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Performance Improvement of Single-phase PLL Control
using State Observer
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ABSTRACT

This paper proposes a single-phase Phase-locked loop (PLL) of the virtual two phase generator using
full-order state observer, which is essential to find phase and frequency of the single-phase source. The
conventional methods cannot remove the low-order harmonics included in source voltage, which influencesto
whole PLL control system. The proposed algorithm separates fundamental wave from harmonics, and removes
harmonics effectively. Therefore it generates only the fundamental wave. As it controls virtual voltage and
input voltage together, it decreases steady-state error. From simulation and experimental results, the generated
frequency by the proposed PLL which it plans, converges to the actual value, and the steady-state error is
much reduced under given harmonic voltages. It is also confirmed that the proposed algorithm removed
harmonics effectively and it generates only the fundamental wave.
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Fig. 9 Amplitude estimation characteristics {(Left:
simulation, Right: experiment)
(a)Method using al! pass filter, {(b)Method
using second low pass filter, (c)Method using
ful l-order state observer

WA

1
|
4

Qo4 006 0B 01 012 04 016 018 02
[

0 e

/
=M

fl L
0 o@ ucu 006 Q3 01 012 034 0% 018 02

002 004 008 COB 01 037 044 06 618 0

: AAAA A A / W 4 iy

S,

Nl
e
oo

xme(s,‘

Fig. 10 Phase estimation characteristics (Left: simu-
fation, Right: experiment)
(a)Method using all pass filter, (b)Method
using second low pass filter,(c)Method using
full-order state observer

a9 9 AF dde vEhda o 2 A 2
A7I A A" T 2 AgS EdE wAE I
oA Agro]=e] JFFow 9l 5}] g Zo| wAlElaL 9]
+& 9% & dvh A WA 71 B
Hl 23 Ao Hehia 3l
a9 102 A7 98 F4 5A4E Ui
Aok w7 AAFA A7t FHste 27 3
F A we AdNer Qs AN =LdAz
o EAgT: 71 WA 2 Aljbg WA BF PLL
Aol Fagt 949 F4& THHOR L Y&
& 4 o



102 EETE® WGE B4R B25% 20097 44

[ T i :
il e ey @ VORIt
[ [ : i
L1 1 N N I | ° g
0 02 Q64 006 008 01 012 014 018 018 02 0 002 004 O 008 01 R12 314 016 018 02
[ :
[ N < .
F(:_::[b)m— el nherty e P et e 0150 LG S e SR
oo N AN I g i
O T I I S | o 3
0 0@ 00 008 00 01 012 014 016 Q8 02 002 0.04 0.06 0U8 (1 042 014 016 018 02
0
1
[ U TS U
)50} e g e gy gt 160
| 1 | | | | | | t B
L L Ll 1 L O™ 55 Had o6 Gon 6 T 044 56 58 6
© 00 004 006 008 0f D2 014 016 018 02 .

Time(s) Timets)

J8 1 RIS 2Y SN(3: RoAY, 2 AHNE)
(a)HISTHEEIS 083t W, (b)2Rt MoiE
ZHES 0|83k W, (0)MAY AejBaT|E

0| 88l=

Fig. 11 Frequency estimation characteristics {Left:
simutation, Right: experiment)
(a)Method using all pass filter, (b)Method
using second low pass filter, (c)Method using
ful l-order state observer

39 112 §4A7Y Fo 24 EAL Yy
i itk Y] AFANA FFste] Fakgr Ao
7] ol 27] Al 50Hz2 F&e 006 F
oA AYAEE FYsIHTE £ dgico]ze o
u

3

32

Foz s APAHAA 2Eo] s At
Hol NEgAuT AR o B0 $5¢
A% % Ak,

o ot

4%‘ 2719 Vg, Vg A e
o7t 18057 B A-ANA
zﬂo]-a} WA T 0022 B
) nzste] Yo
ot 4io] TRl viel
U gloh Ak gy W e AHA G
THE 7€ FA Y J——I—J]' Aol Eoeix ¢
L Aol deploy, nxvE uHE e
offfe nzvte] dFE = lJ— 7183 Jes &9
of 71& BAET o YodE & 5 3ok

i

a9 132 24 JAF Asks vEn gt A
oA 7]&e] WAl mxulel gikoZ o] AA
B g Bt o AU WA T nxRE
T e P T 1y} Ao Holgles &
F ot nzdE wesel A%d JHAIIE 7
A BE 1z239 4FE Folu VB HYRE 2

F +5Ee 8

40 aea; gy g
an- f ' 200 A
@ o mo-vw,
J ¢
1 u g

2 200
mo - W o o o L o m > 9 ona oat Goe 568 61 972 G4 O 015 02
20— 0 \\zm\h AR M
o o " ) o W RE LA HIRL |
| ’ ‘ | 200 Hg

W vor GGy BioA Gae 608 047 642 B4 616 B8 62

» 400u uoe o 05 0w m mz uw ms ma 2w !

200 ! :

< *”" ; S i \ B
g !

b Li Wl WW W

0 @ 0ot uw 0B 01 0R o 0‘6 ms 02 a Doz 604 Do 008 04 0.1z G4 0.16 0.15‘?2

S

o nrz o0 0 0B m 0‘2 0% 0% 0B 02 R A rieuﬂ":)ou ERUIPTS SR
Tire)
38 12 24 Mot wTlel by, V) MY (Fh ZeldH,
21 AHAE)
(a)MASUEHE olBst= 2, (b)2At HAYE
HEEE o|Bsts e, (c)HAR HElBEI[E
olgste we(nzmE JefsN e #9),

Fig. 12 vz,v, voltage of two phase generator (Left:

simulation, Right: experiment)

(a)Method using all pass filter, (b)Method
using second low pass filter, (c)Method using
full-order state observer(without harmonics
consideration), (d)Method wusing full-order
state observer(with harmonics consideration)

950 ¥ LA Ty )
o e

o 20

0 002z 004 006 008 0.1 072 D44 5.8 0.8 02

21W
{b)z; é

|
! H
| L | 1 L L L Voit. ,501) €42 004 Q08 0UB 1 012 D14 016 D18 D2
00t 06 0 01 02 014 0% 08 02 &  ax -
fofepui

(c)?so"i,
0 g

0 D02 004 006 DOB 0.1 092 0.14 015 018 02

N N S B 50
Q1 Q2 014 Q16 QB 02

Tivels)

076037564 508 G0 6.1 0,52 054 636 018 02

a‘
]
ol
8

0 ae Qf

a3 13 ZE MY £ SM(Fh oAy, 2 AAAY)
(a)MHS2EEE 0|83k 4, (b)2At HHE
EEE 0|85t B, (¢ )”IP HENET|E
o|&st= w(=TE UsHA| %2 )
()AL MEfBET)E o|Edtes WH(1xmE
st A2)

Fig. 13 Amplitude estimation characteristics (Left:
simulation, Right: experiment)
(a)Method using all pass filter, (b)Method
using second low pass filter, (c)Method using
full-order state observer(without harmonics
consideration), (d)Method wusing full-order
state observer(with harmonics consideration)



w3 PLLAOS] s /i 103

e s e
VW -l
‘0 4@ 0o 0 om a1 o o 0B 0% a2 Po ooz bos 06 gos Da 052 018 0.6 010 oo
\ Wi I s < ;g
WNNNINR -91// / /
SN /
m 4D Qe ax ok 0.@ a1 0‘12 Q4 0116 Q8 02 :‘r‘::i ";UDE 004 006 U.O08 01 012 014 016 018 Oz
0 Om Q04 006 (l(B al 0‘2 Q14 Q16 Q’B a2 40 092 & 5504 646 618 o2
AR, "
T o ax as oE o1 o 6 o‘ws o6 G o e SE SR BT e IR 6
g ot
28 14 BN R SM(x: RN, 2 AHAE)
(a) A SUHLEHE 0|85t W, (b)2k XNAE
LHE o|8sts 2, (c) T Aelpzr|E
oj8st= dH(n=mE TEx| e A9,
() TR MEfBEI|E ol We(1=DE
D3t A49)
Fig. 14 Phase estimation characteristics (Left:

simulation, Right:
(a)Method using all

using second low pass
ful I-order
consideration),
state observer(with har

state observer(without
(d)Method

exper iment)
pass filter,

{b)Method
(c)Method using
harmonics
using full-order
monics consideration)

filter,

e, :
PR

Ol
o 002 Coa 088 U0 0 8 W 6RO o
300

o ws’%‘r'ff‘w%ﬁ%ﬂmﬂwﬂm

RS

|
1

o am OCG QB a1 0w 0‘4 a1 (118 02 HL) 100
I

O5 5oz 0ot ves oas va oz vi G Bk oz

9 002 004 avs 008 0.4 012 014 016 016 02

@) 50
R S NS S O ok G s ek o1 E S e b oe
0 0@ 00+ OQG6 QB O1 OB 0M Q16 48 02 it
Ty
a8 15 Fa FE SM(zh 2ojMy, £ AFAE)
() NYEILEIE 0|3 2, (b)2xl HAHE
LHE o|83ts 4, (o) MR AMEIESV|S
0| &stz W(Z=IE THEK P2 A9,
(d)TAtH AEfET|E o|83E WH(1=nlE
3 Z29)
Fig. 15 Frequency estimation characteristics {Left:

simutation, Rignht:
{a)Method using all

ful l-order
consideration),

state observer(without
{d)Method

exper iment)
pass filter,
using second low pass filter,

(b)Method
(c)Method using
harmonics

using full-order

state observer(with harmonics consideration)

a9 4= S1dA0719 4%

#4 548 Yehn

a4 15{—

3l

4

gul

O
= -

m:ﬂm«%zw
re N o ¢

BN i o oot

e LTI R R
3 sol gz et

o] Aty FUH 579112 iLF
719 WA

]
¥
pasd
Bl
2,
rO
_?L
EE
1>
=
> e
‘_
PN
b=
i
=
Hoox
ot
Y

=4 O]'Oi 3.

Aol s9] o 24 BRL
Foisel AgoR sl A B9 A9

ek AR AE

wwwﬂﬂ

d | :
0 0@ oo 005 0B 01 012 04 0% at8 02

118 0.2

10—y T

n o3 G4 oon hen 01 6k 518 018
A A

SVAVAVAVAVAY,

o8 s Gom oS B0k B4 165 814047 1565106 011
108

Fig. 16

ﬂ%%ﬂIlLﬂﬁﬂ o2

© o %: WWWM’W“ "

100

© 002 004 005 008 .1 0.1 0.44 018 015 02

D% Omn::m 012 014 DIG 018 (12 Time(s)
DEa EF SH(F: DoAY, 2 ANAY)
()9l Dxah ojs| £3 £ Tz, (b) U

IxT | &£ £
Zup 2 §4
Harmonics estimation characteristics
simulation, Right: experiment)
(a)Input harmonics and estimated harmonics,
(b) Input harmonics and estimated
harmonics(extention), (c)Error characteristics
of estimated harmonics

nxi(al), (o)FF 12

(Left:

3.2 B

= O
WS

MAHEI

BARS Akl A99 At @A #0494
POt s B H]Vﬂﬂ*ﬂﬂ“% FA &
o] A¢ #Ye F olﬂ&ﬂwsywn;a%dqm
ol Azt iz FHA o AAsY] Aste] &

P #5712 o8-8t @ PLL



104  ENETPE ®HGE FE F25 20005 44

WAE AQtela mEvbe I dudEL Aokt
At EoAy 2 AAAYEE B3l AE o]
W o] Z(Random noise) FYA 713 Y3}
At ¥ U2 EAQSE Bolx glow 53 mzy) F9
Al 7183 3 axag BEsigen 7|En AR
293t A& AL o= Qs JEY wAR
o 7P 2% BT Ay BT A AE A

=]

ol JlEgng esqen,
2e AR U FEUe 93
qREAAlY e

o
=& B3] 1 gapt

HJ ok,
}"-_L

o,

r_l

tlo

= IH(ZnE)s AAFHEe Xoz 3
P ol X| At olzd kM Ald | of Tt
This work is the outcome of a Manpower
Development Program for Energy & Resources
supported by the Ministry of Knowledge and
Economy (MKE)

rok

[1] CHUNG S-K, “Phase-locked loop for grid-connected
three-phase power conversion systems”, IEE Proc
Electr Power Appl. Vol. 147, No. 3, pp. 213-219, 2000,
May.

[2] J. W. Choi, Y. K. Kim and H. G. Kim, "Digital PLL
control for single-phase photovoltaic  system”,
Proceedings of the IEE Proc Electr. Power Appl,
Vol. 153, No. 1, pp. 40-46, 2006, January.

(3] Sakamoto, S., Izumi, T., Yokoyama, T., and Haneyoshi,
T. "A new method for digital PLL control using
estimated quadrature two phase frequency detection”,
Proc. PCC Osaka, Vol. 2, pp. 671-676, 2002.

(4] Andreon, S, Yaz, EE, Olejniczak, K ]
Reduced-order estimation of power system harmonics
using set theory”, Proceedings o the IEEE
international conference on. Vol. 1, pp. 820-825, 1999,
August.

(5] AAFE, AF2, o)A, &= 9, FHA LA, 1t
EZ%A}, pp. 590-597, 1995,

(6] A7), 717171401 &, Z3-34EHAL, pp. 191-195, 2006.

71 As7), "A% nz5 A4 4 £ I, JFAxe
31X A58 A1Z, pp. 29-37, 2000, 2.

(8] AAxL, oJtf2], "PLL 71'"& ©]4% @4 PWM UHE

M

(i




