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mu%ﬁﬁm=%MMMH@m,M=
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Vin — 2223, + Ry8in (y; — wy t) e
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F(t)= (47)

et )
Jrp, yp=m—B+m.

R WAL ARG, m(

1
wh
NEBR KT AR FLER LR, A
F(t)=(af(t)cos (8(t) + 7),ad (t)sin (8(t) + 7)) (48)

SRR G R0, (1, 1) =8 S 0n T RSN K
ZEe . sER, 1% 2
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e\/a=+1+1n(9+\/0=+1)=27:t+cz
— _26(1 1
Ci=0.v0.7+1+ (0 + V0T +1)— = (w,+wg)
EFAEHR
BT RSER” A RXT MR, FARITEENFOFEILA
ZEMNEBEOTA, KHERASEFhOn BT RA (19):

(49)

F(it)=0
F(t(rl)=0 =
D(t, ti. D=1k o
LE—4.,2>0

Hep, FRI=0RRPiNRHIBFEELRINE L.

I - R
fEio] @ — Al B, 8 “WIEL” LB BRARF @) ER RIS YL TR
F)15:

( (a(ooaﬂ(t)—- 8(¢)sind (£))
alsinB(t) + 0(t)cos (£))

50— — Do, — 20 o — Big), O 2

u

T
) , ~100<<t=0

F(t)=(z,y) =< (s1)
YO Yo 22120+ 70— 201, £ <t<ﬁ(w—11- + i)

alcos (8(t) +x)—0(L)sin (8(t) +m))\" 1 1 )
\(a(uin(ﬂ(t)%— w)+8(t)coe(8(t)—'r1r))) Bt )<t 100

@) RN FEZEL KRR O],
8.2.2 BIRU SRR L

RIGE AT RIRERE, JA1 2 8 AR TR, HKIOSSE
resultd.xlsx . [EF 25 H-100s. -50s. 0s. S0s. 100s ., BLAMHEFE. IG5
B 1. 51. 101 151, 201 WRSGHRHCFERZ R GEF AL B AL E, L9 nk 6).
* (7)) BR:

o FeA T RO LB S50
-100s -50s 0Os 50s 100 s

&3 x(m) 7778034 | 6608301 | 2711856 | 1332696 | -3.157229

J& 3k y(m) 3717164 | 1.898865 | -3.591078 | 6.175324 | 7.548511
1478 x(m) 6.200273 | 5366911 | -0.063534 | 3.862265 | -0.346890
A1 AT y(m) 6.108521 | 4.475403 | -4.670888 | 4.840828 | 8.079166
GBS HTHE x(m) | -10.608038 | 3629945 | 2459962 | -1.671385 | 2.095033
A0S S ym) | 2831491 | -8.963800 | -7.778145 | -6.076713 | 4.033787
F101 AT x(m) | -11.922761 | 10.125787 | 3.008493 | -7.591816 | -7.288774
W01 YT y(m) | -4.802378 | -5.972247 | 10.108539 | 5.175487 | 2.063875
FA51 T x(m) | -14.351032 | 12974784 | -7.002789 | -4.605165 | 9.462513
FA51 T yim) | -1.980993 | -3.810357 | 10.337482 | -10.386988 | -3.540357
o201 FRE x(m) | -11.952942 | 10522509 | -6.872842 | 0336952 | 8.524374
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W 201 i L yim) | 10.566998 | -10.807425 | 12.382609 | -13.177610 | 8.606933
FeJe (JG) x(m) -1.011059 | 0.189809 | -1.933627 | 5.859094 | -10.980157
HJE (J5) y(m) -16.527573 | 15.720588 | -14.715128 | 12.61289%4 | -6.770006
KT RHFN OB

100 s —50s Os 50s 100 s

3k (m/s) 1.000000 | 1.000000 | 1.000000 | 1.000000 | 1.000000
1AV Y (m/s) 0.999904 | 0.999762 | 0.998687 | 1.000363 | 1.000124
2 S1 AV D (m/s) 0.999346 | 0.998642 | 0995134 | 0.949935 | 1.003966
01 A5 G(mis) | 0.999091 | 0.998248 | 0.994448 | 0.948482 | 1.096263
BAST ARG (m/s) | 0.998944 | 0.998047 | 0.994156 | 0.948038 | 1.095306
95200 BT (m/s) | 0.998849 | 0.997925 | 0.993994 | 0.947823 | 1.094933
IE (JF) (m/s) 0.998817 | 0.997885 | 0.993944 | 0.947760 | 1.094833
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PR R
A KK Pyihon #1iT#wfR .

B —mUR AR S YUORGEYE (Problem] 2.py)

# EE— RAESACT L AE S

import numpy as np

import pandas as pd

fram numpy import pi, sin, cos, sqrt, log
from scipy.optimize import root

# B

d = 0.55 # a2 (m)

W= 1 # JEIATHHE (m/s)
C = (32 % pi) * sqrt((32%pi)**2 + 1) + log((32 * pi) +

sqri((32%pi)**2 + 1))
alpha =d / (2 * pi)

RV EUR e o R
def head(t):

theta = root(lambda x: x * sgrt(x®*2 + 1) + log(x + sqrt(x**2 +
1)) - C + 2*v*t/alpha, 10).x[0]

return theta * alpha * cos(theta), theta * alpha * sin(theta),
theta

# BERICH, HEFICTFRIE
def postition(theta):

x_post, y post, theta post = [theta * alpha * cos(theta)], [theta
* alpha * sin(theta)], [theta]

# HEA RS NIETF
def func(tl):
t0, 1 = theta, 2.86
return t1**2 + tO**2 - 2*t1*t@*cos(tl - t@) - (1 / alpha) ** 2

t1 = root(func, theta+1).x[0]
x_post.append(tl * alpha * cos(tl)); y_post.append(tl * alpha *
sin(tl1)); theta_post.append(tl)

# HWESMIET
for _ in range(222):
def func(t):
l=1.65
return t**2 + t1%*2 - 2*t*tl*cos(t - t1) - (1 / alpha) **

22



t1 = root(func, ti1+l1).x[0]
x_post.append(tl * alpha " cos(tl)); y post.append(tl * alpha
* sin(t1)); theta post.append(tl)
return x_post, y_post, theta_post

# ZE SRR BATT G, o SHEF A E R
def speed(x, y, theta):

vli = 1

speed = [1]

for i in range(223):
dl = np.array([cos(theta[i]) - theta[i]*sin(theta[i]),
sin(theta[i]) +
theta[i]*cos(theta[i])]) # L—EF®
FEF7 151
dl = d1 / np.linalg.norm(d1)
d = np.array([cos(theta[i+1]) - theta[i+1]"sin(theta[i+1]),
sin(theta{i+l]) + theta[i+1]*cos(theta[i+1])]) #
i“’—f 1375 18]
=d / np.linalg.norm(d)
vector = np.array([x[i+1] - x[i], y[i+1] - y[i]]) 4 RS M
vl = root(lambda v: np.dot(vi*dl, vector) - np.dot(v*d,
vector), v1).x[@]
speed.append(vl)
return speed

# FTARN
if __pame__ == '_main__"
# Y4y ]

t = np.arange(@, 301, step=1)

post_result = pd.DataFrame(columns = t, index = range(224%2))
speed_result = pd.DataFrame(columns = t, index = range(224))

# SR SRS A G R
head_vec = np.vectorize(head)
head_post_x, head_post_y, head_theta = head_vec(t)

# TH AN AR ) (o 38R B
For i, t in enumerate(head_theta):
it THHAR TR
handle_post_x, handle_post_y, handle_theta =
postition(t)
handle_post = []

23




for j in range(224):
handle_post.append(handle_post _x[j]);
handle_post.append(handle_post y[3j])
post_result[i] = handle_post

# LT

handle_speed = speed(handle_post_x, handle_post_y,
handle_theta)

speed_result[i] = handle_speed

# RIEBH
post_result.round(6).to_excel('[aE— {7 . .xlsx")
speed result.round(6).to excel (ol — WA, x1sx")

W (A A B AGZE WA (] (Problem2 2.py)

# (Al JE = 2 A2 B KRG bl 1 ) )

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from scipy.optimize import root

from numpy import pi, sinm, cos, sqrt, arcsin, log

# B

d = 0.55 # 92 (m)

vel # I ATEE (m/s)
C = (32 "% pi) * sqrt((32*pi)**2 + 1) + log((32 * pi) +

sqrt((32°pi)**2 + 1))
alpha =d / (2 * pi)

# eliEek T H
def helix(theta):

return np.array([alpha * theta * cos(theta), alpha * theta *
sin(theta)])

# JIE§ SEBIEAR

def Point_in_Polygon(point, polygon):
A, B, C, D = polygon[©], polygon[1], polygon[2], polygon[3]
P = np.array([point[@], point[1]])

flagl, flag2z =0, ©

AB, BC, CA = B-A, C-B, A-C
AP, BP, CP = P-A, P-B, P-C




if np.sign(AB[©] * AP[1] - AP[®] * AB[1]) == np.sign(BC[e] *
BP[1] - BP[@] * BC[1]) and np.sign(BC[@] * BP[1] - BP[0] * BC[1]) ==
np.sign(CA[@] * CP[1] - CP[@] * CA[1]):

flagl = 1

AD, DC, CA = D-A, C-D, A-C
AP, DP, CP = P-A, P-D, P-C
if np.sign(AD[@] * AP[1] - AP[®] * AD[1]) == np.sign(DC[@] *
DP[1] - DP[®] * DC[1]) and np.sign(DC[8] * DP[1] - DP[@] * DC[1]) ==
np.sign(CA[@] * CP[1] - cP[@] * CA[1]):
flag2 = 1

if flag2 or flapgil:
return True
else:
return False

# AR ML F o W04 A
def vertices(front, back, L):
Dl = ©8.275; Dh = 9.15
handlel = helix(front)
handle2 = helix(back)
e = (handlel - handle2) / (L - ©.55)
n = np.array([-e[1], e[©]])
points = np.array([handlel - (L - D1) * e + Dh * n,
handlel +~ D1 * e + Dh * n,
handlel + D1 * e - Dh * n,
handlel - (L - D1) *e - Dh " n,])
return points

# PN R AEF A TS WA BT S A0 B AR L, a0 A 7S 2 A kARt
def crash(theta):
for i, t in enumerate(theta[:2]):
delta = 2 * arcsin(2.86 / (2 * alpha * t))

# SR A5
neighbor = [j+i for j, k in enumerate(theta[i:-1]) if t + 2%pi

- delta < k and k < t + 2*pi + delta] # MR

# neighbor = [j for j, k in enumerate(theta[:-1]) if t < k
and k < t + 4*pi ] RS

# B R

iF i ==

pointl = vertices(theta[i], theta[i+1], 3.41)[1]
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point2 = vertices(theta[i], theta[i+1], 3.41)[0]
else:

pointl = vertices(theta[i], theta[i+1], 2.2)[1]

point2 = vertices(theta[i], theta[i+1], 2.2)[0]

# T 7 A
for nei in neighbor:
if Point in Polygon(pointl, vertices(theta[nei], theta[nei
+ 1], 2.2)) or Point_in_Polygon(point2, vertices(theta[nei],
theta[nei + 1], 2.2)):
print(f' H{i+1}2REES F{nei+1 } AT SE R A fle R ' )
return True, (i, t, nei)

print (' AR AH ")
return False, -1

# it 20 t, WO SRAV
def head(t):

theta = root(lambda x: x * sqrt(x*'2 + 1) + log(x + sqrt(x**2 +
1)) - C + 2%v*t/alpha, 10).x[0]

return theta * alpha * cos(theta), theta * alpha * sin(theta),
theta

# BRI H, T HSEFO0E
def postition(theta):

x_post, y_post, theta_post = [theta * alpha * cos(theta)], [theta
* alpha * sin(theta)], [theta]

# AR AT EAMNIETF
def func(tl):
t@, 1 = theta, 2.86
return t1%*2 + te**2 - 2*t1*t@*cos(tl - t6) - (1 / alpha) ** 2

tl = root(func, theta+1).x[0]
x_post.append(tl * alpha * cos(tl)); y post.append(tl * alpha *
sin(t1)); theta_post.append(tl)

# SR AT
for _ in range(222):
def func(t):
1 = 1:65
return t**2 + t1°**2 - 2*t*tl*cos(t - t1) - (1 / alpha) **

N

t1 = root(func, t1+1).x[0]

26




x_post.append(tl * alpha ® cos(tl)); y_post.append(tl * alpha
* sin(t1)); theta post.append(tl)
return X _post, y post, theta post

# LiE e EER A F a0 M, Th B SR TR A AL
def speed(x, y, theta):

vli =1

speed = [1]

for i in range(223):

dl = np.array([cos(theta[i]) - theta[i]*sin(theta[i]),
sin(theta[i]) +
theta[i]*cos(theta[i])]) # F—0FEk
FET5 1]

dl = d1 / np.linalg.norm(dl)

d = np.array([cos(theta[i+1]) - theta[i+1]*sin(theta[i+1]),
sin(theta[i+1]) + theta[i+1]*cos(theta[i+1])]) #
X TFIEEE Jr

d=d/ np.linalg.norm(d)

vector = np.array([x[i+1] - x[i], y[i+1] - y[i]]) # B

vl = root(lambda v: np.dot(vi*dl, vector) - np.dot(v*d,
vector), v1).x[0]

speed.append(vl)

return speed

# SR

def draw(x, y, theta, t):
the = np.linspace(@, 32*pi, 10000)
x1, y1 = helix(the)

fig = plt.figure(figsize=(9, 9))
axes3 = fig.add subplot(1, 1, 1)

# it R
for i, tk in enumerate(thetal[:-1]):
if 4 s= @
1l = 344
else:
1 = 2.2

p = plt.Polygon(xy=vertices(theta[i], theta[i+1], 1),
color="#C82423', alpha=0.8)
axes3.add_patch(p)

plt.plot(x1l, yl1, linestyle='--', color='#2878B5', label='8fi}i%4")
plt.scatter(x, y, s=5, c='k', label='{!F')
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plt.legend(fontsize='large')

plt.title(f'{round(t, 4)}s M ZRFERL MM, fontsize=22)
plt.xlabel('x', fontsize=16)
plt.ylabel('y', fontsize=16)

# 0 SR i

plt.tick_params(labelsize=13)

plt.subplots_adjust(top=0.9, bottom=0.1, left=0.1, right=0.9) #
i e 3

plt.show()

plt.close()

# LR

if __name__ == '__main__':
plt.rcParams['font.family'] = ['SimHei'] # ZaRdh
plt.rcParams['axes.unicode minus'] = False # SRne
plt.axis('equal') # Wb
# K5I @]

time = np.arange(412.47, 413, 0.0001)

# SR Sk AR A Ay 14 A0 L 3
head_vec = np.vectorize(head)
head post_x, head_post_y, head theta = head vec(time)

# A 2R Y R
for i, t in enumerate(head_theta):
# AR EA
handle_post_x, handle_post_y, handle_theta = postition(t)

# 2 A
draw(handle_post_x, handle_post_y, handle_theta, time[i])

flag, mess = crash(handle_theta)

if flag:
break
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handle_speed = speed(handle_post_x, handle_post y,
handle_theta)

result = pd.DataFrame({'x"':handle_post_x,
'y':handle_post_ vy,
'v':handle_speed})

result.round(6).to_excel( '[9 —.x1sx")

# Znilf e L
the = np.linspace(@, 32*pi, 1eeee)
x1l, y1 = helix(the)

fig = plt.figure(figsize=(9, 9))
axes3 = fig.add subplot(1l, 1, 1)
# s 3
for j in [mess[@], mess[2]]:
if j == @:
1 3.41
else:
l=2.2
p = plt.Polygon(xy=vertices(handle_theta[j],
handle_theta[j+1], 1), color='r', alpha=0.8)
axes3.add patch(p)

plt.plot(x1l, yl1, linestyle='--', color='#2878B5', label="ufljii¢k")

plt.plot(handle_post x, handle post_y, c='#C82423', label="f%t",
marker='o', markersize=0, linewidth=2)

plt.scatter(handle_post_x, handle_post_y, s=20, c='#934B43',
label="42F")

plt.legend(fontsize="large')

plt.title(f'{round(time[i], 4)}s HZRFEHATIE", fontsize=22)
plt.xlabel('x', fontsize=16)
plt.ylabel('y', fontsize=16)

# o8 bkl g

plt.tick params(labelsize=13)

plt.subplots_adjust(top=0.9, bottom=0.1, left=0.1, right=0.9) #
U ¥ D13

plt.savefig('Wfii‘5 2 .png', format="png', dpi=860)
plt.show()
plt.close()




Bl — 57t W AEBEE (Problem3 1.py)

# AP IFORNR /)R TE

import numpy as np

import matplotlib.pyplot as plt

from numpy import pi, sin, cos, arcsin, sqrt, log
fram scipy.optimize import root

plt.rcParams['font.family'] = ['SimHei'] # BRdL
plt.rcParams['axes.unicode_minus'] = False # RNT
plt.axis('equal') # Wby

# BU

v a1l # AT A (m/ s )

C = (32 ® pi) * sqrt((32*pi)**2 + 1) + log((32 * pi) +
sqre((32%pi)**2 1))

# TR

dl = 0.4 ; dr = 6.5

while dr - dl > @.@@e1:
d = (dl + dr) / 2
alpha = d / (2 * pi)

# 2k R e 77 2
def helix(theta):
return np.array([d/(2*pi) * theta * cos(theta), d/(2*pi) *
theta * sin(theta)])

# PG IR TA 75 e 80 c e 0007 B 15 6., 0 e 75 2 R A il
def crash(theta):
for i, t in enumerate(theta[:2]):
delta = 2 * arcsin(2.86 / (2 * alpha * t))

# 45 A R
neighbor = [j+i for j, k in enumerate(theta[i:-1]) if t +

2*pi - delta < k and k < t + 2%pi + delta] # AR
# neighbor = [j for j, k in enumerate(theta[:-1]) if t <
k and kK < t + 4%pi ] # 7R A

# s
if i ==

vertices(theta[i], theta[i+1], 3.41)[1]
vertices(theta[i], theta[i+1], 3.41)[0]

pointl
point2

else:




pointl = vertices(theta[i], theta[i+1], 2.2)[1]
point2 = vertices(theta[i], theta[i+1], 2.2)[@]

# NG AL 7 i 4
for nei in neighbor:
if Point_in Polypon(pointl, vertices(theta[nei],
theta[nei + 1], 2.2)) or Point_in_Polygon(point2,
vertices(theta[nei], theta[nei + 1], 2.2)):
return True, (i, t, nei)
return False, -1

# Mg S EEEA

def Point_in_Polygon(point, polygon):
A, B, C, D = polygon[@], polygon[1l], polygon[2], polygon[3]
P = np.array([point[@], point[1]])

flagl, flag2 = 0, 0

AB, BC, CA = B-A, C-B, A-C
AP, BP, CP = P-A, P-B, P-C
if np.sign(AB[@] * AP[1] - AP[@] * AB[1]) == np.sign(BC[e] *
BP[1] - BP[@] * BC[1]) and np.sign(BC[@] * BP[1] - BP[@] * BC[1]) ==
np.sign(CA[@] * CP[1] - CP[@] * CA[1]):
flagl = 1

AD, DC, CA = D-A, C-D, A-C
AF, DP, CP = P-A, P-D, P-C
if np.sign(AD[@] * AP[1] - AP[®] * AD[1]) == np.sign(DC[@] *
DP[1] - DP[@] * DC[1]) and np.sign(DC[@] * DP[1] - DP[@] * DC[1]) ==
np.sign(CA[@] * CP[1] - CP[@] * CA[1]):
flag2 = 1

if flag2 or flagl:
return True
else:
return False

# MG F o 80 g
def vertices(front, back, L):
bl = ©:275; Dh = 8.15
handlel = helix(front)
handle2 = helix(back)
e = (handlel - handle2) / (L - ©.55)

3]




n = np.array([-e[1], e[8]])
points = np.array([handlel - (L - D1) * e + Dh * n,
handlel + D1 * e + Dh * n,
handlel + D1 * e - Dh * n,
handlel - (L - D1) * e - Dh * n,])
return points

# 4 TE e KA R SACTF RO, oF W AR T AN
def speed(x, y, theta):

vli =1

speed = [1]

for i in range(223):

di = np.array([cos(theta[i]) - theta[i]"sin(theta[i]),
sin(theta[i]) +
theta[i]*cos(theta[i])]) # F—EF @
BET5 18]

dli = d1 / np.linalg.norm(d1)

d = np.array([cos(theta[i+1]) -
theta[i+1]*sin(theta[i+1]), sin(theta[i+1]) +
theta[i+1]*cos(theta[i+1])]) # XRS5 [

d =d/ np.linalg.norm(d)

vector = np.array([x[i+1] - x[i], y[i+1] - y[i]]) BB
1@

vl = root(lambda v: np.dot(vli*dl, vector) - np.dot(v*d,
vector), v1).x[0]

speed.append(vl)

return speed

# 113 theta
def ode(t, y):
return - v/alpha * (y**2 + 2) / (y¥*2 + 1) ** (3/2)

# S EMAL €, tH RO
def head(t):
theta = root(lambda x: x * sgrt(x**2 + 1) + log(x + sqrt(x**2
+ 1)) - C + 2*v*t/alpha, 10).x[0]
return theta * alpha * cos(theta), theta * alpha * sin(theta),
theta

# B IER A B, T S AAEF R
def postition(theta):
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x_post, y_post, theta_post = [theta * alpha * cos(theta)],
[theta * alpha * sin(theta)], [theta]

# B RANMIET
def func(tl):
t9, 1 = theta, 2.86
return t1**2 + tO¥*2 - 2*t1*tO*cos(tl - t8) - (1 / alpha)
* ¥ =

t1 = root(func, theta+l).x[@]
x_post.append(tl * alpha * cos(t1)); y post.append(tl * alpha
* sin(t1)); theta_post.append(tl)

# W EZLETF
for _ in range(222):
def func(t):
1 = 1.65
return t**2 + t1**2 - 2*t*tl*cos(t - t1) - (1 / alpha)
LR 2
t1 = root(func, ti1+1).x[0]
Xx_post.append(tl * alpha * cos(tl)); y_post.append(tl °®
alpha * sin(t1)); theta_post.append(tl)
return x_post, y_post, theta_post

# RGN B IGAY 6 8 A0 ]

in_theta = 4.5 / alpha

in_time = (in_theta * sgrt(in_theta**2 + 1) + log(in_theta +
sqrt(in_theta**2 + 1)) - C) *alpha / 2 / v

# Yl oyii ]
time = np.arange(in_time - 5, in_time, ©.01)

# ORI IR 0 B A
head_vec = np.vectorize(head)
head post x, head post y, head theta = head vec(time)

# IR 75 2 A 4
for i, t in enumerate(head theta):
# HHIEEME
handle_post_x, handle_post_y, handle_theta = postition(t)

flag, mess = crash(handle_theta)

Xt Flag:
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break

if flag:
dl = (dl + dr) / 2
print(f'{d}, df&/]")
else:
dr = (dl + dr) / 2
print(f'{d}, dfWX")

print (f' =9 FETE M, M/NREE A : { (dl+dr)/2}")

(] 708 (106 ff v 9 (0] R DY (Problemd4 1.py)

# (2] JE I - o (o A e

import numpy as np

import pandas as pd

from numpy import pi, sin, cos, sqrt, arcsin, arctan, log
from scipy.optimize import root

o
i
# 2

"B # S (m)
vel # AT IHERE (m/s)
R=4.5 # IR R 72 (m)

alpha =d / (2 * pi)

# SRAMIAY Gy MR 6]

in_theta = R/ alpha

C1 = in_theta * sqrt(in_theta**2 + 1) + log(in_theta +
sqrt(in_theta**2 + 1))

in_time = (in_theta * sqrt(in_theta®**2 + 1) + log(in_theta +
sqrt(in_theta**2 + 1)) - C1) * alpha / 2 / v

# SRMVLEAMN O fE

k =2

x0, y@ = alpha * in_theta * cos(in_theta), alpha * in_theta *
sin(in_theta)

rn = np.array([cos(in_theta) - in_theta®sin(in_theta), sin(in_theta)
+ in_theta*cos(in_theta)])

rt = np.array([-rn[1], rn[€]])

1 = root(lambda x: x8%*2 - (k+1)*x*x@*rn[1] + y0**2 +
(k+1)*x*rn[@]*y0, -10).x[0]

gl = k * np.linalg.norm(rt) * 1
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g2 = np.linalg.norm(rt) * 1

wl=v /gl
w2 =v / g2
beta = 2 * arcsin(sqrt(x0¥*2 + yo**2)/ (k+1) / g2)

t1 = arctan(- rn[@] / rn[1]) + pi
t2 = t1 - beta + pi

# SR PPLAY AL A (9]

out_theta = in_theta

out time = beta * (1 / wl + 1 / w2)

C2 = out_theta * sqrt(out_theta®*2 + 1) + log(out_theta +
sgrt(out_theta**2 + 1)) - 2 * v * out_time / alpha

# syaEnd ] t, oh et @t R A
def head(t):

theta = root(lambda x: x * sqrt(x*'2 + 1) + log(x + sqrt(x**2 +
1)) - Q1 + 2*v*t/alpha, 10).x[0]

return theta

def tail(t):

theta = root(lambda x: x * sgrt(x**2 + 1) + log(x + sqrt(x**2 +
1)) - €2 - 2*v*t/alpha, 10).x[0]

return theta

def post(t):
if t <= @:
theta = head(t)
return alpha * theta * cos(theta), alpha * theta * sin(theta),
theta, ©
elif t <= beta / wl:
X, ¥ =x0 - 2*1"rn[1] + g1 ® cos(tl - t ® wl), y@ + 2*1°*rn[0]
+ gl ¥ sin(tl - t * wl),
return x, y, sqrt(x**2 + y**2)/alpha, 1
elif t <= beta * (1/wl + 1/w2):
X, ¥ = -x0 + 1*rn[1] + g2*cos(t2 + (t - beta / wl) * w2), -y@
- 1°rn[0] + g2*sin(t2 + (t - beta / wl) * w2)
return x, y, sgrt(x**2 + y**2)/alpha, 2
elif t > beta * (1/wl + 1/w2):
theta = tail(t)
return alpha * theta * cos(theta + pi), alpha * theta *
sin(theta + pi), theta, 2
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# ZElfm, RIeFaR
def handle post(t):
x1, yl1, thetal, flagl = post(t)
x_1st, y 1st, theta 1st, flag 1st = [x1], [yl], [thetal], [flagl]

¥ HHE—TEIANET
def func(t):
1 = 2.86
X, y, theta, flag = post(t)
return (x1 - x) ** 2 + (y1 - y) ** 2 -1 ** 2

t = root(func, t - 1).x[0]

x1, y1, thetal, flagl = post(t)

x_lst.append(x1); y_lst.append(yl); theta_lst.append(thetal);
flag_lst.append(flagl)

# W ELMIRF
for _ in range(222):
def func(t):
l=1.65
X, ¥y, theta, flag = post(t)
return (x1 - x) ** 2 + (y1 - y) ** 2 - 1 ** 2
t = root(func, t - 1).x[0]
x1, y1, thetal, flagl = post(t)
x_lst.append(x1); y_lst.append(yl); theta_lst.append(thetal);
flag_lst.append(flagl)
return x_1st, y_lst, theta_lst, flag_lst

# s, Ry T (o)
def direction(x, y, theta, flag):
if flag == 0:
rt = np.array([cos(theta) - theta*sin(theta), sin(theta) +
theta*cos(theta)])
return -rt / np.linalg.norm(rt)
elif flag == 1:
rt = np.array([y - y@ - 2*1*rn[0], x@ - 2*1*rn[1] - x])
return rt / np.linalg.norm(rt)
elif flag == 2:
rt = np.array([- y@ - 1*rn[@®] -y, x + x@ - 1*rn[1]])
return rt / np.linalg.norm(rt)
else:
rt = np.array([cos(theta + pi) - theta*sin(theta + pi),
sin(theta + pi) + theta*cos(theta + pi)])
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return rt / np.linalg.norm(rt)

# G NSEERERSICET NN, SR TF R ERF
def speed(x, y, theta, flag):

vl = v

speed = [V]

for i in range(223):
dl = direction(x[i], y[i], theta[i],

flag[i]) # E—itFEET M
d = direction(x[i+1], y[i+1], theta[i+1],
flag[i+1]) # XL TFIEE AT

vector = np.array([x[i+1] - x[i], y[i+1] - y[i]]) # RFESHE
vl = root(lambda v: vi*(np.dot(dl, vector)) - v*(np.dot(d,
vector)), v1).x[0]
speed.append(vl)
return speed

time = np.arange(-100, 101, 1)

post result = pd.DataFrame(columns = time, index = range(224*2))
speed_result = pd.DataFrame(columns = time, index = range(224))

# T SART A0 T Al R Y
for i in time:
# HWARFEH
handle_x, handle_y, handle_theta, handle_flag = handle_post(i)

handle posts = []
for j in range(224):
handle_posts.append(handle_x[3j]);
handle_posts.append(handle_y[j])
post_result[i] = handle_posts

# iHRIEFEE

handle_speed = speed(handle_x, handle_y, handle_theta,
handle_flag)

speed_result[i] = handle_speed

post_result.round(6).to_excel(' /oI £ . x1sx")
speed_result.round(6).to excel( ' [o) IA i Bf.x1sx')
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o] R T 2 ] 8] A4t B 720 7% i PR

# oI o] MR ) 200 i 45 1Y

import numpy as np

import matplotlib.pyplot as plt

fram numpy import pi, sin, cos, arcsin, arctan, sqrt, log
from scipy.optimize import root

plt.rcParams['font.family'] = ['SimHei'] # RRp L
plt.rcParams['axes.unicode_minus'] = False # WRMS
plt.axis('equal') # Wby

# B

d=1.7 # 9% (m)

v=1 # kAT R EE (m/s)
R = 4.5 # RO (m)

alpha =d / (2 * pi)
k=2

# RAAMAY AL E A @)

in_theta = R / alpha

C1 = in_theta * sqrt(in_theta*?2 + 1) + log(in_theta +
sgrt(in_theta**2 + 1))

in_time = (in_theta * sqrt(in_theta**2 + 1) + log(in_theta +
sqrt(in_theta**2 + 1)) - C1) * alpha / 2 / v

# SROPTF2 A0 fF

k=3

x8, y@ = alpha * in_theta * cos(in_theta), alpha * in theta *
sin(in_theta)

rn = np.array([cos(in_theta) - in_theta'sin(in_theta), sin(in_theta)
+ in_theta*cos(in_theta)])

rt = np.array([-rn[1], rn[@]])

1 = root(lambda x: xB**2 - (k+1)*x*x@*rn[1] + y@**2 +
(k+1)*x*rn[0]*ye, -108).x[0]

gl = k * np.linalg.norm(rt) * 1
g2 = np.linalg.norm(rt) * 1
wl=v /gl

w2 = v / g2
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beta = 2 * arcsin(sqrt(xe**2 + ye**2)/ (k+1) / g2)

£l
t2

arctan(- rn[@] / rn[1]) + pi
tl - beta + pi

# SR LAY R (6]

out_theta = in_theta

out _time = beta * (1 / wl + 1 / w2)

C2 = out_theta * sqrt(out_theta®*2 + 1) + log(out_theta +
sqgrt(out_theta**2 + 1)) - 2 * v * out_time / alpha

# MHalEs TR
def helix(theta):

return d/(2*pi) * theta * cos(theta), d/(2*pi) * theta *
sin(theta)

plt.figure(figsize=(9, 9))
plt.legend(fontsize="'large')

# i B3\ E

t1 = np.linspace(in_theta, 24*pi, num=500)

X, ¥ = helix(tl)

plt.plot(x, y, color='#F8AC8C', label='#Y A\4Li', linewidth=2.5)

# Ll At
t1 = arctan(- rn[@] / rn[1]) + pi
t2 = t1 - beta + pi

t = np.linspace(®, gl " beta )

X, y = x@ - k*1*rn[1] + g1 * cos(tl - t/g1), y@ + k * 1 * rn[0] + g1
* sin(tl - t/gl)

plt.plot(x, y, color='#05B9E2', label="Il —B2@%L', linewidth=2.5)

t = np.linspace(gl * beta, beta * (gl + g2))

X, ¥y = -x0 + 1¥rn[1] + g2¥cos(t2 + (t - beta¥gl)/g2), -y@ - 1l¥rn[@] +
g2?sin(t2 + (t - beta*gl)/g2)

plt.plot(x, y, color='#F27970', label='/5—E L', linewidth=2.5)

# i g s

t = np.linspace(in_theta, 24*pi, num=560)

x, y =d/(2'pi) * t * cos(t + pi), d/(2%pi) * t * sin(t + pi)
plt.plot(x, y, color='#32B897', label='#fEH %', linewidth=2.5,
linestyle="--")




plt.title(' iM¥ %2R &M, fontsize=22)
plt.xlabel('x', fontsize=16)
plt.ylabel('y', fontsize=16)
plt.legend(fontsize="'large')

# AL 3

plt.tick _params(labelsize=13)

plt.subplots_adjust(top=0.9, bottom=8.1, left=0.1, right=0.9) # il§*
A IE

plt.savefig(' iR &M . png', format="png', dpi=860)
plt.shou()
plt.close()

W 18] 5y i RIGHTE (Problem5 1.py)

# A ORI R

import numpy as np

from numpy import pi, sin, cos, sqrt, arcsin, arctan, log
from scipy.optimize import root

it B
de=1.7 # OB (m)
R = 4.5 # % BECY:72 (m)

alpha =d / (2 ¥ pi)

11; Pp 1.24, 1.25

delta = 0.0001

while rr - 11 > delta:
mid = (rr + 11) / 2
v = mid
max_v = @

# R0 B A6 fa]

in_theta = R/ alpha

Cl = in_theta * sqrt(in_theta**2 + 1) + log(in_theta +
sqrt(in_theta**2 + 1))

in_time = (in_theta * sqrt(in_theta**2 + 1) + log(in_theta +
sgrt(in_theta**2 + 1)) - C1) * alpha / 2 / v

# R FA2AR L ff

K=2

x@, y@ = alpha * in_theta * cos(in_theta), alpha * in_theta °*
sin(in_theta)
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rn = np.array([cos(in_theta) - in_theta*sin(in_theta),
sin(in_theta) + in_theta*cos(in_theta)])
rt = np.array([-rn[1], rn[@]])

1 = root(lambda x: x0**2 - (k+1)*x*x@*rn[1] + y@**2 +
(k+1)*x*rn[@]*y@, -10).x[0]

gl = k * np.linalg.norm(rt) * 1

g2 = np.linalg.norm(rt) * 1
wl =v /gl
w2 =v [/ g2

beta = 2 * arcsin(sqrt(xe**2 + yo**2)/ (k+1) / g2)

t1
t2

arctan(- rn[@] / rn[1]) + pi
t1 - beta + pi

# SR H P03 A% £ B A0 A (]

out_theta = in_theta

out_time = beta * (1 / wl + 1 / w2)

C2 = out_theta ¥ sgrt(out_theta**2 + 1) + log(out_theta +
sqrt(out_theta**2 + 1)) - 2 * v * out_time / alpha

# ZjEitm ¢, o Sie m] ¢ A A A
def head(t):
theta = root(lambda x: x * sqrt(x**2 + 1) + log(x + sqrt(x*?*2
+ 1)) - C1 + 2*v*t/alpha, 10@).x[0]
return theta

def tail(t):
theta = root(lambda x: x * sqrt(x**2 + 1) + log(x + sqrt(x**2
+ 1)) - C2 - 2*v*t/alpha, 10).x[e]
return theta

def post(t):
if t <= 0:
theta = head(t)
return alpha * theta * cos(theta), alpha * theta *
sin(theta), theta, ©
elif t <= beta / wl:
X, ¥ = x0 - 2*1°rn[1] + g1 * cos(tl - t * wl), yo +
2*1°rn[0] + g1 * sin(tl - t * wl),
return X, y, sqrt(x**2 + y*¥2)/alpha, 1
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elif t <= beta * (1/wl + 1/w2):
X, ¥ = -x0 + 1*rn[1] + g2%cos(t2 + (t - beta / wl) * w2),
-y@ - 1*rn[@] + g2*sin(t2 + (t - beta / wl) * w2)
return x, y, sqrt(x**2 + y**2)/alpha, 2
elif t > beta * (1/wl + 1/w2):
theta = tail(t)
return alpha * theta * cos(theta + pi), alpha * theta *
sin(theta + pi), theta, 3

# gy m, AR F N
def handle post(t):
x1, y1, thetal, flagl = post(t)
x_1st, y 1lst, theta_lst, flag 1lst = [x1], [yl], [thetal],
[flagl]

#OESE A AR E
def func(t):
l=2.86
X, y, theta, flag = post(t)
return {x1 - x) ** 2 + (y1 - y) **¥ 2 - 1 ** 2

t = root(func, t - 1).x[9]

x1, y1, thetal, flagl = post(t)

x_1st.append(x1); y lst.append(yl); theta 1st.append(thetal);
flag_lst.append(flagl)

# I GERMEF
for _ in range(222):
def func(t):
1 = 4.65
X, y, theta, flag = post(t)
return (X1 - X) ** 2 + (y1 - y) *¥* 2 - 1 *¥ 2
t = root(func, t - 1).x[0]
x1, yl, thetal, flagl = post(t)
x_1st.append(x1); y_ lst.append(yl);
theta_lst.append(thetal); flag_lst.append(flagl)
return x_1st, y_lst, theta_lst, flag_lst

# R EI W], RPLLE T
def direction(x, y, theta, flag):
if flag == @:
rt = np.array([cos(theta) - theta*sin(theta), sin(theta) +
theta*cos(theta)])
return -rt / np.linalg.norm(rt)
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elif flag == 1:
rt = np.array([y - y@ - 2*1*rn[@], x@ - 2*1°rn[1] - x])
return rt / np.linalg.norm(rt)

elif flag == 2:
rt = np.array([- y© - 1*rn[@] - y, X + x0 - 1*rn[1]])
return rt / np.linalg.norm(rt)

else:
rt = np.array([cos(theta + pi) - theta*sin(theta + pi),

sin(theta + pi) + theta*cos(theta + pi)])

return rt / np.linalg.norm(rt)

# 20 EJE K A A AT A G B, o SRR T A0 A
def speed(x, y, theta, flag):

vl = v

speed = [v]

for i in range(223):
dl = direction(x[i], y[i], theta[i],

flag[i]) # L —RF W
d = direction(x[i+1], y[i+1], theta[i+1],
flag[i+1]) # X—InFEF Ty @

vector = np.array([x[i+1] - x[i], y[i+1] - y[i]]) # &
514
vl = root(lambda v: vi*(np.dot(dl, vector)) - v*(np.dot(d,
vector)), v1).x[0]
speed.append(vl)
return speed

s_time = (g1 + g2) * beta / v
time = np.arange(s_time - 0.5, s_time + 2.5, ©.8601)

# THRA 0 20 T A0 B AL
for i in time:
# R FE A
handle_x, handle_y, handle_theta, handle_flag = handle_post(i)

8 HIRFR

handle_speed = speed(handle_x, handle_y, handle_theta,
handle_flag)

max_v = max(max_v, max(handle_speed))

if max_v <= 2:
print(f'{v}, {max_v}, #MAit/A, {rr-11}")
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11 = mid

else:
print(f"{v}, {max_v}, @I K, {rr-11}")
rr = mid

print(f' /MY L, OERAE N{(11+rr)/2} ")

I 2 10 22 il M EE B IEAR AL 7> A5 (PlotS 2.py)

25l A T R ) R

import numpy as np

import matplotlib.pyplot as plt

from numpy import pi, sin, cos, sqrt, arcsin, arctan, log
from scipy.optimize import root

from scipy.integrate import solve ivp

plt.rcParams['font.family'] = ['SimHei'] # Wt
plt.rcParams['axes.unicode_minus'] = False # MRS
plt.axis('equal') ¥ WL

it B

d= 1.7 # OB (m)

R = 4.5 # ALK B F 72 (m)

alpha =d / (2 ¥ pi)

result = []
plt.figure(figsize=(9, 6))

for v in np.linspace(1, 2, 2):

# RN LAY £ BURIR fa)

in_theta = R/ alpha

Cl = in_theta * sqrt(in_theta**2 + 1) + log(in_theta +
sgrt(in_theta**2 + 1))

in_time = (in_theta * sqrt(in_theta*®*2 + 1) + log(in_theta +
sqrt(in_theta**2 + 1)) - C1) * alpha / 2 / v

# SRR E72R @A O R

k=2

x@, yo = alpha * in_theta * cos(in_theta), alpha * in_theta °*
sin(in_theta)

rn = np.array([cos(in_theta) - in_theta*sin(in_theta),
sin(in_theta) + in_theta*cos(in_theta)])

rt = np.array([-rn[1], rn[@]])

a4




1 = root(lambda x: x0**2 - (k+1)*x*x@*rn[1] + y@**2 +
(k+1)*x*rn[@]*ye, -10).x[0]

gl = k * np.linalg.norm(rt) * 1
g2 = np.linalg.norm(rt) * 1
wl=v /gl

w2 =v / g2

beta = 2 * arcsin(sqrt(xe**2 + yo**2)/ (k+1) / g2)

1
t2

arctan(- rn[@] / rn[1]) + pi
t1 - beta + pi

# R CH U FEAY G B A8 ]

out_theta = in_theta

out_time = beta * (1 / wl + 1 / w2)

C2 = out_theta * sqrt(out_theta®*2 + 1) + log(out_theta +
sqrt(out_theta**2 + 1)) - 2 * v * out_time / alpha

TR DO S A BRSO N6 ) S
def head(t):
theta = root(lambda x: x * sqrt(x**2 + 1) + log(x + sqrt(x**2
+ 1)) - C1 + 2*v*t/alpha, 18).x[@]
return theta

def tail(t):
theta = root(lambda x: x * sgrt(x**2 + 1) + log(x + sqrt(x**2
+ 1)) - C2 - 2*v*t/alpha, 10).x[@]
return theta

def post(t):
if t <= 9.
theta = head(t)
return alpha * theta * cos(theta), alpha * theta °*
sin(theta), theta, ©
elif t <= beta / wl:
X, ¥y =x0 - 2*1°rn[1] + g1 * cos(tl - t * wl), y@ +
2*1°*rn[@] + g1 * sin(tl - t * wl),
return x, y, sqrt(x*'*2 + y*'*2)/alpha, 1
elif t <= beta * (1/wl + 1/w2):
X, ¥ = -x8 + 1*rn[1] + g2*cos(t2 + (t - beta / wl) * w2),
-y® - 1'rn[@] + g2*sin(t2 + (t - beta / wl) * w2)

15




return x, y, sqrt(x**2 + y**2)/alpha, 2
elif t > beta * (1/wl + 1/w2):
theta = tail(t)
return alpha * theta * cos(theta + pi), alpha * theta *
sin(theta + pi), theta, 3

# 25 GE WA, AR T AL
def handle post(t):
x1, y1, thetal, flagl = post(t)
x_1st, y_1lst, theta_lst, flag_lst = [x1], [yl], [thetal],
[flagl]

R N

def func(t):

l=2.86

X, ¥, theta, flag = post(t)

return (x1 - x) ** 2 4+ (y1I - y) ** 2 - 1 *% 2

£t

t = root(func, t - 1).x[0]

x1, y1, thetal, flagl = post(t)

Xx_1st.append(x1); y lst.append(yl); theta lst.append(thetal);
flag_lst.append(flagl)

# G200 F
for _ in range(222):
def func(t):
1l = 1.65
X, y, theta, flag = post(t)
retiorn (X1 ~X) *% 2 + (yl -~ ¥} ** 2 -1 ** 2
t = root(func, t - 1).x[0]
x1, y1, thetal, flagl = post(t)
Xx_lst.append(x1); y_lst.append(yl);
theta_lst.append(thetal); flag lst.append(flagl)
return x_1st, y_lst, theta_lst, flag_lst

# 2 I A, RN A
def direction(x, y, theta, flag):
if flag == @:
rt = np.array([cos(theta) - theta*sin(theta), sin(theta) +
theta*cos(theta)])
return -rt / np.linalg.norm(rt)
elif flag == 1:
rt = np.array([y - y@ - 2*1*rn[0], x@ - 2*1°rn[1] - x])
return rt / np.linalg.norm(rt)
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elif flag == 2:
rt = np.array([- y® - 1*rn[@] - y, X + x@ - 1*rn[1]])
return rt / np.linalg.norm(rt)

else:
rt = np.array([cos(theta + pi) - theta*sin(theta + pi),

sin(theta + pi) + theta*cos(theta + pi)])
return rt / np.linalg.norm(rt)

# 20 TE T S B BE A ZAUF A0 AL B, SR T A8 A
def speed(x, y, theta, flag):

vl = v

speed = [v]

for i in range(223):
dl = direction(x[i], vy[i], theta[i],

flag[i]) # b —CF ATy m
d = direction(x[i+1], y[i+1], theta[i+1],
flag[i+1]) # X—FEEE )

|-

vector = np.array([x[i+1] - x[i], y[i+1] - y[i]]) # i
714
vl = root(lambda v: vi*(np.dot(dl, vector)) - v*(np.dot(d,
vector)), v1).x[0]
speed.append(vl)
return speed

s_time = (g1 + g2) * beta / v

# WSk
t = np.arange(s_time - 10, s_time + 10, 0.1)

max_list = []

32U R
for i in t:
# AR FE A
handle_x, handle_y, handle_theta, handle_flag = handle_post(i)

# IR
handle_speed = speed(handle_x, handle_y, handle_theta,
handle_flag)
max_list.append(max(handle_speed))

result.append(max_list)
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plt.plot(max_list, label=f'{v:.2f} m/s')

plt.legend(fontsize="large')

plt.title( {7 2bEAE A KM EE AL T A ', fontsize=22)
plt.xlabel('t', fontsize=16)
plt.ylabel(r'$v_{max}$', fontsize=16)

# Asbrim b

plt.tick params(labelsize=13)

plt.grid(linestyle="-"', linewidth=8.7, color='black', alpha=08.3)
plt.subplots adjust(top=0.9, bottom=8.1, left=0.1, right=0.9) # il¥*
niAle

# plt.savefig(' 17 &M AT RAEL L HA T . png', format="png', dpi=860)

plt.show()
plt.close()
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