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FHICFBRR AT R 3%
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3%

B SR AR H 5
1. b B A

2. AREEE

B £-i7py

E £=i301).py

E £=302).py

E £==03)py

E £=i34).py

E E—mc)3rmsnE py
B S0mE)sa S py

B S=miz2)gE py
& Emi=e)yEE py
& =ruiE4).py
& $miEs).py
& Z579iE)(6).py
& 0mE7).py
& 5mi=)e).py
& =509iE)(9).py
B =—=01).py
AR 73
I
1. import pandas as pd
2.  import numpy as np
3. # VIRt BH
4. Do =70
5. theta = 120
6. alpha = 1.5
7. d = 200
8. d = d*np.sin(np.radians(9@-theta/2))/np.sin(np.radians(90-alpha+theta/2))

9. distances = np.array([-800, -600, -400, -200, 0, 200, 400, 600, 800])

10. p= D_@ - distances * np.tan(np.radians(alpha))

11.

12. print(D)

13.

14. wW=D*np.sin(np.radians(theta/2))*( 1/np.sin(np.radians((180-theta)/2+alpha)
) +1/np.sin(np.radians((180-theta)/2-alpha)))

15. print(w)

16. n=1-d/W

17. print(n)

18. # €% DataFrame A T-{ff745 5

19. df = pd.DataFrame({'MZkEEA 0 S ANKIFEES /m' : distances})
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LS ——

20.
21.
22.
23.
24.
25.

=] P

A 0 Pl 2 [ o

80 - B))
8.
0.
*180/np.
10.
11.
12.

df[ " #EKIEEE/m'] = D

df[ "L/ m'] = W

df[" S KA ESH/%'] = n

# # ¥ DataFrame fRfFA Excel ff

# path=r'C:\Users\PC\Desktop\resl.xlsx"
# df.to_excel(path, index=False)

import pandas as pd
import numpy as np
def get_width(B):
# Wk Z 4
D 0 = 120 # WJEIRE (A m)
alpha = 1.5 # J& (FAf7. J¥)
D = D_© - distances * np.tan(np.radians(alpha)) * np.cos(np.radians(1

theta = 120 # HEedRMFM C(hi: B
alpha= np.arctan(abs(np.sin(np.radians(B)))*np.tan(np.radians(alpha)))
pi
print(D)
W =D * np.sin(np.radians(theta / 2)) * (
1 / np.sin(np.radians((180 - theta) / 2 + alpha)) + 1 / n

p.sin(np.radians((180 - theta) / 2 - alpha)))

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

=]

(1).

V0N L AW

10.
11.
*180/np.

print (W)

return W
distances = np.array([0, 0.3, 0.6, 0.9, 1.2, 1.5, 1.8, 2.1])
distances = distances * 1852
print(distances)

angle=[0,45,90,135,180,225,270,315]

W=[]

for i in angle:
W.append(get_width(i))

# 1% DataFrame fR1fN Excel Xff
path=r'C:\Users\PC\Desktop\res2.xlsx"
pd.DataFrame(W).to_excel(path, index=False)

import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
plt.rcParams['font.sans-serif']=['SimHei'] #& /"L
def get_width(B,D_0):

# W24

alpha = 1.5 # 3% CHfy: )

D=Do
theta = 120 # #AEEIIFMA (A BD
alpha= np.arctan(abs(np.sin(np.radians(B)))*np.tan(np.radians(alpha)))
pi
22



12.

13. print(D)

14.

15. W = D * np.sin(np.radians(theta / 2)) * (

16. 1 / np.sin(np.radians((188 - theta) / 2 + alpha)) + 1 / n
p.sin(np.radians((180 - theta) / 2 - alpha)))

17.

18. print (W)

19. return W

20.

21. angle=np.linspace(®,360,360)

22. W=[]

23. for i in angle:

24. W.append(get_width(i,150))

25.

26. print(w)

27. plt.plot(angle,W)

28.

29. plt.scatter(90,W[89],color="r")

30. plt.scatter(270,W[269],color="r")

31. plt.text(90,W[89], '({}, {})'.format(90,W[89]))
32. plt.text(270,W[269], '({}, {})'.format(270,W[269]))
33.

34. angle=np.linspace(®,360,360)

35. w=[]

36. for i in angle:

37. W.append(get_width(i,149.5))

38.

39. print(w)

40. plt.plot(angle,W)

41.

42. plt.scatter(90,W[89],color="r")

43. plt.scatter(2706,W[269],color="r")

44, plt.text(90,W[89], '({}, {})'.format(9e,W[89]))
45. plt.text(270,W[269], '({}, {})'.format(270,W[269]))
46.

47. plt.xlabel("/AFEHE")

48. plt.ylabel("ZBH5EE")

49. plt.show()

Q).

return np.cos(np.radians(a))
0. def tan(a):
1 return np.tan(np.radians(a))

1. import pandas as pd

2. import numpy as np

3. import matplotlib.pyplot as plt
4. plt.rcParams['font.sans-serif']=['SimHei'] #i/xtC
5.

6. def sin(a):

7. return np.sin(np.radians(a))
8. def cos(a):

0.

1

11.

23



3).

12.

13. angle=np.linspace(®,360,360)

14. low=118-2*1852*np.tan(np.radians(1.5))

15. high=110+2*1852*np.tan(np.radians(1.5))

16.

17. alpha = 1.5 # ¥ (ffi. Ji)

18. theta = 120 # HeREMRMIFM Cfr: B

19.

20. n=np.linspace(0.1,0.2,100)

21. cnt=[]

22. for i in n:

23. x = sin(theta / 2) * cos(alpha) * high / (sin(90@ - theta / 2 - alpha)
+ sin(alpha) * sin(theta / 2))

24. x = high - x * tan(alpha)

25. print(x)

26. ans = []

27. ans.append(x)

28. A = sin(9@ - theta / 2 + alpha)

29. B = sin(9@ - theta / 2 - alpha)

30. C = sin(theta / 2) / A - 1 / tan(alpha)

31. D=1 * sin(theta / 2) * (1 /A + 1/ B) - sin(theta / 2) /B -1/t
an(alpha)

32.

33, while True:

34, X=x*C/D

35. if x < low:

36. break

37. ans.append(x)

38.

39. # print(len(ans))

40. cnt.append(len(ans))

41. # print(ans[-1])

42.

43. n=np.array(n)

44. print(n)

45. print(cnt)

46. plt.plot(n,cnt,color="r")

47.
48.
49.
50.

Nl ©2 Rl O gl = Rl I [y

plt.xlabel("ARIEEER")
plt.ylabel ("L ")

plt.show()

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
plt.rcParams['font.sans-serif']=['SimHei'] #&xH

def sin(a):

return np.sin(np.radians(a))
def cos(a):

return np.cos(np.radians(a))

24



10. def tan(a):

11. return np.tan(np.radians(a))

12. def get Wleft(D):

13. return D*sin(theta/2)/sin(9@-theta/2-alpha)
14.

15.

16. angle=np.linspace(0,360,360)
17. low=110-2*1852*np.tan(np.radians(1.5))
18. high=110+2*1852*np.tan(np.radians(1.5))

19.

20. alpha = 1.5 # ¥ (. B

21. theta = 120 # HeAEASMIITAM CRALL: JE)
22.

23. n=0.1

24. cnt=[]

25. x = sin(theta / 2) * cos(alpha) * high / (sin(9@ - theta / 2 - alpha) + s
in(alpha) * sin(theta / 2))

26. x = high - x * tan(alpha)

27. print(x)

28. ans =[]

29. ans.append(x)

30. A = sin(90 - theta / 2 + alpha)

31. B = sin(9@ - theta / 2 - alpha)

32. C = sin(theta / 2) / A - 1 / tan(alpha)

33. D=n * sin(theta / 2) * (1 / A+ 1/ B) - sin(theta / 2) / B - 1 / tan(a
1pha)

34,

35. while True:

36. X=Xx%*C/D

37. if x < low:

38. break

39. ans.append(x)

40.

41. # print(len(ans))
42. # print(ans[-1])
43. index=np.arange(len(ans))
44. ans=np.array(ans)

45. dis=[]

46. for i in range(len(ans)-1):

47. dis.append((ans[i]-ans[i+1])/tan(alpha))
48. for i in range(len(dis)-1):

49, dis[i+1]+=dis[i]

50.

51.

52. # plt.scatter(index,ans,color="g")
53. # plt.xlabel("MZ%s")

54. # plt.ylabel("7/KiE")

55. # plt.show()

56. print(dis)

57. dis.insert(o,0)

58. dis=np.array(dis)/1852
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4.

59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

Nl C2 Rl O Kl = Rl N Lon

N I NS I O T O T N T e e e e S S e
5= Radl [N Faull © Rl €9 i N Bl o™ Rl lagll &

y=np.zeros(len(dis))

# plt.scatter(dis,y,marker="x",s=10)

plt.xlabel ("&MZHIKTHIE")

plt.ylim(-1.2,1.2)

plt.yticks(alpha=0)

plt.tick_params(axis='y', width=0)

y=np.linspace(-1,1,10000)

for i in range(len(dis)-1):
x=np.full((1,10000),dis[i])
plt.scatter(x,y,s=0.0001,color="c")
tx=np.linspace(dis[i],dis[i+1],1000)

if i %2==0:
ty = 1
else:
ty=-1

ty = np.full((1, 1000), ty)

plt.scatter(tx, ty, s=0.0001, color='c')
x=np.full((1,10000),dis[-1])
plt.scatter(x,y,s=0.0001,color="c")
plt.show()
path=r'C:\Users\PC\Desktop\#i & .x1sx"

# pd.DataFrame(dis).to_excel(path)
# # path=r'C:\Users\PC\Desktop\7K{#.x1sx"
# # pd.DataFrame(ans).to_excel(path)

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
plt.rcParams['font.sans-serif']=["'SimHei'] #&E /R~

def sin(a):
return np.sin(np.radians(a))
def cos(a):
return np.cos(np.radians(a))
def tan(a):
return np.tan(np.radians(a))
def get_Wleft(D):
return D*sin(theta/2)/sin(90-theta/2-alpha)
def get_WRight(D):
return D*sin(theta/2)/sin(90-theta/2+alpha)

angle=np.linspace(9,360,360)
low=110-2*1852*np.tan(np.radians(1.5))
high=110+2*1852*np.tan(np.radians(1.5))

alpha = 1.5 # 3 (i )
theta = 120 # ¥RedsiIrMA CRAL: D

n=0.1
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25. cnt=[]

26. x = sin(theta / 2) * cos(alpha) * high / (sin(9@ - theta / 2 - alpha) + s
in(alpha) * sin(theta / 2))

27. x = high - x * tan(alpha)

28. print(x)

29. ans = []

30. ans.append(x)

31.

32. while True:

33. high=x-(get_WRight(x)-(get_WRight(x)+get_Wleft(x))*n)*sin(alpha)

34. x = sin(theta / 2) * cos(alpha) * high / (sin(9@ - theta / 2 - alpha)
+ sin(alpha) * sin(theta / 2))

35. x = high - x * tan(alpha)

36. if x<low:

37. break

38. ans.append(x)

39.

40. print(ans)
41. print(len(ans))
42. print(ans[-1])
43. index=np.arange(len(ans))
44, plt.scatter(index,ans,color="g")
45. plt.xlabel("MZ4iS")
46. plt.ylabel("/Kix")
47.
48. plt.show()
49. # path=r'C:\Users\PC\Desktop\7Ki%.x1sx"
50. # pd.DataFrame(ans).to_excel(path)
51. # # path=r'C:\Users\PC\Desktop\7Ki%.x1sx"
52. # # pd.DataFrame(ans).to_excel(path)
5).
import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
def sin(a):
return np.sin(np.radians(a))
def cos(a):
return np.cos(np.radians(a))
def tan(a):
return np.tan(np.radians(a))
def get_Wleft(D):
return D*sin(theta/2)/sin(90-theta/2-alpha)

Nl ©2 Rl O Rl = Bl [ fou

—_ = e
5= Rad ™ el E

angle= 90

alpha = np.linspace(9.5,10,100)
theta = np.linspace(990,150,100)
x_d=70

w=[]

for 1 in alpha:

DN = = ek =
S© XN W

for j in theta:
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21. w.append(x_d*sin(j/2)*(1/sin(90-3/2-1)+1/sin(90-j/2+1i)))
22. print(w)
23. w=np.array(w).reshape(100,100)
24. alpha, theta = np.meshgrid(alpha, theta)
25.
26. # OlgE=4E R X RANALKR
27. fig = plt.figure()
28. ax = fig.add subplot(11l, projection='3d")
29.
30. # ZH=4EE
31. ax.plot_surface(alpha, theta, w, cmap='viridis')
32.
33, # WEAHIRE
34. ax.set_xlabel('alpha')
35. ax.set_ylabel('theta"')
36. ax.set_zlabel('w')
37.
38. # BoRER
39. pilt.show()
VT
(1) WA ek
import pandas as pd
import numpy as np
import matplotlib.pyplot as plt

plt.rcParams['font.sans-serif']=['SimHei'] #Z/xH L

path=r'C:\Users\PC\Desktop\Pf{}.x1sx"

O fech o W ) U IRl —

df=pd.read_excel(path)
. x=np.array(df.iloc[@][2:],dtype="float64")

—_—
D = O

- y=[1
. for i in range(1,df.shape[0]):
y.append(df.iloc[i][1])

—
N D B W

. y=np.array(y,dtype="float64")

—_—
29 bl

X=Xx*1852
. y=y*1852

N D —

. path=r'C:\Users\PC\Desktop\ ¥ .x1sx"
. df=pd.read_excel(path)
. Z=np.array(df.iloc[@:][0:],dtype="float64")

NSRS I \S IS

. print(x)

\®)
N

. print(x.shape)

\9}
3

. print(y.shape)

. print(Z.shape)

. data=[]

. for j in range(len(y)):

W N o
S O 0

28



31. for i in range(len(x)):

32. t=[x[1i],y[31,2[31[i]]

33. data.append(t)

34. data=np.array(data)

35. print(data.shape)

36.

37. import numpy as np

38. import matplotlib.pyplot as plt

39. from mpl_toolkits.mplot3d import Axes3D

40. from sklearn.ensemble import RandomForestRegressor
41. from sklearn.model_selection import train_test_split
42. from joblib import dump, load

43. def get_model(data):

44, X = data[:, 0:2]

45. y = data[:, 2]

46.

47. # Bl &

48. X_train, X_test, y train, y test = train_test_split(X, y, test size=0.
2, random_state=42)

49.

50. # BB

51. rf = RandomForestRegressor(n_estimators=100, random_state=42)

52.

53. # IR

54. rf.fit(X_train, y_train.ravel())

55.

56. # T

57. y_pred = rf.predict(X_test)

58.

59. # UPAb AR

60. score = rf.score(X_test, y test)

61. print(f"R”2 Score: {score}")

62.

63. # 2 IR R TR 25 SRR S PR 2 SR

64. fig = plt.figure()

65. ax = fig.add_subplot(111, projection='3d")

66. ax.scatter(X_test[:, 0], X test[:, 1], y test, label='True')

67. ax.scatter(X_test[:, @], X_test[:, 1], y_pred, label='Predicted', mar
ker="7~")

68. ax.set_xlabel('Feature 1')

69. ax.set_ylabel('Feature 2')

70. ax.set_zlabel('Target')

71. ax.legend()

72. plt.show()

73. return rf

74.

75. rf_height=get_model(data)

76. print(rf_height.predict([[30,30]]))

T7. # fRA7FRE

78. dump(rf_height, 'height_random_forest_model.pkl')

(2) BhPE
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Nl C2 Rl O Bedl o= Rl N Lan

(OSERUS RIS I US IRUSIE NS I NS I (O I SO I NS I NS I NS I S R N R S R e e I S e e e
EOR A SCR IS OEON SRS xIanrtlES

2.0

35.
36.
37.
38.
39.
40.
41.
42.

2.0

43.
44,
45.

46.
47.
48.
49.

import numpy as np

from scipy.interpolate import interp2d

import pandas as pd

path=r'C:\Users\PC\Desktop\& /& .x1sx"

df=pd.read_excel(path)

Z=np.array(df.iloc[0:][0:],dtype="float64")

import numpy as np
import numpy as np

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

from sklearn.ensemble import RandomForestRegressor

from sklearn.model_selection import train_test_split

from joblib import dump, load

def compute_normalized_gradient(array):

gradient_y

normalized_gradient_x
normalized_gradient_y

n = array.shape

for i in range(m):
for j in range(n):

# THE x Ty KR
if j ==
gradient_x[1i,
elif j == n - 1:
gradient_x[1i,
else:
gradient_x[1i,

# U5y Jr AR
if 1 ==
gradient_yJ[1i,
elif i ==m - 1:
gradient_yJ[1i,
else:
gradient_y[1i,

# VFRBRRE A

gradient_x = np.zeros((m, n))
np.zeros((m, n))

3l

il

il

3l

3l

il

np.zeros((m, n))
np.zeros((m, n))

array[i, j + 1] - array[i, j]

array[i, j] - array[i, j - 1]

(array[i, j + 1] - array[i, j - 1]) /

array[i + 1, j] - array[i, j]

array[i, j] - array[i - 1, j]

(array[i + 1,

jl - array[i - 1, j]) /

magnitude = np.sqrt(gradient_x[i, j] ** 2 + gradient_y[i, j]

# AT, HEEIRATRE N 6 Mt

if magnitude == 0:

normalized_gradient_x[i, j] = ©
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50.
51.
52.

53.

54.
55.
56.
57.

58.
59.
60.
61.
62.
63.

normalized _gradient_y[i, j] = ©
else:
normalized gradient x[i, j] = gradient_x[i, j] / magnitud

normalized_gradient_y[i, j] gradient_y[i, j] / magnitud

return normalized_gradient_x, normalized_gradient_y

def compute_gradient_angle(normalized_gradient_x, normalized_gradient_y):

m, n = normalized_gradient_x.shape
gradient_angle = np.zeros((m, n))

for i in range(m):
for j in range(n):
gradient_angle[i, j] = np.arctan2(normalized_gradient_y[i, j],

normalized gradient x[i, j])

64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.

return gradient_angle*180/np.pi

# MR 2L

array = Z

gradient_x, gradient_y = compute_normalized_gradient(array)
print("Gradient in x direction:\n", gradient_x.shape)
print("Gradient in y direction:\n", gradient_y)

x=np.linspace(0,4*1852,201)
y=np.linspace(0,5*1852,251)
print(x)
print(x.shape)
print(y.shape)
print(Z.shape)
gx=[]
for j in range(len(y)):
for i in range(len(x)):
t=[x[1],y[j],gradient_x[j][i]]
gx.append(t)
gx=np.array(gx)
gy=I[1
for j in range(len(y)):
for i in range(len(x)):
t=[x[i],y[j],gradient_y[j][i]]
gy.append(t)
gy=np.array(gy)
def get_model(data):
X = data[:, 0:2]
y = data[:, 2]

# HE
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98. X_train, X_test, y train, y test = train_test_split(X, y, test size=0.
2, random_state=42)

99.

100. # QIEEPENL AR

101. rf = RandomForestRegressor(n_estimators=100, random_ state=42)

102.

103. # N p ARy

104. rf.fit(X_train, y_train.ravel())

105.

106. # T

107. y pred = rf.predict(X_test)

108.

109. # PP

110. score = rf.score(X_test, y test)

111. print (f"R"2 Score: {score}")

112.

113. # e RN TN &5 AN S bras ]

114. fig = plt.figure()

115. ax = fig.add_subplot(111, projection='3d")

116. ax.scatter(X_test[:, 0], X test[:, 1], y test, label='True')

117. ax.scatter(X_test[:, @], X_test[:, 1], y_pred, label='Predicted', mar
ker="7")

118. ax.set_xlabel('Feature 1')

119. ax.set_ylabel('Feature 2')

120. ax.set_zlabel('Target')

121. ax.legend()

122. plt.show()

123. return rf

124.

125.# rf_gx=get_model(gx)

126.# print(rf_gx.predict([[30,30]]))
1274 # {RA7H5ER

128.# dump(rf_gx, 'gx_random_forest_model.pkl")
129. rf_gy=get_model(gy)

130. print(rf_gy.predict([[30,30]]))

131.# fRAFRER

132. dump(rf_gy, 'gy_random_forest_model.pkl')
133.

134.

135.# # FIFHZ 0 O i 50 A0 B RE SR 5 T

136.# gradient_angle = compute_gradient_angle(gradient_x, gradient_y)
137.# print("Gradient Angle:\n", gradient_angle)
138.# gradient_angle=gradient_angle+90

139.# path=r'C:\Users\PC\Desktop\ /& .x1sx"

140.# pd.DataFrame(gradient_angle).to_excel(path)

(3) .4difE
1. import numpy as np
2. from scipy.interpolate import interp2d
3.  import pandas as pd
4.
5.  path=r'cC:\Users\PC\Desktop\1.x1lsx"
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df=pd.read_excel(path)
Z=np.array(df.iloc[0:][0:],dtype="float64")

o) - O

9. # JFuh 4%

10. original_array = Z

11.

12. # FHEAmTIE

13. original_rows, original_cols = original_array.shape
14.

15. # ¥ REMTHIE

16. expanded_rows, expanded cols = 2510, 2010
17.

18. # GlgiT5%5

19. x = np.arange(original_cols)

20. y = np.arange(original_rows)

21.

22, # OIEHE R

23. interp_func = interp2d(x, y, original_array, kind='linear')
24.

25. # BIEEY R JE AT IR S

26. expanded_x = np.linspace(@, original cols - 1, expanded_cols)
27. expanded_y = np.linspace(@, original rows - 1, expanded_rows)
28.

29. # BT

30. expanded_array = interp_func(expanded x, expanded_y)

31.

32. print(expanded_array)

33.

34. path=r'C:\Users\PC\Desktop\#fif# .x1sx"

35. pd.DataFrame(expanded_array).to_excel(path)

).
1. import pandas as pd
2. import numpy as np
3. import matplotlib.pyplot as plt
4.  import numpy as np
5. import matplotlib.pyplot as plt
6. from mpl_toolkits.mplot3d import Axes3D
7. from sklearn.ensemble import RandomForestRegressor
8.  from sklearn.model_selection import train_test split
9.  from joblib import dump, load
10.
11, # fnsss
12. height_rf = load('height_random forest_model.pkl')
13. gx_rf = load('gx_random_forest_model.pkl')
14. gy rf = load('gy_random_forest_model.pkl')
15. # print(height_rf.predict([[30,30]]))
16. # print(gy_rf.predict([[30,30]]))
17. # print(gx_rf.predict([[30,30]]))
18.
19. def get_height(x,y):
20 return float(height_rf.predict([[x,y]]))
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21. def get_gx(x,y):

22. return float(gx_rf.predict([[x,y]]))

23. def get_gy(x,y):

24. return float(gy_rf.predict([[x,y]1]))

25. def get_alpha(x,y):

26. step=0.01

27. txl = x + step*get_gx(x,y)

28. tyl = y + step*get_gy(x,y)

29. hl=get_height(tx1,ty1)

30. tx2 = x - step * get_gx(x, y)

31. ty2 = y - step * get_gy(x, y)

32. h2 = get_height(tx2, ty2)

33. return float(np.arctan((abs(h1l-h2))/(2*step))*180/np.pi)
34. def sin(a):

35. return np.sin(np.radians(a))

36. def cos(a):

37. return np.cos(np.radians(a))

38. def tan(a):

39. return np.tan(np.radians(a))

40. def get_Wleft(x,y):

41. D=get_height(x,y)

42. alpha=get_alpha(x,y)

43. return (D*sin(theta/2)/sin(9@-theta/2+alpha))*cos(alpha)
44. def get_WRight(x,y):

45. D = get_height(x, y)

46. alpha = get_alpha(x, y)

47. return (D*sin(theta/2)/sin(90-theta/2-alpha))*cos(alpha)
48. def forward_dirction(gx,gy):

49. return (-gy,gx)

50.

51.

52. print(get_height(7000,1000))
53. print(get_alpha(7000,1000))
54. 1line=[]

55. loc_x=4200

56. loc_y=10

57. step=100

58. theta=120

59. for _ in range(1000):

60. gx=get_gx(loc_x,loc_y)

61. gy=get_gy(loc_x,loc_y)

62. wl=get Wleft(loc_x,loc_y)

63. wr=get_WRight(loc_x,loc_y)
64. 1x=1loc_x-wl*gx

65. ly=loc_y-wr*gy

66. rx = loc_x + wl * gx

67. ry = loc y + wr * gy

68. dx,dy=forward_dirction(gx,gy)
69. loc_x+=step*dx

70. loc_y+=step*dy

71. # plt.scatter(loc_x,loc_y,color="r',s=1)
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72. # plt.scatter(lx, ly, color='b', s=1)

73. # plt.scatter(rx, ry, color='b', s=1)

74. # plt.pause(0.1)

75. if(loc_x>4*1852 or loc_y>5*1852 or loc_y<@ or loc_x<0):
76. break

77. line.append([loc_x,loc_y])

78. line=np.array(line)

79.

80. # plt.show()
81. # plt.clf()
82. plt.plot(line[:,0],1line[:,1])

83. n=0.1

84. for i in line:

85. x=i[8]

86. y=i[1]

87. while True:

88. alpha=get_alpha(x,y)

89. h=get_height(x,y)

90. if alpha ==

91. d=2*h*tan(theta/2)*(1-n)

92. tx = d * get_gx(x, y)

93. ty = d * get_gy(x, y)

94, X = x+tx

95. y = y+ty

96. else:

97. A = sin(90@ - theta / 2 + alpha)

98. B = sin(9@ - theta / 2 - alpha)

99. C = sin(theta / 2) / A - 1 / tan(alpha)

100. D=n * sin(theta / 2) * (1 / A+ 1 / B) - sin(theta / 2) / B

- 1 / tan(alpha)

101. next h=h*cCc/D

102. tx = (h - next_h) * get_gx(x, y)

103. ty = (h - next_h) * get_gy(x, y)

104. X = X + tx

105. y =y + ty

106. if (x >4 * 1852 or y > 5 * 1852 or y < @ or x < @ or get_height(
X,y)<23):

107. break

108. plt.scatter(x, y, color='b', s=1)

109. plt.pause(0.001)
110. for i in line:

111. x=i[8]

112. y=i[1]

113. while True:

114. alpha=get_alpha(x,y)

115. h=get_height(x,y)

116. if alpha ==

117. d=2*h*tan(theta/2)*(1-n)
118. tx = d * get_gx(x, y)
119. ty = d * get_gy(x, y)
120. X = X-tx

121. y = y-ty
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().

122.
123.
124.
125.
126.

else:
A = sin(90@ - theta / 2
B = sin(90 - theta / 2
C = sin(theta / 2) / A
D = n * sin(theta / 2)

- 1 / tan(alpha)

127.
128.
129.
130.
131.
132.
X,y)<21)
133.
134.
135.
136.
137.
138.

B SO Il O Il 5= Rl N> fo

(USINUSIE NS T NS I NS 1 NS 1 NS 1 NS T NS T NS T NS T S i e e e e e T e N
~O O RAFTHREDLR RS0 hREwD=D

nexth=h*C/D

+

*

alpha)

alpha)

1 / tan(alpha)

(1 /A+1/B) - sin(theta / 2) / B

tx = (h - next_h) * get_gx(x, y)
ty = (h - next_h) * get_gy(x, y)

X =X - tx
y=y-ty

if (x >4 * 1852 or y > 5 * 1852 or y < @ or x < @ or get_height(

break

plt.scatter(x, y, color='b', s=1)

plt.pause(0.001)

plt.show()

import pandas as pd
import numpy as np
import matplotlib.pyplot as plt

plt.rcParams['font.sans-serif']=['SimHei'] #Z/xH L

path=r'C:\Users\PC\Desktop\Pf{}.x1sx"

df=pd.read_excel(path)
print(df.head())

x=np.array(df.iloc[@][2:],dtype="float64")

. y=[1

for i in range(1,df.shape[0]):
y.append(df.iloc[i][1])

. y=np.array(y,dtype="float64")

. X=x*1852
. y=y*1852

. X, y = np.meshgrid(x, y)
path=r'C:\Users\PC\Desktop\ /& /& .x1lsx"
. df=pd.read_excel(path)

print(Zz)

. 7=200-Z

B R AT VI N
. fig = plt.figure()

. ax = fig.add_subplot(111, projection='3d")
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32.
33. # LI =4EEE
34. ax.plot_surface(x, y, Z, cmap='viridis')
35.
36. # WHEAREIE
37. ax.set_xlabel('X")
38. ax.set_ylabel('Y')
39. ax.set_zlabel('z")
40.
41. # SoREE
42. plt.show()
(6).
import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D
from sklearn.ensemble import RandomForestRegressor
from sklearn.model_selection import train_test_split

2O fech ) S = 2 [ —

from joblib import dump, load

__
S

import copy

—_—
N —

# Nz
height_rf = load('height_random_forest_model.pkl")

—_—
B W

gx_rf = load('gx_random_forest_model.pkl")

—_—
hd

gy_rf = load('gy_random_forest_model.pkl")
# print(height_rf.predict([[30,30]]))

# print(gy_rf.predict([[390,30]]))

# print(gx_rf.predict([[30,30]]))

DO et et ek
AN

def get_height(x,y):
return float(height_rf.predict([[x,y]]))
def get_gx(x,y):
return float(gx_rf.predict([[x,y]]))
def get_gy(x,y):
return float(gy_rf.predict([[x,y]]))
def get_alpha(x,y):
step=0.0001
tx1l = x + step*get_gx(x,y)
tyl = y + step*get_gy(x,y)
hl=get_height(tx1,tyl)
tx2 = x - step * get_gx(x, y)
ty2 =y - step * get_gy(x, y)
h2 = get_height(tx2, ty2)
return float(np.arctan((abs(hl-h2))/(2*step))*180/np.pi)
def sin(a):
return np.sin(np.radians(a))
def cos(a):
return np.cos(np.radians(a))
39. def tan(a):

L2 LY LY LI LY LY LY L W N MO R B R N N M N
22 haall ©N Rl = gl ) baull © Regl ©9 harll O Nl o= Rl by
I
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40.

41. def

42.

43.

44.

45. def

46.

47.

48.

49. def

50.

51. def

52.

53.

54.

55.
+1][1])**2))

56.
)**2)

57.

58. def

59.

60.

61.

return np.tan(np.radians(a))
get_Wleft(x,y):
D=get_height(x,y)
alpha=get_alpha(x,y)
return (D*sin(theta/2)/sin(90-theta/2+alpha))*cos(alpha)
get_WRight(x,y):
D = get_height(x, y)
alpha = get_alpha(x, y)
return (D*sin(theta/2)/sin(90-theta/2-alpha))*cos(alpha)
forward_dirction(gx,gy):
return (-gy,gx)
figure_lenth(line):
sum=0
for i in range(len(line)-1):
# print(line[i][@],1line[i][1])
# print(i,np.sqrt((line[i][0@]-1line[i+1][0])**2+(line[i][1]-1line[i

sum+=np.sqrt((line[i][@]-1line[i+1][@])**2+(1line[i][1]-1ine[i+1][1]

return sum
figure_width(line):
sum = @
for i in range(len(line) - 1):
sum += np.sqrt((line[i][@] - line[i + 1][@]) ** 2 + (line[i][1] -

line[i + 1][1]) ** 2)*(get_WRight(line[i][©@],line[i][1])+get Wleft(line[i][@],11

ne[i][1]))
62.

63. dot=
64. n=e.

return sum

np.array([[0,0]])
1

65. length=[[1,[1,[1,[1,[]]
06. width=[[1,[1,[1,[1,[1]

67.

68. 1line=[]

69. loc_
70. loc_

X=1700
y=10

71. step=50
72. theta=120
73. while True:

74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.

gx=get_gx(loc_x,loc_y)
gy=get_gy(loc_x,loc_y)
wl=get_ Wleft(loc_x,loc_y)
wr=get_WRight(loc_x,loc_y)
Ix=loc_x-wl*gx
ly=loc_y-wr*gy
rx = loc_x + wl * gx
ry = loc_y + wr * gy
dx,dy=forward_dirction(gx,gy)
loc_x+=step*dx
loc_y+=step*dy
if(loc_x>4*1852 or loc_y>5*1852 or loc_y<@ or loc_x<0):
break
line.append([loc_x,loc_y])
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88.

line=np.array

(1line)

89. plt.plot(line[:-1,0],1line[:-1,1],color="b")
90. while True:

91.
92.
93.
94.
95.
96.
97.
98.
99

100.
101.
102.
103.
104.
105.
106.
107.
108.

flag=0
tl=[]
for index,i in enumerate(line):
x = i[@]
y = i[1]
alpha=get_alpha(x,y)
h=get_height(x,y)
if alpha <= 0.005:
d=2*h*tan(theta)*(1-n)
tx = d * get_gx(x, y)
ty = d * get_gy(x, y)
X = X+tx
y = y+ty
else:
A = sin(90 - theta / 2
B = sin(90 - theta / 2
C = sin(theta / 2) / A
D = n * sin(theta / 2)

- 1 / tan(alpha)

109.
110.
111.
112.
113.
114.

115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.

next h=h*C/D

+

alpha)

alpha)

1 / tan(alpha)

(1/A+1/ B) - sin(theta / 2) / B

tx = (h - next_h) * get_gx(x, y)

ty = (h - next_h) * get_gy(x, y)

X
y

= X+tx
= y+ty

if (y < @ or x < @ or get_height(x,y)<21 or get_height(x,y)>39):

.F
else:

tl.append([x, y])

if len(li

lag=1

ne)>5:

plt.plot(line[:-1, @], line[:-1, 1], color='lightgray")
length[0@].append(figure_lenth(line))
width[0@].append(figure_width(line))

dot = np.concatenate((dot, line),axis=0)

plt.pause
if len(tl
break
line=copy
loc_x=1in
loc_y=1in
step=25
while Tru
gx =
gy =
wl =
wr =
1x =
ly =
rx =

(0.1)
)==0:

.deepcopy(tl)
e[-1][e]
e[-1][1]

e:

get_gx(loc_x, loc_y)

get_gy(loc_x, loc_y)
get_Wleft(loc_x, loc_y)

get_WRight(loc_x, loc_y)

loc_x - wl * gx
loc_y - wr * gy
loc_x + wl * gx
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138. ry = loc_y + wr * gy

139. dx, dy = forward dirction(gx, gy)
140. loc_x += step * dx

141. loc_y += step * dy

142. if (loc_x > 4 * 1852 or loc_y > 5 * 1852 or loc_y < @ or loc_x <
143. break

144. line.append([loc_x, loc_y])

145. line=np.array(line)

146.

147.

148.

149.10c_x=3000

150.10c_y=10

151.1ine=[]

152. step=50

153. theta=120

154.while True:

155. gx=get_gx(loc_x,loc_y)
156. gy=get_gy(loc_x,loc_y)
157. wl=get Wleft(loc_x,loc_y)

158. wr=get_WRight(loc_x,loc_y)
159. 1x=1loc_x-wl*gx

160. ly=loc_y-wr*gy

161. rx = loc_x + wl * gx

162. ry = loc_y + wr * gy

163. dx,dy=forward_dirction(gx,gy)
164. loc_x+=step*dx

165. loc_y+=step*dy

166. if(loc_x>4*1852 or loc_y>5*1852 or loc_y<@ or loc_x<0):
167. break

168. line.append([loc_x,loc_y])

169. 1ine=np.array(line)
170.1en1=Figure_lenth(line)
171.plt.plot(line[:-1,0],1line[:-1,1],color="r")
172.while True:

173. flag=0

174. t1=[]

175. for index,i in enumerate(line):
176. x = i[0]

177. y = i[1]

178. alpha=get_alpha(x,y)

179. h=get_height(x,y)

180. if alpha <= 0.005:

181. d=2*h*tan(theta)*(1-n)
182. tx = d * get_gx(x, y)
183. ty = d * get_gy(x, y)
184. X = x-tx

185. y = y-ty

186. else:

187. A = sin(9@ - theta / 2 + alpha)
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188.

sin(90 - theta / 2 - alpha)

189. = sin(theta / 2) / A - 1 / tan(alpha)

190. =n * sin(theta / 2) * (1 / A+ 1/ B) - sin(theta / 2) / B
- 1 / tan(alpha)

191. nexth =h *C/D

192. tx = (h - next_h) * get_gx(x, y)

193. ty = (h - next_h) * get_gy(x, y)

194. X = X-tx

195. y = y-ty

196. if (x >4 * 1852 or y > 8100 or y < @ or x < @ or get_height(x,y)
575 or 2500*y-9266* (x-400)<-37040000) :

197. flag=1

198. else:

199. tl.append([x, y])

200. if len(line)>10:

201. plt.plot(line[:-1, @], line[:-1, 1], color='silver"')

202. length[1].append(figure_lenth(line))

203. width[1].append(figure_width(line))

204. dot = np.concatenate((dot, line),axis=0)

205. plt.pause(0.1)

206. if len(tl)==0:

207. break

208. line=copy.deepcopy(tl)
209. step=50

210. loc_x=line[-1][0]

211. loc_y=line[-1][1]

212. while True:

213. gx = get_gx(loc_x, loc_y)
214. gy = get_gy(loc_x, loc_y)
215. wl = get Wleft(loc_x, loc_y)
216. wr = get_WRight(loc_x, loc_y)
217. 1x = loc_x - wl * gx

218. ly = loc_y - wr * gy

219. rx = loc_x + wl * gx

220. ry = loc_y + wr * gy

221. dx, dy = forward dirction(gx, gy)
222. loc_x += step * dx

223. loc_y += step * dy

224, if (loc_x > 4 * 1852 or loc_y >8000 or loc_y < 0 or loc_x < 0):
225. break

226. line.append([loc_x, loc_y])
227. line=np.array(line)

228.

229.

230.

231.

232.1ine=[]

233.1oc_x=4500

234.1oc_y=10

235. step=50

236.theta=120
237.while True:
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238.
239.
240.
241.
242.
243.
244.
245.
246.
247.
248.
249.
250.
251.

252
253
254
255

256.
257.
2358.
259.
260.
261.
262.
263.

gx=get_gx(loc_x,loc_y)
gy=get_gy(loc_x,loc_y)
wl=get_Wleft(loc_x,loc_y)
wr=get_WRight(loc_x,loc_y)
Ix=loc_x-wl*gx
ly=loc_y-wr*gy
rx = loc_x + wl * gx
ry = loc_y + wr * gy
dx,dy=forward_dirction(gx,gy)
loc_x+=step*dx
loc_y+=step*dy
if(loc_x>4*1852 or loc_y>5*1852 or loc_y<@ or loc_x<0):
break
line.append([loc_x,loc_y])

.line=np.array(line)

.len2=figure_lenth(1line)
.plt.plot(line[:-1,0],1ine[:-1,1],color="g")

.while True:
flag=0
t1=[]

X =
y:

264.
265.
266.
267.
268.

269.

270.
271.
272.
273.
- 1 / tan(alpha)
274.
275.
276.
277.
278.

279.

*x>-37040000) :
280.

281.

282.
283.

284.
285.
286.
287.

i[e]
i[1]

alpha=get_alpha(x,y)
h=get_height(x,y)
if alpha <= 0.005:
d=2*h*tan(theta)*(1-n)

for index,i in enumerate(line):

tx = d * get_gx(x, y)

else:

ty = d * get_gy(x, y)
X = X-tx

y = y-ty

A = sin(90@ - theta / 2
B = sin(90 - theta / 2
C = sin(theta / 2) / A
D = n * sin(theta / 2)

nexth=h*C/D

*

alpha)

alpha)

1 / tan(alpha)

(1 /A+1/B) - sin(theta / 2) / B

tx = (h - next_h) * get_gx(x, y)
ty = (h - next_h) * get_gy(x, y)

X = X-tx
y = y-ty

flag=1

else:

tl.append([x, y])

42

if (x >4 * 1852 or y > 5 * 1852 or y < @ or x < © or 2500*y-9260

plt.plot(line[:-1,0],1ine[:-1,1],color="darkgray")
dot = np.concatenate((dot, line),axis=0)
length[2].append(figure_lenth(line))
width[2].append(figure_width(line))



288. plt.pause(0.1)

289. line=copy.deepcopy(tl)
290. line=np.array(line)
291. if len(tl)==0:

292. break

293,

294,

295.1ine=[]

296.1oc_x=6500
297. 1oc_y=9000
298. step=50
299. theta=120
300.while True:

301. gx=get_gx(loc_x,loc_y)
302. gy=get_gy(loc_x,loc_y)
303. wl=get_Wleft(loc_x,loc_y)

304. wr=get_WRight(loc_x,loc_y)
305. 1x=loc_x-wl*gx
306. ly=loc_y-wr*gy

307. rx = loc_x + wl * gx

308. ry = loc_y + wr * gy

309. dx,dy=forward_dirction(gx,gy)

310. loc_x+=step*dx

311. loc_y+=step*dy

312. if(loc_x>4*1852 or loc_y>5*1852 or loc_y<® or loc_x<0):
313. break

314. line.append([loc_x,loc_y])
315.1ine=np.array(line)
316.plt.plot(line[:-1,0],1ine[:-1,1],color="c")
317.while True:

318. flag=0

3109. t1=[]

320. for index,i in enumerate(line):

321. x = i[0]

322. y = i[1]

323. alpha=get_alpha(x,y)

324. h=get_height(x,y)

325. if alpha <= 0.005:

326. d=2*h*tan(theta)*(1-n)

327. tx = d * get_gx(x, y)

328. ty = d * get_gy(x, y)

329. X = X-tx

330. y = y-ty

331. else:

332. A = sin(90@ - theta / 2 + alpha)

333. B = sin(90 - theta / 2 - alpha)

334. C = sin(theta / 2) / A - 1 / tan(alpha)

335. D=n * sin(theta / 2) * (1 / A+ 1/ B) - sin(theta / 2) / B
- 1 / tan(alpha)

336. nexth =h *C /D

337. tx = (h - next_h) * get_gx(x, y)
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338. ty = (h - next_h) * get_gy(x, y)

339, X = x-tx

340. y = y-ty

341. if (x >4 * 1852 or y > 5 * 1852 or y < @ or x < O or 4408%y+2260
*x<47598080 or get height(x,y)>75):

342. flag=1

343, else:

344, tl.append([x, y1)

345, if len(line)>20:

346. plt.plot(line[:-1, @], line[:-1, 1], color='darkgrey")

347. length[3].append(figure_lenth(line))

348. width[3].append(figure width(line))

349. dot = np.concatenate((dot, line),axis=0)

350. plt.pause(0.1)

351. line=copy.deepcopy(tl)

352. line=np.array(line)

353. if len(tl)==0:

354, break

355.

356.

357.1ine=[]

358.1oc_x=5700
359.10c_y=7900
360. step=50
361.theta=120
362.while True:

363. gx=get_gx(loc_x,loc_y)
364. gy=get_gy(loc_x,loc_y)
365. wl=get Wleft(loc_x,loc_y)

366. wr=get_WRight(loc_x,loc_y)
367. 1x=loc_x-wl*gx

368. ly=loc_y-wr*gy

369. rx = loc_x + wl * gx

370. ry = loc y + wr * gy

371. dx,dy=forward_dirction(gx,gy)

372. loc_x+=step*dx

373. loc_y+=step*dy

374. if(loc_x>4*1852 or loc_y>5*1852 or loc_y<@ or loc_x<@):
375. break

376. line.append([loc_x,loc_y])
377.1ine=np.array(line)
378.1en3=figure_lenth(line)
379.plt.plot(line[:-1,0],1line[:-1,1],color="m")
380.while True:

381. flag=0

382. t1=[]

383. for index,i in enumerate(line):
384. x = i[0]

385. y = i[1]

386. alpha=get_alpha(x,y)

387. h=get_height(x,y)
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7).

388.
3809.
390.
391.
392.
393.
394.
395.
396.
397.
398.

if alpha <= 0.005:

d=2*h*tan(theta)*(1-n)

tx = d * get_gx(x, y)
ty = d * get_gy(x, y)

X = X-tx
y = y-ty

else:
A = sin(90 - theta / 2
B = sin(90 - theta / 2
C = sin(theta / 2) / A
D = n * sin(theta / 2)

- 1 / tan(alpha)

399.
400.
401.
402.
403.
404.
405.
406.
407.
408.
409.
410.
411.
412.
413.
414.
415.
416.
417.
418.
419.
420.
421.
422.
423.
424.
425.
426.
427.
428.

next h=h*C/D

+

alpha)

alpha)

1 / tan(alpha)

(1/A+1/ B) - sin(theta / 2) / B

tx = (h - next_h) * get_gx(x, y)
ty = (h - next_h) * get_gy(x, y)

if (x > 4 * 1852 or y > 1852*5 or x < 0):

X = X-tx

y = y-ty

flag=1
else:

tl.append([x, y])
if len(line)>50:

plt.plot(line[:-1, @], line[:-1, 1], color='gray')
length[4].append(figure_lenth(line))
width[4].append(figure_width(line))

dot = np.concatenate((dot, line), axis=0)

plt.pause(0.1)
line=copy.deepcopy(tl)
line=np.array(line)
if len(tl)==0:

break

plt.show()

for i in range(5):
print(sum(length[i]))
print(sum(width[i]))
print(len(length[i]))
print(len(width[i]))

print(leni,len2,len3)

429. path=r'C:\Users\PC\Desktop\dot.xlsx"
430. pd.DataFrame(dot).to_excel(path, index=False)

O N B (9] —

import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
import numpy as np
import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D
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7.  from sklearn.ensemble import RandomForestRegressor
8. from sklearn.model selection import train_test split
9. from joblib import dump, load

10.

11, # fnsgsin

12. height_rf = load('height_random forest_model.pkl')
13. gx_rf = load('gx_random_forest_model.pkl')

14. gy rf = load('gy_random_forest_model.pkl')

15. # print(height_rf.predict([[30,30]]))

16. # print(gy_rf.predict([[30,30]]))

17. # print(gx_rf.predict([[30,30]]))

18.

19. def get_height(x,y):

20. return float(height_rf.predict([[x,y]]))

21. def get_gx(x,y):

22. return float(gx_rf.predict([[x,y]1]))

23. def get_gy(x,y):

24. return float(gy_rf.predict([[x,y]1]))

25. def get_alpha(x,y):

26. step=0.01

27. tx1l = x + step*get_gx(x,y)

28. tyl = y + step*get_gy(X,y)

29. hi=get_height (tx1,ty1)

30. tx2 = x - step * get_gx(x, y)

31. ty2 = y - step * get_gy(x, y)

32. h2 = get_height(tx2, ty2)

33. return float(np.arctan((abs(hl-h2))/(2*step))*180/np.pi)

34. def sin(a):

35. return np.sin(np.radians(a))

36. def cos(a):

37. return np.cos(np.radians(a))

38. def tan(a):

39. return np.tan(np.radians(a))

40. def get_Wleft(x,y):

41. D=get_height(x,y)

42. alpha=get_alpha(x,y)

43. return (D*sin(theta/2)/sin(90-theta/2+alpha))*cos(alpha)

44. def get_WRight(x,y):

45. D = get_height(x, y)

46. alpha = get_alpha(x, y)

47. return (D*sin(theta/2)/sin(90-theta/2-alpha))*cos(alpha)

48. def forward dirction(gx,gy):

49. return (-gy,gx)

50. def figure_lenth(line):

51. sum=0

52. for i in range(len(line)-1):

53. # print(line[i][@],1line[i][1])

54. # print(i,np.sqrt((line[i][@]-1line[i+1][0])**2+(1line[i][1]-1line[i
+1][1])**2))

55. sum+=np.sqrt((line[i][0]-line[i+1][0])**2+(line[i][1]-1ine[i+1][1]

56. return sum
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57. def figure width(line):

58. sum = @
59. for i in range(len(line) - 1):
60. sum += np.sqrt((line[i][@] - line[i + 1][@]) ** 2 + (line[i][1] -

line[i + 1][1]) ** 2)*(get_WRight(line[i][®@],line[i][1])+get Wleft(line[i][@],1l1
ne[i][1]))
61. return sum
62. line=[]
63. loc_x=4200
64. loc_y=10
65. step=100
66. theta=120
67. for _ in range(1000):

68. gx=get_gx(loc_x,loc_y)

69. gy=get_gy(loc_x,loc_y)

70. wl=get_Wleft(loc_x,loc_y)

71. wr=get_WRight(loc_x,loc_y)

72. 1x=loc_x-wl*gx

73. ly=loc_y-wr*gy

74. rx = loc_x + wl * gx

75. ry = loc_y + wr * gy

76. dx,dy=forward_dirction(gx,gy)

77. loc_x+=step*dx

78. loc_y+=step*dy

79. # plt.scatter(loc_x,loc_y,color="r',s=1)
80. # plt.scatter(lx, ly, color='b', s=1)
81. # plt.scatter(rx, ry, color='b', s=1)
82. # plt.pause(0.1)

83. if(loc_x>4*1852 or loc_y>5*1852 or loc_y<@ or loc_x<0):
84. break

85. line.append([loc_x,loc_y])

86. line=np.array(line)

87.

88. # plt.show()
89. # plt.clf()
90. plt.plot(line[:-1,0],1line[:-1,1])

91. n=0.1

92. length=[]

93. width=[]

94. while True:

95. flag=0

96. for index,i in enumerate(line):
97. x = i[0]

98. y = i[1]

99. alpha=get_alpha(x,y)

100. h=get_height(x,y)

101. if alpha <= 0.005:

102. d=2*h*tan(theta)*(1-n)
103. tx = d * get_gx(x, y)
104. ty = d * get_gy(x, y)
105. X = tx + X

106. y =ty +y
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(8).

107.
108.
109.
110.
111.

else:

o N W >
1]

- 1 / tan(alpha)

112.
113.
114.
115.
116.
117.
118.
119.

sin(90 - theta / 2
sin(90 - theta / 2
sin(theta / 2) / A
n * sin(theta / 2)

next h=h=*C/D
(h - next_h) * get_gx(x, y)
(h - next_h) * get_gy(x, y)
X = tx + X
y=ty+y
line[index][0]=x

tx
ty

line[index][1]=y
if (x >4 * 1852 or y > 5 * 1852 or y < @ or x < @ or get_height(

X,y)<21):

120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
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flag=1

+

*

alpha)

alpha)

1 / tan(alpha)

(1 /A+1/B) - sin(theta / 2) / B

plt.scatter(line[:-1,0],1line[:-1,1],color="b"',s=1)

length.append(figure_lenth(line))

width.append(figure_width(line))
plt.pause(0.1)

if flag==1:
break
plt.show()
print(length)
print(width)

import pandas as pd
import numpy as np

import matplotlib.pyplot as plt

plt.rcParams['font.sans-serif']=["'SimHei'] #&mxH

path=r'C:\Users\PC\Desktop\[i{}.x1sx"

df=pd.read_excel(path)

print(df.head()

)

x=np.array(df.iloc[0][2:],dtype="float64")

y=[1]

for i in range(1,df.shape[0]):
y.append(df.iloc[i][1])
y=np.array(y,dtype="float64")

Xx=x*1852
y=y*1852

X, Yy = np.meshgrid(x, y)
path=r'C:\Users\PC\Desktop\1l.xlsx"'
df=pd.read_excel(path)
Z=np.array(df.iloc[0@:][0:],dtype="float64")
cset = plt.contourf(x,y,Z,60,cmap=plt.cm.hot)
contour = plt.contour(x,y,Z,60,colors="k")

plt.clabel(contour,fontsize=5,colors="k")

plt.colorbar(cset)

plt.show()
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).

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

import numpy as np

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D

from sklearn.ensemble import RandomForestRegressor
from sklearn.model selection import train_test_split

Nl ©2 Rl O gl = Reall (™ Lo

from joblib import dump, load

10. # fnagsism

11. height rf = load('height_random_ forest_model.pkl')
12. gx_rf = load('gx_random_forest_model.pkl')

13. gy rf = load('gy_random_forest_model.pkl')

14. # print(height_rf.predict([[30,30]]))

15. # print(gy_rf.predict([[30,30]]))

16. # print(gx_rf.predict([[30,30]]))

17. def get_height(x,y):

18. return float(height_rf.predict([[x,y]]))
19. def get_gx(x,y):

20. return float(gx_rf.predict([[x,y]1]))

21. def get_gy(x,y):

22. return float(gy_rf.predict([[x,y]1]))

23. def get_alpha(x,y):

24. step=0.01

25. txl = x + step*get_gx(X,y)

26. tyl = y + step*get_gy(X,y)

27. hi=get_height (tx1,ty1)

28. tx2 = x - step * get_gx(x, y)

29. ty2 = y - step * get_gy(x, y)

30. h2 = get_height(tx2, ty2)

31. return np.arctan((abs(h1-h2))/(2*step))*180/np.pi
32. def sin(a):

33. return np.sin(np.radians(a))

34. def cos(a):

35. return np.cos(np.radians(a))

36. def tan(a):

37. return np.tan(np.radians(a))

38. def get_Wleft(x,y):

39. D=get_height(x,y)

40. alpha=get_alpha(x,y)

41. return (D*sin(theta/2)/sin(9@-theta/2+alpha))*cos(alpha)
42. def get_WRight(x,y):

43, D = get_height(x, y)

44. alpha = get_alpha(x, y)

45. return (D*sin(theta/2)/sin(90-theta/2-alpha))*cos(alpha)
46. def forward_dirction(gx,gy):

47. return (-gy,gx)

48.

49. print(get_height(7000,1000))
50. print(get_alpha(7000,1000))

49



51. x=np.linspace(®,4*1852,201)
52. y=np.linspace(®,5%1852,251)
53. #

54. # alpha=[]

55. # for j in range(len(y)):

56. # for i in range(len(x)):
57. # print(get_alpha(x[i],y[j]))
58. # alpha.append(get_alpha(x[i],y[3]))

59. # alpha=np.array(alpha).reshape([251,201])
60. # print(alpha)

61. loc_x=3000

62. loc_y=10

63. step=10

64. theta=120

65. for _ in range(1000):

66. gx=get_gx(loc_x,loc_y)

67. gy=get_gy(loc_x,loc_y)

68. wl=get_Wleft(loc_x,loc_y)

69. wr=get_WRight(loc_x,loc_y)

70. 1x=1loc_x-wl*gx

71. ly=loc_y-wr*gy

72. rx = loc_x + wl * gx

73. ry = loc y + wr * gy

74. dx,dy=forward_dirction(gx,gy)

75. loc_x+=step*dx

76. loc_y+=step*dy

77. plt.scatter(loc_x,loc_y,color="'r',s=1)
78. plt.scatter(lx, ly, color='b', s=1)
79. plt.scatter(rx, ry, color='b', s=1)
80. plt.pause(0.1)

81. if(loc_x>4*1852 or loc_y>5*1852 or loc_y<® or loc_x<2000):
82. break

83. plt.show()
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	5.1问题一模型的建立与求解
	5.1.1相关概念的说明
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	可以发现最后两条测线出现了漏测，更详细的数值计算结果将在表格文件 result1.xlsx中展示。
	5.2问题二模型的建立与求解
	5.2.1模型的准备
	从第一问的求解中，我们可以提取出各种可以获取信息的参数。在对于后续问题的求解过程中，有3个重要参数：
	在解决该问题情境下的矩形待测海域之前，我们首先需要证明1点：若海底平面为一均一平面，当测量船的航向确
	假设航向法向为��𝑛��航�=(𝑎,𝑏,𝑐)，则其代表了一个以��𝑛��航�为法向的平面。
	基于此，我们决定从深度与坡度着手来解决关于该矩形待测海域的相关计算，并完善多波束测深覆盖宽度的数学模
	在图7中，我们需要得知当前坡度𝛾的值。设某一高度为ℎ，那么有
	对于深度的计算，可以得到
	将变化后的参数引入第一问，可以求得覆盖宽度�𝑊�覆�的数值
	至此，我们已经实现了将第一问的模型升维到第二问的工作。在改变∆𝑥与𝛽的情况下，可以实现对特定参数
	5.2.2模型的求解
	上文中，我们建立了在不同∆𝑥与𝛽的数值下，计算多波束测深的覆盖宽度的数学模型，求解的结果以保留小
	通过观察求解结果，可以发现以下规律：(1)在同一点不同航向会使覆盖宽度产生较大变化。(2)在不同深浅

	5.3问题三模型的建立与求解：
	5.3.1问题分析
	为了满足题干要求，该面积要覆盖整个海域面积。
	在第二问的最后一部分结果分析中，我们提到了在不同深度、不同角度下，覆盖宽度�𝑤�𝑖�也不同。基于
	下面我们对不同深度下不同角度的�𝑤�𝑖�均做出计算，并且可视化出了较深处与较浅处的结果用作说明：
	由图可看出，不同坡度下，无论大小，总是在方向为�𝜋�2�+𝑛𝜋的地方取得最高值，此时是与其等高
	由图同时可以观察到，无论是左图中的较浅情况还是右图中所示的较深情况，均于测线方向在90°与270°时
	图10 最优方向                          图11测线方案问题简化图
	在确定了每条航线的方向后，该问题就演变成在图11所示平面中合理安排测线方案的问题。
	5.3.2模型建立
	为了保证数据的准确性和处理的简单性，重叠率的范围有一定要求。在题目重叠率𝜂∈�10%,20%�的要
	图12 计算流程图
	在已知边界深度的计算下，第一条测线的计算方法如下：
	由�𝑥�𝐷初�、𝛼得
	其中∆𝑟为第一条测线距边界得距离，�𝑥�𝐷�为其测线深度。同时，在相邻测线之间还具有以下关系：
	参考一、二问中建立的计算宽度的模型，并结合上几式易得
	将式(20)化简，那么有
	式(21)即为以前一条测线深度推出后一条测线深度的递推公式。其中�𝑥�𝐷𝑖�为待计算深度，��
	由于在前文的流程中未确定从较浅处开始迭代还是较深处开始迭代，因此本组对两种情况都做出了计算。我们发现
	在以不同重叠率为横坐标、测线数量为纵坐标的图13（左）中，我们不难看出测线数量呈阶梯状比例，最小为3
	图13 不同重叠率与测线数量关系（左）与测线位置（右）
	图14 连接后的路径

	5.4问题四的求解
	5.4.1数据初步处理及可视化
	在文件附件.xlsx中展示了某海域单波束测量的测深深度数据，该海域范围较大，且数据单位不统一，因此坐
	图15 海底深度三维图（左）与等深线地形图（右）
	在图15中可以观察到，海域大概是从(0,0)点向周围下降，根据图15（右）所示的等深线地形图来看，在
	由于给出的数据是有一定间隔的离散点。在路径优化的时候无法得到任一坐标的相关数据，要克服这一问题的一种
	针对上述问题，经过思考，我们决定采用大型学习模型进行拟合。也就是将已有点的数据作为训练集，建立一个用
	为此，我们尝试了线性回归、支持向量机、随机森林等多种模型，并以拟合接近度�𝑅�2�进行评估，最终发
	图16 海底深度三维图（左）与模型拟合效果图（右）
	基于该模型，同样可以做到对任意一点深度，梯度的拟合，进而计算出每个点的坡度，因此我们对前面部分的某些
	设有一点(�𝑥�𝑖�,�𝑦�𝑖�)，则该点
	梯度单位向量（最大坡度向量）：�𝑔�(�𝑥�𝑖�,�𝑦�𝑖�)
	至此，我们完成了相关数据的准备工作。
	5.4.2问题分析
	基于前面几个问题的研究，我们可以明确以下信息：
	则有
	找到每一处的最大覆盖宽度是解决问题的关键，这同样也关系到确定航向的问题。为了贴合题目中的要求，需要分
	关于航向的确定，在第三问结尾的相关探索部分已经有所说明：沿等高方向行驶会获得最大覆宽𝑤。曲面情况下
	    图17 曲面截取圆锥的截面图
	在上图中，我们用圆锥模拟不同方向，用两类斜面去截圆锥，从其在水平面的投影来寻找最优的�𝑤�𝑖�，
	关于重叠率，本题并未给出前几问中那样精确的范围，只需要不超过20%，参考题干中的“为保证测量的便利性
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