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ik E(pHiER):
(= )F1* Arduino f i #25% it e dm 1 S % T
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B Z2 4ok %32 1.1 #7it > F]pt A3 k1 # % Arduino IDE ehisf-d fe8 p Fi2 e R p
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(=)@ 4 e 36 o2 715
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-~ R F 2013+ 97 2050 - Matlab A2tk F 29k ¢ AEARIARAL

’

= ~ B~p http://z0fu6.blogspot.com/2011/07/blog-post.html

= ~ R#&} Arduino IDE #%3¢ :
#include <Servo.h>

const int led_head 1 =AQ;/BEREHIL

const int led_head_2 =Al;//SEME I

const int led_back 1 =A2://{EIE &I

const int led back 2 =A3:/{EE &R (i1

const int led_stop 1 =A4;//2XE I

const int led_stop_2 =AS5;/Z4EHERERAIL

const int moto_control=13://ZE&IFii £ 1% BRI

const int moto_pwm=11;//4Z&5H F& 32 A 2Rl A7

const int servo_pin=9;//{a]% & ZERIAL
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const int servo_setup=94.// B 5 2 F &
const int servo_min=55;/{5IiR B/ NEE
const int servo_max=125;/{alfk &2 KA
const char forward="T//Fij 5%

const char backward="b",/{%E$5%

const char led_open='0"//BREFE 4

const char led_close='c"y//BAtEF5 4

const char data_end='$"//45H 77T

char  c;/AEUFTT

String  datay/FEULE L

String  angle;//FEfE

String  speed;//#fE

int speed_data;//ZREE R}

int speed_old;/EE

Servo servo 9;

void setup()

{
Serial.begin(57600);
servo_9.attach(servo pin);
pinMode(led_head 1, OUTPUT);//% & Hlfir
pinMode(led_head 2, OUTPUT);
pinMode(led_back_1, OUTPUT);
pinMode(led_back 2, OUTPUT);
pinMode(led_stop 1, OUTPUT);

pinMode(led_stop 2, OUTPUT);

17
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pinMode(moto_control, OUTPUT);
pinMode(moto_pwm, OUTPUT);

servo_9.write(servo_setup);/{a1 k. B i i ]

void loop()
{
if (Serial.available() > 0) {//EE F 2 AH{H {H ik
¢ = Serial.read();/fRFEIEHIELS ¢

if (c == forward) {//Fij#E
digitalWrite(13,HIGH);// B 22 1FiE
digitalWrite(led_back 1,LOW);//Ea{&E &
digitalWrite(led_back_2,LOW);
data ="/ EZE &R}

} else if (¢ == backward) {//1&3E
digitalWrite(13,LOW);// & & k7 2
digitalWrite(led_back 1,HIGH);/BA% iR &
digitalWrite(led_back 2,HIGH);
data =""/EZEER

} else if (c ==1led_open) {
digitalWrite(led_head 1,HIGH);/BHBERE
digitalWrite(led_head 2,HIGH);
data =""/EZEER

} else if (c ==1ed_close) {

digitalWrite(led_head 1,LOW);/EHTEE
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digitalWrite(led_head 2,LOW);
data ="}/ 2= &R}
telseif (c==",) {

speed = data;

data = ""/EZEER

speed_data = (map(speed.tolnt(),0,100,0,255));//# 0-100 EFFEZ] 0-255

analogWrite(11,speed_data);

if (speed_data < speed_old) {//Z# & R#
digitalWrite(led_stop_1,HIGH);//Fi 2% 15
digitalWrite(led_stop_2,HIGH);

} else {
digitalWrite(led_stop_1,LOW);/H 4% 1
digitalWrite(led stop 2,LOW);

}

speed_old = speed_data;

data ="}/ ;EZEEN}

} else if (c == data_end) {/45REHE

angle = data;

data = ""//;FZE &k}

servo_9.write((map(angle.tolnt(),0,180,servo_min,servo_max)));/{SIik FE 22 8 ]

}else {

data += String(c);//#& ¢ IV ERI—H B2
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Vit
- ~ MATLAB % "a#t -
(= Disda=m :
L= S = 55

CL = 1; %input
N = 1000; %input
t0 = 0; %input
tl = 4*pi; %input
dt = (tl- t0)/N;

t = linspace(t0,tl1,N+1);

o)

XR = t; %input
YR = sin(t); %input
XR1 = 0*t; slet XRI1I=XR'
XR1 (1) = 0;
for i=2:N+1
XR1 (i) = (XR(i)-XR(i-1))/dt;
end
YR1 = 0*t; %$let YRI=YR'
YR1(1) = 0;
for i=2:N+1
YR1 (i) = (YR(i)-YR(i-1))/dt;
end

XF

XR + CL.*XR1./sqgrt (XR1.7"2+YR1."2);
YEF = YR + CL.*YRl./sqrt(XRl.A2+YRl.A2);

curveRear = animatedline('Color', 'xr');
curveFront = animatedline('Color', 'k');
grid on;

axis([t0 tl1 -6 ©6])

for i=1:N+1

addpoints (curveRear, XR(i), YR(1)):;
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drawnow limitrate
addpoints (curveFront, XF (i), YF (1))
drawnow limitrate
legend ('Rear', 'Front');
end
2. 175t = 3¢ 0
CL = 4;
r = 3;
N = 1000;
t0 = 0.5;
tl = 3*pi/2;
dt = (£1-t0)/N;

t = linspace (t0,tl, (t1-t0)/dt+1);

XR = r*cos(t);

YR = r*sin(t); % input

% generating of first derivatives on X by Euler backward method
XR1 = 0*t; %let XR1=XR'

XR1(1) = 0;

for 1i=2:N+1
XR1 (i) = (XR(i) - XR(i-1))/dt;
end

[

% generating of second derivatives on X by second-order backward method

XR2 = 0*t;
XR2 (1) = 0;
XR2(2) = 0;

for 1i=3:(tl1-t0)/dt+1
SXR2 (1) = (XR(i) - 2*XR(i-1) + XR(i-2))/(dt"2);
XR2 (1) = (XR1(i) - XR1(i-1))/dt;

end

YR1 = 0*t; %let YR1=YR'
YR1 (1) = 0;
for i=2:(tl1-t0)/dt+1
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YR1 (i) = (YR(1i)-YR(i-1))/dt;

end

YR2 = 0*t;
YR2 (1) = 0;
YR2(2) = 0;

for i=3:(tl-t0)/dt+1
SYR2 (1) = (YR(1i) - 2*YR(i-1) + YR(i-2))/(dt"2);
YR2 (i) = (YR1(i) - YR1(i-1))/dt;

end

% generating of velocities and accelerations

v3D = zeros(3,N+1);

a3D = zeros(3,N+1);

b3D = zeros(3,N+1); % binomial in Frenet frame

Dir = strings(1l,N+1);

k = [0,0,11;

for i=1:N+1
v3D(:,1) = [XR1(i), YRI(i), 01';
a3D(:,1) = [XR2(i), YR2(i), 01';
b3D(:,1) = cross(100*v3D(:,i)"', 100*a3D(:,1)");
if (dot (b3D(:,1), k)>0)
Dir (i) = "left";
XF (i) = r.*cos(t(i)) - CL.*sin(t(i));
YF (i) = r.*sin(t(i)) + CL.*cos(t(i));
else
Dir (i) = "right";
XF (i) = r.*cos(-t(i)) + CL.*sin(-t(1));

YF (i) = r.*sin(-t(i)) - CL.*cos(-t(i));

end
end
curveRear = animatedline('Color', 'k');
curveFront = animatedline('Color', 'r');
grid on;

axis([-10 10 -10 101);

22



Macronix Proprietary

axis equal;
for i=3:N+1
addpoints (curveFront, XF (i), YF(i)):

drawnow limitrate

shold on
addpoints (curveRear, XR (i), YR(i)):;
drawnow limitrate
shold on
legend ('Front', 'Rear');
%pause (0.1)
end
()% dais e
1. — g o3

CL = 1; %input
t0 = 0; %input
tl = 10; %input
N = 1000;

dt = (tl1 - t0)/N;
t = linspace (t0,tl, (t1-t0)/dt+1);

XF = t; %input
YF = sin(t); %input

YFL = 0*t;
YEF1(1) = 0;

YE2 = 0*t;
YE2 (1) = 0;
YE2 (2) 0;

for 1 = 2:N+1

YF1(i) = ( YF(i) - YF(i-1) )/dt;
end
for 1 = 3:N+1

YF2 (i) = ( YF1(i) - YF1(i-1) )/dt;

end
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M = (YF1+((CL.*YF2)./sqrt ((1+YF1.72)."3-CL"2.*YF2.72)))
((CL.*YF2) ./sqrt ((1+YF1."2) ."3-CL"2*YF2.72)) .*YF1) ;

XR = XF - CL./Sqrt(l+M.A2);

YR = YF - (CL.*M)./Sqrt(l+M.A2);
curveRear = animatedline('Color', 'r'):;
curveFront = animatedline('Color', 'k');
grid on;

axis([-10 10 -10 101);
axis equal;
legend ('Rear', 'Front');
for i=2:N+1
addpoints (curveFront, XF (i), YF(i)):
drawnow limitrate
addpoints (curveRear, XR(i), YR(i));
drawnow limitrate
end
2. {17 i = 56
CL = 3;
r =5;
N = 1000;
t0 = 0;
tl = 4*pi/3;
dt = (tl-t0)/N;
t = linspace (t0,tl, (t1-t0)/dt+1);

XF = r*cos(-t);

YEF = r*sin(-t);

[

XFl = 0*t; %let XR1=XR'
XF1(1l) = 0;
for i=2:(tl1l-t0)/dt+1
XFl(i) = (XF(1)-XF(i-1))/dt;
end

[

XF2 = 0*t;
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% generating of first derivatives on X by Euler backward method

% generating of second derivatives on X by second-order backward method



XF2 (1) = 0;
XF2(2) = 0;

for i=3:(tl-t0)/dt+1
SXF2 (i) = (XF (i) - 2*XF(i-1) + XF(i-2))/(dt"2);
XF2 (i) = (XF1(i)-XF1l(i-1))/dt;

end

YF1 = 0*t; $let YRI=YR'

YF1(1) = 0;

for 1=2:(tl-t0)/dt+1
YF1 (i) = (YF(i)-YF(i-1))/dt;

end

YF2 = 0*t;

YF2 (1) = 0;

YF2(2) = 0;

for 1=3:(tl-t0)/dt+1
$YF2 (1) = (YF (i) - 2*YF(i-1) + YF(i-2))/(dt"2);
YF2 (i) = (YF1(i)-YF1(i-1))/dt;

end

% generating of velocities and accelerations

v3D = zeros (3,N+1);

a3D = zeros (3,N+1);

b3D = zeros(3,N+1); % binomial in Frenet frame

Dir = strings(1l,N+1);

k = [0,0,11;

% making of XR and YR
for i=1:N+1
v3D(:,1i) = [XF1(i), YF1(i), 01';
a3D(:,1) = [XF2(i), YF2(i), 01"';
b3D(:,1) = cross(100*v3D(:,i)"', 100*a3D(:,1)");
if (dot (b3D(:,1), k)>0)

Dir (i) = "left";

Macronix Proprietary

XR(i) = ((r.”2 - CL."2)./r).*cos(t(i)) + (CL.*sgrt(r.”2 -

CL."2)./r) .*sin(t (1))
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YR(i) = ((r.”2 - CL."2)./r)

CL."2)./r).*cos(t(i));

else
Dir (i) = "right";
XR(i) = ((r.”2 - CL."2)./r)

CL."2)./r).*sin(-t (1))

YR(i) = ((r.”2 - CL."2)./r)

CL."2)./r).*cos (-t (1))

end
end
curveRear = animatedline('Color',
curveFront = animatedline('Color',
grid on;

axis([-10 10 -10 1071);
axis equal;

for 1=3:(tl-t0)/dt

addpoints (curveFront, XF (i),

drawnow limitrate

%$hold on

addpoints (curveRear, XR(i),

drawnow limitrate
%hold on
legend ('Front', 'Rear');
%pause (0.1)
end
() zfate+ ¢
1. — g o5t

Cw = 1;

r = 5;

N = 1000;

t0 = -pi;

tl = 2*pi;

dt = (t1-t0)/N;

t = linspace(t0O,tl,N+1);

L*sin(t (1))

.*cos (-t (1))

.*sin (-t (1))

r');

k')

YF (1))

YR (1))

26
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(CL.*sgrt(r.”2 -

(CL.*sgrt(r.”2 -

(CL.*sgrt(r.”2 -



X21 = t;

Y21 = sin

X21 1 = 0
x21 1(1)

%input

(t); Sinput

*t; %let x21 1=x21'

for i=2:N+1

X21 1(i) = (X21(1i) - X21(i-

end

Y21 1 = 0*t; %let Y21 1=v21"
Y21 1(1) = 0;

for i=2:N+1

Y21 1(i) = (Y21(i) - Y21 (i-

end

X22 = X21 + CW.*Y21 1./sqrt(X21_1.72+Y21 1.72);
Y22 = Y21 - CW.*X21 1./sqrt(X21_1.72+Y21 1.72);

1)) /dt;

1)) /dt;

curve?2l = animatedline('Color', 'k');
curve?2?2 = animatedline('Color', 'r');
grid on;

axis ([-10 10 -10 101);
axis equal;

legend('21', '22");

for 1i=3:N+1
addpoints (curve2l, X21 (i),

drawnow limitrate

%hold on

addpoints (curve22, X22(i),
drawnow limitrate

%hold on

%legend('Front', 'Rear');
%pause (0.1)

end

Y21 (1))

Y22 (1))
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plot (X21,Y21,'r', " 'DisplayName', '21");
hold on

plot (X22,Y22,'k', 'DisplayName', '22");
title('from 21 to 22');

xlabel ('x");

ylabel ('y');

axis equal;

legend ('show');

2. P74 2 5

Cw = 3;
r =5;
N = 1000;
t0 = 0;

tl = 3*pi/5;
dt = (t1-t0)/N;

t = linspace(t0,tl, (t1-t0)/dt+1);

Y21 = r*cos(t); %input

X21 = r*sin(t); %input

X21 1 = 0*t; S%let X21 1=x21"
x21 1(1) = 0;

for 1=2:(tl1l-t0)/dt
X21 1(i) = (X21 (1)-X21(i-1)) /dt;

end

Y21 1 = 0*t; %let Y21 1=Y21'
Y21 1(1) = 0;

for i=2:(t1-t0)/dt

Y21 1(i) = (Y21 (i)-Y21(i-1))/dt;

end

X22 = X21 + CW.*Y21 1./sqrt(X21 1.72+Y21 1.72);
Y22 = Y21 - CW.*X21 1./sqrt(X21 1.72+Y21 1.72);

curveRear = animatedline('Color', 'r');

curveFront = animatedline('Color', 'k'");
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grid on;
axis([-10 10 -10 1071);
axis equal;

legend ('21', '22");

for i=1:N+1
addpoints (curveFront, X21 (i), Y21 (1))
drawnow limitrate
addpoints (curveRear, X22(i), Y22(1i));
drawnow limitrate

end

legend ('show'");

()is 4wt = ¢
1. — g o5
CwW=1; %input

N = 1000; %input

t0=0; %input
t1=10; %input
dt = (tl-t0)/N;

t=linspace (t0,tl,N+1);

X22 = t;
Y22 = sin(t); S%Sinput
X22 1 = 0*t; Slet X22 1=X22"
X22 1(1) = 0;
for i=2:N+1
X22 1(i) = (X22(1i) - X22(i-1))/dt;
end
Y22 1 = 0*t; Slet Y22 1=Y22'
Y22 1(1) = 0;
for i=2:N+1
Y22 1(i) = (Y22(i) - Y22(i-1))/dt;
end
X21 = X22 - CW.*Y22 1./ sqrt(X22 1.72 + Y22 1.72);
Y21 = Y22 + CW.*X22 1./ sqrt(X22 1.72 + Y22 1.72);
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curve?2?2 = animatedline('Color', 'k');
curve?2l = animatedline('Color', 'r');
grid on;

axis([-10 10 -10 1071);
axis equal;

legend ('22"', '21");
for i=1:(tl1-t0)/dt
addpoints (curve22, X22 (i), Y22(i)):;

drawnow

addpoints (curve2l, X21(i), Y21(1i)):;

drawnow

end

2. {17 #upr = 5
Cw = 1; %input
t0 = 0; %input
tl = 10; %input
r = 3;
N = 1000;
dt = (tl -t0)/N;

t = linspace(t0,tl,N+1);

Y22 = r*cos(t); %input
X22 = r*sin(t); %input
X22 1 = 0*t; Slet X22 1=X22"
X22 1(1) = 0;
for i=2:(t1-t0)/dt
X22 1(i) = (X22(1i) - X22(i-1))/dt;
end
Y22 1 = 0*t; Slet Y22 1=Y22'
Y22 1(1) = 0;
for i=2:(t1-t0)/dt
Y22 1(i) = (Y22(i) - Y22(i-1))/dt;
end
X21 = X22 - CW.*Y22 1./ sqrt(X22 1.72 + Y22 1.72);
Y21 = Y22 + CW.*X22 1./ sqrt(X22 1.72 + Y22 1.72);
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curve?2?2 = animatedline('Color', 'k');
curve?2l = animatedline('Color', 'r');
grid on;

axis([-10 10 -10 1071);
axis equal;
legend ('Right', 'Left');

title('From Right to Left');

for i=1:N+1
addpoints (curve2l, X21(i), Y21(1i)):;

drawnow

addpoints (curve22, X22(i), Y22(1i)):;
drawnow

end

Z P AP AR

(- )2 x4 Arduino IDE :

#include <Servo.h>

const int led_head 1 =AQ;/BEREHIL

const int led_head 2 =A1;//BEREHIL

const int led_back 1 =A2;//{EI = &R

const int led_back 2 =A3;/{EIE &I

const int led_stop 1 =Ad;//2XEEHI{r

const int led_stop 2 =AS;//2XEEHI{r

const int moto_control=13;//ZE&IFi #E1% BRI

const int moto_pwm=11;//42¢H1] 55 3= 4 BRI AT

const int servo_pin=9;//{E]fR & ZERIAL

const int servo_setup=100;//Fit% % = A

const int servo_min=55;/{51AR & = i/ NEE

const int servo_max=125;/{EiR B iR K AE

const char forward="';//Ri#E45%

const char backward="b';/{%E$5<

const char led_open='0";//FA/Ef5 4

const char led close='c";//BAtEF5 4%

const char data_end='$"//45 5 FIT.

const int myspeed=0;//£% & HE = (H

char c/FFWFIT
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String  data;/BEULE R
String  angle;// &
String  speed;//#H &

int speed data;/iEEER]
int speed_old;//EE &

Servo servo 9;

void setup()
{
Serial.begin(57600);
servo_9.attach(servo_pin);
pinMode(led_head_1, OUTPUT);//Z5% EHIfir
pinMode(led_head 2, OUTPUT);
pinMode(led_back_1, OUTPUT);
pinMode(led_back 2, OUTPUT);
pinMode(led_stop 1, OUTPUT);
pinMode(led_stop 2, OUTPUT);
pinMode(moto_control, OUTPUT);
pinMode(moto_pwm, OUTPUT);
servo_9.write(servo_setup); /{1 & 2 i )
}
void loop()
{
digitalWrite(13,HIGH);// B 7 [F
speed_data = (map(myspeed,0,100,0,255));//# 0-100 EFFEZ] 0-255
analogWrite(11,speed_data);
servo_9.write((map(servo_setup,0,180,servo_min,servo_max)));//{=Iik B 2 ]

}

(= ) Rdo2z MATLAB #2354 75 -
XF1=0*t; $let XF1=XFE'
XF1(1)=0;
for 1=2:(tl1l-t0)/dt
XF1(i)=(XF(i)-XF(i-1))/dt;
end
YF1=0*t; %let YF1=YF'
YF1(1)=0;
for 1i=2:(tl1-t0)/dt
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YF1(i)=(YF(i)-YF(i-1))/dt;

end

tanR=XR1./YR1;

tanF=XF1l./YF1;
phi=(tanR-tanF) ./ (l.+tanR.*tanF);
phid=atand (phi) ;

plot (phid)

= s @ APk 32 MATLAB #4255 45 o

function [XR, YR] = NewRO(CL, N, i)

SCL = 1;

phi0 = pi/2; %in radians

$N = 1000;
t0 = 0;
tl = 4*pi;

dt = (tl1-t0)/N;

t=linspace (t0,tl,N+1);

XF=t;
YF=sin (t);
XF1l=(XF (i+1)-XF (1)) /dt;

YF1=(YF (i+1)-YF (1)) /dt;

I=[XF (1) +CL*XF1/sqrt (XF1"2+YF1"2);YF (1) +CL*YF1/sqrt (XF1"2+YF1°2)1;
rot=[cos (phi0),-sin(phi0) ;sin (phi0) ,cos (phi0) ];

RO=rot*I;

syms x y
sol = solve ((x-XF(i))"2 + (y-YF(1))"2-CL"2 , (y-R0O(2))/(YF(1)-R0O(2)-(x-

RO(1))/(XF(1)-RO(1))));

for k=1:2
if (sol.x(k,1) > RO(1l) & sol.x(k,1) < RO(2))
XR = double(sol.x(k,1));
YR = double(sol.y(k,1));
end
end

fprintf ('XR(%d) = %f, YR(%d) = %f\n', i, XR, i, YR);



