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Abstract: A simple approach to the zero crossing technique for theqaarpf frequency determination of power signal is presented
The Fourier algorithm is used for digital filtering in orderextract the cosine and sine parts of the fundamental freyusomponent.
Then, the zero crossing technique is applied to the cosirstnercomponents of the signal. The derived algorithm is Idgeel in a
PC-based signal analyzing platform for its implementatiime computer is equiped with the DAQ device and LabVIEW prog As

the acquired signal was stored in the databank of the prqograrn crossing algorithm is implemented to determine thguency of
the power signal. A burst sinusoidal signal with its highrhanic is stimulated by the signal generator to evaluate ¢heracy for this
developed system. This experiment can approve that theczessing algorithm is an effective method for the freqyesstimation.

Keywords: Zero-Crossing Fourier Algorithm, DAQ, LabVIEW

1 Introduction Reliable frequency measurement is prerequisite for

. , effective power control, load shedding, loas restoration
The frequency of a power network is an important onq system protection. Therefore, there is a need for fast
opertional parameter for the safety, stability andgng accurate estimation of the frequency of the power

efficiency of the power system. As the nonlinear deVice,Snetwork using voltage waveform which may be corruped
loaded in the power system increase, the harmomoOy noise and harmonics components.

phenomena of the power signal is increased and resulted L
in the unbalance between the power systems. These A few methods for the frequency determination have

effects also introduce the frequency shift and make the?€€n proposed in the past fw decades. The discrete
damage on the power systeth2,3]. Due to the current Eouner transformatlon, least error squares and Kalman
advanced technological  applications, livelihood filter are known signal processing technqugs, used for the
equipments are ever increasing. And humans have th&€guency measuremen$,p,7,8,9]. The bilinear form
convenience of living life. Those electrical equipment &PProach 10] seems to be a very efficient method for
will also relatively increase the electricity consumption POth small frequency deviation and offnominal frequency
and make the frequency changes, because of changes gstimation. An adqtlve algorithm for frequency measuring
load characteristics of the design and supply systdijns [ ©Ver & wide range is suggested by Moore etld] [

In power system operation, the frequency is to explain  In this paper, a very simple algorithm with acceptable
whether the electricity supply and demand balanceaccuracy is derived. The Fourier algorithm is used as
Security and economy are very important indices fordigital filter to extract cosine and sine parts of the
system reliability. When the frequency is lower than the fundamental frequency component, and the zero crossing
nominal value, it means the system is in overloadtechnique is applied to cosine and sine parts of the signal
conditions; if the frequency is higher than the reductionfor frquency estimation.. The original signal may be
value, indicating an oversupply of generating capacity. Bycorrupted by noise and then the higher harmonic
observing the frequency change, one can clearlycomponents. Nonrecursive Fourier algorithm is well
understand operation conditions of a power systemknown from the signal processing theory and it is used to
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provide cosine and sine component of the fundamentaénd sin componentg\(t) and B(t) can be calculated as
harmonic of the signal with high accuracy. The algorithm the following relation:
we derived is very simple and requires abridged resources

for implementation. Alt) = 2 Vi COS $1) 3)
mn:l
m
2 The Proposed Fourier Method B(t) = % Vpsin(¢n) (4)
n=1
A measured signai(t) (arbitary voltage or current), shown whereq — %la _ 21
S =
in Fig. 1, could be expressed as If data window sweeps along the measured signal,
formula @) and @) could gives a grup of points
v(t) =V cogwt + @) +R(t) (1) corresponding to the periodic time functiodgt) and

B(t) . The cosine and sine omponensfs,and B , are
periodic functions of time. If the frequency of
fundamental harmonic of signal is equal to assumed

0.3- fundamental frequency of Fourier series (
Ts.m=Ta=T = } ), thenA(t) andB(t) are ortogonal
30 periodic functions of frequency . If Ta # T , functions
A(t) andB(t) are not pure sine and cosine waves but the
2 0.0 frequency of their fundamental harmonicfis
%
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Fig. 1: Signal with its 3th and 5th harmonic and white noise
components.
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Wherev is magnitude of the fundamental harmonic, ™=~
w = 2nf is angular frequency of the fundamental ™%  os» ok ods o o oz odie  ode
harmonic, f is fundamental harmonic frequency, is s
phase_ of the fundament_al harmorfit) is S|gnngl Wh',Ch Fig. 2: The distored signal of the fundamenttal signal with 3th
contains higher harmomqs and zero mean white noise.  5n4 5th harmonic components.

If the exact value otv is unknown and assumed ag
, Va ( discrete Fourier series parameter) can be estimated

using discrete Fourier series (DFS) as the folowing:

Figure. @ shows a fundamental signal with a
frequency of 60 Hz, which contains 100% of the first,
e . ATy AL B 40% of the third, 30% of the fifth harmonic and its cosine
)—anlvnsm( m ] =A+] componentA(t) . For a practical application of formula
B ) (3), the auxiliary. vectors of cosine, sine and si_gnal
wherevZ = A2 + B2 | ¢, -assumed angular frequency S@mples are required. The length of all the vectorsiis
in Fourier series (In formula2j gives exact value of ~ The cosine and sine vectors are shown as
only for wy, = w), m-munber of samples in assume period
of the first harmonic of the processing signal,— n -th 2 T
sample of the signal, anty = 20 , cos= _[cogy),coq2y),...co8(m—1)y), 1" (5)
Assumed signal is sampled at frequency
f(s) = T—”; = Tis , WhereTs is sampling period. It means
that the assumed frequency of the discrete ourier series is  gjn — E[sin(w),sin(zq,r), .sin((m=1)¢),1T  (6)
defined by the sampling period and number of samples in m
the assumed period of the fundamental harmonic. For the  The vector of signal samples is
frequency estimation it is enough to observe the cosine,
sine or both components of the original signal. The cosine SAMS = [V1VoV3V4Vs. . . . .. vn]T (7

wWaTa n
m

<

2 m
>~ [ vpcos(
m nZl
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By using the auxiliary vectors COS and SIN, the
alculation in @) and @) requires only multiplication and
addition, without calculation of trigonometric functions
and without division. After the acquisition of a new
samplevpey , it is necessary to reorder the vector SAMs
asvi = Vp,Vo = Vg,...,Vq = Vhaw - Therefore,the moving &1 ¢
data window and samples of the processed signal are
considered as scalars. For each data window the =
corresponding points of the cosin@) and sine (B)
components are calculated according to relati®nafpd —=/ &
(4).

Previous developed algorithm has some limitations.

When the sampling frequendy is not exactly an integer

multiple of the fundamental frequendy, the period of Fig. 3: The diagram for Zero-Crossing Algorithm.
cosine and sine coponensandB , also do not contain

integer number of sampkes. For high sampling frequency

the error off andfa(= f—nﬁ) is small. But for low sampling
frequency, the error will be great. Therefore it is nessary
to apply the zero crossing algorithm to modify the
sampling numbem to be ineger, where is number of
samples in assuming peridd = £ .

— 02

Assuming there ark sampling points in a full period
of a periodical signal, the estimated frequency for the
signal is derived by

1
f= o (11)
3 Zero-Crossing Algorithm
For the practical application, we do not really let the
. ) ) . frequency of the measured signal as the integer multiples
Zero-crossing Algorithms1Z] is the most direct method  of the sampling frequency and resulting in a non-integral
of frequency detection. Zero-crossing algorithm .

calculation method is simple, fast execution, without | ot us observe the first posive sampieand the last
mathematical formulas complex operations. For asampleyy in the concerned period.

periodic signal, the time slot between two zero-crossing : :
points is half a period of the signal. The time unit between The complete period of the sine component should
X X . expressed as

two zero-crossing points is calculated and countdown
converted into the actual frequency of the sigri, 14].
The algorithm of the estimation process is described as Ta=KTs+ &+ =NTs=NA6O (12)
follows:

For the sine component of a power signal, shown in ~ WhereTs=46..

Figure. @), it could be described by the sinusoidal wave  In the zero crossing area cosine function can be
function as presented by linear function and thiecan be derived as

the following equations

y(t) = Asin(wt) (8) &% & 5 &

whereA is amplitude,w = 2mf is angular frequency A6 AB
and f is frequency. When the signal is expressed in
discrete mode, and lét= KTs , formular @) is expressed

as

Where &, = 6y is the angle difference of the zero
point between the first sampling point in the period,
03 = 2im— 6¢ is the angle difference of the zero point
) between the last sampling point in the period, and

y(k) = Asin(wKTs) (99 A6 =T, is the angle difference between two adjacent

) ] sampling points, which is interpreted as the sampling
_According to the sampling theorem, the angle period Ts(= fs) . All samples between 0 andr2which
difference [12,13,14,15] between any continuous points correspond to one period are equaNo- k-+ % i % .

is calculated Summation ofd, 4+ 83 , from the same period can be
different from one sampling periods . Therefore, the
AB = wTs=2mfTs (10) number of samples of one whole period of the sine
components can be a fraction. After this modification, the
whereTs is sampling time interval. algorithm becomes much more accurate.
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Similar triangle theory16] can be applied on Figure. maximun and the secnd maximun value in the data bank.

3, and formula 12) can be simplified as (2) Then, we could find out the first minimun value in the
data bank and store the subsequekits@mples for the
ke 1ol n |V (14y  Subsequentprocess.
Yol +1y—1] |yl + [k+1] (3) Therefore, we could have the cenkesamples, whicn

means thek!" sample to the(2k + 1)!" sample, as the

% _ _ Iwl % I : A
where(sﬁé2 = \YOH?Y*l\ gnd 5ia ‘ykmkkﬂ‘ . ' observe. sine data shown in Figurg, wtlhere thek”f
Then the accurate estimation for the acquired signasample is loacated & ; and the(2k + 1)™ sample is
frequency is loacated aby, 1 .
(4) Finally, thed, and &3 can be determined and th¢
1 value and frequency/ were obtained.
fl= N (15)
s

4 Experiment and Discussions

Related settings for arbiteary LabVIEW ( NI Instruments Co.,11500 N Mopac Expwy
Waveform generator Austin, TX 78759-3504) is implemented to integrated
* instruments such as oscilloscope, digital meter, funefion
Extract the output generator, data acquisition (DAQ) device, etc to establish
rignl b g a PC-based instrumentation system for measurement and
* computation.
Digital filtcring and Figure.5is the schematic diagram for signal frequency
data bklfferiﬂs J determination and the experimental set-up was shown in
Figure.6.

Find the samples for one period

Control arbitrary waveform generator to
Extract two-period samples output signal with GPIB

I |

A
Find the samples Yo, ¥-1, ¥is Yicrl \Q;Tf;zgn Data Acquisition | LabVIEW environment
in Fig3 Gcn:ralor Card S %
l (HP 33120A) (DAQ)
s Iyl yi Iyl ) ) . . . .
S Tl el T el Tyl Fig. 5: Schematic diagram for signal frequency determination.

Obtain the estimated
freguency

Fig. 4: Program flow chart for frequency determination.

The program flow chart for the frequency
determination is shown in Figurd. Once the signal was
acquired from the arvitrary function gerator, it was
proceed with the fourier algorithm to filter out its high
order harmonic and white noise to extract the sine
component. The data matrix of sine component was
stored in the memory the computer. Then the zero
crossing agoritm was .|mplemented to determine the Fig. 6: The experimental set-up for frequency determination.
actual frequency of the sine component.

The deatil was described as the following:

(1) Assuming much more than 3 cycles of sine data was
processied in the program, thevalue in equation 12 The simulated power signal is a 4-cycle signal which
was obtained by determining the number between firsitontains a fundamental signal with a frequency of 59.8 Hz,
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, 40% of the third and 30% of the fifth harmonic and white 4.0+
noise with 1% deviation. 3.0-
The signal was generated by HP 33120A arbitrary 2.0+
functional generator, which is instrumented through 1.0-
GPIB. Then the simulated signal was acquired through 2 00-
DAQ (NI USB-6009) and then stored in file. By using the :2 1.0-
Labview application software, the zero-crossing program £ 20-
(Figure. 7) was developed to determine the signal a-
frequency. '4'0_
"o 002 004 006 008
Time
Fig. 9: Sine component extract from the signal acquired by DAQ.

5.0

2.0

2 00

Fig. 7: LabVIEW program for zero-crossing algorithm. g -2.07

'S-O_' 1

In our experiment, the DAQ sampling frequendy) 2 i
is set at 15.308k Hz, and the signal acquired by the DAQ Number of samples
is shown in Figure8. The sine component was shown in ) ! _ .
Figure.9 after the digital filtering procedure. Due to the Fig. 10: 3-cycle Sine component extract from Figuée.
fourier series transformation, the signal shows transient
phenomena and it depent on the sampling points and the
filter characteristic. The sine component with exact 3
cycles (Figure.10) was captured from Figure9 to As the sampling points was about 128 points for one
Engaged in the zero-crossing determination.. Thes period. The experiment results are shown in T&fend
calculated by Triple the points between two maximunthe error derivations were calculated and shown in Table
peaks of the signal as described above. 2. The experiment results approve the performance of

zero crossing algorithm and the measurement accuracy is

maintained.

Table 1. Experiment Results

7.5-
6.0- Simulated Calculated Calculated Calculated Calculated
10- Frequency. Frequency Frequency Frequency Frequency
(Hz) First Second  Third Fourth
2.0~ meas.(Hz) meas.(Hz) meas.(Hz) meas.(Hz)
2 007 58 57.9623 58.0992 58.0967 58.0906
2 20- 59 59.0373 59.0291 59.018 59.0406
g 40- 60 60.0068 60 59.9753 59.9865
e 61 60.9795 60.9772 60.964 60.9646
-7.7'| [ 1 [ 1 1 1
0 200 400 600 800 1000 1200
Number of samples.
Fig. 8 Signal acquired by DAQ. 5 Conclusions

A simple approach to the zero crossing technique for the
purpose of frequency determination of power signal is
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Table 2: Experiment Results (derivation) [5]M. S. Sachdev and M. Nagpal, "A recursive least
Simulated Calculated Calculated Calculated Calculated error squares a|gorithm for power System re|aying and
Frequency. Frequency Frequency Frequency Frequency measurement applications”, IEEE Trans.Power Delivéry,
(Hz) First Second  Third Fourth 1008-1015 (1991).

meas.(Hz) meas.(Hz) meas.(Hz) meas.(Hz)  [6] M. uri, . urii, An Algorithm for Off-Nominal Frequency
58 0.065 0.171034 0.166724 0.156207 Measurements in Electric Power Systems, Electroffics]-
59 0.0632203 0.049322 0.030508 0.068814 14 (2003).
60 0.0113333 0 0.041167 0.0225 [7] A. Girgis and W. Peterson, "Adaptive estimation of power
61 0.0336066 0.037377 0.059016 0.058033 system frequency deviation and its rate of change for

calculating sudden power system overloads”, IEEE Trans.
Power Deliveryb, 585-594 (1990).

[8]1. Kamwa and R. Grondin, "Fast adaptive scheme for
presented. This approach demostrates a simple and tracking voltage phasor and local system frequency in power
powerful algorithm of an aceptable accuracy for freqency traqsmission and distribution systems”, IEEE Trans. Power
measurement. The Fourier algorithm is used for digital _ Delivery,7, 789-795 (1992). _
filtering in order to extract the cosine and sine parts of thel® V. Eckhardt, P. Hippe, and G. Hosemann, "Dynamic
fundamental frequency component. Then, the zero measuring of frequency ”and frequency oscﬂlaﬂpns in
crossing technique is applied to the cosine or sine Multiphase power systems”, IEEE Trans. Power Delivyy,
components of the signal. The derived algorithm is 109;'105 (1989). d P S eV N digital sianal
developed in a PC-based signal analyzing platform for itst*% M- e_zunolw ?‘2 o fpaSOjede new digital - signa
implementation. The computer is equiped with the DAQ processing algorithms for frequency deviation measuréen

. DO IEEE Trans. Power Delivery, 1563-1573 (1992).
device and LabVIEW program. Verification of the 11]P. J. Moore, R. D. Carranza, and A. T. Johns, "A new

proposed algorithm has been carried out by performing ,;meric technique for high-speed evaluation of power syste
the computer simulations, and then the laboratory frequency”, Proc. Inst. Elect. Engi4l, 529-536 (1994).
experiment. As the acquired signal was stored in the12) A 1. Abu-El-Haija, "Fast and Accurate Measurement of
databank of the program, zero crossing algorithm is  power System Frequency,” Proc. of IMTC/20@)941-946
implemented to determine the frequency of the power (2000).

signal. A burst fundamental sinusoidal signal with its high [13] J. J. Clark, " Authenticating edges produced by zero-
order harmonic is stimulated by the signal generator to crossing algorithms,” IEEE Trans. on Pattern Analysis and
evaluate the accuracy for this developed system. This Machine Intelligencell, 43-57 (1989).

experiment can approve that the zero-crossing algorithnj14] O. Vainio, S. J.Ovaska, " Authenticating edges produce
is an effective method for the frequency estimation. The by zero-crossing algorithms,” IEEE Trans. on Industrial
results of the experiments confirmed that the algorithm  Electronics 12, 58-62 (1995).

could be a useful application for power system protection [15] A. I. Abu-El-Haija and M. M. Al-lbrahim, "Improving
Performance of Digital Sinusoidal Oscillators by means of

Error-Feedback Circuits,” IEEE Trans. on Circuits Syst.,
CAS-33, 373-380 (1986).
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