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Research and application of a new type of
sinusoid tracking differentiator
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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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(sinusoid tracking differentiator, STD)
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2 (Classic differentiator prin-

ciple)
,

, 1.

1

Fig. 1 Principle diagram of classic differentiator

1 ,
[7]. (

) , .

,

.

2.1 (The 2nd order system)
( ) LRC ,

2 .

2 LRC

Fig. 2 LRC filter diagram

LRC⎧⎪⎪⎨
⎪⎪⎩

WLRC(s) =
YLRC(s)

X(s)
=

ω2
o

ω2
o +Rωos+ s2

,

TD = TI = To, ωo =
1

To

,

(1)

: WLRC(s) LRC , YLRC(s)

X(s) Laplace ; R

, Ω; TI C , s; TD L

, s; ωo LRC , rad/s,

. R � 2 Ω, LRC

.

2.2 (The 2nd order tracking dif-

ferentiator)

WLRC-D(s) = Kd[1−WLRC(s)] =

Kd

Rωos+ s2

ω2
o +Rωos+ s2

, (2)

: WLRC-D(s) , Kd

, .

2.3 (The deformation

structure of 2nd order tracking differentiator)
.

(2)⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

WLRC-D(s) =

Kd[Wsin(s) +Wcos(s)][1−WLCR-ST(s)],

Wsin(s) =
Rωos

ω2
o + s2

, Wcos(s) =
s2

ω2
o + s2

,

WLCR-ST(s) =
Rωos

ω2
o +Rωos+ s2

,

(3)

: Wsin(s) , Wcos(s)

, WLCR-ST(s) LCR

.

,

.

3 .

3

Fig. 3 The deformation structure diagram of 2nd order tracking

differentiator

3 ,
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,

LCR . LCR

LCR [15] , 4 .

4 LCR

Fig. 4 LCR filter diagram

2.3.1 (The analysis of sinusoid

filter)
,

(3)⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Y2(t)=L−1[
1

(Tαs+ 1)2
1

s
]=1−Yd1(t)−Yd2(t),

Y2- sin(t) =

L−1[
1

(Tαs+ 1)
2

1

s
(
Rωos

ω2
o + s2

)] =

RG(ωo) sin[ϕ(ωo)]Yd2(t)+

RG(ωo)
2 sin [2ϕ(ωo)]Yd1(t)+

RG(ωo)
2 sin[ωot− 2ϕ(ωo)],

Yd1(t) = e−
t

Tα , Yd2(t) =
t

Tα

e−
t

Tα ,

G(ωo) =
1√

1 + (Tαωo)2
,

ϕ(ωo) = tg−1(ωoTa), ω−3 dB =
1

Tα

,

(4)

: Y2(t)

, Y2-sin(t) Y2(t) , Yd1(t)

, Yd2(t) ,

sin[ωot− 2ϕ(ωo)] ; Tα

, s; G(ωo) ωo ,

; ϕ(ωo) ωo , rad; ω−3 dB

, rad/s.

2.3.2 (The analysis of cosine

filter)
Y2(t) , (3)

Y2- cos(t) = L−1[
1

(Tαs+ 1)2
1

s
(

s2

ω2
o + s2

)] =

−G(ωo) cos[ϕ(ωo)]Yd2(t)−
G(ωo)

2 cos[2ϕ(ωo)]Yd1(t) +

G(ωo)
2 cos[ωot− 2ϕ(ωo)], (5)

: Y2-cos(t) Y2(t) ,

Yd1(t), Yd2(t) cos[ωot − 2ϕ(ωo)]

.

2.3.3 (The signal analysis of the

adder)
ωo = 20 ω−3 dB, R = 2 Ω. Y2(t) ,

, 1.

1 1

Table 1 Relative proportional 1

Yd2(t) Yd1(t)

0.09970 0.000498 0.004984

−0.002497 0.002481 0.002493

0.09720 0.002979 0.005573

1.0 0.03064 0.05733

1 , Yd2(t) .

Y2(t) , (3)

Y2 - LRC - D(t) =

Kd[Y2- sin(t) + Y2- cos(t)− Y2 - LCR - ST(t)], (6)

: Y2-LRC-D(t) Y2(t) ,

Y2-LRC-ST(t) Y2(t) LCR .

2.4 LCR (The LCR differentiator)
1 , 3 ,

Yd2(t) ,

, .

,

, LCR

, .

LCR 5 .

5 LCR

Fig. 5 Deformation structure diagram of LCR differentiator

5 , LCR LCR

. Y2(t) , LCR

Y2-LCR-D(t) = Kd[Y2- sin(t)− Y2-LCR -ST(t)],

(7)

Y2-LCR-D(t) Y2(t) LCR .

3 (The lag

reason analysis of 2nd order tracking differ-

entiator)
Y2(t) ,

.
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3.1 (The structure extension

of sinusoidal filter)
LCR

6 .

6

Fig. 6 The diagram of infinite sinusoidal filter structure

6 : SF1 1, SUB1

1, .

3.2 LCR (The signal analy-

sis of LCR sinusoid tracking)
, 1

. , LCR

Yd2(t) . , Yd2(t)

SF1 LCR , SF1

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

Yd2 - SF1(t)
ωo�ω−3 dB

=

L−1{[ 1

Tαs+ 1
− 1

(Tαs+ 1)
2 ]
1

s

Rωos

ω2
o + s2

} ≈
Kd2[Yd1(t)− Yd2(t)],

Kd2 = RG(ωo) sin[ϕ(ωo)] ≈ RG(ωo),

(8)

: Yd2-SF1(t) Yd2(t) 1

; Kd2 Yd2(t) , .

LCR

Yd2 - LCR - ST(t)
ωo�ω−3 dB

≈

Yd2 - SF1(t) ≈ Kd2[Yd1(t)− Yd2(t)], (9)

: Yd2-LCR-ST(t) Yd2(t) LCR

. Tα = 100 s, ωo = 10 ω−3 dB, R = 2 Ω.

Yd2-LCR-ST(t) 7 .

7 LCR

Fig. 7 The trend of LCR sinusoid tracker

7 , LCR Yd2(t)

. Yd2-NST(t) Yd2(t)

.

3.3 (The signal analysis

of 2nd order tracking differentiator)
Y2(t) , (3)

Y2 - LRC - D(t)
ωo�ω−3 dB

=

Kd[Y2- sin(t) + Y2- cos(t)− Y2 - LCR - ST(t)] ≈
Kd{Kd2Yd2(t)−K2

d2[Yd1(t)− Yd2(t)]} ≈
Yd2(t)−Kd2[Yd1(t)− Yd2(t)]},
Y2 - LCR - ST(t) ≈ Kd2Yd2 - LCR - ST(t),

Y2- sin(t)≈Kd2Yd2(t), Y2- cos(t)≈0, Kd=
1

Kd2

,

(10)

: Y2-LRC-D(t) Y2(t) ,

Y2-LRC-ST(t) Y2(t) LCR .

Tα = 100 s, ωo = 20ω−3 dB, Y2-LRC-D(t)

8 .

8 R

Fig. 8 The trend of 2nd order tracking differentiator signal var-

ied with resistance R

8 , R , Y2-LRC-D(t) . R ,

.

: , LCR

,

.

4 (A new type of

sinusoid tracking differentiator)
5 LCR ,

LCR [15] ,

LCR ,

.

,

WNSTD(s) = KdWsin(s)[1−WNST(s)], (11)
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: WNSTD(s) , WNST(s)

,

9.

9

Fig. 9 The new differential signal extraction element diagram

9 ,

.

4.1 (Refactoring the sinusoid

filter)
4 , LCR R → 0,

WLCR(s)
R→0

=
Rωos

ω2
o +Rωos+ s2

=

Rωos

ω2
o + s2

= Wsin(s). (12)

,

Ysin(t) = L−1[
Rωos

s2 + ω2
o

1

s
] = R sin(ωot), (13)

: Ysin(t) ,

R ωo . R

, R ,

, LCR⎧⎪⎨
⎪⎩

YLCR(t) = R
kam(t)

kω
sin(kωωot),

kam(t) = e−
Rωo

2 t, kω =
√
1−R2/4,

(14)

: YLCR(t) LCR

, Kam(t) , .

kω , . ωo =

0.2 rad/s, R = 0.0001 Ω.

kω ≈ 0.9999999987 ≈ 1.

t = 1000 s , Kam(t) ≈ 0.990049 ≈ 1.

, LCR .

4.2 (The sinusoid filter signal)
(4)

.

Y2-t(t) = L−1[
1

(1 + Tαs)2
Vt

s2
] =

Vt(t)− VtTαY1(t)− VtTαY2(t),

Y2 - t -sin (t) =

L−1[
1

(Tαs+ 1)
2

Vt

s2
(
Rωos

s2 + ω2
o

)] =

RVt

ωo

Y2(t) +
RVt

ωo

G(ωo) cos[ϕ(ωo)]Yd2(t)+

RVt

ωo

G(ωo)
2 cos [2ϕ(ωo)]Yd1(t)−

RVt

ωo

G(ωo)
2 cos[ωot− 2ϕ(ωo)], (15)

: Y2-t(t) ;

Y2-t-sin(t) Y2-t(t) , Y2(t),

Yd1(t), Yd2(t), cos[ωot− 2ϕ(ωo)] ; Vt

, s−1.

4.3 (The basic principle

analysis of a new type differentiator)

, ,

,

. , ,

, .

4.3.1 (Ideal differential signal)
, ,

. Y2-t(t)

⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

Y2 - t - d(t) = L−1[
1

(1 + Tαs)2
Vt

s2
Tds] =

TαVtY2(t),

Td = Tα,

(16)

Y2-t-d(t) Y2-t(t) .

4.3.2 (The

sinusoidal filtering of unit step response)
ωo = 20ω−3 dB, Y2(t) , Y2-sin(t)

2.

2 2

Table 2 Relative proportional 2

Yd2(t) Yd1(t)

1.0 0.00498 0.04993

2 , Y2-sin(t) Yd2(t) ,

Y2-sin(t)

Y2- sin(t)
ωo�ω−3 dB

=

L−1[
1

(Tαs+ 1)
2

1

s
(
Rωos

ω2
o + s2

)] ≈

Kd2Yd2(t). (17)
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, Y2-sin(t)

Yd2(t) Kd2 .

Tα = 100 s, ωo = 20ω−3 dB, R = 0.0001 Ω.

Y2(t) , Y2-sin(t) 10

.

10

Fig. 10 Sinusoid filter signal of 2nd order object unit step re-

sponse

10 , Y2-sin(t) ,

, .

9 ,

. Y2-NSTD(t) Y2(t)

.

4.3.3 (The

sinusoidal filtering of slope response)
ωo=20ω−3 dB, Y2-t(t) , Y2-t-sin(t)

, 3.

3 3

Table 3 Relative proportional 3

Y2(t) Yd2(t) Yd1(t)

1.0 0.00248 −0.00249 −0.00249

3 , Y2-t-sin(t) Y2(t) ,

0.25%, Y2-t-sin(t): Kd2

Y2-t-d(t), . Y2-t-sin(t)

Y2- t - sin(t)
ωo�ω−3 dB

=L−1[
1

(Tαs+ 1)
2

Vt

s2
(
Rωos

s2 + ω2
o

)] ≈

Kd2TαVtY2(t). (18)

4.4 (The analysis of a new

type sinusoid tracker)
[16]

,

.

11 .

11 , A

B .

2.

Y2-sin(t) ,

.

11

Fig. 11 The diagram of a new sinusoid tracker

4.4.1 A (The analysis of orthogonal

mixer A)
A A A ,

, A

R(t) = Y2 - sin(t) cos(ωot+ β) =

Ro(t) +R2ω(t) +RAM(t),

Ro(t) = −RG(ωo)
2 sin[2ϕ(ωo) + β]

2
,

R2ω(t) =
RG(ωo)

2 sin[2ωot− 2ϕ(ωo) + β]

2
,

RAM(t) = {RG(ωo) sin[ϕ(ωo)]Yd2(t) +RG(ωo)
2

sin [2ϕ(ωo)]Yd1(t)} cos(ωot+ β), (19)

: R(t) A, Ro(t), 2ωo

R2ω(t), ωo RAM(t) ; β

, rad, .

A⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

I(t) = Y2 - sin(t) sin(ωot+ β) =

Io(t) + I2ω(t) + IAM(t),

Io(t) =
G(ωo)

2 cos[2ϕ(ωo) + β]

2
,

I2ω(t) = −G(ωo)
2 cos[2ωot− 2ϕ(ωo) + β]

2
,

IAM(t) = {G(ωo) sin[ϕ(ωo)]Yd2(t) + G(ωo)
2

sin [2ϕ(ωo)]Yd1(t)}sin(ωot+ β),
(20)

: I(t) A, Io(t), 2ωo

I2ω(t), ωo IAM(t) .

Yd2(t)
[17]

Fd2(jω) =
Tα

(1 + Tαjω)2
. (21)

ωo , Yd2(t)

Fd2(jω) ωo , ωo

12 .
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12

Fig. 12 Amplitude frequency diagram of slip rectangular win-

dow

4.4.2 (The analysis of slip

rectangular window)
A

,⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Rw(t) =
1

Tw

�
∞
[R(t)−R(t− Tw)]dt ≈

Ro(t) ≈ −RG(ωo)
2 sin[2ϕ(ωo) + β]

2
,

Iw(t) =
1

Tw

�
∞
[I(t)− I(t− Tw)]dt ≈ Io(t) ≈

RG(ωo)
2 cos[2ϕ(ωo) + β]

2
,

Tw =
2π

ωo

,

(22)

: Rw(t) A; Iw(t)

A; Tw , s;

ωo , ,

12 .

12 , Gwin(ω) ,

. FAM(ω) ωo .

1, ωo 2ωo ,

,

ωo , 2ωo .

4.4.3 B (The analysis of

orthogonal mixer B and adder)
B

Y2-sin-NST(t) =

2Rw(t) cos(ωot+ β) + 2Iw(t) sin(ωot+ β) =

−RG(ωo)
2 sin[2ϕ(ωo) + β] cos(ωot+ β)+

RG(ωo)
2 cos[2ϕ(ωo) + β] sin(ωot+ β) =

RG(ωo)
2 sin[ωot− 2ϕ(ωo)], (23)

: Y2-sin-NST(t) Y2-sin(t)

, Y2-sin-NST(t) Y2-sin(t)

.

, Tα=100 s, ωo=10ω−3 dB, Yd2(t)

, , 7 .

Yd2(t) ,

.

4.5 (The analysis of a

new type of sinusoid tracking filter)
,

. Yd2(t)

,

Y2-SUB(t) =

Y2- sin(t)− Y2-sin-NST(t) ≈ Kd2Yd2(t), (24)

: Y2-SUB(t) Y2(t) ,

Kd2Yd2(t).

Y2 - NSTD(t) =

KdY2 - SUB(t) = KdKd2Yd2(t) ≈ Yd2(t), (25)

: Y2-NSTD(t) Y2(t)

.

Tα=100 s, ωo = 20ω−3 dB, R = 0.0001 Ω

Y2-NSTD(t) , 10 . Y2-NSTD(t)

Y2-sin(t) .

5 (The frequency

characteristic analysis of the new type differ-

entiator)
.

GSF(ω) =
R√

(
ωo

ω
− ω

ωo

)2 +R2

, (26)

GSF(ω) , .

ωo = 0.2 rad/s, R = 0.0001 Ω

13(a) .

(a)

(b)
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(c)

13

Fig. 13 Amplitude-frequency characteristic diagram of a new

type differentiator

,

GNSTF(ω) =
√
GR(ω)2 +GI(ω)2,

GR(ω) =

1

Kd2

{1−
2 sin[

(ω − ωo)Tw

2
]cos[

(ω − ωo)Tw

2
]

(ω − ωo)Tw

},

GI(ω) =
1

Kd2

{
2 sin[

(ω − ωo)Tw

2
]2

(ω − ωo)Tw

}, (27)

: GNSTF(ω) ,

. GR(ω) , GI(ω) .

,

13(b) .

, ωo.

.

(26)–(27) GSF(ω) GNSTF(ω),

GNSTD(ω) = GSF(ω)GNSTF(ω), (28)

: GNSTD(ω) , .

Tw = 31.41 s,

, 13(c) .

13(c) GNSTD(ω) 32.

6 (Simulation results)
, , ωo � 10 ω−3 dB R �

0.0001 Ω ,

.

,

, 1 s, ,

Tα = 100 s, R = 0.0001 Ω.

6.1 (The comparison of

extracting differential signal characteristics)
.

.

ωo = 0.2 rad/s, Y2-NSTD(t) Y2-t-NSTD(t)

Yd2(t) Y2-t-d(t) 14.

(a)

(b)

14

Fig. 14 The comparison of extracted differential signal and

simulation results of unit step response and slope re-

sponse of 2nd order object

14 , Y2-NSTD(t) Y2-t-NSTD(t)

Yd2(t) Y2-t-d(t) . 14(b) ,

0.02/s.

6.2 (The simulation

of resistance to white noise)
,

, ( )

( )

En = Pn(ω)BWS, (29)

: En , w; Pn(ω)

, w/rad·s−1; BW S ( )

, rad/s, .

,

En - NSTD = (GMNSTD)
2BWNSTD

En

BWS

≈
π2ω3

o

4ω2
−3 dB

En

BWS

,

GMNSTD ≈ Twωo

4G(ωo)
, BMNSTD ≈ ωo, (30)

: En-NSTD , w;

GMNSTD , ;

BWNSTD , rad/s.

Y2-t-NSTD(t) ,

0.02/s, 0.01, ωo 0.2 rad/s

0.1 rad/s, 15 .
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(a) , 0.2 rad/s

(b) , 0.1 rad/s

(c)

15

Fig. 15 Resistance to white noise of the differentiator

15 ,

,

.

6.3 ((Differentiator characteristic

features)
LCR .

ωo = 0.2 rad/s, 16.

(a)

(b)

16

Fig. 16 The diagrams of characteristic contrast of the differen-

tiator

16 ,

. LCR

. 16(b) ,

0.02/s, Y2-t-LCR-D(t) Y2-t(t) LCR .

, ωo = 0.1 rad/s , 17

.

(a)

(b)

17

Fig. 17 The effects of reducing filter frequency on the charac-

teristics of differential signal extraction

17 , ,

, LCR

.

6.4 (Summary)
,

,

,

.

,

, .

, ,

. ,

.

7 (Practical application)

600 MW . ,

AGC

, 18 .

18 , AGC ,

,

0.016 MPa/s. AGC,

(automatic generation control) . AGC
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,

0.84 MPa.

116 s. ,

, 19 .

18

Fig. 18 The control properties of the main steam pressure con-

trol system before optimization

19

Fig. 19 The optimization diagram of main steam pressure con-

trol system

19 , PI .

,

,

PI , ,

PI .

,

: ,

,

.

,

, 20 .

20

Fig. 20 The control properties of the main steam pressure con-

trol system after optimization

20 , (

PI ) , AGC ,

,

, 0.008∼

0.016 MPa/s .

0.84 MPa 0.21 MPa,

116 s 29 s.

8 (Conclusions)
,

,

.

,

.

: ,

, . ,

.

. , ,

.

. , ,

.
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