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Abstract. System “eNose” is developed within a project “eNose for Internet of things”, which is a
part of a project contest “Research Grant of Rezekne Acadaemy of Technologies”. The aim of this work is
to explore whether it is possible to detect spoiled food with help of sensors and a neural network. System
“eNose” is intended to detect and classify spoiled food products within storages and notify related users.
Detection and classification are performed by four gas sensors and a neural network. As a result, a web
application was developed that performs such functions as storage and sensor registration, neural network
training, spoiled food detection based on sensor data, and user permission control. It was concluded that
sensors for this application must be very precise in order to receive best possible results.
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levads

Attistoties tehnologijam, arvien biezak ir vérojama tendence izstradat iekartas, kas imite
kadu no cilvéka manam. Sis ierices visbiezak izmanto dazadus sensorus, kas sp&j noteikt
apkartgjas vides stavokli un attiecigi apstradat sanemto informaciju. Sadas ierices ir,
pieméram, elektroniskie deguni, kas ar sensoru palidzibu nosaka izvéléto vielu koncentraciju
un péc tam veic vielas atpazidanu, ka ari zino par trauksmi nepiecieSsamibas gadfjuma. Sadu
pieeju arvien plaSak sak izmantot medicinas nozaré pacientu veselibas stavokla noteikSanai
[1], ka arT preparatu kvalitates analizei [2].

Viens no elektroniska deguna lietojuma gadijjumiem ir bojatu partikas produktu
noteikSana noliktavas un automatiska pazinojumu izsiitiSana piesaistitajiem lietotajiem.
Uznémumos, kas nodarbojas ar partikas produktu parstradi, ir ipasi svarigi sekot lidzi tam, lai
noliktavas esoSie produkti ir svaigi un pieméroti lietoSanai uztura. Nesp€ja nodroSinat
pietiekoSu kvalitati var novest pie soda sankcijam, ka ar1 izraisit uznémuma reputacijas
pasliktinaSanos. Lielas partikas noliktavas visu partikas produktu stavokla apsekoSana kliist
par laikietilpigu procesu. Ir janem veéra arl iesp&ja, ka darbinieks var kludities, nosakot
produkta stavokli péc ta izskata, jo tas ne vienmér ir noteicosais faktors. Sadu sistému varétu
izmantot ne tikai komercialas noliktavas, bet arT majas apstaklos, lai laicigi atpazitu bojatos
produktus ledusskapi. ST funkcionalitate tiek panakta ar sensoru un neironu tikla palidzibu.

Sistéma “eDeguns” ir izstradata projektu konkursa “Rézeknes Tehnologiju akadémijas
grants petniecibai” projekta “eDeguns lietu interneta iekartam” ietvaros.

Darba mérkis ir izpétit, vai ir iesp&jams atpazit bojatus partikas produktus, izmantojot
neironu tiklu un gazu sensoru radijumus.

Darba uzdevumi:

1) Izpétit esoSos programmrisindjumus, kas paredzeti sensoru datu apstradei,
izanaliz&t to prieksrocibas un trikumus, lai konkretiz€tu sist€mas “eDeguns”
funkciju klastu.

2) Izpétit programmatiras izstrades tehnologijas, izvertét to priekSrocibas un
trikumus, izv€leties pieme&rotakos risinajumus sist€émas “eDeguns” izstradei.

3) lzstradat sistemu “eDeguns”, kas var iegiit datus no gazu sensoriem, padot tos
apstradei neironu tiklam un noteikt, kads partikas produkts ir bojats.
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4)

5)
6)

Izveidot testa stendu un iegiit datus no dazadiem partikas produktiem neironu tikla
modela apmaciSanai.

Apmacit neironu tikla modeli ar iegtitajiem datiem.

Parbaudit apmacita neironu tikla precizitati testa stenda ar dazadiem partikas
produktiem.

Materiali un metodes

Autoru motivacija §1 darba izstradei ir pieveérst cilvéeku uzmanibu maSinmaciSanas
tehnologiju izmantosanas iespgjam sadzives problému risinasanai un labklajibas uzlabosanai.
Darba tika pielietotas sekojosas metodes:

Zinatniskas literatiras analize, lai iegiitu informaciju par lidzigiem zinatniskajiem
pétijumiem un to rezultatiem, noskaidrotu, kadi neironu tiklu tipi ir visvairak
atbilstosi konkréta pétijuma veikSanai, ka ari uzzinatu, kadas gazes visvairak
izdalas partikas produktu bojasanas procesa.

Datu ieguves metode, lai ar speciali izstradata testa stenda palidzibu un taja
esoSajiem sensoriem ievaktu datus par dazadiem partikas produktiem kontroléta
vide.

Datu apstrades metode, lai ar neironu tikla palidzibu apstradatu sensoru radijumus,
kas ievakti dazadiem bojatiem partikas produktiem, un veiktu klasifikaciju.

Rezultati un to izveértejums

Izp&tot vairakas lietu interneta platformas, detalizétak tika izanaliztas tris no tam:
ThingsBoard, ThingSpeak un Lattelecom — Internet of Things. Faktori, kas tika nemti véra
analizes procesa, ir to iericu parvaldibas funkcija, pazinojumu sist€ma, datu vizualiz€Sana un
neironu tikla integréSana.

ThingsBoard ir bezmaksas atvérta koda lietu interneta platforma, kas paredzéta iericu
parvaldiSanai, datu vakSanai, to apstradei un att€loSanai. Visas pievienotas lietu interneta
ierices tiek kontrolétas, izmantojot drosSu API. Dati tiek vizualiz&ti, lietojot logrikus un
modificgjamu instrumentu paneli (skat.l.att€lu). Tapat var definét dazadus datu apstrades
noteikumus, notikumus un bridinajumus, kas tiek izsaukti, izpildoties definétajiem
nosacijumiem [3].
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1.attéls. ThingsBoard instrumentu panelis

ThingSpeak ir lietu interneta analitikas platforma, kas lauj vakt, vizualizét un analizét
datu plasmas. ThingSpeak nodros$ina talitéju datu att€loSanu no iericEm, tiklidz tie nonak
servisa (skat.2.att€lu). Lai veiktu datu analizi un apstradi, ThingSpeak platforma ir iesp&jams
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izpildit MATLAB kodu [4]. Viens no visbiezakajiem ThingSpeak pielietojumiem ir sarezgitu
lietu interneta sistému prototipésana [5].
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2.attéls. ThingSpeak datu vizualizéSana

Lattelecom — Internet of Things ierices darbojas, izmantojot LoRa tehnologiju, kas,
atSkiriba no ierastajiem bezvadu un mobila interneta veidiem, nodrosina datu parraidi lielos
attalumos ar zemam uzturéSanas izmaksam. Visi mérijumi tiek parvalditi speciala interneta
portala (skat.3.att€lu). Lietu interneta parvaldibas portals grafiska un ciparu formata atspogulo
sensoru un meériericu datus, ka ari lauj uzstadit bridinajumus par arkartas situacijam vai
avarijam. Portala ir iesp&ams parvaldit visas iekartas, sekot to mérfjumiem, aplikot
vesturiskos datus un veikt datu analizi [6].
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3.attels. Lattelecom lietu interneta portals

Izpétot piedavatas lietu interneta platformas, tika secinats, ka tam ir ierobeZotas neironu
tikla integréSanas iesp€jas. Tika arT noteikts, ka sistémai “eDeguns” ir nepiecieSama &rta
ieri¢u parvaldibas funkcija, pazinojumu sistéma, reallaika datu vizualiz€$ana, ka arT integréts
neironu tikls, kura parvaldibai un izmantoSanai nav nepiecieSamas padzilinatas zinaSanas
masinmacisanas joma.

Apkopojot informaciju par vairakam timekla lietotnu izstrades tehnologijam, tika
izanalizétas katra rika priekSrocibas un trikumi. Rezultata tika pienemts l@mums sist€mas
“eDeguns” timekla lietotni realizét Python valoda ar Django izstrades ietvara palidzibu un
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MySQL datubazi. Neironu tikla modeléSanai tika nolemts izmantot TensorFlow
masinmacisanas ictvaru ar papildus biblioteku Keras. Tehnologiju izvéle tiek pamatota ar
programmesanas valodas piemé&rotibu masinmacisanas algoritmu izstradei, ka arT timekla
lietotnu izstrades ietvara dotajam iesp&jam atri realizét standarta funkcijas.

P&c esoso sistému un izstrades tehnologiju analizes tika izstradata ttimekla lietotne, kas
lauj lietotajam registrét un parvaldit savas noliktavas un sensorus, apmacit neironu tiklu,
sanemt reallaika pazinojumus par bojatajiem produktiem noliktava, balstoties uz sensoru
radfjumiem, ka ar1 veikt lietotaju piekluves tiesibu kontroli. Tapat tika iestradata sensoru
radijumu reallaika vizualizacija (skat.4.att€lu).
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4.attels. Sistemas “eDeguns” sensoru radijumu reallaika attelojums

Sistemas “eDeguns” pamata darbojas vairaku klasu klasifikacijas neironu tikla modelis
(skat.5.att€lu). Tas sastav no 4 savstarpgji savienotiem limeniem, tam ir 4 ieejas neironi, kas
atbilst sensoru skaitam, pirmaja sléptaja Iimeni ir 16 neironi, otraja sléptaja Iimeni — 8. Sim
modelim ir dinamisks neironu skaits izejas Itmeni, kas mainas atkariba no to produktu skaita,
uz kuriem tas ir ticis apmacits.

5.attéls. Sistemas “eDeguns” neironu tikla struktiira

Projekta ietvaros tika realiz€ts ar1 testa stends praktisku eksperimentu veikSanai. Ta
pamata ir ledusskapis, kura aizmugure ir piestiprinats mikrokontrollers, kas nodroSina datu
nolasiS8anu no sensoriem un to padoSanu timekla lietotnei (skat.6.attelu).
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6.attels. Ledusskapja aizmugure

Ledusskapja iekSpusé ir izvietoti 4 gazu sensori (skat.7.att€lu). Gazes, kuras tiek
meéritas, ir oglskaba gaze (CO2), metans (CHa), amonjaks (NHz3) un séridenradis (H2S).

7.attéls. Ledusskapja iekSpuse ar sensoriem

Veicot eksperimentus ar bojatiem partikas produktiem, tika novérots, ka sensoru
precizitatei un jutibai ir jabut loti augstai, jo produktu izdalito gazu apjoms ir salidzinosi
mazs, lai noteiktu batisku atkiribu starp dazadiem partikas produktiem. Svarigs ir ari gazu
sensoru novietojums ledusskapi, t.i., gazu, kuras ir smagakas par gaisu, sensori ir jaizvieto
apaks$a un to gazu, kuras ir vieglakas par gaisu, sensori ir jaizvieto augsgjos plauktos. Projekta
turpmakai attistibai ir nepiecieSams iegiit jutigakus sensorus, lai ieglitu precizakus rezultatus.

Secinajumi
e Esosas sensoru vadibas lietotnes ir paredzE€tas visparigai lietoSanai un nenodro$ina
specifiskas datu apstrades funkcijas ar neironu tiklu.

e Python programmésanas valoda tika izvél&ta tas plasa masinmaciSanas biblioteku atbalsta,
ka art pilnvertigo un kvalitativo timekla izstrades ietvaru del.

44



e Projekta ietvaros tika izstradata sistemas “eDeguns” timekla lietotne, kas nodroSina
sensoru datu apstradi ar neironu tikla palidzibu un bojato produktu klasifikaciju.

e Sistema “eDeguns” bojato produktu klasifikacijai izmanto vairaku klasu klasifikacijas
neironu tiklu, kas, sanemot cetru sensoru radijjumus, spg noteikt bojata produkta
nosaukumu.

e Praktisku eksperimentu veikSanai tika realizéts testa stends, kas sastav no ledusskapija,
mikrokontrollera un 4 gazu sensoriem.

e Sist€mas precizitates uzlabosanai ir nepiecieSams iegadaties precizakus sensorus, jo bojato
produktu izdalito gazu apjoms ir salidzinosi neliels.

Summary

Nowadays with development of technologies we can observe such devices being
developed that resemble one or another of the human senses. Such devices are, for instance,
electronical noses, that with the use of sensors measure concentrations and perform
compound recognition. It can also be set up to send a notification in case of an emergency.
This approach can be used in order to recognize spoiled food in storages and send
notifications to related users. This system can be very useful in large storages, as well as,
home refrigerators. The aim of this work is to research and find out if it is possible to
recognize spoiled food products with the use of a neural network and gas sensor data.

At first, authors analysed three 10T data processing platforms in order to acknowledge
their pros and cons, as well as, generate new ideas for “eNose” system. These platforms were
ThingsBoard, ThingSpeak, and Lattelecom - Internet of Things. It was observed that all these
platforms lack neural network integration support. This analysis also proved that “eNose”
system requires efficient device control, notification system, real time data visualisation, and
built-in neural network that will not require machine learning knowledge in order to use it.
After reviewing several software development technologies it was decided to use Python
programming language and Django framework for web application development. As for
neural network, Python and TensorFlow framework with Keras library was used. As a result,
according web application was developed that is capable of collecting data from sensors and
processing it using the built-in neural network.

“eNose” system is based upon a multi class classification neural network. It consists of
4 interconnected layers. It has 4 input neurons, 16 neurons in the first hidden layer, and 8
neurons in the second hidden layer. This neural network model has dynamic output neuron
count which depends on the food product count that it was trained on.

In the scope of this project, a test bed was also built. It consists of a refrigerator that
has a microcontroller attached on its back that collects sensor data and then sends it to the
web application. Inside the refrigerator there are 4 gas sensors. The gases that are measured
are carbon dioxide (CO2), methane (CH4), ammonia (NHz), and hydrogen sulphide (H-S).

After performing several experiments with spoiled food products, it was observed that
sensor precision and sensitivity must be very high because the amount of gas emitted from the
spoiled products is relatively small. Gas sensor placement in the refrigerator is also very
important, for example, lighter than air gas sensors are placed on the higher shelves, whereas
heavier than air gas sensors are placed on the bottom shelves of the refrigerator. To
successfully continue research in this project, higher sensitivity sensors are a necessity.
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