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Research and application of a new type of linear second-order filter

LI Junf, WAN Wen-jun, WANG Yue-chao
(Electric Power Research Institute of Guangdong Power Grid Co., Ltd, Guangzhou Guangdong 510080, China)

Abstract: Aiming at the problem of time lag of linear second-order filter, a new method for the deformation structure
of LCR and a new type of sinusoidal tracking is proposed. Through in-depth theoretical analysis for deformation structure,
it is found that the second-order filter’s lag problem is caused by LCR sinusoid tracking filter’s characteristics. A novel
sinusoidal tracker is constructed by orthogonal amplitude modulation and demodulation technology. By using this tracker, a
novel second-order filter is built, which has strong characteristics with anti-noise and excellent linear filtering. The proposed
method is one kind of the technology of linear filters. It can be applied in the signal filtering of classic control theory.
The validity of the proposed method is analyzed through mathematical analysis, simulation experiment, and practical

application.
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5, FIUM R E 5 RIS 5 IWE(E SE LI HA
[F] A PR R

H ATNTDUO-BIFIADRCH417 (1 HfF 5 1R FH i SR
BENFE . fEADRCHIEAEH, AHENTDHINESOTE P
(RIE LRt BB D PR Y, S E 2 AR R A, s s lS)
TEADRCIIZ AL 7 T 1 K& 54 ) TAE, 1
N PEESOM £ ADRCAS, # K 2 féiifk. T ADRC
SRR EESE, NADRCHIT V2 HET 3558 T R AP
fith, ORI TREHARN R i ZAHES) ADRC R J@ (HR
Fam N FENE, N THBT TRERN AR E
ADRC 4584, FILEEROE H T 257 ESO 1) Laplace
Fisk X, R T LIEESOFE AL HLRCAR I JE B
#RUFILCR T B JE A P SR M I IR AR T A K.

9T e AT b B B DI A R S R
P, EF A KM TRESC R IR R IR b, 2 T
T I A TR A ) R, AR I R A TR A
A LB T — R, s R, B EE
P EBLCRIE 5% BREF 2R RF I AN ER AR, 218 i M8
A I ) N FERRYR. 2B S S R ER Y A, 2
H T — FhB Y IE 5% PR BE 8% (new sinusoid tracking,
NST), #43& tH—PRe P A0 R A8 A 4 1t — [ B s,
3 R U H R O A N T BRI AR L e B
T JE BN, PUME S T PR RO AR TV R 2R
BRI K RS, 7] LA H BRI S 508
(1A Tk TE.

AR RIS HAME—YE, FTAHE S, SC0hAs
WA B i, MR8 75 2, 0 SIS i 45 SR e &
O ORI R, 07 B B TSR RIRE A s,
2 MK I8 38 B 8% (Second-order low-pass

filter)

TR FR G o 1 R R PR U S (se-
cond-order low-pass filter, SOLPF), kA

WSOLPF(3> = (1-|—:;L<9)2’ (D
K Wsorpr(s) 8 Z MM IKIE S8 9 28 % 188 BR 2 T, 9
PP AL, s.

Z J5i H “SOLPF” 33 Mg % . 7E ARy
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_ 1 1
Yl-SOLPF(t) =L 1[m;] =
1—=Ya(t) - Ya(t), )

s t .
Yai(t) =e 7o, Ygo(t) = T e Ta,

[e3%

A Yisouer () N 5L BRI T FISOLPF4 th 5
T, Yo () A rET, Yo (t) =B &9,

2.1 AR IE 8 3 28 & Y 45 4 (The deformation
structure of second-order low-pass filter)
KA HN
WSOLPF(S ) = Wicr (8 ) WicrstE (8 ) )

w
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Wicrste(s) = 1 — Wicrst(s), 3)

2wg s

W = """

terst(s) w? + 2wes + 52’

1
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T
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Fig. 1 The deformation structure diagram of second-

order low-pass filter
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Fig. 2 The diagram of LRC and LCR filter
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2.2 A 454 o 8] 2 & (The intermediate variable
of deformation structure)

AT 45 e #7R T SOLPFRIA i, —F P 7E ILCF
FILCRSTI) 45 ¥, H A LCFA) fay H A2 — Fh o ) 28 &
SRENLCF % A& B — et oy A S
L. LCF AT B BRIt S R0 AR St Ay

1
l/l-LCF(S) = L_l[WLCF(S);] =1- COS((.L)ft),

Vi Vi
Yircr(s) = L [Wicr(s )St] V}t—i—— sin(wst).

4)
A Yieer(t) N 5 AL B BRBURD T LCFS 15 5
FH AL RIS 5 1, $U¢mfﬁﬁ’]ﬁ“32fuﬁcos(wft)
FTRE s YiLor(t) ARG T FILCFf A5 =, Rt
WBUiE 5 Vit, Vi weld {8 1) 1IE5%15 75sm(qut)ﬁﬁ1°@
B VERHIGEZE, s~ L.
2.3 LCRIFSZREFRHE T (Analysis of LRC si-
nusoid tracker features)
TEY  Lor(t) UL, LCRSTHIHHE 5N
. WP 2wrs 1
=k [wf2+82 wi+2wg s+ 52 P
— cos(wet) + Ya1 (t) + Yaa(t), (5)
A YiLcrrerst (8) A YiLer(t) BRI T FILCRS TS
HE 5, BB Yo () M Yao (2) HIRST
HALET, =100 s, 13 2Y) 1 crLcrst (t) I 5L 56 45
R 3R,

YiLcrLerst (%)

—_

Y, 1—LCF(t)‘1
Y 1crnst(d)
Yircrierst(f)

0 314 628 942 1256
t/s
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Kl 3 LCIEMAE 55 2R s S
Fig. 3 The diagram of the LC filter signal and the
sinusoid tracker features
HH 3T UL, Y1 Lcpiorst (6) BRER cos (wyt ) I PEA
ALY Lornst (6) Y Ler (6) BRI R BT AR X PR ER
5%, FRERcos(wet) AR LR AR

3 ¥ B OE 5% PR EF 33 (A new type of sinusoid
tracking)
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Fig. 4 The diagram of a new type of sinusoid tracker
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FH“NST” 323 8 84 1F 5% BRER U8 % 2%, ST BLER
ERY1 Lcr(t) H [P cos(wet) 91, RINSTH {5 5 b £ it
FEHEAT 70T
3.1 IEAZ i i@ 4 ¥ (Analysis of orthogonal ampli-

tude modulation)

g L MG T 5B E S RREs
Wi NAS 5 AR A ) ZE BB (R P N, TRk 1
WETE? T IEAZ PR E R %I:JET%?'E%%AE?'\]ETCE‘JU%}
815 5, BA RIFHE T A BRR M. 185 2R 20k i
Kﬁﬂ‘#ﬂ‘Z(*iﬂJ)\Eé’ZﬁK.

FeFIZHAN
Ram(t) = Yiic(t) cos(wet + ) =

R,(t) + R_(t) + Ry (t),
R, (t) = cos(w.t + B),

C ) — (6)
R_(t) = _cos[(wf : )t 5]7
R.(t) = _cos[(wf —|—2wc)t + 0] ’

ﬁEP: W NEIEINZR, rad/s; Ram (t) N SEARIE(E 5,

R, (t) A Ram(t)F IR ZEIAE T, R_(t) NRam(?)
B RIS, Ry (t) AN Ram(t) B LIOBHE 55 BR
LI AE T WAL, rad. BT A I ARG R
BATATE, 2 J5 050 A 20 8.

Pl LIz HBN
Iam(t) = Yic(t) sin(wct) =

L(t)+1_(t) + L (t),
L,(t) = sin(w.t + 3),

() = sin[(wr — we)t]

2 Y
I (t) = — 2

)

sin[(wr + w.)t] '
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FERD)F: Tam (8) NSRS 5, L (t )7'JIAM( )ef

HIESZEGRAE S, T () NIam () N IASE S, 1, (t)

NIAM(t) H_EIABE 5.

3.2 ¥ 3 & IE B 5 M (Analysis of filter of sliding
window filtering)

1 “SWE” RiE W SN gk, 13067, R, (t)
AL, (¢) B2 AEE T LCFIA NG 5. JERR R, () F1
L, () 2 FAF R IESZBRER R R I oS B BT . b e
B T I ) B2 85T BB A I, SWFRE S 578 428
BR R, (t)FIL,(t) A

Rult) = 7 [ [Ras(t) ~ Ra(t — Toldt =

R*W(t) + R+W (t)a

R_(t) = —k_y cos[(ws — we)t + @],
R (t) = —k1y cos[(wr + we)t + @iwls
T7J‘ IAM IAM t—T )]dt:
I (t) + L (1),
I (t) = k_ysin[(ws — we)t + p_v],
Liw(t) = —kiw Sin[(wf +we)t + ‘:0+W]a
Tw = T07 Tc = 2£7
. (wf - wc)Tw
L B Sln[i] B (wf _ Wc)Tw
T (w—wy)Ty L 2 ’
(wf + wc)Tw
in 2 ] (wr + we) Ty
kiw = ) Py =
(wf -+ ws)Tw 2
®)

%Efc (8) H: Ry (1) ?JRAM( ) I SWF {55, Ry ()N
Ry, (1)1 N AifE 5, R+W( VAR, (t) I EiA s 5,
Iy () AT (t) FISWESS 5, T () NI, () R 324 45
55 Ly ()N (O B85 5 koo~ K 144
SWFH i, TTEN; kiy ﬁLJZleﬁSWFi i, TR,
©_w N FIUIRSWEH, rad; @, N LIAATISWFEAH,
rad; Ty, ATESNE I K, s; T Nw R, s.
3.3 BitRIEP: 2 Hr(Analysis of comb-shaped filter)

F“CSF” RiAMVIRIED:. CSFIRH: K55 5E
(IZE (5 S AR INEAHIR, 7I3R1F CSFEREE.

TENSTH, {3 F CSFI) 1 18 18 9% T g v] LA 2%
fRNST IS FHefm . B R, (6) 1L, (1) 5B 1)
0.5T FERS S5 AHIK, PITEAR O~ 2w, 11 B 3RAF Lhow, 1
O (715 S8 8 0 5 1. CSFAIR(9), 78 309 T Regr(2)
NR,(t)FICSFES, R_c(t) N R (t) I TS 5
Ry st (t) N Rt (t) B 30805 5 chf( VNI, (t)IICSF

5 L st () N st (8) [ FIIUE T, Lot () P Lest (1)
(1) B AAE 5 k_a N N ARTECSF)E A3 2, 0 &
W; kN LIOBIAECSFIE B3 25, TTEMN; o N T

HARAECSFIG B A, rad; oy EISECSF/E &

41, rad.
Ty
Rcsf( ) R, ( ) Rw(t_ ?) =

R ( ) + RJrcaf( )
R_ (1) = —k_an cos|(wr — wy)t + @_ai,
R+csf(t) = _k-i-all COSKWf + ws)t + 90+a11]7

Ty

Tug(t) = Tu(t) = Lyt = 25 =

Ifcsf(t) + IJrcsf (t)v
Ifcsf(t) — klfall Sin[(wf - ws)t + Spfall]a (9)
I (t) = —kjansinf(ws + we)t + @ian),

- We Tw
l{_an = Qk_w sin[%],
wr — we )Ty
P—all = (f4) + P—w
(& TW
]C-i—all = 2k+w Sin[(u}f—'_[r))],
(Wf + wc)Tw
Pall = -1 + Pt
3.4 IE A2 f# W 43 Hr(Analysis of orthogonal demo-
dulation)

I oL TE SR, K CSF A 5 WS N R 1) R
SZOESZ)(E . IEACHA ez B ACH LL il inik
BRI, BRI RN
YiLcenst(t) =
Kapp|[Rest(t) cos(wet + 0) + Ise(t) sin(w.t + 0)] =
Kapp{—Fk_an cos|[(w; — we)t + @_a] cos(w.t + 0)—
ko an cos[(wr + we)t + @1 an] cos(wet + 0)+
E_ansin[(wf — we)t + @] sin(w .t + 0)—

Eyan sin[(ws + we)t + @an] sin(w.t +0)} =

K app[—k_ancos(wet + ¢_an + 0)—

Eancos(wet + @yan — 0)] = — cos(wyt). (10)
FER0)H: Vi Lcrnst (6) Y1 Ler(6) Bl T FINSTHi
HE 5, Kapp NMIMEIZH A 550, TEN. 0N
SRR IAMEFAL, rad.

3.5 S E (Parameter settings)

Kapp MONNSTHIZN % B S 5. H1T Kapp 16

HEFEONED, CHEZA SIS R A
—1t8(Paverage
0 = tg 1[ (@kw g )]7
1
k_ancos(p_an+0)+kiancos(pran—0)’

Eo— e _ P_an + Pran
w = T Paverage = .
wr 2

KADD =

Y
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Eﬁ(ll)qj (paveragey‘jgp—allligp—kallﬁgS{Zy)j 'fE, /E\"fzt'f_ﬁ
R 1 CRIALAMEE ) IEAS AR B AR AL Fey Nwe S we
FIEEAR, ToBN; ke, 5 1 T8 B FES5~20. S 2 5 T )
K app MO AR IR 1R,

&1 S HoT A

Table 1 Calculated values of parameters

ke 5 10 15
Kapp 87982 45459 103.75
0/1(°)  13.759 2916 1.241

;H\: ':F' ETQ =100 S, We = 10(.Ufﬁﬂ‘, %Elf@Jle—LCF—NST (t)
[ S 56 25 SR W B 3 B 7. Yipopnst(t) BT BRI T
cos(wgt).
4 B THraEsEEs (A new type of second-

order filter)

SCHURENST T A4 3 i 1Y — i (ECad g 2 A7 2
T A
4.1 Hr & B E 38 P 8% (A new type of second-

order low-pass filter)

FERI 145 I SOLPFA A Rkt b, FANSTHUR
LCRST, FLRCFA & MJLCF, W a7 8 3 B ki
JERAS, TRIPCHT @ IE B 5 PR,

wAts [ 1c ||
e B —
| B IR

{5

B 28

K5 B RimnE s n s A
Fig. 5 The diagram of a new type of low-pass filter
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_ w? _ W
WLEi%(S) - WitRwps+s? wits? Wier(s),
(12)
A Wirer(t) NLRCFAL 8 R 4. (HSE PR RARE & T
E, £ RECAR/METEOU T, WFEA PRI A, LRCF
AJ AL R LCF. S Jo i i) i B, LRCF iz {6l LCF )
R =0.0001 Q.
NLPF [ 57 B Rl i Ay
Yineer(t) = Yircr(t) — Yiecenst(t) = 1,  (13)
o Yineer(t) N AP BRI T FINLPFS A 5,
AT,
NLPF[FI AR AR 14
GNLPF(W) = ’GLCF(jw)[l - GNST(jw>”7 (14)

X Gurpr(w) 9 NLPF FIARISIE AT 25 Grer(jw)
NLCFRTRER L st (jw) INSTHISTRER L.

TET, = 100s, we = 10wiT, 3 Y Nppp(t) BT 5K
et RanEe . 15 F M AEX IRAE0.1 15 2 1) 5L
a7, TRAURFE G repr (w) I SEEE 45 S 4
KI8T,

1 C T ———— T T
- o Yl—sowp(t)
- Yl NLPF(t)

Y, 1 NLPF(t)
YIASOLPF(t)

0 L 1 | 1
0 314 628 942 1256

t/s

B 6 U AREIEN A R R A
Fig. 6 The diagram of a new type of low-pass

filter output features
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Fig. 7 The diagram of resistance to white noise of

a new type of low-pass filter
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Fig. 8 Amplitude-frequency characteristic diagram of

Grr(@)

a new type of low-pass filter

HT I8 AT I, NLPFRSUsEp Rr AT
4.2 FH —Hridi R (A new type of second-order
inverse model)

FEFEHIHER A 70 A, WA R U e S E 4 H 25 T
BN “PRABSES)” N
Wsom(s)Wsom(s) = 1,

1
Wsom(s) = m;
Woom(s) = Weom(s) = (1 + Tas)?,
A A WSOM(S)%:MI\*ﬁﬂﬁ?@@i&, WSQIM(S)y‘j:
BB 2R A PR 2
ZJEH “SOM” ik — sy,

15)
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4.2.1 T2 [ ¥ # B (Engineering second-order
inverse model)
AN H R TIAE TFE EATTRESEH. N T
S TR B A R R A R — A (A
BB (I8 JE I 28N
Wesom(s) = Weom (5) Weot (5),
1 (16)
(14 Tiors)?’
H: Wesom (8) N THE MBI 18 BREL Wior(s)
BRI A PR R Toor NUEBE AL, s.
FI “ESOIM” ik TH2 Z (iR, 7£Y) sovpr(t)
B R, ESOIM#T S 5 R , X

Y soLpr-esom(t) = L7 [m gL (17
sof’

HHY 1 sorpr-esom (8) Y1 soLer (¢) BRI N FJESOIMF)

s

4.2.2 BB BRI 45K (The structure of a new
type of second-order inverse model)

T I TR A R 45 B AL 1) B\ 15 5. LCFAE 1]
AR i B, MR (425 H I LCF 15 5, BRERIF
THFRLCF(E 5 R ZEIEZ(E 5, A 3RAFLCFI
MNME5. 3P T —FLCRS TR A LCRSTFIM.
FILCRSTFIM#& /1§ SOLPFZZ & 45 #4 4 () LCRSTF, 3k
HVLCF. LCRSTFIM &y

Wicrstrm = (8 )WECIRSTF(S )=1+Wsrpr(s),
WSFPF(S) = ﬂ,
HH: Wicrstem(s) 9 LCRSTF (1) 150 452 84 4% 126 bR 24
Wsrpr(s) N sSATE B g UL 12 bR 2
F “SFPF” ik pi e 45 . SFPF AR LCRF!!
{4, 4LCRFIR — 0, A 13 2| SFPF. 7£ REUA R /)N
HTEOUR, WA BRI [E N, LCRFATIECA SFPRIL,
IR AL, LCRFUZUSFPF R = 0.0001 €.
FREXLCFHI R N

Wsof(s) =

(18)

Wicr(s) = WsoLpr(8) Wicrstem(8),  (19)
DT 7R — i Ay
Wisom(s) = [1 4+ Wsppr(s)][1 — Wist(s)], (20)

ﬁEP: WNSOIM(S)ﬁ%ﬁﬁuiﬁﬁiﬁ*ﬁ@%ﬁ@iﬁ, WNST(S)
Do Y TE R PR ER A AL 3 i 4. “NSOIM ” R I&Hr A
AL NSOIMEZE Kt EI9FIR.

--------------------------------------------------
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WO B { .
A Lo t
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! pltig . PR El

(IR TR chllp U - Eitr =4

Fig. 9 The diagram of new type of second-order inverse model

FEY soLpr (t) B3I T, NSOIM i 5 5

Yisorprnsom(t) = Yicr(t) — Yicrnst(t) =~ 1,
(21

A Yiscrnsomn () Y1 Ler () BB T ) NSOIM #ii
5T, TR

TET, =100 s, w.=10w, 5 Y] Lcrnsom (¢) 1
SEASEE R U 10FT. A F P A IR fE0.01 7T A 5K
U5 45 B an BB s . A0 R AR 14 1 S8 45 S dn ]
12775,

S8 10F =
s . L
5 g ) Y sorrr-som(?)
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0 314 628 942 1256
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Fig. 10 The diagram of second-order inverse model

output features
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speed second-order filter)
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Table 2 Composition of signal

5% BAsEY ZIEAME S Yoo (t)
Yia(t) 1 -1
Yo sapr(t) 1 ~1.0099
&% —BR 55 Ypu(t) faERZES
Yia(t) -1 0
Yioswer(t) ~0.9903 0.0099

T8I0 2 2 19 7 B o] R, Y omer () B H LS
Yo (6 MR IEA K, W (23) Il
Yioncr(t) = Yia(t). (24)
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varied with carrier frequency
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6 SZFRBM A (Practical application)
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of superheated steam temperature signal
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temperature signal
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