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Research and application of a new type of
sinusoid tracking differentiator

LI Junf, ZHU Ya-qing, CHEN Wen, WAN Wen-jun, CHEN Shi-he,

HU Kang-tao, SU Kai, LI Feng
(Electric Power Research Institute of Guangdong Power Grid Co, Ltd, Guangzhou Guangdong 510080, China)

Abstract: Differential elements of the process signals are being widely applied in the field of control engineering, but
the noise was significantly amplified by this traditional differential signal extraction method. By analyzing a deformation
structure of traditional differential signal extractor and the composition of responses under step and slope incentives of
the process signals, the differential signal can be extracted by sine or cosine filter signal under high frequency filtering
conditions. Based on this result, a new differential extraction method composed of a sinusoid filter and a new sinusoid
tracking coordinates was proposed. The quality of differential signal extracted by this method was improved dramatically
with high proximity to ideal differential signal. Superior anti-noise characteristics could be obtained with the method
proposed in this paper, which is the development and extension of linear filters, and has good theoretical significances
and practical application prospects. The new signal processing method is a beneficial supplement to the classic control
theory. Mathematical analysis, simulation experiment, and practical application results provide further evidence that the
new method is correct and valid.
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1 5|5 (Introduction)
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MBS L, 2t BRER Do 2 3 (v e ek
PP 2 WARE R A i, SRStk ERER o>
AU gy g e 1 Je R e S BT T PR 2 R P
J& . AR AEZENE TR AR AR B AN AL, ) dnE 2 PR R
ERIH 53 2 0T AN R VR 5T IR A A 5, B G B BRI 15
5 RN T IS 5 5 I AN R
far R T FLAEAS RN AR e AN ),
SCHER (101 AR E 5L (5 5 K S AR MR AT ) 2%
[RIARZRAREPE, HorP IESZA5 5 IR AR /N, REG A%
R,

SCHR (14188 o T — e adh (1) A e VR R B 0 2.
TEEREAT SR 2 BRI, T AR, k2T
A7

S AR PRI BN, 78 200 A I TR S AR
AR, G X — P B A A T 4 R RN B
WHFFR T, FEEIEAE b, e T —Fh et IE 9% 0R
EE T 57 %% (sinusoid tracking differentiator, STD) (1] #t
o TR A I R U R S R S I
(AN, b BRAR A3 (R A AR S A8 v, Himge 75 ke 1k
EEHRAE. SO ME 5 A B ) X B A o At AT T
BN 238, FE HAPHT o 28 5 — M oy
PR T L.

AR R IR BATME— 1, nIAH S .

2 Zuid sy 2% )R P (Classic differentiator prin-
ciple)

FEFE I TR SE B, SR 5 A k2
—, WEIL.

MRS

WM
W || A

s |

Bl 1 2R IR R

Fig. 1 Principle diagram of classic differentiator

V7R, Hl (55 2 AU ER A5 5 1)
IPMEAR RN, G R 5 B g o ek B (R g
WYRGE, Rz et — B R 5.

Z a3 R LR, B RS E B R
IIFRENE I R B IR .

2.1 M &%i(The 2nd order system)

(R IR ) R G 1A T e — FTLRCIE B 48,
WE 2R,

T.s i
L
X(s) C _I_ ¥ire(s)

2 LRCIEB AR
Fig. 2 LRC filter diagram

LRCUEN: s (1% 1 R
Yire(s) wp
W = = o
tro(s) X(s) w2 + Rw,s + s?’ 0
1
TD:TI:TO, (.UO:?O,

o Wire(s) WLRCUE A AL 3 2L, Yire(s) M
X (s) A1 Laplace ¥ 2 ) i AR 5 FH A 55 RO R
BH, Q; TyAHACIIRR L, s; Tp i HURL IO
5, 83 wo WLRCIER A H IR M, rad/s, Z J54¢
—FRAPEPEAE., PLER > 2 Q, LRCIEH A5 1IFTER
TR Y. G T
2.2 I EREESHSY 23 (The 2nd order tracking dif-
ferentiator)
W R BRI Y A R A R A
Wiren(s) = Ka[l — Wire(s)] =
Rw,s + s?
dwg + Rwys + s2’ @
A Wiren(s) b B ERER T 45 (1) 4% 356 BR 2, Ky
I PRERI AR I B SR AL, TN,
2.3 P ER BE A 2% A B 45 #4J(The deformation
structure of 2nd order tracking differentiator)
W B ERERTHO O 288 T A — b 1 G ERER IR 25 4.
OIS W]
WLRC-D(S) =
Ka[Wiin(5) + Weos(5)][1 — Wicr-st(s)],
2
w?j:;’ Weos(s) = wgi 52’ ©
Rw,s

Wierst(s) = w2 4+ Rw,s + s?’

A Wiin () 4 IE 508 B A 1 1% 34 bR KL, Weos(5)
AR LG A A3 PR KL, Wier s(s) ALCRIESZERER
A PR H. IESRUEPAS A S — P A (R0 1
SEAR IR, AR GLUED A WAL PR fEL 0 AR 5%
fF 5 RG .

R RS AR T A R A 3 PR,

Wsin(s) =

1E5%

i e
E
=) %

T i 2%

LCRIES
PREFRS

_____________________________

Bl 3 R SR A R R R
Fig. 3 The deformation structure diagram of 2nd order tracking
differentiator
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OIRSIIATR, — P A AE R IE SR B AN AL IEI A A 233 ML 25 5 43 M7 (The signal analysis of the

LCRIFSZERERIEBE A i 4544, P I LCRIE X IR RS
JELCRIEW A AL, 4T,

Tps 1
| D

[0
X(s) IjR Yicr(s)

Kl 4 LCRIEH AR
Fig. 4 LCR filter diagram
231 IF 5% U8 ¥ #% 73 H71(The analysis of sinusoid
filter)
5 B 0 21 B i RN i N K N T, X
Q)M HIIELIERAE 5N
g b L _
Yalt) = L [y = L Yar ()= Yaal),
}/2— sin (t) = R
1 1 1 WoS
L [(TaS 4 1)2 s (wg + 52
RG(w,) sin[p(w,)]Yaa (t)+
RG(wo)? sin [2p(w, )] Yar () +
RG(w,)? sin[wet — 2¢(w, )],
t

)] =

Ya(t) = e 7o, Yaa(t) = e ™o,
1 (0%
G(WO) = >
1+ (Tow,)?

1
o(wo) =tg  (woTh), wgap = T

«

4)
U Yo (t) o B GAE AL SRl T Rl AR AE
5, Yasin (0) Y2 ()W B I IESZ 8RR 5, Ya(t) A
— W BEAGOE T, Yo (t) A B BAR A 15 5,
sinfwet — 2p(wo )| WARA IESLAF T To AN S VEH
1, 55 G(wo) KB 5 B AEw, AU R 1B 38 2, G &
W o (wo) A B G AEw, A A, rad; w_3 ap M
— BRI EAE, rad/s.
2.3.2 4 5% € ¥ 2% 4> HT(The analysis of cosine
filter)
Y, ()W T, X Q)P IR ZIERAE 5N
1 1, s

(T,s+1)2 E(wg + 52 )=
~G) coslp(en)] Y1) —
Cto)? cos[2p ()] Vr () +
G (wo)? cos[wot — 2p0(w,)], (3)

A Vaecos (8) A Y2 () BN T HIRSZIEBAF 7, I H il
Yai (1), Yao (8) RS R 905 5 cos[wot — 2¢0(w, )] 5514
S

Yacos(t) = L7

adder)

EEPEXUJO =20 W_3dB, R=20. En(t){%ﬁ}ﬁb?,
FFBIIEAAE 5 B M A e, .

A 1 ABxFrat)l
Table 1 Relative proportional 1

5 Ya(t) Ya(t) AR
IETZERES 0.09970  0.000498  0.004984
SILIEIRAMES  —0.002497  0.002481  0.002493

InikesEs 0.09720  0.002979  0.005573
AXFLE R 1.0 0.03064  0.05733

RN, INERT 5 A Yo (8) 8653 0 .
TEY, () BT, 2@ ) B RS 5 5 A
Y 1re-p(t) =
Ka[Ys gin(t) + Yo-cos(t) = YaLcr-st(t)],  (6)
AH: Yarren (8) N Y2 () BN NI I EREFME
Yo rre.st(t) AYs (6) A FILCRIESZERER S .
2.4 LCR%#4%3%%(The LCR differentiator)
WIS 1Ml %0, 7R B34 AR TS5, R
TEPEPE AR FEEY a2 (0) ) “AEH " AR, 1 HAZ P83
A ) R R 2 e, (RIS N I P UK.
W AT AR 2 BB AR AR FH A 2, W T e v B
ERTU A 48 I PT T HRHe IE, St BRI R T “LCRI 7
M 1T P 1 e T R S VS
LCRI 25  TE S5 i 5 s

LCRIE R 8%
H_ 1E5%

fi 1| ke
% 3 LCRIE#
: HRE

5 LCRIUAT AR L4k n iz

Fig. 5 Deformation structure diagram of LCR differentiator

IS, LCRIZ #% HLCRJE A% A LG B 15 BT

Fapk. 7EY () 30N T, LCRIGME S A
Yorcrp(t) = Ka[Y2 sin(t) — Yarcr -st(t)],
(7)

KA Yo crp () I Y5 (8) I N LCRIU M55
3 B ERER T o0 A5 S B 23 AT (The lag

reason analysis of 2nd order tracking differ-

entiator)

SCARRAY (6) b A, 6 B ER R 23 4 ) 1)
A S5 AT BEA T 70 A
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3.1 IE5ZIEBE AR H Y FE(The structure extension
of sinusoidal filter)
LCRIESZIREFASA G vl 5 e TE 75 B IE SR I
ZA N 6 PR

B

A Wk
i

LCRIEG% 748

Kl 6 Jo77 IESZIEB A A R B

Fig. 6 The diagram of infinite sinusoidal filter structure

Blorh: SFLG ™ Ji IE sZ UE k4% 1, SUBLA Y JE ik
a1, HA AR A,
3.2 LCR IF5XRERZE S 2T (The signal analy-
sis of LCR sinusoid tracking)
MTREV AN, 3 R IE L g AR 4i B2
5 7. FER R IPEP AR T, LCRIE SZ BRI 3% 1 Hi A\
55 LAY g (¢) B0 A . BRI, SRl il Y (6) L HEI
JilSF1K 73 HTLCRIE 5% PR R #% [R5 P, WISF 14 45
SR
Yo sri(t) =
o dBl 1 1 Rw,s
1 _ = o ~
L {[Tas+1 (Ta3+1)2 sw§+52} 8)
KaoYar(t) — Yao(t)],
Kq2 = RG(w,) sin[p(w,)] = RG(w,),
PG5 K WY ao (t) MG 7S, oA,
WILCR IE5Z B S Xk

Yar-Ler-st(t) =
Wo>W-_3 dB

Yar-sri(t) = Kao[Ya1(t) — Yao(2)], 9
AP Yo rcerst(t) A Yar (6) BFEEHF FILCRIE S ER
PS5 Ty = 100 s, wo = 10 w_3 45, R =2 Q. 15
B Yqo. 1 crosT(t) I ELALE S5 Ran & 7 7.

0.5

S 04 ~— Yo nsi(t) J
E= - ~o= ¥ipt cr-er(t)
2% 03 R o |
g ~ o Yin(?) |
~ 4 0.2 .‘9\"‘\-\ 4
=8 4 o |
== 0.l . o S I
57 N e
T e T T e——
0 100 200 300 400 500

t/s
Kl 7 LCRIESZEREMS S
Fig. 7 The trend of LCR sinusoid tracker

7171, LCRIE 5% BRER 4 X P 5 5 Yao (¢) B30
AR PEAN AL, B 9 Yio s (1) 1 Yao () FLEZ D T
(REBr R E SRR
3.3 BrERERM S #8345 5 43 BT (The signal analysis

of 2nd order tracking differentiator)

FEY, () il &, 33 —BrERER M5 5 3k
(5w

Y> 1re-p(t) =

Wo>W-_3 dB

Kq[Ya sin(t) + Yoo cos(t) = Yo 1cr-st(t)] =

Ka{Ka2Yas(t) — Kio[Yai (t) — Yoo ()]} =

Yaz(t) — Kao[Yar (t) — Yao(2)]},

Yy rer-st(t) = Ka2Yar -Ler-st(t),

Voran ()% Ko Yan(1), Vi can() 0, K=

a2
(10)

P Yarren (8) A Y2 (6) 0D T —FreREsdn 55,
YaLrest(t) WY (2) 3l K FLCRIE 5% B ER 15 5. £E
To =100 s, wo = 20w_3 g5, 7325 rep (1) FIPTILSE
et RuE 8.

0.500

~R=05Q
o 0375F +~R=1Q |
= —  —, _—+R=2Q
2 0250+ _ s e
& e S o
=~ 0125+ ]

0.000 ¢ — - :
0.0 62.5 126.0 187.5 250.0
L/s
Kl 8 BRI SRR R R R R

Fig. 8 The trend of 2nd order tracking differentiator signal var-
ied with resistance R

KI8T/, RIBUK, Yarre.p ()l 5. REU/N, WIEE
AIETZAE T LRI

SR AR ARTE AR R, LCRIESR IR SR
(RANTIALL, 3 B B R R o0 28 i I ) R A Py
TR A
4 Hr & IE 5% BB ¥R T 4 28 (A new type of

sinusoid tracking differentiator)

1E 5% Hi 1 LCR 1 70 4% 19 A2 JE 45 b 2l L,
FHLCRIEB A AL IESZ I8, F—FPREPEAE R
B IE 2 R ER AR AR LCR IE 5% MR R A%, NIRRT “ B
RUIESRERER T 487 BR R AU 27

WA 25 AL — MM I SZ IR A8 N 1 E SR R
S e AN LS U O

WNSTD(S) = KdWsin(S)[l - WNST(S)], (11)
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3 Wistp (8) 4 8 G050 2% 1A% 346 bR 2, Wnst(5)
BT I SZ BRI A DAL B, TR B (R A DL
K9.

g

oFRREL

B IESK
FREF 2%

_________________________________

B9 B 7 S PO R

Fig. 9 The new differential signal extraction element diagram

KL /s, 45 kg B At 1R B IF 92 SR R 4 vk
s EEBIERATHRO P AL IE L ER R DRI
4.1 1F 5% U8 3% #% H ¥ (Refactoring the sinusoid
filter)
B4R, WL LCRIESE AR — 0, gifG 2 T
IESZIEBAR A

Rw,s
W = =
Ij{(iffo(s) w2 + Rw,s + s2
Ruw,s
wg + 32 = Wsin(s)' (12)

TEFALT BRI RN, IE5ZUERAE 5N

1 Rwes 1
Yon(t) = L [32 +w?s
3 Vi (8) I AL B R B HEEUR0 T IR 5L RIS 5,
R AR RATIE I AN o, I 1E 5% BRI E 5. SEFs RANRE
T2, 76 RETBRAMETE LT, TUE B B R B
Jil F, LCRUEHEAF 54

{ Yion(t) = Rka];“(t) sin(kowot),

] = Rsin(w,t), (13)

w (14)
feam (1) = ¢~ 2%, ki, = /1 — R2/4,
AP Yier (6) 29 547 B BR ELEE B T ILCRIEP S
5, Kam () 0 1ESZ IR AE B B M) 200 R 2L, LN,
ko, U8B WURAE IE R EL LEN b e, =
0.2 rad/s, R = 0.0001 Q. ¥t a 1
k., ~ 0.9999999987 ~ 1.

FEt = 1000 sINZ], Ko () = 0.990049 ~ 1. T\ N7E
A RN TA] Y, LCRYEBAS nT B h IE SR UE A
4.2 1E5%JEP 155 (The sinusoid filter signal)

Z AT (@) TG T B G S R e .
(R IESZIRBAT . Bk G RHE Sl e SV 1) 1E 5% 8
BAFTH

Yau(t) = L7

1 Vi

(1+T,s)? ?] B
}/2-1-sin (t) =

L 1 E( Ruw,s
(Ts + 1)2 52" s? 4+ w?

RV, RV,
t}/Q(t) + t

o o

)] =

G (w,) cos[p(wo)]Yao (t)+

G(w,)? cos [2¢(w,)] Yar (t)—

Wo
]in G(w,)? cos[wet — 2p(w,)], (15)
e Yoo (8) 4 — W oxf SAERHR T R4 5,
Yo -tesin (£) A Y 2 (6) WD T 1R TE 5Z 98 AR =, Y2 (¢),
Yai(t), Y (t), coslwot — 2¢(w,) | 5B FI B Vi IR
e, s
4.3 BRI AREEA R EE 23 BT (The basic principle
analysis of a new type differentiator)
TEBZIEH NN E S R ER () S5 M R T8 15 5 1) vt
SERS B, AR RS vF SR 45 R, AR R DR AR
N, RS S R ESLUE B S M B LSRR S AR
WM T R A . BRI, AR BB T, Al
RERRAE 5 B IR 5L B AR 5 1B 1 A5 5 1 AR
I, IR SR R AR R HEAC S B
4.3.1 555 (Ideal differential signal)
AR AR > AN AT SEBI, AEEE T A0 MR L, 52
TR PARME T Yo (0O M EAR MG S
H

- 1 Vi
PO = el -
T.VY; (), (1o

T4 =T,
Y50 () DAY o (8) I BEAR 255
4.3.2 XS B R W N IE X8 BAE 5 (The
sinusoidal filtering of unit step response)
Plw, = 20w_3 gp, TEYA (¢) UL T, 4320V 6 (1)
BRI ARDRS B8] 32,

A 2 AExFHet)2
Table 2 Relative proportional 2

D %x Yo Ya®) FREIEZ
AT 1.0 0.00498  0.04993

K2R, YVain () B3 IR R4 B LA Y g () B 434
Yasin (6) (AL
YVZ—sin(t) =
Wo>W-_3 dB
3 1 } Ruw,s N
L [(TaHl)Qs wgﬂz)]w
Ka2Yas(t). (17)




EoM

PR Rl R R SRR T A T S 1187

TR A M IE BN T, Yo (t) S B E S
Yo (t) 2 82— MEALK g LU R R

Ty =100 s, we = 20w_3 4z, R = 0.0001 Q. 1F
Y5 (6) IS T, 159 2 Y5 g () B 07 FL S5 25 R an 110
PR,

]-0 T T T T
< . 08f
End Y1)
25 06l 2 i
>; S 1 +Y2 ﬂn('r'):Kdl
- 7 04 ¥, nso(l)
Radie] ;
T 02+

00 1 1 1 R E T e

0 100 200 300 400 500

t/s
B 10 B SRB RSB R N I 5L IR TR
Fig. 10 Sinusoid filter signal of 2nd order object unit step re-

sponse

FILOBT 7R, EY ) gin (8) 1, AFAE R R SRR 25
SAA5E T Y, T BT e B AL . /\1ZISH’J/J%T/BZ
JTE R IO 7S R B A SZ ER A DE I 2, FLAZ O A2 Bt
M IE 2R A B Yo st () A Y (8) Bal B R
IESZERER M S
433 Xﬂ‘%ﬂiﬁﬁmﬂlﬁfﬁﬁﬁ'zﬁﬁ%%ﬂhe
sinusoidal filtering of slope response)
Wwo=20w_3 ap, TEY 2. () KRN T, 732 Y2 6in (1)
BRI AR LA, 3.

& 3 ABst )3
Table 3 Relative proportional 3

By W) Ya(t) Ya(t)  AERE
AT R 1.0 0.00248 —0.00249 —0.00249

BT, Yo (0 ALY o (1) 53 20 2, 3
A0 5 A AT ELI AN JE0.25%, FT % Yo (8): Ko
S AL Yo (), HLITAAA R BTG, Vaaogn () IR
{H

_ 1 Vi, Rw,s
Vo) =0 Y Bty
Wo>w_3 dB (TQS + 1) §% 8% + wg
KT, ViYa(t). (1)

4.4 BB OF 5% R BF 2% 43 HT(The analysis of a new

type sinusoid tracker)

SCHR (161K — P IE AR VA T IE SR A5 5 Ak
I, SR IR AR E A TRV T8 Y E R R i
ARk, PTAESLERER AR T T OEAT IR 4
FE 1R,

FILITR, B E R s d HHEATTRARA L W3

TERERE IEACTRAB  IEIS ST AL k. Jerprinikiz
AR ES Yo P

SCH LY g (6) BRI A 51, %687 R0 1 E 5% PR ER A 1A
TR AT A0 M.

J“tiﬂAl J.I_.)(\.a .LTJIB:
segn [ [ AR 5 5 | [ ]
WA [T | Bl [T REB[ 3
P Py %
: , : .
T E P - B
LR AENE IR
RAA i Wk || EIIB |

T
;L THE JL:/}'ﬁJ
11 B EsZ R R E

Fig. 11 The diagram of a new sinusoid tracker

4.4.1 IE AT IR SMA Y Hr(The analysis of orthogonal

mixer A)
EATTRANA H SR AARN B ST A TR 1%, T
B SE TR LIS B, o SR 5 AN
R(t) = Y2 sin(t) cos(wot + ) =
Ro(t) 4+ Raw(t) + Ram(t),
Ro(t) = _ RG(w,)? sm2[2g0 Wo) + ]’
Rou(t) = RG(w,)? sin[2w;t — 2p(w,) + B],
Ram(t) = {RG(w,) sin[p(w,)]Yaz (t) + RG(w,)?
sin [2¢(w, )] Va1 (t) } cos(wot + ), (19)
A R(6) M IESEAME 5 A, HE RS Ro(t), 2wo
%R2UJ (t)’ woiﬁ‘ﬂ WEEEQRAM(t)%jz@)ﬁ, B%ijﬁﬁﬁﬁ%
RILREHIAHAL, rad, (EEAH.
RESIRAE 5 Ah
I(t) = Y, _gn(t) sin(wot + B) =
I,(t) 4 Low(t) + Ian(t),
G(w,)* cos[2p(w,) + B]

Io(t) = 2 5

L (t) = — G(w,)? COS[Q(,UO; — 2p(w,) + B],

Iam(t) = {G(wo) sin[p(wo)]Yaa (t) + G(wo)”
sin [2¢(w, )] Ya1 (t) }sin(wet + B3),

(20)
A T(t) B 5 A, HER B L (1), 2wl 7Y
Lo, (), wo WML Tam (t) SEHE K.
T Y () A HOE 171 5y
T,
FdQ(Jw) - (1 + Tajw)z'
T0 3k 5 08 Y A o TR TR A, Yoo (8) R A8 52 20000
T F g0 (o ) 15 YA TP wo 1 D), A2 18T oo FAT R TR 8 53
WEN127 7.

21
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33 3%

1.0 —==

= Gyn(w)

= Fyu(): T,

Gyin(w)
Fiw(w): T,

0.0
0

law, 2,
w/(rad-s')
B 12 TEBE R A A v s =

Fig. 12 Amplitude frequency diagram of slip rectangular win-
dow

4.4.2 1§35 K & 38 B¢ 4 HT(The analysis of slip
rectangular window)
TN B BAE B H H 2 MIEATR AL 5
H, SEHCEIUY

£ = j}w [ 1R - R(t - T)ldt ~
Ro(t)%—R (wo)?s 1n2[2g0(w0)+5]’
L(t) = 7 [ — Tt ~ I(t) ~
RG (wo)” COS[ ( )+ﬂ]
2
no¥

(22)
2 Ry (6) R SESIE AT T A; L, () A HEATIE AR
TA; Ty AT N AR, s; B BT
wo K J 101, 44 WA T ok 5, Y B R T AU R
WE 125778,

B2 75, Gin(w) 1 T8 SRR TE B AU A0 2
TN, Fam(w) K wo P B 7 AP AT W kR
ﬂ”lfj/w) I TEN 1, LEwe T 200, 1T IR 73 0 2, A

HE 5 B0 L 3 LI R 2, () I A M S ok 3
ﬂwoﬁﬁﬂmmﬁkﬁj\ SEATERR 20w, FRIAY .

4.4.3 EATIRSABAINNEIZ 55317 (The analysis of

orthogonal mixer B and adder)
IEASTRARB I INEIE SR
Yasinnst(t) =
2Ry, (t) cos(wot + B) + 21, (t) sin(wet + B) =
— RG(w,)? sin[2¢(w,) + B] cos(wot + B)+
RG(w,)? cos[2¢(w,) + B] sin(wot + B) =
RG (w,)?sinfwet — 2¢(w,)], (23)
iﬁ EF' }/Z—Sin—NST(t) j"ijZ—sin (t)ﬁ‘i}ﬁb‘F E(J %ﬁ E! J__E EI'ZEE E;]i”:
rﬁ‘%, YYZ-sin—NST (t)ﬁfcﬁi‘f@ﬂﬁﬁ% T YVZ—sin (t) EP E‘J%%/;SJ‘_E%Z
fi
5’:’7 &I\, %ET(X = 100 S, Wo— 10&),3 dB> )EHY(jz(t)EAA?%
P SRR, RIS AR, TR,

WAL IE SLERER A0S Yoo (8) ORI R PR By, 2 W) T3

T E SRR IR S BE W A R0 M 745 i AR

4.5 Fr R IE 5% ER R U8 P 4% 20 HT (The analysis of a
new type of sinusoid tracking filter)

ML YRS B BR RS A IR 5K A5 5 B od, T Xk
AR AT s SR E 5. DU Y () h
1, Herbiikis 5oh

Yasus(t) =
Yoosin(t) = Yasinnst(t) = KaoYao(t), (24)
AP Yosus (8) A Y2 () B N H0EAF 5, 1Ly
KpYa(t).
I 5 I LLBE A
Yy nsto(t) =
KqYs sus(t) = KaKaoYa(t) = Yao(t), (25)
A Yansto (8) A Y2 (6) BRI T (8 8L 1E 5% MR BR Ak oy
i

ETy =100 s, wy = 20w_3 45, R = 0.0001 Q15
B Y, nsto () 5 F S50 45 K, B0 7. Yansto (2)
TR T Yan () PR IESZAS S BT
5 Ry 28 0 R 2k 43 T (The frequency

characteristic analysis of the new type differ-

entiator)

AR F T RGP I — N R AR

Forb IESZUE I A I MR o S

Csrlw) = e (26)
\/(O _ 7)2 + R2?
W Wwe
S G (c0) A TESIEBEMEAIN 26, AR, I L1

w, = 0.2 rad/s, R = 0.0001 2
N3 21 52 e s UM M S 6 B n T 13 (a) s,

1.0000
~ 0.1000
:’; 0.0100 F
S 0.0010

0.0001 ! L !

0.16 0.18 0.20 0.22 0.24
w/(rad-s™")
(a) IEBZIEP AR

200000
S 20000 '[
E 2000+
< znr}L

2[}' 1 1 1
0.16 0.18 0.20 0.22 0.24

w/(rad-s"

(b) BT IE SRR ERDEDE SRR
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Fig. 13 Amplitude-frequency characteristic diagram of a new
type differentiator

WS HE LR, 7 Y IE 52 R U A P M AR
GNSTF(C‘)) = \/GR(W)Q + GI(W)Q,

Gr(w) =
1 2sin[(w _wo)Tw]cos[<w _;O)Tw]
Kd2{1 B (W —wo)Ty b
. (W —wo)Ty
2sin[~——12
Gl = gA——2— @)

1 Gnstr(w) 48T Y IE 52 ER R U8 I 2% A T LY 7
TN, Gr(w) ASEHE I, Gr(w) h HEAUE 2 7

B 2 T R D Y A P R SR 1,
13(b) 7. Fr AL IR SR EREFIE I e E AR iR g T
P, BB OB Ay . X 4 B 08 YRR X 41
T T S S ) T iR Ve (TS S S B .

LR 20(26)-(27) 43 Bl 45 H 1 G (w) FlGste (w).
BT A BRSSP R O

GNSTD(W) = Gsr(w)Gnsrr(w), (28)

A Grsto (w) 480 Tk 73 2 0 i A0 2, I & 2.
FPAET,, = 31.41 s, 15208 A 73 a4 O Ak 1 5
KK, E130)FR.

E13(c)45 i Gnsto (w) RIIR(EZ 4 32.
6 i E L% (Simulation results)

TEZHw E b, B, fEw, > 10 w_3 MR <
0.0001 QItf, FroeHR i o5 5 5 BARR M 5 5 A B
I O b T .

D7 FLSE I B v S B o LIS R, SO G
RE I BE ], B v S TR R AT s, SEBG N 5
To = 100 s, 4% R = 0.0001 €.
6.1 IG5 SHFPERIXT L (The comparison of

extracting differential signal characteristics)

KB B (5 5 5 BRI S 3T b <
RBME S HAARNE ARG 5 i s e E e e
KI5

1E wo = 0.2 rad/s, 193 Yo.nsto () 1Yo onsto (1) 5

BV Y o (8) RT3 ca (8) HOXS LEEG SR ILP 14,

0.5 T T T

= 04F —— ¥, ns(f)
SE 03f Yo
b % 02 - -
Py 0.1 L-‘H"‘--—-._.‘_.____;
0.0 ; : : L
0 100 200 300 400 500
t/s
(a) BRI A7)
- = 1.0 T T T
o i
a0
) “.f) -
= § 04} Y2 (t): T.V,
»_\q':’ ; 0.2 s }/_‘ t \3-.'[1)(”: T.rv‘.
=00 i f 1 [ -
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(OIS ILTING @iy
Bl 14 Bk G [ R UR- AR B e N S
XTSRS SRR
Fig. 14 The comparison of extracted differential signal and
simulation results of unit step response and slope re-
sponse of 2nd order object

K14 0171, Ya.nsto () 1 Y2nsto(t) A
Y () FYaa(8) Z ) AR AL RE 452 . [ 14(b)H, A
HEiE A 40.02/s.

6.2 PiHE M T304 4 B s2 % (The simulation
of resistance to white noise)

h T B RGBT PURE, T R B8
P, P N it T 75 7 B 47 28 1) D 230 R Ay o
AN THRRE R R,

E, = P,(w)BWsg, 29)

Kb BRI TIRRERSREL, w; Py (w) 4 FIE A T
PR, wirad-s~t; BW s 45 R GE (R RN IE) M
AT TE, rad/s, TR RGME 5B HURFE IR AR,

A IR, ER OB R 45 R G T Pk
Iy

E
E,. = (GM, BW, —
nstp = (GMysTp) NSTD T
mwd  E,
4&)%3 dB BWS ’
Tyw
G M, ~ —22_ BM, ~ W, 30
NSTD N G o) NSTD A W (30)

A Eynsto AT 0 28 10 TP RE B, w;
G M st M 80 B 5y 2 10 A8 14 23 06 A, G 5 25
BW st A BT 28 AT 58, rad/s.

PL 3 B Yo onsto(2) A B9, 76 & 3% 3 Jah i 2
0.02/s, [ 1k 75 A1 5 441 180.01, 43 51 Blw, 402 rad/sFll
0.1 rad/s, /i FALE 45 R 15 s,
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Fig. 15 Resistance to white noise of the differentiator

155250 45 v G, B i o 48 A BRI bt
7S PR, I DU ARG A3 2% BT S PR
(EXE
6.3 T4y 23 Xt L ((Differentiator characteristic

features)

XPET BT 5 2 S LCRI 73 # (R VEEAT X LE. 78
wo = 0.2 rad/s, 3RS LLAS R AL 16.

0.5 T T T T
L 7
=% 03f -
z 3 02} =
S Y, i ro(t), R=2 Q
01r =+ Y3 nsto(?) i
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(@) BrERBELRm LS
_ . E-l} T I I L
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Fig. 16 The diagrams of characteristic contrast of the differen-
tiator
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A, fEw, = 0.1 rad/sit, 23200 Lhgh R anE 17
Fi7R.
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Fig. 17 The effects of reducing filter frequency on the charac-
teristics of differential signal extraction

EI1THR, E ARSI 5, BBl o 23R e
WS ORUERCLT R4 o5 5 R, TILCR > 45 (1) 4
HA 5 T IR AR .

6.4 /N2 (Summary)

CRA SCHELE B &5 SRR A 1 LB i &5 R,
B IE G2 ENERTI O A e — PIRR IR L R R Ze M 48,
REMSAR A PR B 5 A 5, B0 FEBBERIUA
Wi 2 PRI 5 FARHHRE sl B R o5 5 4. LR
FRE RS TOE 5 RS R I TR, S B AR R Ay
AL BE R i, HOM s TR P R o

FHECAES, —BMor 28 AR5 B A R, FEAFAE
ORI . 7R AR I8 R R, WIAE AR BER
R IR T) 95 i i) s
7  SEFRMH (Practical application)

SO OB L I AL R ER T A A s TR R S
600 MW AEHLAL ) =73k il R i, iknn,
LA F VR I RGN A AGCHE i i FE 1)
FEFIREE, W18 7.

KI18HT /R, FENLAIAGCAS B fuf ik B, F9RE T3k
EAE ARG SR E T RN
0.016 MPa/s. JITIEIFTAGC, J2& H 3l H 87 fi 45l 1)
W (automatic generation control)4fi 5. EAGCAZ 41 fuf
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Fig. 18 The control properties of the main steam pressure con-

trol system before optimization
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Fig. 19 The optimization diagram of main steam pressure con-
trol system
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Fig. 20 The control properties of the main steam pressure con-
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trol system after optimization

BI207 75, K LB 24 IE 52 BRER 70 DA (6
FEPIZHUCA G 1AL 5, AR LA AGCA fifi i A,
VU b A W A G, RV TR BRI
B, AE BV T € H BT T B 2K 0.008~

0.016 MPa/siif. =¥ R IMHE T3 de 2 A
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8 45 (Conclusions)

PEH T PO I 5L R BRI A B, S 5 AEEE ()
FARE, W — PPk B o 2 A TE 45 R AT L 5%
PREFTA 23T T BN AT 3R A, Fa i 7Ei =
(BB AN, PR AR S I IE SR IR AR S Ll R
REREAE S5 M BRARS 5 . B Ak oy 25 (1) S 35 e A
T2 T 2 I I I TRV DN, i R A o155 R I A
o, DU TR R R, HL b, EREMOOME S 1
R R FRAS 5 1 1B 5Z D8 P B HE R L E B
PERTHE . BT IE s PR ER T o0 28 B U M R B T I 7
155 IO 5. A, 235 e PRI IBA, i1t —
S TF R T B Y I 2 PR R A A I R S DBy T ()BT
i, Scrb vk B B R BRS R SOR EE 2 () S B b,
FAUME. Foi o i, U7 FLSRE RS bR 45 5L, S0F T
BTV IE R R
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