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P A STIRFRI B FIR
TAEA LiERE
cal_dm - $IEF AEE
cal integral.m iR A
cal nl.m T SAE a9 A S 77 1R ) ik
cal nl allm - H AT T a2 Y e ) B
cal theta_allm SR F R R i
cal_theta_nl.m SRS T BTN R AR
cal_theta nl_reverse.m T R R — MR Y A
cal theta 2.m i EASF et @ « ER RS A
cal v2.m it b EF e A T — B
cal v allm TS BT HIE T A Ry
cal xy.m e AR A R R A A R s e L
generate_dot.m AR S IS0 T S e R M R R T e
generate dot _.m i B A S 4R F A BR B iR R T s o
Jjudge area.m FIWIE F 2 0 20 Ak X 35K
judge crash.m 4 U 75 R e A
Judge_in.m FW—~ gL B R E R BN
ml.m o —
m2.m B — AGRY
m3.m P =4G5S
md.m A A 1 A4S
resultl.xlsx HRAk—
result2.xlsx R
resultd xlsx HRaEn
i3 B B

function d = cal d(i)
% 1§ AL FEFE
if i==
d=2.86;

clse
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d = 1.65;
end

end

function integral = cal integral(theta)

% R GHE

integral = theta. *sqri(theta,“2+1)+log(thetatsqriftheta."2+1));

function nl = cal nl{theta,flag)
% VRS F R b ER A 77 el 1A
if flag == 1| flag == 4
nl = [cos(theta)-theta. *sin{iheta) sin{thetay+Htheta * cos{theta)|:

clse
nl = [sin({theta).-cos(theta)];

end

end

function nl _mat = cal nl_all{theta mat.flag_mat)

% SRR T A VTR R A e e B
[%.¥] = size(theta_mat);
nl_mal = zeros{x.v.2):
fori=l:x
forj=1:v
nl mat(ij,;) = cal nl(theta mat(i,j),Nag mat(ij)y;
end

end




end

B BS: cal_theta_all.m

function theta n list = cal theta all{theta 1.a)
% THATHILF MR E

theta n list = [theta 1]:

for i=1:223
theta nl = cal theta nl{theta n list{end).cal dii}a);
theta n list = [theta n_listitheta nl];

end

end

B3 B6: cal_theta_nl.m

function theta nl = cal theta nl{theta n.d.a)
% TR AR LR —ME TR R f R
theta nl = theta n:
lambda = pi/8;
epsilon = le-10;
while lambda=epsilon
theta nl = theta nl-+lambda;
if theta n"2+theta nl"2-2*theta n*theta nl*cos(theta nl-

theta ny=d"2/a"2

theta nl = theta nl-lambda;
lambda = lambda/2;
end
end

end

B B7: cal_theta nl_reverse.m

function theta nl = cal theta nl reverse(theta n.d.a)
% iHF A HEREE B —ME TR R M
theta nl =theta n:

lambda = pi/8;
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epsilon = le-10;
while lambda=epsilon
theta nl = theta_nl-lambda;
13 theta n"2+theta nl"2-2*theta n*theta nl*cos(theta nl-
theta n)=d"2/a"2
theta nl = theta nl+lambda;
lambda = lambda/2;
end
end

end

B3 BS: cal_theta_t2.m

function theta 12 = cal theta t2(theta tl.v,l.a.direction)
% FRAEFEE LI ] o S5 R R 8 B

lambda = theta 11/4;
epsilon = le-12:
%o epsilon = le-10;
theta 12 = theta t1;
il direction==1
obj = cal_integral(theta tl)-v.*1./a.*2;
while lambda=epsilon
theta 12 = theta 12-lambda;
if cal integral(theta t2)=ohj
theta 12 = theta 12+lambda;
lambda = lambda/2:
end
end
elseif direction==-1
obj = cal integral{theta t1)+v.*t./a.*2;
while lambda=epsilon
theta t2 = theta t2+lambda;
if cal_integral{theta 12)=ohj
theta 12 = theta 12-lambda;
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lambda = lambda/2;
end
end
end

end

M BY9: cal_v2.m

function v2 = cal v2{vlnOnl.n2)

% il E—EFREEREE T - MEFHEE
nl) = reshape(n(.2,1.1}).
nl = reshape(nl.2.1.1)

n2 = reshape(n2,2,1.1Y);

cos vammal = abs(dot(n0,n1yYnorm(ndynorminl))y,

cos yvamma2 = abs{dot(nlln2ynorm(n0 )y norm{n2)},

v2 = v1*cos vammal/cos vammaZ;

end

B B10: cal v allm

function v_mat = cal_v_all(theta_mat,v)

% TR IE T B i ] AR

num t = size(theta mat.2);

tl = zeros(224.num_1,2};
tl:,:.1) = cos{theta_mat)-theta_mat. *sin{theta_mat);
tl(:.:.2) = sin{theta mat)+theta mat *cos(theta mat):

cl = zeros(223.num_t,2);
cl(:.:.1) = theta_mat{ 1:223.:). *cos(theta_mat(1:223,:))-
theta mat(2:224.:). % cos(theta mat(2:224.:)),

a7




cl(:...2) = theta mat(1:223.:).®sin{theta mat{1:223,:))-
theta_mat(2:224,:). *sin(theta_mat(2:224.:));

v_mat = zeros(224,num_t),
v mat{1,:)=v;
for j=1:num 1t
fori1=2:224
nl = [el(i-1.4.1).cl{i-1.j.2)]:
n2 = [ti- 14 1 ul{i-1.3.2)];
n3 = [th{i .1 0{i..2)]:
cos_vammal = abs(dot(nl.n2)/normi(nlynorm{n2)}
cos_vamma2 = abs(dot(nl.n3 ) norm{n1jnorm(n3)});
vomat(ij) = v mat{i-1.j)*cos vammal/cos vammaZ;
end
end

end

ff & B11: cal xy.m

function p = cal xv(theta n list,a)

% iBitiRER LAE Foad Ray A AR A
% list = a.*theta n list.*cos(theta n list):
v _list = a.¥theta n_list.*sin(theta_n_list);
p =[x listy list];

end

function P = generate dot(thetal.theta2.a)

P = zeros(4.2);

pl = cal xy(thetal.a);

p2 = cal xy(thetal.a);

nl =pl-pZ

nl = nl/norminl);

p3 = pl n0*0. 27500 1;-1 0]*0.15;

B




p4 = pln0*0.275-n0%[0 1:-1 0]*0.15;
p3 = p2-n0*0.275+n0* [0 1;-1 0]*0.13;
po = p2-n0*0.275-n0%[0 1:-1 O]*0.15;
P = [pJp4p3.po]:

end

B F B13: generate dot_.m

function P = generate dot (pl.p2)
% i SERT A IR F a0 Rl S I T e i

P = zeros(4.2),

pl = reshape(pl,1,2.1);

p2 = reshape(p2,1.2,1),

nl = pl-p2;

nl = nl/nominl});

p3 = pl+n0*0.275-+n0%[0 1:-1 0]*0.15;
pd = pl-+n0*0.275-n0%[0 1:-1 0]*0.15;
P53 = p2-n0*0.275+n0* [0 1:-1 0]*0.15;
po = p2-n0*0.275-n0%[0 1:-1 0]*0.15;

P = [p3:p4:pS:p6]:

end

B B14: judge area.m

function flag = judge arca{p.i)
% M IE T AT e 2 b [ B L {5 ) AR T S e e i ek X
global p_inter2;

flag = i
if'i==1 & norm(p)=4.3

flag = 2:

end




it i==2 & p(1)=p _inter2(1)
flag = 3;

end
il 1==3 & norm(p)==4.5
flag = <,

end

end

B¢ F B1S: judge_crash.m

function flag = judge crash(theta list,a)
% TS 75 e A il
flag =0,
dot mat = zeros{223.4.2);
for i=1:223
dot mat(i.:,:;) = generate dot(theta list{i)theta hst{i+1).a);
end
dot_list = [dot_mat(1.1.1).dot_mat{1.1.2)
dot mat(1.3.1).dot mat({1.3.2):
dot mat(2.1.1).dot mat(2.1.2}]:
fori=1:3
for j=4:223
dot = dot list{i,:);

if judge in{dot.theta list{j)theta list(j+1)a)=—
flag = 1:
end
end
end

end




Wi 16: judge in.m

function flag = judge in(p.thetal theta2.a)
% H|if— G R EEREIEREEE A
flag = O,
P = generate dot(thetal theta2.a):
pl =Pl
p2=P(2.)
p3 = B3,
nll = p-pl;
nl = p2-pl;
n2 = pld-pl:
i
(dot(n0.nlydot(nln =0 & dot(ndn] Ydot(nl,nl )< Dé&&(dot(nd,n2 )y dot(n2 n2)=0)é&&(d
ol(ni.n2ydotn2.n2)<1)
flag = 1:

end

end

Bi%E B17: mLlm

clear
cle

close all

% ELER

delta_pho = 0.55; % S8, (CRBIIEEMIE

a = delta_pho / (2 * pi); % 53850 H 20 H 4L

theta 1 0=16*%2%pi; % Z¥mEMAEMVE (16 B)

v=1:% RLMEE R

p =zeros(224, 301, 2); % H TSN EIEF o8 bR 8 B R
theta_mat = zeros(224, 301); % H T EE B 3Eay & B L W 5
outputl = [1,2,52,102,152,202,224]; % 17 B4R 48 B4 SE 2 5
output2 = 1:60:301; % i 5 B4 H &5 BLah i (=] 252 5l




% SRR E A AR E
theta t_list = zeros(1, 301); % #0146 ¢k fy BE 67 8 51 %
theta t list(1) =theta 1 0; % 5 ¥ #7145 f BE i
fori = 2:301
theta 1 list(i) = cal_theta t2(theta 1 0,v,i- 1, a, 1} % 58 #0000 8 9

end

% RERSE S E TR RS
fori=1:301
theta n list = cal theta all{theta t list(i), a): % W3 0T (E]F BTG H5EM
pis fu R
theta_ mat(:, i) = theta_n_list; %o #1 BEf ¥ {7 GE R 5
p_n_list = cal_xy(theta n_list, a): % 15 T8 (8 F B4 B SERT 42 5
ple i) =p n list; % G2 ERfEGETE M B B s
end

% SIS E W SE AL 4 E I (6] SR B A

resultl = p{outputl, output2, :): % HEHLE &4 SEFIm 1] i o B

result] = permute(result], [3, 1, 2]): % WEREHERE LA 4b 18

result] = reshape(resultl, length{output 1) * 2_ length(outpmt2), 1) % £ 83 — 4

disp("fia] F — (i B &5 BL: .
disp{vpa(round(resultl, 6), 8)). %o SO E R, (RE e fr i

% 3 IR A A R

v_mat = cal_v_all(theta_mat, v); % 157 2785 5 15 B 47 i 1) o i S R
result2 = v_mat(outputl, output2); % & B 52 HFE A (8] g2 0 1
disp(" o] B — i BE L L. 'y

disp(vpa(round(result2, 6), 7)); % SLacERESTIE, (R 6 fr/hB

% H§ 0 8 BHEF 75 Excel %

result3 = permute(p. [3. 1, 2]): % V8% HEFF LL{F (b 22

resultd = reshape(result3, 448, 301, 1): % B % H 4R
writematrix(round(result3, 6). 'result] xlsx', 'Sheet', '\ {', 'Range’, 'B2'); % {# {7 %]

42




Excel 3 {f

% F i FE BUE (R B Excel ¥

resultd =v_mat; % i H i3 BERR PR ELEE(R 7

writematrix(round({result4, 6), 'result] xlsx’, ‘Sheet', "&£ ", 'Range’, ‘B2 % {#{FE|
Excel 3 {F

% L e AT I B A E &
figure;
scatter(p(:, 1. 1), p(:, 1. 2), 10, 'filled'. "MarkerFaceColor', 'blue'):
hold on:
fori=1:223
P = generate dot(theta mat(i, 1). theta mat(i + 1. 1), a);
plot(P([1, 2], 1). P([1, 2], 2)):
hold on;
plat{P{[1, 3], 1) F{[1, 3], 2}
hold on:
plot(P([2, 4], 1). P([2, 4], 2)):
hold on;
plot{P{[3, 4], 1), (|3, 4], )}
hold on:

end

axis equal; %o 5 1 A4 F e b 19 4 2

fi B18: m2.m

clear
cle

close all

% ELEH

delta_pho = 0.55; % SH§F, Q¥R EMEE %
a=delta_pho/ (2% pi), % SEEFEH A% 8

theta 1 0=16%2%pi.% LM MAENE (16 E)
v=1:% BLMEE R




output = [1,2,52,102,152.202,224]: % 41 & Thg ) &5 S 5% 5

% IFMMmE e, B ¥R
o fRIRAM{LE] s, R 2 G pl g e 2

% for 1=0:1000

%o for 1=300:0.1: 1000

% For 1=410:0.01:1000

% for t=412.47:0.001:1000

%o for t=412.473:0.00001: 1000

for t=412.47382:0.0000001: 1000
Yo v B e 1) A 0 Sk A A
theta 1 t=cal theta t2(theta 1 0, v.t,a, 1%

Yo T e 16D BT 6 SERY £y E A

theta list = cal theta all{theta 1 t, a);

Yo ARG fiy E A W o BAR SERD AL A

p list = cal xvitheta list a);

x_list =p_list(:, 1); % HBTHBIER x 2845
v list =p list(:. 2): % IHIPTHEIER v 245

%o F I TR A R
if judge crash{theta list. a) == 1

break; % M ARER, IR IR
end

end

disp("Bli i A e #1: 1)
disp(vpa(1)):
disp(vpa(t.9)):




% % A O T Rl A B () ot AT R — 2B kR S i

1= 412.473838: % 38R 2000 B 55

theta 1 t =cal theta 12(theta_1 0, v.t,a, 1% % 528 75 00 2 i £ BE (o 9
theta list = cal theta all{theta 1 t, a) % 5 A EEERMEMR 210 B W

% v VCHEME 2] BT B SERD kR

p_list = cal xv(theta list, a),

x list=p list(z, 1) % FEHL x 4245

y list =p list(:, 2); % FER y 4245

v_list = cal v _all(theta list, v): % it 5% 67 SEfY 3L E

result] = [p list,v list]:

writematrix(round{result1.6). result2. xlsx", ' Range'.'B2").

result2 = p_list(output,:);
disp("jia] B8 i T £5 5L ).
disp{vpa(round(resuli2.6).8));

resultd = v list{output)':
disp('fo) B ik B & Bl
disp{vpa(round({resuli3,5).8)),

% il R
figure:
scatter(x list,y list, 10, filled.,"MarkerFaceColor'.'blue'y;
hold on;
fori1=1:223
P = generate dot{theta hist(i)theta list{i+1).a);
plot(P([1.2].1).P([1.2].2)):
hold on:
plot{P{[1.3].1).P{]1.3].2))
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hold on:

plot(P([2,4].1).P([2.4].2)):
hold on:

plat(P([3.4].1)0.P([3,4].2))
hold on:

end

axis equal;

B3 B19: m3.m

clear
cle

close all

% EMREE, IR
% IRGAMMLIEE B, REIEEWAE

% init = 0L35: pace = -0.01;

%o init = 0.46; pace = -0.001;

%o init = 0.451; pace = -0.0001;

%o init = 0.4504; pace = -0.00001;

% init = 0.45034; pace = -0.000001;

init = 0.450338; pace = -0.0000001;

for delta_pho = init:pace:0.1
a=delta pho/(2* pi) % i+ S HKAE
theta 1 0=16*2*pi; % A:LAnEsMmEEa s (16 M)
v=1:% LA CEEH
output = [1, 2, 52, 102, 152, 202, 224]: % {REERHE RO IEES
t=0;% B [E#LEE
flag = 0; % WEMbRE, ¥L0h 0 CEREED

% IR RE B ik B EE T 1 3k (X I
while a * cal theta 12(theta 1 0. v.t.a, 1)>=4.5
theta 1 t =cal theta 2(theta 1 0, v. t, a, 1); % it 8 S HTE 8 £2 k0 4

i 8




theta list = cal theta_all(theta 1 t, a); % i35 25 0 B 1) By 27 4 SE 00 f B
fir ¥

p_list = cal xv(theta list, a), % 5 FrAT 472 SE 0% Ae b
x hist=p list(;, 1); % SREUATH IR x 45
y list=p list(:, 2); % FEELATH HLIERT v Aebr

if judge crash(theta list. a) == 1 % $ W7 75 % 4 Rl
flag = 1; % B4R, mEHRA1
break; % 2 i £F

etud

t=1+1:% M§med(E &

if a* cal theta t2(theta 1 O.v.ta, 1)=35
t=1-0.8; % TR E) A S LB Gl

end

if a* cal theta t2(theta 1 0, v, 1, a, 1)=46
t=1-0.19: % ifE— 3 Rt (54

end

end

if flag == 1 % WIR%E THEH, 2%
break:
end

end

disp(" fe <) 2B ),
disp(vpa{delta pho-pace));
disp(vpa(ceil((delta pho-pace)* 1e6)* 1e-6,6));

% BRI H
delta_pho = 0.450338,
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a = delta_pho/2/pi;

theta 1 0 = 16%2%pi;

v=1z

output = [1,2,52,102,152,202,224];

t=0;

while a*cal theta 12(theta 1 Onvtal)>=4.5
theta 1 t= cal theta 12{theta 1 Onvita.l)
theta list = cal theta all{theta 1 ta),

p_list = cal _xy(theta list.a):
X list = p hist(: 1)
y list = p list(-.2):

t=1+1;
if a*cal_theta_t2(theta 1 0.v.t,a,1)<3
1=1-0.8, % VAR [E]201< LA %t i

end
if a*cal theta (2(theta 1 Ovia 13=4.6
t=1-0.19; % ifh— iR [
end
end

% il e hr ¥
figure;
scatter(x list,y list, 20 'filled’,"MarkerFaceColor','blue');
hold on;
viscireles([0 O],4.5);
hold on:
fori=1:223
P = generate_dot(theta list(i).theta list(i+1).a};
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plot(P{[1.2].1).P{]1.2).2)):
hold on;
plot(P([1.3].1.P([1.3].2)):
hold on;
plot{P([2.4].1).P{]2,4].2)):
hold on;
plot(P([3.4].1).P([3.4].2))
hold on:
end

axis equal;

B¢ 3 B20: mdm

clear
cle

close all

global p_inter2:
outputl = [1,2,52,102,152,202,224];
output2 = [1.51.101,151,201];

% SESEEIE. $i. AMSEY

delta_pho = 1.7; % #t A 42iE

a=delta_pho /(2 * pi);, % SEBiEH ¢4 B
r=4.5 % iE:LFEEp£iE

theta_inter] =r/a; % FHEMAELE

% THE =0 SRR

p interl = [a * theta inter]l * cos(theta interl). a * theta interl *

sin(theta_inter1)]; % Sf—% &

p _inter2 =-p interl /3;% B =4 &
p_inter3 = -p interl: % =1 A

% TS (&) e FE ¥ )

direction (1 = [cos(theta_interl) - theta inter] * sin{theta interl). sin(theta_interl) +
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theta_inter] * cos(theta_interl)]:

direction_r = direction_tl # [0 1; -1 0];

theta_inter = atan(p inter1{2)/ p interl{1))

alpha = acos(abs{dot(direction_r, p_inter3)/ norm{direction_r) ' norm{p_inter3))); %o
i3 alpha #1 8

rl =r /3 * 2/ cos(alpha), % 8B —EAMER

r2=r1/2;% it 8RR

% BB A B
p center]l = p interl+rl.*[cos{theta inter -alpha)sin(theta inter -alpha)):

p_center? = p_inter2*3/2-p centerl/2:

% it e B i A R
theta 12 list = zeros(101.1):
theta 12 list (1) = theta_interl,
v=1;
for 1=1:100

theta 12 list {t+1) = cal theta 12(theta interl,vita-1%
end
theta_mat = zeros(224,101):
fori=1:101

theta mat (1) = cal theta all{theta 12 list (1).a);
end

p mat = zeros(224,101,2):

p mat (.2 1)=a*theta mat *cos(theta mat )
p mat (:,.2)=a*theta mat *sin{theta mat ),
pl = theta mat (outputl,[1,51,101]);

pl = zeros(length{outputl)*2.3);

forj=1:3
p = cal_xy(pl(:j).a)
p=ph
pl_(:9) =p(C)




end

v mat_=cal v all{theta mat v},

%pl_:0,-50,-100 fir |
% v_mat_(output.[1.51.101]) : 0.-50.-100 H HE

% FRc T FEIEMEE, 1| ARBRES, 2 KRB —TENES, 3 ARB=
A EYLE S, 4 AR B SRR 5
flag_mat = ones(224.101 %
11 = r1*(pi-alpha*2), % F—EMAAIE
12=112 % FH_A BRI
flag mat(1.2:floor{11/v+1)) = 2;
fag mat{ Leel(l1/v+ D Moor((11-H2)v+1)) = 3;
flag_mat{ 1 ceil{(11+12)/v+1):end) = 4;
pomat = zeros(224,101.2%;
theta mat = zeros(224,101);
theta mat(:,1) =theta mat (1)
pomat(;, 11y = a®theta mat(:, 1). *cos{theta mat{:.1)),
pomat(:,1.2) = a*theta mat(:, 1) *zin{theta_mat(:. 1))
% MbERSE—~E
for] = Z:loor(l1 / v + 1)
lambda = theta_inter -alpha +pi-(G-1)*v/rl:
theta mat(1. j) = lambda:
p mat{l, j, ;) =p_center] +rl * [cos{lambda), sin{lambda}];
end

% MEEEE A
forj = ceil(ll /v + Dp:floon({11 + 12}/ v + 1)
lambda = theta inter +alpha-pi +({(j- 1)*v-11)/r2;
theta mat(1, j) = lambda;
p mat(l, j. 1) = p center2 + r2 * [cos(lambda). sin{lambda}]:
end

1|




% HbFER I ek
forj = ceil{(11 + 12}/ v + 1})size(flag mat, 2)

theta mat{1, j) = cal_theta 12(theta_inter], v, (- 1) * v-11-12) /v, a, -1}

p mat(l,j,:)=-a * theta mat(1, j).* [cos(theta mat(1. ). sin(theta mat(l, j))];

end

fori=2:224

for j

p_interl})'r/2;

=2:101

il flag mat(i-1.j==1

flag mat(ij) = 1:
theta nl = cal_theta nl{theta_mat(i-1.j).cal_d{i-1).a)
theta mat(i.j) = theta nl;

p mat{ij..) = a*theta nl. *[cos(theta nl)sin{theta nl)]:

end

if flag mat(i-1,j)==2
if norm(reshape(p_mat(i-1.,:),1,2.1)-p_interl)=>cal d(i-1)

else

flag mat{i.j)=2;

lambda = theta mat(i-1.j)asin{cal d(i-1)2/r1)*2;
theta mat(i,j) = lambda;

p mat(ij.;})=p centerl+rl1*[cos(lambda)sin{lambda)|;

flag mat{ij) = 1;
pace = {cal d(i-1)}-norm(reshape(p mat(i-1.j,:).1,2.1)-

if pace<le-9
pace=le=%;
end
theta_estimate = theta interl;
while pace=le-10
theta estimate = theta estimate+pace;
if norm(reshape(p mat(i-1.j,:).1.2.1)-

a*theta_estimate®[cos(theta_estimate).sin(theta_estimate)])=cal d{i-1)

theta estimate = theta estimate-pace;
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pace = pace/2:
end
end
theta_mat(i)} = theta_estimate;
p mal{ij,:) =
a*theta estimate®[cos(theta_estimate) sin{theta estimate));

end
end
if flag mat(i-1.j)==3
if nomi(reshape(p _mat(i-1.j.:).1.2.1)-p_inter2)=cal_d(i-1)
flag mat{i,j) = 3;
lambda = theta mat(i-1.j)-asin{cal d{i-1)/2/r2)*2;
theta_mat(i.j) = lamhda;
p mat{ij,;) = p_center2+r2*[cos(lambda).sin{lambda)];

¢lse
flag mat{ij)=2:
pace = {cal d(i-1)-norm{reshape(p mat{i-1j.:3.1,2.1)-
p_inter2))rl/2;
if pace=le-9
pace=le-9;
end
theta_estimate = theta_inter +alpha;
while pace>le-10
theta_estimate = theta_estimate+pace;
il norm{reshape(p_mat{i-1.j.:).1,2,1)-
(p centerl+r1*[cos(theta estimate).sin(theta estimate)]))=cal d(i-1)
theta estimate = theta_estimate-pace;
pace = pace/2;
end
end
theta_mat(ij) = theta_estimate:

p mat{ij.:) =
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p centerl +rl*[cos(theta_estimate).sin(theta estimate)]:

end

end
if ag mat(i-1.j)==
it flag mai(ij-1)=—= | norm(reshape(p mat{i-1..:).1,2.1)-
p interd)=cal d(i-1)
flag mat(i.j) =4
theta nl = cal theta nl reverse({theta mat{i-1.j).cal d{i-1)a):
theta_mat(ij) = theta_nl:
p mat(ij.:;) = -a.¥theta_nl.*[cos(theta nl)sin{theta nl)]:

else
flag_mat{i.j) = 3;
pace = (cal_d(i-1)-norm(reshape(p_mat(i-1,j,:).1.2.1)-
p inter3))r2/2;
if pace<1e-9
pace=le-%;
end
theta_estimate = theta_inter _-alpha:
while pace~le-10
theta estimate = theta estimate-pace;
if norm(reshape(p mat{i-1,5,:).1,2.1)-
(p center2+r2¥|cos(theta_estimate).sin(theta estimate)]))=cal d(i-1)
theta estimate = theta_estimate+pace;
pace = pace/2;
end
end
theta mat(i,j) = theta estimate;
p mat(ij.:) =
p center2+r2*[cos(theta estimate).sin(theta estimate)];

end

54




end
end

end
result0l = p mat{outputl,:,:);
resultD2 = zeros(length(output1)*2,101};
fori1=1:101

result(3 = resultO1(:.4,:);

result03 = permute{result03,[3 1 2]):

result(3 = result03(: )

result02(:i) = result03:

end

nd mat = p mat(2:224..:)-p mat(1:223.:.:)
nl_mat = cal nl _all(theta mat.flag mat);
v mat = zeros(224.101);
vomat(l,:)=v;
fori=1:101

for =2:224

vomat(j,i) - cal v2{v mat{j-1.i}n0 mat(j-1.i.:}nl mat(j-
Lic)nl mat(ji:)):
end

end

v mat all = [v_mat (:,101:-1:2).v_mat]:
p mat all = [p mat (:,101:-1:2,:).p_mat];

result] = permute(p mat all. [3.1.2]);
result] = reshape(resuli],448,201.1});
writematrix{round{result1,6), result4. xlsx','Sheet’, (i " 'Range' ' B2');

result2 = v mat all;
writematrix(round(result2,6).'result4. xlsx",'Sheet'. 1% &* 'Range' . B2'):
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% fxi|I AR L E

figure;

mesh(-100:100,1:224,v mat_all),
xlabel ("B Z1');

vlabel("18F 75"

zlabel (L (m » 7 {130

% FREMNRERER
figure:
scatter(p _mat_all{end. 1).p mat_all(:.end.2).10.'filled’. MarkerFaceColor' 'blue').
hold on;
fori=1:223
P = generate dot (p mat all{i.end.:;).p mat all(i+1.end.:)),
plot(P{[1.2].13,P{]1.2).2))%
hold on;
plot(P([1,3].1).P([1.3].2)):
hold on;
plot(P([2,4],1).P([2.4].2));
hold on;
plot(P([3.4].1).P([3.4].2)):
hold on:
end

axis equal;

% EpiiiE S DX 5T 2g AT
figure;

widthl = 1.5;
width2 = 2;

R =r W%




center = [0,0]: % [HLettdR

theta start = 0; % EiafMAE (IR

theta end = pi*2: % ZEHARE (JLED)

theta = linspace(theta_start . theta end , 100}, % 4 {ii[H

x =center (1)+ R *cos(theta . % ZH{LAH: x()=x0+R * cos(t)
~=center (2)+ R *sin(theta ) % ZE{LHE: w(1)=v0 + R * sin(t)

plot(x . v .'LineWidth', width2), % £25][F]90

hold on:

R =rl; % Fi

center = p centerl; % [ELassdR

theta start = theta inter +alpha; % RERGAIRE (JUEE)
theta end = pi+theta inter -alpha: % SERAE (ILE)

theta = linspace(theta start . theta end . 100, % RN

x_=center (1)+R_* cos(theta_ ), % ZIILHH: x(t)=x0+R * cos(t)
y_=center (2)+ R_*sin{theta ); % ZEILHTH: w(1)=y0 + R * sin(1)
plot(x . v . 'black’, 'LineWidth', width1), 2% 25N

hold on:

R =r2; % P4

center =p center2: % [HLe e bR

theta start = theta inter +alpha-pi; % EIEAE (GLE)
theta_end = theta inter -alpha; % LEEAME (G

theta = linspace(theta_start , theta end , 100}, % fHREFE[H

x_ =center (1)+R_*cos(theta ). % ZHLAH: x(t)=x0+ R * cos{t)
y_=center (2)+R_*sin{theta ): % ZIE{LGE: w(1)=y0 + R * sin(1)
plot(x_, v . 'black’, ‘LineWidth', width1), % 2[5k

hold on;

plot([p centerl{1}p interl(1}]. [p centerl(2)p inter1(2}]. '--black'. 'LineWidth',

widthl),

hold on:

plot([p_centerl(1}p inter2(1)], [p centerl(2).p inter2(2)], '--black!, 'LineWidth',
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width 1)

hold on;

plot{[p_center2{1)p inter2(1})], [p center2(2).p inter2(2)], '--black’, 'LineWidth',
widthly,
hold on;

plot{[p_center2{1p inter3(1)], [p center2(2)p inter3(2)], '--black', 'LineWidil',
width1),

hold on;

theta = linspace(theta_interl, T#pi, 1000},

¥ =a.*theta .*cos(theta )

v = a.*theta_Fsin(theta )

plot(x .y . 'black’, ‘LineWidth', width1), % &:%|[H3L
hold on;

plot(-x .-y . 'black’. 'LineWidth', width1): % £ |[FIR
hold on:

dot mat = [p centerl;p center2:p interl:p inter2:p inter3];
scatter{dot_mat (:.1).dot_mat (:.2).15.'filled".'black"):

axis equal;

figure:
[X. Y] = mesherid(-100:100.1:224);
scatter3(N(:), Y(2), v_mat_all(:), 10, v_mat_all(;), "filledy;

result3 = [pl (:.[3 Z2]resultO2(:,[1 31 101
disp('[a) B8 4 i B 58 )
disp(vpa(round{result3,6).8)).




resultd = v _mat_all{outputl,output2}:
disp("ia] B8 4 LS Ly
disp{vpa(round{result4.5),3)).

v5 head = 2/max(max(v_mat_all))*v;
disp(' (] B8 5 J2 S HEE: )
disp{vpa(floor(v3 head® le6)* 1e-6.8));




