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ARTICLE INFORMATION ABSTRACT

Original Research Paper This paper is devoted to sensor fault detection in linear systems with observer-based approach. It
Received 03 November 2014 is assumed that the system has linear dynamics with the presence of uncertainties. The
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uncertainties are modeled as unknown input (disturbance), while it is assumed that the well-
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known observer matching condition is not necessarily satisfied. To decouple the unknown-input

Keywords: effects, and distinguish their effects from the fault effects, an equivalent dynamic system is

Unknown Input Observer proposed that is independent from the unknown input. The equivalent system is constructed by
Observer Matching Condition the use of a unique integral filter. The introduced integral-filter, which is called buffer-based
Residual Generation integral filter in this paper, has frequency response similar to the low-pass filter. Hence, the

Fault Detection

Sensor Fault capability of noise filtration will also be provided. The construction of the equivalent dynamic

system is achieved from the use of multiple successive buffer-based integrators and the number
of successive filters is related to relative degree between the unknown input and the sensor
output. Then, an unknown input observer is proposed for the equivalent system, and therefore, a
disturbance-decoupled and fault-sensitive with exponential-convergent toward-zero residual
vector will be generated. Although the generated residual vector can be used for sensor and
actuator fault diagnosis problems, the focus of this paper will be on the sensor fault detection.
Finally, the applicability of the proposed method will be investigated via simulation of a simple
inverted-pendulum on a horizontal-moving cart.
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5- Auxiliary Output

6- Relative Degree

7- Higher-order Sliding Observer
8- High-Gain Observer
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1- Threshold

2- Unknown Input Observer (UIO)
3- Reduced-Order

4- Observer Matching Condition

4 o jloit 15 0555 1394 15 . yepe Selse wdie



Ve 9 (S 3l )92)3L Jaclowl

Gakoiols w[o.\.:b.uhkgmfhw)émﬁwél)gf,luugség)g)fo*ﬁ

Al jBaeS pslasl (6399 4 s s 500

S b o)) plbcesgume (588 Lulph o5 cl mlly
Al) g 9 (9 Frie S5 @ Ol Jb 08 walyS Jrexd
591 Cews 1 (4) dbasl, (1)

y(t) = CAx(t) + CBu(t) + CEd(t) 4)
18 walys Jol> (5) alal 355 Uslis o Sl slul> L
CEd(t) = y(t) — CAx(t) — CBu(t) (5)

2 55 (5) Woleo ) s (295 B il L33l 0 o L oS
3 s bl ol 45 el mSls 5g s drilme L5 alind
ol (polaals (5395 )15 o)) Jseme @ 5 Alolaa p L as ¥sles
(srle 4 b sl ails LS Sgts 45,0 (CE) G ibe gp2q S
d(t) Jsezmo Jloyp o8 ol ol )13 (3) Wolaa j5 [ imass Gollss by
g aalss (6) abal, 50 4 gl Sy syl

d*(£) = (CE)*[(t) — CAx(t) ~ CBu(1)] ©)
Ay 6 51 sl (CE) G ile* 3,0 p90 oSine 40 (CE)T a5
@S ol olis oy 4 g s (1) iy o (6)

%(x(t) — Hy(t)) = TAx(t) + TBu(t) )
Sl by gog 3 byb 4 (7) Al (Seslos s @dly 5o
(7) Ay coso o Jlo ey 092 waly (1) Alaly i Jolao € S prass
25,08 (8) Ly 358 o jlie 5o .l pslasls (5399 ko 31 T Sl

H = E(CE)*
(CE)* = ((CE)TCE)Y(CE)"
T=1I,-HC (8)

Lloass panxn gled Gyl g

T Guiylo 5, ol 5 TE =065 ol azgs o 55 ol 4y o,
el b pls Wil oo polasli (53555 (siluSiie 5 iy LalS A e
(4,0) cix g pdyeanlice 13 .0l wiacw ol5T Gl o 51 S5 o8,

macd Soeess (7) Bslee (Sealud whns Gl ¥ Jb
b ol yite pass ool o] Alauly 4 B ol axwgi 1, 6,5 uise)
g pl 8 (1) awa, PO
%(f(t) — Hy(t)) = TAZ(t) + TBu(t) + L(y(t) — C2(t)) 9)
fglie 5l eao ollas Sealiys s o3 e(t) = x(t) — 2(t) el
il o Sy (9) 5 (7) b,
e(t) = x(t) — 2(t) = (TA — LC)e(t) (20)
2() = x(t) @S

~535)8 Sowess (9) dlaly &5 O sl (S 5 oY Lilya 7] 1
Lin Somess 3l by o5y o5l ol al (1) s gl polast
bl e (795 4 polaal (5399 3 JUEU sl s 5 2L

55 A by s o 22
dasly jo S imess Bl byl i 5l (g ko )0 45 0l 00ls mrogd

5- Moore-Penrose Pseudo-Inverse
6- Rank-Deficient
7- Luenberger-like Observer
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