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Asynchronous sampling errors  
– Harmonics
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Asynchronous sampling leads to non-periodic waveformAsynchronous sampling leads to non-periodic waveform

Fourier transform assumes periodicity Fourier transform assumes periodicity  leads to spectral leakage leads to spectral leakage

Spectrum of asynchronously sampled waveform consisting of onlySpectrum of asynchronously sampled waveform consisting of only
fundamental and 3fundamental and 3rdrd and 5 and 5thth harmonic harmonic

Test signals – railway power line

Railway 1Railway 1 Railway 2Railway 2

Railway 3Railway 3

-1.5

-1

-0.5

0

0.5

1

1.5

0 500 1000 1500 2000

Time (samples)

N
o

rm
al

is
ed

 V
o

lt
ag

e

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

N
o

rm
al

is
ed

 C
u

rr
en

t

Voltage
Current

-1.5

-1

-0.5

0

0.5

1

1.5

0 100 200 300 400 500

Time (samples)

N
o

rm
al

is
ed

 V
o

lt
ag

e

-1.5

-1

-0.5

0

0.5

1

1.5

N
o

rm
al

is
ed

 C
u

rr
en

t

Voltage
Current

-1.5

-1

-0.5

0

0.5

1

1.5

0 100 200 300 400 500

Time (samples)

N
o

rm
al

is
ed

 V
o

lt
ag

e

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

N
o

rm
al

is
ed

 C
u

rr
en

t

Voltage
Current

Test signals – laboratory equipment
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-1.11E-06-1.32E-06-3.85E-03-5.01E-06-1.08E-06Railway 2

1.42E-06-9.92E-07-4.50E-04-1.66E-06-1.08E-06Railway 3

9.28E-041.01E-03-5.28E-036.96E-046.10E-04Railway 1

1.42E-066.02E-074.00E-03-2.28E-071.57E-07Calibrator

-1.44E-06-6.95E-071.13E-05-7.12E-07-1.40E-06Solder

9.58E-071.36E-061.78E-043.14E-073.56E-07Fume
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Test 
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1 D-SPS/HBF is a prototype algorithm, still under development

Results –  
Real signals – 
Differences  
between current 
and voltage 
waveforms

Frequency errors – Simulated 
power quality problems – Max 
of 2000 simulations

Noise performanceNoise performance HarmonicsHarmonics
40 harmonics, random phase, random 
frequency ∈ 50±2 Hz, 78 dB noise

(5000 simulations) Single tone, 
random phase, frequency = 51.2 Hz
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10000 samples / record
Ts = 20 μs
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Fluctuating harmonicFluctuating harmonic Interharmonic Interharmonic (5000 simulations)(5000 simulations)
10 harmonics, random phase, random frequency ∈
50±2 Hz, variable fluctuating harmonic order, 10 % 
modulation depth, 50 % amplitude, 78 dB noise

10 harmonics, random phase, random 
frequency ∈ 50±2 Hz, fluctuating interharmonic 
random frequency ∈ 75±500 Hz, 78 dB noise
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FlickerFlicker Dips and swellsDips and swells
10 harmonics, random phase, random frequency 
∈ 50±2 Hz, at test points from IEC 61000-4-15, 
Table 5, random flicker phase, 78 dB noise

10 harmonics, random phase, random 
frequency ∈ 50±2 Hz, random duration, 
78 dB noise
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Conclusion
A powerful suite of existing and new asynchronous sampling 
correction algorithms has been developed and tested for 
a range of power quality phenomena. The algorithms will 
shortly be ready for use in a power quality measurement 
system capable of on-site measurements in a variety of 
demanding conditions.
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Introduction
Sampling based power quality measurements in the 
laboratory are usually performed using a clock signal that 
can be readily synchronized to the signal under analysis. 
However in some circumstances synchronization to the 
frequency of the signal under analysis is not possible. Under 
these conditions, some means of correcting for the lack of 
synchronization is required for the accurate measurement of 
power quality parameters.

When making power quality measurements on the electricity 
supply network, this problem is further exacerbated by 
factors such as noise and interference and fluctuations in 
amplitude, phase and frequency. Under these conditions 
correction algorithms and synchronization techniques may 
not perform well.

The intention of the presented work is to compare several 
approaches for correcting for errors in measurements of 
harmonics caused by asynchronous sampling of typical 
mains-borne waveforms. The tested algorithms were selected 
as examples of techniques which employ different principles 
of operation and are suited to different power quality events 
and measurement conditions.

The five different techniques are applied to a number of real 
sampled signals and simulated signals. These signals are 
intended to represent those that are likely to be encountered 
in power quality measurements on the electricity supply 
network. The algorithms’ ability to recover the frequency and 
harmonic amplitudes and phases were assessed for these 
waveforms with varying levels of noise and amplitude, phase 
and frequency fluctuation.

Correction algorithms
• Many algorithms are available

• �5 tested under realistic conditions and common power 
quality problems

• �Phase Sensitive Frequency Estimation with interpolated 
phase (PSFEi) [1], [2]

• Time Domain Interpolation and Scanning (TDIS) [3]

• �Dynamic Segmented Phase Shift/Harmonic Best Fit (D-SPS/
HBF) – Under development

• 4 Parameter Sine Fit (4PSF) [4]

• Quinn Estimator [5]

Correction algorithms –  
Strengths and weaknesses
The algorithms have varying strengths and weaknesses 
and can be selected for use depending on conditions and 
application.

Three new algorithms were developed for the project:

• �The PSFEi has excellent all round performance and 
computational efficiency and works best under high  
noise levels.

• �The TDIS algorithm is a generic correction technique, 
and is not limited to recovering only frequency domain 
information. The time domain interpolation can be 
combined with the frequency estimation of any of the  
other algorithms to correct any band-limited waveform.

• �The D-SPS/HBF algorithm is still under development and 
requires only half a cycle to obtain a frequency estimate and 
so is best suited to short term events such as short duration 
dips and swells.

Two existing algorithms were also tested:

• �The 4PSF is a standard method, a benchmark against which 
all algorithms can be judged.

• �The Quinn estimator is extremely efficient and less  
sensitive to phase variations and phase noise. However,  
it requires a relatively large number of cycles to show its 
best performance.

Test waveforms – Simulated power  
quality events
• Noise performance

• Steady state harmonics

• Fluctuating harmonics

• Interharmonics

• Flicker

• Dips and Swells

Frequency errors – Simulated power  
quality problems – Max of 2000 simulations  

10000 samples / record 
Ts = 20 μs
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