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ABSTRACT

The Inverted Pendulum on Cart is a naturally unstable system. Therefore,
the goal of this project is to design and implement a state feedback controller
which can keep the pendulum in the upright position even in the presence of
disturbance. The control signal is generated to drive .a cart by the computer's
computation based on the designed control law using the measured outputs

through sensor, potentiometer and encoder.
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<>

y
timer =0
theta_now=0
theta_old=0
omega=0

y
Set THUAYDI Port A, Port B, Port C
u 8255y out in_out

Initial_LMG629

4

W Interrupt 1C ( 18.2 Hz yondaadiyqnat
Sampling , 1037

'—¢

No

| theta_old | > 0.25

?

No
?

Yes
¥

Set PWM =0

4

1an1¥ Interrupt 1C

END

gUM n-1 Main Program
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_» Resct LM629

{ stART )

No
%Y&

No
?

Yes
4

Reset Interrupts
Y93 LM629

No

.

Yo

** iy Status : BIT 7 = Motor off

6 = Breakpoint Reached (interrupt)

5 = Excessive Position Error (Interrupt)
4 = Wrap-around Occurred (Interrupt)
3 = Index Pulse Observed (Interrupt)
2 = Trajectory Complete (Interrupt)

1 = Command Error (Interrupt)

0 = Busy-bit

a1l N2 Initial_LM629
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START

L

time = time / 18.2

find_angle

%1 Position
11 Velocity

u = Control Law

Yes

u=u*l.1

Set PWM(u) <

inc timer

END

X
jun n-3 Interrupt Service Routine
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( START )

Low 41 Chip Select
cs

A0 theta_now 9INAIN 1A9IN
& ’ @
ADC0848 Fuilusnmyesfinumugin

High 91 Chip Select
Ccs

y

omega = ( theta_now - theta_old ) * 18.2
theta_old = theta_now

END

o
jUn n-4 Find_angle
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mMAanulIn A
Flow Chart lilsunsaniiia PWM

( START )

Enable Interrupt

Timer 0

A
Set Timer 0 Mode 2
( Auto Reload)

TH= FOH
TL= FOH
RO=00H
R1=00H

Set Bit TRO ( Start Timer 0)

2uf1 PWM 91nRouRanes

3’1_|ﬁ 4-1 Main Program 65 PWM
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INT TO

R1< RO

Yes

Y

Set bit P3.0

Clear bit P3.0

R1= R1+1

RETI

gﬂﬁ 4-2 Interrupt Timer 0 Service Routine
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PROGRAM Inverted_Pendulum_Cart;
lises crt, dos , Im629_and_89C2051 , adc0848;

‘const

k1 = 4526.1;
| k2 =1500.3;
. k38 = 579.4;
' k4 = 781;
var timer :longint;

5 time , theta_old , theta_now , omega , position , velocity , zero , u : real;

pwm :integer;

S : string;
, f : text;
IntNo : byte;

Regs : Registers;
IntSave : pointer;
Chr : char;
procedure find_angle;
begin
low (CS);
theta_now := -(read_ADC(1)*30.96/255)*3.14/180+zero;
: high (CS );
; omega := ( theta_now-theta_old )*18.2;
| theta_old := theta_now;
’ end,
function  control_taw ( x1,x2,x3, x4 : real ) : real;

begin
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control_law := k1*x1+k2*x2+k3*x3+k4*x4;

procedure IRQ1c_handler ( regs : Registers ); interrupt;

begin

time := timer/18.2,

find_angle;

posttion := real_position;

velocity := real_velocity;

str(time:10:2,s); write (f,s);
str (theta_now:0:2,s); write (f,s);
str(omega:10:2,s); write (f,s);
str (position: 10:2,s); write(f,s);
str (velocity: 10:2,s); writeln (f,s,"; ')
u := control_law ( theta_now , omega , position , velocity );
if u<0thenu:=1.1"y;
pwm :=round (u);
set_pwm (pwm );
gotoxy (1,1);

writeln (' BH
writeln (' K
writeln (' ')
writeln (' X
writeln (' ).

gotoxy (1, 1)
writeln (' pwm ="', pwm);

writeln (' control_law = ', u:5:3);

writeln (' theta ="', theta_now:5:3);
writeln (' omega ="' omega:5:3)
writeln (' x ="', position:5:3);
writein ('v ="', velocity: 5:3);

inc ( timer );

end;
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})egin {main}

B X o -

LD Sy Som L . T m———— o e

- e E ar e e

assign ( f, ' c:\matlab\cart.m ');
rewrite (f);

writeln (f,'m=[");

clrscr;
timer =0;
theta_now := 0;

theta_old :=0;

omega =0;

u =0,

IntNo =$%1c;

Port [ write_control_words ] := out_in_out;
Port [ port_c ] := $ff;

zero := (read_ADC(1)*30.96/255)*3.14/180
GetintVec ( IntNo , IntSave );

Initial_LM629;

SetintVec ( IntNo , addr ( IRQ1c_handler) );
Repeat untii keypressed or (abs (theta_old)>0.25);
set_PWM (0 );

SetintVec ( IntNo , IntSave );

Writeln (f,'1;' )

Writeln (f,'c1=[10;0;0;0;];');
Writeln (f,'c2=[0;1;0:0;0;1; ')
Writeln (f,'c3=1[0;0;1;0;0:1:'):
Writeln (f,'c4=[0;0;0;1;0;1;');
Writeln (f,'c5=[0;0;0;0; 1:1; ')
Writeln (f, ' time = m*c1;');

Writein (f, ' theta =m*c2; '),

Writeln ( f, ' omega =m*c3;');

Writeln (f,'x=m*c4;");

Writeln (f.'v=m"c5;"');

Close (f);

*END.
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dau1ad UNIT dafhugauinlusunsuméniend

4 -\ 1 ar o L1
NIT Al dfasiay ADC0848 fsuaziBanfail

R cni

UNIT ADCO0848;

!
i
I![\ITERFACE
ses crt, dos;
onst
{address to select port of 8255 phototypeboard.}
port_a = $300;
port_b = $301;
port_c = $302;

4
i

write_control_words = $303;

o —

{control words to select port}

{HxAXXBXC}

out_out_out = $80;
+  out_in_out =$82; {use in this photocard}
in_out_out = $90;

in_in_out =%$92;

L .
yar channel : integer;

13
i

i
LFUNCTION read_ADC ( channel : integer ) : integer;
PROCEDURE  init_8255;

¥

s

g

IMPLEMENTATION

i PROCEDURE Low ( command : integer );
BEGIN

Port [ port_c] := port [ port_c ] and not command;
END;

— e

o e mo e
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PROCEDURE High ( command : integer );

BEGIN
Port [ port_c ] := port [ port_c ] or command;
END;

function read_ADC (channel : integer) : integer;

const _wr =$dc; {write active + latch active}
_rd = %ed; {read active + latch not active}
_clr = $ff; {non active}

begin

channel := channel+7;

port [ port_a ] := channel;

low ( $23); {port [ port ¢ ] := _wr}
high ($23); {port [ port_c ]:= _cir}
delay (1),

low ($12); {port [ port ¢ ]:= _rd;}
read_ADC := port [ port_b ];

high ($12 ); {port [ port_c ] := _cir}
end;

procedure  init_8255;
begin
port [ write_control_words ] := out_in_out;

end;

END.
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UNIT AlAnsiarit LM629 uaz 89C2051 Hsuazidumsail

|

UNIT LM629_and_89C2051;
i

INTERFACE
Uses crt, dos, graph;
¢onst
l {PulsePerMetre}
| PPM : real = 18.34{rev/im}*400; {pulse/rev}
| (629 Sample Period)
T629: real = 2048/6e6;
coef_P : real = 18.34"400; {=PPM}
N coef_V : real = 2048/6e6*65536*18.34*400; {7629*65536*PPM}
coef_A : real = 2048/6e6*2048/6e6*65536%18.34*400; {7629*7629*65536"PPM}
{Control bit for Im629 from 8255}
Direction = $40;

' OWRL = $20;
I RD_ = $10;
' PS_ = $08;
; RST_ = $04;
. CS = $02;
.

dataout_ = $01;

e g

{address to select port of 8255 phototypeboard.}
port_a = $300;

" ump e wm

port_b = $301;
port_c = $302;

- -

write_control_words = $303;

«  {control words to select port}
PexAxxBxxC}
out_out_out = $80;

out_in_out = $82;

A w o W e
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in_out_out =$90;

! in_in_out =%92;

Highbyte , Lowbyte : integer;

; r_pos, r_vel : longint;
! d_pos, d_vel : longint;
i Kp, Ki, Kd : longint;

Acceleration , Velocity , Position : real,
]
B

;FU NCTION Dec2Hex ( dec : integer ) : string;
FUNCTION Dec2Bin (dec:integer) : string;
"PROCEDURE Low ( command : integer );
:PROCEDURE High ( command : integer );
gFUNCTlON Status : integer;

! { BIT 7 = Motor off

; 6 = Breakpoint Reached (Interrupft)

5 = Excessive Position Error (Interrupt)

4 = Wrap-around Occurred (Interrupt)

= mm m

3 = Index Pulse Observed (Interrupt)

2 = Trajectory Complete (Interrupt)

1 = Command Error (Interrupt)

0 = Busy-bit }

+ PROCEDURE Busy_Check;

, PROCEDURE Write_Command ( command : integer );
PROCEDURE Read_Data;

: PROCEDURE Write_Data ( Highbyte , Lowbyte : integer );
PROCEDURE Reset_Interrupt ( Lowbyte : integer );

; { BIT 7= not used

! 6 = Breakpoint Reached Interrupt

5 = Excessive Position Error Interrupt

4 = Wrap-around Occurred Interrupt

3 = Index Pulse Observed Interrupt



i 2 = Trajectory Complete Interrupt
1 = Commeand Error Interrupt

! 0 = not used }

IrPROCEDURE Initial_LM629;

iPROCEDURE Filter_Module ( Kp, Ki, Kd : integer );
IPROCEDU RE Init_Acceleration { acceleration : real );
PROCEDURE Set_Velocity ( velocity : real );
'PROCEDURE Set_Velocity_Rel ( velocity : real );
,PROCEDURE SetBreakPoint ( b : real );
PROCEDURE Trajectory_Module ( acceleration , velocity, position : real );
1"PROCEDURE Stop_Module;

:PROCEDURE Start_Module;

IF,‘UNCTION Real_Position : real;

FUNCTION  DESIRED_POSITION : real;
FUNGTION  REAL_VELOCITY : real;

iFUNCT!ON Desired_Velocity : real;
jP,ROCEDURE ‘OutText ( elapsed_time : real );

5
|
g
]

PROCEDURE Set_PWM ( duty : integer );

IMPLEMENTATION

[ .
FUNCTION  Dec2Hex ( dec : integer ) : string;
!

var hex2 , hex1 : integer;
;const a:ammay [ 0..15] of char

: =('0,"1,2,3,'4,5'¢",'T

' ,'8','g','A",'8','C','D",'E",'F" );

BEGIN
i
hex1 := dec mod 16;

; hex2 := dec div 16;

: Dec2Hex:=a[hex2]1+a[ hex1];
"END;

{ ,

FUNCTION  Dec2Bin ( dec : integer) : string;
H

'var bin2, bin1 : integer;

4

i
#
I
v
i
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!
:cI)nst a:amay [ 0..15] of string

= ('0000",'0001','0010','0011','0100','0101','0110','0111"
,'1000','1001,'1010",'1011",'1100",'1101,"1110,'"1111" );

bin1 := dec mod 16;

bin2 := dec div 16;
i Dec2Bin:=al[bin2]+''+a[bint]
éND;
i

PROCEDURE Low ( command : integer );

BEGIN

| Port [ port_c ] := port { port_c ] and not command;
]

EEN D;

PROCEDURE High ( command : integer )%
BEGIN
Port [ port_c ] := port [ port_c ] or command;

END;

FUNCTION Status : integer;
BEGIN
Low (PS_);
Low (RD_);
Status := port [ port_b ];
High (RD_;
END;

PROCEDURE Busy_Check;
var busy: boolean;
BEGIN

Low (PS_);

Low (RD_ ),
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repeat

if status mod 2 =1 then busy := true else busy := false;

until busy = false;

High (RD_);

ND;

:P'ROCEDU RE Write_Command ( command : integer );

BEGIN

——

T ek oo v

Low ( PS_);

Port [ port_a ] := command;
Low ( dataout_ );

Low (WR_);

High (WR_);

High ( dataout_ );
Busy_Check;

|
» END;

o+

' PROCEDURE Read_Data;

' BEGIN

High (PS_);

Low (RD_);

Highbyte := port [ port_b J;
High (RD_);

Low (RD_);

Lowbyte := port [ port_b J;
High (RD_});

Busy_Check;

END;

PROCEDURE Write_Data ( Highbyte , Lowbyte : integer );
BEGIN

High ( PS_);

Port { port_a ]:= Highbyte;



Low ( dataout_ );
v Low (WR_);

High (WR_ );
‘ Port [ port_a ] := Lowbyte;
Low (WR_);
High (WR_);
High ( dataout_ );
Busy_Check;

D A ——

END;
I
JPROCEDURE Reset_Interrupt ( Lowbyte : integer );
BEGIN
Write_Command ( $1d );
Write_Data ( $00 , Lowbyte );
END;

* FUNCTION Real_Position : real;
! VAR p:longint;
| BEGIN
' Write_Command ( $0a );
i Read_Data;
P := Highbyte*256+Lowbyte;
Read_Data;
P := ( p*256+Highbyte )*256+Lowbyte;
Real_Position := p/coef_P;

END;

FUNCTION DESIRED_POSITION : real,
VAR p:longint;
BEGIN
Write_Command ( $08 );
Read_Data;
P ;= Highbyte*256+Lowbyte;

53
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Read_Data;
P := ( p*256+Highbyte )*256+Lowbyte;
Desired_Position := p/coef_P;

ND;

e il

FUNCTION  REAL_VELOCITY : real;
l’VAR v :integer;

'BEGIN

" Write_Command ( $0B );

E Read_Data;

! V:= Highbyte"256+Lowbyte;

! Real_Velocity := v/coef_v*65536;

*END;
3

§
jF‘u NCTION Desired_Velocity : real;
:VAR v : longint;
* BEGIN
i Write_Command ( $07 );
Read_Data;
V ;= Highbyte*256+L owbyte;
i Read_Data;
V := ( v*256+Highbyte )*256+Lowbyte;

' Desired_Velocity := v/coef_v,

t PROCEDURE Initial_LM629;
" BEGIN
repeat

| repeat

: Low (RST_);

; Delay (1)

f High ( RST_);
Delay (2 );
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Status;
until ( status = $c4 ) or ( status = $84 )

- ——— W o g

Reset_Interrupt ( $00 );
until ( status = $c0 ) or ( status = $80 ),
ND;

L

f’ROCEDURE Filter_Module (Kp , Ki, Kd : integer );

]

IPBEGIN

| Write_Command ($1e);  {LFIL Command}
Write_Data ( $00 , $0e );
Write_Data ( Kp and $FF00, Kp and $FF );
Write_Data ( Ki and $FF00 , Ki and $FF );

' Write_Data ( Kd and $FF00 , Kd and $FF );

¢ Write_Command ( $04 ); {UDF Command}

END;

]
‘PROCEDURE Init_Acceleration ( acceleration : real );

Iv_ar A longint;
BEGIN
' A:=round (acceleration*coef_a );
Write_Command ( $1f ); {LTRJ Command}
Write_Data ($18, $20);
Write_Data ( A and $ff000000 shr 24 , A and $ff0000 shr 16 );
i Write_Data ( A and $ff00 shr 8, Aand $ff );
Write_Command ( $01 ),

END;

PROCEDURE Set_Velocity ( velocity : real );
var V:longint,
BEGIN :

V :=round ( velocity*coef_v );

Write_Command ( $1f ); {LTRJ Command}

— R WIS e TN

if v>=0
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"

then Write_Data ($18, $08)
else Write_Data ( $08 , $08 );
V:=abs (V)
Write_Data ( V and $ff000000 shr 24 , V and $ff0000 shr 16 );
Write_Data (V and $ff00 shr 8, V and $ff );
Write_Command ( $01 );
ND;

T SR o ww e e W T et % e

PROCEDURE Set_Velocity_Rel ( velocity : real );
;/ar V : longint;

BEGIN

; V := round ( velocity*coef_v );

' Write_Command ($1f ); {LTRJ Command}

Write_Data ($18, $0c );

s Write_Data ( V and $ff000000 shr 24, V and $ff0000 shr 16 );
i Write_Data (V and $ff00 shr 8, V and $ff ),

Write_Command ( $01 )

END;

i
PROCEDURE SetBreakPoint ( b:real );

var bp : longint;
lBEGIN
Bp := round ( b*coef_p );
Write_command ( $20 ); {SPBA}
Write_Data ( bp and $FF000000 shr 24 , bp and $FF0000 shr 16 );
Write_Data ( bp and $FFQ0 shr 8, bp and $FF );
"END;
:
|
;PROCEDURE Trajectory_Module ( acceleration , velocity , position : real );
Evar A,V, P:longint
tBEGIN

' A:=round ( Acceleration*coef_a );

} v := round ( Velocity*coef_v );
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-

P := round ( Position*coef_p );

Write_Command ( $1f ); {LTRJ Command}
Write_Data ($00, $2a );

Write_Data ( A and $ff000000 shr 24 , A and $ff0000 shr 16 );
Write_Data ( A and $ff00 shr 8, A and $ff );

Write_Data (V and $ff000000 shr 24 , V and $ff0000 shr 16 );

oy e T B

Write_Data (V and $ff00 shr 8, V and $ff ),

Write_Data ( P and $ff000000 shr 24 , P and $ff0000 shr 16 );
i 1 Write_Data ( P and $ff00 shr 8, P and $ff );

' Write_Command ( $01 );

IEN D;

i

i

PROCEDURE Stop_Module;

EBEGIN

. Write_Command ( $1f ); {LTRJ Command}
Write_Data ($01, $00 );

Write_Command ($01); {STT Command}
END;

EPROCEDURE Start_Module;

BEGIN

i Write_Command ( $01 ); {STT Command}
iEND;

'PROCEDURE Set_PWM (duty : integer );

‘begin

] if duty >=0

1 then High ( Direction )

E else Low ( Direction );

if abs (duty ) > 255 then duty:= 255;

port [ port_a]:=abs (duty);

Low (%81 );

High ($81);

—————— e e g
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89C2051 Whulllsunsunmuesinnd  Muaz@aavedlsunsuuaadlinal

ORG  0000H
JMP START

t'ttt'tttﬁtt'"ﬁttt"t't""

e timer O interrup

ORG 000BH timer 0 interrupt
:SERVICE: ;port3.0 is PWM output
E MOV  ARI
{ CLR C
SUBB  ARO
Jc ON
" OFF: CLR P30
; INC  Rf
{ RETI
| ON: SETB  P3.0
' INC  R1
f RETI
f
et ***initial mcs51
®
"START: MOV IE,#10000010B ;initial timer0

i MOV TMOD,#00000010B ;timer0 mode 2
! MOV THO,#0FOH ;autoreload 16 clock.
' MOV TLQ,#OFOH

MOV RO,#Q0H
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{
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§

§

i

: MOV  R1,#00H

[ SETB TRO ;Start timer
I;miiiiiii**tiiiitiiwait command ‘oop -------------
:.

:LOOP: MOV RO,P1 :RO is Buffer from data bus
' JMP LOOP

I 0

' END

1

!

i

i

I

i

i

i

i

§

i

F

i
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% L] i * Frirhd A w AR XA d ek bk
% PROGRAM TO DETERMINE COEFFICIENT 'K'

% OF CONTROL LAW

% dedrdr e A A A b A e A A e e A e e e e e e L2 4 * " - w*k

% define coefficient of system
%

% X=AX + Bu

%

% Y=CX + Du

% u= -KX <  Control Law
%
9% ek A Ak x
A={ 0 1 0 0;
9.1688 -0.44 0 2.7938;
0 0 0 1;
0 0 0 -1.875];
B=[ 0 -0.0176; O; 0.0188];
c=[ 1 0 0 0;
0 0 1 K
D={0];
o . . - " -
%determine eigen value
eigen = eig(A);
first_eig = {10 0 0]*eigen;

second_eig = [0 10 OJ*eigen;



third_eig
forth_eig

= [0 0 1 O]*eigen;
= [0 0 0 1]*eigen;

61

e 2 e oW we

%check eigen value be real or compiex conjugate

if imag(first_eig)

char_1=[1- (first_eig+sen_eig) (first_eig*second_eig’) 1;
else

char_1=conv ([ 1 -first_eig],[ 1-second_eig]);  end;
if imag ( third_eig )

char_2 =[ 1 - (third_eig+forth_elg ) ( third_eig*forth_eig ) 1;
else

char_2 = conv ({ 1-third_eig ], [ 1-forth_eigl);  end:

char = conv (char_1,char_2);

%transfer to controllable canonical form
% X=T2Z
%transfer matrix is T = Uc*W
Uc =[B A'B A*A'B A*A*A'B];

%determine W
[0oo01,

0010;

0100;

1000;

0000];

row1 = char*

row2 =char* [0010;
0100;
1000;
0000;
0000}
fo100;
1000;
0000;
0000,
0000];

row3 = char*
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et

' rowsé =charr [1000;
0000;
0000;
‘ 0000;
0000);

E——————— T EP W

W = [ row?t;row2;row3;row4 J;
%confirm to find transform matrix ( T)
(% X=TZ
| %it's will be
%o~ -

% Z=AZ + Bu
% ~ -~

»

“ Y=CZ + Du

| T= Uc'W
T1=inv(T);

%test system in controltable form
%test_ A = T1*A*T;
%test B =T1*B;

% ARRAARARAEREARATTR AN ARANARR AR T kN

%use pole placement to determine control law.
%declare the target system

%if want to tune with target pole
target_pole =[-4;-4;-25;-25); % <<=========== Variable
first_target_pole = [1 0 0 0]*target_pole;
second_target_pole = [0 1 0 0]*target_pole;
third_target_pole = [0 0 1 0])*target_pole;
forth_target_pole = [0 0 O 1]*target_pole;

if imag ( first_target_pole )
char_1 = [ 1 - ( first_target_pole+second_target_pole ) (first_target_pole*second_target_pole ) 1.

else



j
) char_1 = conv ([ 1 -first_target_pole ], [ 1 -second_target_pole ] ); end;
if imag ( third_target_pole )
E char_2 = [1 - ( third_target_pole+forth_target_pole ) ( third_target_pole*forth_target_pole ) J;
E else
k char_2 = conv ([ 1 - third_target_pole ], [ 1 -forth_target_pole ]);  end;
1; target_char = conv ( char_1, char_2 };
|
: %target_char = conv ( conv ( [ 1 -first_target_pole ], [ 1 -second_target_pole]), conv ([1-
; third_target_pole ], [ 1 -forth_target_pole ] ) );
; target A= 0 1 0 0;
! 0 0 1 0;
! 0 0 0 1;
E -target_char*[0;0;0,0;1] -target_char*[0;0;0;1;0] -target_char*[0;0;1;0;0] -target_char*[0;1;0;0;01];
i

%retransform in X parameter
K_dat = [0 0 0 1]*( A-target_A);
K = K_dat*T1

%plot settling system
impuise (target A,B,[1000],D,1,0:0.05:6); hold;

e . vwn ewmmhelion e m -

; impulse (target A,B,[0100],D,1,0:0.05:6);
kimpulse(target_A.B.[0010],D,1 ,0:0.05:6);
limpu!se(target_A.B,[0001],D,1,0:0.05:6);
hold;

Pl gy e e am e wew et | om——_



g

MAKYIN 2
° L4
Ardaugnansiiaiynaasssuy

Wy e m o o ewilen e il e

(] y 4 -~ (-3
Whugaandalullsunsy  MATLAB  iksuaasnsrzasuresfiuimugel A
E o (4 ¥ -3 J J o
Fayuraafumugdn suwniiresrauazacaifresra Wanaulseull Tnalilsunsundn
' P - e
NpauunnniAReunaaraazakmsing m anAviawlslullsunsuAa time , theta_now

! [ A T J -
'omega , position uaz velocity Fenmupadind Wefulilsunsuly MATLAB azldinswl 5

pu |
nemawinuandflugli 4.11-4.15

m={

0.00 0.00 000 0.00 0.00;

0.05 -0.00 -0.04 0.00 0.00;
011 0.00 0.08 -0.00 -0.40;
0.16 0.01 0.15 -0.01 -0.40;

xom o s

022 003 031 -0.03 -0.40;
027 004 031 -0.05 0.0
) 033 004 000 -0.05 0.0
1 038 003 -019 -0.04 0.40;
044 001 -046 -0.01 0.80;
049 -0.02 -058 0.02 0.40;
0.55 -0.03 -019 0.04 0.00;
060 -0.03 000 004 -0.40;
0.66 -0.01 035 0.02 -0.40;

o wa  m ok e — re—

071 0.01 050 -0.01 -0.40;
| 077 0.02 015 -0.03 0.00
0.82 0.02 0.04 -0.02 0.00
0.88 0.01 -031 -0.01 040
0.93 -0.01 -0.39 0.01 040

o v w—

099 -0.02 -0.04 0.01 0.0
i 1.04 -0.01 012 0.00 -0.40;

110 0.01 039 -0.02 -0.80;
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1.15
1.21

1.26
1.32
1.37
1.43
1.48
1.54
1.59
1.65
1.70
1.76
1.81

1.87
1.92
1.98
2.03
2.09
2.14
2.20
2.25
2.31
2.36
2.42
2.47
2.53
2.58
2.64
2.69
2.75
2.80
2.86
2.91

0.04
0.07
0.08
0.08
0.06
0.03
0.01
-0.01
-0.00
0.03
0.05
0.07
0.07
0.05
0.03
0.00
-0.01
-0.00
0.01
0.02
0.01
-0.01
-0.04
-0.06
-0.06
-0.04
-0.03
-0.02
-0.01
-0.03
-0.05
-0.09
-0.10

0.58
0.46
0.27
-0.08
-0.31
-0.50
-0.42
-0.35
0.12
0.50
0.39
0.35
0.00
-0.23
-0.356
-0.62
-0.19
0.15
0.27
0.12
-0.15
-0.42
-0.42
-0.42
0.00
0.31
0.23
0.23
0.04
-0.27
-0.42
-0.62
-0.19

-0.06
-0.09
-0.10
-0.10
-0.08
-0.05
-0.02
0.00
0.00
-0.02
-0.04
-0.05
-0.05
-0.02
0.00
0.05
0.07
0.07
0.06
0.06
0.08
0.12
0.15
0.18
0.18
0.17
0.16
0.16
0.15
0.16
0.18
0.21
0.22

-0.40;
-0.40;
0.00;
0.00;
0.40;
0.80;
0.40;
0.00;
-0.40;
-0.40;
-0.40;
0.00;
0.00;
0.80;
0.40;
0.80;
0.00;
0.00;
0.00;
0.40;
0.40;
0.80;
0.80;
0.40;
0.00;
0.00;
-0.40;
0.00;
0.40;
0.80;
0.40;
0.40;
-0.40;
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2.97
3.02
3.08
3.13
3.19
3.24
3.30
3.35
3.41
3.46
3.52
3.57
3.63
3.68
3.74
3.79
3.85
3.90
3.96
4.01
4.07
4.12
4.18
4.23
4.29
4.34
4.40
4.45
4.51
4.56
4.62
4.67
4.73

-0.09
-0.08
-0.04
-0.00
0.03
0.04
0.04
0.03
0.03
0.04
0.07
0.11
0.13
0.14
0.14
0.12
0.11
0.08
0.02
-0.01
-0.04
-0.04
-0.03
-0.01
-0.01
0.02
20.03
0.02
-0.01
0.02
0.02
20.01
0.01

0.08
0.19
0.69
0.77
0.62
0.15
0.08
0.19
0.00
0.12
0.46
0.73
0.39
0.23
0.00
0.27
-0.35
.50
-1.04
-0.66
-0.50
.04
0.19
0.35
0.08
0.12
-0.15
0.15
0.04
.04
-0.08
0.27
0.23

0.20
0.18
0.13
0.07
0.02
-0.00
-0.02
.03
-0.04
.06
.10
0.15
-0.19
0.20
-0.21
0.20
0.17
0.14
-0.08
-0.02
0.02
0.03
0.03
0.02
0.02
0.04
0.05
0.05
0.05
0.06
0.06
0.05
0.04

-0.40;
-0.80;
-1.20;
-0.80;
-0.80;
-0.40;
-0.40;
-0.40;
-0.40;
-0.80;
-1.20;
-0.80;
-0.40;
-0.40;
0.00;
0.40;
0.40;
1.20;
1.20;
0.80;
0.40;
0.00;
0.00;
0.00;
0.00;
0.00;
0.40;
0.00;
0.00;
0.00;
0.00;
-0.40;
0.00;
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4.78
4.84
4.89
4.95
5.00
5.05
5.11
5.16
5.22
5.27
5.33
5.38
5.44
5.49
5.55
5.60
5.66
5.71
577
5.82
5.88
5.3
5.99
6.04
6.10
6.156
6.21
6.26
6.32
6.37
6.43
6.48
6.54

0.02
0.01
-0.02
-0.04
-0.07
-0.07
-0.04
-0.03
-0.01
-0.01
-0.02
-0.02
-0.00
0.02
0.02
0.03
0.04
0.02
0.00
-0.01
-0.00
0.03
0.06
0.07
0.07
0.07
0.04
0.02
0.01
0.01
0.04
0.06
0.08

0.19
0.04
-0.58
0.42
-0.46

0.00

0.39

0.35

0.27
0.04
0.12

0.04

0.27

0.46
0.04

0.19

0.08
0.27
0.39
-0.15

0.12

0.50

0.54

0.23

0.12
0.12
-0.46
0.39
0.27

0.12

0.42

0.42

0.39

0.03
0.04
0.06
0.08
0.11
0.11
0.08
0.06
0.04
0.03
0.03
0.03
-0.00
-0.04
-0.06
-0.07
-0.08
-0.08
-0.06
-0.06
-0.08
-0.11
-0.15
-0.17
-0.19
-0.18
-0.17
-0.15
-0.13
-0.14
-0.16
-0.18
-0.20

0.00;
0.40;
0.40;
0.40;
0.40;
0.00;
-0.40;
-0.40;
-0.40;
0.00;
0.00;
-0.40;
-0.40;
-0.40;
-0.40;
0.00;
0.00;
0.40;
0.00;
0.00;
-0.40;
-0.80;
-0.40;
-0.40;
0.00;
0.40;
0.40;
0.40;
0.00;
-0.40;
-0.40;
-0.40;
-0.40;
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6.59
6.65
6.70
6.76
6.81
6.87
6.92
6.98
7.03
7.09
7.14
7.20
7.25
7.31
7.36
7.42
7.47
7.53
7.58
7.64
7.69

7.75

7.80
7.86
7.91
7.97
8.02
8.08
8.13
8.19
8.24
8.30
8.35

0.08
0.08
0.06
0.03
0.01
0.02
0.03
0.03
0.03
-0.00
-0.02
-0.04
-0.02
0.00
0.01
0.03
0.02
-0.00
-0.02
-0.05
-0.08
-0.08
-0.07
-0.04
-0.01
0.01
0.00
-0.02
-0.05
-0.09
-0.09
-0.09
-0.07

0.08
0.12
0.31
-0.50
-0.39
0.08
0.15
0.12
-0.12
0.50
-0.35
0.27
0.23
0.46
0.23
0.27
012
0.46
-0.35
-0.54
0.46
-0.08
0.23
0.54
0.58
0.27
-0.12
0.35
0.66
-0.62
0.12
0.04
0.42

-0.21
-0.20
-0.18
-0.14
-0.11
-0.10
-0.10
-0.09
-0.07
-0.03
-0.00
0.03
0.03
0.02
0.01
0.01
0.03
0.06
0.09
0.13
0.16
0.17
0.17
0.14
0.11
0.10
0.10
0.12
0.16
0.18
0.19
0.18
0.16

0.40;
0.40;
0.40;
0.40;
0.40;
0.00;
0.00;
0.40;
0.40;
0.80;
0.40;
0.00;
-0.40;
-0.40;
0.00;
0.40,
0.40;
0.80;
0.80;
0.80;
0.40,
0.00;
-0.40,
-0.40;
-0.40;
0.00;
0.40;
0.80;
0.80;
0.00;
0.00;
0.00;
-0.80;
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8.41
8.46
8.52
8.57
8.63
8.68
8.74
8.79
8.85
8.90
8.96
9.01
9.07
9.12
0.18
9.23
9.29
9.34
9.40
9.45
9.51
9.56
9.62
9.67
9.73
9.78
9.84
9.89
9.95
10.00
10.05
10.11
10.16

-0.04
-0.01
0.04
0.06
0.06
0.06
0.06
0.07
0.07
0.06
0.03
0.00
-0.01
0.00
0.03
0.05
0.06
0.06
0.04
0.02
0.00
-0.02
-0.03
-0.01
0.01
0.02
0.03
0.01
-0.01
-0.03
-0.06
-0.06
-0.04

0.42
0.69
0.77
0.39
0.00
-0.04
0.15
0.19
-0.04
-0.19
-0.54
-0.54
0.15
0.12
0.46
0.46
0.15
0.00
-0.27
-0.42
-0.31
-0.46
-0.08
0.27
0.39
0.23
0.08
-0.27
-0.35
-0.46
0.42
-0.04
0.31

0.13
0.07
0.02
-0.02
-0.03
-0.04
-0.06
-0.07
-0.08
-0.07
-0.04
-0.01
-0.01
-0.01
-0.04
-0.07
-0.07
-0.07
-0.06
-0.03
-0.00
0.03
0.03
0.02
0.01
-0.01
-0.01
0.02
0.04
0.06
0.09
0.09
0.08

-0.80;
-0.80;
-0.80;
-0.40;
-0.40;
-0.40;
-0.40;
0.00;
0.00;
0.40;
0.40;
0.40;
0.00;
-0.40;
-0.80;
-0.40;
-0.40;
0.00;
0.40;
0.80;
0.40;
0.40;
0.00;
-0.40;
-0.40;
-0.40;
0.40;
0.40;
0.80;
0.80;
0.40;
0.00;
-0.40;
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10.22

10.27

10.33

10.38

10.44

10.49

10.55
10.60
10.66
10.71

10.77
10.82
10.88
10.93
10.99
11.04
11.10
11.15
11.21

11.26
11.32
11.37
11.43
11.48
11.54
11.59
11.65
11.70
11.76
11.81
11.87
11.92
11.98

-0.02
-0.01
-0.02
-0.03
-0.04
-0.02
0.01
0.04
0.06
0.07
0.06
0.04
0.00
-0.04
-0.06
-0.06
-0.04
-0.01
0.01
0.02
0.02
0.02
0.01
-0.00
-0.01
0.01
0.04
0.07
0.09
0.10
0.09
0.08
0.04

0.39
0.1
-0.19
-0.19
0.12
0.35
0.58
0.50
0.42
0.08
-0.19
-0.23
-0.77
-0.73
-0.35
0.04
0.23
0.50
0.46
0.12
0.12
0.00
-0.23
-0.23
-0.08
0.31
0.62
0.46
0.42
0.12
-0.12
-0.23
-0.66

0.06
0.05
0.05
0.06
0.06
0.04
-0.00
-0.03
-0.06
-0.08
-0.07
-0.05
-0.02
0.02
0.04
0.04
0.02
-0.01
-0.04
-0.06
-0.07
-0.08
-0.07
-0.07
-0.07
-0.09
-0.13
-0.16
-0.19
-0.21
-0.20
-0.18
-0.15

-0.40;
0.00;
0.00;
0.00;

-0.40;

-0.80;

-0.80;

-0.80;

-0.40;
0.00;
0.40;
0.80;
0.80;
0.80;
0.00;
0.00;

-0.40;
-0.80;
-0.40;
-0.40;
0.00;
0.00;
0.40;

0.00;
0.00;

-0.80;
-0.80;
-0.80;
-0.40;
0.00;

0.40;
0.40;
0.80;
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12.03
12.09
12.14

12.20
12.26
12.31

12.36
12.42
12.47
12.53
12.58
12.64
12,69
12.75
12.80
12.86
12.91

12.97
13.02
13.08
13.13
13.19
13.24
13.30
13.36
13.41
13.46
13.52
13,57
13.63
13.68
13.74
13.79

0.01
0.00
0.00
0.02
0.03
0.03
0.01
-0.03
-0.06
-0.08
-0.09
-0.07
-0.04
-0.02
-0.00
-0.01
-0.02
-0.02
-0.00
0.02
0.03
0.03
0.01
-0.01
-0.00
0.01
0.04
0.08
0.11
0.12
0.12
0.11
0.07

-0.62
-0.15
0.04
0.35
0.19
-0.15
-0.27
-0.73
-0.62
-0.35
-0.08
0.31
0.54
0.35
0.35
-0.08
-0.19
-0.04
0.31
0.42
0.156
0.00
-0.35
-0.31
0.08
0.16
0.62
0.77
0.42
0.23
0.00
-0.23
-0.58

-0.11
-0.09
-0.09
-0.10
-0.10
-0.08
-0.05
-0.01
0.04
0.06
0.07
0.06
0.03
0.01
-0.01
-0.01
0.00
0.00
-0.02
-0.05
-0.06
-0.06
-0.05
-0.03
-0.04
-0.05
-0.09
-0.14
-0.17
-0.17
-0.17
-0.15
-0.11

0.80;
0.00;
0.00;
0.00;
0.00;
0.40;
0.80;
1.20;
0.40;
0.40;
0.00;
-0.40;
-0.40;
-0.40;
0.00;
0.00;
0.00;
-0.40;
-0.40;
0.00;
0.00;
0.00;
0.00;
0.00;
-0.40;
-0.80;
-0.80;
-0.80;
-0.40;
-0.40;
0.40;
0.40;
1.20;
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13.85
13.90
13.96
14.01

72

0.04 -054 -0.07 1.20,
-0.01 -093 -0.00 1.20;
-0.06 -1.00 0.07 0.80;
-0.10 -0.62 0.12 0.80;

c1=[1; 6; 0; 0; O;1;
c2=[0; 1; G; 0; O:1;
c3=[0; 0; 1; ; 0;;
c4=[0; 0; 0; 1; 0;;
e5=[0; 0; 0; 0; 1:%;
time=m*c1;
theta=m*c2;
omega=m*c3;
x=m*c4,

v=m*c5;

plot(time, theta);figure;
plot(time,omega);figure;
plot(time,x);figure;
plot(time,Vv);figure;

plot(time,x.time, theta);
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