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Improvement of the Double Fault Detection Performance
of Extended Parity Space Approach

-—

ok

of ¢ 3, g &
(Won Hee Lee, Chan Gook Par

g0l g s dE
k, Dal Ho Lee, and Kwang Hoon Kim)

Abstract: We consider a double faults detection and isolation problem using modified extended parity space approach for
inertial measurement unit which use redundant inertial sensors. A redundant IMU which has a hardware redundant is composed
of the cone shape because it is good for fault detection and isolation. We analyze the type of double faults and the reason

why fault isolation performance is low. We propose modified extended parity space approach method using EPSA and the

difference of sensor data.
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Fig. 1. Redundant IMU configuration with 7 sensors.
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Table 1. Fault classification.

3 14 498 54

a7 | ] AAelA 1ol wAg A9

332 | BAlel] F A9 AlMelA :AFo] wAlE AL

Aol = 7He] Aol 3] BAPAT

33

[a7H] [21732] [2743]

a2 2.
Fig. 2. Fault type.

O 2 & 194 JERd 4 317 fr3e dduidid
olZg HelZM, 1A Y2 AA #E vshy 3
ARe Frle 7 AXY o wEge R vehbe a2
712 oujsly 3paae] weke 1% WS ofn|gith

3. mi2|E| ZZF 7[#(PSA)

g 3 PES A AL E
= VYo I Bol ARREHE 71H
dZoly g g9lo W deEd
E] WEi(parity vector)E o3t AME-ET}. FE] HEE
F38l7) geide B4 FE V& ArERe Aol Ay
oo} gty

F}E Ve SAX P H E o83t Akt oA,
JE. Potter?} M.C. Sumanol] &J3] #|¢t®l HolE nigto=
ALtk

Hel1: VH=0

Mol 2 wi=1_,

He| 3: "8 ¥V & Upper/Lower Trapezoidal 3 Zo]dA
positive definiteo]t}.

Ao 1o B 4 R0l FF V= X FH H 9
null spaces} ZAl EHr B =i ALE3F T AME
A Yy = wjxg FH MUY FF V= 4 Q9 2o
[5]-

V=[vv, - ans]r :[vcl Ve °° Vcn] 2)

71 FE Vo] 4FE &£4A PE H 9 EE
7Nparity space)o]2til 3, FE V & o83t sz|E
HEE AT 4 At HE HEE 4 )3 2o] AlA

o 237 mg dely 0 FINA U gow
AN 54 Fe Ao AT FFS W ek

p=Vm=Vf+Ve 3)



1004

Aol 24 Zee 1 g Gl nlsf =277} &
te 7Pde=ie ZARKthreshold) o)) H2E AE
7] Wahe Axe] 3 Ao siMT yehdo. ue}
A dejE] WE Z71E ogsted 4 (99} o] 1 HE
HEE sk ol B8 TARTE WS "ok 3
ol AT 7S FD = BAX o3 #E 7Rtk

FD=p'p @)

A2E 349 Boe 23 Jgoz sl st A
2o =N kA Bnk 99,
ool AEHW 4 ()9 o] #HelE WEE 4 AAe

T
VP
F’[k_ ok (5)

[

A (59 Var Vo K AT Vu 7} AN
g 1A WK fault detection)o]g}al $ict
4. EE mje|g| 37 7{H(EPSA)

4 H2E] I e ol8% olFnF A
o e FU7PHH FAsith 71e) sy 337
Hel BN slute] agehs AEE = A M
7] w3 SEE] F7 7EL olHd BAY
3l7] 98t 6709) AlA E8E s FROE & TR
& TR 7] 1% A& H/FE Il a7 U
g AME FRIsta HE3te WS AMSSith

a3 33 2ol 7Y aFel dis) A @A Fo
FDE #3la zZt AXMI§FS] G HE oo uet
FDN (Fault Detection Number)S AA8lcl 1#]3 FDN
e B3 e HES vty %S BEgd 2%
o] Beje 1% f3d wet 19 49 Fo] YT R 1
Al Aol 371x] Hejel 3¢ FA we} olgHew
A4t FDN ke o] 83t A &84 53 Aldtg FDN
e vugo 2N g &7t b5tk FON=6o|H 1
A P EN GYnTE oJvsH, FON=2, 79 #& 7t
Bg olenger A7 73, 1S yehdch mEkA
AN 2L B9 13 4898 A4 5 QeH, 1F
Ay AAe £5 4  JdoBR w1 AAe Eevt 7}

3ol

R

ol

N
=

%Y 3. EPSABER.
Fig. 3. The flow of the EPSA.

HO - 2% - Alagsty =24 M 15 &, ™M 10 2 2009. 10

{Type2

[Type 1}

{Type3}

[Normat]

a4 R w2 2.
Fig. 4. The fault isolation which follows in type.

41 [nZH]e DEHE X 22

0] AN F 9] AM7E 2ge] HAG Fe2A W
A A BHE olgstd AMER e 1T ARE &
gt ahte] Aoy mAgo] WA - F TN A
A ES F o7 FRolA 1Fo)] HEEHEZE FDN=60]
g1, 240 AEHA G FLoA ALd AA S
2314 "ok

4.2 [DER]e] I¥HE & 22

AX Bg AN 1Fo] AESHE AFEMN, 130l
WAE AXEe] w2 e o] FAA ol e
e olFage 8 Heolt}y. 1] BEs AL By
2 AQsix dwtHom AX A Feo Wi Fhie
2 2 & Rk & g A7 289 AN FEE
AR AMEY F2R dgE WErL diF e =7
gt webs] A7 HA AAE A A Fee] o
2g] WEle 2718 veiie D, 9] go] 7P e A
g2 wagozm A9e L7 ¥A AAelA 2ol i
eS¢ 4 Stk

4.3 [DERBle] nMAHE % Eal

o)FuAe] 7+ ;A Wike] & zolg Yol & g
€] #Ee] go] ZolAe 2 dgth &, F e 2
Z shizt AAE A FSoAe ngom AdEn, 1
Z AM 247 25 EEH e AX Hedde 2%
Zo] @A Fok wtA 749 FA AAM FE F 20
Fgont o] HEH AEM go] HEE A
A BEgoA AL 2709 AME F AN WEe
A "k

ool

e

IIL Modified-EPSA OlE % 2&7|H

1. 0% 78 2F AT gy Y

3 e I3 7Ee dutHe R dygugy olFn
Aol thgk FDI Aeol wolurh X 2, 3& 9§ =19
A 42 w8l g 1% g5 dye} o|Fargo] wAst
= AA x23e g8 27 28] A3ds Jehie 232
M, % 10,000812] Monte Carllo AE#H1AE 43T 23
o]t} F/N Ratio=10 o} &, 514o] AA ol nis] 104]
7 & A% 1, 4 Ao 9] olF g 100%e] 31 A
2 A% 2.9% ol 3 e A4S B 1A
.

7 AL 290 1, 7oA el AR A 18 dEE



Journal of Institute of Control, Robotics and Systems Vol

# 2. EPSAQ] 1A uIgko)| W E -8 £ (F/N Ratio = 10).

Table 2. The fault classification result according to the fault
direction (F/N Ratio = 10).
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Table 3. Fault isolation performance which follows in the sensors
where the double faults occur (F/N Ratio = 10).
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