uinneaaAna Yz vound ANzl

r ¥ A
NI 1UHDDIAYT

UNICYCLE

WILANENS

WEgNBINe 56

' ’
WML esessssaremesseossoosgres
N U e 8..:.3080

Jugdou .3 G Lo

ATZNAYHNIS

YWoaiaé

b Al s

..............................

-~ ‘A g
Weyiinustidudmniiavesmsanmmumdngniligeimnssumanstedia

MUINIAINTIUNTIANN

- ~y U
AMIFIAINTTHNTITIARNN

AsiIFINITNMIAAS

s =t ¥ al
aoumaluladnszeoundudnunmsmanszily

Tnsanu 2550



UNICYCLE

SITTHIKORN TRAKOONKOOTAWORN

SUTTIKIAT POOLSAWAD

A THESIS SUBMITTED IN PARTIAL FULLFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
BACHELOR OF ENGINEERING IN INSTRUMENTATION ENGINEERING
DEPARTMENT OF INSTRUMENTATION ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2007



MAIININTIUMTIARY
aazinInssuman’
aontiumalulatinszeeundudigamynsmansziia

TuSuresdSeaiinug

TevEesIIIRAC e T L L L T T Ty T

L

= ¢ o’ =
WideSgantinus  Fnsedoiiv)

UNICYCLE

vndAnuddan wedining  aszganems  sWedszdida 47010832
wwanifesd woaTd o) sz6197 47010858

HELTGTY NI TUMAATU N

MmN WINTIUMITAfY

Ymsdinm 2550

e19138Rn AN SN Tinug awilete
. dszay  ganfuug &/\ _
N BY\V\!RMW ’

MAIITUS0 1A

(7. Yszmy ganRmIug)

HIrhMnIv3Ianssumsianguy




o §f ) J ar ¥ A
wmitelfAganiinus  Snsomdome)

UNICYCLE
vinfinmgdni wwining  aszQagonls  Tradszie 47010832
wwgnidesd waaSad sHa1l52§193 47010858
1915073 s dszny  gAeanWug
Umsfinen 2550

w1
unfaLe
dyn ¥ o ¥ @ o o
TnssnuiiiiauemsAnyuazaiwinsedeines Tnvorfondanmsiniaugoves
1 ¥
fumugduldsminfuununioguveunugdy lumsnssdvesdnuwugduiuszdes
O o g L] a Y o A o
funuifumsduvessuuduniouvesininudofies  Fanisaiuquaisihiaiuees
o] ¥ -3 1 ar -4
wowed [Wszuunuguuuveslaueanau Insa Hindszurana luTasaeuInsmaesuuy
dsPIC30F6010 uoz Imwmesuuuduntusimeoiuay T lsa TadfludiawmefSanamides
b 4 9
o L3 ~ Q o 2 o @ A o o
waz IndasuiuFayy amd iy arwduiuinmuaiignesnuuuiedliinsoudedu,

A 4 a {
awwomaeun Wawiamidldnudesns 1@



Thesis Title Unicycle

Authors Mr. Sitthikorn Trakoonkootaworn
Mr. Suttikiat Poolsawad
Thesis Advisor Assoc.Prof. Prapat Ukkakimapan
Year 2007
ABSTRACT

This article presents the education and builds Unicycle. It is about balancing of the rigid
body by keeping the pendulum to be perpendicularly with base. The principle of Inverted
Pendulum was worked with optimal control theory can apply to build Unicycle. The main
construction of Unicycle was included one wheel that had BLDC motor inside it and structure of
Unicycle which made from stainless. Digital signal processing controller (dsPIC30F6010) by
using C language to program. Gyroscope is used in angular velocity measurement and

Inclinometer is used in angular measurement,
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Supply| YeDuty Cycle Vav [a 0.825x ]a Vemf w ke
daad) (rady | oy | (ommds) Mran) (rad/s)
24 i0 2.4 0.06 0.04950 2.35050 2.45143 0.958828
24 20 48 0.12 0.09900 4.70100 4.93430 | 0952719
24 30 7.2 0.19 0.15675 7.04325 7.58476 0.928606
24 40 9.6 0.26 0.21450 0.38550 10.17238 | 0.922645
24 50 12.0 0.33 0.27225 1172775 | 12.85430 | 0.912360
24 60 14.4 0.40 0.33000 14.07000 | 15.16950 | 0.927519
24 70 16.8 0.48 0.39600 16.40400 | 17.99800 | 0.911435
24 80 19.2 0.55 0.45375 18.74625 | 20.48100 | 0.915300
24 90 21.6 0.64 0.52800 21.07200 | 23.14190 | 0.910556
24 100 24.0 0.70 0.57750 2342250 | 25.65620 | 0.912937
V s (hai)
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.
15 Y
10 5
5 ¥
u] v ¥ , v
u] 5 10 15 20 25 30

) (radis)

4 o o o 1
Mn 4.2 namansanuduiuisenie v, woz @




& a ¥ o [y - A = ) ' ) - o -
wnansiidwenasianubidmsunslsnuienistnyimiu lweygislmilulsdsslosununisan

lunsdllas sy dnnamuiilndnudadlien wagnedensdisaivesenalsynasaninisiluly



42

"4
M Ao luuavnase

=
L LINIPR

)

- v =
R O JZ0TAININIINYAHYUAILUIUT

o
LAZ9INAUANIIN (3.2)
T, =k xI, (4.10)
i i o a o o ’ » =
INNNN 4.4 ’fﬁJﬂ'li“?l (4.9)unx (4.10) ﬂzl‘H‘Llﬂ'J'IIJE'TMWN'DS31’1']'l\‘lﬂ'l!.&idﬂﬂ‘ilﬂﬂi.lﬂlﬂﬂ{lmz

s
TumiuAveuss Ao

o oo o
uswﬂ‘uamamm’mmu‘imnummma

T =M
k xI =FxR
FxR
p = xR
I

a

1NANNITN (4.10) ATNITOHIAT k,,, TAnanuFuveans MszvIaus 1inves

Yoo

o U - Y oar o a a
vawesuaz £, nsnaaoslauy Vgomy TR Tiunewesudriadves 7, uazinm

usafiamananninieaaayse (Tav R = 0.2 was) reh llgmsfunummnsiveswsda
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AITMN 4.3 UARIHANITNAADINIAT km

VSupp,y F R ussbavesuomed | J ] km
(Taad) (Hadw) | (a3) enul )
2 8.829 0.2 1.7658 0.68 2.596765
3 10.791 0.2 2.1582 0.89 2.424944
4 16.677 0.2 3.3354 1.35 2.470667
5 19.1295 0.2 3.8259 1.64 2.332866
6 21.582 0.2 4.3164 2.00 2.158200
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Tsunsufi@enuululasneuInsaass dsPIC

/*
Xtal 9.6 MHz , Oscillator Mode Xt w/PLL 8x
Watchdog Timer Disable
Board Rate Uart1 38400
Capture use Timer23 32bit
: input capture 50 HZ 20 ms
: if input pwm = min Timer32bit read
: if input pwm = max
*/
#include<p30f6010.h>
#include<uart.h>
#include<pwm.h>
#include<timer.h>
#include<incap.h>
#include<stdio.h>
#include<ports.h>
#include<math.h>
#include<reset.h>
#include<print.c>
#include<pwm.c>
#include<capture.c>
#include<acd.c>

#include<spi.c>
#include<timer.c>
#include<incline.c>

#include<gyro.c>
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#include<bldc.c>

unsigned long zeta_old,zeta_new;

unsigned int current;

char count_sec ;
char dir_bidc;
char calibrate;
char str[12];

char count_sum_degree ;

int dutycycle;

float A1,A2,A3,ZERQ,T offset_error;
float zeta comy

float total zeta,zeta rad;

float xd = 0;

float zd = 0;

float xdd;

float zdd;

float Vbatt;

float Ia;

float Eg;

float Biass,Ral,Ra2,Rate;

float W;

float velol,velo2,speed,zeta_dot,old zeta;
float distancel,distancel_old,distance_total;
float Va,K1,K2 K3 K4,

float Ra;

float Dir;

float F11,F12,F13,F14,F15;

float U,velo;
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float Zeta, X;
float GainE,GainP,Gainl,Set_Point,error,Int;
float DEGREE_sum(6] ;

B Read all value from Sensors every 20 ms (50 Hz) /1IN

void _ attribute_ ((__interrupt_ )) _T1Interrupt(void)

{

GYRO Valve = Read_GYRO();

DEGREE = Read_DEGREE_R() ;

DEGREE = DEGREE - 0.01745 ;

current = analog(5) ;

Vhatt = analog(8) ;

count_sum_degree ++;
if (count_sum_degree == 6) {
count_sum_degree =1;
DEGREE =
DEGREE_sum[1]+DEGREE_sum{2]+DEGREE sum[3]+DEGREE_sum[4]+DEGREE_sum[5];
DEGREE = DEGREE /6;

if ( DEGREE >= 0.7857 ){
PDC1=0;
PDC2 =0;
PDC3 = (;
PDC4 =0
PORTDbits.RD3 =0 ;



while(I){} ;

}

if (DEGREE <=-0.7857){
PDC1 =0;
PDC2=0;
PDC3 =0;
PDC4 = (;

PORTDbits.RD3 =0;
while(1){ } ;

DEGREE_sum{count_sum_degree]= DEGREE ;
A Calibrate Gyroscope & Iniclinometer /41111111
Al =GYRO Value ;
A3 =(Al - ZERO) * 0.0000612 ; //zeta_dot in rad/s(0.0000452)
A2 = A2+ A3; // Change W to Theta (radian)
offset_error = (DEGREE - A2)*0.001 ;
A2 = A2 + offset_error ;
I Calibrate = Q /77110
calibrate = Q ;
iflcalibrate=—=0)
{

/111717141 Find Eg from current sensor output ///////1//11/1/

Ra= 0.8563;



Ia = current ;
Ia = (1a/600) - 1 ;
Ia = (Ia*PWM_value) / 3830 ;

Va = (Vbatt*PWM_value) / 3830 ;
Va={(Va/214.8716) * 5.167 ; //Batterry (24.6 = MAX)

Eg=Va- ([a*Ra) ;

il Find every Value before calculate in Optimal control ////////ill/]

W= Eg/(0.9043);

velol = W*0.2;

velo= velol;

distancel = distancel+(velo1*0.02 + distancel old)/2.0;

distancel old = velo1*0.02;

distance total = distancel;

zeta_rad = A2;

I zeta_dot = A3;
Zeta= (zeta_rad*(-1.00)) ;
zeta_dot = (Zeta - old_zeta)/0.02;
old_zeta = Zeta;

X=distance total;

At Optimal Control(LQR) /#7111
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F11=0.0050; //0.0050,
F12=11.9625 ; //11.9625;
F13=-754.8200 ; //-754.8200;
F14=-41.3438 ; //-17.3438;-41.3438,

U=F11*X+F12*velo+F13*Zeta+F14*zeta_doty//<-=-----=---- U-signal
if (U>=200.00)

{

U=200.0;

}
if (U<=-200.0)

{

U=-200.0;

i PY Conteol TN

GainE= 0.4 ;
GainP= 10.0 ;
Gainl = 0.0 ;

Set_ Point=U* 1.4 ; //(1.0-2.0)
error = Set_Point - (W*GainE) ;
Rate=1;

Int = Int + error*Rate ;

cmd = error*GainP + error*Gainl ;

PWM_value = abs(cmd) ;

i(PWM_value>=3000)
{
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PWM_value =3000;

}
if(PWM_value<=0)
{
PWM value=10;
}

if(cmd>=0) §

dir_bidc = 0;
H
else {
dir bldc=1;
}
}
One = 0;

[FS0bits. T11F=0;

void Test SPI(){

printf (" \f\n ");
printf (" MHITHIGHGHITITT Sagway W e ™ ),
TRISBbits. TRISB6 = 0; // LED gennemal
TRISBbits.TRISB7 = 0; //
TRISGbits. TRISG2 = 0;
TRISGbits. TRISG6 = 1;
TRISADits. TRISA 14 = {;
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TRISCbits. TRISC3=0; // PIN Reset For SPI
INCLINOMETER

TRISCbits. TRISC1 =0; // PIN SSForSPl
INCLINOMETER

TRISGbits. TRISG9=0; // PIN SS For SPI GYRO

Reset INCLINO OF
delay_us(1);

CUP2_DE ; delay_us(1);
CUP3_DE ; delay us(1);

Mode M1 =0; Mode M2=10;
spi_initl() ;

spi_init2();

spi_init2_GYRO();

Init GYRO ();

void Start Program(){
i PWM Control Motor Inital /////11H111H11T
// Motor_OFF
TRISDbits. TRISDS = 1;  TRISDbits. TRISD4 = 1; TRISDbits. TRISD13 = 0,

TRISFbits, TRISF0 = 0; TRISFbits, TRISF1 = 0;
TRISGbits. TRISGO = 0; TRISGbits. TRISG1 = 0;
TRISDbits. TRISD6 = 1;TRISDbits. TRISD7 = 0;
TRISCbits. TRISC1 = 0; TRISCbits. TRISC3 = 0;
TRISDbits. TRISDI1 = 0;

WDTSWDisable;

}

T R S
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void _ attribute_ ((__interrupt_ )) PWMInterrupt(void)
{
TFS2bits PWMIF = 0;

}
I DX R AT I T

void _ attribute_ ((__interrupt )} U1TXInterrupt(void)

{
TFSObits. U1 TXIF=0;
}
void __attribute_ ((__interrupt_ )) _UIRXInterrupt(void)
{
IFSObits. U1RXIF=0;
'

void Wait_And Read Data(){ // Wait data into Uartl by 5 char to convert is Interger
char Bufl10];
while ( 0 I= getsUART]I ( [,Buf,6000 ) );

}
M Main Progeam STHBTIHTTEEIEEE TG

int main({void)

char Txdata {]="\r\nUART test Gyroscope sensor\r\n";
char i;
unsigned int Count_Reset;

calibrate = 1;

count_sec = 0;

total zeta = 0,

distancel = 0;

distance_total = 0;

Int=20;

xd=0;



zd=0;
Va=0;

zeta old=0;

uartl _init();

PWM_imit();

putsUART1((unsigned int *)Txdata );
printf("\r");

Start Program();

Test SPI ();
TRISG = 0x0000;

CNPU1 = Oxffff,
CNPU2 = OxfffT:

CNPU1bits.CN13PUE =1
CNPU1bits.CN14PUE = 1;
CNPU1bits.CN15PUE =1,

TRISDbits. TRISD4 = 1;
TRISDbits. TRISDS = 1;

TRISDbits. TRISD6 = 1;

A2=000;
ZERO = 4073.00 ; // MID Value Of Gyroscope



GYRO Value = Read_GYRO();
DEGREE = Read_DEGREE_R() ;
current = analog(5) ;

Vhatt = analog(8) ;

GYRO Value = Read GYRO();
DEGREE = Read DEGREE_R() ;
current = analog(5) ;

Vbatt = analog(8) ;

count_sum_degree = 0;

I Test for Start /1010
Count Reset = 0;
while( Count_Reset >= 1000 ){
Count_Reset ++;
PDC1 =0,
PDC2 =0,
PDC3 =0,
PDC4 =0;
printf ("Reset_on =%d \n\r",Count_Reset) ;
}
I T

Timer1(1500);
PWM value=0;
dir blde=0;

while (1) {
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Motor PWM (dir_bidc);

printf ("%0.2f %0.2f \n\r" DEGREE,zeta_dot) ;
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Tsunsunvsuuyu MATLAB

%%%%%% %% %% %% %%%%% % % %% %% %% %% % %% %%
% open_loop_impulse_response.m

% Simulation of open loop impulse response of Electric Unicycle
% This model includes the motor dynamics

YaUoYe% %% % %% %6% %% % % %Y % % % % %% Yo % %% %% % %e %%

%6%%%% %% %% %% % %% % %% %% % %% %% %% Y
% Variable initialization

YoY% % %% % %% %% %% %% %% %% %% Y%

£=9.81; %Gravity(m/s"2)

r=0.20; %Radius of wheel(m)

Mw=11.2; %Mass of wheel(kg)

Mp=71.5; %Mass of body(kg)

Iw=0.01456; %lInertia of the wheel(kg*m”"2)
1p=0.2594; %Inertia of the body(kg*m"2)
1=0.65; %Length to the body's centre of mass(m)

%Motor's variables

Km = 2.0042 ; %Motor torque constant (Nm/A)
Ke =0.9043 ; %Back EMF constant (Vs/rad)
Ra = 0.8563 ; % Ammature Resistance(Ohm)

% Va = voltage applied to motors for controlling the pendulum
20%%%%%%%%%%

% Systern Matrices
%%6%%%%%%%%%
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%pre-calculated to simplyfy the matrix
%Denominator for the A and B matrices
beta = (Mw~+(Iw/r"2}+Mp);

alpha = (Ip*beta + Mp*1"2*(Mw + Iw/r"2));

A=[0T100;
0 (Km*Ke*(Mp*1*r-Ip-Mp*1"2)}/(R*r"2*alpha) (Mp"2*g*1"2)/alpha 0;
0001,
0 (Km*Ke*(r*beta - Mp*1)}/(R*r*2*alpha) (Mp*g*!*beta)/alpha 0]

B=[0;
(Km*(Ip + Mp*1"2 - Mp*1*1))/(R*r*alpha);
0;
{Km*(Mp*I-r*beta)/(R*r*alpha))]

C=[1000;
0010}

D=0,
0]

%TRANSFER FUNCTION FORM OF THE STATE SPACE MODEL
disp(' Transfer Function of the system')

[num,den] = ss2tf{A,B,C,D)

%OBTAINING THE IMPULSE RESPONSE OF THE SYSTEM
T =10:0.02:10;

U = zeros(size(T));

U(1) = 1; %input voltage

[Y,X] =1sim(A,B,C,.D,U,T);

plot(T,Y);
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title('Open loop impulse response of the system’)
ylabel('Position{m], Angle[rad}")
xlabel("Time[s)

legend('Vehicle position','Vehicle angle')

axis([0 10 0 100])

9%6%%6%%6%%%%%%%% %% %% %% %% % %% %%
% LQR_control.m

% Sirnulation of Electric Unicycle with LQR control
% This model includes the motor dynamics

%% %% % %% %% %% % %% %% % %% % % %% %% %

%% %% %% %% % %% %% %
% Variable initialization

%%%%%%%%%%%%%%

£=9.81; %Gravity(m/s"2)

1=0.20; %Radius of wheel(m)

Mw=11.2; %Mass of wheel(kg)

Mp=71.5; %Mass of body(kg)

Iw=0.01456; %Inertia of the wheel(kg*m~2)
Ip=0.2594; %Inertia of the body(kg*m~2)
1=0.65; %Length to the body's centre of mass(m)

%Motor's variables

Km = 0.2042 ; %Motor torque constant (Nm/A)
Ke == 0.9043 ; %Back EMF constant (Vs/rad)

R =0.8563 ; % Armature Resistance{Ohm)

% Va = voltage applied to motors for controlling the pendulum

%%%% %% %% %% %% %
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% System Matrices
%%%%% %% %% % %% %

%pre-calculated to simplyfy the matrix
%Denominator for the A and B matrices
beta = (Mw+(Iw/r"2)+Mp);

alpha = (Ip*beta + Mp*1"2*(Mw + Iw/r"2));

A=[0100;
0 (Km*Ke*(Mp*1*r-1p-Mp*1"2))/(R*r"2*alpha) (Mp~2*g*1"2)/alpha 0;
0001;
0 (Km*Ke*(r*beta - Mp*1))/(R*r"2*alpha) (Mp*g*i*beta)/alpha 0]

B=[0;
(Km*(Ip + Mp*1"2 - Mp**))/(R*r*alpha);
0;
(Km*(Mp*1-r*beta)/(R*r*alpha))]

cC=[1000;
0010]

D=[0;
0]

%0Obtaining the eigenvalues of the systemn matrix
disp('The eigenvalues of the system matrix A")
disp(’'A positive value will indicate an unstable system')

p = eig(A)

%%%%%6%%%%%% %% %%
%LQR control design
%% %% %% %% %% %% %% %
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disp('Designing the optimal controlier’)

disp('Q = C"*C is a 4 x 4 weighting matrix for the outputs')

disp('Q could well be Identity matrix with size same with system matrix A, as long as it is
positive definite')

disp('R is 2 1 x 1 weighting matrix for the input’)

%x is the weighting for the vehicle position

%y is the weighting for the pendulum position

x = 10000; y =20000;

Q=[x000;
0000;
00y0;
0000];

R =0.5;

BRinverse = B*inv(R)*B';

P = are(A,BRinverse,Q);

%Feedback Gain

disp(’Feedback Gains for the system')

%% %% %% %% %% %% %%
%Simulate the system
%%%%%%%%%%%%%%
%Simulation time step

T=0:0.02:5;

%Impulse response input



U=zeros(size(T));

U(l)=1;

%Systern matrices with feedback
K =1gr(A,B,Q,R);

F=K

Ac=[(A+B*F)];

Bc=[Bi;

Cec=[C];

Dc =[D];

%OQbtaining the States and the output response

[Y.X]=Isim(Ac,Bc,Cc,Dc,U,T);

%Obtaining the torque needed to control the system
[n m] = size (X);

fori=1:mn

UU®G) =-K*X(3,:)"

end

new_poles = eig(Ac)

figure,

%plot the states

title(' Impulse response of the plant with LQR control')

subplot(1,1,1), plot(T,[X(:,1) X(:,2) X(:,3) X(:,4)]), xlabel('Time [s]"),
ylabel('Position[m],Velocity[m/s],Angle[rad], Angular velocity[rad/s]")
legend('x','’xDot','phi', phiDot")

%plot the outputs
%subplot(3,1,2), plot(T,[Y(:,1) Y(:,2)]), xlabel("Time [s]), ylabel('Outputs’)
%legend('x’,'theta’)

%plot the control input
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%subplot(2,1,2), plot(T,UL), xlabel('Time [s]"), ylabel('Control u')

%%%%%%%%%%% %% %% % %% %% %% %% %% %% % %%
% pole_placement.m

% Simulation of with pole placement control

% This model includes the motor dynamics

%%%% %% %% %% %% % %% %% %% %% %% % %% %% %% %

%0% %% %% % %% %% %% %
% Variable initialization

Y% %% %% %% % %% %% %

2=9.81; %Gravity(m/s"2)

=0.20; %Radius of wheel(m)

Mw=11.2; %Mass of wheel(kg)

Mp=71.5; %Mass of body(kg)

Iw=0.01456; %Inertia of the wheel(kg*m~2)
Ip=0.2594; %Inertia of the body(kg*m"2)
1=0.65; %Length to the body's centre of mass{m)

%Motor's variables

Km =2.0042 ; %Motor torque constant (Nm/A)
Ke = 0.9043 ; %Back EMF constant (Vs/rad)

R =0.8563 ; % Armature Resistance{Ohm)

% Va = voltage applied to motors for controlling the pendulum

%%%%%% %% %% %

% System Matrices

%% %%%% %% % %%
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%pre-calculated to simplyfy the matrix
%Denominator for the A and B matrices
beta = (MwH{Iw/r"2)+Mp);

alpha = (Ip*beta + Mp*1"2*(Mw + Iw/r"2));

A=[0100;
0 (Km*Ke*(Mp*1*r-Ip-Mp*1"2))/(R*r"2*alpha) (Mp~2*g*1*2)/alpha 0;
0001,
0 (Km*Ke*(r*beta - Mp*1))/(R*r*2*alpha) (Mp*g*I*beta)/alpha 0]

B=[¢;
(Km*(Ip + Mp*1*2 - Mp*1*r))/(R*r*alpha);
0;
(Km*(Mp*i-r*beta)/(R*r*alpha))]

C={1000;
0010]

D=[0;
0]

%Obtaining the eigenvalues of the system matrix
disp('The eigenvalues of the system matrix A")
disp('A positive value will indicate an unstable system')

p = cig(A)

%% % %% % %% %% %% %% % %%
%Pole Placement control design

%%%%%% %% %% %% %% %% %

disp('The systemn matrix have to be full rank for pole placement control')
rank_=rank{ctrb(A,B))
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P=[-10-11-20-25]

K = place(A,B,P)

%% % %% %% % %% % %% %
%Simulate the system
96%%%%%%0%%% %% %%
%Simulation time step

T=0:0.02:5;

%Impulse response input
U=zeros(size(T));
U=k

%System matrices with feedback
Ac=[{A-B*K)];

Bc = [B];

Cc=[C];

Dc =[D};

%0Obtaining the States and the output response

Y, X]=lsim{Ac,Bc,Cc,Dc,U,T);

%0Obtaining the torque needed to control the system
[n m} = size (X);

fori=1n

UUG) = -K*X(1,0)"

end

figure,
%oplot the states
title(' Impulse response of the plant with Pole Placement control”)

plot(1), plot(T,[X(:,1) X(:,2) X(:,3) X(:,4)]), xlabel('Time [s]'),



ylabel("Position[m], Velocity[m/s], Angle[rad], Angular velocity[rad/s]’)
legend('x’,'xDot','phi',')phiDot')

% %plot the outputs

% subplot(3,1,2), plot(T,[Y(:,1) Y(:,2)]), xlabel('Time [s]'), ylabel("Outputs")
% legend('x’,'theta’)

%plot the control input

plot(2), plot(T,UU), xlabel('Time [s]'), ylabel('Control u’)
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Pin Diagram

dsPIC30F6010

Note: Pinout subject lo change.
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dsPIC30F601
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dsPIC30F6010

Table t-1 provides a braf description of the device 'O
pinout and the functions that are multipexed 1o a port
pin. Multiple functions may exsi on ona port pin. When
multiplexing occurs, the perpheral module's functional
requrements may force an override of the dala

direction of the port pin_

TABLE 1-1: dsPIC30F6010 VO PIN DESCRIPTIONS
Pin Name | Tin | Bufter Description
Type Type
ANO-ANTS | Analog  [Analog input chamnels.
ANC and AN1 are also used for device programming date and clock inputs,
raspectively.
IAVDD p p Puositive supply for analog module.
AVSS p p Ground refarance lor analog module.
CLKI | ST/ICMOS |External dock source input. Always associated with OSC1 pin function.
CLKO o} Oscikator crystal autput. Connects to crystal or resonator in Crystal
Oscilator mode. Optionaly tunctions as CLKO in RC and EC modes. Always
associated with OSC2 pin lunchon.
CNO-CNZ3 | ST Input change notifization inputs.
Can be software programmed for internal weak putlups on ail nputs.
COFS Vo ST Data Converter interface frame syncivonization pin.
CSCK Vo ST Data Convarter Interface senal clock inpul/foutput pin.
O1514 ] | ST Uata Converner inwrface sanal date input pin.
CSDO 0 -— Data Converter interface senal dala output pin,
CIRX t ST CAN 1 bus receive pin.
C1TX 0 - CAN1 bus transmif pin.
CZRX t ST CANZ? bus receive pin.
CZTX O — CAN2 bus transmil pin.
EMUD o 8T ICD Primary Communication Channel data inputfoutput pin.
EMUC o ST ICD Primary Communication Channet clock inpul/output pin.
EMUD1 Vo ST ICD Secondary Canmunication Channel data input/output pin.
EMUC1 o ST HCD Secondary Communication Chamnel clock input/output pin.
EMUD2 Vo ST CD Tertiary Communication Channel data inpul/output pin.
EMUC2 o ST ICD Teritmry Communication Channel dock input/output pin.
EMUD3 o ST {CD Quatemary Communication Channel data inputioutput pin.
EMUC3 o ST ICD Quaternary Communication Channel clock inputioutput pin.
1C1-6C8 I ST Capture inputs 1 through 8.
INDX t ST Quadrature Encodar index Pulse input.
QEA I ST Quadrature Encoder Phase A input in QEI mode,
Auxiliary Timer Extarnal Clock/Gate npul in Timer mode.
Q&8 | ST Quadrature Encoder Phase A inpul in QEI mode.
Auxiliary Timer Extarnal Clock/Gate input in Timer mode,
UPON 0 CMOS  |Position Up/Down Zounter Direction State.
INTO | ST External mterrupt C.
INT 1 ST External interrupt 1.
INT2 1 ST Exiernal nterrupt Z.
INT3 | ST External interrupt 2.
INT4 | ST External interrupt 4.
LVDIN [ Analog Low Vollage Detect Reference Viokage input pin.
Legend: CMOS= CMOS compatible nput or output Anaibg = Anadog input
ST = Schmitt Trigger input with CMOS leves O = Quiput
I = Input P =  Power



dsPIC30F6010

TABLE 1-1: dsPIC30FG010 VO PIN DESCRIPTIONS (CONTINUED)
PinName | 0 | Buffer Descripfion
Type Type
FLTA 1 ST PWM Fault A input
FLTB | ST PWM Fault 8 input
PWMIL o PWM 1 Low output.
PWM1H o) - PWM 1 High outpul.
PWM2L @] PWM 2 Low cutput.
PWMZH @] - PWM 2 High output.
PWM3L (@] — PWM 3 Low output.
PYWM3H @] i PyWM 3 High output.
PWh4L 0 — PWM 4 Low output.
PYWM4AH 6] - PYWM 4 High output
MCLR 1P ST Master Claar (Reset} inpul or prograrmiming vollage inpul Thie pin is an active
low Reset o the device.
OCFA | ST Compare Fauk A input {for Compare channels 1, 2. 3 and 4).
OCFB | ST Compare Faul B input (for Compare channats 5 6, 7 and 8).
0OC1-0C8 0 - Compare outputs 1 through 8.
0OSCt t ST/CMOS |Oscillalor crysiel inpul. ST buffer whan configured in RC mode; CMOS
0OSC2 110 - otharwisa.
Oscilator crystal output Connects to crystal or resonator in Crysial Oscillator
made. Optionaity functions as CLKO in RC and EC modes.
PGD Ho ST In-Circudt Serial Programming data input/output pin.
PGC | ST In-Circult Seria! Programming clock nput pin.
RAS-RA10 o ST PORTA is a bi-direclional 10 port
RAI4-RALD o 37
RBO-RB15 U] ST PORTB is a bidireztional WO port
RCt 10 ST PORTC is a bi-directional VO port
RC3 100 ST
RC13-RC15 10 ST
RODO-RD15 1o ST PORTD s a t-diractional VO port.
REO-RE9 he) ST PORTE is a bi-direztonal 10 port
RFQ-RF8 Vo 5T PORTF is a bi-directional PO port.
RGO-RG3 110 ST PORTG is a bi-directional O port.
RGE-RGY 110 ST
SCK1 L ST Synchronous seria clock input/output for SPE™ #1.
SDi1 | ST SP#1 Data In
SDO1 Q SPI #1 Data O,
SS1 i ST SPi#1 Slava Syncronization.
SCK2 110 ST Synchronous saria dock inputoutpul for SPI#2.
SDI2 | ST SPi#2 Data In.
sSDO2 0 - SPi#2 Data Out.
552 | ST SPi #2 Slave Syncrrontzation.
SCL 10 ST  |Synchronous sarla dock inpuVoutput for C.
SDA 10 ST |Synchronous seria data inputoutput for FC.
SOSCO 0 — 12 kHz low power oscillator crystal output.
SOSCI i ST/CMOS |32 kHz low power oscilator crystal input 5T buffer when configured in RC
mode; CMOS othewise.
Legand: CMOS= CMOS compatible input or output Anglog = Analog input
8T = Schmitl Trigger input with CMOS levels O = Output
| = Input P = Power
L AR
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dsPIC30F6010

TABLE 1-1:  dsPIC30F6010 ¥O PIN DESCRIPTIONS (CONTINUED)

. Pin Buffer .
Pin Name Type Type Dascription
T1CK § ST Timer1 extemnal clock input.
T2CK H ST Timer2 extarnal clock input.
TICK | ST Timer3 extemal clock input.
TACK i ST Timerd extemal clock input
THCK I ST Timers extemal clock input
UIRX | ST UART1 Recaive.
U1TX e} UART Transmit.
UTARX | ST UART1 Altemate Recave.
UIATX o} UART1 Alternate Transmit
U2RX I ST UARTZ Recsive.
UATX e} - UARTZ Transmit.
VDD P - Positive supply for jogic and i/0 pins.
Vss P — Ground reference for logic and 1O pins.
VREF+ { Analog {Analog Voltage Reference (High) input.
VRFF- 1 Analeyy  {Anaing Vinltage Ralsranra (| ow) inpuit
Legend: CMOS= CMOS compatble nput or oulput Anslog = Analog Input
ST = Schmitt Trigger input with CMO S levels O = Cutpul

Irput P~ Powor
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fSaoa dudu Fedeyammidanleamsodunmdoya ooy lydueadim Tulns
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Data Sheet No. PD60147 rev.l

International
ToR Rectifier  IR2110(41-2)(S)PbFAR2113(-1-2)(S)PbF

HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dv/dt immune
® Gate drive supply range from 10 to 20V lo+/- 2A [ 2A
® Undervoltage lockout for both channels
® 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground =5V offset ton/off (typ.) 120 & 84 ns
® CMOS Schmltt-trlggert_ad inputs with puII-do\a.vn De’ay Matchlng (IR2110) 10 ns max.
® Cycle by cycle edge-triggered shutdown logic (|R2 11 3) 20ns max
® Matched propagation delay for both channels S -

® Qutputs in phase with inputs Packages

Description
The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and iow side referenced output chan-
nels. Proprietary HVIC and latch immune CMOS technologies enable 16-Lead SOIC

) ey . o . ) 14-Lead PDIP IR2110S/IR21138
ruggedized monolithic construction. Logic inputs are compatible with IR2110/IR2113
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minirmum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

Typical Connection up to 500V or 600V

|
N J
a

Voo o

HIN 0T HIN Vg o

SD o sD — A S-OAD
LINe LIN Vo -

Ve @ Ves  COM }—2& ‘ Ea

Vee — Lo AN ]

{Refer to Lead Assignmenls for correct pin configuration). This/These diagram({s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuil board layout.

www.irf.com 1



International
IeR Rectifier

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured

under board mounted and still air conditions, Additional information is shown in Figures 28 through 35.

Symbol Definition Min. Max. Units
Vg High side floating supply voliage (IR2110) -0.3 525
{IR2113}) -0.3 625
Vs High side floating supply offset voltage Vg - 25 Vg +0.3
VHo High side floating output voitage Vg-0.3 vp+0.3
Veo Low side fixed supply voltage -0.3 25
vio Low side output voltage -0.3 Vee +0.3 v
VoD Logic supply voitage -0.3 V55 + 25
Vsg Logic supply offset voltage Vec-25 Voo + 0.3
ViN Logic input voltage (HIN, LIN & SD} Vgg-0.3 Vpp + 0.3
dVs/dt Allowable offset supply voltage transient (figure 2} — 50 Vins
Pp Package power dissipation @ Ta < +25°C {14 lead DiP) — 16
{16 lead SOIC) — 1.25 w
RTHJA Thermal resistance, junction to ambient (14 lead DIP) - 75 .
{16 lead SOIC) — 100 cw
TJ Junction temperature — 150
Tg Storage temperature -55 150 *C
T Lead temperature (soidering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vs and V5 g offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Ve High side floating supply absolute voltage Vg +10 Vg +20

Vs High side floating supply offset voltage {IR2110}) Note 1 500

{IR2113) Note 1 600

VHO High side floating output voltage Vg Vg
Vee Low side fixed supply voltage 10 20 v
Vo Low side output voltage 0 VCC
VDD Legic supply voitage Vgs +3 Vgs + 20

Vss Logic supply offset voltage -5 {Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vgg Voo

TA Ambient temperature 40 125 °C

Note 1: Logic operational for Vs of -4 to +500V. Logic state held for Vg of -4V to -Vps. (Please refer to the Design Tip
DT97-3 for more details).
Note 2. When Vpp < 5V, the minimum Vgg offset is limited fo ~Vpp.

2
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nal

Dynamic Electrical Characteristics

Vaias (Vee. VBs, Vop) = 15V, C = 1000 pF, Ta = 25°C and Vgs = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. |Max. | Units [Test Conditions

ton Tum-on propagation delay 7 — 120 | 150 Vg = 0V
toff Tum-off propagation delay B — 94 125 Vg = 500v/600V
tsd Shutdown propagation delay g — 110 | 140 ns Vg = 500v/600V
tr Tum-on rise time 10 — 25 35
ty Tum-off fall time 11 e 17 25
MT Delay matching, HS & LS (IR2110} — — — 10

turn-on/off {IR2113} — — — 20

Static Electrical Characteristics

Veias (Vco. VBs, VDo) = 15V, Ta = 25°C and Vgg = COM unless otherwise specified. The V)N, VT and kN parameters
are referenced to Vgg and are applicable to all three logic input leads: HIN, LIN and SD. The Vg and I parameters are
referenced to COM and are applicable to the respective output leads: HC or LO.

Symboi Definition Figure | Min. | Typ. Max.|Units Test Conditions
VIH Logic “1” input voltage 12 95 — —
Vi Legic “0” input voltage 13 — — 8.0
VoH High level output voltage, Vgias - Vo 14 — — | 12 v lo = DA
Voo Low level output voltage, Vo 15 — — 0.1 lg = 0A
ILk Offset supply leakage cument 16 — — 50 Va=Vs = 500V/600V
lags Quiescent Vs supply current 17 — 125 | 230 ViN =0V or Vpp
lacc Quiescent Ve supply current 18 — 180 | 340 A VIN=0VorVpp
lapp Quiescent Vpp supply current 19 — 15 30 ¥ VN = 0V or Vpp
N+ Logic “17 input bias cumrent 20 — 20 40 VIN = VDD
liN- Logic “0” input bias currert 21 — — 1.0 Vin=0V
Vesuv+ Ves supply undervoltage positive going 22 7.5 8.6 9.7
threshaold
Vasuv- Vps supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Voouv+ | Veco supply undervoltage positive going 24 7.4 8.5 98
threshold v
Voouv- Ve supply undervoltage negative going 25 7.0 8.2 9.4
threshoid
lo+ Output high short circuit pulsed current 26 2.0 25 — Vo =0V, ViN =VDD
PW <10 ys
lo- Output low short cireuit pulsed curent 27 2.0 2.5 — A Vo=153V, ViN=0V
PW <10 us

www.irf.com




IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Functional Block Diagram

International
IOR Rectifier

4 1 [

3 DETECT]
LEH\}'EW—II PULSE l:
SHIFT

Y FILTER

it 0 D)

[»]]

CEVEL
sHiFT | Y purse ——lE

—d GEN I

I
I
. TV“
I
Voo /¥,
ke |- L0
SHIFT I
I
|
COM
I
I
Lead Definitions
Symbol| Description
VoD Logic supply
HIN Logic input for high side gate driver output {HO), in phase
sD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
Vi High side floating supply
HO High side gate drive output
Vg High side floating supply return
Vee Low side supply
LO Low side gate drive output
COM Low side return
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*}‘;ﬂ‘;ﬁﬁg‘;’r’ IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Lead Assignments
&} Ho |7 5] HO L8
[37] voo ve [B] o] ve [ 7]
[ig] Hin vs [5] [r} voo vs [E]
[i] sp 7] 2} HIN 1
G2] un veo (3] [Oz] so ]
{13] vss com [ 2] (4] uN vee [3]
(1] ~ Lo 1] [0%] vss coM [23
[GE] —~ o1
14 Lead PDIP 16 Lead SOIC (Wide Bady)
IR21101R2113 IR2110S1R2113S
2] Ho [ 7] [5] He (7]
2] voo ve [E] =] voo vp [E]
(ot HiN vs [ 8] [{o] HiN vs [
1] so 3 [i] so L
0z] un vee [3] Gz] uN vee (3]
03] vss com [ 2] [4&] vss coM [2]
fig] ~ [0 [14] —~ [
14 Lead PDIP w/o lead 4 14 Lead PDIP w/o leads 4 & 5
IR2110-1AR2113-1 R2110-2TR2113-2
Part Number
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LIN

Vo =15V
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L Lo
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International

TSR Rectifier

HY = 10 to 500V600v

200 l*
Jng ’L‘;DKFSI 10047

" |

5
ﬂJD—I 7

T T

Figure 1. Input/Output Timing Dlagram

Figure 3. Switching Time Test Circuit

Figure 5. Shutdown Waveform Definitions

LO,

10%

MT

25 0 vi
—-;:50 ns

JL.

Figure 2. Ficating Supply Voltage Transient Test Circult

Flgure 4. Switching Time Waveform Definitlon

Figure 6. Delay Matching Waveform Definitions
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DEVICES

+80°/sec Yaw Rate Gyro, SPI Interface

Evaluation Board

ADIS16080/PCB

GENERAL DESCRIPTION

The ADIS16080/PCB is a simple evaluation board that provides
convenient access to the ADIS16080 using a standard 2mm,
2x6, connector interface. These connectors can be accessed
using a variety of cable options, including standard 1mm ribbon
cables. The ADIS16080/PCB is designed to be evaluated in an
existing digital platformn (MCU, DSP, FPGA, PLD, etc) or as
part of the ADISEVAL system. Four mounting holes {sized for
2-56 or 2mm screws) have been provided to secure the board
during evaluation.

CIRCUIT DESCRIPTION

The schematic, layout and parts list for the ADIS16080/PCB can
be found in Figure 1, Figure 2, and Table 1.

The ADIS16080’ digitized outputs can be accessed using the 4-
wire serial port interface (SPI) signals on J1: SCLK, CS, DOUT
and DIN. For specific information on using the ADIS16080's
SP1 interface, refer to the ADIS16080 datasheet. Auxiliary
functions, such as the two 12-bit ADC inputs, can be accessed
using J2. C1 and C4 provide additional filtering for the two
different power supply inputs (Vdrive and Vec). The
ADIS16080% reference voltage is filtered by C2.

Table T - ADIS 16080/PC8 Parts List

Reference Designator Part Description

u1 ADIS16080ACC7Z

nJz Cannector, 12-pin, dual row, 2mm
€1, C4 Power supply filtering, not installed
C2 Vref filtering, not installed

3 Bandwidth reduction, not installed

SPECIAL NOTES ON HANDLING

Note that the ADIS16080/PCB is not reverse polarity protected.
Reversing the power supply or applying inappropriate voltages
to any pin {outside the Absolute Maximum Ratings in the
ADIS16080 data sheet) may damage the ADIS16080/PCB.

Table 2 - Power Supply Levels
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Figure 1 - ADIS16080/PCB Schematic
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Figure 2 - ADIS 16080/PC8 Layout (Top View)
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;Sensor™ Inclinometer/Accelerometer

Evaluation Board

ADIS1620x/PCB

GENERAL DESCRIPTION

The ADIS1620x/PCBs are simple evaluation boards that
provide convenient access to the ADIS1620x family of products,
using a standard 2 mm, 2 x 6, connector interface. These
connectors can be accessed using a variety of cable options,
including standard 1 mm ribbon cables. The ADIS1620x/PCB is
designed to be evaluated in an existing digital platform (such as
MCU, DSE, FPGA, PLD) or as part of the ADISEVAL systemn.
Four mounting holes (sized for 2-56 or 2 mm screws) have been
provided to secure the board during evaluation.

CIRCUIT DESCRIPTION
The schematic, layout, and parts list for the ADIS1620x/PCB
can be found in

Figure 1,
Figure 2, and Table 1.

The ADI51620x’s digitized outputs can be accessed using the
4-wire serial port interface (SP1) signals on J1: SCLK, CS, DOUT,
and DIN. For specific information on using the ADIS1620x SPI
interface, refer to the ADIS16201 data sheet. Auxiliary functions,
such as the 12-bit ADC input, can be accessed using J2. C1
provides additional power supply filtering but is generally not
required,

Table 1. Parts List

Reference Designator Part Description

us ADIS1620xyCC2!

1,52 12-pin, dual row, 2 mm connector
Cct Power supply filtering, not installed

'x=0,1,2,3.40r%,y=BorC

SPECIAL NOTES ON HANDLING

Note that the ADIS1620x/PCB is not reverse-polarity protected.
Reversing the power supply or applying inappropriate voltages
{that is, voltages outside the Absolute Maximum Ratings in the
ADIS1620x data sheets) to any pin may darmage the

ADIS1620x/PCB.

Table 2. Power Supply Levels

Parameter Range

Vo 3.0Vto 3.6V
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Figure 1. ADIS1620x/PC8 Schematic

O
%
O

[ o
—_
c_
]

* *

= EﬁjU‘ He w1
== s3] » =e o)
(==& =v=] ==
(Se =[] He s =]
(e w[5] = 8]
e w1 [He =55

q

o ISensor™ o
(GS09005 REV'B

Figure 2. ADIS 16.200/PC8 Layout (Top View)

One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106, L.S.A.
Tel: 781.329.4700 www.anatog.com
Fax:781.461.3113 ©2007 Analog Devices, inc. All rights reserved.




& a ¥ o [y - A = ) ' ) - o -
wnansiidwenasianubidmsunslsnuienistnyimiu lweygislmilulsdsslosununisan

lunsdllas sy dnnamuiilndnudadlien wagnedensdisaivesenalsynasaninisiluly



& a ¥ o [y - A = ) ' ) - o -
wnansiidwenasianubidmsunslsnuienistnyimiu lweygislmilulsdsslosununisan

lunsdllas sy dnnamuiilndnudadlien wagnedensdisaivesenalsynasaninisiluly



	1  Title Page
	2  Abstracts
	3  Contents
	4  Lists of Illustrative
	5.1 Chapter  1
	5.2 Chapter  2
	5.3 Chapter  3
	5.4 Chapter  4
	5.5 Chapter  5
	5.6 Chapter  6
	5.7 Chapter  7
	6 Bibliography
	7 Appendix



