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System Identification of ARX Model Using Binary Sensors
«I. Takahashi and S. Adachi (Keio University)

Abstract— Wang et al proposed a novel system identification method based on the output data measured
by binary sensors. However, there were some problems such as constraints on identification input signal.
In this paper, a modified identification method using binary sensors is proposed. The effectiveness of the
proposed method is examined through numerical examples which simulates a zirconia Oz sensor.
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Fig. 1: Nonlinearity of zirconia O9 sensor.
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Fig. 2: Input(upper), output(middle) and uncer-

tainty (lower) sequence for deterministic identification.

(1)00000 00000000 s()000000
0000000000 Q¢ 000000000000
000000000000000000000000
0000000000000000000000000
00000000000000000000

i)0ooooo

C
=D

i) 0000000000000 0ooo

s(t)=10000

Gt) =Gt —1), G(t) = pult—1)+6/u(t)
s(t)y=00000
G(t)=G(t—1), Gt)=nt—1)—d/ult)
00000000006t = u(t)
iii) 0000000000
((t) > ot = [uO] 2 3)
]~ e

000000000000000000000000
0 Fig2000000000000000000 Fig.l
00000000000C =146 00000000
G =7.500Q(0) =[1,200000000 d(t) = [-0.9,0.9]
0oooooooo
0000000 GOO0000 Q0)0000 (0)O
00000 «(1)00000000000 »1)000
CO00000000000000000 s(1)=100
0000000 x(0)000000000000000
0000000000 Q1)00000000000
000000000000 CO00d#) 000000
000000000000wk0)00 6/4(1)00000
0Q1)000000000000000000000
000000000000000000000000
0000000000000000000

0 20 40 _ 60 80 100
- Time
........... l’l:.“|r . i, 5 i}_\- 14
>145/ 7 41 TMA ”Nuufﬁ AN e=C
[\ '1|I J I|I I| ‘,'( III|I“§. Uy | III l”l
| | ’ " \ .,' \ L
14 ' = = '
0 20 40 60 80 100

Time

e

Estimate of G
-
o
I
i

0o 20 40 60 80 100
Time

Fig. 3: Input(upper), output(middle) and esti-

mate(lower) for stochastic identification.
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Fig. 4: Input and output data for steady-state gain
identification.
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Fig. 5: Input and output data for impulse response
identification.

(a) me(j) #0 0OOO
1k (5)C' (G, k) > 0N s, =1 000
i ()C' (G, k) < 0N s, =00000

b
9, +1) =9,0) k(i +1) uﬂﬁ+qu
0000000
B
1) = gl D) — ()
ge(G+1) =gr(4), 9, + 1) = px(j) TGR
(b) ur(j)=0 0ODODO
umax_umin>omsjk:1[|[||]
max—umin<Oﬁsjk:1DDD[l
5
9, +1) =g,0): 9+ 1) uﬂﬁ+qu
0000000
5
1) = gl 1) = () —
gk +1) = gk(4), 9,7 + 1) = pr(7) 7GR

ugbooaoaood

GG+ D) =mG 1) =3 (3G +1) +g,G+ D)
i) 0000 O (3)0000000000
, )
) > [ ) ©

00000000000000000000000
0C=1460G =7501<u(t)<400000 Figh
00000000w,000000000000000
0000w 0000000000000000 u(j, k)
0000 «/(j,k) 0 C'(j,k) 000000000000
00000000000 W(j,k)0000000000
oooooo

0000000000 000000000000
000 (C=1460G =7501<u(t)<4000)0
Fig600O0DO0O000,0000000000000
00000000000G/200000000000
0000D0000000000



o

(=]

L

Target parameter
@

|
w

(a) (b)

-

o

M

C/G

Indentification input

—
¥
=

Time

Fig. 6: Correspondence of target parameter(u) and
optimal identification input.
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Fig. 8: ARX estimates(as, az, b1, b2).
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Fig. 10: Input and output data for identification.
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Fig. 11: Input and output data for identification with
improved input sequence.
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