APPENDIX D

Vehicle Linear Model Data

The fourteen-order linear system matrices used for actuator fault detection filter design are:

[—22.42 -0.12 0 0 0 0 0
306.69 —29.75 331.11 -1.17 -196.62 -—-2278.82 56.77
0 0.06 -0.68 0.06 0.51 595 -=0.18

0 -0.00 -0.07 -9.03 -0.33 —-2.84 -18.33

0 -000 002 -0.00 -3.55 —41.21 0.03

0 0 0 0 1.00 0 0

A= 0 0 0 0 0 0 0
0 -0.00 -0.03 -9.75 —0.41 —-1.62 —-60.48

0 0 0 0 0 0 0

0 -0.02 018 -0.01 -0.59 ~7.05 0.32

0 -000 001 033 0.05 0.53 -0.17

0 0 0 0 0 0 0

0 0 0 0 0 0 0

L 0 0 0 0 0 0 0
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0 0 0 0 235 0 07
292 -3169.84 —27350 2.9 0 -0.07 0
000 1584 140 —0.34 0 -000 -1.09
~183  -079 —0.10 -23.98 0 -000 123.72
000 -921 -081  0.01 0 000 004
0 0 0 0 0 0 0
1.00 0 0 0 0 0 0 (a1a)
-605  —0.09 —010 091 0 -000 13416
0 0 100 0 0 0 0
—0.01 —40.09 -3.59  0.06 0 000 039
~0.01 203 019 -5.62 0 000 49.17
0 0 0 0 -90.91 0 0
0 0 0 0 0 -125 0
0 0 0 0 0 0 —80.00
0 0 0]
0O 0 0
o 0 0
0 0 0
0 0 0
0 0 0
0 0 0
B = o o o (d.1b)
0 0 0
0o 0 0
0O 0 0
9091 0 0
0125 0
0 0 80.00
1.00 0 0 0 0 0 0
0 1.00 0 0 0 0 0
0 006 —068 006 051 595 -018
0 —-0.00 —0.07 —9.03 —0.33 -2.84 —1833
0 -0.00 002 —0.00 -3.55 —41.21 0.3
c-| © 0 0 0 0 0 0
=l o 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 354 —001 -224 -2636 —19.11
0 0 358 —001 -2.30 —26.33 19.09
0 004 302 -001 -1.76 —20.06 -—16.88
0 003 312 -001 —189 -2220 17.93
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0 0

0 0

—0.00 15.84

-1.83 —0.79

-0.00 -9.21

1.00 0

0 0

0 0

-1.63  29.89

1.67  29.86

—1.47 —27.90

.. 153 —30.88
[0 0 0]
000
000
000
000
000
D=1500
000
000
000
000
0 0 0]

0 00

0 00

140 -034 0
-0.10 -2398 0
-0.81 001 O
0 00

1.00 00
0 1.00 0
254 -256 0
2.61 224 0
-245 -250 0
-2.62 256 0

—0.00
-0.00
0.00

—0.00
—0.00
-0.00
—0.00

Oﬂ

-1.09
123.72
0.04

—0.00
—0.00

(d.1c)

(d.1d)

The twelveth-order linear system matrices used for sensor fault detection filter design

are:

(2242 —0.12 0
306.69 —29.75 331.11
0 006 —068

0 —000 =-0.07

0 —000 0.02

0 0 0
A= 0 0 0
0 —000 -0.03

0 0 0

0 —002 018

0 —000 001
0 0 0

0
-1.17
0.06
-9.03
—0.00
0

0
-9.75
0
—0.01
0.33

0

0
—196.62
0.51
-0.33
-3.85
1.00

0
-0.41
0
-0.59
0.05

0

0
—2278.82
5.95
-2.84
—-41.21
0

0
-1.62
0
-7.05
0.53
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0 0 0 0 0 0]
56.77 2.92 -3169.84 —273.50  2.99 —0.07
-0.18 —0.00 15.84 140 —0.34 —0.00
~1833 -183  -0.79 -—0.10 —23.98 —0.00
003 -000 -921 —081 001 0.00
0 0 0 0 0 0
0 1.00 0 0 0 0 (d.22)
-60.48 —6.05  -009 —0.10 091 —0.00
0 0 0 1.00 0 0
032 —0.01 —40.09 -359 006 0.00
~0.17 —0.01 2.03 019 -562 0.00
0 0 0 0 0 —1.25
(235 0 0]
0 0 0
0 0 —1.09
0 0 123.72
0 0 004
0 0 0
B=| o 0 (d.2b)
0 0 134.16
0 0 0
0 0 039
0 0 4917
0 125 0
[1.00 0 0 0 0 0
0 1.00 0 0 0 0
0 006 —-068 006 051 595
0 —0.00 —0.07 —9.03 -0.33 -—2.84
0 —0.00 002 —0.00 —3.55 —41.21
c-| © 0 0 0 0 0
=1 o0 0 0 0 0 0
0 0 0 0 0 0
0 0 354 —001 —224 —26.36
0 0 358 —001 -—2.30 —26.33
0 004 302 —001 —1.76 —20.06
| 0 003 312 —0.01 —-189 -22.20
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0 0 0 0 0 0
0 0 0 0 0 0
-0.18 -0.00 15.84 1.40 -0.34 -0.00
-1833 -1.83 -0.79 -0.10 -23.98 -0.00
0.03 -0.00 -921 -0.81 0.01 0.00
0 1.00 0 0 0 0
0o 0 0 1.00 0o 0 (d.2¢)
0 0 0 0 1.00 0
-19.11 -1.63 29.89 254 -256 -0.00
19.09 167 29.86 2.61 2.24 -0.00
—-16.88 —1.47 -27.90 -245 -2.50 -0.00
17.93 1.563 -30.88 -—2.62 2.56 —0.00]
[0 0 0]
00 0
0 0 -1.09
0 0 123.72
0 0 004
00 0
D = 0 0 0 (d.2d)
00 0
0 0 -0.00
0 0 -0.00
00 0
0 0 0]







APPENDIX E

Fault Detection Filter Design Data

This appendix collects data associated with fault detection filter designs of Section 4.
Section E.1 has the data for a fault detection filter design for fault group three, the four
wheel speed sensors. Section E.2 has the data for a fault detection filter design for fault

group four, the four wheel speed sensors.

E.1 Design Data for Fault Group Three

This appendix presents data associated with the fault detection filter design for fault group
three, the four wheel speed sensors. The design details and a discussion are in Section 4.2.1.

For each eigenvalue Aij € A;, the left eigenvectors v;; generally are not unique and must
be chosen from a subspace as v;; € V;; where V;; is found by solving (4.2)

AT-x1 CT v, |_Jo
ET o ||wW, ]| |o

Y
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There are twelve V;  associated with twelve eigenvalues. Only two V;;, the two associated

with the front left wheel speed sensor fault, are shown here.

0.0147 —0.0095 0.0089 —0.0572 0.1287  0.9898 ]
0.0009 -0.0006 0.0005 -0.0033 0.0041 -—0.0008
-0.0680 -0.1045 -0.2833 -0.3041 -0.3300 0.0279
—0.1436 -0.2173 -0.0126 -0.5593 -0.6139  0.0476
—0.0010 -0.0036 -0.0021 -0.0121 -0.0036 -0.0002
_ 0.0100 -0.0087 0.0032 -0.0526 0.0543 -0.0104
Yern T —0.1343 0.0826 0.9460 -0.1194 -0.0980 0.0001
0.0176 —0.0340 0.0090 -0.1649 0.1749 -0.0329
0.4216 -0.8713 0.1488 0.1971 -0.0085 -—0.0035
-0.0751  0.1252  0.0007 0.6939 —0.6443  0.1262
0.8790 0.3985 0.0489 -0.1635 —-0.1980  0.0066
—0.0001 -0.0000 -0.0003 -0.0003 -0.0003 0.0000

—-0.0077  0.0039 -0.0135 0.4552 —0.8901  0.0166 ]
—-0.0003 0.0001 -0.0005 0.0042 0.0021 -0.0027
0.0098 0.0673 0.2871 0.1475 0.0793  0.4276
—-0.1385 0.0536 0.0486 02694 0.1533  0.7997
-0.0014 0.0012 0.0025 0.0091 0.0048 0.0079
v _ -0.0031 0.0013 -0.0026  0.0627 0.0315 -0.0326
Yupiz —-0.3370 —-0.3002 -—-0.8473 0.0387 0.0369 0.1386
0.0048 0.0010 -0.0121 0.2002 0.1006 -0.1002
0.0897 09304 -0.3524 -0.0069 0.0052  0.0030
0.0020 -0.0034 0.0008 -0.8059 —0.4057 0.3461
-0.9268 0.1918 0.2698 -0.0581 -0.0280 -0.1649
0.0000 -0.0000 0.0003 0.0001 0.0001 0.0004 |

The left eigenvectors are chosen from v;; € V;; as the set with the greatest degree of linear

independence. The matrix of assigned left eigenvectors Vis

V = vol 3 v02 ) U03’ v04 ’ vwall ’ vy@,,; ' vywl,.] ) vyw!,z ’ vyw,.“ ? vywrn ¥ vyw,.,.l ’ vyw,.rz]
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( 0.2991 0.0000 —0.0000 —0.9542 -0.0000 0.0000
-0.0001 -0.0002 0.0000 -0.0000 -0.0017 0.0052
0.0119 0.0434 -0.0131 0.0037 —0.4802 -0.2551
0.1401 -0.1312 -0.3954 0.0439 -0.6638 —0.3524
0.0013 -0.0009 -0.0037 0.0004 -0.0126  0.0008
—-0.0012  0.0002 -0.0005 -0.0004 -0.0316 0.0708
0.2894 -0.2470 —0.8074 0.0907 0.3290 0.1744
—-0.0175  0.0031 -0.0078 -—0.0055 -0.1006 0.2234
—-0.2274 -0.9478 0.2053 -0.0713 -0.0254 0.0095
0.0446 -0.0280 0.0265 0.0140 0.4558 -—0.8500
0.8678 —0.1439 0.3855 0.2720 —0.0280  0.0530
0.0000 0.0001 -0.0000 0.0000 -—0.0005 -—0.0002

0.0000 -0.0000 —-0.0000 -0.0000 0.0000 -0.0000
-0.0009 -0.0054 -0.0212 -0.0007 0.0219  0.0008
0.5079 -0.0023 0.0003 -—0.2479 0.0140 -0.2304
-0.7729  0.0055 0.0053 -0.8662 -—0.0570 0.8683
-0.0088  0.0039 -0.0102 -0.0033 -0.0105 0.0048
0.0031 0.0444 -0.1179 -0.0009 -0.1176 -—0.0080
0.3784 -0.0025 -0.0026 0.4275 0.0280 —0.4265
0.0176  0.2375 -0.9924 -0.0068 -0.9902 -0.0660
0.0316 -0.0205 -0.0006 -0.0013 0.0006 -0.0180
0.0028 0.9688 0.0146 -—0.0738 0.0194 -0.0789
0.0002 -0.0503 -0.0211 0.0041 -0.0213 0.0031
0.0005 0.0000 —0.0000 0.0005 -0.0000 0.0006

-

where

vo, € W, v, € W,
vo; € Vo, vw, € W,
vVqu € V”'"m vVWm € VWﬂz
Uywsry € Vi fr1 Yoo € W fr2
Yo,y € Vl""rn W, € VVerz
Yo, € Vwrry Yo, € VIIw,,z

The matrix W associated with the left eigenvectors Vis

W= [wol > W02 103, Wous Wy s Wy 1 Wotw gy > Whoogrg ) Wity s Wiy 0 Wy “’Vw"z]
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3.1340 0.0475 -0.0087 -7.0773 0.5261 —1.5937
0.0240 —0.0486 0.0116 -0.1165 -—0.0064 0.1703
0.1726 0.7200 -0.1664 0.0690 -0.0379 -1.2071
0.0977 -0.0613 —0.1967 0.0453 0.4735 —0.3263
0.0161  0.1358 0.0176  0.0061 -—0.4006 —0.3341
0.2604 -—0.12564 -0.2117 0.1250 0.0587 —2.4525
—-0.5476  0.2188 —0.3407 -0.2320 -1.7301 9.2842
0.2466 —3.2948 -—-17.4840 -0.3811 -3.2417 -17.0804
—0.0000 -0.0000 0.0000 -0.0000 0.5766 0.0589
—0.0000 —0.0000 0.0000 -0.0000 0.0000 0.0000
0.0000 0.0000 -0.0000 0.0000 -0.0000 —0.0000
0.0000 0.0000 —0.0000 0.0000 —0.0000 —0.0000

0.2793  1.6517 6.4910 0.2300 -6.7146 -—0.2571
—-0.0784 -0.1105 -0.5915 -—0.1546 0.5887 -—0.1013
0.4392 0.3352 -0.0791 1.7645 -0.1720 1.7127
0.3324 -0.2558  1.0693 0.0188 1.0810 -0.0187
0.5166 —0.1356 —0.0141 —0.2256 0.0014 -0.3392
—0.3991 -2.2347 5.3986 -—0.2538 6.3527  0.8144
—0.0502 -9.5742 -0.0536 0.6232 -0.0978  0.5578
—9.2347 -—7.0837 32.5183 -—16.9163 31.4442 18.7676
-0.0000 -0.0000  0.0000 —0.0000 -0.0000 -—0.0000
—0.4555  0.5162  0.0000 -0.0000 -0.0000 -0.0000
0.0000 -0.0000 2.3178 1.1515 -0.0000  0.0000
0.0000 -0.0000  0.0000 0.0000 -2.3751  0.8506

The fault detection filter gain L is found from (4.4), VTL = WT and is

7.69 012 -001 -0.01 -0.00 -0.04
—306.69 27.24 0.22 019 -0.13 23.12
0.01 008 -143 0.09 1.04 0.42
0.13 001 -0.16 031 -0.11 0.18
0.00 —0.51 17.06 —44.36 424 46.22
-0.00 0.58 -13.13 0.06 —4.21 -28.33
0.26 —0.00 0.01 0.30 -0.02 0.06
—0.02 -0.05 145 -0.63 047 -3.05
-0.20 0.02 -045 -0.01 -0.09 0.06
0.04 0.03 0.51 0.07 -0.08 -0.31
0.78 —-0.00 -0.02 0.01 0.01 0.12
0.00 -186.37 2481.31 64.36 —80.30 148.64
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0.06 044  0.00 000 -000 —0.00
-0.26 445 -0.00 0.00 -53.97 -53.73
-1.74 1.70 -0.36 -034 -0.71 -0.59
1.26 28.02 0.26 -0.22 -1.00 0.85
—216.65 -—867.22 —43.03 39.17 80.36 -68.11
11.29 -1.91 0.32 4.51 199 -2.63 (e.1)
0.41 8.69 0.07 -0.07 0.13 -0.11
0.80 -—23.48 0.40 -0.93 -2.25 2.15
-0.17 -0.56 —0.04 -0.04 0.08 0.07
-9.75 1.55 0.06 039 -0.16 -—-0.43
-0.14 —6.85 0.00 -0.03 -0.02 0.06
—-580.26 2141.09 —62.03 -164.78 466.76 651.96 |
The output projection matrices Hywﬂ, I:Iwar, H'yw” and Hyw" are as follows.
[ 1.0000 0.0000 —0.0000 0.0000 0.0000 —0.0000
0.0000 0.0043 -0.0631 -0.0027 0.0007 -0.0021
—-0.0000 -0.0631 0.9757 0.0674 0.0867 -—0.0313
0.0000 -0.0027 0.0674 0.3023 0.1353 0.3567
0.0000 0.0007 0.0867 0.1353 0.2517 —0.0936
i _ —0.0000 -0.0021 -0.0313 0.3567 -—0.0936 0.8168
Yup T —0.0000 -0.0061 -0.0085 0.0901 —0.0223 —-0.0463
-0.0000 0.0003 -0.0002 0.0021 -0.0006 -—0.0011
0.0000 -0.0155 0.0815 —0.2296 -0.3915 0.1026
-0.0000 0.0000 -0.0000 0.0000 -—0.0000 0.0000
-0.0000 -0.0000 0.0000 0.0000 0.0000 -0.0000
| 0.0000 -0.0000 0.0000 0.0000 0.0000 -0.0000 ...
—0.0000 -0.0000 0.0000 -0.0000 -0.0000 0.0000
—-0.0061 0.0003 -0.0155 0.0000 —0.0000 -0.0000
—0.0085 —0.0002 0.0815 -—0.0000 0.0000 0.0000
0.0901 0.0021 -0.2296 0.0000 0.0000 0.0000
-0.0223 -0.0006 —0.3915 -—0.0000 0.0000 0.0000
—-0.0463 -0.0011 0.1026 0.0000 -0.0000 -0.0000
0.9883 —0.0003 0.0267 0.0000 —0.0000 -0.0000 (e-22)
—0.0003 1.0000 0.0006 -0.0000 0.0000 0.0000
0.0267 0.0006 0.6610 —0.0000 0.0000 -0.0000
0.0000 -0.0000 -0.0000 -0.0000 0.0000 -0.0000
—0.0000 0.0000 0.0000 0.0000 —0.0000 0.0000
-0.0000 0.0000 -0.0000 -0.0000 0.0000 -0.0000
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1.0000 0.0000 0.0000 0.0000 -0.0000 -—0.0000
0.0000 0.0042 -0.0623 -0.0010 0.0023 -0.0021
0.0000 -0.0623 0.9773 -0.0532 0.0921  0.0225
0.0000 -0.0010 -0.0532 0.2016 -—0.1514  0.2985
—0.0000 0.0023 0.0921 -0.1514 0.2915 0.0383
i _ —0.0000 -0.0021 0.0225 0.2985 0.0383  0.8879
Yugr 0.0000 —0.0050 -0.0057 -0.0729 -0.0101 0.0273
—0.0000 0.0002 0.0008 0.0102 0.0014 -0.0038
0.0000 0.0000 -0.0000 0.0000 —0.0000 -0.0000
—0.0000 -0.0174 0.0806 0.2017 —0.4166 -—0.0877
0.0000 -0.0000 0.0000 —0.0000 0.0000 0.0000
0.0000 —0.0000 0.0000 -0.0000 0.0000 0.0000

0.0000 -0.0000 0.0000 —0.0000 0.0000  0.0000
-0.0050 0.0002 0.0000 —0.0174 -0.0000 —0.0000
-0.0057 0.0008 —0.0000 0.0806 0.0000 0.0000
—0.0729 0.0102 0.0000 0.2017 -0.0000 -0.0000
—0.0101 0.0014 -0.0000 -—-0.4166 0.0000  0.0000

0.0273 -0.0038 -0.0000 -0.0877  0.0000  0.0000

0.9933 0.0009 0.0000 0.0208 -0.0000 -0.0000

0.0009 0.9999 0.0000 -0.0029  0.0000 0.0000

0.0000  0.0000 -0.0000 -0.0000 -0.0000  0.0000

0.0208 -0.0029 -0.0000 0.6443 -—0.0000 -0.0000
—0.0000  0.0000 -0.0000 -0.0000 -0.0000 0.0000
-0.0000 0.0000 0.0000 -0.0000 0.0000 0 )

1.0000 0.0000 -0.0000 -0.0000 —0.0000 -0.0000

0.0000 0.0106 -0.0607 -—0.0477 0.0231 0.0212
—0.0000 —0.0607 0.8686 —0.1648 0.0110 -0.0009
—0.0000 —0.0477 -0.1648 0.7369 -0.2094 -0.0029
-0.0000 0.0231 0.0110 -0.2094 0.1044 -0.0051
5 _ —0.0000 0.0212 -0.0009 -0.0029 -0.0051 0.9995
Yorp —0.0000 -0.0006 -0.1267 -0.1929 -0.1201 -0.0028
0.0000 0.0004 0.0072 0.0109 0.0068 0.0002
0.0000 0.0000 -0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 -—0.0000 0.0000 -0.0000 0.0000
0.0000 -0.0598 0.2589 0.2885 -—0.1857  0.0048
| —0.0000 -0.0000 0.0000 -0.0000 —0.0000 -—0.0000

(e.2b)
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~0.0000 00000 0.0000 00000 0.0000 —0.0000 ]
~0.0006 0.0004 0.0000 0.0000 —0.0598 —0.0000
—0.1267 0.0072 —0.0000 —0.0000 0.2580  0.0000
~0.1929 00109 0.0000 0.0000 0.2885 —0.0000
~0.1201 0.0068 0.0000 —0.0000 —0.1857 —0.0000
~00028 00002 00000 00000 0.0048 —0.0000 | -
0.8556  0.0082 0.0000 0.0000 0.2362 0.0000 |
0.0082 09995 —0.0000 —0.0000 —0.0134 —0.0000
0.0000 —0.0000 0 —0.0000 —0.0000  0.0000
0.0000 —0.0000 —0.0000 0 —0.0000 0.0000
0.2362 —0.0134 —0.0000 —0.0000 0.4247  0.0000

... 00000 -0.0000 00000 0.0000 0.0000 —0.0000 ]
[ 1.0000 —0.0000 —0.0000 —0.0000 —0.0000 —0.0000
~0.0000 0.0079 —0.0750 0.0276 0.0007 —0.0222
~0.0000 —0.0750 0.8882 —0.1346 —0.0005 —0.0035
~0.0000 00276 —0.1346 0.7679 —0.2226 —0.0030
~0.0000 0.0007 —0.0005 —0.2226 0.1085 —0.0048
4 _ | -00000 00222 00035 —00030 -00048 09994
v = | Z0.0000 —0.0184 —0.1079 —0.1688 —0.1297 —0.0030
0.0000 0.0006 00061 0.0096 0.0073  0.0002
0.0000  0.0000 —0.0000 0.0000 —0.0000  0.0000
0.0000 0.0000 —0.0000 0.0000 —0.0000  0.0000
~0.0000 —0.0000 0.0000 —0.0000 0.0000 —0.0000
0.0000 —0.0243 0.2527 0.2849 —0.1740 0.0029 ..
—0.0000 0.0000 0.0000 0.0000 —0.0000 0.0000 ]
—0.0184 00006 0.0000 0.0000 —0.0000 —0.0243
~0.1079  0.0061 —0.0000 —0.0000 0.0000 0.2527
—0.1688 0.0096 0.0000 0.0000 —0.0000 0.2849
~0.1297 0.0073 —0.0000 —0.0000 0.0000 —0.1740
~0.0030 00002 00000 00000 —0.0000 0.0029
0.8741 00071 0.0000 0.0000 —0.0000 02296 |(&2d)
0.0071  0.9996 —0.0000 —0.0000 0.0000 —0.0130
0.0000 —0.0000 —0.0000 0.0000 0.0000  0.0000
0.0000 —0.0000 0.0000 —0.0000 —0.0000 0.0000
~0.0000 00000 0.0000 —0.0000 —0.0000 0.0000
0.2296 —0.0130 0.0000 0.0000 0.0000 0.3544

E.2 Design Data for Fault Group Four

This section presents data associated with the fault detection filter design for fault group

four, the throttle actuator, the brake actuator, the steering actuator and the manifold air
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mass sensor faults. The design details and a discussion are in Section 4.2.2 The matrix of

assigned left eigenvectors V is

- r
V = .vufu y qubz s V0y 5 Y0z V035 V045 V05 s Y0g s YOy s VOg s vual ’ ‘Uua, y vupa vymo]

[ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
-0.2987 -0.0798 -0.0347 -0.2210 -0.0072 -0.1135 -0.0660
0.2474 -0.0862 -0.0975 0.1370 -—0.0600 —0.2142 -0.0554
0.0741 0.2022 -0.0180 -0.0077 0.7732  0.0533 -0.5932
0.0969 0.8501 0.4343 -0.0493 -0.0974 -0.1769  0.1505
0.6112 -0.1922 0.3729 -0.2343 -—0.3427 0.2620 —-0.4229
0.5307 0.2180 -0.6104 -0.2680 0.1409 0.2070  0.3641
-0.2724  0.3714 -0.4539 0.1310 -0.4681 0.3416 —0.4727
—-0.1459  0.0026 —0.1328 -0.8021 -0.1030 -0.4189 -0.1773
-0.2900 -0.0119 0.2551 =0.3776 0.1484 0.7095  0.2277
0.0000  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0033 -0.0108 0.0000 0.0000 0.0000 0.0000 0.0000
[ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0.0000 0.0000 0.0000 —0.4154 -0.4154 0.0000 0.0000 T
0.0000 0.0000 0.0000 -0.0304 -0.0304 0.0000 -0.0334
-0.0674 -0.0227 -0.0321 0.8761 0.8761 0.0005 0.9632
0.1102 0.1017 0.1833 0.0017 0.0004 -0.5040  0.0009
0.0725 -0.2177 0.0046 -0.0241 -0.0242 -0.0075 —0.0266
0.1496 -0.8294 0.2028 0.0000 0.0000 -0.0006  0.0000
0.5781  0.0477 -0.3889 0.0000 0.0000 0.0000 0.0000
0.5729 -0.1711 0.0478 0.0028 0.0028 -0.0026  0.0030
—-0.2232 -0.2393 0.3537 0.0000 0.0000 0.0000  0.0000
—0.2431 -0.0606 —0.1128 -—-0.2413 -0.2413 -0.0020 -0.2653
—0.4294 -0.4017 -0.7955 -0.0014 -0.0015 -0.3289 -0.0017
0.0000 0.0000 0.0000 -0.0112 -0.0119 0.0000 0.0000
0.0000 0.0000 ©0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 —0.7986  0.0000

where

Vury, € Vu‘"bl Vur, € V“"bz
Vo, € V01 Yo, € VOz
v9; € V03 v, € Vo‘
vos € Vo vo; € Vo,
ve, € Vo., Yo € Vo,3

Vu,, € Vi, Vua, € Vi,
Vy 8 € Vu 8 vym o (S Vym a
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The matrix W associated with the left eigenvectors V is

-~

W = Wyy, s Wuy,, » W0y Woz, W03, W0y s Wos » Wog ) WOy, Wogy Wug, y Wuay» Wug, wllm.,]

[ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
—0.3985 2.1071 -0.0011 -0.0153 —0.5254 —0.0527 0.4772
5.2129 -30.3751 -0.0633 —0.2311 -—-2.1086 —0.3043 1.8758
-0.6640 —-0.4129 0.6576 0.3023 -—0.1710 -—0.2946 —0.4125
-0.0144 -0.5023 0.0763 -—0.3587 2.5332 -—0.0086 —2.4937
—-2.6707 -—1.5851 5.6803 2.8445 —1.6433 -—-2.6140 —5.0102
0.7404 1.1030 1.3954  8.7177 2.4947 5.56332 1.1599
—10.2358 —10.5460 16.9547 13.0929 46.8558 —13.5944 —65.6255
—2.8892 —-14.0216 0.4363 0.5322 —74.6867 —5.6399 67.4728
2.2630 17.8320 -0.3809 -—0.6196 72.6355 5.3593 —65.4520
3.4007 12.0161 0.4531 -0.0412  82.5552 6.4825 —75.2208
—-1.0436 —-22.6153 -0.3933 0.8835 -78.7647 —5.6159  71.8864

0.0000 0.0000 0.0000 1.6614 3.7382 0.0000 10.2391
—0.0551 0.1783 -0.0013 -0.9469 -0.7825 0.0009 —-0.8789
—0.2684 0.6723 —0.0262 —-0.6606 -—0.2928 -0.0017 —0.4836
—0.5631 0.2499  0.0809 -0.0018 0.0026 0.1598  0.0012

0.1675 —-1.3179 -0.0569 0.6414 1.3682 0.0278 1.1846
~8.0615 2.6989 -0.8829 -0.0100 -0.0232 -0.0714 -0.0197

3.6905 0.4336 2.0548 0.9218 2.1104 0.0171  1.7975
-4.3303 -—5.1871 13.0855 -0.6735 —1.3325 -—7.3383 -1.1740
-7.6009 25.4596 0.2275 0.5095 1.1843 0.2158  1.0052

7.4717 -24.7021 -0.2517 -1.0911 -2.3345 -0.2088 -2.0197

8.0677 -28.0256 -0.5744 0.5309 -0.8923 —0.0534 —0.3551
—-7.4781 26.7949 0.7636 23150 3.0237 0.0384 3.0126
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The fault detection filter gain L found from (4.9), VIL = W7 is

[ 100.33 6.83 15.00 0.12 29.87 -0.04
-306.69 —15.59 405.89 3.54 80.18 —442.98
—-0.00 -1.37 1259 0.12 395 -13.94

0.00 —-0.24 —-0.61 -1.01 2.60 8.74

0.00 -0.70 -3.27 -0.03 3.64 0.79

0.00 -0.02 —0.06 —0.00 0.49 —1.44

I = 0.00 —0.04 -0.17 -0.00 0.22 -0.70
0.00 0.02 0.18 -1.08 -0.15 -12.01

0.00 —0.04 —-0.16 —-0.00 0.27 0.84

—-0.00 0.39 -3.21 -0.03 —0.58 4.99

0.00 —0.06 -0.17 —0.40 0.74 2.61
-3027.92 -239.30 -534.91 -4.36 —1065.10 1.59
-0.00 -196.99 2649.44 23.23 104.54 -120.99
-0.00 0.18 0.50 0.60 -2.01 —6.49

47.69 -—28.13 25.51 —48.83 -—55.88 26.71 7
—49.87 861.41 -1354.33 1270.58 1534.55 —1405.89
-2.84 28.89 —45.73 41.99 52.36 —45.78
-15.97 -20.21 -35.32 34.12 39.29 -38.53
1.49 7430 -102.96 100.08 114.05 -—108.98

-0.03 1.81 ~2.70 2.65 2.96 -2.87
0.24 5.62 -5.27 5.12 6.26 -5.97 (e.3)
0.80 —-34.87 3.14 -3.00 —4.59 4.42 '
0.27 3.83 -5.14 4.79 5.68 -5.20
-1098 —6.83 10.91 -9.84 -13.07 10.24
—-4.54 -—23.55 —8.92 8.58 10.12 -9.93

-1700.87 1002.82 -910.40 1741.89 1993.37 —-953.17
95.53 1803.00 —228.45 -149.32 531.03 501.29
11.93 31.10 26.59 —25.68 —29.88 29.31
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The output projection matrices I?ua, f{“n,’ I?uﬁ and I?,,m“ are as follows.
0.8886 0.0680 0.1377 0.0012 -0.0183 -0.0001
0.0680 0.0062 0.0109 0.0001 -0.0009 -0.0000
0.1377 0.0109 0.0263 0.0002 0.0457 0.0002
0.0012 0.0001 0.0002 0.0000 0.0001 0.0000
-0.0183 -0.0009 0.0457 0.0001 0.9962 -0.0000
i —-0.0001 -0.0000 0.0002 0.0000 -0.0000 1.0000
b 0.0129 0.0006 -0.0168 -0.0001 0.0022 0.0000
0.0000 0.0000 -0.0000 -0.0000 0.0000 0.0000
—0.1168 0.0098 -0.0321 -0.0003 -0.0149 -0.0002
-0.1209 0.0074 -0.0001 0.0000 -0.0164 -0.0002
—0.1464 —-0.0265 -—-0.0556 —0.0005 -0.0187 -0.0002
| —0.1587 -0.0239 -0.0008 -0.0000 -0.0218 —0.0002 ..
0.0129 0.0000 —0.1168 —0.1209 —0.1464 —0.1587 ]
0.0006 0.0000 0.0098 0.0074 -0.0265 -0.0239
-0.0168 -0.0000 -0.0321 —-0.0001 -0.0556 —0.0008
—0.0001 -0.0000 -0.0003 0.0000 -0.0005 -0.0000
0.0022 0.0000 -0.0149 -0.0164 -0.0187 -0.0218
0.0000 0.0000 -0.0002 -0.0002 -0.0002 -0.0002 4
098¢ —0.0000 00141 00146 00180 0.0195 | &4%)
—0.0000 1.0000 0.0000 0.0000 0.0000 0.0000
0.0141 0.0000 0.8316 -0.1670 —0.2181 —0.2223
0.0146 0.0000 -0.1670 0.833¢ -0.2159 -0.2219
0.0180 0.0000 -0.2181 -0.2159 0.7158 —(0.2887
0.0195 0.0000 -0.2223 -0.2219 -0.2887  0.7034 |
0 -0.0000 0.0000 -0.0000 0.0000 0.0000
—0.0000 0.0063 -0.0595 -—-0.0005 0.0016 0.0000
0.0000 -0.0595 0.9964 0.0087 0.0001 0.0000
—0.0000 -0.0005 0.0087 0.0001 -0.0003 0.0000
0.0000 0.0016 0.0001 -0.0003 1.0000 -0.0000
I 0.0000 0.0000 0.0000 0.0000 -0.0000 1.0000
Uy -0.0000 —-0.0000 -0.0000 -0.0000 0.0000 0.0000
—0.0000 -0.0000 -0.0000 —0.0000 0.0000 0.0000
0.0000 0.0000 -0.0000 0.0000 0.0000 -0.0000
—0.0000 0.0000 —-0.0000 0.0000 0.0000 -—0.0000
0.0000 —-0.0402 -0.0024 -—-0.0000 0.0001 0.0000
-0.0000 -0.0339 -0.0020 -0.0000 0.0001 0.0000
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-0.0000 -0.0000 0.0000 -0.0000 0.0000 -0.0000
—0.0000 —0.0000 0.0000 0.0000 -0.0402 -0.0339
—-0.0000 -0.0000 -0.0000 —0.0000 -0.0024 -0.0020
—0.0000 -0.0000 0.0000 0.0000 -0.0000 -0.0000
0.0000 0.0000 0.0000 0.0000 0.0001 0.0001
0.0000 0.0000 -0.0000 -0.0000 0.0000 0.0000
1.0000 -0.0000 0.0000 0.0000 —0.0000 -0.0000
-0.0000 1.0000 0.0000 0.0000 —0.0000 -0.0000
0.0000 0.0000 1.0000 —0.0000 0.0000 0.0000
0.0000 0.0000 -0.0000 1.0000 0.0000 0.0000
—0.0000 —0.0000 0.0000 0.0000 0.9984 —0.0014
—0.0000 -0.0000 0.0000 0.0000 -0.0014 0.9988

[ 0.0000 —0.0000 0.0000 —0.0000 0.0000 0.0000
—0.0000 0.0010 0.0003 0.0002 0.0005 0.0000
0.0000 0.0003 0.0050 —0.0063 0.0485  0.0002
—0.0000 0.0002 -0.0063 0.9999 0.0006 0.0000
0.0000 0.0005 0.0485 0.0006 0.9959 -0.0000
0.0000 0.0000 0.0002 0.0000 -0.0000 1.0000
0.0000 -0.0004 -0.0188 -0.0004 0.0025 0.0000
0.0000 -0.0000 -0.0000 -0.0000 0.0000  0.0000
—0.0000 0.0187 -0.0140 0.0028 -0.0173 —0.0002
0.0000 0.0167 0.0186  0.0030 -0.0189 -0.0002
—-0.0000 -0.0153 -0.0330 0.0035 -0.0217 -0.0002
0.0000 -0.0117 0.0238 0.0039 -0.0251 -0.0003

0.0000  0.0000 —0.0000 0.0000 -—0.0000  0.0000
—0.0004 -0.0000 0.0187 0.0167 -0.0153 -0.0117
—0.0188 —0.0000 -0.0140 0.0186 -—0.0330 0.0238
—0.0004 -0.0000 0.0028 0.0030 0.0035 0.0039

0.0025 0.0000 -0.0173 -0.0189 -0.0217 -0.0251

0.0000  0.0000 -0.0002 -0.0002 -0.0002 -0.0003

0.9982 -0.0000 0.0158 0.0164 0.0201 0.0218
—0.0000 1.0000 0.0000 0.0000 0.0000 0.0000

0.0158 0.0000 0.8163 -0.1829 -0.2373 -—0.2431

0.0164 0.0000 —0.1829 0.8169 —0.2358 —0.2435

0.0201 0.0000 -0.2373 —0.2358 0.6917 —0.3149

0.0218 0.0000 -0.2431 -—-0.2435 -0.3149 0.6751

(e.4b)

(e.4c)
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[ 0
—0.0000
—0.0000
—0.0000
0.0000
- _ 0.0000
Yma T 0.0000
—0.0000
0.0000
0.0000
0.0000
0.0000

—0.0000
0.0478
0.0950
0.0008

-0.0121

—0.0001
0.0084
0.0000

—0.0615

—0.0664

—0.1159

—0.1208

—0.0000
0.0950
0.1966
0.0017
0.0231
0.0000

—0.0008

—0.0000

—0.1765

—0.1496

—0.2367

-0.1971

—0.0000
0.0008
0.0017
0.0000

—0.0001
0.0000

-0.0000

—0.0000

—0.0016

—0.0013

-0.0021

-0.0017

0.0000
—0.0121
0.0231
—0.0001
0.9992
—0.0000
0.0001
0.0000
0.0042
0.0035
0.0054
0.0042

0.0000
~0.0001
0.0000
0.0000
—0.0000
1.0000
0.0000
0.0000
—0.0000
—0.0000
—0.0000
—0.0000

0.0000
0.0084
—0.0008
—0.0000
0.0001
0.0000
0.9999
-0.0000
0.0005
0.0006
0.0010
0.0011

-0.0000
0.0000
-0.0000
—0.0000
0.0000
0.0000
—0.0000
1.0000
0.0000
0.0000
0.0000
0.0000

0.0000
—0.0615
~0.1765
~-0.0016

0.0042
-0.0000

0.0005

0.0000

0.9540
—~0.0402
-0.0646
—0.0559

0.0000 0.0000  0.0000 ]

—-0.0664
—0.1496
-0.0013
0.0035
—0.0000
0.0006
0.0000
—0.0402
0.9646
—0.0569
—0.0496

—0.1159
—-0.2367
—0.0021
0.0054
—0.0000
0.0010
0.0000
-0.0646
—0.0569
0.9083
—0.0801

—0.1208
-0.1971
—0.0017
0.0042
-0.0000
0.0011
0.0000
—0.0559
—0.0496
—0.0801
0.9296

(e.4d)
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