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' Fault tolerant control system
" Active approach
" Passive approach
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" Observer based approach
® Parity equation approach
* Parameter estimation approach



H /Hoy x5l ool b sgaome adlS )5 aiels 15 T-S (636 slo i (sl ils o1l @
[V¥]

DV0] bz yf slo pinns 51 WS S5 6l polie o olulid Cu Jlaiml 0S5, S @

9938l sla by, wab oo oolitul sile b adg Slp 00xuS jsbay a5 sla e, 5l (ST

573> 5 335 oo o3kl s 3925 G oS el S Sl S, p (e g 5
ol Sl By plasdl g giludoe s I AT i 50 0sdie dunlie (mly e L oo
3 Ll pln wads ) pcs ;0 (o &5 Sloj U (oo8ly pinens (29,5 b (U Joo (297
& og oy Jlis Wb rlple oS S Bre plgiee laidl 5 gilede cos 5l (es
b ccme 4 owlo Bl S 50,5 ool gl bl ol e 4 Lais oila 3L i
g Wboy Pl @y (25,5 0 ) i lacdle 5 Alacel ST ol oo polie la by, 5l ool
Blax il Jde cue @8l 10 (29,5 10 pimaw I J1 0,5 o5 Lol ol ] cue )]
Sl )l 09> Jee slaptn jo Lol g oo aSlis olilicel as) cdedy 05l 0
35 By ol 1 b sy 5 5 el Slioll B 5 pslie s i s
ol oo slpiiion o yle ol 08 o Gl H/Hy (g, cplpls 09l aid )8 L
sya> 30 by b il (das slapiusw (0 cue janis lp H/Hy (o) 5l Al (pl jo
‘ Aﬁ:l)s Gl o sl g Sl lad Jaw 5l eolawl b o .l o0l oolaswl olacel
g Jlas o |y slacel 4 onile 8L JUKw ol &5 e aid lp el hg, SO

Sl 0030 5 &l )l cailu p iSTas 1) Coue 4y ouile 8L UK ol

' Fault
* Particle swarm optimization (PSO)



plio g OLLS-Y -
doddio— V-V
8 g smre GlaanTd 5l g ke I 5 Coel (liabl Spge Sl e @Bgedy (ais

el USM ‘og.w oold UM‘*" é95.odu ol LQW L)"‘ O )f‘ Ml.:sn ul.x.ojo Mb‘

5 (owlol SMasl 51 Sl g bl jo 0,50 Ly Sludl 5 golaidl (S slaos,lus
2,5 i ) cas (AT e 9 s Jie e i)l

Gyl -Y-Y-)

Sylailisd b Jod BB Lyl 5l i slraasin 3l S JBlas e e Bl icae -
[A] sl oo

Ll o s 3,00 Joe S sl (sl pims o oUlyi 50 CBge aiBy St S -

. 1 .. \E
Al oo i llae o Slas 0,5 00551 1 0 gl sediai oSG 05 Jes -
B9 sa 3,5 miaw 4 45 el oats J S g axslial og,0 ot | plasel -

G5y 2 st Slewloa g b uFo3lil o Bloul 5 e e a3ls St owsle 3L -

V] sl o &Yolss

' Failure

" Malfunction
" Disturbance
'" Residual



) L.
-[0]%6P5W= ol Rt —

\F

Q?M‘SAUWMU&A s &55 O ygeo ) %Lﬁlﬂ;b?—

Sgdio ateia oo oloj b wiie Jlid; 5 ojlil Pine plabis -
cuc glgil -¥-Y-)
IV] 05,5 oo (gunaiws 12l 5 S ote ¢y guuions ne s Ao

o £989 oo bl e gy atwd —1-Y-Y-)
29 o0 ol Al o & (589 Jomo ulusl o

Sgd JEe miwerws 43 (59, Jauses 1 Sl ol Sledbl 09 oo Eel o g9 (pl i g o -
oobl el pe Sl o g8 onl GaiS nlply 005 s (65ILL cge Wi e
sebas Uy sl ((Slfeg 2l 5 (oloontiy iUl slapinnsn 51 ()l 53 1S o0 e -

L) JpuS Gl bl a5 cal 5l 0j50 oS e it Jleel BB pics 4 paiis

9 Y 09; o ‘) LibuT 0‘9“" 9 MQGA t) W 6‘).‘>‘ B as G»Libu.s.c ‘).‘>‘ cus —

Oy )L?;;c\sg g0 s Eg Qg" GIV-S0-Lgg .b).«fk;o )‘)5 05; O.g“ 49 ol sl S e cus

'™ Fault Detection
" Fault Isolation
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' Abrupt Faults
" Inciption Faults
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" Intermittent Faults
' Additive Faults
™ Multipative Faults
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" Hardware redundancy
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" Analytical redundancy
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Abstract

In this thesis, an optimal solution H_/H,, is presented for fault detection of anti-pinch

window system. By sampling parameters such as current consumption, the speed and
the position of DC motors, an anti-pinch allows detection of an obstacle and prevents
the damages. In this research, a speed-based method is used to detect the obstacles. In
order to secure an anti-pinch window, an optimal algorithm based on a fault detection
observer is suggested. In the residual design, the proposed fault detection algorithm uses
the DC motor rate angular velocity. By comparing the residual signal with the pre-
designed threshold, the fault is detected. Robustness against disturbances and sensitivity to the
faults are considered as an optimization problem based on Multi-Objective PSO
algorithm. Finally, an optimal filter for solving the fault problem is designed using the
H_/H,method.

Keywords: H./H,,, anti-pinch, residual, fault detection, MOPSO.



»/’Liu"’;p ) Z ly

Shahrood University Of Technology
Faculty of Electrical and Robotics Engineering

M.Sc. Thesis in Control Engineering

Robust Fault Detection for the Smart Anti-pinch Window of
Car using H ., Hoo

By
Maedeh Mohammadi Azni

supervisor
Dr. Mohamad Ali Sadrnia

January 2018









