GEVP
GUI
LQG
T-S
PDC
LMI
VAF

AN v \Y ”l} N =

IN

x|

x|
x| 12

max
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LAMPIRAN A

Al. Daftar Singkatan

Generalized Figen Value Minimization Problem
Graphical User Interface

Linear Quadratic Gaussian

Takagi Sugeno

Parallel Distributed Compensation

Linear Matrix Inequality

Variance Accounted For

A2. Daftar Simbol

identik sama dengan

tidak sama dengan
didefinisikan sebagai

lebih besar dari

lebih besar atau sama dengan
lebih kecil dari

lebih kecil atau sama dengan
elemen dari

implikasi (‘maka’)

produk (perkalian)
penjumlahan

nilai mutlak dari x

norm vector x

Euclidean norm vector x

maksimum
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min

R, R™"
P>0
P=0
AT

A»l

I, 1,
var(y)

lim
x—0

x(0)
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minimum

Real vector k, Real matriks mxn
matriks definit positif P

matriks semidefinit positif P

transpose dari matriks A

invers dari matriks A

matriks identitas, matriks identitas nxn
varians dari kelompok data y

limit x menuju nol

turunan pertama dari x

kondisi awal x, nilai x pada saat t = 0.
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LAMPIRAN B

B1. Pembuktian Persamaan 2.21

Persamaan konstrain untuk truk menurut (2.18) adalah
X086, -y, cosf=0
Diferensiasi persamaan (2.19) menghasilkan
X, :)'cpo—lé?o sin 6, Vi :)';po+lt90 cos 6,
Substitusi (B.1) dan (B.2) pada persamaan constrain
X, sin(g, +9) =y, cos(f, +9¢)

menghasilkan:

(&, =16, 5in6,)sin(6, + D) = (3, + 6, c0s Gy) cos(6, + P)

Ruas kiri persamaan (B.3) menghasilkan
=i, sin(0 +P) — 16, sin 6, sin(0 +P)

=X, sin(0 +P) —16, sin’ @ cos P — 16, sin6, cos §, sin P

Dengan cara yang sama untuk ruas kanan, menghasilkan

=Y, co8(0,+P)+ 16, cos 6, cos(8 + D)

= Y ,0c08(0,+P) + 16, cos’ 8, cos ® —16, cos b, sin 6, sin

Menggabungkan (B.4) dan (B.5) menghasilkan
X o Sin(0 +@) — 16, sin” 6, cos @ — 16, sin,, cos G, sin P

=¥, c0s(0;+PD) - 16, cos’ 8, cos D + 16, cos 8, sin 6, sin D = 0

X 0 SIn(0 +@) — 3, cos(8+P) — 16, (sin” 6 +cos’ § ) cos D = 0
X 0 SIN(@ +P) — 3, cos(B+P) — 16, cosP =0

Terlihat bahwa (B.6) = (2.21)

(B.1)

(B.2)

(B.3)

(B.4)

(B.5)

(B.6)
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B2. Pembuktian Persamaan 2.22

Menurut persamaan (2.20) diperoleh,

x, =x, —Lcosé, Yo =Yy —Lsiné,
X,, =x, —Lcos6, Y2 =Y, —Lsiné,
X,; =X, —Lcosb, Yy =Y, —LsinG,

Differensiasi persaman diatas menghasilkan:
)'cpl :)'cpo +L6'?1 sin 6, ypl = ypo —Lél cos 6,
X, =X, +L6"2 sin 6, Vo2 =V —L92 cos @,

X3 =X, +L0,sin 6, Vos =V — L, cos b,

Berdasarkan (2.18), persamaan constraint untuk i = 1,2,3 menjadi
X, sin6 —y, cos6 =0
X,,sin6, -y, ,cos6, =0

X800, —y ;cos60;, =0

Untuk i = 1, diperoleh persamaan constraint:
(X, + L6, sin6,)sin 6, - (V0 — L6, cosb,)cosb, =0
X,8in6 =y ,cosb + LO,(sin’ 8, +cos’ 6,) =0

X,08in6 -y, cosb, + L6, =0 (B.7)

Untuk i = 2, diperoleh persamaan constraint:

(X, + LO,sin6,)sinf, — (Y, — L0, cos6,)cosh, =0

X, 8in@, -y,  cosb, + LO,(sin” 8, +cos” 6,) =0

(%, +L6,sin6)sinG, — (¥ ,, — LO, cosb,)cos b, + L, (sin” 6, +cos’ 6,) =0

X,8in@, =y, cos@, + L6, (sin 6, sin 6, +cos b, cos,)+ L6, =0

Universitas Indonesia
Perancangan dan ..., Ahyar M., FT Ul, 2010



65

X,08in6, —y ,cos, + L6 cos(6, —6,)+ L6, =0 (B.8)

Dengan cara yang sama untuk i = 2, diperoleh persamaan constraint:
X, 8in 0, — ,, cos 6, + LY, cos(6, —6,) + L6, cos(8, —6,)+ L, =0  (B.9)

Persamaan (B.7) — (B.9) adalah penjabaran dari persamaan (2.22) untuk i = 1,2,3.

B3. Pembuktian Persamaan 2.23

Persamaan (B.6) dapat diuraikan menjadi:

X ,0(sin@; cos @ +cos G, sinP) — y (cos @, cos P —sin , sin P) = 16, cos D
(X800, = y,;c056,)cos P+ (x,,co86, + ¥, sinb)sin P = 16, cos @

(0)cos @+ (vcos® , +vsin *8,)sin D = (6, cos D

vtan® =16,
0, = %tan @ (B.10)
Persamaan (B.7) dapat diuraikan menjadi:
X086 =y, cosf, + L6, =0
~vcos 6, sin 6, +vsiné, cosd, = L6,
vsin(g,—6,)= L6,
) :%sin(ﬁo ~6) (B.11)

Persamaan (B.8) dapat diuraikan menjadi:
X806, -y, cosb, + L6, cos(6,—6,)+ 16, =0
—vcos, sin @, +vsin b, cosd, —vsin(8, — ;) cos(6, —6,) = L8,
vsin(@, —6,) —vsin(8, — 6,)cos(6, — 6,) = L6,

vsin((8, —6,) + (6, —6,)) - vsin(, — 6,)cos(6, —6,) = L6,
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vsin(g, —6,)cos(8, —8,) +vcos(8, —6,)sin(f, — 6,)
—vsin(8, —6,)cos(6, —6,) = L6,

vcos(6, —6,)sin(6, — 6,) = L6,
.0, = %cos(a0 —6,)sin(6, - 6,) (B.12)

vsin((6, —6,) + (6, — 6,)) —vsin(8, — 6,)cos(6, —6,) = L6,

Dengan cara yang sama untuk (B.9) diperoleh:

6, = %cos(ﬁo — 6,)cos(6, — 6,)sin(8, — ;) (B.13)

Untuk d) = d, = d3 = L , maka (B.10) — (B.13) identik sama dengan 4 baris

terakhir dari persamaan (2.23).
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LAMPIRAN C
C.1 Simulink Diagram - Validasi

Signal 3

kecepatan

I

URN1

square |
repeat |

squarel

sudut kemudi

W |

URN

& Fag ]
= v _>
x0
tho —»
yo
—pw
dth1,2,3 >
——
model_nonlinear > > |:|
truk-trailer |
tho L
2 | tho __>I ; L]
y To Workspace2 dth1,2,3
yo0
tho F
P w
dth1,2,3 >

model_fuzzy TS
truk-trailer
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C2. Simulink Diagram: Simulasi PDC — Model Fuzzy

1B
vo x0 |§| XY Graph
tho y0
ah ‘ ’ dth1,2,3 tho ]
anim dth1,2,3
= x
u I‘ Animas Terminator
PDC mbtruf‘railer
D
Memory

C3. Simulink Diagram: Simulasi PDC — Model Kinematik Truk-Trailer

5 ==/

th0
u
dth > |:|
u2 —p|u2
dth1,2,3
x —
PDC model_nonlinear R

truk-trailer

tht

4
[0;0;0;0;xc;yc] ]

target - setpoint

C4. Simulink Diagram: PDC Subsistem
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B> -
—

Product

-:
u
weight_factor
X

(s J
S\
Y U\ ¥

Z<LZAS
= \O) =g
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CS. Simulink Diagram: Model Fuzzy Subsistem

> X = Ax+Bu —»(5 )
. 2 X > y=0Cx+Du [ ] X

Product Model Aturan 1

ht |—! )4 1)
[x1] P ix mfts ) 5
h2 |— X 5 x1]
o—»C)
From weight_factor y0 Goto
xc t  tho L :@
thO
XC
dth123 4>.
dth1,2,3
> X = Ax+Bu ye o
X —p I i 5
P y = Cx+Du i
yc anim
Product1 Model Aturan 2 out
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Cé6. Simulink Diagram: Model Kinematik Subsistem

tan

Product

BBt

Product? 16 xd6

" xd1

8

2%

A

i

Product1 3x

i

4x

i

5x

i

Product2

x0

yo

dth123

6x

Product4

Product3
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LAMPIRAN D

D1. Matlab Source Code: Weight Factor

function [hl,h2] = mfts(x1)

o\

Program untuk mencari fungsi keangotaan dari
model fuzzy Takagi Segeno dari sistem Truk dengan
tiga Trailer.

hl adalah defuzz mf untuk model aturan 1

h2 adalah defuzz mf untuk model aturan 2

o° o o o

o

gl = 1; $faktor pengali untuk nilai
g2 = cos (88*pi/180); $max dan min dari cos x1
bl = 1; $faktor pengali untuk sector
b2 = 2/pi; $local dari grafik sn x1
ml = (cos (x1) - g2)/(gl - g2);
m2 = (gl - cos (x1))/(ql - g2);
if x1~=0
nl = (sin (x1) - b2*x1)/((bl - b2)*x1);
n2 = (bl*xl = sin (x1))/((bl - b2)*x1);
else
nl = 1;
nz2 = 0;
end
wl = ml*nl;
w2 = m2*n2;

hl = wl/(wl+w2);
h2 = w2/ (wl+w2);
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D2. Matlab Source Code: pdc.m

ilih ') ;
basic ') ;

initial state ');
i/o constraint ');

pi
1)
2) input constraint ');
3)
4)

input ('pilihan : ——> ");

switch pilih

case 1
Ilmi_basic;
case 2
1lmi_consti;
case 3
Imi_init_independen;
case 4
Ilmi_constio;
otherwise
disp('salah input coy..');
end;
xc = input ('x e
yc = input('yv = ");
tho th0l = 0; thl2 = 0; th23 = 0; %sudut (derajat)
x5 = —-xc; $compensasion of accumulation
X6 = -ycC; %0of 2 integrator
x1 = th0*pi/180;
x2 = th01*pi/180;
x3 = thl2*pi/180;
x4 = th23*pi/180;
xawal [x1;x2;x3;x4;x5;%x6];
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D3. Matlab Source Code: Imi_basic.m

o\

Program mencari matrix positif definit P dan feedback gain
Fi yang memenuhi kondisi kestabilan LMI

o

o\

clear all;

clc;

v = 0.126; $kecepatan max mobil
1 = .3; %panjang truk

d = .15; $panjang trailer

$Matriks untuk model fuzzy aturan 1

Al = [0O0O O 0 O Oy $thO0 +sdt truk trhdp sb-x
0 -v/d 0 0 0 O; %$th0 - thl : sdt antara truk-trl
0 v/d =v/d 0 0 0; $thl - th2 : sdt antara trl - tr2
0 0 v/d —v/d 0 0; $th2 — th3 : sdt antara tr2 - tr3
0 0000 0; $xcar : posisi truk
v-00O0O0QO0]; $ycar : posisi truk
Bl = [0 v/1; $matrix input
0 v/1;
0 0;
0 0;
1 0;
0 0];

$Matriks untuk model fuzzy aturan 2

a = pi/2; b = cosd(88);

A2 = [0 0.0 0 O O; $th0 :sdt truk trhdp sb-x
0 -v/d 0.0 0 0; $th0 - thl : sdt antara truk-trl

0 v/d -v/d 0 0 0; $thl - th2 : sdt antara trl - tr2
0 0 v/d -v/d 0 0; %$th2 - th3 : sdt antara tr2 - tr3

00 0O0O0 0; $xcar : posisi truk
a*v 0 0 0 0 07; %$ycar : posisi truk
B2 = [0 v/1; $matrix input

0 v/1;

0 0;

0 0;

b 0;

0 01;

Cl = eye(6);
C2 = C1;
CI = Cl(2:4,:);

Universitas Indonesia
Perancangan dan ..., Ahyar M., FT Ul, 2010



D1 = zeros(6,2);
D2 D1;

$LMI editor

$LMI matrix variables
setlmis([]);
X=1lmivar (1, [6 11);
Ml=1lmivar (2, [2 61]);
M2=1lmivar (2, [2 6])

4

$LMI expressions
Imiterm([-1 1 1 X],1,1);

Imiterm([-2
Imiterm([-2
Imiterm([-2

11 X],1,-A1","'s");
-M11,.5*1,B1',"
1 1 M1],.5*B1l,1,'s’

=
[

s');
)
Imiterm([—

311X],1,-A2","'s");
Imiterm([-3 !
3

-M2], .5*1,B2"',
1 M2],.5%B2,1,'s'

—
=

s');
D5

=

Imiterm([-4 1 1 X1,1,-A1','s');
Imiterm([-4 1 1 X],1,-A2','s');
Imiterm([-4 1 1 -M2],.5*1,B1',"'s'");
Imiterm([-4 1 1 M2],.5*B1,1,'s"');
Imiterm([-4 1 1 -M1],.5*1,B2',"'s");
Imiterm([-4 1 1 M1],.5*B2,1,'s");

sys=getlmis;

$LMI Solver
[tmin, xfeas]=feasp(sys) ;
Xf=dec?2mat (sys, xfeas, X) ;
Ml f=dec2mat (sys, xfeas,M1) ;
M2f=dec2mat (sys, xfeas,M2) ;

$Feedback Gain & Common P
P = inv (Xf);
Fl = MLf*pP;
F2 = M2f*P;
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