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HEMEE K0T IAT: BREERIESAESE N, FUEKESKRIE MR MK, AT
MIXA A FE Ui B A SCR A H 1) 8 MR IE /i, WiaZb K B 104898m v By (1) i AL ik

BIRLR 2 HULMRIFE LW T K 5-8 fin, BAAEdE T

A—163—>114 »>8 —>309 - 305123 5455160 »92 593 561292 > B, #jiiZF
KRN 109342m, R ZERIE AT 12 £,
#5-6 FPRdE 2. WATBMAELMIRZERIE S5 SKRIERFIRE

0 0 0 HAR A ~ ~
163 13.28789761  13.28789761 0 13.28789761 0
114 18.62205093  5.334153324 1 0 5.334153324
8 13.92198578  19.2561391 0 13.92198578 0
309 19.44631118  5.524325401 1 0 5.524325401
305 5.968714547  11.49303995 0 5.968714547 0
123 15.17310764  9.204393096 1 0 9.204393096
45 10.00616142  19.21055451 0 10.00616142 0
160 17.49129596  7.485134547 1 0 7.485134547
92 5.776163625  13.26129817 0 5.776163625 0
93 15.26088202  9.484718396 1 0 9.484718396
61 0.834209702  19.3189281 0 9.834209702 0
292 16.38812359  6.553913884 1 0 6.553913884
326 6.960509275  13.51442316 B 6.960509275  13.51442316

20



Horizontal
Vertical
® Horizontal
e Vertical

IS

100000

60000
B
20000 40000 V2°

40000

Xlabe) 60000 20000

80000

100000 0

4 5-8 ¥k 2 fiiliZk 3D &

mEHRE W RERE
25,00

1926 1845 19.21 19.32
2000 1862 17.42

1517 1526 1632
1500 137329 158 13.26 13.51
11.49
20 100 48 9.8
10.00 a9
: 6.9
33 52 5.9 5.7 55

5.00

0.00

1 2 3 4 5 6 7 8 9 10 1 12 13

K 5-9 K 2. % EIK T IRERIE MRS K

sEABEER 5-6, H EAIRKEE 5-9 v DLE MM E 1, “AT S RA R EARIE A, FE
WRERK; AT BNEKERIE SR, KPFRZER K. REIAELRFZAFZ W HE
HZH IR IE A B I, BIE AL B ZHEA B, BN TE R 22 RIRHE H PR il 25 1 I B A A
1E. WUATEENTE AB 7 B R, ZHERCAGE, SUTPOEKE AR LS, Atk
K- 109342m, U 12 MRZERIE S, AB EZRER B4 103045m, fiidFK BV tk AB B
LRER BN T 6.11%.

R T a0 Ul B AR SR ] 1) B — B v I BV SR AR I 4 S LA, FRATTIEE 1350
SRR 2 KR, 2% TR 5-T:

57 HlRge 1 ARFRIE SANECR 45 5

B IE AN L R 42 B K
11 ¥ y
A—163—114—8—309—305— 123 —~45—160— 92— 93— 109342mm
1o 61—292—B
A—163—114—8—309—121—123—~45—160— 92— 93— 110772m
61—292—B

21



A—184—163—114—8—309—54—123—115— 160~ 92—
93—61—-292—B 112315m
13 A~184—163—~ 1148300121123 -45160~92—~ |
93—61—166—B 3883m
A—184—163—114—8—309—54—123—115— 160— 92—
93—61—292—135—B 115793.m
14 A~184—163~ 1148300121123 -45~160~92—~ |
936129213538 5933m

W IR S AEE ()
16
14

14 14
13 13
12 12
12 0.8342 10772 1.2315 1.3883 15793 1.5233
| .
1 2 3 4 5 g

K] 5-10 A% 1E s BB 284 B o LA R I
F 3 5-7 F1&] 5-10 v LA ZR 2, TERM LRI a5 R, RIE SO 1148, 76
FEHRHBAER —Z TS HEERE SN M, FlKESKIE SR IEMX.
AT DL AN A B U A SR A I 12 MR IE AT, BT 109342m R B9k i B AR Ak
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j=0
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Oxdy; xX; x(L=T)) < B,
Oxdy; x X, xT, <y
Oxdy; xX; xT, < e,
k>1

5x(d x5 (LT,) + dl o xT)Sﬂlﬁ
( )X (L=T) + dU e x D x (1 T))<ﬂ29
st. 5><( ><T+dk1><x(kl)><T)<a10 (6-12)

ox(d ><T+dk1><xkl><(1 T))<0{2

iﬁ£1
j=0

k= hea

I, je 0,1,2,...N)

a0, ,,/,,6,0>0
4 =109 1109 4y
TR AL B bR 2R B R EE SR H AR R 2L

31




6.2.2 ET B2 ERARNKHRRATEREE
(1) SRALAEN

RS REET, TSI EEEeTEE R, S FE— LT “bestso far”
RASHIEE TARIE MR, B AT DLE I 45 v DU S bR A i 25k S B S R AR . R
0 0 — M 9 o B D

L ETHRRBER RN FA2E SRR AT B AR R EUER T “best so far” NI fg2k
MHCIRAAHTE “best so far” ARZS .

2) FETHEZEITA ERAEN: A2 G E 2R B BEE e, FHY
AR X GO0 IR EE 1) B bR R BUE DL T 240 i, D0 HAg2E

FEA B, A TESIET B AR R EUE R RBEN], Britbz 4h, FATETIN T R 5
N IR — A B E AR S K — B [l B gk, A E B AT g B
XS HAR R A 52, FRSPATIXAS B ERAE

(2) WHBETKE

B KERAREREET N REE R MRS KEERUN T, WA RS E
GHMBERR R, WREBRKEEARK, NAlfeafiib —H R ahRiE, SRR

= M.
Eﬁﬁ%¢%%&§%ﬁ@§%%%ﬁﬁ,EBE@&ELNQ(n%ﬁ%&Eﬁ%

O HBENLEUE -

(3) B2 EREE (Improved Tabu Search, ITS)

HHA R R AFERM, R REEERBIALIEN, fFAEBERINS, HPR
iR 1) ) s R R AR A — B ] WA AN 23— 2Bk . ETTAaIT B, H br ek B (B 18
SRR, FRRSGEEARR R, AR R IR HET, HAR R B UE N =
HOREAS, FFBDAFRAL NN, FEMCRAREAR M KR ], H s ek do
DB — IR AL

N TSR e R R EE N R R EASIOEE, SIN T AR LA, 2
H A A B R ER(TS) . ITS W ZEAR, MR REMI, SR
B EIOE RAMAE OROURE D& BEAT AL, & HUFT T AT 8, 7EsbItat b o
PR BARME, 1TS T RZAR s AW P IRE I 2 IAAUE . EAET
BRI BL R WA R R A, SSHID E R XIS R, AR EARE,
XAB IR R AE XA, AT H O ATAT M, UK & R 256 . SRR K 10 ] 6-6
I

32



( s )

A

UL IR A RP

AAH R EHfE 454

A

y

L B A GR

A

y

&

=

A

y

PR A R

T2k 5 BAFEQ

-
«

A 4

FEoeE A

[ )
( )
[ )
( )
[ )
( )
( )

SR A R F RS < ABIEQ

N
IR BN FPIEARHX?

( it (A5 )
51 6-6 ITS Sikiitie &

FEIERAS EQ RN s, IREE T D IREE PR ZRITH s DB R e g, FHRE 4

AR AR AR o A2 EMIA AR —UOEAU, Ep R EP LS R o, FHRYE

@ B EQ. 4 EQ FIAMAM LR s, AT H o BT IAVRHIMA EQLSIN, 4 M o ¥
EQ[s], Fx EQ HEHiHF/F -

LTS

S R I A R R, AR KB 1 (0.0Vn LIV (n igsks
TE S80H0 TP BUIUEL . 5%5b, 4 0 M0 ot TR AR A 0 b 48 61 T best so far”
AR, A AR
LES T

A XARAFIRT DN BRI RE, RIEARFEPI —DEEM S, S ERIERIAM
MO AT GO FiEd EY A AT iR ARG AR, SRS
AL GR R, RO 2 4 57 T SARRE 8 L. 2 1TS h, R HER

33



WS EEEOR B AT I 2OIRESE R, B R “1Fi” BRI R R, i g2

AT B BRI AT SR A 7 A B (K T AT A
A XA R BB SGE, E e MESE P RENLIE B A AT AT, SRR BEH L % AT 22 X

B B AT X

(4) HIrRERIEA

R 6-1 B, W AR BEAREE 120 IR B, R SCE B IR AK,
A BLAJSAE 120 Ik DL BEAS BB A o
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10. Miz

10.1 jE)E—AS
10.1.1 main.py
BRI

import openpyxI

import sys

import random

random.seed(1)

sys.setrecursionlimit(100000)

alphal=25

alpha2=15

betal=20

beta2=25

theta=30

sigma=0.001

import 0s

data_path = os.path.join("..", '..", 2019 4F o1 [EBff 77 AE H o AR SR 28 FON\PIA 1. #dmde 1-2%¢

Fei xIsx’)

# 7T excel U SRECTAEFEXT &

wb = openpyxl.load_workbook(data_path)

# IRAE E B R

sheet = wb['datal']

point_list =]

for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])

point_num = len(point_list)

def get_distance(start_index, end_index):
x1, y1, z1 = point_list[start_index][0:3]
X2, y2, z2 = point_list[end_index][0:3]
return ((x1-x2)**2+(yl-y2)**2+(z1-z2)**2)**0.5
def judge_z(start_index, end_index=point_num-1):
x1, y1, z1 = point_list[start_index][0:3]
X2, y2, z2 = point_list[end_index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True
def judge(start_index, end_index, horizontal error,vertical_error):
end_point_type = point_list[end_index][3]
distance = get_distance(start_index, end_index)
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delta_error = distance * sigma
end_point_horizontal_error = horizontal_error + delta_error
end_point_vertical_error = vertical_error + delta_error
if judge_z(start_index):
if end_index != point_num - 1:# F— SR & 5
if end_point_type == 0: # /K°F
if end_point_horizontal_error<=beta2 and end_point_vertical_error<=betal:

iS_pass = True
else:
is_pass = False
elif end_point_type == 1:#7E H
if end_point_horizontal_error<=alpha2 and
end_point_vertical_error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False

elseitt F —/N pi a4 R
if end_point_horizontal_error <= theta and end_point_vertical_error <= theta:

is_pass = True
else:
is_pass = False
else:
is_pass=False

after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = end_point_vertical_error
if is_pass:
if end_point_type == 0:
after_end_point_horizontal_error =0
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type ==1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error =0
return iS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error
def rank_distance(point_index_list):
ranked_list = sorted(point_index_list, key=lambda index_list: get_ distance(index_list[0],
point_num-1))
return ranked_list

def get_all_distance(index_list):
distance =0
for i in range(len(index_list)-1):
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start_index = index_list[i]
end_index = index_list[i+1]
distance = distance + get_distance(start_index, end_index)
return distance
vis = point_num*[0]
order =[]
temp_all_distance = 1000000
temp_order =]
def find_path(start_index=0, horizontal_error=0, vertical_error=0):
global temp_all_distance
global order, temp_order
order.append(start_index)
candidate_list =]
for index in range(point_num):
if index != start_index:

IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error = judge(start_index, index,
horizontal_error, vertical_error)

if is_pass and get distance(start_index, point_num-1) > get distance(index,
point_num-1):

candidate_list.append(index)

if len(candidate_list) == 0:

order.pop()

return
candidate_list.sort(key=lambda index_list: get_distance(index_list, point_num-1))
# random.shuffle(candidate_list)
if len(candidate_list) >=5:

candidate_list = candidate_list[0:5]
for candidate in candidate_list:

if candidate == point_num - 1:

order.append(candidate)

all_distance = get_all_distance(order)

if all_distance < temp_all_distance:

temp_all_distance = all_distance
temp_order = order.copy()
print(\n' + 'small’, order, all_distance)
order.pop()
break
if len(order) > 13:
break
IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error = judge(
start_index, candidate, horizontal_error, vertical_error)
find_path(candidate, after_end_point_horizontal_error, after_end_point_vertical_error)
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order.pop()

return
find_path()
print(temp_order)

10.1.2 compute_error.py
THRIRERA

import openpyxI
import sys
sys.setrecursionlimit(100000)
alphal=25
alpha2=15
betal=20
beta2=25
theta=30
sigma=0.001
import 0s
data_path = os.path.join("..", "..", 2019 4F o1 [E Bff 77 AE H o AR SR 28 F\PAA 1. #dmde 1-2%¢
Fei xIsx")
# 7T excel U SRECTAEFEX &
wb = openpyxl.load_workbook(data_path)
# IRAHE E B R
sheet = wb['datal']
point_list =]
print(sheet.max_row)
for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])
print(point_list)
point_num = len(point_list)
def judge_z(start_index, end_index=point_num-1):
x1, y1, z1 = point_list[start_index][0:3]
X2, y2, z2 = point_list[end_index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True
def get_distance(start_index, end_index):
x1, y1, z1 = point_list[start_index][0:3]
X2, y2, z2 = point_list[end_index][0:3]
return ((x1-x2)**2+(y1l-y2)**2+(z1-z2)**2)**0.5
def judge(start_index, end_index, horizontal error,vertical_error):
end_point_type = point_list[end_index][3]
distance = get_distance(start_index, end_index)
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delta_error = distance * sigma
end_point_horizontal_error = horizontal_error + delta_error
end_point_vertical_error = vertical_error + delta_error
if judge_z(start_index):
if end_index != point_num - 1:# F— SR & 5
if end_point_type == 0: # /K°F
if end_point_horizontal_error<=beta2 and end_point_vertical_error<=betal:
is_pass = True
else:
is_pass = False
elif end_point_type == 1:#7E H
if end_point_horizontal_error<=alpha2 and
end_point_vertical_error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False
elseitt F —/N pi a4 R
if end_point_horizontal_error <= theta and end_point_vertical_error <= theta:

is_pass = True
else:
is_pass = False
else:
is_pass=False

after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = end_point_vertical_error
if is_pass:
if end_point_type == 0:
after_end_point_horizontal_error =0
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type == 1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error =0
return iS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error

matlab_path_list = [0, 503, 294, 91, 282, 33, 315, 403, 594, 501, 612]
path_list =[[i, 0, 0, 0, 0] for i in matlab_path_list]
distance =0
for i in range(len(path_list) - 1):
start_index = path_list[i][0]
end_index = path_list[i + 1][0]
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IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error = judge(start_index, end_index,
path_list[i][3], path_list[i][4])

if is_pass:
path_listfi + 1][1:] = end_point_horizontal _error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error
else:

print(‘error’, start_index, end_index)
distance = distance + get_distance(start_index, end_index)
for i in path_list:
print(i, point_list[i[0]][3])

10.2 [EJFE—KEE
10.2.1 main.py
BAEBRAA.

import openpyx|
import sys
import random
random.seed(1)
sys.setrecursionlimit(100000)
alphal=25
alpha2=15
betal=20
beta2=25
theta=30
sigma=0.001
import os
data_path = os.path.join("..", '..", ‘2019 4 [E[HJf 77 AL $0 22 AR S5 3% F R\ 1. i 1-2&
fieg x1sx")
# FTIF excel U SR TAR X 5
wb = openpyxl.load_workbook(data_path)
# IRHHE E B R A
sheet = wb['datal’]
point_list = []
for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])
point_num = len(point_list)
def get_distance(start_index, end_index):
x1, y1, z1 = point_list[start_index][0:3]
X2, y2,z2 = point_list[end_index][0:3]
return ((X1-x2)**2+(yl-y2)**2+(z1-z2)**2)**0.5
def judge_z(start_index, end_index=point_num-1):
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x1, y1, z1 = point_list[start_index][0:3]
X2,y2, z2 = point_list[end_index][0:3]
if abs(z1-z2)>5000:

return False
else:

return True

def judge(start_index, end_index, horizontal_error,vertical_error):

end_point_type = point_list[end_index][3]
distance = get_distance(start_index, end_index)
delta_error = distance * sigma
end_point_horizontal_error = horizontal_error + delta_error
end_point_vertical_error = vertical_error + delta_error
if judge_z(start_index):

if end_index != point_num - 1:# F— SRS & 5

if end_point_type == 0: # /K-F
if end_point_horizontal_error<=beta2 and end_point_vertical_error<=betal:

is_pass = True
else:
is_pass = False
elif end_point_type == 1:#HE K
if end_point_horizontal_error<=alpha2 and
end_point_vertical_error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False

elsertt T —/N pi 24
if end_point_horizontal_error <= theta and end_point_vertical_error <= theta:

is_pass = True
else:
is_pass = False
else:
is_pass=False

after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = end_point_vertical_error
if is_pass:
if end_point_type == 0:
after_end_point_horizontal_error =0
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type ==1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error =0
return iS_pass, end_point_horizontal_error, end_point_vertical_error,
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after_end_point_horizontal_error, after_end_point_vertical_error
def rank_distance(point_index_list):
ranked_list = sorted(point_index_list, key=lambda index_list: get_ distance(index_list[0],
point_num-1))
return ranked_list
def get_all_distance(index_list):
distance =0
for i in range(len(index_list)-1):
start_index = index_list[i]
end_index = index_list[i+1]
distance = distance + get_distance(start_index, end_index)
return distance
vis = point_num*[0]
order =[]
temp_all_distance = 104898
temp_order =]

def find_path(start_index=0, horizontal_error=0, vertical_error=0):
global temp_all_distance
global order, temp_order
order.append(start_index)
candidate_list =]
for index in range(point_num):
if index != start_index:
iS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error = judge(start_index, index,
horizontal_error, vertical_error)
if is_pass and get distance(start_index, point_num-1) > get distance(index,
point_num-1):
candidate_list.append(index)
if len(candidate_list) == 0:
order.pop()
return
# candidate_list.sort(key=lambda index_list: get_distance(index_list, point_num-1))
random.shuffle(candidate_list)
if len(candidate_list) >=5:
candidate_list = candidate_list[0:5]
for candidate in candidate_list:
if candidate == point_num - 1:
order.append(candidate)
all_distance = get_all_distance(order)
if all_distance < temp_all_distance:
temp_all_distance = all_distance
temp_order = order.copy()
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print(\n' + 'small’, order, all_distance)
order.pop()
break
if len(order) > 13:
break
IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error = judge(
start_index, candidate, horizontal_error, vertical_error)
find_path(candidate, after_end_point_horizontal_error, after_end_point_vertical_error)
order.pop()
return
find_path()
print(temp_order)

10.2.2 compute_error.py

THRIRZEAR

# import threading

import openpyx|

import sys
sys.setrecursionlimit(100000)

alphal=25
alpha2=15
betal=20
beta2=25
theta=30
sigma=0.001

import os
data_path = os.path.join("..", '..", ‘2019 4 [E[HJf 57 AL £ 22 AR S5 3% F R\ 1. i 1-2&
fieg x1sx")

# FTIF excel U SR TAR X 5
wb = openpyxl.load_workbook(data_path)
# FREFEE R
sheet = wb['datal’]
point_list = []
for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])
point_num = len(point_list)
matlab_path_list = [0, 503, 69, 237, 233, 598, 561, 448, 485, 612]
path_list =[[i, 0, 0, 0, 0] for i in matlab_path_list]
all_distance_list = [0, 13397.94141591609, 22206.718527477846, 34706.853446975045,
45532.46491249756,  59539.840926734374,  70496.2591586171,  75652.22657391406,
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81388.44828831236, 104960.35109086095]

def judge_z(start_index, end_index=point_num-1):
x1, y1, z1 = point_list[start_index][0:3]
X2,y2, z2 = point_list[end_index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True

def get_distance(start_index, end_index):
return all_distance_list[matlab_path_list.index(end_index)] -
all_distance_list[matlab_path_list.index(start_index)]

def judge(start_index, end_index, horizontal_error,vertical_error):
end_point_type = point_list[end_index][3]
distance = get_distance(start_index, end_index)
delta_error = distance * sigma
end_point_horizontal_error = horizontal_error + delta_error
end_point_vertical_error = vertical_error + delta_error
if judge_z(start_index):
if end_index != point_num - 1:# F—/ SRS & 4
if end_point_type == 0: # /K-¥
if end_point_horizontal_error<=beta2 and end_point_vertical_error<=betal:
is_pass = True
else:
is_pass = False
elif end_point_type == 1:#HE H
if end_point_horizontal_error<=alpha2 and
end_point_vertical_error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False
elseitt T —/N pi 24 R
if end_point_horizontal_error <= theta and end_point_vertical_error <= theta:
is_pass = True
else:
is_pass = False
else:
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is_pass=False
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = end_point_vertical_error
if is_pass:
if end_point_type == 0:
after_end_point_horizontal_error =0
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type == 1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error =0
return IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error

distance =0
for i in range(len(path_list) - 1):

start_index = path_list[i][0]

end_index = path_list[i + 1][0]

IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error = judge(start_index, end_index,
path_list[i][3], path_list[i][4])

if is_pass:
path_list[i + 1][1:] = end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error
else:

print(‘error',start_index,end_index)
distance = distance + get_distance(start_index, end_index)
for i in path_list:
print(i, point_list[i[0]][3])

10.2.3 dubins.py
4 dubins BRI

import dubins

import openpyx|

import sys

from scipy import interpolate

import numpy as np
sys.setrecursionlimit(100000)

import math

import matplotlib.pyplot as plt

from mpl_toolkits.mplot3d import Axes3D
import 0s

data_path = os.path.join(".., .., '2019 4 [E A 75 A= F 22 i AR SE 3% FOB\BHAF 1. 2da4E 1-4¢
Fr.xlsx')
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# 7T excel U ZREX T AR FE X &
wb = openpyxl.load_workbook(data_path)
# IRIHE E AR
sheet = wb['datal’]
point_list = []
for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])
point_num = len(point_list)
matlab_path_list = [0, 503, 69, 237, 233, 598, 561, 448, 485, 612]
path_list = [point_list[i][:3] for i in matlab_path_list]
x_min = min([path_list[i][0] for i in range(len(path_list))])
x_max = max([path_list[i][O] for i in range(len(path_list))])
x_new = list(range(x_min+10, X_max-10))
x=1
y=10
for i in range(len(path_list)-1):
q0 = (path_list[i][0], path_list[i][1], O)
gl = (path_list[i+1][0], path_list[i+1][1], 0)
turning_radius = 200
step_size = 10
path = dubins.shortest_path(q0, g1, turning_radius)
configurations, _ = path.sample_many(step_size)
for point in configurations:
x.append(point[0])
y.append(point[1])
f=interpolate.interpld(x,y,kind="slinear")
y_new = f(x_new)
plt.plot(x,y)
plt.plot(x_new,y_new)
plt.show()

# Xz
x 1=1]
z=l
for i in range(len(path_list)-1):
q0 = (path_list[i][0], path_list[i][2], O)
gl = (path_list[i+1][0], path_list[i+1][2], 0)
turning_radius = 200
step_size =10
path = dubins.shortest_path(q0, g1, turning_radius)
configurations, _ = path.sample_many(step_size)
for point in configurations:
x_1.append(point[0])
z.append(point[1])
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f=interpolate.interpld(x_1,z,kind="slinear")
z_new = f(x_new)

plt.plot(x_1,z)
plt.plot(x_new,z_new)
plt.show()

ax = plt.figure().add_subplot(111, projection="3d")
ax.plot(x_new,y_new, z_new)
plt.show()

y_new =y _new.tolist()
z_new = z_new.tolist()

x_new.insert(0,int(path_list[0][0]))
y_new.insert(0,int(path_list[0][1]))
z_new.insert(0,int(path_list[0][2]))

x_new.append(int(path_list[-1][0]))
y_new.append(int(path_list[-1][1]))
z_new.append(int(path_list[-1][2]))

distance_list =]

total _distance =0

for i in range(len(x_new)-1):
x1,y1, z1 = x_newl[i], y_newl[i], z_new[i]
X2,y2,z2 = x_new[i+1], y_newl[i+1], z_new[i+1]
distance = ((x1-x2)**2+(y1-y2)**2+(z1-z2)**2)**0.5
total _distance = distance + total _distance
distance_list.append(total_distance)

distance_list.insert(0, 0)

final_distance =[]

for point in path_list:
final_distance.append(distance_list[x_new.index(int(point[0]))])

print(final_distance)

all_point = np.array([X_new,y_new,z_new])
np.save(os.path.join(".", 'xyz_point_1.npy"), all_point)

10.3 [l ={KHE
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10.3.1 main.py
BRAERRAA.

import openpyxI

import sys

import random

random.seed(1)

import numpy as np

sys.setrecursionlimit(100000)

alphal=25

alpha2=15

betal=20

beta2=25

theta=30

sigma=0.001

import 0s

data_path = os.path.join("..", '..", 2019 4F o1 [EBff 77 AE H o AR SR 28 FON\PIA 1. #dmde 1-2%¢

Fei xIsx')

# FTIF excel SCHF ZREUTARF#XT

wb = openpyxl.load_workbook(data_path)

# IRHHE E HIR

sheet = wb['datal']

point_list =]

for row in sheet[3:sheet.max_row]:
point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])

point_num = len(point_list)

def get_distance(start_index, end_index):
x1, y1, z1 = point_list[start_index][0:3]
X2,y2,z2 = point_list[end_index][0:3]
return ((X1-x2)**2+(yl-y2)**2+(z1-z2)**2)**0.5

def judge_z(start_index, end_index=point_num-1):
x1, y1, z1 = point_list[start_index][0:3]
X2, y2, z2 = point_list[end_index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True

def judge(start_index, end_index, horizontal error,vertical_error):
end_point_type = point_list[end_index][3]
end_point_safe = point_list[end_index][4]
distance = get_distance(start_index, end_index)

delta_error = distance * sigma
69



end_point_horizontal_error = horizontal_error + delta_error
end_point_vertical_error = vertical_error + delta_error
if judge_z(start_index):
if end_index != point_num - 1:# F—/ SR & 5
if end_point_type == 0: # /K°F
if end_point_horizontal_error<=beta2 and end_point_vertical_error<=betal:

is_pass = True
else:
is_pass = False
elif end_point_type == 1:#TE H
if end_point_horizontal_error<=alpha2 and
end_point_vertical_error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False

elseitt F —/N pi a4 R
if end_point_horizontal_error <= theta and end_point_vertical_error <= theta:

is_pass = True
else:
is_pass = False
else:
is_pass=False

after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = end_point_vertical_error
if is_pass:
if end_point_safe == 0:
if end_point_type == 0:
after_end_point_horizontal_error =0
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type == 1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error =0
else:
if end_point_type == 0:
after_end_point_horizontal_error = min(end_point_horizontal_error, 5)
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type == 1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = min(end_point_vertical_error, 5)
return iS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error
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def rank_distance(point_index_list):

ranked_list = sorted(point_index_list, key=lambda index_list: get_ distance(index_list[0],
point_num-1))

return ranked_list

def get_all_distance(index_list):
distance =0
for i in range(len(index_list)-1):
start_index = index_list[i]
end_index = index_list[i+1]
distance = distance + get_distance(start_index, end_index)
return distance

def judge_P(start_index, end_index, horizontal _error,vertical _error):
end_point_type = point_list[end_index][3]
end_point_safe = point_list[end_index][4]
if end_point_safe == 1:
end_point_safe = random.random()
distance = get_distance(start_index, end_index)
delta_error = distance * sigma
end_point_horizontal_error = horizontal_error + delta_error
end_point_vertical_error = vertical_error + delta_error
if judge_z(start_index):
if end_index != point_num - 1:# F—/ SRS & 4
if end_point_type == 0: # /K-¥
if end_point_horizontal_error<=beta2 and end_point_vertical_error<=betal:
is_pass = True
else:
is_pass = False
elif end_point_type == 1:#HE K
if end_point_horizontal_error<=alpha2 and
end_point_vertical_error<=alphal:
is_pass = True
else:
is_pass = False
else:
is_pass = False
elsertt F—/N pi 24 R
if end_point_horizontal_error <= theta and end_point_vertical_error <= theta:
is_pass = True
else:
is_pass = False
else:
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is_pass=False
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = end_point_vertical_error
if is_pass:
if end_point_safe <=0.8:
if end_point_type == 0:
after_end_point_horizontal_error =0
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type == 1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error =0
else:
if end_point_type == 0:
after_end_point_horizontal_error = min(end_point_horizontal_error, 5)
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type == 1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = min(end_point_vertical_error, 5)
return IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error, end_point_safe

def get_type(point_index, end_point_safe):
if point_list[point_index][3] == 0 and end_point_safe < 0.8: # 7K-¥

return '01'

elif point_list[point_index][3] == 0 and end_point_safe > 0.8: # 7K~
return '02'

elif point_list[point_index][3] == 1 and end_point_safe < 0.8: # 7K~
return '11'

elif point_list[point_index][3] == 1 and end_point_safe > 0.8: # 7K~
return '12'

elif point_index == len(point_list) - 1:
return 'B A’

def get_P(matlab_path_list):

path_list =[i, 0, 0, 0, 0, '55] for i in matlab_path_list]
path_list[0][-1] ="'A &'
path_list[-1][-1] ='B A3’
distance =0
success = 0
for j in range(10000):

is_ok = True

for i in range(len(path_list) - 1):

start_index = path_list[i][0]
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end_index = path_list[i + 1][0]

IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error, end_point_safe =
judge_P(start_index, end_index, path_list[i][3], path_list[i][4])

type = get_type(path_list[i + 1][0], end_point_safe)

if is_pass:

path_list[i + 1][1:] = end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error, type

else:

is_ok = False
break

distance = distance + get_distance(start_index, end_index)

if is_ok ==True:

success = success + 1

return success/10000

vis = point_num*[0]

order =[]

temp_all_distance = 10000000

temp_order =]

all_solution =]

def find_path(start_index=0, horizontal_error=0, vertical_error=0):
global temp_all_distance, all_solution
global order, temp_order
order.append(start_index)
candidate_list =]
for index in range(point_num):

if index != start_index:

IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end point_vertical_error = judge(start_index, index,
horizontal_error, vertical_error)

if is_pass and get distance(start_index, point_num-1) > get distance(index,
point_num-1):

candidate_list.append(index)

if len(candidate_list) == 0:

order.pop()

return
candidate_list.sort(key=lambda index_list: get_distance(index_list, point_num-1))
# random.shuffle(candidate_list)
length = 10
if len(candidate_list) >= length:

candidate_list = candidate_list[0:length]
for candidate in candidate_list:

if candidate == point_num - 1:
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order.append(candidate)
all_distance = get_all_distance(order)
if all_distance < temp_all_distance:
temp_all_distance = all_distance
temp_order = order.copy()
P = get_P(order)
print('small', order, all_distance, P)
all_solution.append([order.copy(), all_distance, P])
order.pop()
break
if len(order) > 13:
break
IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error = judge(
start_index, candidate, horizontal_error, vertical_error)
find_path(candidate, after_end_point_horizontal_error, after_end_point_vertical_error)
order.pop()
return

find_path()

print(temp_order)

print(all_solution)

all_solution = np.array(all_solution)
np.save(‘all_solution_1.npy', all_solution)

10.3.2 compute_error.py
THRIRZERA

import openpyxI
import sys
import random
from tqdm import tqdm
sys.setrecursionlimit(100000)
alphal=25
alpha2=15
betal=20
beta2=25
theta=30
sigma=0.001
import 0s
data_path = os.path.join("..", "..", 2019 4F 1 [ Bff 70 AE H 2 AR R 28 F B\PAAT 1. Hdmde 1-%%¢
fie.xlIsx")
# 7T excel XA SR TAEEX 5
wb = openpyxl.load_workbook(data_path)
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# FRIURE R

sheet = wb['datal']

point_list = []

for row in sheet[3:sheet.max_row]:

point_list.append([row[1].value, row[2].value, row[3].value, row[4].value, row[5].value])

point_num = len(point_list)

def judge_z(start_index, end_index=point_num-1):
x1, y1, z1 = point_list[start_index][0:3]
X2,y2, z2 = point_list[end_index][0:3]
if abs(z1-z2)>5000:
return False
else:
return True

def get_distance(start_index, end_index):
x1, y1, z1 = point_list[start_index][0:3]
X2,y2, z2 = point_list[end_index][0:3]
return ((x1-x2)**2+(y1-y2)**2+(z1-z2)**2)**0.5

def judge(start_index, end_index, horizontal_error,vertical_error):

end_point_type = point_list[end_index][3]
end_point_safe = point_list[end_index][4]
if end_point_safe == 1:

end_point_safe = random.random()
distance = get_distance(start_index, end_index)
delta_error = distance * sigma
end_point_horizontal_error = horizontal_error + delta_error
end_point_vertical_error = vertical_error + delta_error
if judge_z(start_index):

if end_index != point_num - 1:# F —/ SRS & A

if end_point_type == 0: # /K-¥

if end_point_horizontal_error<=beta2 and end_point_vertical_error<=betal:

is_pass = True

else:
is_pass = False

elif end_point_type == 1:#7E H
if end_point_horizontal_error<=alpha2
end_point_vertical_error<=alphal:

is_pass = True

else:
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is_pass = False
else:
is_pass = False

if end_point_horizontal_error <= theta and end_point_vertical_error <= theta:

iS_pass = True
else:
is_pass = False
else:
is_pass=False

after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = end_point_vertical_error
if is_pass:
if end_point_safe <=0.8:
if end_point_type == 0:
after_end_point_horizontal_error =0
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type == 1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error =0
else:
if end_point_type == 0:
after_end_point_horizontal_error = min(end_point_horizontal_error, 5)
after_end_point_vertical_error = end_point_vertical_error
elif end_point_type == 1:
after_end_point_horizontal_error = end_point_horizontal_error
after_end_point_vertical_error = min(end_point_vertical_error, 5)
return IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error, end_point_safe

def get_type(point_index, end_point_safe):

if point_list[point_index][3] == 0 and end_point_safe <= 0.8: # /K-
return '01'

elif point_list[point_index][3] == 0 and end_point_safe > 0.8:
return '02'

elif point_list[point_index][3] == 1 and end_point_safe <= 0.8:
return '11'

elif point_list[point_index][3] == 1 and end_point_safe > 0.8:
return '12'

elif point_index == len(point_list) - 1:
return 'B 55’
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def get_sum_of_unsafe(path_list):
sum=0
for point in path_list:
type = point[-1]
if '2"in type:
sum =sum +1
return sum

matlab_path_list = [0, 578, 417, 80, 237, 607, 33, 194, 450, 448, 485, 302, 612]
path_list =[i, 0, 0, 0, 0, '55] for i in matlab_path_list]
path_list[0][-1] ="'A &'
path_list[-1][-1] ='B A3’
distance =0
success = 0
all_solution =]
for j in tgdm(range(100000)):
is_ok = True
for i in range(len(path_list) - 1):

start_index = path_list[i][0]

end_index = path_list[i + 1][0]

IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error, end_point_safe =
judge(start_index, end_index, path_list[i][3], path_list[i][4])

type = get_type(path_list[i + 1][0], end_point_safe)

if is_pass:
path_list[i + 1][1:] = end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error, type
else:
is_ok = False
break

distance = distance + get_distance(start_index, end_index)
if is_ok == True:
success = success + 1
all_solution.append(path_list)
print('P={}".format(success/100000))
temp_unsafe_sum =0
temp_index =0
for i, path in enumerate(all_solution):
unsafe_sum = get_sum_of_unsafe(path)
if unsafe_sum > temp_unsafe_sum:
temp_unsafe_sum = unsafe_sum
temp_index =i
for i in all_solution[temp_index]:
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print(i)

safe_list =]

foriin [0, 578, 417, 80, 237, 607, 33, 194, 450, 448, 485, 302, 612]:
safe_list.append(point_list[i][4])

print(safe_list)

def get_P(matlab_path_list):
path_list =[[i, 0, 0, 0, 0, '55] for i in matlab_path_list]
path_list[0][-1] ="'A &'
path_list[-1][-1] ='B &3’
distance =0
success = 0
for j in tqdm(range(10000)):
is_ok = True
for i in range(len(path_list) - 1):

start_index = path_list[i][0]

end_index = path_list[i + 1][0]

IS_pass, end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error, end_point_safe =
judge(start_index, end_index, path_list[i][3], path_list[i][4])

type = get_type(path_list[i + 1][0], end_point_safe)

if is_pass:

path_list[i + 1][1:] = end_point_horizontal_error, end_point_vertical_error,
after_end_point_horizontal_error, after_end_point_vertical_error, type

else:

is_ok = False
break

distance = distance + get_distance(start_index, end_index)

if is_ok ==True:

success = success + 1

return success/10000

print(get_P(matlab_path_list))
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