approaches can be integrated in modern power meters.
Modern power meters are based on sampling instantaneous value of voltage and current for each phase. These values are used for calculation RMS values of voltage and current. Thereafter (1.2.7) provides the apparent power while, (1.2.1), (1.2.3) and (1.2.10) results with active, reactive and distortion power. The lawful standard in Republic of Serbia does not requires from electronic meters to register apparent power and reactive power is registered only for industrial customers. However, most integrated power-meters already have incorporated dedicated Digital Signal Processing (DSP) block that calculates at least RMS values of voltage and current, P and Q of each phase. Some advanced versions even have embedded microprocessor units (MPU) that are able to manipulate with data obtained from DSP. Some other solutions of electronic power meters use external MPU. Redistribution of tasks that are performed in the DSP block and microprocessor provides flexibility in the development of electronic power meters.
The described concept of electronic power meters allows implementation of both methods for the distortion power metering. The method based on measurements of harmonics (up to 40-th) voltages and currents requires complicated computation. It requires the use some algorithm for harmonic analysis of periodic signals to provide insight into the value of each harmonic. Its advantage is that allows compensation of specific harmonics or all [6]. Therefore it is reasonable that it applies at the level substation.
The other, based on direct implementation of (1.2.10) takes maximum advantage of already available data on the apparent, active and reactive power. Therefore, it requires minimal changes to the DSP and can be easily implemented into existing power meters. Moreover, in certain types of meter which register U, P and Q, the calculation of D requires only a small modification of the software. The provided results (as Table 1.2.3 verifies) are sufficient to determine the quantity of the distortion power at PCC. Therefore the utility is able to identify and locate all customers that cause distortion above allowed limits. The introduction of appropriate billing rates will discourage such users. In extreme cases, the utility could exclude them from the grid. Low cost of implementation with sufficient information qualifies this approach to be built into a standard power meter.
Direct application of (1.2.10) for the billing requires the introduction of certain corrections. Namely, linear reactive load supplied with polluted voltage will result with some value of distortion power. However, if the distortion of the voltage is in the limit of 5%, this power will not be greater than 5%. In addition, the utility should not charge the distortional energy of loads whose harmonics are within the allow limits by standard. So it makes sense to define the allowed threshold value for D. It should be recorded according to the apparent power. One way is to define the threshold as the Dp:
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where DB and U represents Budeanu’s distortion power and apparent power, and denotes a constant which should  defined (by the standard or the utility). 
1.2.2. Hardware realization of circuit for calculating the distortion power

The expression for power distortion calculation (1.2.10) relies on quantities that are inherent part of every contemporary integrated power meters. Therefore it is very suitable for implementation in upgraded versions of existing power meters. There are few foundries that produce solid-state power meters. All of them declare abilities of metering P, Q and S that is based on sampled instances of voltage and current. Thereafter true RMS values are calculated, multiplied and active and reactive power are calculated and integrated in order to obtain energy. The authors of this report propose a hardware implementation circuit for calculation power distortion. Bearing in mind the expenses of redesign we suggest an upgrade that could be easily fitted into an existing dedicated DSP. Hence our idea is to simplify hardware requirements and utilize as much of own, already tested IP structures as possible. 

Fig. 1.2.3 represents a block diagram of the proposed hardware solution. It is based on MAC architecture. The multiplier (squaring block) 
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. Eventually the square root block calculates D. The FSM block manages data transfer. 
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Figure 1.2.3. Block diagram of circuit for calculating the distortion power  

This upgrade is available as predesigned structure in VHDL and Verilog languages and as layout designed in standard cell approach using CMOS library AMIS 0.35um CO35M-A 5M/2P/HR. Fig. 1.2.4  depicts the generated layout.
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Figure 1.2.4. Layout of circuit

The described block occupies 4164 gates. For the specified technology that is equivalent of 0.32 mm2.
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