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##4: dragon.py

Mik: W1-2F MR FME(EWE)

import nuspy as np

izport pandas as pd

izmport matplotlib.pyplet as plt

fron cath import =

froz matplotlib.font_canager izport FontProperties

ben_wid = 0.3 & HETF ()
ben_len_head = 3.41 & #4484 (2]
ben_len = 2.20 # # 45 % E#HL ¥ (2)
hole_dis = 0.276 & L EMLHH (=)
bhole_dia = 0.055 # L& Wi (n)
dra_len = 223 & & %

font = FontProperties(fnace="/Systes/Library/Fonts/Supplesental /Tizes New Rosan.ttf®)
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font2 = FontProperties(fnaze="/Systex/Library/Fonts/Supplezental /Songti.ttc™)

class Dragen():
def __init__(self, d=0.55,6 v0=1, theta0=32 * pi): & dH W HF (), vON £ L HEFAN (a/a)

self.d = d 8 (=)
self . v0 = v) & HRALEHFFH N (n/s)
salf thetal = thetad & ONf % 2L ¥ &EF A

self.ang = Nome & EF M A AR
self .pos = None # £F £45F R
self.vol = Nome & 59 3 4 7%

salf tira = Nema # H§IHE

8 i Fela)
def set_tize(self, t, need_vol=False):

solf time = ¢t & WIS MW

s ERALVEFLN

theta_n = salf head pos(t)

self .ang = [theta_n]

self .pos = [{self.arc_x(theta_n), self arc_y(theta mn)}]

if need_wvol:
salf.vol = [aalf.wd]
d_theta n = =2 « pi » self v0 / (self.d « (1 + theta_nes2)e+0 5}

s LRASERARWET. AEFEFLN
for n in range(223):
if n i= O
theta_n = self .next_pos(theta_n)
else;
theta_n = salf next_poa(theta_n, is_head=Trua}
salf ang. append(theta_n)
salf pos.append({salf.ave z(theta n), self are y(thata n)))

if need_wol:
theta_nl = self.ang[n]
theta_nl = self.angn + 1]

parl = 2 # theta n0 - 2 # theta_nl * coa(theta nl - theta m0) - 2 # theta_nd *

theta nl » sin{theta nl - theta_n0)
par? = 2 & theta nl - 2  theta n0 ¢ coa(theta nl - theta m0)} + 2 # theta_nd +

iz



65
66
a7
o8
He
70
7
72
73
74
75
76
17
78
79
£0
81
82
3
4
85
%6
87
88
89
90
a1
92
93
94
95
9%
07
og
a9
100
101
102
103
104
105
106
107
108

0%

theta_nl + sin(theta_nl = theta_n0)

d_theta nl = ={parl / par2) #* d_theta n

v =gelf.d / (2 * pi) = abs{d_theta_nl} * {1 + theta_nl+sZ2)*+0.5
gelf . vol.append(v)

d_theta n = d_theta_nl

& Wi E R
def judge_col{self}:
dis _pin = 1 & JF5EIEHE ()

8 HEELL—EARF—MEE
i max =0
vhile self angli sax] - self ang[0] <= 2 # pi:

1_max += 1
for i in range{d, i_max + 1}:
1i= 2,86 4f 1 == 0 else 1.85

¢ BEERLEE-E SR~ R

JO = i _max

while self.ang[j0] - self.ang[i] <= 2 # pi:
JO =1

# BEOENEAF R
8 FUTEE D
for j in range(j0 = 2, jO = 2):

1_f = 1.65

delta_ri = self.pos[i + 11[0] - self .pos[1] (0]
11[1] - self .pos[i][1]
11[0] - self.pos[j][0]
1]1[1] - self .pos[j][1]

*

delta_yi = self.pos[i

*

delta_xj = self.pos[j
delta_yj = self.pos[j

*

8= - delta_yi / 1_1 & sin(alpha}
cm = dalta xi S 1 1 & cos(alpha)

1 = self pos[i][0] + hele_ dis # ¢ - (ben_wid / 2) & 5
¥1 = self.pos[i][1] + hole_dis * s + (ben_wid / 2) = ¢
x2 = golf . pos[i + 1][0] - hole_dis # ¢ - (ben_vid / 2} *= s
y2 = palf.pos[i + 1][1] - hele_dis * 5 + (ben_wid / 2} * ¢

dial = abha(delta_yj * x1 - delta_xj * yl + self.pos[j + 11[0] » salf.poa(j][1] -
self posl(jl[0] » self pos(y + 11011) F 1_j
dia? = sha(dalta_yj * x2 - delta_xj * y2 + salf.paaly + 11[0] # salf.pes(jl(1] -

i3



gelf .pos[{100] * self.pos[i + 11011} / 1_9

10

11 if disl <= 0.15 or dis2 <= 0.15:
112 return True, min{disi, dis2)
113

114 dis_min = min(dis_min, disl, dis2)
115

Il return False, dis_sin

17

18 " MERARETHAEREAREER
1i9 def min_dis{self, t):

120

121 solf . sot_time(t)

122 dia_min = 1 # §F&EERE =)

123

124 o FH0E A S A —

125 jo=20

126 vhile self ang({0] - self angl[0] <= 2 » pi:

127 §0 4= 1

128

122 1.4 = 2.88

130 for j in range(j0 - 2, jO = 3):

131 1] = 1.65

132 delta_xi = self poa[1]1[0] - =elf.pes[0][0]

133 delta_yi = self.pos[1][1] - self.pes[0][1]

134 dalta_xj = self pos[j + 11[0] - self posljlfo]

135 delta_yj = self.pos[j + 1]1[1] - self .pos[j]1[1]

136

137 8 = - delta_yi / 1_1 @ sin{alpha)

138 cm = dalta xi S 1_1i & cos{alpha)

139

140 %1 = salf pos[0I[0] + hole dis = ¢ - (ben_wid / 2) # 5

141 y1 = self .pos[0][1] + hole dis # & + (ben_wid / 2} # ¢

142 x2 = solf . pos[1]1[0] - hole_dis = ¢ - (ben_wid / 2) = &

143 y2 = galf .poa[1][1] - hole_dias = 8 + (ben_wid J 2} = ¢

144

145 disl = aba(delta_yj * x1 - delta_xj = yl + self.poaly + 1]1[0] # salf.poalj][1] -
self .pos({100] » self pos(j + 11011} 7 1_j

146 diz? = sha(dalts_yj # x2 - delta xj * y2 + salf.poaly + 11[0] # salf.pealy](1] -
self.pos(1100] * self pos(j + 11[1]) / 1 4

147

148 dis_min = zin{dis_min, disl, dis2)

149

150 return dis_min

151

152 # ANEERAAE AL ETEPLASR

153 daf tizma_col({aelf):
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154
155
156
157
158
139
1ol
16l
162
163
lod
a5
Lo
167
(it
169

0
17
172
173
174
175
176
177
178
179
180
181
182
183
184
85
186
187
188
182
190
191
192
193
194
195
196
197
198
199
00

tize = O

8 EEdmiS
self. set_time(time)

while not self.judge_col()[0]:
tize += 1
self. sot_tize(tice)

return time, self.arc_riself.angl0]) & FLWEFHFLER

¢ ARAELHEFILWAL M Aetm
def arr_tize{self):
return binary_search(self.if arrive, 0, 421, incre=True)

& TARERRS(GEHKE)
def print_statusi{self}:

theta = np,linspace(d, 20 = 2 = pi, 1500)
x = gelf.d / (2 * pi} » theta * mp.cos{theta)
¥y = gself.d/ (2 % pi) » theta * np.sin{thsta)

x_lat = [ben_pos[0] for ben pos in salf. pos]
y.1st = [ben_pos[1] for ben_pos in self.pos]

plt.figurel}
plt.plot(x, y, color='black', linewidth=2, 6 alpha=0 5}

plt.scatter{x_lst, y_lat, color="red', marker=" ")

plt.xlabul{'l'}
plt.ylabel('Y")

plt.grid(True, alpha=0.3)
plt.show()}

P TRREAERGIHE)
def print_izg(self, save pth=ione, nagn=None, showsTrue, circlesFalse):

# save_pth RENE, B FRHE
& magn EFHAPL, RiLFHA

a = hole_dis

b= ben_wid / 2

8 FLE R
plt figura(figaize=(8, 8))
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01

202 s SHET

203 theta = np.linspace((, 16 = 2 * pi, 1500}

204 x=gself.d / (2 # pi} # theta * np.coa{theta}

05 y = self.d / (2 * pi) » theta * mp.sin{theta)

2o

w7 x_lst = [ben_pos[0] for ben_pos in salf.pos]

208 y_lst = [ban_pos[l] for ben_pos in self posl

it

20 plt plot{x, y. color='black', linevidth=2, alphas=d. 2)
211 plt.scatter{x_lst, y_lst, color='red', marker=' '}
212

213 s £HER

24 for i in range(223):

215

2l6 1i = 2.86 4f 4 == 0 alse 1.65

217

218 delta_zi = self pos[i + 1]1[0] - self pos[i](0]
o delta_yi = self.pos[i + 1][1] - self.posl[i][1]
20

221 & = = delta_yi / 1i # sin(alpha)

222 ¢ = = delta_xi / 1i # cos(alpha)

223

124 xl = galf . poaf1][0] +a ®# e -b + 2

225 y1 = self .pos[i](1] +a+ 5 +b * ¢

6 x2 = galf . posfL + 11[0] ~a v c-b * s

227 y2 = salf poaft + 1][1] ~a +8 +b * ¢

8 %3 = golf pos[i + 1][0] —a*c+b s

19 y3 = galf.poafi + 11{1] ~-a* a8 -b = ¢

230 x4 = self pos[i][0] +a=c+b s

Pl y4 = salf.pos[i]1] +a*#s5 - b * ¢

232

233 ract = [(x1, y1). (x2, y2}. (x3, ¥3). (x4, y4)]
134

235 x, ¥ = zip(*rect)

236 plt.plot(z + (x[01,), y + (y[0].}, 'b=")

237

38 if circle:

139 eirele = ple.Cirela({0, 0}, 4.5, colar='yallow’, f11l=Trus, alpha=0_5)
40 plt.gcal) add_artist{circle)

41

242 s ERERAE

243 plt.xlabel('X", fontproperties=font, size=1Z)

244 plt.ylabel('Y", fontproperties=font, size=12)

245

P plt.xticks(fontpropertiss=font, size=12)

47 plt_yticks(fontpropartiss=font, aize=12)
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248
249
250
251
252
153
154
255
256
257
258
259
260
26l
2632
263
264
265
266
267
p it
269
270
71
272
273
274
75
176
277
278
279
R0
p 3|
82
283
gt
285
X6
pi
i+
P
200
91
192
pik]
204

8 HRES

if magn is not Nome:
plt.xlim(-pagn, magn)
Flt.yliz(-zagn, magn)

& & EAs
8 plt.axis('equal') & ¥ % 4t & i i
plt.grid(Trus. alpha=0.3) & 35
if save_pth:

plt.savefig(save_pth, dpi=300)
if show:

plt.show(}
plt._closad)

b (MBI EE) ARELHEFAR

dof head pos(self, t):
parl = self thetal » (1 + self thetalesZ)eed &
par2 = log(self.thetald + (1 + self.thetalssl)ss( &)
paxd = 4 + pi + self. vl » ¢t / self .4

def fnlx):
return parl + par? - par3 - x * (1 + xe*2}ex0.5 - loglx + {1 + xee2)eu] E)

return binary_searchi{fn, 0, self.thetal, incre=Falaa}

¢ (HRER) AFALHEFRATRIAALEN
def 1f_sarrive(self, t):
ang = self. head pos(t)
if self arc_riang) <= 4.6:
raturn 1
else:
raturn -1

¢ (HBSHHK) ARLEELRETF AR

def next_pos(self, theta n, is_head=False): # theta n#§—&F#%
1 =286 if is head alse 1.65 % #ILIEH (=)
paral = (2 #» pi * 1 [ self d)es2

dof fnlx):
return theta_n++2 + x+s2 - 2 » theta_n * x * cos(x - theta_n) - paral

return binary_search(fn, theta_n, theta_n + pi, incre=True)
o (HEHE) MEERSa

daf arc_x(salf, are):

return salf.d / (2 « pi) # arec s cos{arc)
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195
06
X7
fratl:]
99
30
301
22
X3
304
5
Mo
w7
308
309
310
in
32
313
34
315
&1
317
318
319
320

32
313
324
315
3l
k7.
AR
319
330
331
332

o (HEEH) WEHESyER

dof arc_y(self, arc):

return self .d f (2 # pi} # arc + sin{arc)

¢ (MEEH) AESBYLE

def arc_r({self, arc):

roturn salf . d f (2 # pi) # are

e SN REH
def binary search{fn, lb, ub, incre, eps=le-8):

cur = {1b + ub) 7/ 2

vhila ub - 1b > apa:

cur_res = fnicur}

o HEHAH
if incre:

if cur_res < 0:

alif cur_rea > O

1b = cur

ub = cur

8 FEHAM

elss;

if cur _ras > O:

alif cur_res < O:

cur = {1b + ub} / 2

1b = cur

ub = gur

return cur

o ERNLHE
def testl):

if

dragen =

Dragon(}

dragen.set_tize(412)

dragon. print_ing{magn=4}

taat{}

LR L1
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oD = Th LA I Lab R =

=5

HfF4: dragonZ.py
M MA-5FEEEEE(SEL)

WEH

FRETHRNET RS, - — A8 -
B8 &7 FEdS0/205/9
Wt kT BM

izport nuzpy as mnp

izport pandas as pd

import matplotlib.pyplot as plt
izport matplotlib,.patches as patches
from math import =

froo zatplotlib font ranager icport FontProperties

i=port o

font = FontProperties(fnace="/Systes/Library/Fonts/Supplezental Tizes New Homan.ttf"}
fant2 = FontProperties{fnaze="/Systexz/Library/Fents/Supplezental/Songti.ttc™)

ben_wid = 0.3 # HE¥ =)
ben_len_head = 3.41 & H 444 (2
ban_len = 2.20 & & & 2 A REELE (=)
bole_dis = 0.276 # LERLEE (=)
hole_dia = 0,085 & 3.5 0 & (=)
dra_len = 223 & W %3

d=1.7# 8
r=4.50 @EEFPLER)

theta = 2 ¢+ pi o ¢ / d ¢ B Pthetaff
alpha = atan(theta) & [ alphait

Ri = 3 / sin{alpha) & 4 EE &
B2 = 3 / (2« sin(alphal)) # J @

e ANELER
Olx = r * cos(theta) - Rl = sin{theta + alpha}
Oly = r = gin(theta) + Al = cos{theta + alpha)

& 0 HECeE
02x = -r » cos(theta) + k2 » sin(theta + alpha)
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16
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l
62
63
64
65
6
67
68
L]
70
7
72
73
74
75
76
77
78
79
80
Bl
82
83
&4
85
86
87
88
89
90
9
Q2

02y = =r » gin(theta) = K2 » cos(theta + alpha)

s EAMALE
xl=4d / (2 # pi} #» theta # coa{theta}
yl=4d / (2 * pi} * theta » sin{theta)

& Sl ask
x3 = =-x1
¥3 = -yl

& HEENARE
x2wmxl /3 +x3e2 /)3
y2=y1 /3 +y2 =2 f3

elase Dragon():

def __init__(self, vO=1): & vON R L EEFA N (n/s)
self.d = d 8 & 1F(=)
self.v0 = vO # T AEWEFR W (n/s)

self.ang = None & {FF i 7 &
salf .pos = Noms 8 £F 2 4F R
self . vol = None & & F 3 B W&

salf, time = Noma # & g E

8 REHWela)
daf set_tize(self, t, need_volsFalse):

solf . time = ¢ & EI S FHOH

8 ARALHETRE

theta_n = galf head_pos(t)

self ang = [theta_n]

self .poa = [(melf arc_x(theta_n), self arc_y(theta m}}]

# EHALAARNEST. AREEFLR
for n in range(223):
if n = O
theta_n = self.next_pes{theta_n)
alse:
theta_n = self.next_pos(theta_n. is_head=True)
=elf.ang.append(theta_n}
salf pos. append((self. are x(theta n), self arc y(theta n)))



o3 o ARAEFAN

a4 if need_wvol == False:

as return

9%

97 A ARELNETRAY

g if self angloll0] == 1:

99 d_theta = -2 # pi * self. vl / d / sqrt(l + self.ang[0][1] »=» 2)

100 elif salf angl0][0] == 2:

101 d_theta = = galf . v0 f Rl

102 elif self ang[0][0] == 2:

103 d_theta = self.v0 / R2Z

104 elif self angl[0][0] == 4:

105 d_theta =2 * pi * self.v0 / d / sqrt(l + {(self.ang[0][1] + pi) *+ 2)

106 salf.vol = [aalf.v0]

7 d_theta_1 = d_theta

108

o9 d ARASEARENEST, RLEEFAR

10 for n in range(223):

11 1= 2.88 if n == 0 else 1.65

112 thetal = self angln][1]

113 thetaZ = self .angln + 1][1]

114 (x1, y1) = self.posn]

115 (x2, y2) = self.pos[n + 1]

Il

117 # W—EFLTFEI\ER(LENEFLETEAEA)

s if self anglnl[0] == 1:

e parl = thetal - theta? * cos(theta? - thetal) - thetal * theta2 * ain(thetaZ -
thetall}

120 par? = theta? - thetal * cos(theta? - thetal) + thetal * theta? # ain(thetaZ -
thetal)

121 d_thetal = -parl / par2 = d_theta

122 solf vol.append(self.d / (2 # pi} + abs(d_thetal)} *+ sqrt(l + thetal =+ 2))

123

124 s H—EFRTAREAL

125 olif self.ang[n][0] == 2:

126

127 s EWEFETAHER

128 if self angln + 11[0] == 2:

129 d_thetal = d_thata

130 self, vol.append(self . vollal)

131

132 t AHEFLETEAES

133 elif self.ang[n + 1][0] == 1:

134 xld = self.volln] * sin{thetal}

135 yild = -self.vol[n] # cos(thetal)

136 part = (x1 = d / (2 » pi) » theta? « cos(theta?)) » xid + {(y1 = d / (2 * pi)

* thata? « ain{thetaZ)) * yid
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137

138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

154

155
156
157
158
159
el
161l
62
163
164

4]
1467
168
(14
170
171
172
173
174
175

176

par2 = {(x1 = d / (2 = pi}) = thetal #» cos(theta2)) » {(cos(thetal2) = thetal2 »
sin(theta2)} + (y1 = d / (2 # pi) # thata? # sin{theta2)} + (sin({thetad)
+ thetaZ # cos{theta2}}

d_thetal = 2 » pi1 / 4 # parl / par2

self.vol.append(self.d / (2 * pi) * aba{d_thetal} * sqrt(l + thetaZ == 2})

s W—EFRTIEER
elif self anglnl[0] == 3:

L]
if

SHEFLETAHER

self.angln + 1][0] == 3:
d_thetal = d_theta
self . vol.append(self .velln])

 HEFATADER
elif salf angln + 1][0] == 2:

x1d = salf_vol[n] # sin{thetal}

yld = -gelf volln] + cos{thetal)

parl = {xl - Dix - R1 # cos{theta2}) * xid + (y1 - Oly - Rl * sin{theta2}} #*
¥id

par2 = (x1 - Oiz - Rl = cos(theta2)) » sin(theta2) - (yl1 - Oly - R1 =
sin{theta2)) * cos(thetaZ)

d_thetal = -parl / (Rl # parZ)

gelf . vol. append(abs(d thetal} * Ri)

" H—EERTREHEES
elif self ang[n][0] == 4:

L]
if

SHEFRTEHER

self angln + 11[0] == 4:

thetal, theta2 = thetal + pi, theta2 + pi

parl = thetal - thetal * cos(thetal - thetal) - thetal + thetal *+ sin(theta2
- thetal)

par2 = theta? - thetal * cos{theta? - thetal} + thetal * theta2 = sin(theta2
- thetal)

d_thetal = -parl / par2 » d_theta

self . vol.append(salf.d f (2 * pi) * aba{d_thetal) * sqrt{l + thataZ »+ 2}}

thetal, thetaZ = thetal - pi, theta? - pi

2 ENEFETHNER
elif self.angln + 1][0] == 3:

beta = thetal + atan(thetal + pi}

xld = self.velln] * cos{beta}

yid = gelf.velln] * sin(beta)

parl = {xl - O2xr + R2 #» coa(theta2)) » xid + (y1l - O2y + A2 # sin{thetal)) =»
yid

par2? = {xi - 02z + R2 # coa(theta®}) # sin(theta?) - (y1 - 02y + R2 »
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sin{thetal)) * cosi(thetaZ)

177 d_thetal = parl / (R2 # par2)

178 self . vol.append(abs{d_thetal) = A2}

179

(E.41) d_theta = d_thetal

181

182 # TREERRSCGERE)

183 def print_status(self):

184

185 o HES SR

186 ang = np.linspace{theta, 10 * 2 * pi, 1000}

187 xxl = d / (2 = pi) * ang * np.cos(ang)

188 ¥yl =d / (2 = pi) * ang * np.sinfang}

18 xx2 = -xxl

190 yyZ = -yvl

191

192 plt.figure(figaize=(5, 5)}

193

194 & EHSNBHER

195 plt.plotixxl, yyl. color='red’, linewidth=2, label='& A &5 ', alpha=0,5)
196 plt.plot(zx2, yy2, celor="blue', linewidth=2, label='& H 4", alpha=0.5)
197 plt.plot([], [}, color='black’, linewidthe2, label=' L&', alpha=d.B)
193

199 LR -2 b Ed

200 circle = plt.Circle({0, 0}. 4.5, color="yellow', fill=Trus, alpha=0.4)
01 plt.gea(). add_artist{circle}

202

203 & S5 I

4 # plt.scatter{0ix, Oly, color="black', marker=*.', alpha=0.5)

205 8 plt.scatter(02x, 02y, color='black', zarker=',',K alpha=0.5)

Mo

w7 LR R 2

s arcl = patches.krc((Dix, Diy). width=R1 * 2, height=R1 % 2, thetal=np.radZdeg{theta -

alpha = pi / 2}, thetaZ=np rad2deg(theta + alpha - pi / 2}, color="black®,
linewidth=2, alpha=0.5}

209 plt.geal) add_patchlarcl)
210
211 arc? = patches Arc((02x, 02y), width=R3 « 2, height=RZ +« 2, thetal=np.rad?deg(theta -

alpha + pi f 2), thetaZ=np rad2deg(theta + alpha + pi / 2), color='black®,
linevidth=2, alpha=0.E)

212 plt.gcal) . add_patch{arc2)

213

214 x_lat = [ben_pos[0] for ben_pos in self.pos]

215 y_1lst = [ben_pos(l] for ben_pos in self.pos]

216

217 plt. scatter{x_lst, y_lat, color='black’, parker=‘ ')
218
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219
I
221
2
123
el
115
16
237
8
119
30
131
232
33
pcti}
135
Pl
37
138
39
0
41
242
43
244
245
46
247
g
249
250
251
253
253
34
155
256
157
158
259

260
2l
Hi2

plt.azis('equal’}

plt.xlabel('X", fontpropertiss=font, sizes12)
plt.ylabel('Y", fontproperties=font, size=12}
plt_xticks{fontpropertiss=font, sire=12})
plt.yticks(fontproperties=font, size=12)

plt.grid(Trus, alpha=0.3)
plt.shouw()

# TENREBERARE)
dof print_ing{self, save_pth=None, zmagn=None, show=True):

# save_pth RIFRE, BATRE
# magn EFHAT G, RAFHA
8 show EFRT, KRR

& HLER
plt figure(figsize=(8, 8))

s RS SHES

ang = op.linspace(theta, 10 = 2 * pi. 1000
xxl = d f (2 = pi) = ang * np.cos(ang)

¥yl =d / (2 = pi) * ang * np.sin{ang)

xx? = -xxl

yy2 = -yyl

8 BN Ed N

plt.plot(xxl, yyl, color='red’, linewidth=2, label='d / @&, alpha=0,5)
plt.plot(xxZ®, yy2, color='blue', linewidth=2, label=' | ## ', alpha=0.5)
plt.plot([], [], color='black’', linewidthe=2, label='{ 5, alpha=0.E)

s SHELER
circle = plt.Circle({0, 0}. 4.5, color="yellow', fill=True, alpha=0.4)
plt.gcal) add_artist{circle}

LE L R
# plt.scatter{Dix, Oly, color="black', marker=".', alpha=0.5)
# plt.scatter(02x, 02y, color=‘black', marker=',k',K alpha=0 5)

8 SHWELEE

arcl = patches.krc((Dix, Oiy). width=Ri = 2, height=Ri * 2, thetal=np.radZdeg{theta -
alpha = pi / 2), thetalenp.rad2deg(theta + alpha - pi / 2), color="black’,
linewidth=2, alpha=0.5)

plt.gcal) .add_patch(arcl)

arc? = patches, kre((02x, 02y), width=R3 ¢ 2, height=R2 * 2, thetal=np.rad?deg(thata -
alpha + pi f 2), thetaZ=np. rad2deg(theta + alpha + pi / 2}, color='black®,
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linewidth=2, alpha=0.8}

263 plt.gea() add_patchiarc?)

Tod

265 a 2 EF

266 x_lst = [ben_pos([0] for ben_pos in self.pos]
%7 y_lat = [ben_poal1] for ben pos in self.pos]
it

269 plt.scatter(x_lst, y_lat, color=‘black’',6 carker='. ®
270

mnl o SHER

272 a = hole_dis

73 b= ben_wid / 2

174

75 for i in range(223):

7o

7 11 = 2. 86 1f 4 == (0 alsa 1.65

78

79 delta_xi = self pos[i + 1]1[0] - self pos[i](0]
IR0 delta_yi = self.pos[i + 1][1] - self.pos[1][1]
P2

282 & = = delta_yi / 1i # sin(alpha)

283 ¢ = = delta_xi / 1i # cos(alpha)

184

185 xl = galf . poaf1][0] +a ®# e -b + 2

286 y1 = self .pos[i](1] +a+ 5 +b * ¢

87 x2 = galf posli + 11[0] ~a v+ c-b * s
IR8 y2 = salf poaft + 1][1] ~a +8 +b * ¢
89 %3 = golf pos[i + 1][0] —a*c+b s
pali] y3 = galf.poafi + 11{1] ~-a* a8 -b = ¢
1 x4 = self pos[i][0] +a=c+b s

M2 y4 = salf.pos[i]1] +a*#s5 - b * ¢

%3

04 ract = [(x1, y1). (x2, y2}. (x3, ¥3). (x4, y4)]
5

g x, ¥ = zip(*rect)

w7 plt.plot(x + (x[0].,), y + (y[0].), ‘b=*}
98

09 8 W ERRE

300 plt.xlabel('X", fontproperties=font, size=12)
301 plt.ylabel('Y", fontproperties=font, sizes=12)
302

303 plt.xticks(fontproperties=font, size=12)

304 plt.yticks{fontproperties=font, size=12)

X5

300 # oA R

307 if =agn is not None:

308 plt.xli=(-=agn, =agn)
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30g
30
an
312
33
34
315
316
7
Rl
319
30
k7|
312
33
34
125
36
7
A8
R
330
33
332
333
334
335

37
338
LRl
340
3
342
343
344
345
b
£l )
348
348
350
51
is2
353
354
355

plt.ylic(=gagn, magn)

& BREN
# plr.axia‘equal’) & W W EHESHLH
plt.grid(Truwe, alpha=0.3)
if save_pth:
plt. savefig{save_pth, dpi=300)
1f show:
plt.show()
plt.closa()

¢ REHELER
def save_imga(self, start_t, end_t, save_pth="photosi®, magn=5):
for time in np. arange(start_t, end t + 1, 1):
print (*tize = ", tina)
salf set_tima(tiza)
salf.print_img{os.path. join(save_pth, f"{tizae}.png"), magn=magn, show=Falsa}

¢ (M EE) ARALNEFRE
def head pos(self, t):

s LTI AEH

if t <= O:
parl = thata # (1 + thetase2)e0 5
par? = log{theta + (1 + theta#+2}s+] 5}
pard = 4 » pi » self vl ¢ t [ salf d

def £nix):
return parl + par? - pard - x # (1 + xes2)}es0.5 - np.log{x + {1 + xex2)eed.5)

roturn 1, binary_search(fn, theta, theta * 2, incre=False)

§ETAENA

elif t < & *» alpha / (sinfalpha) = self.v0):
theta_n = theta + alpha - pi / 2 - self.wd » t / R1
return 2, thata_n

8 EFHEETA

elif t <9  alpha / (ain(alpha) * salf v0):
theta n = theta - alpha - pd / 2 + gelf . w0 # (t - 2 & alpha # Rl / self.vw0) S B2
return 3, theta_n

8 ETSUEs
aelse;
parl = theta # (1 + thetaseZ)}es0. 5
par? = log(theta + (1 + thetaes2)en0 5)
pard = 4 # pi % salf w0 ¢ (£ - 2 & alpha # (R1 + R2) / salf vd) [ salf.d

46



356

357 daf fn(x):

58 roturn x * (1 + x**+2}+40.E + np.log{x + {1 + x+s2)*#0.5} - parl - parZ - par3
159

ol return 4, binary_search(fn. theta. theta * 20, incre=True) - pi

30l

362 8 (MHES) LidEFBEl
03 def head ing(self):

364

365 RS SHES

366 ang = np.linspace{theta, & = 2 = pi, 1000}

367 x1 = d J (2« pi) » ang *= np.coslang)

308 yl=d / {2+ pi} » ang * np.sin(ang)

ol x2 = -x1

370 y2 = -yl

371

372 plt.figure(figaize=(5, 5)}

a7

74 2 EHENBHEY

375 plt.plot(xl, y1, color="red', linevidth=2,6 label='& ' 4 ', alpha=0.6)

76 plt.plot(z2, y2. celor="blue’', linewidth=2, label="& H&# "', alpha=0.5)

77 plt.plot([], [}, color='black’, linewidthe2, label=' LB, alpha=d.E)

378

379 LR -2 B ]

IR0 circle = plt.Circle({0, 0}. 4.5, color="yellow', fill=Trus, alpha=0.4)

X8l plt.gea(). add_artist{circle}

k)

a3 & S5 I L

384 plt.scatter{0ix, Oly, color='black', marker=".°, alpha=0.5)

385 plt.scatter(02x, 02y, color='black', carkex='.', alpha=0.5)

386

3BT LR R 2

g8 arcl = patches.krc((Dix, Diy). width=R1 * 2, height=R1 % 2, thetal=np.radZdeg{theta -
alpha = pi / 2}, thetaZ=np rad2deg(theta + alpha - pi / 2}, color="black®,
linewidth=2, alpha.'ﬂ.S}

k2 plt.geal) add_patchiarcl)

390

391 arc? = patches, Arc((DZx, 02y), width=R2 « 2, height=RZ & 2, thetalenp. rad?deg(theta -
alpha + pi f 2), thetaZ=np rad2deg(theta + alpha + pi / 2), color='black®,
linewidth=2, alpha=0. 6}

302 plt.gcal) . add_patch{arc2)

393

304 z =[]

395 ¥= (]

6

3097 for t in np. arange(-100, 101):

308 ang = salf head pos(t)
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99
400
401
402
403
404
405
406
407
08
409
410
a1
412
413
a14
415
116
417
118
419
420
an
422
a3
124
425
426
a27
28
429
130
431
43
433
434
435
136
437
138
430
440
441
4402
443
444
445

%.append(self .arc_x(ang})
v.append(self are_ylang))

plt.scatter{x, y, marker='s", color="black'}

plt.axia('equal®}

plt.xlabal('X", fontproperties=font, size=1Z)
plt._ylabal('Y*, fontproperties=font, sizes12)
plt.xticks(fontpropertiss=font, size=12}
plt_yticks({fontpropertiss=font, size=12}

plt.legend(prop=font2)
plt.grid(True, alpha=0.Z)

# plt.savefig(“Figure_ B.png*)
plt.show()

¢ (W EE) RELEERLETN
def next_pos(self, theta n, is_head=False): # theta n¥ ¥ —ZF 4

1= 2,86 if is head else 1.66 & 7 3L7E#& (2)

¢ H—EFLTEAES (IWNEFLTEARS)
if theta_n[0] == 1:

theta n = theta n[1]

parl = (2 % pi & 1 / self. d)+s2

daf fnix);
return theta n+s2 + x+e2 - 2 » theta n + x * cos(x - theta n) - parl

return 1, binary search(fn, theta n, theta n + pi, incre=Trua)
s H—EFETARER
elif theta_n[0] == 2:

xn = self . arc_x(theta_n}

yn = sgalf .arc_y(theta_n}

* AWEFATENEH
if dist{(xm, yn), (x1, y1}) <= 1

def fnlx):
parl = d / (2 # pi} * x * np.coa(x)
par2 = d / (2 * pi) & x « op.sin(x)
return (mm - parl)**2 + (yn - parZ)+eZ — le=2
return 1, binary_search(fn, theta n[1], theta _n[1] + pi, imcre=Trua)

2 EWMEFOTAENEN

48



Mo alsa:

M7 dalta_theta = 2 » asin(l / (2 # R1))

448 return 2, theta_n[i] + delta_theta

449

450 :N—EFRTIHEER

451 elif theta n[0] == 3:

452 xn = salf .arc_x(theta_n}

453 yo = galf arc y(thata n)

454

455 " ENEFETREER

456 if dist{(xn, yn), {(x2, y2}) <= 1:

457

458 def fnfx):

459 parl = xn - Oix - R1 * np.cos(x)

460 parZ = yn - 01y - Rl * np.sin(x)

461 raturn pariss + parZeel - 1we3

462

463 raturn 2, binary search(fn, theta - algha - pi / 2, theta + alpha - pi / 2,
incre=True)

464

465 P ANEFLTEER

466 else:

467 delta_theta = 2 » agin(l / (2 = RZ))

468 raturn 3, theta_nf[1] - dalta_theta

4ot

470 o - EFRTFEEER

471 elif theta_n[0] == 4:

472 xn = self arc_x(theta_n)

473 yn = self are_y(theta_n}

474

475 # ENEFRTHEER

476 if dist{(xm, ym), (x2, y3)) <= 1 and theta nll] <= theta:

477

478 def fnlx):

479 parl = xn - O2x + B2 * np.cos(x)

480 par2 = yn - 02y + K2 » np.sin(x)

481 return parl#+2 + parZ+e@ - l+eZ

482

483 return 2, binary asaveh(fn, thets - alpha - pi / 2, thata + alphs - p1 f 2,
incre=False)

484

485 * ANETRLTREES

480 alsa:

487 theta_n = theta_n[1]

488 parl = (2 #» pi ® 1 / salf. d)weZ

489

490 daf fnlx):

49



491 roturn (theta_n + pi)**2 + (x + pi)es2 = 2 » (theta_n + pi) = (x + pi) #
cogl{x - theta n) - parl

492

493 return 4, binary_search(fn, theta_n - pi, theta_n, imcre=False)
494

495 ¢ (HBER) AR IR

496 def arc_x(self, arc):

497

498 # {3 Fa AR

409 if arc[0] == 1:

S0 return self.d / (2 » pi} * arcl] * cos(arc(1]}
501

502 8 ETAEEN

503 elif arc[0] == 2:

504 return Olx + E1 * cos{arc[1])

505

506 L FHAEER

07 elif arc[0] == 3:

08 return O2x - R2 » cos{arc(i]}

9

510 dATEHES

511 elif arc[0] == 4:

512 return self.d / (2 # pi} * (arc[1] + pi} * coslarc[i])
513

514  (HPRSH) ARER Y LR
515 def arc_y(self, are):

Sle

217 a8 T &N

518 if arc[0] == 1:

519 return self.d / (2 = pi) *= arc(i] = sinlarc(1])
520

521 A EFARET

522 elif arc[0] == 2:

23 return Oly + Ri » sin{arc[1]}

524

525 s L FLHER

526 alif arc[0] == 3:

527 raturn 02y = K2 » sinarc(1])

A2

529 8 TGS

530 elif arc[0] == 4:

531 return self.d / (2 =« pi} = {arc[1] + pi} * sindarc[i])}
532

533

534 (8 —oPEEY
535 def binary search{fn, lb, ub, incrs, aps=le-8):
536

50



537 cur = (lb = ub) [ 2

538

539 while ub - 1b > eps:
540

541 cur_res = fnlcur}
542

543 & FEHAN

5a4 if incre:

545 if cur_res < 0:
Sl 1b = cur

547 elif cur_res > O:
548 ub = cur

549

550 o HEHAM

551 alsa:

552 if ecur reas > O
553 1b = cur

354 elif cur res < O:
555 ub = cur

556

557 cur = {1b + ub} f 2
558

559 return cur

560

51 & AWM EMER

567 | def dist(pl, p2):

563 return ((p1[0] - p2[01)++2 + (p1[1] - p2[1))#+2)es0.5
564

565

566 (& N MEHH

567 daf test{):

568 dragon = Dragon()

569 dragon. set_tize(300)

570 dragon.print_izg{zagn=8)
571

312

573 |Af __name__ == '__pain__"':

574 test ()

T4 problesl_l.py
Fik: AHO-200sLEEFLE

from dragon import =

R P N S

col 0= [z (a)", "H&ky (a)']

51



O =] 3 W L W R =

=3

for 1 in range(l, Z22):
col 0.append(f ' W{i} WA = (=2)')
col_O.append(f' #{i} ¥ £ &y (2)')
col _D.extend{[' K Bx (m)', "HMy (=)', "R (F)x (=)', "AR (E) vy (=)'}

data = {"': col O}
dragon = Dragon()
for tizse in range({301}:

if tize ¥ 10 == O:
print (£" P, fi #ff {tine}s")

dragon. set_time{tiza)

xy_lat = [1

for z, v in dragon.pos:
xy_lst.append(x)
xy_lst.append(y)

datalf'{tize} s'] = xy_lst

df = pd.DataFrase{data)
df .to_csv{'resultl_pos.csv', index=Falsae)

# ¥ £: problesl _2.py
Had: AMO-300aFEFHAL
frem dragem import e
col 0= [*Rd (=/8)']
for 1 in range(l, 2Z22}:

col 0.append(f M {i1 ¥ A& (=/s)')
col_O.extend([* £ K (a/s)'. "&E (BE) (=/2)']}

data = {""': eol O}
dragon = Dragon{)
for time in range(301}:

if time ¥ 10 == O;
print (" A H{tizels")

52



2
22

24
25
26

L= - R R

=5

o0 o=l T LA Bk W R =

=3

dragon.set_tize(tize, need_vol=True)

datalf‘{tize} 5'] = dragon.vol

df = pd.DataFraze{data)
df . to_cav{'resultl_wol.csv', index=False)

F#E: probles?_i.py
Fsk: EFEARSEEHR

froz dragon izport =

dragen = Dragoen()

def check_col(start, end, step):
for tize in np.arange(start, and, stap):
dragon.set_tize(tize)

eoll = dragen. judge_col()
print{*tize = ", time, " if_collisiom = *, coll[0],

check_col{412,. 413, 0.1}

T4 probles? 2.py
M ARaGBEAEETHEEFER

from dragon izport *

col_time = d1%2. 47353777 & @53 (a)

dragen = Dragen()
dragon.set_tize{col_tize, need_vol=True}

eol 0= ['R 4]

for 1 in range(l, 223}:
col_O.append(f W {1} ¥ £ &)

col O extend(" AN, *AR (E) ']

data = {"': col_0O}F

* min_dis = ", coll[i])

data['# &d5x (=2)'] = [ben_posa[0] for ben_pos in dragon.pes]
datal' ¥ %45y (s)'] = [ben_pos(1] for ben_pos in dragen.pes)

datal'# % (=/8)'] = dragon vol

df = pd DataFrasze(data)
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24

oo =l T L e W R =

=3

df .to_csv('resultl_all.csv', index=False)

i:-.i:"'t': ?rﬂblaﬂ.py

Mi#: RRESNETEE AL NERL-HE
from dragen izport #

from sko.PSD izport PSO

def min_pitch{start, end, step, figi=False,K figZ=False}:

for d in np arange(start, end, step):
dragen = Dragon(d=d)
time = dragon.arr_time{}
print (£ 4 54 55 ¥ (d)a")

pso = P30{func=dragon.min _dis, n_diz=1, pop=40, max_iter=50, lb=0, ub=time, w=0.8,
el=0.5, ¢2=0.5)

pao.runi)

dizt = pac.ghesat_y

print("best_x is ', pso.gbest_x, 'best_y is', pso.gbest_y)

# fr

1f figl:
xx = np.linspace(0, tize, 1000}
y¥ = np.array{[dragon. =in_dia{x) for x in xx])
plt.figurel}
plt.plot(xx, yy)
plt.plot(psc. ghest_x, pso.gbest_y, 'sr')
plt.xlabal('8 ¥t(s)', fontpropertissm=font?, size=12)
plt.ylabel ("AERBES M RER P LA BBET R, fatpropertiesafont?, sizewll)
plt.xticks{fontproperties=font, size=12)
plt.yticks(fontproperties=font, size=12)
plt.savefig(*Figure 4. .png", dpi=300)
plt.show()}

# fFE2

1f Figa:
plt figure(figaize=(7, 5))
plt.plot(pso. ghest_y_hist)
plt.xlabel (' & F Efk {70 8, fontproperties=font2, size=12)
plt.ylabel(' ¢ ER{EH & @81, fontproperties=font?, size=12)
plt.xticks(fontproperties=font, size=12)
plt.yticks({fontproperties=font, size=12)
plt.savefig("Figure_&€.pog". dpi=300)
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44 plt.shou()

45

46 if dist > 0.15;

47 break

48

49

50 [Af __name == ' main__':

51 zin_pitch{0.45, 0.46, 0.001}

Hf4: problesd_ 1
Fak: A#-100-100sF EFHAN

froz dragonZ icport *

col 0= ["Hix (m)°, "Ry (@)*])
for 1 in rangae(l, 222):
col_O.append(f' ${i1H £ &= (=)')
col_0.append(f' M {1} ¥ £ by (2)')
col 0.extend{['# Bz (=)', ‘2 By (@)'. 'AR (F) z (=)', "AR (F) v (=)}'D

WO - Th BA L W R =

EEES

data = {'': col O}

=

dragon = Dragon()
for tize in np.arvange(-100, 101, 1}:

— = e e
0D =0 Th LA

if time ¥ 10 == 0:
print (£" E. 5L i # {tize}s")

B b =
= W

dragon. set_time{tima}

xy_lst = [1

for %, ¥ in dragon.pos:
xy_lst_append(x)
xy_lst.append(y)

Pt e B b Bl B
=5 o e L T R

datalf*{time} &"] = zy_lst

[ ]
L=

df = pd.DataFraze(data)
df . te_eav('resultd_pos.cav', index=Falsa)

Lt
=

H g problend_2.py
ik HHE-100-100s8 FF iFAH

fron dragon? icport *

oA B lah R =

35



WD = R La e W R =

=5

col 0= "R (af5)']
for 1 in range(l, 222):
col_O.append(f' {1 ¥ £ & (a/s)')
ol D.extend([" R (=/a)'. "£R (E) (=/2'D)

data = {""': col_0}

dragen = Dragon(}
for tizme in np.arange(=100, 101, 1):

if time ¥ 10 == O:
print (£" £, 2 # 5 {tine}s")

dragen. set_time(tize, need_vol=Trus)

data[f*{tiza} 2] = dragen.wvel

df = pd.DataFraze{data)
df . to_csv({ 'resultd_vel.csv', index=False)

4 probless py
Ha: AMEREFRAAN

froz dragon? ispert #
dragon = Dragon(}

& RAEB ML
daf max_ve(tize):

dragon.set_tize(tize, need_vol=True)
return zax{dragen.vol)

& R R AR
daf max_v{start, end, step, save_pth=Nome):

glo maxr v = 0 & &N AHAN
pax_tizme = O & A 3 o K B W)

for tize in np.arange(start, end, step):
dragon.set_tize(tize, need_volsTrue)
cur_max_v = max{dragom.vol)

if cur_max v > glo _=max_w:
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27 glo_max_v = cur_pax_v

I8 Dax_tize = tize

29

30 print{*tize = *, time, ™ pax_v = ¥, our_max_v)
3

32 print{glo max v, max_tice}

33

3 plt. figure(figesze=(20, T})

as

3o xx = np. arange(start, and, step)

a7 yy = [zax_wvt(x)} for z in xx]

3B plt.plotixz, yy. color='800CEDT', linewidthe2)

40 plt.xlabel(' i 5 t{s)', fontproperties=font2, size=12}

41 plt.ylabel('# F & 43 ¥ (n/s)". fontproperties=font2?, size=1%)
42 plt.xticka(fontproperties=font, size=1%)

43 plt.yticks(fontpropertiss=font, size=12)

44

45 plt.gridiTrue. alpha=0.3}
46 if save pth:

47 plt.savefig{save_pth, dpi=300)
45 plt.show(}

49

50

51 |8 =4 ENECRBAM
52 def ternary searchi(fn, 1lb, ub, eps=le-8):

53

54 vhile ub - 1b >= aps:
55

56 margin = {ub - 1b) / 3
57

58 #1 = 1b + sargin

59 x2 = ub - margin

Gl

al if fonixl) <= fni{x2):
62 1b = x1

a3 alsa:

[ ub = x2

65

i roturn (1b + ub) / 2
a7

63

69 |8 SN RERRA AN
70  deof main(save_pth=None, show=True):

72 t = ternary searchisax wve, 14, 1E)
73 f_t = max_wve{t)

57



74
75
76
77

-
f

19
B0
81

£2
B3
B4
B3
Bo
BY
B8
B9
20
a1

92
23
94
o5
ko]
97
98

if __nama == ' _ pmain__

print{t, f_t)

if show:

plt.figure()

xx = np.arange{14, 15, 0.01)
¥y = [zax_vt{x) for x in xxl
plt.plot(xzx, vy, color='S#00ATEZ', linewidthe2)

plt.plot{t, f_t, sarker='+', color='red")

plt.xlabel('if Mt(s)', fontproperties=font2, size=12}
plt.ylabel(' & 58 4 & i (n/s)' ., fontproperties=font2, size=12)
plt.xticks{fontproperties=font, size=12)
plt_yticks(fontpropartiss=font, aize=13}

plt.grid(True, alpha=0.3)

if save_pth is not None:
plt.savefip(save pth, dpi=300)

plt.show()

L

zain{save_pth="Figure_10.png™}
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