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Abstract

This thesis is a study of the basic observer theory for designing state observer .It occurs
in state feedback control system problem which we cannot detect real state or observer some state
by using state variable. This study is use an approximate state by Galerkin method and use this

state for make the state observer. Then can control the system by use the observer for state

feedback
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—gl j w,(5.4825w, )dx]
D
% d b d
=, ~¢,[(7.0373 w,wsds — 5.2794  w,w,dx +2.5186 [gms] = ,[6.5746 [ w,w,dx
: € . (4 a 4
~3.6364[ w,wdx] - 4154825 w,wdx]

=w, —¢,[(7.0373(0.915) - 5.2794(0.1057)+2.5186(0.0915)] — ¢, [6.5746(0.1057)
~3.6364(0.0915)] — 4[5.4825(0.09415)]
=w, —$,0.3163—4,0.3622 - 4,0.5016

=W, —(7.0373w, — 5. 2794w, + 2.5186w,)0.3163 - (6.5746w, —3.6364w, )0.3622— (5.4825%,)0.5016
=W, —2.2259w; —0.7114w, —2.2295w,
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1
ERS
D

1

=i j (W, —2.2259w; —0.7114w, - 2.2295w,)2dx]?
D

=[] O, —4.4518w,w; ~1.4228w,w, —4.45%w,, +4.9546w, +3.16Twyw,
D

1
+9.9253wyw, +0.5061w,” +3.1721w,w, + 4.9707w, " )dx]?

1 I d b 7
=[[w,"dx —4.4518[ w,w,dx 14228 [wowsx—4.459 v, + 4.9546( wy dx
0 e c a e
d b d b b 1
+3.167 [ wywdx +9.9253 w,w,dx +0.5061 [, dx+3.1721 Jwamds 1 4.9707 [wlax ]

=[0.5-4.4518(0.0915)—1.4228(0.1057) ~ 4.459(0.0915) + 4.9546(0.0333)
L
+3.167(0.0184) +9.9253(0.0019)+0.5061(0.0333) +3.1721(0.0184) + 4.97070.0333]>
=0.1309
v
G =7
“"'4"
=7.6394w, =17.0046w, ~5 4347w, —17.0321w,
vs =ws gl )=l [ wihdel- 4,1 [ w.p,d] - 41 wgide
D D D D
=W — 4,1 w3(7.6394w, =17.0046w, ~5.4347 ¢, ~17.032 1+, k]
D

~4[[w5(7.0373w, =5.2794w, +2.5186w,)dx]
D

—¢2{Jw5 (6.5746w, —3.636w, )dx]— 4] j W, (5.4825mw, )]
D D
1 A d b
=Wy —0,[7.6394 [ Wyl ~17.0046 [ wow,dlx — 54347 W, <17.0321 [ w,w,dic]
0 M < a
i d b
~4[7.0373( wywyde— 52794 [wswdie+ 25186 wywdx]
i b N,
~$,[6.5746 | wyw;dx —3.636 [ wyw,dx]~{(5.4825 KA

= W, —$,[7.6394(0) - 17.0046(~0.0768) —5.4347(0) ~17.0321(0.0786)]
—¢,[7.0373(~0.0786) - 5.2794(0) + 2.5186(0.0786)]

—4,16.5746(0)~3.636(0.0786)] — 4 [(5.4825(0.0786)]
=, +0.35524, +0.2858, ~0.4309¢,

= W; +0.3552(7.0373w, ~5.2794w, +2.5186w,) +0.2858(6.5746w, —3.636w, ) — 0.4309(5.4825w,)
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=W, +2.4996w, —2.507 1w,

I
||v5 = [J.vszd‘c]‘z
D
1
=[] (s +2.4996w, —2.507 1w, Y22
D
1
=[ I (5" +4.9992wsw, —5.0142ww, +6.248w,” —12.5335w,w, +6.2856w," )dx]?
D
1 I b 7 b
=[[w'dx +4.9992 [ wow,dx —5.0142 [womdx+6.248 [ wdx ~12.5335 [ ww,d
0 e a e e
5 1
+6.2856 j w2

=[0.5+4.9992(~0.0786) — 5.0142(0.0786)+ 6.248(0.0333) ~ 12.5335(0.0019)
1
+6.2856(0.0333)]2
=0.3263
v
¢s A
v
=3.0647w, +7.6604w, ~7.6834w,
aitul &g ¢ (x) (e
4, =5.4825w,
¢, = 6.5746%, ~3.636w,
¢, = 7.0373w, ~5.2794w, +2.5186w,
¢, =7.6394v, =17.0046w, ~ SA34Tw, ~17.032 1w,
8, =3.0647w, +7.6604w, = 7.6834w,
21
A=(ay).a, =(¢.,Ad,~qd,)
B= (bh‘)abki = (¢k’gj)
C = (ij )7er' = (¢jswj)
WSO AB CHx =05 14

ALD = [¢,(Ad— g4, )dx
= [#rdidc - [ gad)dx



b b
=30.0578 w,Aw, ) —30.057 [ qw, e

=-46.1482

A(L,2)= [ 4(Ad, - g8,
= [#Ad,— [ had,)ex
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= [5.4825w,(6.5746Aw, —3.63642w, )dx - [ 5.4825w,(6.5746w, —3.6364w,)g
D D

b b b b
=36.0452 v, Aw,d —19.9366{ %, Ay~ 36.04 52fwiygds 119.9366 w,’qex

=33.8215
A(L3) = [ 4,(Ad, — g8, )dx

= [#Agde— [ 4ga,dx
D D

= j' 5.4825w,(7.0373Aw, —5.2794Aw, +2.5186Aw, )dx
D

=[5.48251,(7.0373w, 5279w, +2.5186w, )dx
D

=4.6178

AL 4) = [ ¢ (ag, - g,)dx
D
= [$addc- [ hapax
D D
= j‘ 5.4825w,(7.6394Aw, —17.0046Aw, —5.4347Aw, —17.0321Aw, )dx
D

~[5.4825,9(7.6394w, ~17.0046w, ~ 5434 7w, ~ 170321, )dx
D 4

=46.4980

ALS) = [#(Ad, —gd,)dx
D
= [ #dpdx— [ dggds
D D
= [[5.4825w,(3.0647 Aw, +7.6604Aw, —7.6834Aw,)dx
D

—[5.4825w,9(3.0647w; +7.6604w, ~7.6834w, )dx
) ,

=47.3896
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AR = [¢(Ad; - g )dx
= [ & dhelx— [ 4,6, )cke
= [(6.5746w, ~3.636w,)(5.4825Aw, )dbx — [(6.5746w, ~3.636w,)(5.4825qw,)dx

=33.8215

AQ2,2) = [¢,(Ad, —g4,)dx

[8.88, - [ 4,90,

D D

= j (6.5746w, =3.636w,)(6.5T46Aw, —3.6364Aw, Jdx
D

~[(6:5746w, —3.636w,)(6.5746w, - 3.6364w,)qdx
D

=-90.0513

A2,3)=[4,(Ag, < qp,)dx
D
= [gAgde~[ ggpds
D n
- J‘ (6.5746w, —3.636w,)(7.0373Aw; — 5.2794Aw, + 2.5186Aw, )dx
D

—[ (6.5746w, —3.636w,)(7.0373w; — 5.27%, + 2.5186w, )dx
D

=55.6618

A2 4)=[4,(Ag, - qp)dx
D
= I¢2A¢4dx - j¢2g¢4d¥
D D
= [(6.5746w, ~3.6361,)(7.6394Aw, ~17.0046 Aw, — 5.4347 Aw, —17.0321Aw, )dx
D

~[(6.5746w, ~3.636w,)9(7.6394w, ~17.0046w, — 5434w, ~17.032 1w, )dx
LD

=-30.8417



A2,5) = [ 4,(Ad, — g, )dis
= [g.Apdx— [ gqg,dx

= [(6.5746w, ~3.636w,)(3.0647 Aw, +7.6604Aw, —7.6834Aw, )dx
D

—[(6.5746w, —3.636w,)g(3.0647w, +7.6604w, —7.6834w, )dx
D

=-31.3435

AGD) = [4,(Ad - g4)dx

D

= [#.Addx— [ 4.qg)ds
D D

= [(7.0373wy~ 5.2794w, +2.5186w,)(5.4825Aw; ydx
D

b

—[(7.0373w, —5.2794w, +2.5186w,)(5.4825qw;)dx

=4.6184

AB3,2)=[4,(A, — g )dx
D
= J‘¢3A¢2 - I¢3q¢z )dx
= j(7_0373w3 —5.2794w, +2.5186w,)(6.5746Aw, —3.6364 Aw, Ydx

[ (1.0373w, — 5.2794w, +2.5186w, )(6.5746w, —3.6364w, )qdx
D

=64.8607

AB.3)=[4,(Ad, — g4, )
= [¢Add— [ pggax

33

= [(7.0373w, ~ 5.2794w, +2.5186w,)(7.0373Aw, — 5.2794Aw, +2.5186 Aw, )dx
D

—[(7.0373w, ~5.2794w, +2.5186w,)g(7.0373w, — 5.2794w, +2.5186w, )dx
D

=-110.7999



34
AG,) = [4,(Ag,— g8, )dx

= [¢Ad,ds ~ [ g,
D D
= j' (7.0373w, - 5.2794w, +2.5186w, (7.6394Aw, —17.0046Aw, —5.4347Aw, —17.0321Aw, )dx
D

—J. (7.0373w, —5.279%4w, +2.5186w,)q(7.6394w, —17.0046w, —5.4347w, —17.0321w, )dx
D

=80.3947

AB,5) = [¢,(Ad—gpy)d

= [ Ay~ [ giqged
D D

= j (6.5746w, —3.636w, )(3.0647Aw, +7.6604Aw, = 7.6834 Aw, )dx
D

~[(6.5746w, —3.636w,)9(3.0647w, +7.6604w, —7.6834w,)dx
D
=-31.3435
A(4,)) = [ ¢y(Ag, - g e
D
= [@rdix = [ 4,9, )dx
D D
= [(7.6394w, ~17.0046w, ~5.4347w, ~17.0321w, (5 4825w, )dx
Y b
2 j (7.6394w, —17.0046w, ~5.4347w, —17.0321w, }(5.4825gw, )dx
=46.2983

A(4,2) = [4,(Ag, - g4, )dkx
= J¢4A¢2 - J-¢4(1'¢’2 )dx

= J‘(7.639f-1w4 —17.0046w, —5.4347Tw, —17.0321w, (6.5746Aw, —3.6364Aw, )dx
D

—[(7.6394w, ~17.0046w, — 5.4347w, =17.0321w, )(6.5746w, — 3.6364w, )qdx
D

=-76.2016
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A(4,3)= [¢,(Ad,— g )
= [4.8dd— [ pagdx

= [(7.6394w, ~17.0046w, — 5 4347w, —17.0321w,)(7.0373Aw, — 5.2794Aw,
D

+2.5186Aw, )dx — [ (7.6394w, ~17.0046w, —5.4347w, —17.0321w,)7(7.0373w,
D

~5.2794w, +2.5186w, )dx

=-51.3161

A4,4) = [ 8(Ady—qp,)dx
D
= [8.8die— [ ggp,dx
D D
= j(?.6394w4 ~17.0046w; -5.4347w, ~17.0321w,)(7.6394Aw, ~17.0046Aw,
D

—5.4347Aw, ~17.0321 8w, )dx ~ [ (7.6394w, ~17.0046w, —5.4347w, —17.0321w, )g(7.6394w,

D

~17,0046w, —5 4347w, —17.0321w,)dx

=-293.0353
A(4,5) = [g(Ady— g )dx
D

= [pirgsde— [ papds
D D

= [ (7.6394w, —17.0046w, —5.4347w, =17.0321w,)(3.0647 Aw, +7.6604Aw,
D

~7.6834Aw, )cbe — [ (7.6394w, —17.0046w, — 5.434Tw, ~17.03219%,)4(3.064 7w,
D

+7.6604w, —7.6834w, )dx

=-0.2130

A1) = [4,(Ad — g4, )ax
= [#.Addx - [ g.q8,)ax

= [(3.0647w, +7.6604w, —7.6834w, )(5.4825Aw, dx
D
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~[(3.0647w, +7.6604w, —7.6834w, )(5.4825qw, )dx
D

=47.3895

A(5,2) = [ (Mg, - g,)dx
= [p:Ad, — [ iagy)x

= [(3.0647w, +7.6604w, ~7.6834w,)(6.5746Aw, ~3.6364Aw, )i
D

~[(3.0647w, 1 7.6604w, ~7.6834w,)(6:5746w, —3:6364w, )qd
D

=25.3636

A(5,3)= [4.(Ag, =q4,)dx
LD
= [#A et — [ pig
D D
e j (3.0647w, 47.6604w; — 7.6834w,)(7.0373Aw, — 52794 Aw, +2.5186 Aw, )dx
L

~[(3.064730 +7.6604w, —7.6834w,)g(7.0373w, - 5.279%4w, +2.5186w,)dx
D

=-40.0708

A(5,4) = [ ¢(Ag, = gg,)dx

= [g.Apie— [ pa9.dx
D D
= j(3_0647w5 +7.6604w; =7.6834w, )(7.6394Aw, —~17.0046Aw; — 5.4347 Aw, ~17.0321Aw, )dx
D

—[ (3.0647w, +7.6604w, =~ 7:68341,)g(7.6394w, —17.0046w, =5.434Tw; =17.032 1w, )dx
D

=195.8940
A5,5) = [ $(Ady - g;)dx

= j¢5A¢5‘b‘ - I¢5¢I¢sdx

= [(7.6394w, ~17.0046w, —5.4347w, —17.0321w,)(3.0647 Aw, +7.6604 Aw,
J :



~7.6834Aw;)ddx — [ (7.6394w, ~17.0046w, —5.4347w, ~17.032 1w, )g(3.064 7w,

D

+7.6604w, —7.6834w,)dx

=-168.9478

B(L1) = | ¢gdx

5.4825w,gdx

Q!—-.cr

b
=5.4825 [ w,gdx

=0.5169
BQ2.1)= [¢,gdx
D
= [(6.5746w, —3.6364w,)gdx
? d b
= 6.5746[ w,gdx ~ 3.6364 [ w,gdx

=0.3581

B@3,1)= [ ¢,gdr
D
= [(7.0373w, =5.2794w, + 2.5186w,) gdx
D

J d b
=7.0373 [ wigdx =5 2794 w,gde+2.5186 [ w,gds

=0.3381

B(4,1) = [ g,gdx

(7.6394w, —17.0046w; —5.4347w, —17.0321w, ) gdx

St— i

1 i d b
7.6394( w,gdx —17.0046 [ wygdsx — 5.4347 [ w2 ~17.0321 [ w,gax
0 e c a

=0.1538



B(S5,1)= [, gd

= [(3.0647w, +7.6604w, ~7.6834w, ) gdx
D

1 f b
=3.0647 [ wgdx +7.6604 | w,gdx —7.6834 [ wgetx
0 e a

=-0.0022

CLD) = (g xw )k
Db
= [(5.4825w, )w,dx
’ b
=5.4825 widx
=0.1824
C(1,2) = [ (g xw,)dx
D
= [(6.5746w, = 3.6364w, jw,dx
i b b
=6.5746 w,w,dr~3.6364 widk
=0.0001
C(1,3) = [ (g x vyl
D
= [(7.0873w, = 5.2794w, +2.5186w, Jw,dx
? b b b
=7.0373[ wiwyd — 52794 w,wyde + 25186 [wias

=0.0002

C(L4) = [ (4, xw)dke
D

(7.6394w, —17.0046w, —5.4347w, ~17.032 1w, Jw,dx

Il
oy

i

b b b b
7.6394 [ w,w,dx —17.0046 [ w,w,ds - 5.4347 [ wyw,de ~17.0321 [ widx

-0.0007

38



C(L,5) = [ (g xw )

= [(3.0647w, +7.6604w, ~7.6834w, Jwdx
D

b b b
=3.0647 [ wywds +7.66.4 wowdx —7.6834 [ widx

=0.0002
C@2.1)= [ (¢ xw,
D
= [(5.4825w )w,dx
D
b
=5.4825[ ww,dx
=0.1010
C(2,2) = [ (g, xw,)dx
D
= [(6.5746w, —3.6364w, )w,dx
¥ d b
= 6.5746 widx =3.6364 [ wyw,dbx
=0.1518
C(2,3) = [(gyx wy)dx
D
= [(7.0873w,~5.2794w, + 25186, Jwydl
D
d d b
=7.0373 [ waw, di - 5.2794 ] widx + 25186 [ mdx
= 0.0004
CQ2,4) = [(xw, )k
D
= [(7.6394w, ~17.0046w, —5.4347w, ~17.0321w Jw,dx
D

d d d b
=7.6394 w,w,dx ~17.0046 [ wyw,dc — 5.4347 | widx ~17.0321 [wiwyetx

=-0.0005



C(2,5) = [ (g xw,)dx

= [(3.0647w, +7.6604w, —7.6834w, Jw,dx
D
d d b
=3.0647 [ ww,de +7.66 4 wyw,dx ~7.6834 [ ww,dx
= —0.0004
CB1) = [ (xw, )
D
= [(5.4825m,w,dx
D
b
= 5.4825[ ww,dx
=0.0107
C(3,2) = [ (¢ x w,)dx
D
= [(6.5746w, ~3.6364w, ywyd
g d b
= 6.5746 w,widx=3.6364 [ ww.dx
=0.1140
C(3,3)= [ (g xwdx
D
= [(7.0373w, ~5.2794w, + 2.5186w, Jwydx
D
f d b
=7.0373 [ w]ds — 5.2794 [ w,wydhe +2.5186{ wydle
=0.1418
CB,4) = (g, xw;)dx
D
= [(7.6394w, ~17.0046w, - 5.4347w, —17.032 1w, Jw,dx
D

s r d b
=7.6394 [ w,w,dx —17.0046 [ w,w,dkx - 5.4347 | widx —17.0321 [ ww,dx

=0.0001



C(3,5) = [ (4, xw,)ds

= [(3.0647w, +7.6604w; —7.6834w, )w,dx
D

x A b
=3.0647 [ wowydte +7.66.4[ widx —7.6834 [ww,dx

=-0.0010

»
Aaiuasolion A,B,C lugtuesnldiiv

[-46.1482 33.8215 46178 462980  47.3896 ]
33.8215 —90.051355.6618—30.8417 - —31.3435
A=| 46184 648607 -110.7999 803947  —39,1534
46.2983 -76.2016 ~-51.3161 | ~293.0350 - —0.2130
| 47.3895 253636 195.8940 195894 —168.9478 ]
[0.5169 ]
0.3581
B=|/03381
0.1538
| ~0.0022 |
[0.1824 1 0.0001 0.0002 - ~0.0007 . 0.0002
C=|0.1010" 0.1508 0.0004 ' ~0.0005 ~~0.0004
10.0107 0.1140 0.1418 0.0001  ~0.0010

folmsisamsniougsns lugilves
x = Ax+ Bf, x(0) =x,
dieldaums anmzndaabah Id Wladsdadunnannzsiaimannzundiu

A 1 z o lﬂ’
(Reduce Order Observer) 1&oa Tnaly -20,-30 syt unouded

1 adwasn T 910

]

a a o
Amuawasng C* i

c*‘—OIOIO
1 o1 01
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0
1

1
0

0
1

1
0
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0
1

0.1824 0.0001 0.0002
0.1010 0.1518 0.0004

-0.0007  0.0002
—0.0005 -0.0004

10.0107 0.1140 0.1418 0.0001 —0.0010 |
Fotumesng T Sefiauiiu
[0.0040 —0.0012 5.5056 -0.0306 —0.0004]
0.0009 00036 -36798 66146 —0.0371
T'=|-0.0020 00044 24845 -52736 17.0320
0.9991 -0.0036 36798 -66146 0.0371
| —0.0020 0.9968 - =7.9901 5.3042 ~1.0317 |
2. wasssuuInilussumaiion Taosins e
A =TFA¢
[20.3234 -0.0310"  0.1240 0.8499 0.2466 |
0.3230 —0.1616 16836  —1.3946 0.1090
=| 0.0087  0.0086 —0.1039 " 0.0249  —0.0543 |x10°
0.0001  0.0001 00617 —0.1147 . 0.0625
| 0.0082  —0.0085 0.0990  —0.05448 —0.0055 |
B=T"B
[0.5119]
(0.8528
=|0.0943
0.1066
0.0943
€ =C1T
(06’0 104
=0 00 1 0
0.0.0 01

3. Amuadautlas T e U=~
7= 1 0 _113
0 1 =

4. MAvesTTUUE sV T unaan 1z 18

_111 _112

~

21 '"In

|

1

1 _L‘le
L "Lzll "“212 — LA,

Do P
|

~L]={l;-L] &



[—323.3651 -30.9704 }

| 323.0461 -161.5520

124.0252  849.8743 246.5736}

| 1683.5801 —1394.6281 108.9855

[8.6597 85726

4, =|0.0754 00885

| 8.1778 84976
[ =103.8753 249418 ' -54.3474

Ay =1761.7059-=114.6728 62.4678

| 99.0345  -54.7630 -5.5172

fnsudaums 18a1 L s

=

[=19.7029 0 -16.2322
| FLH175>0 1 2%208

5. ldsanmzausssziniailouuesdafunaaanedlugsd

4

>

J=

120770
L0 —30}
789620 452.3763 -589.1776
[m151.9955 ~194.7807 74.4406j|

(1. 0] ©[-19.7029 0 -16.2322]

0 1 11.6173 | 0 ©27.2009

06, SN\1\&T e~

0.0 0 1 0

|IONDN YIS0 © L
[3.9006°] ~.[1 0 197129 0" 16.2322
_—2.8079} _[o 1 =11.6173 0 —27.2009}

6. MInauNMsMsulasdidunaan1izese

z(t)

T4

~20
2(t) { .

= Az(r) + Ba(t) + Ju(f)

0 @y 789620 4523763 -589.1776
Z
=30 —151.9955 —194.7807 74.4406

jorf
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3.900
—-2.8079

.
u(t)
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7. ‘ﬂ']ﬂﬁﬂﬂ'ﬁﬂ'ﬁﬂ'J"Jﬂ']ﬂi[ﬂqsz.ﬂﬁ‘]fﬂﬂq‘lﬂﬂi']ﬂﬂ'l

5(1) = Ca(t) + Dy(t)

1é9
1 0] [-19.7029 0 -16.2322]
0 1 11.6173 0 27.2009
X(N=|0 0lz)+| 1 0 0 |y
00 0 1 0
0 0] 0 0 B

ooooo

3101 3.4 namsmves p(7) senaudaswmlas

3.2.3naaesmuamaslaes IWludavinlosiswsi (Finite Difference Method)

A o 1A o ] 2 R
A 1duihmas sumeuduisneunthil lasvindail
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Tavfl  initial condition ffu  u(x,0)=0 , 0<x<l1
wazll boundary conditioniflu  #(0,r)=u(L1)=0 >0

fmsfagilaunaiiu

%_—23%+(2+4x—=2x2)a=(4x—4x2)f(t)

TauanszivuITvea Finite Difference Method

n#l
9B T Yapip it
ot At

O _ul -2u +u,
way — =—L 1 Jay x =iy
o (4x)

A1 pln) \%n

Pl = iHae sonuTlddgul(Tsunsug 1 many

U 3.5 uamerhaes p(r) iemeuiuna

dy I dl Y o L ¥ d{l = 1 gj 1 Y o 4 6 Y ¥
wnansiluenansianulidgmiumsldanuienisfinumintu lieygalmhluldusslevisunisen

I3 ¥ O & a U v agve & - - & Ao ° v
VL?J'Jr]ﬂiﬂﬂﬂe] NG @ﬂﬂ\?ﬁqumiﬁmﬂuﬂaﬂL‘L@VﬂLLa%@@ﬂ@WQ@ﬂﬂQL"\]’]GU@ﬂL@ﬂﬁqﬁnﬂﬂﬁﬁcl/]iJﬂ’ﬁuquﬂieﬁ



vnasl p(r)uaz p(r) i 2 gimnnalSsuioudulnaldidu

| |
oo
z

/,
w\\§
\

\\\

l"'\

/

\

\
\\\n
=7,
[

2L
b o [
e 2 galitl nATssE
A WHANE 9—\0'0 s
annsoagyllaind 1:%’:7?14 3UB95Y swnm"% ;
Y NAY/ QP
A

dy I dl Y o L ¥ d{l = 1 gj 1 Y o 4 6 Y ¥
wenansiluenansianulidgmiumsldanuienisfinumintu lieygalmhluldusslevisunisen

I3 ¥ O & a U v agve & - - & Ao ° v
VL?J'Jr]ﬂiﬂﬂﬂe] NG @ﬂﬂ\?ﬁqumiﬁmﬂuﬂaﬂL‘L@VﬂLLa%@@ﬂ@WQ@ﬂﬂQL"\]’]GU@ﬂL@ﬂﬁqﬁnﬂﬂﬁﬁcl/]iJﬂ’ﬁuquﬂieﬁ



47

UNN 4

a d
YnInsaiazasyl

4.1 aql

vinmsaneRvItuMseenuuUdIFunaTA: 1dnudedunanatse i umunusa
r é 1 1
dunaanne yansonan lasegla
1. aanzvesszuuzgnduna landesthideyaves Suwn uag i wmins
adruaanzin Tasuennis dunamiannzass
2. nsdunaaanslaadan sudaflgmdeyavesannzusnisuvesdeyaiave 151
[ 3 ¥
YReerimsdimuasususn liuass UURe Y UAR NS UL NUBIAITUNATATIZUUIT 192
o [ [l (X3 A ~ o [ a
awsofmualidaun vl e I lndRsetud s As Y0952 U5y
3. AwesdadunagmIzvesssuuiussilat lndlR oA Az a5 1 ve 4T Uy o
=t ' ' F e’ 2 A 1 -
awsanfFou &l iiefulonanmniy (@essvudidannizai) R nsols
frdunaanmzvesszunlumsteundudianzaes 1l
v 3 4 L4 ¥ >
4. nnglidadunaanazatiang mannzimuay dieanme s e sz
[V AT EYIN - MY s 1 wn’:d Paor Qﬁf!;
gelai ldgnasasdasmse lildgniins aundey Aauvslddadunaannzaiadaiiia
PIMINTATINIATZUL AN
- @ 1Y A ) & 4 A o~
5. MINTZVUTWIT0A59IAm LAMBIUNIT A 1Y 1WeapInITas v ad a1 Tinae
gq Yo o 2 9 '
nladdunarilegatigdaiu
A o s » 1 L 3 o ar s 1
6. Weihnsdunamanmzeiaiaaanzundinlduds snsiuiwadunas
annzddtinlifleundudma: swldnaneumuesfumawniiousumsamugulasidisa
d
nlanes
o ar [ v o
7. ssvuntugulaffamna s anuguuesduna ld  szutRenaiuause
» ¥ 4
usndunsarugu ldlasnsdmuamilnaiemsadugu-uagnisdana  Tavfimsnsevinte

av9vs et nys NIy e

4.2 501501

o 4 ' & '
Tuns ﬁ'lu’]ﬂl'lw.'i'E)\‘lﬂ'l‘.iﬁ'ﬂﬂ’lﬂ'l‘iﬂi’gil'lﬂﬂ'l'llﬂ SR %’auummﬂumﬁﬂizmmm

£ 4 L
s ar

oF ey — 1 J L] A o
nenuadeiude 131935 I Tudariesisulumsmad st unsils sanasgauals yudusu

v & 1A 1A 19 1t A a v ° o Y
Anfusn lddadudfilszanoanbilsamudele  wddeldinnassihnsfoudfioutug



48

udmuhinlfnnsnansma p(r) uaz p()  Halilumnmadedusazile

& ; = —p 0.038-0.043] e e

NUDIAIAITURANA A I‘D p!_ o }=0.1316 witufavuisudntioo
p £

whlewaginsaiudidunamanmzvesszunlasnsdszinad lasisvesnuasiu

a Y w1 & o Y ar '
NLNYIVDINUAM Complete Sequence uu'CT'I‘U15ﬂu1u11%’1uﬂ15ﬁ51‘3ﬁ’r]ﬁﬂﬂﬁﬂ'lﬁﬂ‘ng‘llﬂ‘a

szuu'ld



X o = ¥ o [y v A = 7 1 Y o ¥ ¢ v 1%
wnasihuenansianulidmsunmsldnuiionisdnwimintu leugelriluldussleviaunise

Lidnsdiles vedu Snvivinudlvidaulasiomuazdosdnddiadiveaenarsynasaninisiluly



nishlsunsulilumisdinamauaz nannllunsudilam

1. Tﬂmﬂmﬁklﬂuﬂﬁmamﬁﬂmmsmuqm’lﬂuﬂﬁﬂﬂﬂwﬂemmaﬁfuaf
clear all

A=[510;2-31;01-2];

B=[200];

c=[001];

X0=[10 0]

Z0 =10 0]

XZ0=[10000];

Cs=[111;101];

Tinv=[111;101;001];
T = inv(Tinv);

DetT = det(T);

Ab = Tinv*A*T;

Bb = Tinv*B;

Ch=C*T;

Abl11=[Ab(1,1) Ab(1,2) ; Ab(2,1) Ab(2,2)];
Ab21 = [Ab(3,1) AbB 2)];

Abl12 =[Ab(1,3) ; Ab(2,3)};

Ab22 = [Ab(3,3)];

Bbl=[Bb(1); Bb(2)];

Bb2 = [Bb(3)];

L=[12;5];

Abh=[-1310; -3 -2]

Bbh = Ab11*L - L*Ab21*L + Ab12 - L*Ab22
Cbh=[10;01;00]

Dbh=[12;5;1]



Jbh =Bbl - L*Bb2

Ah = Abh;

Bh = Bbh;

Ch =T*Cbh;

Dh = T*Dbh;

-}

Jh = Jbh;

%

[Xdot Zdot]'=[-510000;2-3100;01-200;00-80-13.10:00-33 -3 2P¥[X Z]'+ [2

0022]*u

%
%
%
%
%
%
%o
%
%
%

%

from State feedback
Characteristic Equation of Feedback is " det(SI - A - BF) * det(SL-Ah)=0"
det(SI - Ah = ? We don't care.
So IfF =[fl £2 3]
A+BF=[Q2fl-5) QR +1)2f3;2-31;01-2]
So det(SI - A - BF) =s”3 +(-2f1 + 10)s"2 + (-10f1 - 4£2 + 28)s + (f1 - 82 =4f3 +21) =0
And the desired polesare (s+ 5+ ) (s +5-j)(s+6)=0
That is $"3 + 165”2 + 865 + 156 = 0
So-2f1+10=16 => fl=-3
-10f1 =42 +28 =86 => =17
fl-822-483 +21=156 => B3=-205

F=[-3 -7 -20.5];

%

[Xdot Zdot]' = [(A + BFDhC) BECh ; (BhC +JhEDhC) (Ah + JAFCh)I*[X Z]

XdotZdot11l = (A + B*F*Dh*C);

XdotZdot12 = B¥*F*Ch;

XdotZdot21 = (Bh*C + Jh*F*Dh*C);

XdotZdot22 = (Ah + Jh*F*Ch);



XdotZdot = [XdotZdot11(1,1) XdotZdot11(1,2) XdotZdot11(1,3) XdotZdot12(1,1)
XdotZdot12(1,2) ; XdotZdot11(2,1) XdotZdot11(2,2) XdotZdot11(2,3) XdotZdot12(2,1)
XdotZdot12(2,2) ; XdotZdot11(3,1) XdotZdot11(3,2) XdotZdot11(3,3) XdotZdot12(3,1)
XdotZdot12(3,2); XdotZdot21(1,1) XdotZdot21(1,2) XdotZdot21(1,3) XdotZdot22(1,1)
XdotZdot22(1,2) ; XdotZdot21(2,1) XdotZdot21(2,2) XdotZdot21(2,3) XdotZdot22(2,1)
XdotZdot22(2,2)]

% Solve for X and Z from This Equation using initial condition " X0 =[100]and Z0=[00]"

s = sym('s");

eAt = vpa(simple(ilaplace((s*eye(5) - XdotZdot)*-1)));
eAtXZ0 = cAt*XZ0;

for T=1:2501
t = (T-1)/1000;
X1(T) = eval(cAtXZ0(1));
X2(T) = eval(eAtXZ0@));
X3(T) = eval(eAtXZ0(3));
Y(T) = CX[X1(T) X2(T) X3(T)T;
Z1(T) = eval(eAtXZ0(4));
ZX(T) = eval(cAtXZ0(5));
Xh1(T) = Ch(1, 1)*Z1(T) + Ch(1,2)*Z2(T) + Dh(1)*Y(T);
Xh2(T) = Ch(2, 1)*ZI(T) + Ch(2,2)*Z2(T) + Dh(2)*Y(T);
Xh3(T) = Ch(3,1)* Z1(T) + Ch(3,2)*Z2(T) + Dh(3)*Y(T):
end
t=0:0.001:25;
figure
plot(t,X1,'g' t, Xh1,'g',t,X2,'b' £, Xh2,'b' £, X3¢ £ Xh3,'r)

legend('From x1',From x1 hat', From x2',From x2 hat','From x3");



2Jdsunsunlilumsdnnamidagszuumsnssnggamgiuamsiash

Taamslddunaaniizuaeszu
clear all
xp=0.7;

x =sym('x");

% %

a=1/12 + 0.0000001/12;
b=7/12-0.0000001/12;
¢=3/12+0.0000001/12;
d =9/12 - 0.0000001/12;
e=15/12 +0.0000001/12;

f= 11/12 - 0.0000001/12;

nwl = [exp(-LA1-(16.%(x = 1/3).22)))!];
nw2 = ['exp(-1./(1-(16 *(x - 1/2).2)))'];
nw3 = ['exp(-L/(1-(16.4(x - 2/3) 22))'];
nw4 = ['sin(pi*x)];

nwS5 = ['sin(2*pi*x)'];

x =sym('x);

nl = quad((exp(-1./(1-(16 *(x - 1/3).22)))).2",a,b);

n2 = quad("(exp(-1./Q-(16.*(x - 1/2)."2))) ~2" c.d);

n3 = quad('(exp(-1/(1-(16 *(x - 2/3) “2)))) 22',e.0);

n4 = quad(‘sin(pi*x)).A2',0,1);

n5 = quad('(sin(2*pi*x))."2',0,1);

n12 = quad(exp(-1./(1-(16.*(x - 1/2).72))).*exp(- L/(1-(16.*(x - 1/3).22)))' ,c,b);
n13 = quad(exp(-1./(1-(16.*(x - 1/3).2))).*exp(-1./(1-(16 .*(x - 2/3).°2))),e,b);
n14 = quad(exp(-1/A(1-(16.*(x - 1/3)./2))) *sin(pi*x)'a.b):

n15 = quad(exp(-1./(1-(16.*(x - 1/3)./2))) *sin(2*pi*x)',a,b);

n23 = quad(exp(-1./(1-(16.*(x - 1/2)."2))) *exp(-L/(1-(16.*(x - 2/3).22)))',e,d);



n24 = quad(exp(-1./(1-(16.*(x - 1/2).22))) *sin(pi*x)',c,d);
025 = quad(exp(-1./(1-(16.*(x - 1/2)./2))).*sin(2*pi*x)',c,d);
134 = quadCexp(-1./(1-(16.*(x - 2/3).22)).*sin(pi*x)" e,0);
n35 = quad(exp(-1./(1-(16.*(x - 2/3).72))).*sin(2*pi*x)',e.f);
n45 = quad('sin(pi*x).*sin(2*pi*x)',0,1);

nfl = [(5.4825* aw1,)];

nf2 = [(6.5746* nw2, - 3.6364* nw1,)];

nf3 = [(7.0373* nw3, - 5.2794* aw2, +2.5186*nw1,);

nfd = [(7.6394% nw4, - 17.0046* w3, - 5.4347* nw2, - 17.0321% nw1)];
nfS = [(3.0647*,0wS5,' + 7.6604% ,nw3, - 7.6834% ,aw1,)'];

dwl = [(((0736*x.M - 27648*x.3 + 13824%x %2 - 3072%x + 229)*.nwl,)./(55296 *((x -
7/12).M) *((x - 1/12). N1

dw2 = [(((24576*x M - 49152%x /3 + 36864*x."2 = 12288*x + 1504)* nw2.)/((16*x./2 -
16¥x + 3)).74)'T; ‘

dw3 = ['(20736*x."4 - 55296*x.43 + 55296*x.”2 - 24576*x + 4069).* nw3 )/(55296 *((x -
5/12).04) *((x - 11/12).24))';

dw4 = ['((-1)*(pi"2)*sin(pi*x))'];

dws = ['((-4)*(pi*2)*sin(2*pi*x))];

q=[(Q*x."2) ~4*x -2);

g =[((@*x) - @* = 2N

wdll = [nwl,' * dwl];
wdl2 = [nwl," * dw?2];
wdl3 = [nwl,". * dw3];
wdl4 = [owl," ¥ dw4];
wd15 = [nwl, . * dw5];

wd21 = [aw2,"* dw1];
wd22 = [aw2,' * dw2];
wd23 = [nw2,".* dw3];



wd24 = [nw2, *' dw4];
wd25 = [aw2,' *' dw5];
wd31 = [nw3, * dwl];
wd32 = [nw3, * dw2]:
wd33 = [nw3," *' dw3];
wd34 = [nw3,' *' dwd];

wd35 = [nw3,' *' dw5];

wd41 = [nwd4,' *' dwl];
wd42 = [nwd,' *' dw2];
wd43 = [nw4,' *' dw3];
wd44 = [nwd,' *' dw4]:
wd45 = [nw4, > ,dw5];

wdS1 = [aw5, *' dwl];
wd52 = [nw5, *' dw2];
wd53 = [nw5, > dw3];
wd54 = [nw5," * dw4];

wdS5 = [nw5, . * dw5];

wqll =[nwl, *,q,"* nwl];
wql2 =[owl, *q,"* nw2];
wql3 = [nwl,'* q," * nw3];
wqld =[nwl,' * q," * nwd];

wqlS ={owl,' * q,"* nw5];

wq2l = [ow2,'*' q," ¥ awl];
wq22 =[nw2,'* g, * nw2];
wq23 = [ow2,'*' g, * nw3];
wq24 = [nw2,'* q,' ¥ ,nwd];

wq25 =[nw2,'* q,'* nw5];



wq3l =[ow3, * q,' * nwl];
wq32 = [nw3, * q,)* nw2];

)

wq33 = [ow3,' * q, * nw3];

wq34 = [nw3, * q," *' nw4];

wq35 = [nw3, > g, * nw5];

wqdl = [nw4,' * g, * nwl];
wq42 = [nw4, ¥ q," * aw2];
wq43 = [nw4, * q,' * nw3];
wqd4 = [ow4,' * q,' * nw4];

wq45 = [nw4, * q,'* nw5];

wqs1 = [nw5, > q,' * nwl];
wq52 = [nw5,' > q,' *' nw2];
w(q53 = [aw5, * g, * nw3];
wq54 = [aw5, *' g, * nw4];

4

w(qs5 = [nw5, * q. . * nw5];

A(1,1) = 30.0578*quad(wdl1,a,b) - 30.0578*quad(wqll,a,b);

A(L2) = 36.0452*quad(wd12,.c)b) - 19.9366*quad(wd11,a,b), - 36.0452*quad(wql2,cb) +
19.9366*quad(wqll,a,b);

A(1,3) = 38.5812*%quad(wdl13.,e,b) - 28.9443*quad(wd12,c,b) + 13.8082*quad(wdll,ab) -
38.5812*quad(wq13,e,b) + 28.9443*guad(wq12.c,b) - 13.8082*quad(wqll,a,b);

A(l,4) = 41.883*quad(wdl4,ab) - 932277*quad(wd13eb) - 29.7957*quad(wd12,c,b) -
93.3785*quad(wdll,ab) -  41.883*quad(wgld,a,b) -+ 93.277*quad(wql3,eb)y +
29.7959*quad(wq12,c,b) + 93.3785*quad(wql1,a,b);

A(L35) = 16.8022*quad(wd15,ab) + 41.998 I*quad(wd13,e,b) - 42.1242*quad(wd1l,a,b) -
16.8022*quad(wq15,a,b) - 41.9981*quad(wq13,¢e,b) + 42. 1242*quad(wql1,a,b);

A2,1) = 36.0452*quad(wd21,cb) - 19.9366*quad(wdll,ab) - 36.0452*quad(wq2l,c,b) +
19.9366*quad(wqll,ab);



A(2,2) = 43.2254*quad(wd22,c,d) - 22.17*quad(wd21,c,b) - 22.117*quad(wd12,c,b)

+
132234*quad(wd1l,a,b) - 43.2254*quad(wq22,c,d) +  44234*quad(wq2lcb) -
13.2234*quad(wql1,a,b);

A(2,3) = 46.2674*quad(wd23e,d) - 34.7099*quad(wd22,c,d) + 16.5588*quad(wd21,¢c,b) -

25.5904*quad(wd13.e.b) + 19.198*quad(wd12,c,b) - 9.1586*quad(wd11,a,b) -

46.2674*quad(wq23,e,d) +  34.7099*quad(wq22,c,d) - 35.7568*quad(wql2,cb) +

25.5904*quad(wq13,¢e,b) + 9.1586*quad(wqll,ab):

A(2,4) = 50.226*quad(wd24,c,d) - 111.7984%* uad(wd23,e,d) - 35.731*quad(wd22,c,d) -
q

111.9792*quad(wd21,¢c,b) - 27.7799*quad(wdl4,a,b)  + 61.8355%quad(wd13,eb) +

19.7627*quad(wd12,c,b) +  61.9355% quad(wdllab) - 5 0.266*quad(wq24,c,d) +

111.7984*quad(wq23,e,d)  + 35.731*quad(wq22,c,d) ~ + 92.2165*quad(wq21,c,b) +
27.799*quad(wql4,a,b) - 61.8355*quad(wql3,eb) - 61.9355*quad(wqll,a,b);

A(2,5) = -11.1565*quad(wd15.2ab) + 27.9399*quad(wd11,a,b) - 27.8563*quad(wd13,eb) +
20.1492*quad(wd25,c,d) - . = 50.5153*quad(wd21,cb)  + 503641*quad(wd23,e,d)  +
11.1565*quad(wq15,a,b) - 27.9399*quad(wqllab) = + 27.8563*quad{wql3,e,b) -
20.1492*quad(wq25,c,d) + 50.5153*quad(wq21.c,b) - 50.3641*quad(wq23.¢,d);

A(3,1) = 13.8082*quad(wdllab) - 28.9443*quad(wd21,c,b) + 38.582*quad(wd3l,eb) -
13.8082*quad(wqll,ab) + 28.9443*quadiwql2,c,b) - 38.582*quad(wql3,e.b);

AB,2) = -9.1586*quad(wdllab) + 16.558*quad(wdl2,c,b) + 19.198*quad(wd2l,c)b) -
34.7099*quad(wd22,c,d) - 25.5904*quad(wd2leb) @+ 46.2674*quad(wd32,e,d)  +
9.1586*quad(wqll,ab) - 35.7568*quad(wql2,cb)  + 34.7099*quad{wq22,c,d) -
46.2674*quad(wq23,e,d) + 25.5904*quad(wq13,e,b);

A(3,3) = 6.3433*quad(wdll,ab) - 13.2967*quad(wd12,c,b) + 17.7241*quad(wd13,e,b)
13.2967*quad(wd21,cb) + 27.8721*quad(wd22,c,d) - 37.1527*quad(wd23,e,d)

+

17.7241*quad(wd31,eb) -  37.1527*quad(wd32,e,d) <+ 49.5236*quad(wd33,e,0)

6.3433*quad(wqll,ab) +  26.5934*quad(wql2,ch) -  35.4482*quadwgl3,eb)
27.8721*quad(wq22,¢c,d) + 79.3054*quad(wq23,e,d) - 49.5236%quad(wq33,¢e,D;
AQB4 = 19.2406*quad(wd14,a,b) - 42 897*quad(wdll,ab) - 13.6878*quad(wd12,¢,b)

42.8278*quad(wd13,eb) - 4033 14*quad(wd24,c,d) + 89.9193*quad(wd2l,ch) +
28.692*quad(wd22,c,d) +  89.7741*quad(wd23,e,d) + 53.7607*quad(wd34,e,f) &
119.86*quad(wd31,e,b) - 38.2456*quad(wd32,e,d) - 119.6665*quad(wd33,¢,f) -



19.2406*quad(wql4,ab) +  42.897*quad(wqll,ab) - 76.2315*quad(wql2,c,b)
162.6878*quad(wql3,eb) + 40.3314*quad(wq24,cd) - 28.692*quad(wq22,c,d)
51.5285*quad(wq23,¢e,d) - 53.7307*quad(wq34.e,f) + 119.6665*quad(wq33,¢,D;

A5 = 7.7188*quad(wdi5ab) - 19.3594*quad(wdilab) + 19.2935*quad(wd13,e,b)

16.1798*quad(wd25,c,d)  +  40.5637*quad(wd2l,c,b) -  40.4423*quad(wd23,e.d)
21.5672*quad(wd35,e,f) -  54.0704*quad(wd3leb) +  53.9085 *quad(wd33,e,f)
7.7188*quad(wql5,ab) +  19.3544*%quad(wqll,ab) - 19.2935*quad(wql3,e,b)
16.1798*quad(wq25,c,d) -  40.5637*quad(wql2,cb) + 404423 *quad(wq23,e,d)

21.5672*quad(wq35,e,f) + 54.0704*quad(wql3,e,b) - 53.9085*quad(wq33,e,0;

A(4,1) = -93.3785*quad(wdll,ab) - 29.7957*quad(wd21,e,b) --93.2277*quad(wd31,e,b)
41.883*quad(wd41.ab) + 93.3785*quad(wqll,ab) + 29.79598*quad(wql2,c,b)
93.2277*quad(wql3,e,b) - 41.883*quad(wql4,a.b);

A4.2) = 61.9355*quad(wdll,ab) - 111.9792*quad(wd12,cb) + 19.7627T*quad{wd21,c,b)

35.731*quad{wd22,cd)  + 6 1.8355*quad(wd3l,e,b) - 111.7984*quad(wd32,e,d)
27.7799*quad(wd31l,eb) + 50.226*quad(wd42,c,d) - = 61.9355%quad(wqll,a,b)
92.2102*quad(wql2,ch) = + 35.731*quad(wq22,c,d) ~ - 61.8355%quad(wql3,e,b)

111.7984*quad(wq23 e,d) + 27.7799* quad(wql4,a,b) - 30.226*quad(wq24.c,d);
A(4,3) = 42897T*quad(wdll,ab) + 89.9193*quad(wd12,c,b) - 119.86*quad(wdl3,e.b)

13.6878*quad(wd2l,cb) +  28.692*quad(wd22,cd) - 38.2456*quad(wd?23,e,d)
42.8278*quad(wd3l,e,b) +  89.7741*quad(wd32ed) - 1 19.6665*quad(wd33,e,D)
19.2406*quad(wd41,2,b) -~ -  40.3314*quad(wd42,c,d)  + 53.7607*quad(wd43,e,1)
42.897*quad(wqll,ab) - 76.2315%quad(wql2,ch) ~ + 162.6878*quad(wql3,e,b)
51.5285*%quad(wq23,e.d) - 28.692*quad(wq22,cd) + 1 19.6665*%quad(wq33,e.)

19.2406*quad(wq14,a,b) + 40.3314*quad(wq24.c.d) - 53 7602*quad(wq34,e.f);
A(4,4) = -130.115*quad(wd14,2b) + 290.0924*quad(wdll,aby + 92.5644*quad(wd12,c,b)

289.624*quad(wdl3,e,b) - 415 178*quad(wd24,c,d) +  92.5644*quad(wd21,c,b)
29.536*quad(wd22,cd) + 924 149*quad(wd23,e,d) -  129.9049*quad(wd34.c,0)
289.624*quad(wd3l,ep) + 92.4149*quad(wd32,ed) + 289.1564*quad(wd33.e,0)
58.3604*quad(wd44,0,1) -  130.11 S*quad(wd4l,ab) -  41.5178*quad(wd42,c,d)
129.9049*quad(wd43,e.f) + 260.23 *quad(wql4,ab) - 290.0924*quad(wqll,a,b)

185.1288*quad(wql2,c,b) -  576.248*quad(wql3,eb) -+ 83.0356*quad(wq24,c,d)

+

+

+

+

+

+

+

-

+

+

+

+



29.536*quad(wq22,c,d) -  184.8298*quad(wq23,e,d)

58.3604*quad(wq44,0,1) + 259.8098*quad(wq34,e,f);

289.1564*quad(wq33,e.0)

A(4,5) = -52.1983*quad(wd15,a,b) + 130.8644*quad(wd11,a,b) - 130.4727*quad(wd13,e,b) -

16.6557*quad(wd25,c,d) +  71.757*quad(wd21,c,b)

52.114*quad(wd35,e,f) +  130.6531*quad(wd31,e,b)
234124*quad(wd45,0,1) -  58.6966*quad(wd41,a,b)
52.1983*quad(wql5,ab) - 130.8644*quad(wqll,ab)
16.6557*quad(wq25,c,d) -  41.757*quad(wql2,c,b)

52.114*quad(wq35,e,f) -  130.6531*quad(wql3,e;b)

+

+

+

.i_.

41.632*quad(wd23,¢,d)
130.262*quad(wd33,e,D
58.5209*quad(wd43 e,
130.4729*quad(wql3,e,b)
41.632*quad(wq23,e,d)
130.262*quad(wq33,e,0)

23.4124*quad(wq45,0,1) + 58.6966*quad(wq14,a,b) - 58.5209*quad(wq34,e,b;

A(5,1) = -42.1242*quad(wd1l,ab) + 41.9981*quad(wd31,e,b) + 16.8022*quad(wdsS1,a,b)

42.1242*quad(wq11,a,b) - 41.9981*quad(wq3L,e,b) - 16.8022*quad(wql5,a,b):

A(5,2) = 27.9399*quad(wd1l,ab) - 50.5153*quad(wdl2,c.b) - 27.8563*quad(wd31.e,b)

50.364*quad(wd32,e,d) -  11.1445*quad(wd51,a,b)

27.9399*quad(wqll,ab) _+  50.5153*quad(wql2,c,b)

+

+

20.1492*quad(wd53,e,0

27.8563*quad(wq13,e,b)

50.364*quad(wq23,e,d) + 11.1445%quad(wql5,a,b) - 20.1492*quad(wq35,¢.0);

A(5.3) = -19.3514*quad(wd1l,a.b). + 40.563T*quad(wd12,c,b) - 54.0704*quad(wd13,e,b)

192935*quad(wd31,eb) =  40.4423*quad(wd3?2.e,d)
7.7188*quad(wd51,a,b) = 16.1798*quad(wdS2,c,d)

19.3514*quad(wqllab) - 40.5637*quad(wql2,c,b)
40.4423*quad(wq23,e,d)~ - -53.9085*quad(wq33.e,)

16.1798*quad(wq25,¢,d) - 21.5672*quad(wq35,e,1);

A(5,4) = -58.6966*quad(wdl4,a,b) +130.8644*quad(wd11,a,b) + 41.757*quad(wd12,c,b)

130.6531*quad(wd13,e,b) + .58.5209*quad(wd35.e,0)
41.632*quad(wd32,e,d) -  130.262*quad(wd33.e,f)
52.1983*quad(wd51,ab) - 16.6557*quad(wd52,¢,d)
58.6966*quad(wql4,ab) -  130.8644*quad(wqll,ab)

0.1804*quad(wq13,e,b) - 6.4069*quad(wq35,e,9)

130.262*quad(wg33,e,) -  23.4125%quad(wq4s,0,1)

16.6557*quad(wq25,¢,d);

e

-+

-+

+

+

-+

53.9085*quad(wd33,e.0)
21.5672*quad(wd53,e,0
34.7769*quad(wq23,e,b)
7.7188*quad(wql5,a,b)

130.4772*quad(wd31,e,b)

23.4125*quad(wd54,0,1)
52.114*quad(wd53 2,0

41.757T*quad(wql2,c,b)

41.632*quad(wq23,e,d)
52.1983*quad(wql5,a,b)

+

+

+

-
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+

-

+

-
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+



A(5,5) = -23.5473*quad(wd15,2b) + 59.0346*quad(wdll,a,b) - 58.8579*quad(wdl3,e,b) +

234768*quad(wd35,e,f) - 58.8579*quad(wd3leb) + 5868 17*quad(wd33,e) +
9.3924*quad(wdS55,0,1) - 23.5473*quad(wd5lab) + 23.4768*quad(wds3,e,)  +
47.0946*quad(wql5,ab) - 59.0346*quad(wqll,ab) + 1 17.7158*quad(wql3,eb) -

46.9536*quad(wq35,¢,f) - 58.6817*quad(wq33.e,f) - 9.3924*quad(wq55,0,1);

eig(A)

%

% Bk, = (fek,g)
fgl=[(,nwl, ' *'g"7;
fg2 = ['C,nw2,' *'g,);
fg3 = ['C,nw3,' > g.)1;
fgd =['(,nwd, *'g)];
fa5 = ['C,aw5 e )';

B(1,1) = 5.4825*quad(fz1,2,b);

B(2,1) = 6.5746*quad(fg2,¢,d) - 3.6364*quad(fg1,a,b);

B(3,1) = 7.0373*quad(fg3,e.,0) - 5 2794*quad(fg2,c,d) + 2.5186*quad(fg 1,a,b):

B(4,1) = 7.6394*quad(fg4,0,1) - 17.0046*quad(fg3,e) - 54347*quad(fg2,cd) -
17.0321*quad(fgl,ab);

B(5,1) = 3.0647*quad(fg5,0,1) + 7.6604* quad(fg3 e.f) - 7.6834*quad(fz L.a,b);

% S
% CGL) = (fei,wj)

fwll = [owl,"* nwi];
fwl2 = [ow2," *" nwl];
fwl3 = [aw3, *" nwl];
fwld = [ow4, *' nwl];
fwl5 = [ow5,' * nwl]; -

fw2l = [owl, * nw2];



fw22 = [aw2, * nw2];
fw23 = [ow3, *' aw2];
fw24 = [nw4,'.*" nw2];
fw25 = [nw5, . *' ,nw2];

fw3l = [nwl, * nw3];
fw32 = [nw2,' *' nw3];
fw33 = [nw3,' . *' ,nw3];
fw34 - [nwd," * nw3];
fw35 = [nw5," * nw3];

C(1,1) = 5.4825*quad(fw11,a,b);

C(1,2) = 6.5746*quad(fwl2,e,b) - 3.6364*quad(fwll,a b);

C(1,3) = 7.0373 *quad(fwl3,e,b) - 5.2794*quad(fw12,c,b) + 2.5186*quad(fw1 1,a,b);

C(1,4) = 7.6394*quad(fwl4,ab) - 17.0046*quad(fivl3,e,b) - 5.4347*quad(fwl2,cb) -
17.0321*quad(fwl1,a,b);

C(1,5) = 3.0647*quad(fw15,a,b) + 7.6604*quad(fwl3,e,b) = 7.6834*quad(fw11,a,b);

C(2,1) = 5.4825*quad(fw21,c,b);

C(2.2) = 6.5746*quad(fw22,c,d) - 3.6364*quad(fw21,c,b);

C(2,3) = 7.0373*quad(fw23,¢,d) - 5.2794*quad(fw22,c,d) + 2.5186*quad(fw21,c,b);

CQ4) = 7.639%4*quad(fw2d,cd) - 17.0046*quad(fw23.e,d) - 5.4347*quad(fw22,c,d) -
- 17.0321*quad(fw21,e,b);

C(2,5) = 3.0647*quad(fw25,c,d) + 7.6604*quad(fw23 e,d) - 7.6834*quad(fw2 1.c,b);

C(3,1) = 5.4825*quad(fw31,e,b);

C(3,2) = 6.5746*quad(fw32,e,d) - 3.6364*quad(fw3 1,e,b);

C(@3,3) = 7.0373*quad(fw33,e,0) - 5.2794*quad(fw32,e,d) + 2.5 186*quad(fw31,e,b);

C34) = 7.63%4*quad(fw3def - 17.0046*quad(fw33.ef) - 5.4347*quad(fw32,e,d) -
17.0321*quad(fw31,e,b);

C(3,5) =3.0647*quad(fw35,¢,f) + 7.6604*quad(fw33,e,f) - 7.6834*quad(fw3 1,e,b);



Cs=[01010;10101];

%  Finding T and T inverse
% -
fori=1:2
forj=1:5
Tinv(i,j) = Cs(ij);

end

% -

%  Finding Ab
. R
Ab=Tinv* A * T;
fori=1:2
forj=1:2
Ab11(i,j) = Ab(i,);

end
end
fori=1:2
forj=3:5
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Ab12(i,j-2) = Ab(i,j);
Ab21G-2,i) = Ab(,i);

end
end
fori=3:5
forj=3:5

ADb22(i-2,j-2) = Ab(.));
end
end

9% e

%  Finding Bb
7 S
Bb = Tinv * B;
fori=1:2

Bb1(i,1) = Bb(i,1);
end
fori=1:3

Bb2(i,1) = Bb(i+2,1);
end

A —

%  Finding Cb

1

Cb=C*T;

LY S—

% L=[l11112113 ;121122 23]

Abh=[-200;0-30];

%  Determine value of L from the desired poles. That is ...

L =[-19.70291606 0 -16.23220888 ; 11.61730903 0 27.20092066]:
%[22.232 0 6.0319 ; 10.0389 0 -28.0426];

Bbh=Abl1*L - L*Ab21*L + Abl12 - L*¥Ab22;



Cbh=[10;01;00;00;00];
Dbh = [L(1,1) L(1,2) L(1,3) ; L(2,1) L(2,2) L(2,3); 100;0 10; 00 1];
Jbh = Bb1 - L*Bb2;

Ah = Abh;
Bh =Bbh;
Ch = T*Cbh;
Dh = T*Dbh;
Jh — Jbh;

digits(5);

s = sym('s");

dtA = vpa(simple(ilaplace(inv(s*eye(5)-A))));
eAB = simple(dtA*B);

dtAh = vpa(simple(ilaplace(inv(s*eye(2)-Ah))));

if xp <(1/12)
wl=0;
elseifxp > (7/12)
wl=10,
else
wl=exp(-1/ (1 - (16 * (xp = 1/3)°2);

end

if xp < (3/12)
w2=0;
elseifxp > (9/12)
w2=0;
else
w2 =exp(-1/(1-(16 * (xp - 1/2)"2)));

end



if xp <(5/12)
w3=0;

elseifxp > (11/12)

else

w3 = exp(-1/(1- (16 * (xp - 2/3)"2));

end

w4 — sin (pi * xp);

w5 =sin (2 * pi * xp);

fel =5.4825*w1;

fe2 = 6.5746*w2 - 3.6364*w1;

fe3 =7.0373*w3 - 5.2794*w2 +2.5186*wl;

fed = 7.6394*w4 - 17.0046*w3 - 5.4347%w2 - 17.0321*w1;
fe5 = 3.0647*w5 + 7.6604*w3 - 7.6834*wl;

fort=1:801

x = (t-1)/100;
T = num?2str(x)

eABx11 = ['0.4208*exp(-14.548*(,T,-x)). *sin(x*pi./2)"];

eABx12 = ['0.1217*exp(-22.924*(",T,-x)). *sin(x*pi./2)'];

eABx13 = [- 0.0572*exp(-261.23*(,T,"x))-*cos(55.959*(", T,-x)) *sin(x*pi./2)'];
eABx14 = ["- 0.0803 *exp(-261.23*(",T."-x)).*sin(55.959*(,T,x)). *sin(x *pi./2)'];
eARx15 = ['0.0316*exp(-149.05*(,T,-x)). *sin(x*pi /2)'];

eABT11(t) = quad(eABx11,0x);

eABTI12(t) = quad(cABx12,0,x);

eABT13(t) = quad(eABx13,0,x);

eABT14(t) = quad(eABx14,0,x);

eABT15(t) = quad(eABx15,0,x);

eT1(t) =cABT11(t) + eABT12(t) + eABT13(t) + eABT14(t) + cABT15();



eABx21 = ['0.2283*exp(-14.548*(, T, x)). *sin(x*pi./2)'];

eABx22 = ['0.2195*exp(-22.924*(,T,"-x)). *sin(x*pi./2)1;

eABx23 = ['0.0439*exp(-261.23*( T,"-x)).*cos(55 959*(,T,-x)).*sin(x*pi./2)7T;
cABx24=[-00 128*exp(-261.23*(',T,'-x))."‘sin(55.959*(',T,'-x)).*sin(x*pi.ﬂ)'];
eABx25 = ["- 0.1336*exp(-149.05*(,T,'x)).*sin(x*pi./2)'];

eABT21(t) = quad(eABx21,0,x);

eABT22(t) = quad(eABx22,0.x);

eABT23(t) = quad(cABx23,0.x);

eABT24(t) = quad(eABx24,0,x);

eABT25(t) = quad(eABx25,0,x);

eT2(t) = eABT21(t) + eABT22(t) + eABT23(t) + eABT24(t) + cABT25(t);

eABx31 = ['0.2769*exp(-261.23*(’,T,'-x)).*sin(55.959*(',T,'-x)).*sin(x*pi./?,)'];
eABx32 = ['0.1288*exp(-22.924*(, T,"-x)).*sin(x*pi./2)'];

eABx33 =["- 0.0351*exp(-261.23*(,T."x)).*cos(55.959*(,T,x)).*sin(x*pi./2)'"];
cABx34 = [0.1305*exp(-149.05%(,T,"-x)). *sin(x*pi./2)];

€ABx35 = ['0.1139*exp(-14.548* (', T,"-x)). *sin(x*pi.2)];

eABT31(t) = quad(eABx31,0,x);

eABT32(t) = quad(eABx32,0,x);

eABT33(t) = quad(eABx33,0,x);

eABT34(t) = quad(eABx34,0,x);

eABT35(t) = quad(eABx35,0,x);

eT3(t) = cABT31(t) + eABT32(t) + cABT33(t) + cABT34(0) + eABT35(t);

eABx41 = ['- 0.0136*exp(-14.548*(,T,-x)) *sin(x*pi./2) T:

eABx42 = ['- 0.0655*exp(-22.924*(,T,-x)) *sin(x*pi./2);

eABx43 = ['0.1985*exp(-261.23*,T,'x)). *cos(55.959* (,T,-x))*sin(x*pi./2)7;
¢ABx44 = [*- 0.1875*exp(-261.23*(',T,‘-x)).*sin(SS.959*(',T,'~x)).*sin(x*pi./Z)’];
eABx45 = ['0.0344*exp(-149.05*(',T,-x)). *sin(x*pi./2)'];

eABT41(t) = quad(eABx41,0,x);

eABT42(t) = quad(cABx42,0,x);

eABT43(t) = quad(eABx43,0,x);



eABT44(t) = quad(eABx44,0 x);
eABT45(t) = quad(eABx45,0 x);

eT4(t) = eABT41(t) + eABT42(t) + eABT43(t) + eABT44(1) + eABT45(1);

eABx51 =['0.1199*exp(-14.548*(',T,-x)). *sin(x*pi./2)'];
eABx52 = ['- 0.0456*exp(-22.924*(,T,'x)).*sin(x*pi./2)];
cABx53 = ['- 0.057*exp(-261.23*(,T,'x)).*cos(55.959* (', T,"x)). *sin(x*pi./2)'];
eABx54 = ['0.5976*exp(-261.23*(,T,'-x)).*sin(55.959*(',T,"-x)). *sin(x *pi./2)'];
eABx55 = [- 0.0195*exp(-149.05*(,T,'x)). *sin(x* pi./2)];

eABT51(t) = quad(eABx51,0,%);

cABT52(t) = quad(cABx52,0,x);

eABTS3(t) = quad(eABx53,0 x);

eABT54(t) = quad(eABx54,0 X);

eABT55(t) = quad(eABx55,0,%);

eT5(t) = eABT51(t) + eABTS2(f) + eABT53(t) + cABT54(t) + eABTS5(b):

--

U(D) = fel*eT1(t) + fe2*eT2(0) + fe3*eT3(t) + fed*eT4(t) + fe5*eT5(D);

Ux = num2st(U(1));
Px = [Ux,*cos(pi*x./2)'];
P(t) = quad(Px,0,1);

Y1(t) = C(1,1)*eT1(f) + C(1,2)*eT2(t) + C(1,3)*eT3(t) + C(1,4)*eT4(t) + C(1,5)%eT5(®);
Y2() = C2,1)*eT1(t) + C2,2)*eT2(1) + C(2,3)*eT3(1) + C(2,4)*eT4(t) + C(2,5)¥eT5(1);
Y3(t) = C(3,1)*eT1() + C(3.2)*eT2(t) + C(3,3)*eT3(t) + C(3,4)*eT4(t) + C(3,5)*cT5(t):;

Y =[Y1{®) Y2(t) Y30,
BhY =Bh *Y;
BhY1=BhY(l1,1);

BhY2 =BhY(2,1);
BhY1x = num2str(BhY1);
BhY2x = num2str(BhY?2);



Jhx1 = num?2str(Jh(1,1));
Jhx2 = num2str(Jh(2,1));
Jhfl = [Jhx1, *sin(pi*x./2);
Jhf2 = [JThx2, *sin(pi*x./2)'];

BhyJhfl = ['(,BhY 1x,+' Jhfl,)'];
BhyJhf2 = ['(,BhY2x "+ ,Thf2.")'];

eAhtBhyJhfx1 = ['exp(-20*(,T,'-x)).*', BhyJhf1];

¢AhtBhyJhfx2 = ['exp(-30*(,T;-x))*'BhyJhf2];
Z1(t) = quad(eAhtBhyJhfx1,0,x);

Z2(t) = quad(eAhtBhyJhfx2,0,x);

eTh1(t) = Ch(LD*Z1() + Ch(1,2Y*Z2() +Dh(1,1)*Y1(t) + Dh(1,2)*Y2(0) + Dh(1,3)*Y3(0);
eTh2(t) = Ch(2,1)*Z1() + Ch(2,2)*Z2(9) + Dh(2,1)*¥1(t) + Dh(2,2)X¥2(8) + Dh(2,3)*Y3(1);
eTh3(®) = Ch(3, D*Z1() + Ch(3,2)*22(t) + Dh(3,1)*Y1(0) + Dh(3,2)*Y2(t) + DHG,3)*Y3(0):;
eTh4(t) = Ch(4,1)*Z1() + Ch(4,2)*Z2() + Dh(4, )*Y1(H) + Dh(4,2)*Y2() + Dh(4, 3)*Y3(D);

eTh5(t) = Ch(5,1)*Z1(t) + Ch(5,2)*Z2(t) + Dh(5,1)*Y1(t) + Dh(5 2Y*¥Y2(t) + Dh(5,3)* Y3(1);

Uh(t) = fel*eTh1(t) + fe2*eTh2(t) + fe3*eTh3(t) + fed*eTh4(t) + fe5*eTh5(t);

Uhx = num2str(Uh(t));
Phx = [Uhx,"*cos(pi*x./2)'];
Ph(t) = quad(Phx,0,1);

end
T=0:0.01:8;
figure

plot(T,eTh1,T,eT1)



3. dsunsunldlunsiinamaisineulngds Finite Difference

function pdex3

% This problem arises in transistor theory. It is used in [1] to illustrate

% solution of PDEs with series. In the form expected by PDEPE, the single PDE
% is

%

% [11* D [ul= D [ d*DwDx ]+ [-(eta/L)*Dw/Dx ]

% Dt Dx

[ —
% ¢ u fix,tu,Du/Dx)  s(x;tu,Du/Dx)

%

% Here d and eta are physical constants. The equation is to hold on an
% interval 0 <= x <=L for times t >= 0. For the problem at hand, L = 1,
% The initjal condition

%

%  u(x,0)=0

%

% involves another physical constant K. The left be is u(0,t) = 0

%

% [ + [0].*[  DubDx 1=1[0]

%

%% i REE, s

% p0,tw) q0,0) f{0,t,u,Du/Dx) 0
%

% The right be is u(L,t) = 0:

%

% [u] + [0].*[ DuwbDx 1=10]
%

7 - -

% pLtu) qlLt) f(L,t,u,Du/Dx) 0



x = linspace(0,L,82);
t = linspace(0,8,102);
sol = pdepe(m,@pdex3pde,@pdex3ic,@pdex3be,x,t,[1,L,K,d.eta);

u=sol(:,:,1);

Yelo=cos(pi*x/2);

% dxxx=u(8,:);

% for i=1:82

%  ppp()=(dxxx(i)*lo(i));
% end

% figure

% plot(x,ppp)

Y%find p(t)

figure
dyyy=u(:,41)*cos(pi*0.25);
plot(t,dyyy)

figure;
surf(x,t,u);
title("Numerical solution computed with 41 mesh points.”);

3

xlabel('Distance x');



ylabel('Time t);

nt = length(t);

I = zeros(1,nt);

series] = zeros(1,nt);

iok = 2:nt;

forj=1iok
% At time t(j), compute Du/Dx at x = (.
[dummy,I(j)] = pdeval(m,x,u(j,:),0);
seriesl(j) = serex3(t(j),L,d,eta,I_p);

end

% I(t) = (I_p*d/K)* Du(0,t)/Dx

I= (1 p*d/K)*I;

%find u(x,t)
figure;

plot(t(iok),I(iok));

%

function [c,f,s] = pdex3pde(x,t,u,DuDx,L K,d.eta)
c=1;

f= d*DuDx;

= sin(pi*tf'2)*(4*x—4*x*x)+(2*x*x-4*x-2)*u;

%

function u0 = pdex3ic(x,L K,d,eta)
u0=0;



%

function [plql,pr,qr] = pdex3be(xlul xr,ur,t,L,K,d,eta)
pl=ul;

ql=0;

pr=ur;

=0

dy I dl Y o L ¥ d‘ = 1 35 1 ¥ o 4 6 Y ¥
nanstiluenansiianubidmsunisidnuienisfnyivingu Teugslihluldussloviiunisi

I3 ¥ O & a U v agve & - - & Ao ° v
13J'3’]ﬂ5ﬂﬂm‘] NG EmmmuﬂwmLL‘LJaflL‘Ll’e]‘mLLazmmaNmmLﬁ]’lsuaﬂL@ﬂﬁ’liﬂﬂﬂiﬂﬂﬂﬂﬂiuﬂiﬂ%



Ananssuilszmea

] a 1 a A i
YOVOUNSEANINEIE A5, Waan  mawSey Mimngaiduerssdfiysauiy

3 »
s lassnudidunaannzvesssundl wozldueouuziuassuuaniddwansle

Fd ¥ H v
Jinfaudilymdien lulasenuil sdusmasoud 1 Tmsfn 2547 sunsziasuniadon
»

= o o a 9/ clyd o J
N2 ‘naﬂwammzmmsmmﬂﬁlw'lﬁsamuunmmﬁuusmmﬂmmu

¥

amzATan

191 2548



UFTUIYNTY

Katsuhisa Furuta,Akira Sano,Derek Atherton . State Variable Methods in Automatic Control:

Tokyo Institute Technology, Keiro University Yokohama,Sussex University UK.;

Chichester:John Wiley
Brogan, W.L.,Modern Control Theory .Upper Sassle River, NJ:Prentice Hall, 1985
Chi-Tsong Chen, Linear System Theory and Design ,Oxford University Press 1999
Erwin Kreyszig, Advanced Engineering Mathetics,Processor of Mathematics Ohio State

University Columbus Ohio; Chichester:John Wiley & Sons





