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A novel single-phase digital phase-locked loop based on DFT considering frequency variation

DU Jiawei, YANG Peng, SHI Wangwang
(School of Hydraulic, Energy and Power Engineering, Yangzhou University, Yangzhou 225127, China)

Abstract: When the grid frequency is varied, the traditional single-phase Phase-locked Loop (PLL) using DFT becomes
dissatisfactory. To solve the problems an approach is proposed where ellipse fitting algorithm is incorporated a
single-phase Digital Phase-locked Loop (DPLL) based on DFT considering frequency variation. Recursive least square
method with forgetting factor is adopted to fit and identify the ellipse parameters, and sine and cosine signals are
generated and output by phase-locked loop, then a DPLL on the basis of two-phase orthogonal voltage vector for
single-phase digital phase-locked loop is implemented. The influence of parameter variations of the grid voltage including

frequency fluctuation, phase mutation and harmonic injection is simulated by MATLAB. Finally, the experimental results

verify that the approach is feasible and has better steady-state performance and dynamic characteristics.
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Fig. 1 Amplitude-frequency characteristic curves of DFT
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Fig. 2 Block diagram of DPLL based on ellipse fitting
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Fig. 3 Simulation result for traditional DPLL based on DFT
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Fig. 4 Simulation waveform for frequency mutation
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Fig. 6 Simulation waveform for phase mutation of grid voltage

4.3 EWABEERIEREINTE

AE A N AR A R s OB s A S5 £
30%01) 3 Ui, XEEIH TR, iR AR
7 B vl DA i FAEBUWIIAM I A 3K T DFT

L, R R I BCRIERR, DI, RS

AT B BAA BT, S RBL T ATy

E Sk
1

T T T T T T T T T
ej

EU

710 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

& 2
>
=
==t : : : -
i) _n 1 1 1 1 1 1 1 1 1
0 002 0.04 006 0.08 0.10 0.12 0.14 0.16 0.18 020
T T
l_. e
0
71-. - : “ :
%0 0.02 004 0.06 0.08 0.10 0.12 0.14 0.16 0.18 020

t/s
7 EMBERH IR ERR
Fig. 7 Simulation waveform under the condition of

grid voltage harmonics
5 SLINIGIE

kT I IE R IR A A A I A ST BRI B
FEHIRCR, AT T SRR, S RS R
FH25E TI A 7 TMS320F28335DSP i 1, 1%
Y HF 32 AR B, TR,

FIFH R EAS 5 R A28 E 9 RGN )
FEIEATSEER:, SEIP B WE 8. K 9. K 10 iR,
Hodr, K9 Myf N A IESZ I, H R AR

1.0 :
—_ € :
E 05H
>
wvy
9‘ 0- 4
= i i ? i
e 5 5 : z :
s . : . : . .
0 002 004 006 008 010 012 014
t/s
8 LWLER
Fig. 8 Experimental results
1.5
—_ €o
£ 105y
> 05
B!
S 0
= .2
2 0T\
2 -1op WAV VMV NN U
1567002 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

t/s
9 IESZK FRESIRRERTAYSRIN LR
Fig. 9 Experimental results for frequency mutation of

sine wave voltage



AR, A5

2 FEARAZAC I HE T DFT SPAREC AR G UL 5 72

-89 -

HLIE/V(0.5V/KR)

70 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
t/s

10 7T ESRR R TR R
Fig. 10 Experimental results for frequency mutation

of square wave voltage

50 Hz 5378 4 70 Hz I FISEEHETE . B 10 A
FE 7, HUEAR B 50 Hz 58484 70 Hz 1)
LI IE . SIS RR I A SCHE H BT PR REXE
— AR B E SN A S AL, BN
JEALE] T RUFIIERAA, FF6BL /B F) 45
Ho MHRRISEBRAGIE I T AT 0 7724 3%
o

6 it

ARSCHR T —Blopr R ATEC A BN k. %
JiiEFET DFT 5035, IR A e s D1 (3 4 f )
CIRETATMIRA A SH, ST R TR IE
ALV SR AR AR B B A . 2V R
& F NS DFT SRR R, RN ERR
P A5 B P AT IEAZ WS IR B AT A ™ A% A 22
90°, AfEAEHR 2 AE P R ) L T2
L IEAZUENG,  BAHIAANSE HL AR SR S s M A
300 SR SRAFUE R B S S, SEI TR
TUBUAH o S0 ELMISEEG:, ) Fi A H s AR )
FARLFEAR LL AR BT NS5 2 B Ak (R 52wl 1 T
Flo GIRERW], ACERMIINEVI AR, Bt
B R A B i ahi R, JCHAE T R
NN AR R
&% 3k
(1] FWRK, AR, PVEREE. 1) SC R AR (o 2

B AR I A2 S R GE BRI IA []. TR B AR M K 27 22 41,

2013, 44(3): 305-309.

ZHOU Xianfei, YANG Rengang, SUN Qinfei. A new

PLL structure of single-phase inverter based on

second-order  generalized Journal of
Shenyang Agricultural University, 2013, 44(4): 305-3009.
[2] GARDNER R M. Phase-lock techniques[M]. New York:

John Wiley, 1979.

integrator[J].

[3]

(4]

(5]

(6]

(7]

(8]

[9]

(10]

ARRUDA L N, SILVA S M, FILHO B J C. PLL
structures for utility connected systems[C] // Proceedings
IEEE-PESC, 2001, 4: 2655-2660.

e, M, EREE. — Mo e B AR
o FHL TR 253R, 2003, 23(2): 37-41.

PANG Hao, ZU Yunxiao, WANG Zanji. A new design of
all digital phase-locked loop[J]. Proceedings of the
CSEE, 2003, 23(2): 37-41.

BOCA, JufE Ty, Refd, A% LT DFT SAR) sAidr
BRI, A HETHIR, 2011, 45(4): 79-81

ZHAO Wencai, FAN Shengfang, XIONG lJian, et al.
Single-phase digital phase-locked loop based on DFT[J].
Power Electronics, 2011, 45(4): 79-81.

sKaf, WA, W, 55 JL T DSP [¥) DFT S AHEC T8
ARSI S S N (3] W HER, 2011, 45(7):
83-85.

ZHANG Jing, HONG Lei, XIE Chuan, et al. Design and
application of digital PLL with DFT algorithm based on
DSP[J]. Power Electronics, 2011, 45(7): 83-85.

HRHIE, 1R, XL, W &BM DFT BRI
KW JTVED] B RGE R 5, 2011, 39(13):
78-82.

YU Yilin, XU Yonghai, LIU Xiaobo. Study of harmonic
current detection based on sliding-window iterative
algorithm of DFT[J]. Power System Protection and
Control, 2011, 39(13): 78-82.

FEZE%E, BhEAR, IMAIZR, A5, 1A R o m S g
FRERTEAHRE R0 A R A FDUHER[]. B THER
2317, 2008, 23(8): 121-125.

REN Biying, ZHONG Yanru, SUN Xiangdong, et al. A
digital phase-locked loop based on the linear
phase-shifted control implemented by a finite impulse
response filter for a single-phase power system[J].
Transactions of China Electrotechnical Society, 2008,
23(8): 121-125.

RN RGBS HAE TS 5 IR M. dEst
HUBRMY Rk, 2002.

WIERE, HIEW, Mo, JET dg AR = ARBRAT B
AR ETI[T]. H) HBMb i, 2011, 31(4): 104-107.
JI Zhenghua, WEI Fenging, YANG Haiying. Three-phase
software phase-locked loop based on dg reference

frame[J]. Electric Power Automation Equipment, 2011,



-90 -

&) &GS

(11]

(12]

[13]

[14]

31(4): 104-107.

AR RS, VEE). AT R IR SE R AU &
SR, AR, 2006, 27(7): 808-812.

Z0OU Yimin, WANG Bo. Fragmental ellipse fitting based
on least square algorithm[J]. Chinese Journal of
Scientific Instrument, 2006, 27(7): 808-812.

IR, B, AR, R TR IR R U A it
BRI AEE AR R 2244, 2008, 34(3): 295-298.
YAN Bei, WANG Bin, LI Yuan. Optimal ellipse fitting
method based on least-square principle[J]. Journal of Bei jing
University of Aeronautics and Astronautics, 2008, 34(3):
295-298.

SERERE, B, A ARRI R N T RIS
TR B A BT (] MK S AR B AR B,
2002, 5(3): 39-43.

SHI Wangwang, YANG Peng, HUANG Yazhong. Filter
designing for calculating electrical parameters on
asynchronous AC sampling[J]. Journal of Yangzhou
University: Natural Science Edition, 2002, 5(3): 39-43.
Wi S, SEERE, ROEJe, 5. BT A ek A 4 X
DFT ] SVG f&4 kL] W Rg ki S

[15]

=ik, 2014, 42(13): 21-27.

CHEN Libing, SHI Liping, XIA Zhenglong, et al. A
reference current detection method based on synchronous
reference frame transformation and DFT for SVG[J].
Power System Protection and Control, 2014, 42(13):
21-27.

A, AU BB R ARG I TR 2 R
WL B RGR S#H, 2009, 37(23): 28-34
HUI Jin, YANG Honggeng. Harmonic and inter-harmonic
detection method based on neighboring spectral

offsetting and windowed TDA in two stages[J]. Power

System Protection and Control, 2009, 37(23): 28-34.

gt HEA: 2014-07-09;
EHTEIN:

& HE7: 2014-09-02

AAEF (1990-), 5, @4k, MEHRAE, BT

BIF, TEMAFT@AC )T AREUIIELGHE A, E-mail:
djwieby@ hotmail.com

(%4 £37M)



