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Robust Parameter Estimation by Using Noise Reduction Method
— The Verification on The Recursive Least Squares Method —
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Abstract: There are power/size and price/cost constraints in realizing embedded mechatronic systems. In order to meet

these specifications, fixed-point microprocessors with a short word-length are suitable for control and real-time identifica-

tion. From calculation time and accuracy, simple and reliable identification algorithm for fixed-point arithmetic is required.

Thus, we proposed previously the simple method that estimates directly physical plant parameters by unifying MRAC and
delta form. However, the proposed method may suffer from parameter estimation errors due to measurement noise. In this
paper signal processing for identification is proposed. The principle is based on noise reduction methodology. High-pass
and low-pass filter are inserted for plant input and output, respectively so that the input-output relation of the plant does

not change. Since high-frequency noise or measurement noise is reduced by low-pass filter, S/N ratio of plant output can

be increased. As an illustration, ARX models on first- and second- order systems by using recursive least squares are

considered. Simulation results show that parameter estimation errors can be greatly reduced by the proposed method.
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Fig. 2 Measurement noise

00000000000000000000000(900
oD®Tenonoono®! (k)@ (knood? (k—1)®(k—1)0
000000000000000000(7-8]0
Ok) = O(k—1)+L(k) (¥(k) — ¢ (VO k -
O00O0LGKOOODO0O000000

PG Do)
L) = T 7 0Pk — 1ol

n) an

12)

Pk — 1)¢(k)¢" (k)P (k — 1»
(k)

P("):X<P("‘”‘ N o WPE - 1)

(13)
3. booooooo
31 000000000
00000000001000020000000000

e 100
b
H(s) = —2 14
1(s) S+a (14)
a, = 1000 b, = 200
e 2[00

by
s+ apis + ap
0000¢=0.0100000w,=100rad/s
100000 b, = 20000

H(s) = (15)

ap) = 20 apy =

32 0JO0OO0OOOOoOono

00000000000 Matlab/SimulinkD O System
identification ToolboxO OO OO OO OOOO0O0OTO ImsO0O
ooooaOo0980 000000000 DOoOOOooOooOg
ddobooooobooooobooobooooooooo
doooooooboobobboooooooooo

u(k) = sin(2mw2kT) + 0.1sin(27w20kT) (16)

O0o0o00o0oooOo200000000o0o0o0ooooo
O0001x107°0000000300000000000
OUoo40006000000000DOOLOOUOUODOOO
gbooooboobboobobooboboobobooooboo
00000000 0oOoOoooooooSNooooooo
goooboobooobobo



Amplitude
)
n o
H\$‘ i
>
-

S N ‘ R i i o1
0 01 02 03 04 05
Time s

(a) First-order system
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Fig. 3 Plant input and output
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(b) Estimated parameters under measurement noise

Fig. 4 Parameter estimation on first-order system
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(a) Estimated parameters
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Fig. 5 Parameter estimation on second-order system
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Fig. 6 Parameter estimation on second-order system



Noise

250
ew) £ i ; 5
2200 Lo A
+ 15 ¥ : 1
r) L [ YR £ g b,
— {17 Pl T (8) Ol o] 1) | 2150 || T —
' " o Low- ' (=7 il
I-Fl‘li%tl:rpass hold Plant hold Low-pass < 100 _ /
§ § ERY S
| | ﬁ i : 1
I L L E T [ I e T T ' OJ‘H‘A.,IHJJU.;MJ;A
H,(z™) 0 01 02 03 04 05

Model Time s

Fig. 7 System modeling by using noise reduction method .
(a) Estimated parameters
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(b) Estimated parameters under measurement noise

e 00000000 Fig. 8 Parameter estimation on first-order system
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(b) Estimated parameters

Fig. 9 Parameter estimation on second-order system
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(b) Estimated parameters under measurement noise

Fig. 10 Parameter estimation on second-order system f=5Hz

00000000000000000000000000
000000000000 00000000O00O0O
0000800090 000000000000000
0000000000000000000000000
0000000000000000000000000
08MbOO0100000000000000000000
00000000000000200000000000
000000000000 0000000000000
O000000Hz2DODOODOOOOO0O0OOA17)-(18)0
000000000000 0000000000000
000000000000 00O0000O00O0OOon
0000000000000 00000O00O0OOon
000000000000000000000000
00000000000 11000000000000
00000000000000000000000000000

5. OO0

000000000 0OOoU0oARXODOOOoOooOooooo
goboooobooobbooboboooboooboooboa
gobooooboooboboooboooboooboooboo
000lo0opo20000000000000OoooUoOo
gbobobobooboobooooooboobooooboooo
ooooobooboboobobooobooobobooobooo
gooboooobobooobooobooooboboooboogo

2.5

g :

2 2.0 |- Ml

£

£ 15}

[=7

3 Lo . S
§05 |
1 a,
Mo ' e

0 01 02 03 04 05
Time s

(a) Estimated parameters under measurement noise
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Fig. 11 Parameter estimation on second-order system f=0Hz
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