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Abstract

Today, conversion of plastic bottles is one of the most profitable segments
of the conversion market. I, you and many of us know that plastic is a global
environmental problem in modern civilization, especially in private University
like SDU. No way is the production of plastic bottles not so expensive, plastic is
a cheap raw material, so far no one is going to stop this production.

The aim of my project is to create a prototype plastic bottle collecting system
on the Arduino platform. It works on 2 levels. When objects detected with
specific sensors, three sensors implemented, if all sensor’s outputs are equal to
zero, that shows the bottles are passed correctly. Arduino’s sensor counts only
the the passes bottles, according to how much were putted, the machine will give
one refreshing candy with a fruit flavor for each bottle. At the end of the working
day it will be something like this: a report for 1 working day will be displayed on
the screen of the device. A report in the form of how many bottles this highly
intelligent device has collected, it will also publish on social networks (instagram).

The goal of the thesis is not just the collecting bottles; I have worked on
improving it as smart and clever system. Because, such kind of terminals can
be located on crowded places, also in some European countries like Germany,
Spain and Asian Japan, people can use this system for ticket payment in public
transports or can buy food for homeless animals. It shows that they have qualified
organizing service system. The important part of my job is starting from private
university’s place to collect some dates to analyze them.



Anxnarmna

Byriuri kyHi nuacTuKabK GeTesKeepAi KOHBEPCHSIAY KOHBEPCHS HapbIFbIHBIH,
eH THIMJI cerMeHTTepiHiH 6ipi 6osbin Tabbunanel. MeH, ci3 »xoHe Gi3AiH Kemmimii-
rMi3 [JIACTHK Kasipri epkeHuerTeri, acipece SDU CUAKTHI 2KeKe yHUBEPCUTETTET]
’KahaHAbIK 3K0JIOrUsIILIK, NpobJiemMa ekeHin Oulemis. IInacTukanbik GeTenkenep
IIBIFAPY COHIIABIKTHI KbIMOAT eMec OOFaHIbIKTaH, IIaCTMACCa, ap3aH MIMKI3aT
G0N TaObLIaAbl, COHABIKTAH OYJI OHAIPICTI 9Tl eMKIM TOKTaTa aJMai/bl.

MeHig >x06aMHBIE MakcaThl - Arduino miardopMachiHia NIaCTHKAIBIK OOTe)I-
KeJiep/li »KuHayIbIH IPOTOTHITIK >KyiteciH xacay. On 2 geHreiine >Kymeic icTeia.
Heicangap Genrini Gip ceHcopiapMeH aHBIKTAJIFaH Ke3fe, erep CEHCOPABIH 6ap-
JIBIK, IIIBIFBICHI HOJITe TeH 00JICa, VI CEHCOP KOJAaHBINaApl, Oyi GerenkenepmiH
JAypbIC ©TKi3inMerenin 6inaipeni. Arduino ceHcopsl eTKi3in asiran beTesikesep ca-
HBIH €cenTeii/i, oapIblH, KAHILa OPHAJIACTHIPEIIFAaHbIHS 6ai/IaHbICThI, MAIIUHA S
OeTeske yin 6ip cepriTeTid »kKeMic-XKUAeK KOMIUTIH MWbIFapaabl. 2KyMbIC KYHiHIH
COHBIHIA Oy Kesecizel Gosaapl: KYPbIIFBIHBIH 3KPaHblHIa 1 XKyMbIC KYHiHE ap-
HaJIFaH ecen maiifa Oosiagpl. By oTe akplipl KYPLUIFL! XKUHaraH OeTenkesep
CaHBI TypaJibl €cell, 0 COHBIMEH KaTap dJIeyMeTTIK JKeJslyepie (MHcTarpaMMua)
YKapUsIaHaIbI.

AuccepranusibiK, XKyMBICTBIH MaKCaThl TEK OOTesKesephi YKUuHay emec; Men
OHBI aKbIIABI YKOHE YFLIMABI XKYHe PeTiHIe XKeTIIIPYMEH XKYMBIC 2KacaasiM. by
TUNTErl TepMUHANAAD aJaMIap Kell >KHHAJAThbIH KepJiepie, coHlal-ak lepma-
Hust, Ucnanus xone Asuana 2Kanonns cusktsl Keitbip Eyporna engepinge opHa-
JIaCybl MYMKIH GOFaHIBIKTaH, aJaMaap Oyl XKyieHl KOFaMAbIK KOJIIKTep/Ae 2KO0JI
KYpy OuileTTepin Tesiey HeMece Viici3 »KaHyapJ/apra TaMak CaThIll ajly YILiH [ai-
NasaHa anaabl. By onapabiy, GLTIKTI yHBLIMAACTHIPYIIBUIBIK KBI3MET KYHeciHe e
eKeHJIriH KopceTeni. MeHiH »KYMBICLIMHBIH, MaHbI3/Ibl OOJIir »Keke yHUBEpCUTETTe

OJlapabl TasgayaaH 6acTasaibl.



AaHOTAIINA

Ceromusi KOHBepCHS MJIACTUKOBBIX OYTHUIOK SIBJSETCS OJHUM U3 CaMbIX NPUObLIbL-
HBIX CEIMEHTOB PbIHKa KOHBepcuu. $1, BbI M MHOTHE U3 Hac 3HaeTe, YTO INIACTHKa
SIBJISIETCS [VIOOAJILHOIM SKOJIOTMYECKOM mpobseMoit B COBPEeMEHHOM NUBUIM3ALIUH,
0coBeHHO B yacTHOM yHuBepcuTere, TakoM Kak SDU. Tak Kak 11pousBoiCTBoO 11a-
CTHKOBBIX OYTLUIOK HE TaK YK U JIOPOro, MIacTMacca - JEUIEBOE ChIPhe, IIOITOMY
II0Ka, HUKTO He cOBMpaeTcs OCTaHABINBATbL 3TO MPOU3BOJACTBO.

Ilenb MOEro mpoekTa - CO3AaThb NMPOTOTHII CUCTEMBI COOpa MIACTHKOBLIX Oy-
ToLIOK Ha miardopme Arduino. PaGoraer Ha 2 ypoBHsX. Korga ob6bekTr! 0bHa-
PY>KUBalOTCS ONpEeAeJeHHbBIMU JaTYHKAMH, HCIOJIb3YIOTCA TPU NaTINKa, €C/li BCe
BBIXOJbI JAATUKMKS PABHBI HYJIO, YTO OKA3bIBAET, YTO OYTHIUIKH INPaBUJIBHO IPO-
nymensl. Jarunk Arduino cuuTaeT TOJILKO KOJMUYECTBO IIPOIYLIEHHBIX Oy THUIOK,
B 3aBHCHMOCTH OT TOT'0, CKOJIbKO ObLJIO MOMEILIEHO, MAIINHAa BBIJACT ONHY OCBEXKa-
0Ly KOHMETY ¢ PPYKTOBBIM BKycOM Ha KaxKIyio OyThUIKy. B Konue pabouero
IHs1 3T0 BymeT IpPUMEpPHO Tak: oTyeT 3a 1 pabounit AeHb OyaeT oTobpakaTbecs Ha
9KpaHe ycTpoiicrBa. OTyeT B Bue KOJUYECTBA OYTHIIOK, COODaHHBIX STHM BbICO-
KOMHTEJIEKTYaJIbHbIM YCTPOUCTBOM, OH TaKKe OIYOJIUKYET B COLMATBHBIX CETAX
(instagram).

Henbio gumiaoMHo# paboThl sABjsieTcsl He MpocTo cbop OyThinok; S paboTal
Haj yJydIleHHeM ero Kak yMHOU u BocnpuumuuBoi cuctembl. [lockonbky Tep-
MHHaJIbl TAKOTO THIIa MOTYT OBITH PACIOJIOXKEHBI B JIIOAHBIX MeCTaX, & TaKXe B
HEKOTODBIX eBPONEHCKUX CTpaHax, Takux Kak [epmanusi, Vcnanus u Asuarckas
fAnowus, mogu MOryT MCIONB30BATDL 3TY CUCTEMY AJIA OIUIATH GHJIETOB B ODILE-
CTBEHHOM TPAHCIIOPTE WJIM MOKYIATb HNPOAYKThl NUTAHUA [J1A Oe3OMHBIX KH-
BOTHBIX. DTO MOKA3bIBAET, YTO y HUX €CTh KBajH(pUIMPOBaHHas OpraHU3yIollasd
CucTeMa oOCIy>KMBaHUS. BakHas 4acTb Moell paboThl HAYHUHAETCs C TOro, 4To B

JaCTHOM YHHUBEPCUTETE C06I/IpaIOTCH HECKOJIBKO OaT OJIfd UX aHaJu3a.
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Nomenclature

DBMS database management systems
DBs Databases

ES E.thernet Shield

LCD Liquid Crystal Display

SMS Short Message Service

SMS Short Message Service

SQL Structured Query Language

WMS Waste management systems



1. Introduction

Nowadays smart networks address several global issues such as resource shortages,
climate change, population aging, and globalization. They are gradually being
used in a large number of sectors for that purpose. Transport, health care, energy,
safety and security, logistics, ICT, and manufacturing are key sectors in this
context. That’s how I chose a project that was related to the global ecology
issue.

How to Solve a Waste Usage Problem? It is difficult to burn, such that a
normal cycle of decomposition will continue for 200 years while burning plasticity
emits toxins of a high-risk level. Secondary processing of plastic waste seems
to be the only rational solution to this issue. For your own company, it’s an
excellent idea that doesn’t involve massive financial expenses. All these facts
show here that devices (technology) can also help to make our world healthier for
our generation. As experience from developed countries such as Germany shows,
Japan’s commodity recycling is a specter that requires special attention. There are
many ways to make people safer, cleaner ecosystems, and better economic life with
the government’s help funding. Germany recycled 93.5 percent of its PET bottles
in 2015, reports a new report by Forum PET. The analysis describes deposits
as the key explanation for high recycling rates, stating that most customers use
reverse vending machines to return PET bottles. Forum PET also states that the
amount of PET reused in new bottles rose from 24 percent in 2013 to 26 percent
in 2015. Considering the tough market conditions for the use of recycled PET
OVer virgin material, these innovations are described as ’impressive.’

The success of Germany with bottle deposits is in contrast to the collection

systems in some US states. For example, in California, in 2016 more than 300
bottle redemption centers shut down. [1].



1.1 Aims and Objectives

At the current rate of global population growth and consumption of resources, it
appears clear to me where we're going to end. Needless to say recycling is one of
the most important things we can do to keep our planet sustainable. Recycling
18 a very promising area for robotics. Over the next few decades I imagine a
future where waste-collecting robots will be moving through air, land, and wa-
ter, reaching difficult areas to help us cleaning our environment. [2]. Process
automation in recycling or identifying ways that can classify these objects such
as plastic bottles, are necessary and valuable for better efficiency in the quality
of the selection process. The purpose of this research is to propose a system that
1s able to perform digital image processing and use in extracting edge in plastic
bottles, subsequently calculating characteristics and assigning them to different
types of plastic.

In recent years, robotic cleaners have taken major attention in robotics re-
search due to their effectiveness in assisting humans in floor cleaning applications
at homes, hotels, restaurants, offices, hospitals, workshops, warehouses and uni-
versities etc. Basically, robotic cleaners are distinguished on their cleaning exper-
tise like floor mopping, dry vacuum cleaning etc. Some products are based on
simple obstacle avoidance using infrared sensors while some utilize laser mapping
technique. Each cleaning and operating mechanism of robotic floor cleaners has
its own advantages and disadvantages. Let’s say in example, robots utilizing laser
mapping are relatively faster, less time consuming and energy efficient but costly,
while obstacle avoidance based robots are relatively time consuming and less en-
ergy efficient due to random cleaning but less costly. Peoples have environmental
conscious will throw waste plastic bottles into trash, otherwise throw away, thus
caused environmental pollution. Thefefore, in order to reduce plastic bottles envi-
ronmental pollution, encourage peoples to make good use of renewable resource,
and for the benefit of social, it is very necessary to research a kind of plastic
bottle recycling unit which integrates recycling function, processing function and
incentive function together.



1.2 The feature of the work

Waste management systems vary depending on the type of waste and the regula-
tions that apply; some basic processes can be distinguished. In addition to major
logistics processes, such as transportation, storage and transshipment, waste flow
includes the following specific processes (see Figure 1.1).

Figure 1.1: WMS process

The waste stream starts of the facilities logistics of the collection. The collec-
tion procedure actually reproduction of a heterogeneous stream of waste, which
requires processing to be re-processed. The separate fragments will be done when
sorting brakes heterogeneous material flowing. Statically or manually description
is characteristics of sorting. Also using technology that dynamically finds the at-
tributes of objects which have been automatically filtered. At the end of the WMS
process, the facility is processed and subjected to various recovery and disposal
alternatives. According to the relevant EU law, these alternatives are hierarchical
with priority of use and disposal at waste disposal as their preferred option [3].

In terminal, there are 4 steps to reach acceptation. First one is about passing
across sensor, second is about pushing into package , third step is about notifica-
tion of information to display, fourth is about gift for work which was done, in my
case is candy for user. The important missions are: collecting disposal bottles in
Private university and scroll up the motivation of people (in my case students) to
reach cleanest, analyzing amount of plastic bottles. It means that with datas of
how many bottles were collected in private place (universities hall,canteen e.t.c),
it gives opportunity to prediction analyze (see Figure 1.2).
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Figure 1.2: Evolution tree branches

1.3 Types and modules of collecting service sys-

tem

Service system of Japan

The principles for the separation of garbage in Japan depend on the area and
the requirements of the municipal authorities, but most often the waste is divided
into four categories, which are somewhat different from the usual separation.
Here, fireproof, combustible, recyclable and bulky waste is placed in different
bins. Moreover - for each type of waste special packages of a certain color and
volume are designed to make it easier to distinguish which type of waste is in
them. On large items that, of course, do not fit in packages, special stickers are
glued. To ensure that everything is sorted correctly, follow the workers serving
the garbage truck. The garbage collection machine arrives at certain hours. By
this time, residents take out their bags, and since they are transparent, scavengers
have the opportunity to track whether the waste is sorted correctly. If there are
violations, packages do not accept. Garbage truck arrives not only at certain
hours, but also on certain days. BEach type of waste is removed exactly on the
appointed day of the week, on which day it is established by the municipality.
S0, in the city of Kita-Kyushu on Tuesday and Friday they take out combustible
garbage, on Wednesday - cans and bottles, on Thursday - packing plastic. If you
take out, say, plastic garbage on Tuesday, they simply will not accept it from you.
Nevertheless, if you try to leave the packages at the garbage truck, they will set



a fine for the entire housing cooperative. (see Figure 1.3) [4].

RVM and PROTOTYPE

Figure 1.3:

The day for the removal of bulky items is usually set separately: residents
call the garbage collection company and make an application, they are informed
there when a garbage truck arrives for furniture. It is for furniture, because
household appliances do not belong to bulky garbage. Its disposal must be paid
separately. There are many ways to do this. It can be taken to the store where
the equipment was purchased and paid to the manufacturer for disposal. Or you
can pay for the disposal of goods in this store, in return they will be given a
special sticker. It can be glued to old equipment and taken out to garbage bins
- & garbage truck will pick it up and take it to the scrap. This practice has led
to good results: the utilization of household appliances gives the country more
than 1 million tons of iron and 50 thousand tons of non-ferrous metal per year.
Attempts to throw away unnecessary equipment and electronics without payment
will result in fines of several hundred dollars. But there are not so many cases of
such unconsciousness - organization and love of order in the Japanese are in the
blood. [3].

So that the guests of the country also abided by the rules of separate collection,
the Japanese installed special bins on the streets: the holes in them were made
50 that nothing but what they were intended for did not enter. If the urn box is
for tetrapacks, you cannot squeeze a glass bottle into it. In order to make it clear
what category of waste this or that waste belongs to, on all packages of goods
there is g marking that tells where to throw it away. For example, on yogurt
it is indicated that the lid should be thrown into plastic trash, and a cup - into
combustible waste.(see Figure 1.4) [6).

According to the Council of PET Bottle Recycling, based in Tokyo, about
964,000 tons of plastic beverage bottles were sold in the nation in fiscal 2009. Of



Figure 1.4:

the quantity, municipal governments collected 287,000 tons of used bottles and
businesses collected 150,000 tons. The total recycling rate was 77.5 percent. Of
those recycled, about 158,000 tons became new products. The Japan Containers
and Packaging Recycling Association, based in Tokyo, said that more than half of
the collected bottles were turned into textiles and only 2.5 percent were recycled
nto brand new plastic bottles. [7].

Service system of Germany

Each year, Germany "produces" about 412 million tons of garbage - industrial
and domestic. This is approximately 500 kilograms on average per inhabitant of
the country. Statistics calculated that out of this amount, 125 kilograms are or-
ganic waste, almost the same amount is paper, cardboard and glass, which are
thrown into special containers, 30 kg are bulky items like old furniture, refrigera-
tors that have served their age, etc., and about 220 kilograms - residual waste, of
which the bulk (168 kg) is construction waste: broken brick, pieces of concrete,
fragments of plaster, drywall, ceramic tiles, iron reinforcement and so on. [8].

Almost two-thirds of all garbage is recycled in Germany, which allows it to
be disposed of, including half of all plastic garbage, the most problematic. This
is more than in any other country in Europe. About 45 million tons are burned
after sorting and processing at special plants. But this garbage is beneficial. Gas
turbines that are installed in such plants generate electricity. In addition, the
gases generated during combustion after cleaning are used for heating. By the

way, only gases passed through special filters are emitted into the atmosphere, so

the nines of the incineration nlants smoke slichtlv and almost odorless. (9]



In Germany, the system of recycling plastic waste and packaging - the Dual
System Deutschland (DSD) - was introduced in the early 1990s. The new law
obliged manufacturers to finance the collection, sorting and recycling of the plastic
they created, and also introduced a minimum threshold for products made from
recycled materials. The funds received were transferred by DSD to Griiner Punkt,
which for many years has been a monopoly in waste management. Since 2005,
similar companies began to appear throughout the country and the Griiner Punkt
monopoly disappeared. The system works in such a way that at first all collected
packaging waste is sent to primary sorting, where workers remove foreign objects
from the garbage. After that, the waste is sent to specialized factories, where the
plastic is mechanically separated into different grades, it is pressed and evenly
cut. The resulting pieces under the influence of high temperatures are converted
into granules, which can then be used to produce new bottles, plastic containers
and other products. [10].

In Germany’s terminal systems you have to pay a deposit for most of the
Plastic bottles you buy. This is usually 25 ct per bottle. Once it is empty, you
can bring it back to the supermarket and get your deposit back by putting it in
a bottle recycling machine. Bottle recycling machines are usually located near
the entrance of supermarkets. If you put your bottle into the round hole, the
machine will spin it around to scan the barcode. The bottle then disappears into
the machine, which displays the amount of money that you will get back. If you
have got more than one bottle, keep putting them in, one after the other, and then
bress the green button. Next, the machine will print your receipt. Always keep
your receipt! The amount at the bottom is the cash you get back from recycling
your bottles. If you want to buy something else in the supermarket afterwards,
you can hand this receipt to the cashier and you will get the amount of money
deducted from your bill. If you do not want to buy anything new, you can also
just hand in the receipt and get your money back [11]. (see Figure 1.5).

Service system of China

In a country that is one of the largest garbage producers on the planet, until
recently there was no separate collection system. About how the situation has
changed recently, and what is being done with garbage in China — in my work.
[12]. Nevertheless, the garbage men are not able to sort out all the waste: some of
them could well have a second life, but they still don’t reach the recycling points.
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To solve this problem, the Chinese government is accustoming the population to
self-sorting garbage. [13]. Now more and more often on the streets of big cities
you can see mobile plastic receiving stations where they take bottles.

Also, during the campaign for the ecology, millions of Beijing residents received
three colorful buckets as a gift from the city authorities, each of which is intended
for a separate type of garbage. This, as conceived by the mayors, should encourage
residents to sort waste. Gradually they should be accustomed to this and the urns
on the streets.

They consist of two compartments “recyclable waste” and “other waste”. So
far, you can throw garbage in any compartment - under pressure from the public,
the penalty for dishonest sorting of garbage was removed at the stage of discussion
of the bill - but over time, the government plans to fine those who leave garbage
in an inappropriate department. [14].

According to the law on garbage, which came into force on January 1, 2009,
waste is not just garbage, but an “inefficient resource”. And so that residents can

Aaawler sinn veehhnd AfFAant fman kA anhiarend ler mavdkivnae 0 Armanial vnmitn fav FAnd wveandn



were delivered in many yards in Beijing. [15].

The leftover food thrown out by residents of the house is processed into eco-
logically clean compost for 24 hours. Then the janitor fertilizes them with green
spaces in the yard.

In addition, the fare on the Beijing subway can be paid with empty plastic
bottles. “For each bottle, a passenger receives from 0.1 yuan to 0.5 yuan,” says
Ekaterina Ryabova, an English teacher in Beijing. “It is enough to accumulate
about twenty used bottles, and then lower them into one of the vending machines
located at metro stations - and you will get a free ticket.” [13].

Income Recycle Co Ltd installed the first of its upgraded smart recycling ma-
chines, named Maltipac, for polyethylene terephthalate (PET) plastic bottles,
glass bottles, and metal cans in Beijing on June 7. The only recycling company
with the ability to produce food grade PET material in China, Incom partnered
with Norwegian recycling machine suppliers TOMRA Sorting Solution to mod-
ernize and digitalize its recycling system. The new machine was installed at the
Lianxiangqgiao branch of Wumart, a well-known supermarket chain based in Bei-
Jing and one of Incom’s recycling partners. China Resources C’estbon Beverage
(China) Co Ltd is another partner.With this new set of machines, Incom hopes
to introduce the deposit-refund system to China’s recycling industry. Popular in
European countries, the system encourages PET bottle recycling by incentivizing
the return of plastic bottles. Each returned bottle earns the recycler 0.2 yuan
[13].(see Figure 1.6).
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Process of system with RFID
Information technologies (IT) occupy a new place in our life, proving their
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as previously in other areas. Remote monitoring of the state of the garbage
container and obtaining information about when it is necessary to empty it is
important for utilities and employees of garbage collection companies.

Armed with this information, the contractor will be able to limit visits to the
places where garbage containers are installed to the moment of their filling, which
will reduce the frequency of unnecessary departures and will save staff time and
money, as well as fuel and depreciation of vehicles.

In addition, proportional tariffication systems provide for the creation of an in-
formation infrastructure that will ensure effective interaction between households
and the municipal service.

Billing households for garbage collection depending on the amount of waste
actually removed can be a powerful means of stimulating waste reduction and
phasing out of landfills.

This part provides an overview of the technologies available in this sector
and possible ways to introduce new data collection technologies to improve waste
management.

The collection of data from household owners during direct interviews provides
valuable information on the nature of the accumulation of household waste in
a particular municipality, and the processing of this information on a computer
provides technical support that fully justifies the work of the specialists conducting
these surveys.

The results of this type of research make it possible to identify all the differ-
ences between how household owners estimate the amount of waste they produce
and the actual amount of waste generated. After identifying such inconsistencies,
various comprehensive information campaigns can be developed to work more ac-
tively with homeowners and change their established habits. Relevant information
can be sent on address leaflets or in the form of SMS messages.

Another way to optimally collect reliable information is to develop the design
of garbage containers equipped with data collection systems.

An example of the transition from a passive to a more active waste bin con-
cept is Opti’System containers from Plastic Omnium, a leading manufacturer of
waste collection equipment. According to this relatively recently developed tech-
nology, each container is equipped with ultrasonic sensors and remote information
transmission systems that send the necessary SMS messages to the corresponding



database of the local municipal service when the container becomes close to full.

Each message updates the specified database of the local municipal service,
which allows continuous monitoring of the condition of containers and saves staff
time and fuel. The GPS system of the “traffic light” (red, yellow and green)
sends a signal to the municipal service office, indicating the urgency of collecting
waste from a specific container. Such a warning system will exclude overflowing
containers from parking lots from our lives and facilitate the implementation of
public initiatives aimed at efficient waste management.

Opti'System is currently undergoing testing at the Perth and Kinross City
Council in Scotland. According to the estimates of this municipal council, the cost
of a garbage collection machine is 10 pounds (15 euros) per mile, which includes
fuel, labor and depreciation. At the very beginning of testing, Opti’System gave
good results. When used in France, the average filling of garbage containers at
the time of waste collection was 82percent (the national average is 50percent). In
addition, the initial results already yielded a 40percent reduction in the number
of containers collected and a 39percent reduction in distance traveled.

Modern wireless technologies also have an impact on the waste collection in-
dustry. We are currently witnessing the rapid development of the wireless tech-
nology market - radio frequency identification (RFID), Wi-Fi, global positioning
systems and GPRS. According to ARC Advisory Group, wireless technologies
have already become the basis for building networks in homes and offices around
the world and will soon find universal application, as a result of which they are
likely to affect our lives even more strongly both in industrial plants and in the
field . ARC Advisory Group predicts that the global market for wireless industrial
applications over the next 5 years will grow at a 26percent average annual growth
rate. In 2005, the volume of this market amounted to dollar 325.7 million, and
by 2010, according to the forecast, it will amount to over dollar 1 billion.

From the point of view of the waste collection industry itself, wireless technol-
Ogy is increasingly used in RFID tags. Microchips can be integrated into wheeled
garbage containers, which, when scanned by the sensor of the garbage collection
machine, will give a signal about their belonging to a particular household. The
garbage collection machine can also be equipped with a weighing system for the
contents of the containers, after which this data will again be associated with a
particular house. Data will be recorded on the on-board computer, and this will



determine how much waste is generated in a particular household.

The advantage of these tags and the corresponding weighing technology is that
they allow not only to identify individual garbage containers, but also individually
confirm data on the rate of waste accumulation for each household. The use
of identification tags also allows operators of the relevant services to track the
movements of each container to avoid loss.

However, you should be realistic about the current capabilities of these tech-
nologies. The basic principles of wireless technology are well known to everyone,
but their practical application for waste collection is still a fairly new area. Weigh-
Ing garbage containers at the time of their emptying, along with the already wide
enough range of possible applications, has serious potential for new future uses.

Proportional tariffing of garbage collection services. The advantages of using
this system were tested in the south of France, in the city of Sictom Loir-et-
Sarthe, where local municipal services faced the problem of the high cost of waste
management and the low level of their recycling. The municipality applied two-
flank attack tactics - introducing tariffs for waste collection services based on the
real amount of waste, as well as RFID technology.

Garbage containers with a personal identification marker were issued to each
household. After that, during 2004, the municipal service installed Plastic Om-
nium’s Ecosourcing identification and weighing system for 44,000 residents in the
5 regions it serves. After 8 months. the percentage of waste recycling increased
from 15percent (average) to 57percent, and the cost of recycling decreased by
10percent in parallel with a decrease in the volume of waste generated.

HID Global RFID tags help municipalities and waste management companies
optimize the speed and accuracy of data collection by allowing them to pay for the
amount of waste actually thrown away and implement programs that encourage
Waste management. [16].

RFID solutions support the identification and tracking of waste streams. La-
bels attached to garbage containers allow controlling the quality of sorting, record-
ing the number of container installations and the weight of its contents. Tags
simplify billing processes and support bonus programs. Tank and container man-
ufacturers choose HID Global passive proximity transceivers operating in the LF,
HF, or UHF bands. The robust construction is resistant to moisture, chemicals,
shock and temperature changes. Trash can tags and insert tags are easy to install



in standard sockets on metal and plastic tanks in accordance with DIN 30745.
[16].

Additional designs provide flexibility and versatility for labels for tanks and
containers, regardless of their size, shape or material.
The main results of this technology

We are all interested in the emergence of an international incentive system for
the proper disposal of waste. And, as noted earlier, RFID technology is one way
to solve this problem. Data collection will allow:

- reduce the amount of waste disposed of at the university;

- reduce the amount of waste lying in containers on the territory;

_ increase the efficiency of waste management;

- give the authorities real evidence in favor of providing grants for waste man-
agement initiatives, which ultimately will increase the percentage of waste sent
for recycling; |

- collect individual data on households (for example, by the magnitude of
participation in the waste management program);

- increase the percentage of waste sent for recycling;

- to improve the quality of services in the field of waste collection due to more
efficient route planning of waste collection machines, proportional tariffication and
identification of companies providing low quality services.

In this work RFID was used to enhance existing sorting processes, in other
scenarios RFID allows to establish sorting where it is not economically feasible
so far. In the EU, manufacturers of electronics equipment are complying with
the extended producer responsibility for the recycling of their products collabo-
ratively. End-of-life products of all producers are collected and recycled together
and producers are charged for the disposal of their products on the basis of their
market share. Therefore there is no incentive for producers to change the de-
sign of a product in order to facilitate its recycling, as competitors would benefit
from these changes to a great extent. RFID tags in electronics products would
allow for the individualization of the collaborative producer responsibility system,
as identification in collection or recycling facilities would permit the assignment
of producer-individual recycling. At the end of the waste management process

chain, objects are processed and subjected to a variety of recovery and disposal

alternatives. [17).



2. Instruments and technolo-

gies

2.1 Arduino technologies

Arduino - is a small board with its own processor and memory. The board also has
a couple of dozens of contacts to which you can connect all kinds of components:
light bulbs, sensors, motors, kettles, routers, magnetic door locks and everything
that works on electricity.

In the Arduino processor, you can download a program that will manage all
these devices according to a given algorithm. Thus, you can create an infinite
number of unique cool gadgets made by yourself and on your own idea. In order
to understand the idea, take a look at the illustration. It does not reflect the
millionth share of all possibilities, but it still gives an initial idea.

Arduino gained its frenzied popularity due to its simplicity and friendliness.
Even o complete zero in programming and circuitry can master the basics of
working with Arduino in a couple of hours. Thousands of publications, textbooks,
notes on the Internet and an excellent series of Arduino video tutorials in Russian
will contribute to this.

Arduino IDE Programs for Arduino are written in regular C ++, supplemented
by simple and intuitive functions for controlling input / output on contacts. If you
already know C ++ - Arduino will become a door to a new world where programs
are not limited by the scope of a computer, but interact with the outside world

and influence it. If you are new to programming - not a problem, you can easily

learn, it’s simple.

For the convenience of working with Arduino, there is a free official Ar
¢ OS and Linux. With

duino

IDE programming environment that runs on Windows, Ma



it, downloading a new program in Arduino becomes a matter of one click, just
connect the board to the computer via USB. Although for more inquiring minds,
it is possible to work through Visual Studio, Eclipse, other IDEs or the command
line, newcomers will use the visual programming environment XOD IDE.

You do not need a soldering iron. Complete devices can be assembled using a
special dummy board, jumpers and wires absolutely without soldering. Designing
has not been so quick and easy.

To describe and to get explanation just follow the work flow of Arduino in my
work. This is how system flows (see Figure 2.1).

[m) = [(— ] => [=~]

Smart torminal collocting system

@

Figure 2.1: Work flow

Another distinguishing feature of Arduino is the presence of expansion cards,
the so-called shields, or simply “shields”. These are additional boards that are
Placed like sandwich layers on top of an Arduino to give it new features. For
example, there are expansion cards for connecting to a local network and the
Internet (Ethernet Shield), for controlling powerful motors (Motor Shield), for
obtaining coordinates and time from GPS satellites (GPS module), and many
others. [18]. (see Figure 2.2).

Ethernet Shield (ES)
Ethernet Shield will allow you to play the role of a full-fledged network device:

Communicate with similar devices, with ordinary computers, printers, Internet

Services and other network resources.
An Ethernet Shield was used to create:

e for remote control of the device via the Internet;
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Figure 2.2: Shields

e for maintaining a protocol of sensor readings in the cloud storage;

® to run a small web server;

The board is based on the Wiznet W5500 chip, which supports TCP and UDP
Protocols. Up to eight connections can be open at the same time.
Ethernet Shield is manufactured in Russia by Amperka. Characteristics:

Ethernet chip: Wiznet W5500

Working voltage: 5V

Buffer Size: 32 KB

Connection Speed: 10/100 Mbps

* Occupied pins: SPI (MISO, MOSI, SCK) and 10

Dimensions: 69 / 53 mm (RJ45 protrudes several mm)

To connect to a local network, use the standard 8P8C (RJ45) connector on
board. Connect one end of the twisted pair patch cord to a router or hub, and
the other end to an Ethernet Shield. For communication with the control board,
the SPT interface is used. Ethernet Shield takes the MOSI, MISO, SCK pins on
the ISCP connector and the 10th as CS for the W5500 chip. [19].

Motor Shield (2 channels, 2 A)
Connect a motor to your Arduino. This is not entirely trivial, the outputs

of the microcontroller are low current, so the current of the motor with direct
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- It allows you to control the speed and direction of rotation of the motor using the
logic signals of the microcontroller.

One of the most popular H-bridges is the L298P chip. Motor Shield is an
expansion board for the Arduino based on the L298P chip, which allows you to
control motors with a voltage of 5-24 V in separate power mode and 7-12 V in
combined power mode.

The board has 2 independent channels. You can connect to them to choose
from:

A couple of DC motors.

One two-phase stepper motor.
One DC motor with a current of up to 4 A, if you combine the channels.

The outputs for each of the motors are made in the form of a terminal block
with a screw, so soldering is not required.

During acceleration and braking, the motors themselves induce short-term
reverse current of large magnitude, which can burn out the contacts of the micro-
controller. Motor Shields are equipped with return diodes to prevent this.

The Motor Shield has a set of end-to-end Arduino Rev3 pads, which means
that you can freely install other expansion cards that use idle pins. However, you
won't be able to pick up a bookcase of several Motor Shields to independently
control a large number of engines: all boards will work in parallel, since they use
the same pins. But you can bite or bend the control legs and throw them on
Unoccupied pins to achieve independent work.

It is possible to select a power source on the board: from the Arduino board or
from an external source connected to the “and plus” and ““” terminals. Separate
mode is selected by default, but by rearranging the jumper, you will connect the
Arduino and Motor Shield power circuits, and it will be enough to power only
one of the boards.

On the board are LED indicators showing the direction and speed of each
channel and the power supply.(see Figure 2.3) [19]..

Studio’s GPS Bee

Seeed Studio’s GPS Bee module enables you to determine coordinates in space,
Speed and exact time using UTC using GPS satellites.

The module is made in the XBee form factor. When used with an Arduino,
for example, this makes it possible to connect it in the same way: to the socket



Figure 2.3: Motor Shield (2 channels, 2 A)

on the Wireless Shield. Also, you can easily make a robot with GPS, if you use
the Strela platform.

Communication, as with all XBee modules, is done via serial connection. For
data transfer, the standard NMEA protocol for GPS devices is used.

The GPS module is supplied with an external antenna. To improve reception,
keep the antenna horizontal and with as few obstructions as possible for the radio
waves above it. It can take up to two minutes to establish a connection with the
satellites.

You can read more about using and programming the module on the manu-

tacturer’s website. (see Figure 2.4). [19]..

Figure 2.4: Studio’s GPS Bee



Characteristics:

e Permissible supply voltage: 2.7-3.6 V

e Peak current consumption: 150 mA at 3.6 V
e Connection current consumption: 120 mA

o Tracking current consumption: 44 mA

e Antenna Sensitivity: 30dB

e The accuracy of determining the position on the plane: 2.5 m
e Time Accuracy: 30 ns

e Speed accuracy: 0.1 m /s
e Maximum coordinate refresh rate: 4 Hz

e Maximum measured speed: 515 m /s

2.2 LCD, servomotor, IR sensor.

This work demonstrates the construction of a radial rangefinder using an IR sen-
sor mounted on a servomotor and 4 LEDs. The distance is measured in each
of 4 positions (15, 65, 115, 165 degrees), and the brightness of the four LEDs

Corresponds to the distance to the object.

This project uses a 5V L4940V5 voltage regulator to power the servo. This is
the best solution, for several reasons. Although the servo drives consume a small
amount of current when stationary, when executing commands, the current can
reach several hundred milliamps, which can lead to power surges. If the supply
voltage is insufficient, the servo shaft will move unstable. Therefore, servos must
be provided with a separate power source.(see Figure 2.5)

To verify the code of this part (see Figure 2.6)

IR Sensor Circuit and Working Diagram

A motion sensor is most often used to turn on lighting when you walk or are

lear it. With it, you can save electricity and save yourself the trouble of flipping
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Figure 2.5:

In addition, they can be found on production lines, they are needed there for the
automated execution of any technological tasks. Motion sensors are sometimes
called occupancy sensors. (see Figure 2.7).

Servo Motor Import

In general, the servo is connected by 3 wires: power, ground and signal. Usu-
ally the power is a red wire and can be connected to the + 5V pin on the Arduino
board. The black wire ground is connected to the Arduino GND pin, the signal
wire is usually yellow, the wire is connected to the digital pin of the Arduino
controller. It should be noted that powerful servos can create a large load, in this
case it must be powered separately (not via the + 5V Arduino output). The same
s true for the case of connecting multiple servos at once. Ensure that the drive
- and controller are connected to a common ground.[20]

A library include Servo h is a set of additional commands that allows you to
enter a program in a simplified format. Here we use the library for working with
Servo.h servos. (see Figure 2.8).

Ligquid Crystal Display

Display Summary: The MT-16S2H LCD display is a backlit text display. The
image is similar to the displays of old mobile phones like Nokia 3310 or Siemens
C35. The screen has 16 contacts for power supply and interaction with the control
electronics. Only 6 of them can be used to control the display output. The display
Is based on a chip compatible with HD44780, which is the de facto standard for
LCD screens.

The main feature of the display is the unusual numbering of the outputs.
There are 16 of them, but they do not go in order, but in a very non-trivial way.
And only three of them are signed: 14, 1 and 16. This is quite enough. (see

Figure 2.9).



bauke_hotlles_terminal

myservo.attach(9); // connect the signal to pin &
myssrvo.write{0); // 0 degrees
delay(1000); // pause 1 second

}

void loop()
{

myservo.write (15); // 15 degres
dslay(1000);

myssrvo.write (30): // 30 degrees
delay (1000j;

myservo.write (45); // 45 degres
d=1lay(1000);

myservo.write(60); // 60 degree
d=1ay (1000}

myservo.write(75): // 75 degree
delay (1000} ;

myservo.write (90); // 90 degree
delay(1000);

myservo.write(75); // 75 degree
delay (1000} ;

myservo.writa(60); // 60 rpamycos
delay(1000);

myservo.write (45); // 45 degres
delay (1000);

myservo.write(30); // 30 degres

Figure 2.6:

We stick the display with our 16 legs into the breadboard. We bring +5 V
power to the rails of the breadboard power supply and ground with the Arduino.

The backlight of the display is a separate circuit that is not connected with the
rest. You can turn it on by applying +5 V to the 15th contact of the display and
connecting the 16th contact to ground. By connecting these two contacts with
the corresponding rails, you can turn on the Arduino and see that the display
lights up.

Next, you need to connect the circuit responsible for displaying characters. For
this purpose, contacts 1, 2 and 3 on the display are intended. Before connecting,

disconnect the Arduino from power.

The first is the earth. Connect it to the rail of the earth.

The second is nutrition. Connect it to the +5V rail.

The third is contrast. To get the most contrasting image, connect it to the
ground rail. We can apply an arbitrary voltage from 0 to 5 V to this contact,
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Figure 2.7: Circuit IR sensor
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Figure 2.8: How servo motor works

the higher it is, the dimmer the image will be, but at the same time the power
consumption will decrease. To enable smooth adjustment of contrast, we can
apply the output signal of a potentiometer to this contact.

After connecting, if you turn on the Arduino, we can see the rectangular
familiarity. Depending on the combination of text colors and backlighting, they
can be both bright and clearly visible, and barely noticeable. This is normal: in
any case, the text will look great.

Every time in the for loop the variable i changes, which means the cursor
Position.

After 200 ms, the inscription is cleared and displayed in a new place;

running letters on the display can also be done using the while Arduno loop.To
get full understanding see Figure 2.10.

Wiznet W5500 Ethernet chip

The W5500 chip, the latest addition to the WIZNet line of popular Ethernet
chips, is a functionally complete chip for an embedded Ethernet controller to
Provide a wired TCP / IP connection, making it easier to connect devices and
Systems using SPI (high-speed serial peripheral interface) to the Internet. The
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Figure 2.9: Numbering of the outputs

bauke_bottle_terminal_LCD §

¢include <Wire.h> // library for I2C protocol
#¢include <LiguidCrystal I2C.h> // library for display

'14,13

LiquidCrystal_I2C LCD(0x27,16,2); // assign a name to the display

void setup() {
LCD.init () // LCD initialization

LCD.backlight{); // display backlight

LCD.print ("Inday I have collected 3N bottles!"™); // display the inscription
delay (1000);
}

veid loop() {
//move the inscription to the right
for (int i = 07 1 < 107 i++) |

LCD.sscCursoer (i, 0)7
1CD.print {("Today I have collected %N bottles!”);

d=lay (200);
LCD.clear(); // clear the screen

1

// move the inscriptiocn to the left
for (int i = 10; i > 0; i--) |

LCD. setCursor(i, 0);
1CD.print {"Today I have collected %N bottles!"™);

delay(200); _
o R R
Figure 2.10: LCD code
single chip to implement the TCP / IP, 10/100, Ethernet MAC and PHY stack.
The TCP / IP hardware stack supports TCP, UDP, IPv4, ICMP, ARP, IGMP,
PPPoE. [20]..

The new and improved W5500 network controller has a faster and more uni-
versal SPT interface (up to 80 MHz), as well as the possibility of more flexible
use of the RAM buffer for temporary storage of general purpose data, which 15
an advantage when using cheap control microcontrollers (MCUs) limited RAM.
Positive is the reduction in energy consumption of components of the hardware

level and functioning software implemented through advanced solutions of the

Physical layer (PHY). The W5500 supports Ethernet applications that use the
Popular low-cost 8/16 bit microcontrollers. Ethernet capabilities can be added to
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Wicking annlinatiane mrithant tha nasd +a nmearada A a0 Mmara avnoanaitrn



g":omplete front-end hardware and software. [21].

Thanks to the 3rd generation crystal design that has been improved and its
geometry reduced (to increase the compactness of the solution due to the use
of ‘SiP’ (System-in-Package) design methods), the W5500 controller significantly
reduced not only power consumption, but also the size of its case.

The W5500 can also function as a regular Ethernet transceiver using a third-
party software implemented TCP / IP protocol. Its Ethernet transceiver has an
easy way to update firmware (add new features) using pre-firmware (ex: OS and
RTOS TCP TCP / IP stack ’), taking advantage of the TCP / IP hardware

implementation in the new chip.
Unlike designs that require third-party software to handle basic network op-

| erations, the W5500 provides hardware-based firewall protection measures, which
cannot but affect the reliability of the developed equipment. [20]..

2.3 Arduino’s import libraries

The arduino library is a kind of program code stored not in a sketch, but in
~ external files that can be connected to your project. The library stores various
methods and data structures that are needed to simplify working with sensors,
indicators, modules, and other components. Using ready-made programs greatly
simplifies work on projects, because you can focus on the basic logic without
wasting time on a lot of little things.

Today, a huge number of libraries have been created that can be easily found
and downloaded on the Internet. The vast majority of libraries are distributed
under a, free license, so there is no need to search for “pirated” versions. The main
thing is to learn how to look for the necessary libraries suitable for your Arduino
IDE, connect them and use them correctly. |

As on many other platforms, the capabilities of the Arduino programming
environment can be significantly expanded through the use of libraries. Libraries
expand the functionality of programs and carry additional functions, for examp.le,
for working with hardware, data processing functions, etc. A number of libraries
are installed automatically with the development environment, however you can

also download or create your own libraries.
Standard libraries: EEPROM - read and write t0 "read-only" memory.



Ethernet - for connecting to the Internet through an Arduino Ethernet expan-
~ sion card.
Firmata - for interacting with applications on a computer using a standard
: serial protocol.
GSM - for connecting to a GSM / GRPS network via a GSM expansion card.
LiquidCrystal - for working with liquid crystal displays (LCD).
SD - for reading and writing data to an SD memory card. Servo - for control-
ling servomotors.
SPI - for interaction with peripheral devices via the serial SPI interface.
SoftwareSerial - for implementing serial interfaces on any digital outputs.
Starting with Arduino 1.0, the NewSoftSerial library (author Mikal Hart) is used

as the SoftwareSerial library.

Stepper - for controlling stepper motors.

TFT - for displaying text, images and graphic primitives on the Arduino TFT
Screen.

WiFi - for connecting to the Internet through the Arduino WiFi expansion
board.

Wire - a library for working with a two-wire interface (TWI / I12C), which
allows you to receive or send data between a network of devices or sensors.

The Matrix and Sprite libraries are no longer part of the standard redis-

tributable software.
Specialized Arduino Due Libraries:
Audio - play audio files from an SD memory card.
Scheduler is an implementation of multitasking.
USBHost - Interaction with USB gadgets, such as a mouse or keyboard.
Specialized Libraries Esplora:
Esplora - this library allows you to easily interact with various sensors and
drives on the Arduino Esplora board.
Specialized Arduino Robot Libraries:
Robot - The library provides access to Arduino Robot features. [22].
Supporting Libraries:
Messenger - for processing text messages received from a computer.

NewSoftSerial is an improved version of the SoftwareSerial library. | )
OneWire - device management (from Dallas Semiconductor), working on the
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protocol One Wire.
PS2Keyboard - read characters from a PS2 keyboard.
Simple Message System - sending messages between a computer and Arduino.
SSerial2Mobile - sending text messages and e-mail from a mobile phone (via
" AT-commands and SoftwareSerial library).
Webduino is an implementation of an extensible web server (for use with an

Arduino Ethernet expansion card).

X10 - sending signals through power lines using the X10 protocol.

XBee - for communicating with XBees wireless modules in API mode.

SerialControl - remote control of other Ardiuno via a serial interface.

Libraries can be managed in three different places: inside the IDE installation
folder, inside the main folder and in the library folder inside your album. Selecting
libraries at compile time will update the libraries present in the distribution.
This means that the library located in the “libraries” folder in your album takes
precedence over other versions of libraries.

The same thing happens with libraries present in additional processor cores.
It is important to note that the version of the library that you put in your album
may be lower than the one in the folders of the IDE distribution or processor core.
However, it will be used at compile time. When you select a specific kernel for
your board, the libraries present in the kernel folder are used instead of the same
libraries that are present in the IDE distribution folder.

Last but not least, this is how the Arduino (IDE) software is updated: all files

in the folder where you installed the IDE are deleted, and a new folder with fresh

content is created.
Therefore, it is recommended that you install libraries only in the thum bnail

folder so that they are not deleted during the upgrade process of the IDE.



3. Implementation

3.1 Implementing hardware and software

This part of work describes the core modules of implementing between hardware
technologies and software programs. The complex of processing and manufactur-
ing of consumables for a 3D printer should produce materials in an automated
mode, with minimal human involvement. To do this, in the processing and man-
ufacturing complex supplies installed inexpensive and simple micro-controller Ar-
duinoUNQ. For automation of a complex of materials processing and 3D printer
supplies need to install several sensors. For the implementation of the project, IR
receivers were selected. IR receiver has a property that allows the sensor to ignore
large the amount of unnecessary light noise, for example from lighting lamps and
the sun, so as an infrared receiver only receives an infrared signal. Signal IR re-
ceiver wil] receive from the IR diode, which is installed in the control panels. The
IR diode is installed opposite the IR receiver. As an IR receiver was TSOP34836

receiver selected. (see Figure 3.1

Figure 3.1:

An infrared diode is installed opposite the IR receiver. It is also connected
to the Arduino and is always on. A 100-400 ohm resistor is installed between



the diode and the Arduino to limit the current. The infrared diode connection
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diagram is shown in Figure 3.2 .

Figure 3.2:

As 1 indicated above, our terminal must have a very strong case (frame). The
frame was made using a 3D laboratory. With the help of 3D tags located at our

university, we made an approximate sample of the frame, made of plastic. To

better catch information see Figures 3.3 , 3.4
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Figure 3.4: Head view.

PHP differs from JavaScript in that PHP scripts are executed on the server
and generate HTML that is sent to the client. If a script similar to the above were
DPlaced on your server, the client would receive only the result of its execution,
but could not figure out which code produced it. You can even configure your
server so that regular HTML files are processed by the PHP processor, so that
Customers will not even be able to find out if they receive a regular HTML file or
the result of a script.

Thus, the php language is, as it were, a kind of connecting link, core, central
Processor that performs all automation operations on a remote web server. Checks
Some conditions. In general, it does everything that makes web programming
laﬂguages.

And the main advantage of php language is that it is focused on working
With web servers. It has a lot of features that allow you to interact with server

databases such as mysql and so on ... work with e-mail, mail, work with the file

System on a web server.
That is. all these features are built into the php language. There are certain

functions that allow you to do this quickly and conveniently. In contrast, if you

installed some other programming language on the web server.

MySQL
Databases (DBs) are understood as systems of storage and data processing for

access to which the language SQL (Structured Query Language) is used. There are



many different database management systems (DBMS), but in terms of hosting
MySQL DBMS is usually used. The reasons for this are the actual orientation of
this DBMS to hosting tasks, availability on all popular server operating systems,
as well as the ease of configuration and administration. When choosing between
different DBMSs, you need to consider that if your web project does not have
a particular load and complexity of decisions, and you, as & programimer and
administrator, do not have sufficient qualifications and experience in working
with various DBMSs, MySQL alternatives for you in this case not very much and

you should definitely choose MySQL.
MySQL is one of the most popular and most widespread DBMS (database

management system) on the Internet. It is not intended to work with large vol-

umes of information, but its use s ideal for Internet sites, both small and large
enough.

MySQL is distinguished by good speed, reliability,
her, as a rule, does not cause great difficulties. MySQL server support is auto-

matically included in the PHP package-
An application on PHP that uses a database t0 store information (in particu-

lar, MySql) always works faster than an application built on files. The fact is that
the databases are written in ¢ ++, and writing & program in PHP that would

work with a hard disk more officiently t
definition, since PHP programs basically work more slowly than C ++ programs,

since PHP is an interpreter, and C 4+ is a compiler.
Interaction with the database occurs using the Database Management Systerm

(DBMS), which decrypts queries and performs operations with information in the
database. Therefore, it would be more correct to talk about a query to 2 DBM'S
and about interacting with & DBMS from a Web application. But since this
complicates the perception gomewhat, we will always say “database” everywhere,

implying the DBMS.
The following types of databases exist:

flexibility. Working with

han a database is an insoluble task by

e hierarchical
e relational

e object oriented

PO TR I



The hierarchical database is based on a tree structure of information stor-
age. In this sense, hierarchical databases are very similar to the file system of a

computer.

In relational databases, data is collected in tables, which in turn consist of
columns and rows at the intersection of which the cells are located. Queries to
such databases are returned by the table, which may again participate in the next
query. The data in some tables, as a rule, are connected with the data of other
tables, whence the name "relational" comes from.

In object-oriented databases, data is stored as objects. It is convenient to work
with object-oriented databases using object-oriented programming. However, to
date, such databases have not yet reached the popularity of relational databases,
because so far they are significantly inferior to them in performance.

Hybrid DBMSs combine the capabilities of relational and object-oriented databases.

Web applications typically use relational databases. We will consider an ex-
ample of the database on which most forums are based, including the one that we
will further develop. This database stores information about forum authors (au-

thors), forum names (forums), forum topics (themes) and, in fact, the messages

themselves (posts). (see Figure 3.5)

‘é’rvw Filesystem

MHS&

Database

Mail Server

Figure 3.5:



f3.3 Connection between hardware and software

' The first connection scheme is installed at the output of the terminal.
She stands in a container of material that has been recycled and exited from

“the crusher.
As soon as the material to be recycled ends in the container, the recycled

material ceases to exit the crusher.
Collected material ends and a connection appears between the IR receiver and

IR diode. As a result, the microcontroller sends a signal to the relay, which in

turn turns off the receiving device.
The second connection scheme is installed at the output of the 3D printer

consumables. As soon as the receipt of the 3D printer consumables from the

MiniTPA ends, a connection appears between the IR receiver and the IR diode,

which in turn feed a signal to the Arduino microcontroller. Arduino, in turn,

sends a signal to the relay, which turns off the MiniTPA.
A third wiring diagram is installe

ables of the 3D printer. As soon as the rec
iver and the IR diode. A signal is sent to the

d in front of the coil, which wraps the consum-
eipt of consumables ends, a connection

also appears between the IR rece

Arduino, which turns off the fishing line winding engine.
All these sensors used are connected to one Arduino microcontroller and work

interconnected with each other- In order fo
need to use a relay. The relay uses a four-channel 5V relay module for Arduino

PIC ARM AVR

PART 1: - Arduino 56t
tinate them to the webserver- - PHP/MySQL Application: processes POST re-

qQuests that are sent to the server and serves pages for connecting clients.
PART 2: - Data Visualization: The PHP application will use the J avascript

Framework D3 js to display the values stored in the database as graphs. This will

allow you to go to the last days
rements:

r Arduino to turn off our devices, you

Web client Application: read sensor’s attribute and des-

to watch the readings.
Equipment requi
¢ Arduino

e Sensors

-~ e



Boards

USB

e Resistors

Cables

Acrylic
e PCB
e LCD

Programming.

It requires access to a web server
the ability to run PHP applications as well as create databases. (possibly cPanel

with phpMyAdmin) see Figure 3.6.

In the query of NySQL you need put this code:
CREATE TABLE “recycling_machines’." smartrecycling’ (
‘id’ INT(255)NOT NULL AUTO_INCREMENT,
‘location’ VARCHAR(255)NOT NULL,
-amount’ VARCHAR( 255 yNOT NULL,
PRIMARY KEY ('id’)
) ENGINE=) M;

Preparing for PHP Files

You make three files:

(perhaps from a free hosting company) with

conec.plip
In this file will connect to our database

CODE:
<?php
function {0
if (1(Slink=mys
exitQ;
} : .
ifa%gmwcwmmms;m){
exit\ )

}
return Slink;

}

o

of
q!_connect("ymu._ipsemr","ym_‘usa"."yom - pass")) {

Figure 3.6:

tten in the ArduinoIlDE program. The prograii sketch is

The program is Wri

1
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include <Wire.h> // Connect the library to work with the 12C extender

ports
include <IRremote.h> // Connect the library for working with IR signals

include <IRremotelnt.h>

constint RECV PIN 1 = 11; // 11 port i used for the 1st IR receiver,
going with YES

49

constint RECV PIN 2 = 10; // 10 port is used for the 2nd IR receiver,

coming from MiniTPA
constint RECV PIN 3 =9; // 9 port is used for the 3rd IR receiver,
going with OU
constintRelay Chn 1 = 9 /
(YES)

constint Relay Chn
constintRelay Chn 3 =T; // Used 7P
(WELL)

IRrecvlirrecvl (RECV PIN 1);
IRrecv2irrecv2 (RECV PIN 2);
IRrecv3irrecv3 (RECV PIN 3);
Decodel resultsl resultsl;
Decode?2 results2 resultsZ;
Decode3 results3 resultsd;
constintledPin = 13 // Input on ¢

voidsetup ()
pinMode (RECV P

/ 5 port is used for the 1st relay module

9 = 6; // Used 6port for 2nd relay module (MiniTPA)
ort for the 3rd relay module

he inclusion of IR diodes

IN 1, INPUT); // initiate as input
pinMode (RECV PIN 2, INPUT); // 'fn'ft'fate as fnput

pinMode (RECV PIN 3 INPUT); / / .n}ltlate as input

pinMode (ledPin 1, oUTPUT); // %n?tfate as an output to 1 relay
pinMode (ledPin 2, oUTPUT); // %n%t%ate as an output to 2 relays
pinMode (ledPin 3, OUTPUT); / / {nftl'ate as an Outpflt to 3 relays
pinMode (ledPin 4, OUT pUT); // initiate as an IR diode output

Serial. begin (9600); //

computer * /
Irrecy1.enablelRIn1 ()

set the communication speed. In our case, with

. /] enable the first receiver



Irrecv2.enableIRIn2 (); // enable the second receiver

fifty

Irrecv3.enableIRIn3 (); // enable the third receiver

voidloop ()

digitalWrite (ledPin, HIGH); // IR diode lights up

if (irrecvl.decodel (and resultsl)) // if the signal came to the first IR receiver
digitalWrite (ledPin 1,! digitalRead (ledPin 1)),

Serial.println ("ledPin 1

| digitalRead ");
// the first relay is turned on, which disables YES

/) accept the following command

irrecv.resume ()
// if the signal came to the second IR

if (irrecv2.decode? (and results2))
receiver

digitalWrite (ledPin 2, digitalRead

Serial println ("ledPin 2

! digitalRead ");
the second relay 18 turned on, which turns off the Mini-TPA

irrecv.resume (); // accept the following command
if (irrecv3.decode3 (and results3)) // if the signal came to

the third IR receiver
digitalWrite (ledPin
Serial.printin ("ledPin 3

| digitalRead ");

the third relay is turned ©
irrecv.resume ();

A database is an organized

aspects of reality in such & way
For example, modeling the availability of hotel rooms so that you can find 2 hotel

(ledPin 2)),

3,! digitalRead (ledPin 3)),

n, which disables the NU

data collection. Data is usually organized to model
as to support processes that require information.

with vacancies. [23]-
First we try to get the

[P address for our Arduino project using DHCP. If all

is well, we go to the Network Time Protocol server to find out the current time

and date. This is done only once when power is applied to avoid overloading the

NTP gerver, as this ig a Serious problem. You can read more about NTP server
)

abuse issues in the Arduino forums.



The N'TP procedure first allows ro.pool.ntp.org to obtain the IP address of
the NTP server. Please note that I use the national NTP server group instead of
the global one.

As soon as we have the IP address of a working NTP server, we will have
time. For this, I used a slightly modified version of the NTP code provided by
OpenReefs..

The DS1307RTC library requires time to be stored in the tm structure. Most
importantly, years have been measured since 1970, so you need to subtract this
from the value returned by the year () function. Then we call the RTC.write ()
function to update the RT'C timer.

We want to write to the MySQL database every 10 minutes. To do this, we use
two integer variables: minutesnow, which stores the current minute, and minutes-
next, which stores the time for the next database operation. We read the RTC
time every 5 seconds. If minutesnow is equal to minutesnext, we first calculate
the next value for minutesnext, then measure the temperature and humidity and

record the time and values recorded in the MySQL database.
To insert data into the database, we first connect to the MySQL database.

Just for verification, we show the last 5 entries. To insert data, we need to
build a query string. Particular attention should be paid to the time and date
fields. Insert a space in the wrong position and you will get a MySQL error. The
solution was to convert the date and time to a string, then I used the trim ()
function to remove the spaces. In addition, I converted the strings to character
arrays, which were then used to build the query. The temperature and humidity
data are truncated to two decimal places, so the accuracy of the recorded data is
about 1percent.

Then we execute the query and check the result by reading the last record in
the database. Finally, we close the database connection; This is useful if you are
recording data at long intervals.

The final code is quite large, occupying a huge area of ROM and RAM. In the
future, I intend to create a smaller version of this code to work on Arduino Uno

boards. [24].
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The idea to make your own GSM thermostat did not come up immediately, but
after disappointment in turnkey solutions. Read a review of the POER WiFi
thermostat and the available GSM / SMS thermostats. The Wi-Fi thermostat
turned out to be useless in terms of stopping problems with the boiler (power out-
age for a long period, the boiler’s reluctance to light up at -20, etc.), which leads
to freezing of water in the house and repair costs, and the finished thermostats
seem to me very uncomfortable with an excessively high price (an average of 7-10
thousand). Creating your own GSM thermostat allows you to make a product for
a reasonable price (up to 3 thousand rubles) that will be tailored to the specific
wishes of the creator and will exceed the ready-made solutions for 9 thousand

rubles in capabilities. The initial idea was taken from the topic “Heating Manage-

ment in a Country House (GSM)”. You can also download ready-made sketches

for the device there, however, I highly recommend to understand programming
for Arduino and write your sketch that meets your personal needs. So you will

get not only an inexpensive GSM thermostat, but also a new hobby that will

captivate you for at least a few weeks.

Text messaging has spread around th
SMS messages to notify users of events, sales, or

e world, and an increasing number of

web applications have built-in

coupons directly through their mobile devices.

In this work, I cover the basics of text messaging with the PHP Premium

option.
To filter promotional SMS and other messages from strangers, each SMS con-

trol must begin with a password that cannot be found in a random SMS. Filtering
by phone number 18 common in similar projects, but it can play a trick on you

(for example, if in the event of an accident you need to urgently get information

rol commands, but for some reason the phone reg-

ot be by hand (money runs out, the battery runs

) The password can be

hat strangers will dial it “by accident”

word is banal, such as “Bottles are
pass »- Further

s i

from a place or send some cont

istered in the thermostat will n

out, it is forgotten at home - there are & lot of options.

used from any phone, and the probability t
is practically zero (unless, of course, the pass
password is set ¢

ed!". redpolozhim, for example, that a .
and are separated by a delimiter. I have it,

collect
commands are entered on one line



The commands are executed in the sequence from left to right, the case of letters
does not matter.
The main teams:
“T" = x” sets the temperature to be automatically maintained at x degrees.
“H = x” sets the hysteresis to automatically maintain the temperature.
"A = 1/0" turns on or off the automatic temperature control on the first relay.
“TW = 1/0” (or “W = 1/0” or just “W” to turn it on) turns on or off SMS

alerts about the temperature exceeding the set limits.
"TH = x" the upper limit of the permissible temperature.
"LL = x" lower limit of permissible temperature.
“VW = 1/0” (or “VW” for inclusion) allows or prohibits the sending of alarm

sms in case of power failure in the network.
"G = x" the upper limit of the gas level in the room (in percent). “G = (”

disables gas leak monitoring.
"R = yoox" sets the values of the four relays. 1 = on, 0 = off, - = leave as is.

Example: “R = -1-0” turns on the second relay, turns off the fourth relay, the rest
remain unchanged. Abbreviations are allowed, for example, "R = 1" - includes

the first relay, the rest without changes.
“Q” status (sends in SMS everything that is usually visible on the device screen

- all data). The same can be achieved without sending SMS, just by calling the
thermostat number for free (in this case, the data is sent only when calling from

the admin phone). The thermostat will drop the call and send an SMS with the

The modem will not answer other people’s calls.

status to the admin number.
(incoming

Identified problems. When external data arrives at the modem

), the modem sends to the buffer data that interferes with the

call, received SMS
m the commands when

normal parsing of responses that at this moment come fro
esult, the device is “choked” with the

figured out how to deal with
ill call in those very
other hand, it is the
" from the normal

sending data to the Internet server. Asar
left information and sending fails. So far I have not
this. It seems to be a trifle - the likelihood that someone w
5-10 seconds when the data is sent is very small, but, on the
hes the "bytecode
he Arduino sends data to the server
d, therefore, incoming SMS.
sed this problem -

lack of thought in such trifles that distinguis
code. It is much more unpleasant that while t

and parses the modem’s responses, it misses calls, an

In short, somehow "in Chinese" happened. If someone bypas



write what options are there.

The algorithm for sending SMS-messages about the temperature exceeding
the permissible limits has been changed. Previously, boundaries were calculated
automatically when the desired temperature changed. For example, with the
lower / upper border 5/8 at 20 degrees, the borders were 15-28, when switching
to 10 degrees, they became 5-18. All this worked fine, but caused an undesired
trigger when the temperature switched. For example, in the above example, when
the house has 20 degrees, the trigger does not work, but it is worth transiating
the temperature by 10 degrees (when you need to leave), and the trigger fires
immediately, since the new border of 18 is less than the real 20 degrees. As a
result, we had to either wildly raise the limits or turn off the notification for one
day so that the temperature dropped to acceptable limits, but we had to remember
to turn on the alerts again later. The same situation was when translating the
temperature from 10 degrees to 20, only the lower temperature alert worked, since
the real 10 degrees were less than the new minimum border of 15 degrees. In the
new firmware version, the boundaries are set not by relative, but by absolute
values, for example, from 8 to 28 degrees, so that the trigger does not work in
vain. With a long absence, of course, you can set narrower boundaries to get

information about a malfunction of the boiler faster. ((see Figure 3.7).
Subscriber =y
il
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Figure 3.7: Sending a text message (SMS)

SMSC operations can be described as:
Receive text messages (SMS) from wireless users

Text message storage
Forwarding text messages



!

Text messaging (SMS) to wireless users
Maintenance of unique timestamps in text messages
When a user sends a text message (SMS message) to another user, the message

t is saved in an SMSC (SMS center) that delivers it to the addressee when it is

available.
An SMS center (SMSC) is responsible for processing SMS operations on a

 wireless network.

When an SMS message is sent from a mobile phone, it first gets to the SMS
center

Then the SMS center redirects the SMS message to the recipient.

The main responsibility of SMSC is the routing of SMS messages and the
regulation of the process. If the recipient is unavailable (for example, when the
mobile phone is turned off), the SMSC will save the SMS message.

It will forward the SMS message when the recipient becomes available or the

maximum storage period of the message expires.

Connections:
To connect to the SMS gateway, you must register in our service and replenish

your account in the most convenient way.
To configure the integration of your software, use the API section with the

protocol description, and also download ready-made libraries for different pro-

gramming languages. See Figure 3.8).

Figure 3.8:



4. Future Work

For future work according to this project, research and thesis is planned to col-
laborate Arduio UNO system with Computer Vision technologies to recognize the
volume of bottles and to make filtration by size. Also make smarter system for
recycling the plastics which will be collected by terminal. And try to build close
interaction with 3D laboratory which located in technopark in SDU. This kind of
networking will help to re-produce our garbage for ourselves. Plan for future to
re-use of plastics by own smart system.

Also create second terminal with display which going to show motivation cite
for our students to collect plastic bottles and by collected data from both terminal
make analyze by using Machine learning which requirements are more usable. The
same way negotiate with shopping centers, Magnum cash/carry and with zoo
shops to install the terminal on their working place and for giving some amount

of discount for product.



5. Conclusion

The collection of plastic bottles in our time is relevant technological process.
Collecting disposable plastic bottles positively affects the environment. Also, the
collection of plastic bottles allows you to save money on the purchase of supplies
for MiniTPA-100. The main task in collecting plastic is to obtain consumables
for the Arduino UNO and the structure of the terminal frame.

In this master’s work, an automated complex was developed collecting plastic.
Thus, the goal that was set before us was achieved and an automated complex
for collecting plastic bottles was created. The developed program was compiled

and no errors were detected.
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