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Parameter Identification of Servo System for Excavator Arm
Based on Hammerstein Model
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Abstract: According to the complex nonlinear properties of hydraulic excavator arm’ s servo system, a
Hammerstein model which contains static nonlinearity and dynamic linearity was adopted to describe the
system instead of linear model. The dynamic linear module was described by a discrete Auto-Regressive
eXogeneous ( ARX) model, and the static nonlinearity module was described by a two-segment polynomi-
al. The forgetting factor recursive least square method was applied to realize decomposition identification
of the parameters for both linear and nonlinear module through multi-frequency sinusoidal input and angle
output signal. The comparison experiments between the identified Hammerstein model and ARX model
indicated that the error of Hammerstein model was reduced by 77% , the results demonstrated that Ham-
merstein model meets the need for describing the servo system of excavator arm.
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Fig. 1  Electro-hydraulic controlled excavator
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Fig.2  Block diagram of excavator arm’ s servo system
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Fig.3 Valve controlled hydraulic cylinder
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Fig.4 Linear model of the electro-hydraulic system
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Fig.5 Nonlinear character of the servo system
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Fig.7 Schematic diagram of nonlinear model
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Fig. 8 Schematic diagram of Hammerstein model

Hammerstein 8 2R P R FH ARX 7Y
KEmH
Az ) y(k) =z7"B(z ") x(k) +v(k), (13)
AF:ACz") =1 +a,z27" + -+
by +byz7" 4+ + b,z"";m, RHEBIER ;a,(i=1,2,
n,) (=01, 0, ) NERTEREL,
% 1& I a) ik 2 48 A IR AR X BRI A
He ZP AR FRER S AHMER Y Hammerstein £
R AL AT R F o Be 2 T 2Ok A AR S R

+ an“z_nu;B(z_l ) =

Fu(k)) = Srad(h),  w(k) =0;
w(k) = 1=0

g(u(k)) = ]z_r(,)glu](k), u(k) <0,

(14)
o f) g WAL R B r 2L
SE STy B R
0, u=0;
h(w) = (15)

1, u<O.
HEPIRES x(¢) AT RSN

x(k) =f(uCk)) +(g(u(k)) —f(u(k)))h(u(k)) =

gflu’uc) + 2 (g ~f)ul ()b (u(k)). (16)

ANR— e 15 by = 1,08 (16) AR A (13) 2,
IUESS ks i B N

ny ng
y(k) = 3, ba(k-n,—j) = X, ay(k-i)+
j=1 i=1

gf,u’uc—m R 2 (o) (k=n)h(u(k =n,)),

(17)
R p, =g, —f. B (17) RERLAE R K
y(k) =®" (k)0 +v(k), (18)

A
D =[1,u(k-n,),u(k-n,),h(u(k-n,))
wCk =n ) h(u(k-n,)) - u (k=n ) h(u(k-n,)),
x(k-1-n,),,x(k-n,-n,),

—y(k=1) o, =y(k=n,) ]; (19)
0= [ﬁ)’.fl ,“"f;wp()’pl ’“'pr7b| 9'“’bn,}7a1 ’n_’a"”JT.
(20)

@' L E R RLDRA « (k) ANRE N & 7 H
(12) A AT R AT T

x(k) = gf,u‘uc) . gpzu’<k>h<u<k>>.

(21)
T Hammerstein F580 () 5 /N — Ffe k& Rn] fifk
H
y(k) =" (k). (22)
(22) Y LR S x (k) S 7E 26 A R o i
(21) AR L D(k) = D(k,0). R E
LA T /N — ek PR R S A R
AN

0A:arg9min§4l Ly(k) —d;r(k)ﬂ}. (23)

ORGSR T
0(k)=0(k-1) +

P(k=1) (k) [y(k) =®" ()0 =1)] )
A+ @ (B)P(k-1)D(k) ’
P(k) :%[P(k-m -
P(k-1)D(E) D" (B)P(k-1) (25)

A+ @ (BYP(k-1)D(k)

2(k) = §ﬁ<k—1>ul<k> +



5512 1

FF Hammerstein A7 132 98817 IR R G S 5N 1531

> p(k-1)u'(k)h(u(k)), (26)

D(k) =[1,uk-n,) - ,u (h=n) h(u(k-n,)),
u(k —ng)h(u(k-n,) ), u (k-n)h(u(k-n,)),
x(k-n,=1), 2(k-n,-n,), —y(k-1),-,

~y(k-n)1", (27)
KPP AHMEPO) =ul, 0 <p< oo ;A<1 KA
+.

3 KWERSH

BRI RGURAE T R 0. 05 s, R AR
BRAEZH & X5 5 (9 (a) Fim) 1R B R 50
22 48t i) AR R R B 455 (T8 9 (b) B/ ) B Hi
RS 0°WILAR ) o AL 9 vha] WY U (5 5
16 0 BTy, BRIAE X AR it BE AR 4ERE AN S 5 B A
SRAESZXSFRAG S, i 2 s RIIE Oy
[ ] 7 A AN KPR

BX Hammerstein #8550 A9 264 B vk n,=3.n,=2,
BAELAERR S Z 5B r =3, B n, =10 0.5 s 4E
R, E SR R G A, A R
PR~ Ay sk A e/ N 3fe 1 AR SCHR [ 10 ] oG Fask
AW S AT B P(0) =10°7,%(0) =u(0) =
0,A =0. 99, HHHIG R 5 Hammerstein AR 5 E
LML) ARX BRI AR 1 .2 PR,

6
4
- 2
=
= 0
E )
4
-6 | I I | I I I
5 10 15 20 25 30 35 40
8] /s
(0 JTER R

(a) Open-loop inpul

WAL A7 /(°)
<

5 10 15 20 25 30 35 40
B IE] /s
(b) ZBEMINIR T
(b) Oulput signal
K9 HRRSEA A S5
Fig.9 Input and output single of the identification

experiment

% 1 Hammerstein 1 & 5 3 & 11 1&

Tab.1 Identified parameters of Hammerstein model
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