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# TODO import

import re

import os

import sys

import hmz

import pathlib
import mitosheet
import numpy as np
import pandas as pd
import matlab.engine

import scipy
from scipy.integrate import odeint
from scipy.optimize import minimize

import time
from time import time, sleep

import copy
import random

import sympy

from sympy import limit
from sympy import diff

from sympy import integrals

import sklearn

import graphviz

from sklearn import tree

from sklearn.model_selection import cross_val_score

from sklearn.model_selection import train_test_split

from sklearn.metrics import r2_score

from sklearn.metrics import mean_squared_error as MSE

from sklearn.metrics import mean_absolute_error as MAE

from sklearn.metrics import classification_report, roc_auc_score

import sko
from sko.GA import GA



import numba
from numba import jit

import plotly

import plotly.express as px

import plotly.graph_objects as go
import plotly.figure_ factory as ff
plotly.offline.init_notebook_mode()

import cufflinks as cf
cf.set_config file(
offline=True,
world_readable=True,
theme="pearl', # cf.getThemes()

import matplotlib.pyplot as plt
plt.rcParams['font.sans-serif'] = ['SimHei'] # KaiTti
plt.rcParams[ 'axes.unicode_minus'] = False

from IPython.core.interactiveshell import InteractiveShell
InteractiveShell.ast _node_interactivity = 'all’
# InteractiveShell.ast _node_interactivity = 'last’

import cv2 as cv

import torch

import torchvision

import torch.nn as nn

import torch.nn.functional as F

# import torch.utils.data as Data

# from torch.utils.data import Dataloader

# from torch.utils.data.dataset import Dataset

H OB R R

import pylatex
import latexify

import warnings
warnings.filterwarnings("ignore")

# ToDO H&E . THES

# from colorama.Fore import RED, RESET
from colorama import Fore

import logging



fmt = '%

(asctime)s - %(levelname)8s - %(message)s'

formatter = logging.Formatter(fmt)

handler_
handler_
handler_

logger =

control = logging.StreamHandler() # stdout to console
control.setlLevel ('INFO') # ¥ & INFO 25|
control.setFormatter(formatter)

logging.getLogger()

# Logger.setlLevel ('INFO")
logger.addHandler (handler_control)

def timeit(text):

def

func_deco(func):

mr PRI R B

def func_wrapper(*args, **kwargs):
from time import time
t0 = time()

# Logging.info(text + "JFURTHES ")
print(Fore.RED, text + "JF4fiifif: ", Fore.RESET)
res = func(*args, **kwargs)
t1l = time()

# Logging.info(text + "HWf: " + str(tl - to) + "s")
print(Fore.RED, text + "&ZEi#ditA, HES: ", str(tl - te),
return res

return func_wrapper
return func_deco

# TODO DIR

ROOTDIR = pathlib.Path(os.path.abspath('."))

IMG_HTML = ROOTDIR / 'img-html'

IMG_SVG = ROOTDIR / 'img-svg'

DATA_RAW = ROOTDIR / 'data-raw'’
DATA_COOKED = ROOTDIR / 'data-processed’

# TODO Ft1H4% %L

FTHRE

= 4866 # kg

FrR+¥RE =1 #m
FTREHIEE =3 #m

FTHERTEE = 0.8 #m
RFFRE = 2433 # kg
RFF%E =0.5 #m
RTEE =0.5 #m
WIKKIEE = 1025 # kg/m"3
BAMEE = 9.8 # m/s"2
HERIE = 80000 # N/m
HMERK = 0.5 #m

S,

Fore.RESET)



M ENE = 250000 # N-m
ErKIKE 1 AH = 8890.7 # N-m

# TODO [ft1f354

class parameters:
"t BN RS AR S H
global ml, m2, me, ml_, m2_, jil, j2, je
global omega, c, f, k, ki1, k2, C, L, K, K1, K2

mi, m2, me = FTHE, IRTHE, EHLRNRE

ml_ = ml + me

m2_ = m2 + me

j2_func = lambda y3: ((0.969588 + y3)**3 - (0.469558 + y3)**3) * m2 / 1.5 # y3
j1, je = 33000, YT N BB E

omega = IR AR

c = 10000 # EZ[H )2
£ = TG WU 1R IE
k = #ENIE

k1 = -3 e R
k2 = -HE KRB * HANEE * ST R MR

1000 # JieiL e 2%
T8 TR 1 R
K = FH %% 50 25 Wi B

K1 = -\ MU E R4
K2 = -F/KWKE J15E R4

L

class questionl234:

3 VT INCES Shl

def __init_ (self, question):
global M IR A %
global ;[ i i &=
global #\ 4% Mt ¥ 3 163 &
global % ik FHE R
global & >4 FHE R
global 3% il /1R 1R
global Z\#% e /7 46 PR &
global iR AIZH
global iR JH

if question == 1:
# 1. S8
I\ B 0 % ) 1 &
IIE DU PHJE R

6779.315 # kg-m"2
151.4388 # N-m-s



Y4 Wi 70 FE AR
NS BRI R
T 3 Y i o &=
e 3 X PP B &
3 Wb 71 4R 8

Mg = 1230 # N-m
1.4005 # sA{-1}
1335.535 # kg

¥ = 656.3616 # N-s/m
= 6250 # N

BARMER = NGHBHR R

WIR A
elif question ==
# 2. S8
I\ BI04 20 5
I PHJE &
Y\E W 0 HE AR
AN PRI =
3 375 P 0 o &
3 37 % W P JE &
3 7 i 0 4R

1/ BEORIIE

B = 7131.29

¥ = 2992.724
& = 2560
2.2143
1165.992

¥ = 167.8395
= 4890

BORMR = NI PRBR

PR = 1/ PORSIER
elif question == 3:

# HE3. B

NS IRAR = 1.7152

EG N & = 1028.876

NREK I sh & = 7001.914

TP PR IH B %L = 683.4558

PRI ULIHE R4 = 654.3383

T B IR IE = 3640

PR BN IR = 1690

WIRANE = N5 IR A%

BRI = 1 / BIRR

elif question ==
# W4 B

AR AR = 1.9806
3% M N i & = 1091.099
NRRM s & = 7142.493
P MUK B 2% = 528.5018
PREIULIH B R = 1655.909
T B I iRIE = 1760
WPRRBD I HRIE = 2140
PR = NI IR AR
WIRAWY = 1 /7 BRFXR
_ = parameters()

return None

class trange:



e B I T] X JE] A TR) R ) 2

def __init__ (self, left, right, step):
global t_left
global t_right
global t_step

t_left = left
t_right = right
t_step = step

return None

= question1234(1)
trange(9, 200, 0.2)

# TODO ARG RN SHEE (XNEHAH, Hi2HeAK)

def SIF FIEM M _func(r=i% TJEFZ):
return np.pi * r*#*2

SIF TR = SIEF TR A _func()
def VHE_func(h, pprint=True):

:param h: [RF 524K BN K IR BE
:param pprint: &G EHVUIRE
:return: VHE (m”3)
if h >= 0:
print ("B HE 5T/ 2R E")
VHE = (1/3 * SEFRIER * FTHEESSEE) + (SETKREMH * h)
else:
print (" [ HE 7R ")
depth = ZF RS ®E + h
r = % TERFER * depth / F TR D= E
VHE = 1/3 * SIF TJRIE A _func(r) * depth
return VHE
# print("F T NKER: ", VvilF_func(3))
# print("F T NKER: ", VHE_func(2.4147))
# print("F T NKER: ", VHE_func(e))
# print("F T NKER: ", VHE_func(-0.001))
# print("F T NKEF: ", VHE_func(-0.8))

def FE#/KKE J1_func(h, pprint=False):
"Rl )FE S Ak
:param h: [EHE 764K N IK IR E
:param pprint: J&75 T EHLIRES



ireturn: FiFf/KWE 71 (N)
FEKIKER 1 = WK% B * E)jEE * viE_func(h, pprint)
return FER/KKE 7

# FER/KWRE 71_func(2.4147)

def FXLUEBH)E /1 _func(v, k=TE% DLuPH)E &%) :

I R R T 1)
:param v: % ¥

:return:

FXWIHE T = k * v
return FXEIHE B

def FPIRIEJNJI_func(t, omega= \HTIkIRMIZ, =35 U /1 RIR) :
R (51 AT
:param t: Fif A
:return: FUEIREN T (N)

FUIREEN /1 = £ * np.cos(omega * t)
return FJ IR G 71
# FUIRTARN J1_func(e)

def FRANIETEF1_func(m=TE & M N R &, g=2 ST ) :
R 1 AT N
FRSINIEE S = m * g
return FP 0 7

FRRNET I S = FRRINS 1 73 _Func()

def FE Jj func(m=F FRE+RTHE, g=E I IMEE):
FE /] =m* g
return FE

FE /] = FHE JJ_func()

def cHZPH B3 MFHJE REL_funcl():
cHZME#RMHE RE = 10000 # N-s/m
return cH [ JE &% HIFHJE R %L

def cEHZAFHE 2 HIMHJE &% func2(viF T, vikR T, k=10000, a=0.5):

CHZFEAMHE &RE = k * abs(ViFT - VviRT)**a # N-s/m
return cHE 4 FH )2 2% 1 FHJE R

ISMEE
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# TODO gl-model
def diff_equation_ql(ys, t, c=c, k=k, kil=k1, k2=k2):

yl = ys[2-1]

y3 = ys[4-1]

y4 = ¢ * (ys[2-1] - ys[4-1]) + k * (ys[1-1] - ys[3-1])

y2 = f * np.cos(omega * t) + k1 * ys[2-1] + k2 * ys[1-1] - y4
y2 = y2 / ml_

y4 = y4 / m2

return [y1, y2, y3, y4]
def get resultl df(resultl, t):
:param resultl: np.ndarray [HfE145 50 (/N E)D
:param t: np.ndarray I [H]
columns = ['BF[A] (s)', '"WFTFHME (m)', "FT@#E (m/s)', "#RTAFE (m)', "ITRTFEEZ (m/s)']
shijian = pd.DataFrame(t, columns=columns[:1])
resultl = pd.DataFrame(resultl, columns=columns[1:])
resultl_df = pd.concat([shijian, resultl], axis=1)
return resultl_df

question1234(1)
trange(9, 200, 0.2)

t = np.linspace(t_left, t_right, num=int(t_right / t_step) + 1)
yo = [0, 0, 0, 0]

resultl = odeint(diff_equation_qgl, yo, t)

resultl df = get resultl df(resultl, t)

resultl _df.iplot(x="H[A] (s)")



[RR3HREY (5518)

# TODO g3-model
def diff_equation_q3(y, t, c=c, k=k, ki1=kl1, k2=k2, C=C, K=K, K1=K1, K2=K2):

dy1l
dy3
dy4
dy2
dy2
dy4

S50 0 ) LAY

y[2-1]

y[4-1]

c * (y[2-1] - y[4-1] * np.cos(y[7-1])) + k * (y[1-1] - y[3-1] * np.cos(y[7-1]))
f * np.cos(omega * t) + k1 * y[2-1] + k2 * y[1-1] - dy4

/= ml + me

/= m2 * np.cos(y[7-1])

# j2 = j2_func(y[3-1])




dy5 = y[6-1]
dy7 = y[8-1]
dy8 = C * (y[6-1] - y[8-1]) + K * (y[5-1] - y[7-1])

dy6 = L * np.cos(omega * t) + K1 * y[6-1] + K2 * y[5-1] - dy8
dy6 /= j1 + je
dy8 /= j2
return [dyl, dy2, dy3, dy4, o0, 0, 0, 9]
def get_result3_df(t, result3):
columns = ['W[E] (s)', "FTEHME (m)', "FTEHEE (n/s)', "IRTFEHME (m)', "RFEGHEE (n/s)',
"FETHEMAFE (rad)', "BETHEBMAEE (rad/s)’, "RTABEMAE (rad)', "RTABMEE (rad/s)']
shijian = pd.DataFrame(t, columns=columns[:1])
result3 = pd.DataFrame(result3, columns=columns[1:])
result3_df = pd.concat([shijian, result3], axis=1)
result3_df = result3 df.iloc[:, [©, 1, 2, 5, 6, 3, 4, 7, 8]]
return result3_df

H OB B R R HB

question1234(1)
trange(9, 200, 0.2)

t = np.linspace(t_left, t_right, num=int(t_right / t_step) + 1)
yo = [0, ©, 0, 0, 0, 0, 0, 0]

result3 = odeint(diff_equation_qg3, yo, t)

result3_df = get result3_df(t, result3)
result3_df.iplot(x="H[[A] (s)")
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def cal wenhedu(resultl, result3):
wenhe_avg = 1 - abs(resultl[1:, :4] - result3[1:, :4]) / abs(resultl[1l:, :4])
wenhe_avg = wenhe_avg[:, :]
return wenhe_avg.mean(9)

cal wenhedu(resultl, result3)

array([1., 1., 1., 1.])
(BRI S LRI A EIRE

[AJRREE

_ = question1234(2)




_ = trange(0, 200, 0.2)

t = np.linspace(t_left, t_right, num=int(t_right / t_step) + 1)
yoe = [0, 0, 0, 0]

resultl = odeint(diff_equation_qgl, ye@, t)

resultl df = get resultl df(resultl, t)
resultl_df.iplot(x="Hf[A] (s)")

*
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[JER3EE (5510)

question1234(2)
trange(9, 200, 0.2)

+
]

np.linspace(t_left, t_right, num=int(t_right / t_step) + 1)




555555
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def cal wenhedu(resultl, result3):
wenhe_avg = 1 - abs(resultl[1l:, :4] - result3[1:,
wenhe_avg = wenhe_avg[:, :]
return wenhe_avg.mean(9)

cal wenhedu(resultl, result3)

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

RENEDHT

ERRESEHTREESHT! ! !

:4]) / abs(resultl[1:,

:4])
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# Bl AR

def

def

~ 0
n n

plot_plotly xv(title, t=t, y=res3, svg_name=None):
tracel = go.Scatter(x=t, y=y[:, 0], name="$% [ %% (i {5

14

X_1$", yaxis='yl')

trace2 = go.Scatter(x=t, y=y[:, 1], name="$i% F M iHEE ~ V_1$", yaxis='y2')
trace3 = go.Scatter(x=t, y=y[:, 2], name="${F FHH i FE ~ X _2$", yaxis='yl')

trace4 = go.Scatter(x=t, y=y[:, 3], name="$4k T it %4 ¥
fig = go.Figure(data=[tracel, trace2, trace3, trace4])
fig.update_layout(
width=1000,
height=600,
xaxis=dict(title="$/f 7] (s)$'),
yaxis=dict(title="$EH M (m)$'),
yaxis2=dict(title='$ % iH/Z (m/s)$', anchor='x', overlaying='y', side='right'),
legend=dict(y=1.22, yanchor="top", x=1, xanchor="right"),
title=title,
template="plotly white',

4

V_2$", yaxis='y2')

)

if svg _name is not None:
fig.write_image(IMG_SVG / svg_name)

fig.show()

return None

plot_plotly rw(title, t=t, y=res3, svg_name=None):

tracel = go.Scatter(x=t, y=y[:, 4], name="$/% & f L ¥ ~\\theta_1$", yaxis='yl', line=dict(color='rgb(232,137,189)"'))
trace2 = go.Scatter(x=t, y=y[:, 5], name="$7F T I i J¥~ \omega_1$", yaxis='y2', line=dict(color='rgb(103,194,163)"'))
trace3 = go.Scatter(x=t, y=y[:, 6], name="${& T I\ A ¥ ~\\theta_2$", yaxis='yl', line=dict(color='rgb(252,140,99)"))
trace4 = go.Scatter(x=t, y=y[:, 7], name="$Jk T I i ¥~ \omega_2$", yaxis='y2', line=dict(color='rgb(142,160,201)"'))

fig = go.Figure(data=[tracel, trace2, trace3, trace4])
fig.update_layout(
width=1000,
height=600,
xaxis=dict(title="$MH}[A] (s)$'),
yaxis=dict(title="$ME MO (rad)$'),
yaxis2=dict(title="$Z\4E Mi£)¥ (rad/s)$', anchor='x', overlaying='y', side='right'),
legend=dict(y=1.22, yanchor="top", x=1, xanchor="right"),
title=title,
template="plotly white',
)
if svg _name is not None:
fig.write_image(IMG_SVG / svg_name)
fig.show()
return None

2000 # 10000
1600 # 860000
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3600 # 1000
5000 # 250000
me = 1 * I35 M I0E &

~
1

question1234(1)
trange(9, 100, 0.2)

def ode_func(y, t, k=k, K=K):

dyl = y[2-1]

dy3 = y[4-1]

dy4 = ¢ * (y[2-1] - y[4-1] * np.cos(y[7-1])) + k * (y[1-1] - y[3-1] * np.cos(y[7-1]))
dy2 = f * np.cos(omega * t) + k1 * y[2-1] + k2 * y[1-1] - dy4

dy2 /= ml + me

dy4 /= m2 * np.cos(y[7-1])

j2 = j2_func(y[3-1])

dy5 = y[6-1]

dy7 = y[8-1]

dy8 = C * (y[6-1] - y[8-1]) + K * (y[5-1] - y[7-1])

dy6 = L * np.cos(omega * t) + K1 * y[6-1] + K2 * y[5-1] - dy8
dy6 /= jl + je

dy8 /= j2

return [dyl, dy2, dy3, dy4, dy5, dy6, dy7, dy8]

t = np.linspace(t_left, t_right, num=int(t_right / t_step) + 1)

yo = [0 for _ in range(8)]

res3 = odeint(ode_func, ye, t)

plot_plotly xv('¥& T HMiEFMEHME ", t=t, y=res3, svg_name="'R B> M -1F T AR T 1 E % A1 F5 . svg')
plot_plotly rw('¥F T MR TR MM, t=t, y=res3, svg_name='R B H -1F T AR T HIIE AL . svg")
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In [160.. InteractiveShell.ast_node_interactivity = 'last’

def ode_func(y, t, k, K, c=c, C=C):
dyl = y[2-1]
dy3 = y[4-1]

YA 1k S (radls)



dyd = c * (y[2-1] - y[4-1] * np.cos(y[7-1])) + k * (y[1-1] - y[3-1] * np.cos(y[7-1]))
dy2 = £ * np.cos(omega * t) + k1 * y[2-1] + k2 * y[1-1] - dy4

dy2 /= ml + me

dy4d /= m2 * np.cos(y[7-1])

j2 = j2_func(y[3-1])

dy5 = y[6-1]

dy7 = y[8-1]

dy8 = C * (y[6-1] - y[8-1]) + K * (y[5-1] - y[7-1])

dy6 = L * np.cos(omega * t) + K1 * y[6-1] + K2 * y[5-1] - dy8
dy6 /= jl + je

dy8 /= j2

return [dyl, dy2, dy3, dy4, dy5, dy6, dy7, dy8]

# TODO % &

InteractiveShell.ast_node_interactivity = 'last’
data_X = []

data VvV = []

data_theta = []

data_omega = []

for ¢, C, k, K in zip([10000 * ©.5, 10000, 10000 * 2],
[1000 * 0.5, 1000, 1000 * 2],
[80000 * 0.5, 80000, 80000 * 2],
[250000 * ©.5, 250000, 250000 * 2]):
t_left, t_right = 0, 100
t = np.linspace(t_left, t right, num=int(t_right / t_step) + 1)
yo@ = [0 for _ in range(8)]
res3 = odeint(ode_func, yo, t, args=(k, K))

fuzi_columnes = [f'k={k}-F T HEGMNE "', f'k={k}-FTEGEE", f'ks{k}-FTHARZAME", F k={k}-ZTHEMEE"]
zhenzi_columnes = [f'k={k}-#RFEHNZ ", f'ke{k}-TRTFTEFZEZ", F'k={k}-TRFARMAOFE", ' k={k}-TRTFIEMHEZ"

data_X.append(go.Scatter(x=t, y=res3[:, 0], name=fuzi_columnes[0]))
data_V.append(go.Scatter(x=t, y=res3[:, 1], name=fuzi_columnes[1]))
data_theta.append(go.Scatter(x=t, y=res3[:, 4], name=fuzi_columnes[2]))
data_omega.append(go.Scatter(x=t, y=res3[:, 5], name=fuzi_columnes[3]))

data_X.append(go.Scatter(x=t, y=res3[:, 2], name=zhenzi_columnes[0]))
data_V.append(go.Scatter(x=t, y=res3[:, 3], name=zhenzi_columnes[1]))
data_theta.append(go.Scatter(x=t, y=res3[:, 6], name=zhenzi_columnes[2]))
data_omega.append(go.Scatter(x=t, y=res3[:, 7], name=zhenzi_columnes[3]))

fig data_X = go.Figure(data=data_X)



fig data_X.update_layout(
width=1000,
height=600,
xaxis=dict(title="$if 1] (s)$'),
yaxis=dict(title="$EFH % (m)$'),
)
fig data_V = go.Figure(data=data_V)
fig data_V.update_layout(
width=1000,
height=600,
xaxis=dict(title="$H}[A] (s)$'),
yaxis=dict(title="$EFHE (m)$'),
)
fig data_theta = go.Figure(data=data_theta)
fig data_theta.update_layout(
width=1000,
height=600,
xaxis=dict(title="$M}[A] (s)$'),
yaxis=dict(title="$HIE ML FE (rad)$'),
)
fig _data_omega = go.Figure(data=data_omega)
fig data_omega.update_layout(
width=1000,
height=600,
xaxis=dict(title="$H} ] (s)$'),
yaxis=dict(title="$FEMAHEF (rad)$'),
Legend=dict(y=1.22, yanchor="top", x=1, xanchor="right"),
title=title,
template="plotly white'

~ B ® ®

save = False

if save:
fig_data_X.write_image(IMG_SVG / "RV M -5 L . svg™)
fig_data_V.write_image(IMG_SVG / "R MM -5 E E . svg™)
fig_data_theta.write_image(IMG_SVG / "R EVES M -2 MALFE .svg™)
fig_data_omega.write_image(IMG_SVG / "R St/ Hr - FE M . svg")

fig data_X.show()
fig data_V.show()
fig data_theta.show()
fig data_omega.show()
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