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1.MepiAndn €pyou

O OKOTIOG TOU TAPOVTOG €PYOU Elval n avamtuén evog oAokANpwpEVOU TTANPOdOPLAKOU CUCTHOTOG
HE OTOXO0 TNV BEATLOTN TOMOBETNON EUTIOPEVUATOKIBWTLWY O HEYAAOUC BLlopnxavikol g xwpoug. MNa
NV enitevén Tou apyika, Ba dnuioupynBel pia keviplkn oxeolakn Bacn dedopévwy n omoia Ba
evornolel debopéva amod SLaPopPETIKEG TTNYEC KL XPOVIKEC OTLYHEG, TNG ETIXELPNONG. EMelta, Ba yivel
KaBOPLOMOG TWV amaltioewy Kat HeBOSwV yla tnv avaAuon twv dedopévwy g BAong HEow TG
oKlaypadnong €vog YEVIKOTEPOU TIPOTUTIOU EKTEAEONC OAwV Twv Sladkaowwyv mapaywyns. H
amoBnkn &edouévwyv (warehouse), Ba Asttoupynosl w¢ Baon yla tnv avamtuén kot ebappoyn
oAyopiBuwyv mou €xouv w¢ oToxXo TNV e€aywyn Kol mapouaciacn Business Analytics uno popdn
YPADNUATWY, TIVAKWV KoL SEIKTWV.

AkoloUBw¢, Ba mpaypotonmonBouv SOKIMOOTIKEG MTAOELS TWV EL0IKWV Yo To €pyo ZUnEA,
MPWTIOTWG yla TNV Slapdpdwor Toug Kal v ouvexeia yla tnv kataypadn tng 6€ong kot tng
SlaBéoung moootntag tou KABe mpoidvtoc. Me Bdaon ta dedopéva autd, Ba avamtuyxbouv
UTTOAOYLOTIKEG HEBOSOL oL omoleg Ba eival oe B€on va evtomnilouv to {NTOUPEVO MPOIOV KAl va
urtoAoyilouv tnv StaBeouotntd tou. Zupdwva pe ta Sdedopéva autad, aAAd Kat pe xprion business
analytics, TPOKUMTOUV CUUMEPACUATA OXETIKA HE TNV {ATNON KOL TNV avoyKoilo EMAPKELA TWV
TPOIOVTWV.

Itn ouveéxela Ba avamrtuxBel pla ek pEBodog BeAtiotonoinong n omnoia pe dedopéva OAa ta
TIAPATIAVW OTOXEVEL 0TNV BEATLOTN TOMOBETNON TWV MOPAYOUEVWVY TIPOIOVIWY OTNV amobnkn Ue
Baon ouyKEKPLUEVEG TIpOSLOYPADEC.

Télog, Ba avamtuxBel oAokAnpwpévo mAnpodoplakd cuotnua to omoio Ba ektedel autopatn
Katapérpnon tng amobnkng kat Ba mpoteivel tnv PEAToTn TomoBEtnon mpoloviwv Pdon
npodlaypadwyv mou Ba Sivovtal and tov xprotn. To cuoTtnua auto, yivetal mpaén HEow NG
avantuéng oAokAnpwpévng mAatdopuag aAAd kal ebapoyn yla EEUTIVEC KLVNTEG CUOKEUEG, LIE TN
BonBela tng omolag oL epyaldpevol TNG enxeipnong Ba Wmopouv va €XoUV KOVA TNG amobnkng
npoiovtwy kAaBe otyun kabwg kal tnv duvatdtnta HeTAdoong tnG €LKOVOG QUTAG UETALU
OUVEPYOTWV HEOW nAekTpovikoU Taxudpopeiou n KwntAg tnAedwviag ylwa tnv enitevén ng
KaAUTEPNG SUVATHG ETLKOLVWVLOG KOL CUVEPYACLOG QUTWV.

To €pyo Aoumnodv, untoBonBwvtag otn dtadikacia AnPng anoddcewyv, Oa cuvEPALEL CNUAVTIKA OTN
uelwon twv €f0dwv NG etalpiag, Ba pewoel tov Popto epyaciag Ttwv epyalopEVWV
AMAAAACOOVTAG TOUG Ao TETPLUUEVEG Sladlkacieg katl Ba KATAOTACEL TNV ETUXELPNON WOLALTEPWC
OVTOYWVLOTLKA OTOV XWwpo TNG mapaywyns. EmutpocBeta, n afla evog tétolou mpoioviog dev
TEPLOPLlETAL LOVO OTO AELTOUPYLIKO TOU KOUMATL AAAQ €0TIAZETAL KOL OTO EUMOPLKO, KaBLoTwvTag
NV enxeipnon mou 1o SLaBETEL AKPWE AVTOYWVLOTIKY) OTNV ayopd £pyaociog, kabwe pilo tétola
edpappoyn npocdidel unepalia otnVv eMixelpnon av €MIAEYEL N EUMOPLKA TNEG EKUETAAAEUOH TNC.

To €pyo amoteAsital amno £EL eMUEPOUC EVOTNTEC EpyaOLaC, N OAOKARPWON Twv omoiwv Ba odnyrnoet
otnv eniteuén tou £pyou. OL EVOTNTEC QUTEC Elva:

e EE1 Xxeblaon ulomoinong £pyou

e EE2  Avamrtuén pebodwv Kal cuotnuatwy opyavwong dedopévwv
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e EE3 Avamtuén peBoOdwv autopatng Katapétpnong kot PEAToTng TtomobEtnong
Blopnxavikwy mpoioviwy

e EE4  Avamrtuén Stadiktuakng mAatdopuog kol ebapuoyng o€ EEUTIVEG KLVNTEC CUCKEUEC
e EE5 MMuotikn Asttoupyla Kat aloAdynon oAOKANPWHUEVOU CUCTILATOC

e EE6 YmootnplEn épyou

2. NepiAnyn Evotntac Epyaociag 3 (EE3)

Kata tn 6udpkela tng EE3 Ba mpayuatomolnbolv SOKWWOOTIKEG MTACEL yla TNV BEATIOTN
Slapodpdpwon twv UnEA. MapalinAa, pe Baon ta Sedopéva mou Ba cuAlexBouv, Ba avalntnBbouv
HEBOBOL KOL TIOPALETPOTIOLN OELG E£TOL WOTE VO TIPAYLOTOTIOLE(TAL CWOTH Kataypadr] Twv MPoiovtwv
WG MpPo¢ tnv B€on TOUug KAl WG TMPOG TNV TOoOTNTA TOuG. Oa avartuxBolv e€elSIKeUEVEG
uTtoAoYLOTIKEG LEBOSOL oL omoieg e Baon ta SeSopéva ou Ba cuAAéyouv Ta ZUnEA, Ba evtonilouv
TO MPOIoV, TN BEon Tou Kal Ba KATAPETPOUV TNV MOCOTNTA ava BEon Kot ava poidv. Me Baon Tig
TAnpodopieg ano tnv anmodrkn Se5o0UEVWV Kal TO ATOTEAECUATA TWV UTIOAOYLOTIKWY HeBOSwyY, Ba
avamntuxOel pla eldikn péBodocg BeAtiotomoinong n omoia £xeL okomo tn BEATIOTN ToMoBETnoN TwWV
TIAPOYOUEVWYV TIPOIOVIWY OTNV amobnkn Pe BAon CUYKEKPLUEVEG TIpoSLaypadEC, yia mapadelypa
UE Baon TIC avapeVOUEVES TTWANOELG, TOUC SLaBEoLHouG TTOPOUG K.aL.

MNapadotéa:
e (3.1 M€6060¢ aUTOMATNG KATAUETPNONG BLOUNXAVIKWYV TIPOTOVIWV
e [13.2 M€B060¢ BEATLOTNG TOTOBETNONG MOPAYOUEVWY BLOUNXAVIKWY TIPOIOVIWV

e [3.3 Mpoypappo oc eAevBepo Aoylopikd (m.x. Python) autépotng Katopétpnong
Blopnxavikwy mpoioviwy

e [3.4 TMMpoypaupa oc eAelBepo Aoylopko (mx. Python) BéAtiotng tomoBétnong
TIAPOLYOUEVWYV BLOUNXOAVLKWY TIPOIOVTWY
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3.Mpoypapua o€ €AelBepo  Aoylwopkd (my. Python) autopatng
KATAUETPNONC BlopnXavikwy mpoloviwy

MNapakdtw avoAutikd o kwdlkag oe yAwooa Python, yla TNV autopaTn KOTOUETPNON BLOMNXAVIKWY
TPOLOVTWV:

import numpy as np

def scan_ box(
hits,
flight height,
palette width,
palette height,
stacks per row

# Apxlxkomnoinon AlOTaC OIIOTEAEOUATOC
result = []

# OL dlaotdoelc tou mivaxka TLudvV Tou lidar
rows = hits.shape[0]
hits per row = hits.shape[l]

# Emoavddofe yia r&Oe ypouun tou box
for row in range (rows) :

row hits = hits[row]

# Metatponhy Uyoug oe TANOOC TAAETOV

palettes = np.zeros (hits per row)
for i in range(hits per row):
palettes[i] = (flight height - row hits[i]) / palette height

# EnavédaPe yia x&bBe Béon otolpag oto box (mA&touc palette width)
row_result = []
for i in range(stacks per row):

stack hits = []

# Tia x&Be pétpnon xatd nmAdtog Ing orolfoac

for h in range (palette width):

stack hits.append(palettes[i*palette width + h])

# TpooBAKN TNC péong TLUAQ OTOV MIVAKN amoTeAeoudTwV TNC YPAUUAC Tou box

average = sum(stack hits) / len(stack hits)

row_result.append(round (average))

# MpooBAKN TV AEOTEAEOPATWOV ING YPUUUAC OToVv TeAlkd mivaxra
result.append(row result)

# EnmiLotpo@n amoTeAéouaToq
return (result)

def scan_warehouse (
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hits,

resolution,
flight height,
palette width,
palette height,
error_margin,
accepted width pc

# Apylxkomnoinon Alotag omoTeAéOPATOC
result = []

# To mARBOC TWV YPURPOV
rows = hits.shape[0]

# EomovdAdoRBe yia x&dbe ypoauun Tou box
for row in range (rows):

row _hits = hits[row]

row_result = []

# Apxlxomolnon tou group
current group=[]
current group average = 0

# BEomovédoRBe yvia x&dbe pétpnon oInv yeouun
for hit in row hits:

# Av 10 group elvoal &deilo mpdobBecé TNV
if len(current group) ==
current group.append(hit)
current group average = hit
continue

# EAeyxoc ov 1o hit avhkel oTo current group
# ELdLrOC éAeyxog via tnv Tiuh O

bottom margin = hit * (l-error margin)
top margin = hit * (l+error margin)
if (hit == 0 and current group average

== 0) or

(current group average >=bottom margin and current group average <= top margin):

current group.append(hit)

current group average = sum(current group) / len(current group)

# continue with next hit
else:

# Agv avhxrel oto group - KAel{olpo kol €Agyxog ouddag

(stacks, remainder) = divmod (len (current group)
palette width)
if remainder / palette width >= accepted width pc:
stacks += 1

* resolution,

# Hpoobnxn oe x&Oe otoiPfa ToUu umoloylLlduevou mAnBouc nmoAeTdv amd Tnv péon

TLun tng ouddac

palettes = round ( (flight height - current group average) /

palette height)
for i in range(stacks):
row_result.append(palettes)
# Apxlkomolon emdupevng opddag
current group = [hit]
current group average = hit
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# EAeyxog TOU Teleutalou group
(stacks,remainder) = divmod(len(current group) * resolution, palette width)
if remainder / palette width >= accepted width pc:

stacks += 1
palettes = round((flight height - current group average) / palette height)
for i in range(stacks):

row_result.append(palettes)

# TMpooBAKN TV AIOTEAEOPATWOV TNG YPAUUAG OToVv TeAlkd mivoaxra
result.append(row result)

# EmLOTPO@R amoTeAEOPATOC
return result

import numpy as np
class Grid:

# Constructor
# Anupioupyla evdéc grid dractdoenv width+l X length+l pe undevixkéd Uyn
def init (self, width, length):

self.width = width+1

self.length = length+l

self.grid = np.zeros((self.width, self.length), np.uintl6)

# Convert grid to point cloud
def to ptCloud(self):
ptCloud = np.zeros((self.width * self.length), np.uintl6)
i=0
for x in range(self.width):
for yv in range(self.length):

ptCloud[i, 0] = x

ptCloud[i, 1] =y

ptCloud[i, 2] = self.grid[x,yVy]
i +=1

return ptCloud

# Load grid from point cloud

# Dimensions should match

def from ptCloud(self, ptCloud):
for point in ptCloud:

self.grid[point[0], point[l]] = point[2]
o
# Model Point
# _________________________________________________________________

class Point:

# attributes:
# x: number
# y: number
# z: number
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# color: string of hex notation, i.e. '"#FFOODC'

def init (self, x =0, y =0, z = 0, color="#000000"):
self.x = x
self.y = vy
self.z = z
self.color = color

# coordinates to strinct of the form (x,V)

def coords xy(self):
return f" ({self.x}, {self.y})"

import tempfile

import open3d as o03d

import numpy as np

import os

from lib.colors import hex2rgb, rgb2hex
from models.Point import Point

import matplotlib.pyplot as plt

class PointCloud:

# attributes
# points: list of Point

def init (self):
self.points = []

def to file(self, filename):
f = open(filename, 'w')
for p in self.points:
rgb = hex2rgb(p.color)
f.write (£"{p.x} {p.y} {p.z} {rgb[0]} {rgb[l]} {rgb[2]}\n")
f.close ()

# Load from file (alternative constructor)
@classmethod

def from file(cls, filename) -> 'PointCloud':
ptc = PointCloud()
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f = open(filename, 'r')

lines = f.readlines|{()
for line in lines:
tokens = line.split(' ')

hex color = rgbZhex((tokens[3], tokens[4], tokens[5]))

ptc.add point (Point (tokens[0], tokens[l], tokens[2], hex color))
f.close()
return ptc

# Keep top point only for each x,y
# Return new point cloud

def prune(self):
pdict = dict ()
for point in self.points:
if point.z == 0: # skip ground points
continue
key = point.coords xy()
if (key not in pdict) or (pdictlkey].z < point.z):
pdict[key] = point
pruned point cloud = PointCloud()
for key in pdict:
pruned point cloud.add point (pdict[key])
return pruned point cloud

def add point (self, point):
self.points.append (point)

def visualize (self):
temp filename = next(tempfile. get candidate names()) + '.xyz'
self.to file(temp filename)
xyz file = o3d.io.read point cloud(temp filename)
colors = np.loadtxt (temp filename, usecols=(3,4,5))
xyz file.colors = o3d.utility.Vector3dVector (colors)
o3d.visualization.draw geometries([xyz file], 'Point Cloud')
os.remove (temp filename)

vis = o3d.visualization.Visualizer ()

vis.create window ()

vis.add geometry(xyz file)

vis.update geometry(xyz file)

vis.poll events ()

vis.update renderer ()

ERETE e

def z hist(self, bins=10, plot=False):
z = []

for p in self.points:

10



Me T cuyxpnuatodétnon = EIlNA MpOypapuaL
NG Eupwtraikig ‘Evwong 7 Kevtpwkn Makedovia

MNapadotéo N 3.3 KMP6-0083129

z .append(p.z)

if plot:
plt.hist(z, bins)
plt.show ()

return np.histogram(z, bins)

def to numpy(self):
np points = np.zeros((len(self.points), 6), dtype=float)
for i in range(len(self.points)):
p = self.points[i]
rgb = hex2rgb(p.color)
np_points[i] = [p.%X, p.y, p.z, rgb[0], rgb[l], rgb[2]]
return np points

def init (self, palettes, label, color):
self.palettes = palettes
self.label = label
self.color = color # to hex notation

import numpy as np
import random
import cv2 as cv

from models.Stack import Stack

from models.PointCloud import PointCloud

from models.Point import Point

from lib.colors import PC_GROUND COLOR, PC_ STACK COLOR, hex2bgr, hex2rgb

class Warehouse:

# __________________________________________________________________
# constructor
# __________________________________________________________________
def _ init_ (

self,

products=[('A', '#0000FF')],

palette width=50,
palette length=50,
palette height=30,
row_groups=4,
rOWS_per group=2,

11
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columns=2,

row_group gap=20,
column_gap=20,

X margin=20,

y margin=20,
stacks per row=4,

max palettes per stack=5,

# Store warehouse parameters
self.products = products
self.palette width = palette width
self.palette length = palette length
self.palette height = palette height
self.row groups = row_groups
self.rows per group = rows_per group
self.columns = columns

self.row group gap = row_group_gap
self.column gap = column_gap

self.x margin = x margin

self.y margin = y margin
self.stacks per row = stacks per row
self.max palettes per stack = max palettes per stack

# Calculate warehouse width and length

self.width = (palette width * stacks per row *
columns) + ((columns - 1) * column_ gap)
self.length = (palette length * row groups *
rows_per group) + ((row groups - 1) * row group gap)

self.width += 2 * self.x margin
self.length += 2 * self.y margin

# Calculate box width and length
self.box width = self.palette width * self.stacks per row
self.box length = self.palette length * self.rows per group

# Create numpy array for stacks (row group, row, col, index)
self.stacks = np.empty ( (row_groups, rOwsS_per group, columns,
stacks per row), np.object)

# create nparray for warehouse hights and products
# For product keep index into self.products
self.mat = np.zeros((self.length, self.width, 2), np.uintl6)

# Create an empty renderer
self.renderer = None

def clone(self):
wh = Warehouse (
products=self.products,
palette width=self.palette width,
palette length=self.palette length,
palette height=self.palette height,
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row_groups=self.row groups,

rows_per group=self.rows per group,
columns=self.columns,

row_group gap=self.row group gap,

column gap=self.column gap,

x margin=self.x margin,

y_margin=self.y margin,

stacks per row=self.stacks per row,

max palettes per stack=self.max palettes per stack,

)

# Create new stacks for self.stacks (deep copy)
# set stack at() updates mat
for rg in range(self.row groups) :
for row in range(self.rows_ per group):
for col in range(self.columns):
for index in range(self.stacks per row):
stack = self.stacks[rg, row, col, index]
new_ stack = Stack(
palettes=stack.palettes,
label=stack.label,
color=stack.color
)

wh.set stack at(rg,row,col, index,new_ stack)

# Return cloned warehouse
return wh

def extract box at(self, row group, column, x margin=20, y margin=20):
# Create new empty warehouse for single box
box = Warehouse (
palette width=self.palette width,
palette length=self.palette length,
palette height=self.palette height,
row_groups=1,
rows_per group=self.rows per group,
columns=1,
row_group_ gap=0,
column_gap=0,
X _margin=x margin,
y _margin=y margin,
stacks per row=self.stacks per row,
max palettes per stack=self.max palettes per stack,
products=self.products

)

# Copy stacks
for row in range(self.rows per group):
for index in range(self.stacks per row):
stack = self.stacks[row group, row, column, index]
box.set stack at(0,row,0,index, stack)

# return box as warehouse
return box

13
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# Sample all rows at the center
# Return a numpy array of z values

def sample rows(self, flight height=150, flight offset=0, resolution=1,
error margin=0.005) :

# total rows to be scanned
rows = self.row groups * self.rows per group

# total values across row - take resolution into account
hits per row = int((self.width - 2 * self.x margin - 2 * flight offset) /
resolution)

# init hits array of z values
hits = np.zeros((rows, hits per row))

# loop for each row
hits row = 0
for rg in range(self.row _groups) :
for row in range(self.rows per group) :
start x = self.x margin + flight offset
end x = self.width - self.x margin - flight offset

y = rg * self.box length + row * self.palette length + rg *
self.row group gap + self.y margin + int(self.palette length / 2)
i=20
for x in range(start x, end x, resolution):
error = random.uniform(l-error margin, l+error margin)
hits[hits row, i] = (flight height - self.matly, x, 0]) *
error
i +=1
hits row +=
# return results
return hits
# __________________________________________________________________
# Get x,y stack cordinates from rowgroup, row, col and index
# __________________________________________________________________
def get stack coordinates(self, row group, row, col, index):

box offset x = col * self.box width + <col * self.column gap +
self.x margin

box offset y = row group * self.box length + row * self.palette length +
row group * self.row group gap + self.y margin

x = box offset x + index * self.palette width

y = box offset y

return x, y

# __________________________________________________________________
# Set a given stack at position (rg, row, col, index)

# __________________________________________________________________
def set stack at(self, rg, row, col, index, stack):

self.stacks[rg, row, col, index] = stack

# Update mat

14
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x, y = self.get stack coordinates(rg,row,col, index)
for 1 in range(x, x + self.palette width):
for j in range(y, y + self.palette length):
self.mat[j,1i,0] = stack.palettes * self.palette height

product index = 0
for product in self.products:
if product[0] == stack.label:
break
product index += 1
self.mat[]j,1i,1] = product index
# __________________________________________________________________
# Create random stacks for all stack positions in warehouse
# __________________________________________________________________

def create ramdom stacks(self, normalize=True) :
for rg in range(self.row _groups) :
for row in range(self.rows per group) :
for col in range(self.columns):
for index in range(self.stacks per row):

palettes = random.randint (0, self.max palettes per stack)
product index = random.randint (0,len(self.products)-1)
product = self.products[product index]

new stack = Stack(
palettes = palettes,
label = product[0],
color=product[1]

)

self.set stack at(rg,row,col,index,new_stack)

# Normilize stacks
if normalize:
self. normalize stacks()

# Normilize stacks
# Inner stacks should have palettes >= min (above,bellow)
# (THIS IMPLEMENTATION WORKS WITH MAX 3 ROWS PER GROUP)

def normalize stacks(self):
for rg in range(self.row groups):
for row in range(self.rows per group):
for col in range(self.columns):
for index in range(self.stacks per row):
stack = self.stacks|[rg,row,col, index]

# Palettes above

if row ==
palettes above = 0

else:
stack above = self.stacks[rg,row-1,col, index]
palettes above = stack above.palettes

# palettes bellow

if row == self.rows per group - 1:
palettes bellow = 0

else:

15
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stack bellow = self.stacks[rg,row+l,col, index]
palettes bellow = stack bellow.palettes

# normalize
min palettes = min(palettes above, palettes bellow)
if stack.palettes < min palettes:
stack.palettes = random.randint (min palettes,
self.max palettes per stack)
self.set stack at(rg,row,col,index, stack)

# __________________________________________________________________

# Draw stacks into warehouse - dont' use mat - it's just for display only

# return a cv mat

# __________________________________________________________________

def draw_stacks (self, print labels=False, print palettes=True,

print colors=True) :

# Reset renderer
self.renderer = np.zeros((self.length, self.width, 3), np.uint8)

for rg in range(self.row _groups) :
for row in range(self.rows per group) :
for col in range(self.columns) :
for index in range(self.stacks per row):
stack = self.stacks[rg,row,col,index]
x, y = self.get stack coordinates(rg,row,col, index)

# Draw filled rectangle if self.print colors - use stack
color
# Don't fill stacks with 0 palettes
if print colors and stack.palettes > 0:
cv.rectangle (self.renderer, (x,Y), (x +
self.palette width, y + self.palette length), hex2bgr(stack.color), -1)

# Draw outline - white
cv.rectangle (self.renderer, (%, y) (x +
self.palette width, y + self.palette length), (255, 255, 255), 1)

# Draw text at the middle
font = cv.FONT HERSHEY SIMPLEX
text = ""
if print labels and print palettes:
text = f"{stack.label}:{stack.palettes}"
elif print labels:
text = f"{stack.label}"
else:
text f"{stack.palettes}"
textsize = cv.getTextSize (text, font, 0.3, 1)[0]
text x = x + (self.palette width - textsize[0]) / 2
text y = y + (self.palette length + textsize[l]) / 2
cv.putText (self.renderer, text, (int (text x),

int (text vy)),
font, 0.3, (255, 255, 255), 1)
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# Draw empty warehouse with stack places
def draw _empty (self):

# Reset renderer
self.renderer = np.zeros((self.length, self.width, 3), np.uint8)

for rg in range(self.row groups) :
for row in range(self.rows per group):
for col in range(self.columns) :
for index in range(self.stacks per row):
x, y = self.get stack coordinates(rg, row, col, index)
cv.rectangle (self.renderer, (x, V), (x +
self.palette width, y + self.palette length), (255, 255, 255), 1)

# Draws the flight line over a mat given (empty or with stacks)
def draw flight (self, flight offset=0):

# 1if renderer is None create empty
if self.renderer is None:
self.draw_empty ()

# keep previous y positions and vertical line
prev_y offset = 0
right side = False

for rg in range(self.row groups) :
for row in range(self.rows per group) :
x offset = self.x margin + flight offset
y offset = rg * self.box length + row * self.palette length + rg
* self.row group gap + self.y margin + int(self.palette length / 2)
x1 = x offset
yl = y offset
x2 = self.width - self.x margin - flight offset
y2 = y offset
cv.line(self.renderer, (x1, yl), (x2, y2), (0, 0, 255), 1)

# draw vertical line at the end if row > 0 and row is odd
if prev_y offset > 0:
vertical yl = prev y offset
vertical y2 = y offset
if right side:
vertical x1 = x2
else:
vertical x1 = x1
vertical x2 = vertical x1
cv.line (self.renderer, (vertical x1, vertical yl),
(vertical x2, vertical y2), (0,0,255), 1)

# Update previous y offset and vertical side
prev_y offset = y offset
right side = not right side

# Visualize renderer
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def show(self, window title='Warehouse'):
cv.imshow (window title, self.renderer)

def save(self, filename='warehouse'):
cv.imwrite (filename, self.renderer)

def to point cloud(self, ground=True, full=False, resolution=10):
pcloud = PointCloud()

# ground points
if ground:
for x in range(self.width):
for y in range(self.length):
pcloud.add point (Point(x, y, 0, PC_GROUND COLOR))

# stack points
for rg in range(self.row _groups) :
for row in range(self.rows per group) :
for col in range(self.columns):
for index in range(self.stacks per row):
stack = self.stacks|[rg,row,col, index]
x, y = self.get stack coordinates(rg, row, col, index)
for sx in range(x, x + self.palette width):
for sy in range(y, y + self.palette length):
# set origin to top-left corner to match cv draw
(default is bottom-left)
sy = self.length - sy

if full:
# Draw all points between 1 and stack height
stack height = stack.palettes *

self.palette height
for sh in range(l, stack height + 1,
resolution) :
pcloud.add point (Point (sx, Sy, sh,
stack.color))
else:
pcloud.add point (Point (sx, sy, stack height,
stack.color))

# Return
return pcloud

# Scan warehouse along x axis. Start at (x,V)
# Return tupples (heigth, product)

def scan x(self, x, y, resolution=l):
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points = []
for dx in range(x, self.width, resolution):
label = '-!

height = self.matly,dx,0]
if height > 0:
product = self.products[self.mat[y,dx,1]]
label = product[0]
points.append ( (height, label))
return points

Add noise
Alter each point into mat if random float is bellow percentage
max _error is the maximum alternation.
Get a random direction - up or down
def add noise(self, percentage, max error):
for i in range(self.width):
for j in range(self.length):
height = self.mat[7j,1,0]
if height ==
continue
alter = random.random() < percentage
if not alter:
continue
# alter pixel
noise = random.randint (0,max_error)
direction = random.randint (0,1)
if direction ==
self.mat[j,1,0] = height - noise
else:
self.mat[j,1,0]

height + noise

# Remove noise from mat

# 1. Divide with palette hight

# 2. If remainder is less than half the divider take quotient
# 3. else take quotient+l1l

=

def remove noise(self):
for i in range(self.width):
for j in range(self.length):
height = self.mat[]j,1i,0]

if height ==
continue
if height % self.palette height < self.palette height / 2:
self.mat[]j,1,0] = (height // self.palette height) *
self.palette height
else:
self.mat[j,1,0] = ((height // self.palette height) + 1) *

self.palette height

# Katopétpnon e€voég box ue meplbdhplo
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import cv2 as cv

from functions.scan warehouse import scan_ warehouse
from models.Stack import Stack

import matplotlib.pyplot as plt

from models.Warehouse import Warehouse

# Create warehouse
box = Warehouse (
palette width=40,
palette length=40,
palette height=20,
row_groups=1,
rOWS_per group=2,
columns=1,
row_group gap=60,
column_gap=60,
X _margin=20,
y_margin=5,
stacks per row=8§,
max palettes per stack=5,
# products=[('A', '#0000FF'), ('B', '#FF0000'), ('C', '#DD44DD'")],
products=[('A', '"#0000FF')],
)

# box.create ramdom stacks ()

box.set stack at(0,0,0,0,Stack(3, 'A', '#0000FF'))
box.set stack at(0,0,0,1,Stack(5, 'A', '#0000FF'))
box.set stack at(0,0,0,2,Stack(0, 'A', '#0000FF'))
box.set stack at(0,0,0,3,Stack(5, 'A', "#0000FF'))
box.set stack at(0,0,0,4,Stack(l, 'A', "#0000FF'))
box.set stack at(0,0,0,5,Stack(4, 'A', "#0000FF'))
box.set stack at(0,0,0,6,Stack(4, 'A', '#0000FF'))
box.set stack at(0,0,0,7,Stack(2, 'A', '#0000FF'))

box.set stack at(0,1,0,0,Stack(l, 'A', "#0000FF'))
box.set stack at(0,1,0,1,Stack(3, 'A', "#0000FF'))
box.set stack at(0,1,0,2,Stack(5, 'A', '#0000FF'))
box.set stack at(0,1,0,3,Stack(4, 'A', '#0000FF'))
box.set stack at(0,1,0,4,Stack(0, 'A', "#0000FF'))
box.set stack at(0,1,0,5,Stack(4, 'A', "#0000FF'))
box.set stack at(0,1,0,6,Stack(3, 'A', "#0000FF'))
box.set stack at(0,1,0,7,Stack(5, 'A', '#0000FF'))

# Save empty box

flight offset = -10

box.draw_empty ()

box.show ('empty"')

# box.draw stacks()

# box.draw flight (flight offset=flight offset)

# box.save('d:/with margin/empty box.png')
box.draw flight (flight offset=flight offset)
box.show ('flight'")

# box.save ('d:/with margin/empty box flight.png"')

# Get hits
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flight height = 120

resolution = 1

hits = box.sample rows (flight height=flight height, flight offset=flight offset,
resolution=resolution)

# plot box rows

plt.figure('Box Row 1'")

plt.title("Box Row 1")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")
plt.plot (hits [0, :])

plt.show(block=False)

# plt.savefig('d:/with margin/box rowl.png')

plt.figure('Box Row 2'")

plt.title ("Box Row 2")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[1,:])

plt.show (block=False)

# plt.savefig('d:/with margin/box row2.png')

# draw stacks and save

box.draw_stacks ()

box.show ('stacks')

# box.save('d:/with margin/box stacks.png')

result = scan warehouse (
hits=hits,
resolution=resolution,
flight height=flight height,
palette width=box.palette width,
palette height=box.palette height,
error margin=0.008,
accepted width pc=0.9

)

print (result)

input ()

import cv2 as cv

from functions.scan warehouse import scan warehouse
from models.Stack import Stack

import matplotlib.pyplot as plt

from models.Warehouse import Warehouse

# Create warehouse

box = Warehouse (
palette width=40,
palette length=40,
palette height=20,
row_groups=1,
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rOws_per group=2,

columns=1,

row_group gap=60,

column_ gap=60,

X margin=5,

y_margin=5,

stacks per row=8,

max palettes per stack=5,

# products=[('A', '#0000FF'), ('B', '#FF0000'), ('C', '#DD44DD')],

products=[('A', '"#0000FF')],
)
# box.create ramdom stacks ()
box.set stack at(0,0,0,0,Stack(3, 'A', '#0000FF'))
box.set stack at(0,0,0,1,Stack(5, 'A', '#0000FF'))
box.set stack at(0,0,0,2,Stack(0, 'A', '#0000FF'))
box.set stack at(0,0,0,3,Stack(5, 'A', '#0000FF'))
box.set stack at(0,0,0,4,Stack(1l, 'A', '#0000FF'))
box.set stack at(0,0,0,5,Stack(4, 'A', '#0000FF'))
box.set stack at(0,0,0,6,Stack(4, 'A', '#0000FF'))
box.set stack at(0,0,0,7,Stack(2, 'A', '#0000FF'))
box.set stack at(0,1,0,0,Stack(1l, 'A', '#0000FF'))
box.set stack at(0,1,0,1,Stack(3, 'A', '#0000FF'))
box.set stack at(0,1,0,2,Stack(5, 'A', '#0000FF'))
box.set stack at(0,1,0,3,Stack(4, 'A', '#0000FF'))
box.set stack at(0,1,0,4,Stack(0, 'A', '#0000FF'))
box.set stack at(0,1,0,5,Stack(4, 'A', '#0000FF'))
box.set stack at(0,1,0,6,Stack(3, 'A', '#0000FF'))
box.set stack at(0,1,0,7,Stack(5, 'A', '"#0000FF'))

# Save empty box
flight offset =0
box.draw_empty ()

# box.draw stacks ()

# box.draw flight (flight offset=flight offset)
box.save ('d:/without margin/empty box.png')
box.draw_flight (flight offset=flight offset)
box.save ('d:/without margin/empty box flight.png"')

# Get hits
flight height =
resolution = 1
hits =
resolution=resolution)

120

# plot box rows

box.sample rows (flight height=flight height,

plt.figure('Box Row 1'")

plt.title("Box Row 1")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[0,:])
plt.savefig('d:/without margin/box rowl.png')
plt.figure('Box Row 2'")

plt.title("Box Row 2")

plt.xlabel ("Hits")
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plt.ylabel ("Lidar measurment")
plt.plot (hits[1,:])
plt.savefig('d:/without margin/box row2.png')

# draw stacks and save
box.draw_stacks ()
box.save ('d:/without margin/box stacks.png')

import cv2 as cv

from functions.scan warehouse import scan warehouse
from models.Stack import Stack

import matplotlib.pyplot as plt

from models.Warehouse import Warehouse

# Create warehouse
wh = Warehouse (
palette width=40,
palette length=40,
palette height=20,
row_groups=2,
rOWS_per group=2,
columns=2,
row_group gap=60,
column_gap=60,
X margin=20,
y _margin=60,
stacks per row=8,
max palettes per stack=5,
# products=[('A', '#0000FF'), ('B', '#FF0000'), ('C', '#DD44DD')],
products=[('A', '#0000FF')],
)

# wh.create ramdom stacks ()

# 0,0,0

wh.set stack at(0,0,0,0,Stack(4, 'A', '#0000FF'))
wh.set stack at(0,0,0,1,Stack(2, 'A', '#0000FF'))
wh.set stack at(0,0,0,2,Stack(l, 'A', '#0000FF'))
wh.set stack at(0,0,0,3,Stack(l, 'A', "'"#0000FF'))
wh.set stack at(0,0,0,4,Stack(4, 'A', "#0000FF'))
wh.set stack at(0,0,0,5,Stack (4, 'A', '#0000FF'))
wh.set stack at(0,0,0,6,Stack(3, 'A', '#0000FF'))
wh.set stack at(0,0,0,7,Stack(3, 'A', '#0000FF'))

# 0,1,0
wh.set stack at(0,1,0,0 (5, '"A', "#0000FF"))
wh.set stack at(0,1,0,1 (1, '"A', '"#0000FF"))
wh.set stack at(0,1,0,2 (2, '"A', '"#0000FF"))
wh.set stack at(0,1,0,3,Stack(0, 'A', "#0000FF'))
wh.set stack at(0,1,0,4 (5, 'A', "#0000FF"))
wh.set stack at(0,1,0,5 (0, 'A', '"#0000FF'))
(0,1,0,6 (0 ))

wh.setistack:at , '"A', '"#0000FF'
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wh.set stack at(0,1,0,7,Stack(l, 'A', '"#0000FF'"))

# 0,0,1

wh.set stack at(0,0,1,0,Stack(2, 'A', "#0000FF'))
wh.set stack at(0,0,1,1,Stack(2, 'A', "#0000FF'))
wh.set stack at(0,0,1,2,Stack(5, 'A', '"#0000FF'))
wh.set stack at(0,0,1,3,Stack(l, 'A', '"#0000FF'))
wh.set stack at(0,0,1,4,Stack(l, 'A', "#0000FF'"))
wh.set stack at(0,0,1,5,Stack(4, 'A', "#0000FF'))
wh.set stack at(0,0,1,6,Stack(l, 'A', "#0000FF'))
wh.set stack at(0,0,1,7,Stack(3, 'A', '"#0000FF'"))
# 0,1,1

wh.set stack at(0,1,1,0,Stack(4, 'A', '"#0000FF'))
wh.set stack at(0,1,1,1,Stack(0, 'A', '"#0000FF'))
wh.set stack at(0,1,1,2,Stack(0, 'A', "#0000FF'))
wh.set stack at(0,1,1,3,Stack(3, 'A', '"#0000FF'))
wh.set stack at(0,1,1,4,Stack(4, 'A', "#0000FF'))
wh.set stack at(0,1,1,5,Stack(0, 'A', '"#0000FF'))
wh.set stack at(0,1,1,6,Stack(5, 'A', "'"#0000FF'))
wh.set stack at(0,1,1,7,Stack(4, 'A', '"#0000FF'))
# 1,0,0

wh.set stack at(1,0,0,0,Stack(3, 'A', "'"#0000FF'))
wh.set stack at(1,0,0,1,Stack(l, 'A', "'"#0000FF'))
wh.set stack at(1,0,0,2,Stack(4, 'A', '"#0000FF'))
wh.set stack at(1,0,0,3,Stack(l, 'A', "#0000FF'))
wh.set stack at(1,0,0,4,Stack(5, 'A', "#0000FF'))
wh.set stack at(1,0,0,5,Stack(4, 'A', '"#0000FF'))
wh.set stack at(1,0,0,6,Stack(0, 'A', '"#0000FF'))
wh.set stack at(1,0,0,7,Stack(l, 'A', '#0000FF'))
# 1,1,0

wh.set stack at(1,1,0,0,Stack(l, 'A', '"#0000FF'))
wh.set stack at(1,1,0,1,Stack(4, 'A', '"#0000FF'))
wh.set stack at(1,1,0,2,Stack(5, 'A', '#0000FF'))
wh.set stack at(1,1,0,3,Stack(3, 'A', '#0000FF'))
wh.set stack at(1,1,0,4,Stack(0, 'A', '#0000FF'))
wh.set stack at(1,1,0,5,Stack(l, 'A', '"#0000FF'))
wh.set stack at(1,1,0,6,Stack(5, 'A', '"#0000FF'))
wh.set stack at(1,1,0,7,Stack(4, 'A', '#0000FF'))
# 1,0,1

wh.set stack at(1,0,1,0,Stack(5, 'A', '"#0000FF'))
wh.set stack at(1,0,1,1,Stack(0, 'A', '"#0000FF'))
wh.set stack at(1,0,1,2,Stack(4, 'A', '#0000FF'))
wh.set stack at(1,0,1,3,Stack(4, 'A', '#0000FF'))
wh.set stack at(1,0,1,4,Stack(2, 'A', '#0000FF'))
wh.set stack at(1,0,1,5,Stack(l, 'A', "#0000FF'))
wh.set stack at(1,0,1,6,Stack(0, 'A', '"#0000FF'))
wh.set stack at(1,0,1,7,Stack(3, 'A', '#0000FF'))
#1,1,1

wh.set stack at(1,1,1,0,Stack(4, 'A', "#0000FF'))
wh.set stack at(1,1,1,1,Stack(5, 'A', '"#0000FF'))
wh.set stack at(1,1,1,2,Stack(3, 'A', '#0000FF'))
wh.set stack at(1,1,1,3,Stack(2, 'A', '#0000FF'))
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wh.set stack at(1,1,1,4,Stack(l, 'A', '"#0000FF'))
wh.set stack at(1,1,1,5,Stack(3, 'A', '"#0000FF'"))
wh.set stack at(1,1,1,6,Stack(l, 'A', '"#0000FF'"))
wh.set stack at(1,1,1,7,Stack(4, 'A', "#0000FF'))

# Save empty wh

flight offset = -10

wh.draw_empty ()

wh.show ("Empty")

# wh.draw stacks()

# wh.draw flight (flight offset=flight offset)

# wh.save ('d:/with margin/empty warehouse.png')
wh.draw flight (flight offset=flight offset)

wh.show ('flight'")

# wh.save ('d:/with margin/empty warehouse flight.png')

# Get hits

flight height = 120

resolution = 1

hits = wh.sample rows(flight height=flight height, flight offset=flight offset,
resolution=resolution)

# plot wh rows

plt.figure('Warehouse - Row 1'")

plt.title ("Warehouse - Row 1")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[0,:])

plt.show(block=False)

# plt.savefig('d:/with margin/warehouse rowl.png')

plt.figure ('Warehouse - Row 2')

plt.title ("Warehouse - Row 2")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[1,:])

plt.show (block=False)

# plt.savefig('d:/with margin/warehouse row2.png')

plt.figure ('Warehouse - Row 3')

plt.title ("Warehouse - Row 3")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[2,:])

plt.show (block=False)

# plt.savefig('d:/with margin/warehouse row3.png')

plt.figure('Warehouse - Row 4')

plt.title ("Warehouse - Row 4")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[3,:1])

plt.show(block=False)

# plt.savefig('d:/with margin/warehouse rowd.png')

# draw stacks and save
wh.draw_stacks ()
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wh.show ("Stacks")
# wh.save ('d:/with margin/warehouse stacks.png')

result = scan warehouse (
hits=hits,
resolution=resolution,
flight height=flight height,
palette width=wh.palette width,
palette height=wh.palette height,
error margin=0.008,
accepted width pc=0.9

)

print (result)

input ()

import cv2 as cv

from functions.scan warehouse import scan_ warehouse
from models.Stack import Stack

import matplotlib.pyplot as plt

from models.Warehouse import Warehouse

# Create warehouse
wh = Warehouse (
palette width=40,
palette length=40,
palette height=20,
row_groups=2,
rOWS_per group=2,
columns=2,
row_group gap=60,
column_gap=60,
x_margin=5,
y _margin=60,
stacks per row=8§,
max palettes per stack=5,
# products=[('A', '#0000FF'), ('B', '#FF000OO'), ('C',
products=[('A', '#0000FF') ],
)

# wh.create ramdom stacks ()

# 0,0,0

wh.set stack at(0,0,0,0,Stack(4, 'A', '"#0000FF'))
wh.set stack at(0,0,0,1,Stack(2, 'A', "#0000FF'))
wh.set stack at(0,0,0,2,Stack(l, 'A', '#0000FF'))
wh.set stack at(0,0,0,3,Stack(l, 'A', '#0000FF'))
wh.set stack at(0,0,0,4,Stack(4, 'A', '#0000FF'))
wh.set stack at(0,0,0,5,Stack(4, 'A', "#0000FF'))
wh.set stack at(0,0,0,6,Stack(3, 'A', '"#0000FF'))
wh.set stack at(0,0,0,7,Stack(3, 'A', '#0000FF'))
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# 0,1,0

wh.set stack at
wh.set stack at
wh.set stack at
wh.set stack at

( , '"A', "#0000FF'
(
(
(
wh.set stack at(
(
(
(

5 ))
1, 'A', '"#0000FF'))
2, "A', "#0000FF'"))
0, 'A', '"#0000FF'"))
5, 'A', '"#0000FF'))
0, '"A', '"#0000FF'))
0, '"A', '"#0000FF'))
1, 'A', '"#0000FF'))

wh.set stack at
wh.set stack at
wh.set stack at

# 0,0,1

wh.set stack at
wh.set stack at
wh.set stack at
wh.set stack at

( , '"A', "#0000FF'
(
(
(
wh.set stack at(
(
(
(

2 ))
2, 'A', "#0000FF'))
5, 'A', '#0000FF'"))
1, 'A', '#0000FF'))
1, 'A', '"#0000FF'))
4 ))
1 ))
3 ))

wh.set stack at(0,0,1,5,Stack(4, 'A', '"#0000FF'
wh.set stack at(0,0,1,6,Stack(l, 'A', '"#0000FF'
wh.set stack at(0,0,1,7,Stack(3, 'A', "#0000FF'

# 0,1,1

wh.set stack at(0,1,1,0,Stack(4, 'A', "#0000FF'))
wh.set stack at(0,1,1,1,Stack(0, 'A', '"#0000FF'))
wh.set stack at(0,1,1,2,Stack(0, 'A', "#0000FF'))
wh.set stack at(0,1,1,3,Stack(3, 'A', "#0000FF'))
wh.set stack at(0,1,1,4,Stack(4, 'A', "#0000FF'))
wh.set stack at(0,1,1,5,Stack(0, 'A', "#0000FF'))
wh.set stack at(0,1,1,6,Stack(5, 'A', '"#0000FF'))
wh.set stack at(0,1,1,7,Stack(4, 'A', "#0000FF'))
#1,0,0

wh.set stack at(1,0,0,0,Stack(3, 'A', '#0000FF'))
wh.set stack at(1,0,0,1,Stack(l, 'A', '#0000FF'))
wh.set stack at(1,0,0,2,Stack(4, 'A', '"#0000FF'))
wh.set stack at(1,0,0,3,Stack(l, 'A', "'"#0000FF'))
wh.set stack at(1,0,0,4,Stack(5, 'A', '#0000FF'))
wh.set stack at(1,0,0,5,Stack (4, 'A', '#0000FF'))
wh.set stack at(1,0,0,6,Stack(0, 'A', '#0000FF'))
wh.set stack at(1,0,0,7,Stack(l, 'A', '"#0000FF'))
#1,1,0

wh.set stack at(1,1,0,0,Stack(l, 'A', '#0000FF'))
wh.set stack at(1,1,0,1,Stack(4, 'A', '#0000FF'))
wh.set stack at(1,1,0,2,Stack(5, 'A', "'"#0000FF'))
wh.set stack at(1,1,0,3,Stack(3, 'A', '"#0000FF'))
wh.set stack at(1,1,0,4,Stack(0, 'A', '#0000FF'))
wh.set stack at(1,1,0,5,Stack(l, 'A', '#0000FF'))
wh.set stack at(1,1,0,6,Stack(5, 'A', '#0000FF'))
wh.set stack at(1,1,0,7,Stack(4, 'A', '"#0000FF'))
#1,0,1

wh.set stack at(1,0,1,0,Stack(5, 'A', '#0000FF'))
wh.set stack at(1,0,1,1,Stack(0, 'A', '#0000FF'))
wh.set stack at(1,0,1,2,Stack(4, 'A', '"#0000FF'))
wh.set stack at(1,0,1,3,Stack(4, 'A', "#0000FF'))
wh.set stack at(1,0,1,4,Stack(2, 'A', '#0000FF'))
wh.set stack at(1,0,1,5,Stack(l, 'A', '#0000FF'))
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wh.set stack at(
wh.set stack at(

=
~
o o

,1,6,Stack(0, 'A', '"#0000FF'))
,7,Stack(3, 'A', "#0000FF'))

#1,1,1

wh.set stack at
wh.set stack at
wh.set stack at

( , 'A', "#0000FF'
(
(
wh.set stack at(
(
(
(
(

1,1,1,0 (4 ))
1,1,1,1 (5, "A', "#0000FF"))
1,1,1,2 (3, '"A', "#0000FF"))
1,1,1,3,Stack(2, 'A', "#0000FF'))
1,1,1,4 (1, 'A', '"#00O0OFF'"))
1,1,1,5 (3, '"A', '#00O0OFF'))
1,1,1,6 (1, '"A', "#000O0FF"))
1,1,1,7 (4, "A', "#0000FF"))

wh.set stack at
wh.set stack at
wh.set stack at
wh.set stack at

# Save empty wh

flight offset = 0

wh.draw_empty ()

wh.show ('Empty')

# wh.draw stacks ()

# wh.draw flight (flight offset=flight offset)

# wh.save ('d:/without margin/empty warehouse.png')
wh.draw flight (flight offset=flight offset)

wh.show ('flight')

# wh.save ('d:/without margin/empty warehouse flight.png')

# Get hits

flight height = 120

resolution = 1

hits = wh.sample rows(flight height=flight height, flight offset=flight offset,
resolution=resolution)

# plot wh rows

plt.figure ('Warehouse - Row 1')

plt.title ("Warehouse - Row 1")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[0,:])

plt.show (block=False)

# plt.savefig('d:/without margin/warehouse rowl.png')

plt.figure('Warehouse - Row 2'")

plt.title ("Warehouse - Row 2")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[1,:])

plt.show (block=False)

# plt.savefig('d:/without margin/warehouse row2.png')

plt.figure ('Warehouse - Row 3')

plt.title ("Warehouse - Row 3")

plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[2,:])

plt.show(block=False)

# plt.savefig('d:/without margin/warehouse row3.png')

plt.figure('Warehouse - Row 4')
plt.title ("Warehouse - Row 4")
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plt.xlabel ("Hits")

plt.ylabel ("Lidar measurment")

plt.plot (hits[3,:])

plt.show (block=False)

# plt.savefig('d:/without margin/warehouse row4.png')

# draw stacks and save

wh.draw_stacks ()

wh.show ("Stacks")

# wh.save ('d:/without margin/warehouse stacks.png')

result = scan warehouse (
hits=hits,
resolution=resolution,
flight height=flight height,
palette width=wh.palette width,
palette height=wh.palette height,
error margin=0.008,
accepted width pc=0.9

)

print (result)

input ()

4. Avaluon Kwoika Python

Eloaywyn

O kwdKag autog vAomolel pa péBodo kataypadnig Kal KATAUETPNONG TIAAETWY O amobnkn,
xpnowornowwvtag dedopéva and awcOntrpeg LIDAR kol esmefepyaocia nebodwv UTOAOYLOTIKNAG
opaong. O okomog eival n dnuloupyla EvOG AUTOUOTOTIOLNUEVOU CUCTAMOTOC TIOU UMOPEL va
COPWOEL TNV AOOAKN KL VO TTOPEXEL LLOL EKTLUNON TOU aplBuoU Twv MOAETWY HEow eMeEepyaoiag

onUeLakwV vedpwv kal avaiuong vouc.

Yapwon AmoBnknc Kot YIToAoYyLopog MNaAeTwy
zuvaptnon scan_box

H ouvaptnon autn ekteAel avaAuon QoG Pkpig meploxns (box) tng amoBnkng.

e YmoAoyilel to UYog KABe onueiov og oxeon e to LY og mTtong tou UAV.

e Metatpémnel to VYOG og aplOUS MAAETWV.

e Opadormolel ta bedopéva yLa TNV KATOUETPNON TWV MOAETWYV avd otoifa.

zuvaptnon scan_warehouse

Auth n ouvaptnon epapuolel TNV KATAPETPNON O OAN TNV AmobnKn.
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e Alayelpiletal opadeg Se60UEVWVY TIOU €XOUV TTAPOUOLO U OC, TTPOOTIABWVTAG VAl LELWOEL TAL
odaApara.

e YmoloyileL Tov QaplBUO TWV TAAETWV  XPNOLUOTIOLWVTOC TOCOOTO  Amnodoxng
(accepted_width_pc) kaL 6plo odpaApartog (error_margin).

e Opadormolel ta dedopéva o ypAUUES KAl avayVwpLleL TTEPLOXEG e OTOIBEC MAAETWV.

Movtehomoinon AmoBrkng kat AvaAuon AeSouévwyv
KAaon Grid

Avtutpoowrneel évav mMAEypa 2D yla tnv amoBnkn, anobnkevovtag MANPoPopIleg OYXETIKA UE TO
Uy og oe kAaBe onueio.

e Mrnopel va petatparnei oe onpelako védog (point cloud) yia omtikomnoinon.
e Mrmopel va doptwoel Sedopéva amnod Eva onuelako vedpoc.
KAdon Point
AVTUTPOOWTEVEL £VA ONUELO OTO XWPO UE X, Y, Z CUVTETOYHEVEG KA L0 XPWHLATLKI TIOPAUETPO.
e Xpnouwlormoleital yia va kotaypddel dedopéva Uoug og KABe onueio TnNg anodnKNG.
KA&on PointCloud
AVTUTpooWTEVEL £vVa ONUELAKO VEDOC yLa TNV ATIEKOVION TwV dedopuévwy LiDAR.
e Emutpémnel tn dpoptwon kat anobrkevon dedopévwy oe apxeia.

o [Mapéxel Asttoupyieg adaipeong mepttwv onUeEiwv (prune) Kal omTKOMoinong HEOW
open3d.

MovteAomoinon AmoBrkng kat MNMaAetwy
KAaon Stack
AvtutpoowreVeL pLa otoifa amnd maAEteg, mepthapBavovtag to UPog, TNV ETIKETA KAL TO XPWHA TNG.
KA&on Warehouse
AvtutpoowreVeL TNV anoBnkn w¢ ocUVOAO oTolBwv MAAETWV.
e Xpnoulomoleital ylo TNV MPooopoiwaon anoOnKkng Le oToifeg MAAETWV.
e [eplappavel Aettoupyiec:
o Anuoupyia tuxaiwv mMoAeTwy.
o Kavovikomnoinon debopévwy yla tnv adaipeon opaipdtwy.
o Omntkomnoinon péow OpenCV.

o Metatponn twv 6edouévwy o€ onpeLako VEDOG yla avaAuTtiki eneéepyaoia.
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YAomoinon kat AvdAuon Aedopévwy
Kataypadn Aedopévwy péocw UAV

H amoBnkn dnuioupyeital pe t xprion tng kAaong Warehouse kalt ylveTal mpooopoiwaon tng
KQTAVOUN G TTAAETWV.

o ExteAeital odpwon pe LiDAR péow g sample rows ().
e AnoBnkevovtal To AMOTEAECHOTO KOL OTITIKOTIOLOUVTAL Péow matplotlib.
YroAoylopog kat Katapétpnon MNoAetwy
ExteAeital n scan_warehouse() yia va e€ayel Tov aplBuo naAetwv o KABe mepLoxn TnG amodnkng.

e AfloAoyeital n akpiBeLla TWV AMOTEAECUATWY HEGW CUYKPLONG LE TO TIPAYUATIKA SeSopéva
™¢ anobnknc.

2uvoln
O KwdIKaC TMOpEXEL:
e Miua avtévopn péBodo yla tnv avaluon anobnkng péow UAV kat LiDAR.
e Tn duvatdotnta dnuoupyiag tpLodidotatng avanopaotacng tne anobnkng.

e BeAtlotonoinpuévo alyoplBuo yla akpLPr eKTiHnon Twv MoAETWY HEow eMefepyaoiog
6ebopévwy LiDAR.

5. KatdAoyoc 0pwv Kol cUVTOUOYPAPLWY

JUNEA Juothpota pun Emavépwpévwv Aepookadwv

ALLNA.E. AleBvég Mavemotiuio ¢ EAAGSOG

MNA.AA. MavermoTt Lo AUTIKAG ATTIKNG

A.E.NM. ASakTikO Epguvntiko MNpoowrikod

E.ALN. Epyaotnplako Adaktikéd Npoowrtikd

ALE.l Avwrtato Exkmatdeutiko 16pupa

T.E.l Texvoloylko Exmaldeutikd 16pupa

A.O.AT.A.N. Alemiotnuovikog Opyaviopog Avayvwplong TiTAwv Akadnupaikwv Kot
mAnpodopnong
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