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Application of improved HHT online filtering algorithm
in the control of electro-hydraulic servo system

HUANG Jing†, LI Chang-chun, YAN Hao, YANG Xue-song

(School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044)

Abstract: Hilbert-Huang transform is an effective method which is used to time-frequency analysis of non-linear and

non-stationary signal, and is widely used in many fields. Hilbert-Huang transform is mainly used to off-line analysis

by now, a new on-line filtering method based on Hilbert-Huang transform is proposed and applied to electro-hydraulic

servo control system, this new filter can process system’s output signal in real time by using the improved empirical mode

decomposition (EMD) method. Firstly, there should set the length of filter’s window and apply the improved EMD method

to decompose the original signal data which is in the filter’s window. After this the noise components and other interference

signal components can be got. Secondly, the noise components and other interference signal components can be removed

from the original signal to achieve the filtering effect. As the time delay characteristics of this filter is not changed with the

change of input signal’s frequency, it’s only related with the filter window length, so the time delay can be compensated by

system’s controller. This new method is applied in electro-hydraulic servo control system and the output of this system has

achieved good results both in phase and control effect, which illustrates the practicability of this new control method.
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1 (Introduction)
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2 Hilbert-Huang (Brief introduction

of Hilbert-Huang transform)
Hilbert-Huang , (empirical

mode decomposition, EMD) Hilbert (Hilbert

spectral analysis) .

EMD HHT ,

IMF , IMF
[10]. :

1) x(t) .

2) (

)

xmax(t),

xmin(t).

3) m(t).

4) x(t) m(t), h(t)

= x(t) −m(t). h(t) (1),

1)–4), .

sd =
n∑

i=1

[
(hk−1(i)− hk(i))

2

h2
k−1(i)

], sd ∈ [0.1, 0.3], (1)

sd 0.1–0.3 , .

I1(t) = h(t), x(t) I1(t)

r(t) = x(t)− I1(t) ,

1)–4) I2(t), I3(t), · · ·, r(t)

, .

EMD

1 .

3 EMD (Optimization of EMD

process)
EMD ,

[11] ,
[12–14], [15–18].

, ,

, .

1 EMD

Fig. 1 EMD decomposition process

, EMD :

1) , x1 xend

(2)–(3), .

x1 = max(x1, · · · , xend)

x1 = min(x1, · · · , xend), (2)

xend=max(x1, · · · , xend)

xend=min(x1, · · · , xend). (3)

2)

, (4)

–(5) .

x(i) > x(i− 1), x(i) > x(i+ 1), (4)

x(i) < x(i− 1), x(i) < x(i+ 1). (5)

:

x(i) = x(i− 1), x(i) > x(i+ 1), (6)

x(i) = x(i+ 1), x(i) > x(i− 1). (7)

:

x(i) = x(i− 1), x(i) < x(i+ 1), (8)

x(i) = x(i+ 1), x(i) < x(i− 1). (9)

3) ,

:

1) m [xmax 1,

xmax 2, xmax 3, · · · , xmaxm],

Dj Davg:

Davg =

m−1∑

j=1

Dj

m− 1
. (10)

2) Dmax,
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Dmax ,

, :

a) m = 1, Dmax � N /2, N ,

m .

b) m � 2, Dmax � 1.5 ·Davg, m

.

3) Dmax ,

Davg,

. xmax i, xmax j ,

1 � i < j � m,

[xmax 1, xmax 2, xmax 3, · · · , xmax i,

xt1, xt2, xt3, · · · , xtn, xmax j , xmaxm].

xmax i x(a), xmax i = x(a),

t1=a+ 1Davg, t2=a+ 2Davg, · · ·, tn=a+ nDavg.

4) EMD , ,

, :

s =
N∑

i=1

[
(x(i)− I(i))2

x(i)2
], s < 0.1, (11)

: x(i) ; I(i)

IMF ; N ; s I(i)

x(i) ,

, .

4 HHT (Design of HHT

on-line filter)
3 , HHT

:

1) n, n

, ,

, .

[x1, x2, x3, · · · , xn] [x2, x3, x4, · · · , xn+1].

2) [x2, x3, x4, · · · , xn+1]

xmax = [xmax 1, xmax 2, xmax 3, · · · , xmax p],

(4)(6)–(7).

x2, xn+1 (2) (3), x2,

xn+1 xmax .

3) [x2, x3, x4, · · · , xn+1]

xmin = [xmin 1, xmin 2, xmin 3, · · · , xmin q],

(5)(8)–(9).

4) 3.1 (3), xmax

xmin , x′
max x′

min.

5) x′
max x′

min

[max1,maxp], [min1,minq]

, [x2, x2, x3, · · · , xn+1]

emax = [emax 1, emax 1+1, emax 1+2, · · · , emax p]

emin = [emin 1, emin 1+1, emin 1+2, · · · , emin q].

6) [2, n+1] emax

emin, [max1,maxp] [min1,minq]

,

e′max = [x2, x3, · · · , xmax 1−1, emax 1, emax 1+1,

· · · , emax p, xmax p+1, xmax p+2, · · · , xn+1],

e′min = [x2, x3, · · · , xmin 1−1, emin 1, emin 1+1,

· · · , emin q, xmin q+1, xmin q+2, · · · , xn+1].

7) ,

m(t) = (e′max(t) + e′min(t))/2, x(t)

m(t) h(t), h(t) = x(t)−m(t).

(1) (11) h(t) ,

, h(t) (2)–(7),

. h(t) 1 IMF1,

IMF1(t) = h(t).

8) x(t) IMF1(t) r(t),

r(t) (2)–(7),

IMF2, IMF3, IMF4, · · · .

1 . m

, h .

1 IMF

Table 1 The decomposition process of IMF components

1 2 3 · · · k

IM1 x x−m11 = h11 h11 −m12 = h12 h12 −m13 = h13 · · · h1(k−1) −m1k = h1k IMF1 = h1k

IM2 r1 = x− IMF1 r1 −m21 = h21 h21 −m22 = h22 h22 −m23 = h23 · · · h2(k−1) −m2k = h2k IMF2 = h2k

IM3 r2 = r1 − IMF2 r2 −m31 = h31 h31 −m32 = h32 h32 −m33 = h33 · · · h3(k−1) −m3k = h3k IMF3 = h3k
...

...
...

...
...

...
...

...

IMFn
rn−1 = rn−2−

IMFn−1

rn−1 −mn1 =

hn1
hn1 −mn2 = hn2 hn2 −mn3 = hn3 · · · hn(k−1) −mnk = hnk IMFn = hnk
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4.1 (Determination of the decom-

position’s order)
, EMD ,

2 . ,

4 IMF ,

EMD , IMF4 .

X(t), IMF IMF1(t),

IMF2(t), · · ·, IMF4(t), y(t) =

x(t)− IMF1(t)− · · · − IMF4(t).

2 EMD

Fig. 2 EMD decomposition result of real signal

4.2 (Determination of the

filtering window’s length)
Hilbert-Huang EMD ,

.

, (FIFO)

.

2 :

1) , ,

EMD

.

2) , ,

. , ,

,

, .

,

. , 4 Hz

, ,

20 50 3–4 .

3 20

Fig. 3 The filtering result when window length is 20

4 50

Fig. 4 The filtering result when window length is 50

,

50 .

50.

4.3 (Simulation)
1) 1 2,

5 . P2, P19 ,

(6)–(9), (4)–(5),
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, P4, P18

: P4 , P18 . EMD

, P4 EMD

P4 − (P4max + P4min)/2 = P4 − (P4 + P4)/2 = 0,

P4, P18 EMD ,

EMD .

EMD , 5

6 . EMD

, ,

, EMD

, 7 ,

,

.

5 a

Fig. 5 The data changing point chart a

6 b

Fig. 6 The data changing point chart b

7

Fig. 7 The result without considering data changing points

EMD 8 . 8

, EMD

.

8

Fig. 8 The result with considering data changing points

2) 3,

9 .

, EMD

. EMD ,

10 . ,

, .

9

Fig. 9 The influence of large extreme points span
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10

Fig. 10 The envelop line after interpolation

3) 4, 11 ,

1 IMF1, 2 IMF2

.

IMF1, IMF2 IMF3 ,

. (11) ,

IMF2 ,

IMF1,

.

11 1

Fig. 11 The noise component is only the first component

4.4 (Filtering effect of the real

signal)
EMD ,

, ( ,

0–20 Hz, 3 dB, 150 Hz

60 dB) HHT . 12

. 10 Hz ,

, 21.93 dB. 12 ,

HHT

.

12

Fig. 12 The filtering result of real signal

5 (Design and effect of

the controller)
HHT ,

.

n,

n/2 ,

.

.

13–14 .

13

Fig. 13 System composition block diagram

14

Fig. 14 The picture of real electro hydraulic servo system

,

,

,

. HHT

,

.

.
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,

G(z) =
Y (z)

X(z)
=

z−
n
2 B(z−1)

A(z−1)
,

A(z−1) = 1 + a1z
−1 + a2z

−2 + a3z
−3,

B(z−1) = b0 + b1z
−1 + b2z

−2 + b3z
−3,

: Y (z) , X(z) ; z−n/2

n/2 . HHT

. ,

X(z) n/2 X(z + n/2),

HHT .

Y (z) =
z−

n
2 B(z−1)

A(z−1)
X(z +

n

2
) =

B(z−1)

A(z−1)
X(z).

(12)

(12) , ,

, HHT .

, 2 Hz, 5 Hz,

10 Hz, 20 Hz ,

,

15–22 .

15 2 Hz

Fig. 15 The effect comparison when frequency is 2 Hz

16 2 Hz

Fig. 16 The error comparison when frequency is 2 Hz

17 5 Hz

Fig. 17 The effect comparison when frequency is 5 Hz

18 5 Hz

Fig. 18 The error comparison when frequency is 5 Hz

19 10 Hz

Fig. 19 The effect comparison when frequency is 10 Hz

,

,

, HHT

,

HHT .
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,

HHT , 2 :

, ,

, .

, ,

,

.

20 10 Hz

Fig. 20 The error comparison when frequency is 10 Hz

21 20 Hz

Fig. 21 The effect comparison when frequency is 20 Hz

22 20 Hz

Fig. 22 The error comparison when frequency is 20 Hz

,

.

6 (Conclusions)
EMD HHT ,

,

.

,

EMD 4 ,

;

, . HHT

,

,

.

, .

.
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