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AHHOTALMS

B numiomuoii pabote paspabateiBaercs Tema «lIporpammuas peanuzanus
METO/a OpUEHTALMU poOOTa HA MECTHOCTH.

[lenp paboTbl — 0030p METOJOB HABUTAIMM M peaju3anus MeTona
OpHEHTAMN MOOUIILHOTO poO0Ta HA MECTHOCTH.

B pabote paccMOTpeHBI NaT4YMKHU, KOTOPBIE MOTYT HCIIOJB30BAThCA IPH
HaBUTAIIMU MOOUIILHOTO paboTa, UX JOCTOMHCTBA U HEOCTATKH, 0011e MPOOIEMbI
HaBUTAIIMH MOOWJIBHBIX YCTPOWCTB, OCHOBBI pabOTHI alroOpuTMa OJHOBPEMEHHOU
JIOKAJIM3allUU U COCTaBICHUU KapTHl.

B pesynbraTe BBHIMOMHEHHS JTUIUIOMHOM paboThl OblTa pa3paboTaHa
nporpaMMHasl pealu3anusi, KOTOpas MOJEIUPYET OMpeneieHrne poOOoTOM
COOCTBEHHOT'O MECTOTIOJIOXKEHHUS.

B peannzoBaHHOM MeTOJ€ OpHEHTAIMU MOOMJIBHOTO po0OTa Ha MECTHOCTH
npUMeHseTcs GUIbTP YaCTHUL], KOTOPBIM MPEICTaBIsET JOBEPUTEIbHOE COCTOSIHUE
B BUJEC KOJUICKIMI YacTHUI], COOTBETCTBYIOIIMX cocTosiHMIO. K mocTtonHcTBaM
M0TOOHOTO AJITOPUTMa OTHOCUTCSI HU3KAsl CJIOKHOCTh aIrOpUTMa M BO3MOXKHOCTH

paboTaTh ¢ OOJIBIIUMH 00BEMAMU JaHHBIX.



AHOTALIIS

VY numuiomMHii poOoTi po3pobiseTbes Tema «lIporpamua peamizaiisi METOTY
opieHTaIli podoTa Ha MICIIEBOCTI».

Meta poboTu - orisii METOIB HaBirauii Ta peai3ailisi METOy Opi€HTaIll
MOO1JILHOTO POOOTA HAa MICIIEBOCTI.

B poGoTi po3risHyTI AaTYMKH, SIKI MOXKYTh BHKOPUCTOBYBATHUCS IpHU
HaBiraimii MoOOUILHOTO poOOTa, iXHI MepeBarn W HEAOJIKW, 3arajibHi MpoOeMu
Hapiramii MOOITPHUX TPUCTPOIB, OCHOBH POOOTH aJITOPUTMY OJHOYACHOI
JoKami3alii 1 CKJIaJlaHHs KapTHy.

B pesynbrari BUKOHaHHS TUIUIOMHOI poOoTH Oyna po3poliieHa mporpaMHa
peaiizailis, KoTpa MOJISJI0O€ BUSBHAYCHHSI POOOTOM BJIACHOTO MICIISl PO3TaIllyBaHHS.

VY peanizoBaHOMYy METOJi Opi€HTaIli MOOITFHOTO pPoOOTa HA MICIIEBOCTI
3aCTOCOBYEThCS (DUIBTP YACTUHOK, KWW MPEACTaBIIsA€ JOBIPIMBUNA CTaH y BUTJISII
KOJIGKI[Il YacCTMHOK, BIANMOBIAHMX cTaHy. Jlo mepeBar mHOAIOHOTO aJrOpUTMY
BiJIHOCUTKLCS HU3bKA CKJIAJIHICTh aJITOPUTMY 1 MOKIIMBICTh MPAIIOBATH 3 BEJIMKUMU

oOcsraMu JaHUX.



ANNOTATION

In the thesis the theme "Software implementation of the robot ground attitude
method" is being developed.

The aim of the work is overview of navigation methods and implement of the
mobile robot ground attitude method.

The work deals with sensors that can be used to navigate mobile work, their
advantages and disadvantages, general problems of navigation of mobile devices,
the basis of the algorithm of simultaneous localization and mapping.

As a result of the graduation work, a software implementation was developed
that simulates the robot's definition of its own location.

In the implemented method of targeting a mobile robot on the ground, a
particle filter is applied that represents a confidence state in the form of particle
collections corresponding to the state. The advantages of this algorithm provides a

low complexity of the algorithm and the ability to handle large amounts of data.
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BCTVII

Ha cporoanimHiii JeHb TeMa CTBOPEHHS Ta MOJCITIOBaHHS pPOOOTIB €
aKTyaJbHOIO, TaK SK 3 KOXHUM JHEM 3pOCTa€ BIJCOTOK aBTOMATH30BAHUX
KOMIUIEKCIB Ha 3aBojax 1 miampueMctBax. PoOOTHM Bce wyacTille BHUKOHYIOTH
pPI3HOMaHITHI MOHOTOHHI POOOTH, TUM CaMHUM 3HHXXYIOUHW PHU3UK JIFOJCHKOTO
¢dakTopy Ha BUpOOHUIITBI. AJie HE3a0apoM 10 poOOTIB OyIyTh Pe'ABIIAE€THCS HOBA
BUMOTa - YHIBEpPCaJIbHICTh, TOOTO POOOT IMOBHHEH Oyje HE TIJIbKM BHKOHYBATH
NeBHUM HEBEJIMKUHN HAO1p 3aBaHb, aJie IEPEMIIIATHUCS 110 TPUMIIIEHHIO, aJICKBATHO
pearyBaTu Ha 3MiHU B HaBKOJIMIITHLOMY CEPEIOBHIIIL.

[TinBumeHHS SIKOCTI MPOAYKIi OJHOYACHO 31 3MEHIIEHHSAM CEPIHHOCTI 1
4acTOI0 3MIHOIO MOjieNieli BUPOOIB € TPEHIOM CYy4acHOro pUHKY. BukoHaHHS 1ux
YMOB HEMOXJIMBO 0€3 pO3BUTKY AaBTOMATH3alli TEXHOJOTIYHHUX BUPOOHHUYUX
MPOIIECIB.

PoboToTexHika MHUPOKO BUKOPUCTOBYETHCS B PI3HUX rainy3sx. Bee OubIoro
3HAYCHHS B MOBCSAKJACHHOMY JKHUTTI JIIOJJMHU HaOyBaroTh MOOUIBHI podoTu. Cepen
TaKUX MPUCTPOIB OCOOJMBE Miclle 3ailMaroTh: MNPUOMPATBHUKH, CaHITapH,
€KCKYpPCOBO/IM, TTOMIYHUKN TO OYJIWHKY, TPAHCIIOPTHI MPUCTPOi Ta 1HII 3aco0w,
NpU3HAYEHl [Js BUKOHAHHA PI3HUX (YHKIIA B MOOYTOBUX, BUPOOHUYMX,
HAJA3BUYAHMX cUTYyalisax. Yum mupiia 06JacTh 3aCTOCYBaHHS MOOUTBHUX pOOOTIB
B IIPOMUCIIOBOCTI, B BINCHKOBHUX 1 PATYBaJIbHUX J0JIaTKaX, B MEJIUIIMHI 1 B TOOYTI,
TUM JKOPCTKIIIMMHU CTalOTh BUMOTH 0 iX BUKOHAHHS JJIi KOHKPETHUX 3aB/aHb.
Opni 3 HANOUIBIIT AKTYyaTbHUX TaKUX BUMOT BIJTHOCSITHCS O aBTOHOMHOCTI poOoTa
1 loTO HaBITaIlIHHUX MOXJIMBOCTSX, 30KpEeMa, 10 OpieHTAIlli B POCTOPI.

Bupimenns  (yHKIIOHaNBHUX  3aBJaHb  POOOTOTEXHIYHHUX  amapariB
nepeadayae mepeMinieHHs HOTo Ha MICIIEBOCTI (HaBITaIlil0) B yMOBax JUHAMIYHOI
oOctanoBKH. [[s1 peamnizaiii Takoro nepeMilieHHsi poOOT MOBUHEH BUPIIIUTH P
mij3aaa4, cepell SKUX: BH3HAYCHHS IIOTOYHOrO TIOJIOKEHHS (JIOKaTi3alis),

CKJIaJaHHs TUIaHy MICUEBOCTI, MPOKJIagaHHs MapupyTy. Lle MOXiauBO TiIbKU 3a



HAsBHOCTI B POOOTI TOYHOTO YSIBJICHHS NIPO HABKOJUIIHE CEPEIOBUIIE, JIJISI YOTO
BUKOPHUCTOBY€ETHCA 1H(OpMaIlist 3 pi3HUX THIIB AATYHKIB.

TouHe 3HaHHS TOJNIOKEHHA poOoTa € (GyHIAMEHTAIBHOI TPOOIEMOIO
MOOLITEHOT pOOOTOTEXHIKU. AJKE caMme 3 O3B SI3KY 3a/1a4l JIOKaJi3allii TOYMHAETbCS
nporec Hapiramii. OIHAaK HA TOYHICTH JIOKAaJi3amii BIUIMBAIOTH BHUMAJAKOBI Ta
CUCTEeMAaTW4YHI TIOMHJIKM B TIOKa3aX JaT4WkiB. ToMy 3aBHaHHS CHHTE3Y
BHUCOKOTOYHHX QJITOPUTMIB 00p0oOKH 1HPOpMaIllli JaTYNKIB MOOLIBHOTO pOOOTY AJist
BU3HAUEHHS OTO MOTOYHOTO MOJIOKEHHS B IPOCTOPI € aKTYaTbHHIM.

TakuM 4YMHOM, METOI0 ITUIIJIOMHOI pOOOTH € OIJISiJ] METOJIB HaBiraiii Ta
peasizallis MeTOy Opi€HTaIlii MOOLTEHOTO POOOTa Ha MICIIEBOCTI.

[ToTpiGHO po3pobUTH Mporpamy, sika OyJie peadizoByBaTH METOJ OpieHTAIlli
pobota Ha wmicueBocTi. B ocHoBi oOpanoro anroputmy, DP-SLAM, nexutsb

BUKOPHUCTAaHHA (DUIBTPA YACTUHOK SIK JUISI JIOKAMi3allil, TaK 1 sl CKJIaJaHHs KapTH.
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BHUCHOBOK

Po3poOka iHTeneKkTyallbHUX MOOUTBHUX POOOTIB IJISl PI3HUX BUPOOHUYMX 1
JOCITITHUIIBKUX IT1JIEH € B)KJIMBUM 1 aKTyaJIbHUM 3aBAaHHSM. 3aBJIaHHs OpieHTAIli
poboTa Ha MICLEBOCTI € OJHIEI0 3 OCHOBOIOJIOXKHHUX y poboToTexHimi. Jleski 3
METO[IB 11 pillieHHs OyJIu PO3IJSHYTI MiA yac poOOTH Haja mpoekToM. HaiiOiibi
TOYHUN aaropuT™M, (UIBTpAIlli YaCTMHOK, pPeaji30BaHO 3a JIOMOMOIOK MOBOIO
nporpamyBaHHs Python.

OTpuMaHuil MPOrpaMHUN MPOTYKT MOJEIIOE JABOMIPHY KapTy 1 poOOTy Ha
Hid. [lig yac mMPOXOMKEHHS 3ampOrpamMOBAHOTO MAapIHIPYTy POOOT BHUKOHYE
HEoOX1/1H1 0OYHUCIICHHS, 3a JOMIOMOIOI0 SIKUX 3HAXOJIUTh CBOE MICIIE pO3TallyBaHHs
Ha KapTi.

[Tpu ny*e BenuKiil KUTbKOCTI YaCTUHOK OOYMCIICHHS 3aiiMaloTh O1JIbLIE Yacy,
aje JarTh TOYHMM pe3ynbrar. OJgHaK 1 3 HEBEJIMKOI KUIBKICTIO MapamMeTpiB
nporpamMa TakoX Aa€ OakaHui pe3yJIbTaT 3 BUCOKOIO MIBUAKICTIO.

CtBOopeHuil mporpamMHuil MpoAyKT € 6a3or0 mis anroputmy DP-SLAM i

HaJaal 0y1e BUKOPUCTAHUM JI came JIJIsl Horo peatizaliii.
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JIOJIATOK A
MOJTYJIb DRAW.PY

import math
import turtle
import random

turtle.tracer (50000, delay=0)
turtle.register_shape('dot™, ((-3,-3), (-3,3), (3,3), (3,-3)))
turtle._register_shape('tri”, ((-3, -2), (0, 3), @3, -2), (O,
0)))
turtle.speed(0)
turtle.title("Poor robbie is lost™)
UPDATE_EVERY = O
DRAW_EVERY = 2
class Maze(object):
def __init__ (self, maze):
self.maze = maze
self.width = len(maze[0])
self.height = len(maze)
turtle_setworldcoordinates(0, 0, self.width,
self.height)
self.blocks = []
self.update cnt = 0
self.one_px = float(turtle.window width()) 7/
float(self.width) / 2

self.beacons = []
for y, line in enumerate(self.maze):
for x, block 1n enumerate(line):
1T block:
nb_y = self._height -y -1
self.blocks.append((x, nb_y))
1T block == 2:
self._beacons.extend(((x, nb_y), (x+1,
nb_y), (X, nb_y+1l), (x+1, nb_y+1)))

def draw(self):
for x, y in self.blocks:

turtle.upQ

turtle_setposition(x, Yy)

turtle.down()

turtle.setheading(90)

turtle.begin_fill()

for _ in range(0, 4):
turtle.fd(1)
turtle.right(90)
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turtle.end_fill(Q)
turtle.upQ

turtle.color("#00FFFTF™)

for x, y i1In self._beacons:
turtle.setposition(x, Yy)
turtle.dot()

turtle.update()

def weight_to_color(self, weight):
return "#%02x00%02x" % (int(weight * 255), int((1 -
weight) * 255))

def i1s_in(self, X, y):
IT X <0ory«<O0or x> self.width or y > self_height:
return False
return True

def 1s_free(self, x, y):
iIT not self.is_in(x, y):
return False

yy = self._height - int(y) -1
XX int(x)
return self.mazelyy][xx] ==

def show_mean(self, x, y, confident=False):

1T confident:

turtle.color("#00AA00™)
else:

turtle.color(*#cccccc™)
turtle_setposition(x, Yy)
turtle.shape('circle™)
turtle.stamp()

def show _particles(self, particles):
self.update _cnt += 1
1T UPDATE_EVERY > 0 and self.update_cnt % UPDATE_EVERY

1
=

return

turtle.clearstamps()
turtle.shape("tri®)

draw cnt = 0
px = {}
for p In particles:
draw_cnt += 1
iT DRAW_EVERY == 0 or draw_cnt % DRAW_EVERY == 1:
# Keep track of which positions already have
something
# drawn to speed up display rendering
scaled x = int(p.-x * self.one_px)
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scaled y = int(p.y * self.one_px)

scaled xy = scaled x * 10000 + scaled y

iIT not scaled xy iIn px:
px[scaled xy] =1
turtle_setposition(*p.xy)
turtle.setheading(90 - p.h)
turtle.color(self.weight_to_color(p-w))
turtle_stamp()

def show_robot(self, robot):
turtle.color('green'™)
turtle.shape("turtle”)
turtle._setposition(*robot.xy)
turtle.setheading(90 - robot.h)
turtle.stamp()
turtle.update()

def random_place(self):
x = random.uniform(0, self.width)
y = random.uniform(0, self_height)
return x, y

def random_free place(self):
while True:
X, y = self.random_place()
iIT self.is_free(X, y):
return x, y

def distance(self, x1, yl, x2, y2):
return math.sgrt((x1 - x2) ** 2 + (y1l - y2) ** 2)

def distance_to_nearest_beacon(self, X, y):
d = 99999
for c_x, c_y in self._beacons:
distance = self.distance(c_x, C_y, X, VY)
1T distance < d:
d = distance
d x, dy =c x, cy

return d
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JIOJIATOK B

MO/VYJIb PARTICLE FILTER.PY

from _ future__ import absolute_ import
import random

import math

import bisect

from draw import Maze

# 0 - nycrol kBampar

# 1 - saHaTHM KBAOpPaT

maze data = ( (1, 1, 0, O, 1, 0, O, O, O, 1),
(1,1,60,0,1,1,0,0,0,0),
c0,1,1,0,0,0,0,1, 0, 1),
(0,0,0,0,1,0,0, 1,1, 1),
(1,1,60,1,1,1,0,0,1, 0),
(1, 1,1, 0,1, 1,1, 0, 1, 0),
(i,0,0,0,0,0,0,0,0,0),
(1,1,60,1,1,1,1,0,0,0),
o, 0, 0,0,1, 0, 0,0, 1, 0),
0,0,1,0,0, 1,1, 1,1, 0))

PARTICLE COUNT = 500 # ofmee KOJIMUYECTBO UYACTUII

ROBOT HAS COMPASS = True # Hanuumey poboTa KoMmmaca, KOTOPHIA
YKa3BlBAeT Ha CEeBEp

# dyHKUMM WyMa

def add _noise(level, *coords):
return [x + random.uniform(-level, level) for x in coords]

def add_little_noise(*coords):
return add_noise(0.02, *coords)

def add_some_noise(*coords):
return add_noise(0.1, *coords)

sigma2 = 0.9 ** 2

def w_gauss(a, b):
error = a - b
g = math.e ** -(error ** 2 / (2 * sigma2))
return g



deft compute_mean_point(particles):

BriumciieHue CpelHeI'O 3HauUeHNMe OJid BCeX dYacCcTul, MVMelMMX
IOCTAaTOUHO XOPOIMM BecC.

[IokaseBaeT Jiydiuiee y6e>KJ1eHme IOJIA TeKymeﬁ IIO3MuMmM

m X, my, mcount = 0, 0, O
for p In particles:

m_count += p.w

mX += p.X * p.w

my += p.y * p.w

if m_count == O:
return -1, -1, False

m X /= m_count
m_y /= m_count

# CKOJILKO YacCTMIl HAXOIUTCS B HEIOCPEeICTBEHHOUW OJIU30CTHU
m_count = 0
for p In particles:
ifT world.distance(p.x, p.y, m_X, m_y) < 1:
m_count += 1

return m_x, m_y, m_count > PARTICLE_COUNT * 0.95

# B3BelleHHOE paclpemesieHre
class WeightedDistribution(object):
def __init__ (self, state):
accum = 0.0
self.state = [p for p in state if p.w > 0]
self.distribution = []
for x In self.state:
accum += X.w
self.distribution.append(accum)

def pick(self):
try:
return
self.state[bisect.bisect_left(self.distribution,
random.uniform(0, 1))]
except IndexError:
# ecnm BCe YaCTMLE MaJjioBeposaTHE wW=0
return None

class Particle(object):
def __init_ (self, x, y, heading=None, w=1, noisy=False):
if heading is None:
heading = random.uniform(0, 360)
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iIT noisy:
X, Y, heading = add_some noise(x, y, heading)

self.x
self.y
self.h
self.w

X
y
heading
w

def _ repr__ (self):
return "(%Ff, %F, w=%F)" % (self.x, self.y, self.w)

@property
def xy(self):
return self.x, self.y

@property
def xyh(self):
return self.x, self.y, self.h

@classmethod
def create_random(cls, count, maze):
return [cls(*maze.random_free_place()) for _ in range(O,
count)]

def read_sensor(self, maze):

return maze.distance_to_nearest_beacon(*self.xy)

def advance_by(self, speed, checker=None, noisy=False):
h = self_h
1T noisy:
speed, h = add_little_noise(speed, h)
h += random.uniform(-3, 3)
= math.radians(h)
math.sin(r) * speed
y math.cos(r) * speed
T checker is None or checker(self, dx, dy):
self.move by(dx, dy)
return True
return False

r
dx
d
i

def move by(self, x, y):
self.x += x

self.y += y
H oo
class Robot(Particle):
speed = 0.2

def __init__ (self, maze):
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super(Robot, self). init__(*maze.random_free_place(),
heading=90)

self.chose_random _direction()

self.step _count = 0O

def chose_random _direction(self):
heading = random.uniform(0, 360)
self.h = heading

def read _sensor(self, maze):

return add_little_noise(super(Robot,
self) ._read_sensor(maze))|[0]

def move(self, maze):

[lepenBmxeHMe poboTa (CTOXacCTMUECKOE)
while True:
self.step _count += 1
iT self.advance by(self.speed, noisy=True,
checker=lambda r, dx, dy: maze.is_free(r.x+dx,

r.y+dy)):
break
# Ecamn IIpomzoiuyla 3aMMHKa, BH@MpaeM cnyqaﬁHoe HOBOE
HallpaBJIEHVE
self.chose_random_direction()
H o

world = Maze(maze_data)
world.draw()

# HauajibHOe paclpenejieHMe NPUCBaAMBAET KaXxIOM UYaCTHIE PAaBHYIO
BEpPOATHOCTDb

particles = Particle.create_random(PARTICLE_COUNT, world)
robbie = Robot(world)

while True:
r_d = robbie.read_sensor(world)

# OOHOBJIZEM BEC UYaCTUI
for p In particles:
if world.is_free(*p.xy):

p_d = p.read_sensor(world)
p.w = w_gauss(r_d, p_d)
else:
p-w =20
# —- TlomBITKA HAMTK TEeKYUYIIYUYIlYyD OLEeHKY IJS OoToOpaxeHue -—-—

m X, m_y, m_confident = compute_mean_point(particles)

# —-- IlokasaThb Tekyllee COCTOSHME —-—
world.show_particles(particles)



p-h,

45

world.show_mean(m_x, m_y, m_confident)
wor ld.show_robot(robbie)

# —- llepememnBaHMe YaCTHUI —-—
new_particles = []

# Hopwmanmszaliusa Beca
nu = sum(p.w for p iIn particles)
it nu:
for p In particles:
p-w =p.w / nu

# BsaBemeHHOe pachnpemejieHue g OLHCTPOTO BHOOPA
dist = WeightedDistribution(particles)

for in particles:

p = dist.pickQ
if p is None: # HeT BHOOpPa

new_particle = Particle.create_random(l1, world)[O]
else:

new_particle = Particle(p-x, p-y,
heading=robbie.h 1f ROBOT_HAS COMPASS else

noisy=True)
new_particles.append(new_particle)

particles = new_particles

# —-- IBUXeHeu YacTUl —-—

old _heading = robbie.h
robbie.move(world)

d_h = robbie.h - old_heading

for p In particles:
p-h += d_h
p.advance_by(robbie.speed)
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