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I 10km DO IHEEEEL TIIab—ara2BI729,

4.1 RERIRIR

AREBRICTHEALIZ 2 — 2 al B2 LU TIOR T, 233 Python IZTR IR,
LA RRSOFHRLALER 72 &2 Numpy , LB Matplotlib ZfEHL T Ral—iay
e SNavASo Y

® Windows 8.1

® Python 3.7.0

® Numpy 1.14.5

® Matplotlib 2.2.2

4.2 EE&1

EBR 1 TIE, BREH S — ROREUS LIEF A LI ) TRICAET S/ — RO
MELZHEET D7 VT ALEHNLT HZ LT, (LFICH D LPWA 731 A&
Didik e B4,

4.2.1 EERHME

T UH AT n MRS — REEE L, 22 NEBEONEIEHRZ AV -CRlE Al
REEREE (tr d) 220iEfF / — RZHET 5, &I, tr_d*1.0 OMJE L2 BEd 5 P
T/ —RAL tr d*2.0 DME L2 BEIT KK — KBD 2 52 L THiE 4%
HET S, 2k, ADBRNPEELEZEAIT tr_d*1.0 LY N[, A & B DOl
FFHEEE L2HAT tr_d*1.0 725 tr_d*2.0. B OANEIEE L72HA1T tr_d*2.0
25 tr_d*3.0, WL LIBIE TE o 72 AT tr_d*3.0 X SMAloEFENIZ 2
— RRGFEET D EHETE D, 22T, BHEEIC LY EBEHEEN /RE L E L T
HBEERE AW IEHEEZRS 2705, £/-, T TIMENEEL THDLHD L L
T — U= A D/ — FOHRLEB I,

ZD ) — KPFET D LB 2 b 5% % [max_x, min_x], [max_y, min_yl & 3
X NEHEEO T ONCHR 2 ICHFAZ D TV, 2 OREANICITRE  — RUSL D 2
— NRFETLIHEIFBAEVONMNEEZD LT oL TEEICTST 5, £ LT, i
) — FORECNLED S —EHREEZ R LT M2 ERTHE, T _XTOMNELR
LEPHO RO E T e HEE R & U CRieRT 5, 722 L, fE — RLUSNDJEL
— ROHiPH L E2 > TWAHEEIXZ ORI A HI D, &ZIC, HEE LIALEEHRORE
B EEBEOMEFRZ R L CGHMEZB 279,
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ELHCCARRT % 7 — R(device_num) Off%5% [50, 75, 100, 125, 150/, @15 AT
HERBEA (2.0, 2.5, 3.0, 3.5, 4.0]km DA AHLET 100 BT OV I 2L —va %
B VEHIE A i3 5, Al IEIL, & — ROEE & HEEME O ERREZ &
L 72 fili(sum_distance) Z#{#fl L C. 100 — (sum_distance/device_num) * 10 [%]
NOEH U THEEEOEY 2 ERER L T 5,

4.2.2 EEBHER
AR U ArEHEERORR 2T, 72k, Bl 2 — N it 3amE wr
REMRBEZ# R LT\ 5, £/, / — FEA 100, @5 fTRERAEEDY 3.0km Z4HE L7
VIalb—va rOEMLEEROMEFEREHEE LILEF RO 2 ZNE N
10, ¥ 11127,

K4 J— P L E(E TS & OB HEE R

50 75 100 125 150
2.0 38535  40.341  47.903 52741 = 56.732
2.5 58987  63.765  70.834 = 76.867 = 80.083
3.0 77.644  82.362  86.137  89.213  89.343
35 89.346  91.739  92.660  92.949 = 94.024
4.0 92.381  93.716  94.030  94.301 = 94.327
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4.3 RER?2

FEhr 2 Tk, HEEMEHF#REFFO2 /) — FEHWTREMENS Y —FU oA
FTCOREN— FEHHT 57V TY X AL EREMBORELZRB /RS Z
LT REVESEOEH A BT,

4.3.1 EERHE

FER 1 THERR Lo HEEALE T 2 L L CEER 2 2D T <,

TP HELLEREMNENPOF— MY oA ONEE CTOEMRERMAHFEL, b L
N— NDBER ST RIXEOEEN— MEREK T T 5, V— EBRER Lo T2
B3/ — ROBEREBENICH 51085/ — ROERiZ 3 X CTHREL. 7/ — Y
A DB LITH A~/ — ROHZr LT 5,

B L7/ — FOBEBEE®RZ VWOV — R 2 FIRIICHEE L TV, HEDIZ
Wy TR0 BEEEENREL o720 35 & BIENKT S A et E <
PRBH T ERMBEREL — AT E CWEICE BN ) T E B Fokan
O, HEE LTV — FOg/NR y 78 & ks fE IR A R EITEN L T <,
HE STz V— RO G, EAREEEE R v 7 5e@(E rTRElEEE*0.1 2 /& L7 fEn
Kb/MSWbOEFEL— T D,

TR 1 LRI, BLECAERT D/ — RofE#k%[50, 75, 100, 125, 1501{E, i@
12 WTRERERE A [2.0, 2.5, 3.0, 3.5, 4.0lkm OfAEHHET 100 A2 I 2 b — g
CEBIRW BEMNENS S — T A ETO/N— FPREE T 2B i
Do 1272 L, EBROT-DICREMEE T — N = A 13H 55 COBEN-#FAR T
T UK LNIRET D, Flo BBEFEZETELHE ) — FOFLHLEEZ LPWA
TNA ZADFENE & L, BAE & Oftsxt BEEEO EIME CREE T 5,

4.3.2 HERER

# 51— MM LR, & 6 ST L REMRO VRS 7T, 7
B, M — NE GENCER( TREEIEE R L OV D, E7, B 1L CHEE LT
MBI HRAE S & ITHESE LTy — Fof &2 X 12 12737,

16



#5 /— N L @ETRedRRE Z & o/L— MEEEEEL (100 [=])

50 75 100 125 150
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Position_Estimation.py

import matplotlib.pyplot as plt

import numpy as np

import math

# ~/LF iRy 70 E AT RE RS (transmission_distance)
tr.d =4.0

# RE T O

device_num = 100

%~ i

map_width = 20

map_height = 20

A N UAT S

np.set_printoptions(precision=3, floatmode="fixed”)

x = np.random.uniform(-map_width/2, map_width/2,
device_num)
y = np.random.uniform(-map_height/2, map_height/2,

device_num)
signal_position = {'x’:np.random.uniform(-map_width/2, 0),
’y’:np.random.uniform(-
map_height/2, 0)}
gateway_position = {'x”:np.random.uniform(0, map_width/2),
'y’ :np.random.uniform(0,
map_height/2)}
# fig = plt.figure(figsize=(14,5)) # JEIZ figure Z1F->TH<
def Display_Position(estimate):
% IITEE
# plt.subplot(1, 2, 1)
plt.cla()
plt.xlim((-map_width/2-1, map_width/2+1])
plt.ylim([-map_height/2-1, map_height/2+1])
plt.grid(color="gray’)
& B/ —ROMLEE T TR
plt.scatter(signal_position[’x’],
marker="0", s=30, c="blue”)
plt.scatter(gateway_position[’x’], gateway_position[’y’],
marker="0", s=30, c="blue”)

signal_position[’y’],

v n

plt.scatter(x, y, marker="0", s=10, c="red”)
for i,(a,b) in enumerate(zip(x, y)):
plt.annotate(str(i),(a,b)) # F~L
plt.show()
t JITRE
# plt.subplot(1, 2, 2)
plt.cla()
plt.xlim([~(map_width/2)-1, map_width/2+1])
plt.ylim([~(map_height/2)-1, map_height/2+1])
plt.grid(color="gray’)
plt.scatter(signal_position[’x’],
marker="0", s=30, c="blue”)
plt.scatter(gateway_position[’x’], gateway_position[’y’],
marker="0", s=30, c="blue”)
for k, v in estimate.items():
plt.scatter(v[’x’], v[’y’], marker="0", s=10,
c="red”)
plt.annotate(k, v['x’], v['y']) # F-~UL
plt.show()
def calc_distance(x1, y1, x2, y2):
a = (x2-x1)%%2
b = (y2-y1)%*2
¢ = round(math.sqrt(a+b), 3)
return c
# R — AL E O FRRE
neighborhood = {}
def Neighborhood_Position():

signal_position[’y’],

# —/— RO/ — ROk
for i in range(0, device_num):
level =[]
# &/ —RelDkig
for j in range(0, device_num):
# B /—RN3E<
ifj==1:
continue
d = calc_distance(x[il, y[il, x[j], y[iD)
ifd <tr.d:
level.append(str(j))
# signal & LR
d = calc_distance(x[i], y[il, signal_position[’x’],
signal_position[’y’])
ifd <tr.d:
level.append(’signal’)
# gateway & FLg
= calc_distance(x[i], y[i], gateway_position[’x’],
gateway_position[’y’])
ifd <tr.d:
level.append(’gateway’)
neighborhood.update({str(i):level})
# signal DITEE/ — R DR

signal =[]
for k in range(0, device_num):
d = calc_distance(signal_position['x’],
signal_position[’y’], x[k], ylk])
if d <tr.d:

signal.append(str(k))

d = calc_distance(signal_position['x’],
signal_position[’y’], gateway_position['x’],
gateway_position[’y’])

if d < tr_d:

level.append(’gateway’)
neighborhood.update({’signal :signal})

# gateway DUTHE/— RO H

gateway = []
for k in range(0, device_num):
d = calc_distance(gateway_position['x’],
gateway_position['y’], x[k], y[k])
ifd <tr.d:

gateway.append(str(k))

d = calc_distance(gateway_position['x’],
gateway position[’y’], signal position['x’],
signal_position[’y’])

if d < tr.d:

level.append(’signal’)
neighborhood.update({’gateway’:gateway})
def Evaluation(estimate):
sum_distance = 0
for i in range(0, device_num):
sum_distance += calc_distance(estimate[str()][’x’],
estimate[str()1’y’], x[i], y[il)

print(round(100—-(sum_distance/device_num)*10, 3),

%)



Route_Search.py
import matplotlib.pyplot as plt
import numpy as np
import math
import copy
import sys
import Position_Estimation as PE
transmission_distance = PE.tr_d
device_num = PE.device_num
map_width = PE.map_width
map_height = PE.map_height
x =
y=10
signal_position = {}
gateway_position = {}
straight_distance = 999
def Actual_Position():
% JITHRE
plt.cla()
plt.xlim(-11, 11])
plt.ylim([-11, 11])
plt.grid(color="gray’)
# /—REREME S — oA DL EET Tk
plt.scatter(signal_position[’x’], signal_position[’y’],
marker="0", s=30, c="blue”)
plt.scatter(gateway_position[’x’], gateway_position[’y’],
marker="0", s=30, c="blue”)
plt.scatter(x, y, marker="0", s=10, c="red”)
for i,(a,b) in enumerate(zip(x, y)):
plt.annotate(str(i),(a,b)) # T~/
def calc_distance(x1, y1, x2, y2):
a = (x2-x1)%k2
b = (y2-y1)%*2
¢ = round(math.sqrt(a+b), 3)
return ¢
# &/ — N O HEEEEH
distance = {}
def Measure_Distance():
start = {}
# 1 B CTRIF DR
if straight_distance < transmission_distance:
start.update({’goal :straight_distance})
else:
for i in range(0, device_num):
if x[i]==0.0 and y[i]==0.0:
continue
level = {}
# BIEROMEILNEZA
start_distance =
calc_distance(signal position[’x’], signal position[’y’], x[il,
vlil)
if start_distance < transmission_distance:
start.update({str(i):start_distance})
# 7= ADMREITINEDS
base_goal_distance =
calc_distance(gateway _position[’x’], gateway_position[’y’],
x[il, yli)
if base_goal_distance < transmission_distance:
level.update({’goal’:base_goal_distance})
# 7 — b A DAL RN A
else:
for j in range(0, device_num):
if x[j]==0.0 and y[j]==0.0:
continue
d = calc_distance(x[il, y[il, x[]l, y[i])

goal_distance =

calc_distance(gateway_position[’x’],  gateway_position[’y’],
(], ylil)
# HEVbT— SN TG

if d < transmission_distance and
transmission_distance*0.1 < d and goal distance <
base_goal_distance:
level.update({str(j):d})
distance.update({str(i):level})
distance.update({’start :start})
# JL—hEER

route = {}
temp_r = ['start’]
temp_d = [0.0]

route_count =0 # Z— L
# point: fEEINT= key 44
aim_count = 99
aim_distance = 999.999
def Route_Search(point):
global aim_count
global aim_distance
global route_count
for k, v in distance[point].items():
temp_r.append(k)
temp_d.append(v)
t HEVTHRYTEN L e o120
t HEVICHRERELeoTeh
if len(temp_r)-1 > aim_count or sum(temp.d) >
aim_distance:
temp_r.pop()
temp_d.pop()
# T LETENEFE NS
elif k == goal’:
temp = {
r = copy.deepcopy(temp_r)
d = copy.deepcopy(temp_d)
temp.update({"r”:r, 7d”:d})
aim_count = len(r) if len(r) < aim_count else
aim_count
aim_distance = round(sum(d), 3) if sum(d) <
aim_distance else aim_distance
route.update({str(route_count):temp})
route_count += 1
temp_r.pop()
temp_d.pop()
else:
Route_Search(k)
if temp_r and temp_d:
temp_r.pop()
temp_d.pop()
# RO
shortest_distance = 999.999 # fx/H IRk
def Plot_Route():
global shortest_distance
best_route = 1
# RO
for k, v in route.items():
temp_dis = round(sum(v[’d’]), 3)
temp_dis += len(v[’r’])*transmission_distance*0.1
if temp_dis < shortest_distance:
best_route = v['r’]
shortest_distance = temp_dis
# IR RIREIR O F
if best_route 1= —1:
for i in range(0, len(best_route)-1):
if best_route[i] == ’start’ and best_route[i+1]
=="goal’:



plt.plot([signal_position['x’],
gateway position['x’]], [signal_position[’y’],
gateway_position['y’]])
elif best_route[i] == "start’:
b = int(best_route[i+1])
plt.plot([signal_position['x’],
[signal_position[’y’], y[b]])
elif best_route[i+1] == "goal :
a = int(best_route[i])
plt.plot([x[a], gateway_position['x’]],
[ylal, gateway_position[y’]])
else:
a = int(best_route[i])
b = int(best_route[i+1])
plt.plot((x[a], x[b]], [y[a], y[b]])
print(best_route)
def Signal_Estimation():
global signal_position
signal x = 0
signal.y = 0
length = len(PE.neighborhood[’signal’])
if length > 0:
for v in PE.neighborhood[’signal’]:
if v =="gateway’:
signal_x += gateway_position[’x’]
signal y += gateway_position[’y’]

x[b]],

else:
signal_x += x[int(v)]
signal_y += y[int(v)]
signal_x = round(signal_x/length, 3)
signal y = round(signal y/length, 3)
# print(calc’, signal x, signal y)
# print(real’, round(signal_position[’x’], 3),
round(signal_position[’y’], 3))
printCerror’, round(calc_distance(signal_x,
signal_position['x’], signal_position[’y’]), 3))
signal_position[’x’] = signal x
signal_position[’y’] = signal.y
def main(estimate, signal, gateway):
global x
global y
global signal_position
global gateway_position
global straight_distance
global aim_count
global aim_distance
for k, v in estimate.items():
x.append(v['x’])
y.append(v['y’])
gateway _position['x’] = gateway['x’]
gateway_position['y’] = gateway[’y’]
signal_position[’x’] = signal[’x’]
signal_position[’y’] = signal[’y’]
straight_distance = calc_distance(signal position[’x’],
signal_position[’y’], gateway position['x’],
gateway_position['y’])
aim_count =
math.ceil(straight_distance*2.5/transmission_distance)
aim_distance = round(straight_distance*2.5, 3)
Actual_Position()
Measure_Distance()
Route_Search(’start’)
Plot_Route()
Signal_Estimation()
# printCroute_count : ~ + str(route_count))
# print(straight_distance : ~ + str(straight_distance))
# print(’shortest_distance : ’ + str(shortest_distance) +

signal_y,
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> (+" + str(round(shortest_distance—straight_distance, 3)) +
)
plt.show()



PE_method.py

import matplotlib.pyplot as plt
import numpy as np
import math
import copy
import sys
import Position_Estimation as PE
import Route_Search as RS
tr.d = PE.tr.d
device_num = PE.device_num
map_width = PE.map_width
map_height = PE.map_height
x = PE.x
y = PE.y
signal_position = PE.signal_position
gateway_position = PE.gateway_position
# PRBRAEH
plot_intervel = [0.10, 0.25] # {RZ%4 2 FEEE NI
estimate = {}
def presume_position(estimate_array):
# Pk
expect_position = {}
max_y, min_x, min_y)
exclusion_range = {}
update_flag = {}
77 ER
count = 0
for i in range(0, device_num):
exclusion_range[str()] = {}
update_flag[str(G)] = 0
# gateway NI TEB/—F
print(’gateway’, PE.neighborhood[’gateway’])
for v in PE.neighborhood[’gateway’]:
distance = PE.calc_distance(gateway_position[’'x’],
gateway_position[’y’], x[int(v)], y[int(v)]) * 1.5

# /—RO5AA M (max x,

# I cE o/ — N

position =
{’max_x :round(gateway_position[’x ]+distance, 3) if
gateway_position['x'J+distance <  map_width/2  else
map_width/2,
"min_x":round(gateway position[’x’]-distance, 3) if
gateway position[’x’]-distance > -map_width/2 else -
map_width/2,
"max_y :round(gateway_position[’y’]+distance, 3) if
gateway position['y’]+distance <  map_height/2 else
map_height/2,
"min_y :round(gateway_position[’y’]-distance, 3) if

gateway position['y’]-distance > -map_height/2 else -
map_height/2}
expect_position.update({v:position})
# transmit_node ML 7=/ —K
for k, v in estimate_array.items():
position = {}
# BRI — b0 i
xd = v[’calc_x’]
yd = v[ cale_y’]
correct = tr_d*0.5
position = {'max x:round(xd+correct, 3) if
abs(xd+correct) < map_width/2 else map_width/2,
‘min_x :round(xd—correct, 3) if
abs(xd—correct) < map_width/2 else ~map_width/2,
‘max_y :round(yd+correct, 3) if
abs(yd+correct) < map_height/2 else map_height/2,
‘min_y :round(yd—-correct, 3) if

25

abs(yd-correct) < map_height/2 else -map_height/2}
if xdt+correct>10 or ydt+correct>10 or
correct<-10 or yd—correct<-10:
print(xd, yd, correct, position)
expect_position.update({k:position})
update_flaglk] = 1
t# HOPUDEFTE F-> TS/ —REFek
# for i in range(0, device_num):
# if 1%5==0:
position = {'max_x :round(x[il, 3),
"min_x":round(x[i], 3),
‘max_y :round(y[il, 3),
min_y :round(y[i], 3)}
expect_position.update({str(i):position})
update_flag[str()] = 1
# E0F ) —RORER
for i in range(0, device_num):
print(i, PE.neighborhood[str(i)])
# B CERD ol ) —RELHE/ — R BHESR
for i in range(0, device_num):
if not str(i) in expect_position.keys():
length = 0
max_x = 0

xd—

HOHE BT H T H

min_x = 0
max_y = 0
min_y =0
for v in PE.neighborhood[str(i)]:
if v=="signal’ or v=="gateway:
continue
if v in expect_position.keys():
max_x +=
expect_position[v][’max_x’]
min_x += expect_position[v]['min_x’]
max_y +=
expect_position[v]['max_y’]
min_y += expect_position[v]['min_y’]
length += 1
if length>1:
max_x = max_x/length if
abs(max_x/length) < map_width/2 else map_width/2
min_x = min_x/length if abs(min_x/length)
< map_width/2 else —map_width/2

max_y = max_y/length if
abs(max_y/length) < map_height/2 else map_height/2
min_y = min_y/length if

abs(min_y/length) < map_height/2 else -map_height/2
position = {’max_x":round(max_x + tr.d if
max_x >= 0 else max_x, 3),
"min_x":round(min_x — tr_d
if min_x < 0 else min_x, 3),
‘max_y :round(maxy  +
tr.d if max_y >= 0 else max_y, 3),
‘min_y’:round(min_y - tr.d
if min_y < 0 else min_y, 3)}
expect_position.update({str(i):position})
update flag[str(i)] = 1
# print(str(i), position, round(x[i], 3),
round(y[il, 3))
# T — RS ST IEAITIG AT RES
for n in range(20):
for i in range(0, device_num):
for j in range(0, device_num):
if i!=j and str(i) in expect_position.keys()
and str(j) in expect_position.keys() and not str(j in
PE.neighborhood[str(i)]:
max_xi =
expect_position[str(i)]['max_x’]



min_xi =
expect_position[str(i)]['min_x’]
max_yi =
expect_position[str(i)][’max_y’]
min_yi =
expect_position[str(i)]['min_y’]
max_xj =
expect_position[str(j)][’max_x’]
min_xj =
expect_position[str(j)]['min_x’]
max_yj =
expect_position[str(j)]['max_y’]
min_yj =
expect_position[str(j)]['min_y’]
# EREMEICRITD/ —RIFFIAL
720
if abs(max_xj—(max_xj+min_xj)/2) <
tr_d and abs(min_xj—(max_xj+min_xj)/2) < tr.d ¥
and abs(max_yj-
(max_yj+min_yj)/2) < tr_d and abs(min_yj—(max_yj+min_yj)/2)
<trd:
if min_xi < max_xj and max_xj <
max_xi and min_yi < (max_yj+min_yj)/2 and (max_yj+min_yj)/2
< max_yi:
min_xi =
expect_position[str()]['min_x"] + tr_d*0.1
max_xj =
expect_position[str(j)]['max x’] — tr_d%0.1
if min_xi < min_xj and min_xj <
max_xi and min_yi < (max_yj+min_yj)/2 and (max_yj+min_yj)/2
< max_yi:
max_xi =
expect_position[str(i)]['max x’] — tr_d%0.1
min_xj =
expect_position[str(j)][’min_x’] + tr_d*0.1
if min_yi < max_yj and max_yj <
max_yi and min_xi < (max_xj+min_xj)/2 and (max_xj+min_xj)/2
< max_xi:
min_yi =
expect_position[str()]’'min_y’] + tr_d*0.1
max_yj =
expect_position[str(j)][’max_y’] — tr_d*0.1
if min_yi < min_yj and min_yj <
max_yi and min_xi < (max_xj+min_xj)/2 and (max_xj+min_xj)/2
< max_xi:
max_yi =
expect_position[str(i)]['max_y’] — tr_d*0.1
min_yj =
expect_position[str(j)]’'min_y’] + tr_d*0.1
position =
{'max_x":round(max_xi, 3) if abs(max_xi) < map_width/2 else
map_width/2,

"min_x :round(min_xi, 3) if abs(min_xi) < map_width/2 else —
map_width/2,

"max_y :round(max_yi, 3) if abs(max_yi) < map_height/2 else
map_height/2,

"min_y :round(min_yi, 3) if abs(min_yi) < map_height/2 else —
map_height/2}

expect_position.update({str(i):position})

update_flag[str(i)] = 1

position =
{’max_x:round(max_xj, 3) if abs(max_xj) < map_width/2 else
map_width/2,
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"min_x":round(min_xj, 3) if abs(min_xj) < map_width/2 else -
map_width/2,

‘max_y :round(max_yj, 3) if abs(max_yj) < map_height/2 else
map_height/2,

“min_y’:round(min_yj, 3) if abs(min_yj) < map_height/2 else -
map_height/2}

expect_position.update({str(j):position})
update_flag[str(j)] = 1
# NLEHEE
while 1 in update_flag.values():
for i in range(0, device_num):
position = {}
if str(i) in expect_position.keys():
max_x =
(expect_position[str(i)][’max_x"J+expect_position[str(i)][’min
x1/2
min_x =
(expect_position[str(i)]['max_x J+expect_position[str(i)]['min
x1/2
max_y =
(expect_position[str(i)]['max_y J+expect_position[str(i)][’min
v /2
min_y =
(expect_position[str(i)][’max_y J+expect_position[str(i)][’min

y'D/2

length = 1
t o HEHAERHEL TS
continue
if abs(max_x—min_x) < 1.0 and abs(max_y-
min_y) < 1.0:
update_flag[str(i)] = 0
continue
max x = maxx + tr.dx0.7 if

abs(max_x+tr_d*0.7) < map_width/2 else map_width/2
min_x = min.x — tr_d*0.7 if abs(min_x-
tr d*0.7) < map_width/2 else -map_width/2
maxy = maxy + tr.dx0.7 if
abs(max_y+tr_d*0.7) < map_height/2 else map_height/2
miny = min.y — tr_d%0.7 if abs(min_y-
tr d*0.7) < map_height/2 else -map_height/2
else:
max x = 0
min_x =0
max_.y =0
min_y =0
length = 0
for v in PE.neighborhood[str(i)]:
if v=="signal’ or v=="gateway:
continue
if v in expect_position.keys():
max_x +=
(expect_position[v][’max_x"J+expect_position[v][’min_x"])/2
+tr_dx0.7
min_x +=
(expect_position[v]['max_x J+expect_position[v]['min_x])/2
- tr_d*0.7
max_y +=
(expect_position[v][’max_y J+expect_position[v]['min_y’])/2
+ tr_d*0.7
min_y +=
(expect_position[v]['max_y J+expect_position[v]['min_y’])/2
= tr.d*0.7
# max_x = maxx if abs(max_x) <



map_width/2 else map_width/2
# minx =
map_width/2 else -map_width/2
# maxy = maxy if abs(maxy) <
map_height/2 else map_height/2
# miny =
map_height/2 else ~map_height/2
length +=1
if length > 0:
max_xi = max_x/length
min_xi = min_x/length
max_yi = max_y/length
min_yi = min_y/length
for jk, jv in expect_position.items():
# IfE/ — NP GRIFAZ D
if not jk in PE.neighborhood[v]:
max_xj = jv['max_x’J*1.1
min_xj = jv['min_x"]*1.1
max_yj = jv[ max_y J*1.1
min_yj = jv['min_y’J%1.1
if abs(max_xi-max_xj) < tr.d/2
and abs(min_xi-min_xj) < tr.d/2 and abs(max_yi-max_yj) <
tr.d/2 and abs(min_yi-min_yj) < tr_d/2:
if min_xi

min_x if abs(min_x) <

min_y if abs(min_y) <

< max_xj and

max xj < maxxi and minyi < (max_yjtmin_yj)/2 and
(max_yj+min_yj)/2 < max_yi:
min_xi = max_xj
if minxi < minxj and
minxj < maxxi and minyi < (maxyjminyj/2 and
(max_yj+min_yj)/2 < max_yi:
max_xi = min_xj
if minyi < maxyj

< (max_xjtmin_xj)/2 and

and
max_yj < maxyi and min_xi
(max_xj+min_xj)/2 < max_xi:
min_yi = max_yj
if minyi < minyj and
minyj < maxyi and minxi < (maxxj*minxj/2 and
(max_xj+min_xj)/2 < max_xi:
max_yi = min_yj
position = {'max x :round(max xi, 3) if
abs(max_xi) < map_width/2 else map_width/2,
"min_x":round(min_xi, 3) if
abs(min_xi) < map_width/2 else -map_width/2,
‘max_y :round(max_yi, 3)
if abs(max_yi) < map_height/2 else map_height/2,
’min_y’:round(min_yi, 3) if
abs(min_yi) < map_height/2 else —map_height/2}
if not str(i) in expect_position.keys() or

not expect_position[str(i)] == position:

expect_position.update({str(i):position})
update_flag[str(i)] = 1
count += 1
else:
update_flag[str()] = 0
# if count >= 100000:
# break
# TR — R LN SR WG BTG A B
for n in range(20):
for i in range(0, device_num):
for j in range(0, device_num):
if i!=j and str(i) in expect_position.keys()
and str(j) in expect_position.keys() and not str(j) in
PE.neighborhood[str(i)]:
max_xi =
expect_position[str(i)][’max_x’]
min_xi =

27

expect_position[str()]['min_x’]
max_yi =
expect_position[str(i)][’'max_y’]
min_yi =
expect_position[str()]['min_y’]
max_xj =
expect_position[str(j)][’'max_x’]
min_xj =
expect_position[str(j)]['min_x’]
max_yj =
expect_position[str(j)]['max_y’]
min_yj =
expect_position[str(j)]['min_y’]
# EREMEICRITD/ —REFFIAL
A
if abs(max_xj—(max_xj+min_xj)/2) <
tr_d and abs(min_xj—(max_xj+min_xj)/2) < tr.d ¥
and abs(max_yj-
(max_yj+min_yj)/2) < tr_d and abs(min_yj-(max_yj+min_yj)/2)
<trd:
if min_xi < max_xj and max_xj <
max_xi and min_yi < (max_yj+min_yj)/2 and (max_yj+min_yj)/2
< max_yi:
min_xi =
expect_position[str(i)]['min_x’] + tr_d*0.1
max_xj =
expect_position[str(j)]['max_x’] - tr_d*0.1
if min_xi < min_xj and min_xj <
max_xi and min_yi < (max_yj+min_yj)/2 and (max_yj+min_yj)/2
< max_yi:
max_xi =
expect_position[str(i)]['max_x’] - tr_d*0.1
min_xj =
expect_position[str(j)]’min_x’] + tr_d*0.1
if min_yi < max_yj and max_yj <
max_yi and min_xi < (max_xj+min_xj)/2 and (max_xj+min_xj)/2
< max_xi:
min_yi =
expect_position[str(i)]['min_y’] + tr_d*0.1
max_yj =
expect_position[str(j)]['max_y’] - tr_d*0.1
if min_yi < min_yj and min_yj <
max_yi and min_xi < (max_xj+min_xj)/2 and (max_xj+min_xj)/2
< max_xi:
max_yi =
expect_position[str()]['max_y’] - tr_d*0.1
min_yj =
expect_position[str(j)]['min_y’] + tr_d*0.1
position =
{'max_x ":round(max_xi, 3) if abs(max_xi) < map_width/2 else
map_width/2,

’min_x " :round(min_xi, 3) if abs(min_xi) < map_width/2 else —
map_width/2,

"max_y :round(max_yi, 3) if abs(max_yi) < map_height/2 else
map_height/2,

’min_y’:round(min_yi, 3) if abs(min_yi) < map_height/2 else —
map_height/2}

expect_position.update({str(i):position})

update flag[str()] = 1

position =
{’max_x":round(max_xj, 3) if abs(max_xj) < map_width/2 else
map_width/2,



"min_x":round(min_xj, 3) if abs(min_xj) < map_width/2 else —
map_width/2,

"max_y :round(max_yj, 3) if abs(max_yj) < map_height/2 else
map_height/2,

"min_y’:round(min_yj, 3) if abs(min_yj) < map_height/2 else —
map_height/2}

expect_position.update({str(j):position})
update_flag[str(j)] = 1
for i in range(0, device_num):
if not str(i) in expect_position.keys():
position = {'max_x":map_width/2,
’min_x":—map_width/2,
’max_y’ :map_height/2,
‘min_y’:~map_height/2}
expect_position.update({str(i):position})
print(count)

print(expect_position)

for k, v in sorted(expect_position.items(), key=lambda
x:(int(x[0]))):

position = {}
xd = round(((v['max_x"J+v['min_x’1)/2), 3)
yd = round((v[’'max_y’J+v['min_y’1)/2), 3)
position = {’x’:xd, 'y :yd}
estimate.update({k:position})
estimate_distance = {}
def Estimation_Position():

## ERTMNEBRETLFE

# # fixed_point. x = {map_width/2, map_width*3/8,
map_width/4, map_width/8, 0, -map_width/8, -map_width/4,
—map_width*3/8, -map_width/2}

# # fixed_point.y = {map_height/2, map_height*3/8,
map_height/4, map_height/8, 0, -map_height/8, -
map_height/4, —map_height*3/8, —map_height/2}

fixed_point x = {map_width*3/8, map_width/8,
map_width/8, —map_width*3/8}

fixed_point.y = {map_height/2, map_height/4, 0,
map_height/4, —map_height/2}

# for point_x in fixed_point_x:

# for point_y in fixed_point_y:

# for i in range(0, device_num):

# d = PE.calc_distance(point_x, point_y,
x[il, y[iD)

# if d < tr_d:

# estimate_node = {}

#

# if str() not in estimate_distance:

# estimate_node[’calc_x’] =
round(point_x, 3)

# estimate_node[’calc_y’] =
round(point_y, 3)

# estimate_node[’distance’] =
d

# else:

# estimate_node =
copy.deepcopy(estimate_distance[str(i)])

# estimate_node[’calc_x’] =
round((estimate_node[ calc_x"J+point_x)/2, 3)

# estimate_node[ calc_y’] =
round((estimate_node[ calc_y’J+point_y)/2, 3)

# estimate_node[’distance’] =
d

#

# # EBRONLE (B H)

# estimate_node[’real x’]
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round(x[i], 3)
# estimate_node[’real.y’] =
round(yli], 3)
#
estimate_distance.update({str(i):estimate_node})
#
t# REBHTLFE
#  routel_start =
(map_height/2)}
# routel_goal = {'x:map_width/2, y’:map_height/2}
# route2_start = {'x’:map_width/2, 'y :~(map_height/2)}
# route2_goal = {'x’:~(map_width/2), ’y’:map_height/2}
#

{x:=(map_width/2), ’y’:—

# transmit_nodel = {’x":routel_start[’x’],
'y :routel _start['y’]}

# transmit_node2 = {'x":route2_start['x’],
'y’ :route2_start[’y’]}

# count =0

# while transmit nodel[’x’]J<=routel_goal[’x’] and
transmit_nodel[’y’J<=routel_goal[’y’]:

# for i in range(0, device_num):

# dl = PE.calc_distance(transmit_nodel[’x’],
transmit_node1[’y’], x[il, y[il)

# d2 = PE.calc_distance(transmit_node2[’x’],
transmit_node2[’y’], x[il, y[i])

# if d1 < tr.d:

# estimate_node = {}

#

# # ACBWLIZEED
transmit_node (DJEIE

# if str(i) not in estimate_distance:

# estimate_node[ calc_x’] =
round(transmit_nodel[’x’], 3)

# estimate_node[’calc_y’] =
round(transmit_node1[’y’], 3)

# estimate_node[ distance’] = d1

# # BLNTPTROK, e/ DERE A RS

# else:

# estimate_node =
copy.deepcopy(estimate_distance[str(i)])

# if d1 < estimate_node[’distance’]:

# estimate_node[’calc x'] =
round(transmit_nodel[’x’], 3)

# estimate_node[’calc_y’] =
round(transmit_nodel[’y’], 3)

# estimate_node[’distance’] =
dl

#

# # EBRONLE (FeRB )

# estimate_node[’real_x’] = round(x[i],
3)

# estimate_node[’real y’] = round(y[i],
3)

#
estimate_distance.update({str(i):estimate_node})

#

# if d2 <tr.d:

# estimate_node = {}

#

# # RMICBRELEZEEO
transmit_node O JEEFE

# if str(i) not in estimate_distance:

# estimate_node[’calc_x’] =
round(transmit_node2[’x’], 3)

# estimate_node[ calc_y’] =
round(transmit_node2[’y’], 3)

# estimate_node[’distance’] = d2



# # BRI CROR, B/ DO A ROk

# else:

# estimate_node =
copy.deepcopy(estimate_distance[str(i)])

# if d2 < estimate_node[ distance’]:

# estimate_node[ calc_x'] =
round(transmit_node2[’x’], 3)

# estimate_node[’calc_y’] =
round(transmit_node2[’y’], 3)

# estimate_node[ distance’] =
d2

#

# # ERRONLE (B )

# estimate_node[’real x’] = round(x[i],
3)

# estimate_node[’real y’] = round(y[il,
3)

#

estimate_distance.update({str(i):estimate_node})
#

# transmit_node1[’x’] += plot_intervel[count%2]

# transmit_nodel[’y’] +=
plot_intervel[(count+1)%2]

# transmit_node2['x’] —=
plot_intervel[(count+1)%2]

# transmit_node2[’y’] += plot_intervel[count%2]

# count += 1

# MEBET5FiE
estimate_nodel = {}
estimate_node2 = {}
for rad in range(360):
for i in range(0, device_num):
x1 = tr_d * 1.0 * math.cos(math.radians(rad))
y1l = tr_d * 1.0 * math.sin(math.radians(rad))
dl = PE.calc_distance(x1, y1, x[il, y[i])
estimate_node = {}
if d1 <=tr_d:
if str(i) not in estimate_nodel:
estimate_node[’calc_x] = x1
estimate_node[ calc_y’] = y1
estimate_node[ distance’] = d1
else:
estimate_node =
copy.deepcopy(estimate_nodel[str(i)])
if d1 < estimate_node[’distance’]:
estimate_node[’calc_x’] = x1
estimate_node[’calc_y’] = y1
estimate_node[ distance’] = d1

estimate_nodel.update({str(i):estimate_node})
x2 = tr_d * 2.0 * math.cos(math.radians(rad))
y2 = tr_d * 2.0 * math.sin(math.radians(rad))
d2 = PE.calc_distance(x2, y2, x[i], y[il)
estimate_node = {}
if d2 <= tr._d:
if str(i) not in estimate_node2:
estimate_node[’calc_x’] = x2
estimate_node[ calc_y’] = y2
estimate_node[ distance’] = d2
else:
estimate_node =
copy.deepcopy(estimate_node2[str(i)])
if d2 < estimate_node[’distance’]:
estimate_node[ calc_x"] = x2
estimate_node[ calc_y’] = y2
estimate_node[’distance’] = d2
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estimate_node2.update({str(i):estimate_node})
for i in range(0, device_num):
estimate_node = {}
if str(i) in estimate_nodel:
if str(i) in estimate_node2:
if estimate_nodel[str(i)][’distance’]
estimate_node2[str(i)][’distance’]:
estimate_node[’calc_x’]
round(estimate_nodel[str(i)][’calc_x’] + ¥

math.copysign(estimate_nodel[str(i)][’distance’]*1/3,

estimate_nodel[str(i)][’calc_x’]), 3)
estimate_node[’calc_y’]

round(estimate_node1[str()]['calc_y’] + ¥

math.copysign(estimate_nodel[str(i)][’distance’]%2/3,
estimate nodel[str()1[’calc_y’]), 3)
else:
estimate_node[ calc_x’]
round(estimate_node2[str(i)][’calc_x’] - ¥

math.copysign(estimate_node2[str(i)][distance’J*1/3,
estimate_node2[str(i)][’calc_x]), 3)

estimate_node[ calc_y’]
round(estimate_node2[str()][’calc_y’] — ¥

math.copysign(estimate_node2[str(i)][’distance’]*2/3,
estimate_node2[str(i)][’calc_y’]), 3)
else:
estimate_node[’calc_x’]
round(estimate_node1[str()]['calc_x’] - ¥

math.copysign(estimate_nodel[str(i)][’distance’]*1/3,

estimate_nodel[str()1[’calc_x’1), 3)
estimate_node[’calc_y’]

round(estimate_node1[str()]['calc_y’] - ¥

math.copysign(estimate_nodel[str(i)]['distance’J*1/3,

estimate_nodel[str()][’calc_y’]), 3)
estimate_node[’real x’] = round(x[i], 3)
estimate_node[ real y’] = round(y[i], 3)

estimate_distance.update({str(i):estimate_node})
elif str(i) in estimate_node2:
estimate_node[ calc_x’]
round(estimate_node2[str(i)][’calc_x’] + ¥

math.copysign(estimate_node2[str(i)][’distance 1*2/3,
estimate_node2[str(i)][’calc_x’]), 3)

estimate_node[ calc_y’]
round(estimate_node2[str(i)]["calc_y’] + ¥

math.copysign(estimate_node2[str(i)][’distance’]*2/3,

estimate_node2[str(i)][’calc_y’]), 3)
estimate_node[ real x’] = round(x[i], 3)
estimate_node[ real_y’] = round(y[i], 3)

estimate_distance.update({str(i):estimate_node})
print(estimate_distance)
presume_position(estimate_distance)

PE.Neighborhood_Position()

Estimation_Position()

PE.Display_Position(estimate)

PE.Evaluation(estimate)

RS.main(estimate, signal_position, gateway_position)



