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A Fast Positive Sequence Components Extraction Method
With Noise Immunity in Unbalanced Grids

Liwei Du , Mingxian Li, Zhen Tang, Liansong Xiong , Member, IEEE, Xun Ma, and Guoxin Tang

Abstract—Fast and accurate acquisition of voltage components is
the basic requirement for grid-tied inverters to realize various con-
trol under unbalanced grids. In view of this situation, a delay sam-
pling period filter, which rapidly separates each voltage component
by delaying two sampling periods in dq frame, is proposed in this ar-
ticle. In view of the noise interference, a delay operation period filter
(DOPF) is proposed to scale the operation period and limit the noise
to an acceptable range. The complete positive sequence components
(PSC) extraction method based on the developed DOPF+ moving
average filter (MAF) algorithm is presented, combing the advan-
tages of DOPF and MAF for eliminating the double-frequency ac
components and high-frequency noise, respectively. Finally, the
feasibility and priority of the DOPF+MAF algorithm and PSC
extraction method have been verified by the physical experimental
results.

Index Terms—Delay operation period filter (DOPF) algorithm,
noise immunity, positive sequence components (PSCs), unbalanced
grid.

I. INTRODUCTION

THE FAST and accurate acquisition of positive sequence
components (PSC) of unbalanced grid voltage is an es-

sential condition to ensure the normal operation of the grid-
connected inverter and realize various control [1], [2].

When the grid voltage is unbalanced, the dc components and
double-frequency ac components appear in dq frame. Filters
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are usually designed to filter out the double-frequency ac com-
ponents, and the pure dc components can be extracted. Most
existing ac components elimination methods are based on the
various low-pass filters, which are difficult to make an ideal
compromise between the dynamic response speed and the ac at-
tenuation ability [3]. In [4] and [5], the delay signal cancellation
(DSC) method is used to separate PSC and negative sequence
components (NSC), but it delays 1/4 grid period. In [6]–[8], cas-
caded DSC block with different time delays can eliminate several
harmonics. In [9]–[11], a comparison between DSC and moving
average filter (MAF) is made, showing that these two methods
are mathematically equivalent under certain conditions and that
MAF also has the problem of slow response. The method in [12]
adopts only one DSC module and one MAF module to eliminate
NSCs. However, the MAF introduces a time delay that equals
to the window length of MAF. In [13], the generalized DSC
algorithm is used as the prefilter of phase locked loop (PLL), and
it could extract the PSCs by delaying a line frequency period. In
[14], adaptive notch filter (ANF) is incorporated into the PLL to
eliminate the harmonic components of the required frequency
selectively. Still, the ANF cannot treat the NSCs. In [15], a dual
second-order generalized integrator (DSOGI) is used to extract
the PSCs of grid voltage. However, the DSOGI filter can hardly
filter out the low frequency components. The decoupled double
synchronous reference frame in [16] can detect both PSC and
NSC at the cost of heavy complexity and computational burden.
Besides, some innovative technologies for grid frequency esti-
mation are worthy being introduced into the PSCs extraction, in-
cluding the three consecutive samples technology in [17] and the
complex-valued least-squares framework in [18]. But unlike the
application scenario of the power system frequency estimation,
for the embedded controller based grid-tied converter system,
the corresponding algorithms shall be simple, reliable and easy
to implement, and can be completed within the switching period
of power electronics (generally at ms level).

Therefore, to further improve the response speed of the PSC
extraction, this letter proposes a delay operation period filter
(DOPF) algorithm in dq frame characterized by the fastest
response, easy implementation and strong noise immunity. Com-
paring with the classical DSC, MAF, and DSOGI schemes, the
obvious advantages of the developed DOPF+MAF algorithm
and PSC extraction method in response speed have been verified
through physical experiments.
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Fig. 1. PSCs extraction method of unbalanced grid voltage.

II. DSPF ALGORITHM

According to the symmetrical component method, the asym-
metric grid voltage can be expressed as

U = U+ +U− (1)

where, U+ and U− are PSC and NSC voltages, respectively.
To simplify the analysis process, only the NSC is taken as an

example in this paper to illustrate the impact on the sequence
components extraction in dq frame.

According to (1), PSC and NSC voltages can be rewritten as

U+ =

⎡
⎣
u+
a (t)

u+
b (t)

u+
c (t)

⎤
⎦ =

⎡
⎢⎣

U+
msin(ωt+ θ)

U+
msin (ωt− 2π/3 + θ)

U+
msin (ωt+ 2π/3 + θ)

⎤
⎥⎦ (2)

U− =

⎡
⎢⎣
u−
a (t)

u−
b (t)

u−
c (t)

⎤
⎥⎦ =

⎡
⎢⎣

U−
msin(ωt+ δ)

U−
msin (ωt+ 2π/3 + δ)

U−
msin (ωt− 2π/3 + δ)

⎤
⎥⎦ (3)

where ω is the grid frequency; ui
abc is the sequence components

of unbalanced voltages and i is either + or –; U+
m and U−

m are
amplitudes of PSC and NSC, respectively; and θ and δ are the
initial phases of PSC and NSC, respectively.

After abc/dq Transformation [11], (1) can be rewritten as
{
Ud = U+

m cos θ − U−
m cos (2ωt+ δ)

Uq = U+
m sin θ + U−

m sin (2ωt+ δ).
(4)

Therefore, when the grid voltage is unbalanced, the dc compo-
nents and double-frequency ac components appear in dq frame.
At present, the fastest DSC filter requires at least 1/4 grid
period to eliminate the ac component [4], [5]. Therefore, this
articles proposes a DSPF to eliminate the double-frequency ac
components, which can further reduce the response time.

The voltage components extraction scheme based on the
proposed DSPF algorithm is as follows. DC components and
double-frequency ac components are extracted by delaying two
sampling periods of voltage component in dq frame. The oper-
ating principle is shown in Fig. 1.

Replace t in (4) with t + Δt and t −Δt, respectively, we can
get (5), (6), and (7), (8), shown at the bottom of this page.

Solving simultaneous (5), (6), and (7), (8) as well, then the dc
components of Ud and Uq can be obtained, respectively, which
can be calculated by

U+
d = U+

m cos θ

=
Ud(t+Δt) + Ud(t−Δt)− 2Ud(t) cos (2ωΔt)

2 [1− cos (2ωΔt)]
(9)

U+
q = U+

m sin θ

=
Uq(t+Δt) + Uq(t−Δt)− 2Uq(t) cos (2ωΔt)

2 [1− cos (2ωΔt)]
.

(10)

Similarly, the double-frequency AC components can be ob-
tained by

U
[2]
d = U−

m cos (2ωt+ δ)

=
Ud (t+Δt) + Ud (t−Δt)− 2Ud (t)

2 [1− cos (2ωΔt)]
(11)

U [2]
q = U−

m sin (2ωt+ δ)

=
Uq (t+Δt) + Uq (t−Δt)− 2Uq (t)

2 [cos (2ωΔt)− 1]
. (12)

The proposed trigonometric transformation-based algorithm
is a typical open-loop detection system that does not contain the
closed-loop feedback unit and the controlled objects carrying
disturbances. Its output is bounded for every bounded input.
Therefore, according to bounded input bounded output (BIBO)
criterion [19], the DOPF algorithm is BIBO stable and its
stability is promised.

III. NOISE IMMUNITY ANALYSIS

Taking the filtering of double-frequency AC components in
Ud(t) as an example (similarly for Uq(t)), the dc components in
the kth sampling can be described as follows:

x+
d (k) =

x(k) + x(k − 2)− 2x(k − 1) cos (2ωΔt)

2 [1− cos (2ωΔt)]
. (13)

Ud(t+Δt) = Ud cos (2ωΔt) + Uq sin (2ωΔt) + U+
m cos θ [1− cos (2ωΔt)]− U+

m sin θ sin (2ωΔt) (5)

Ud(t−Δt) = Ud cos (2ωΔt)− Uq sin (2ωΔt) + U+
m cos θ [1− cos (2ωΔt)] + U+

m sin θ sin (2ωΔt) (6)

Uq(t+Δt) = Uq cos (2ωΔt)− Ud sin (2ωΔt) + U+
m sin θ [1− cos (2ωΔt)] + U+

m cos θ sin (2ωΔt) (7)

Uq(t−Δt) = Uq cos (2ωΔt) + Ud sin (2ωΔt) + U+
m sin θ [1− cos (2ωΔt)]− U+

m cos θ sin (2ωΔt) (8)
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Fig. 2. Noise amplification factor and sampling period versus scaling factor.

When considering the high-frequency random noise, (13) can
be redescribed as

x̃+
d (k) =

x̃ (k) + x̃ (k − 2)− 2x̃ (k − 1) cos (2ωΔt)

2 [1− cos (2ωΔt)]

=
[xd (k) + xn (k)] + [xd (k − 2) + xn (k − 2)]

2 [1− cos (2ωΔt)]

− [xd (k − 1) + xn (k − 1)] cos (2ωΔt)

1− cos (2ωΔt)

= x+
d (k) + xn_d (k) (14)

and

xn_d (k) =
xn(k) + xn(k − 2)− 2xn(k − 1) cos (2ωΔt)

2 [1− cos (2ωΔt)]

≤ |xn(k)|+ |xn(k − 2)|+ 2 |xn(k − 1)| cos (2ωΔt)

2 [1− cos (2ωΔt)]

≤ |xn| 1 + cos (2ωΔt)

1− cos (2ωΔt)

= |xn| cos
2 (ωΔt)

sin2 (ωΔt)
= |xn|Amax (15)

where |xn| is the maximum noise value possible; and Amax is the
noise amplification factor under the worst conditions. And

Amax =
cos2 (ωΔt)

sin2 (ωΔt)
. (16)

Apparently

lim
Δt→0

Amax = lim
Δt→0

cos2 (ωΔt)

sin2 (ωΔt)
=

1

(ωΔt)2
=

(
fs
ω

)2

. (17)

The accuracy of the proposed filtering method cannot be
reduced with the decrease of sampling frequency. Therefore,
the operation period in DSPF algorithm can be scaled to limit
the noise to an acceptable range, i.e., DOPF.

Let’s define the operation period Tc as

Tc = NΔt. (18)

In (18), N is the scaling factor of the sampling time interval.
Obviously, the response time of DOPF is the same as the op-
eration period. Replace the sampling period in DSPF by the
operation period in (18). At this point, the maximum noise
amplification factor of DOPF is

A′ =
cos2 (ωNΔt)

sin2 (ωNΔt)
. (19)

Meanwhile, it can be seen from Fig. 2 that the response time
under the worst conditions increases linearly with the increase
of N (fs = 100 kHz). The maximum noise amplification factor
decreases significantly with the increase of N. N can be com-
promised according to the random noise in practical application
scenarios, which can effectively reduce noise and ensure the
relatively fast response speed.

The theoretical range of N in the actual application scenarios
can be calculated according to detected signal-noise ratio (SNR)
indicator and the allowable SNR of the power electronic system.
According to Fig. 2, N can be specifically selected according to
the industrial application conditions.

Besides, after quickly eliminating the double-frequency ac
components in dq frame, an MAF block in series is employed
to completely filter out the remaining high-frequency random
noise [9]–[13], combing the advantages of DOPF and MAF
for eliminating the double-frequency ac components and high-
frequency noise, respectively. Therefore, the complete PSC ex-
traction method based on the presented DOPF+MAF algorithm
shown in Fig. 1 is characterized by fast response speed, easy
implantation and strong noise immunity.

IV. EXPERIMENTAL VERIFICATION

To verify the developed algorithm, TMS320F28335 DSP is
used as the core controller to realize the algorithm verification.
The unbalanced grid voltage signal is simulated by real-time
simulation platform, and the sampling frequency is 20 kHz.
The algorithm outputs, including PSCs and real-time phase, are
transferred to an oscilloscope through a D/A converter addition-
ally provided by the digital control system. In the experimental
scenario, the unbalanced grid voltage working condition occurs
suddenly, as shown in Fig. 3(a).

Besides, the operation cycle of the DOPF algorithm is 30
times the sampling period to ensure that the noise is within
the acceptable range, and the MAF with a cut-off frequency
of 670 Hz are connected in series to reduce the high-frequency
noise in dq frame. In addition, a saturation module is inserted
between DOPF and MAF blocks to reduce the overshooting
during the dynamic process.

First, the DOPF+MAF algorithm is compared with DSC,
MAF, and DSOGI algorithms, as shown in Fig. 3(b) and (c).
Experimental results show that the double-frequency ac compo-
nents on the d-axis and q-axis can be effectively eliminated by
the four algorithms. However, as shown in Fig. 4, the response
times of DOPF+MAF, DSC, MAF, and DSOGI algorithms
are quite different: 3 ms, 5 ms, 10 ms, and more than 20 ms,
respectively. Obviously, the developed algorithm possesses the
shortest response time, which is 40% and 70% shorter than
that of the DSC and MAF algorithm. Besides, the developed
algorithm is also free from the noise issues, which is critical for
engineering applications.

Two typical applications, PSC and phase detections, were
verified, as shown in Fig. 3(d) and (e), respectively. The PSCs
of unbalanced grid voltage are detected by the algorithm in
Fig. 1 and the grid phase detection is realized by the fast open-
loop phase locking scheme in [20], whose double-frequency
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Fig. 3. Experimental results.

Fig. 4. Response time of different filter algorithms.

ac components are filtered all by the developed DOPF+MAF
algorithm. The experimental results show that both applications
are well carried out and achieve the fastest response speed with
the help of the developed algorithm.

V. CONCLUSION

The proposed DOPF algorithm can completely filter out
the double-frequency ac components in dq frame quickly and
accurately. The response time of the developed algorithm is
40% and 70% shorter than that of the classical DSC and MAF
algorithm, which is vital for high-performance control of grid-
tied converters. Besides, it is also free from the noise issues,
which is of critical importance for the engineering applications.

The developed algorithm is also applicable to phase detection,
sequence components separation, power quality control, grid
fault ride through for power converter control, etc.
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