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IEVADS

Sistémas, to skaita ari daudzobjektu biologiskajas sistémas, viens no
svarigakajiem uzdevumiem ir sisttma esoSo procesu uzraudziba. Uzraudziba
ieglito informaciju var izmantot talako procesu darbibas kontrolei, kas atsaucas
uz kopgjo sist€mu un var butiski ietekméet §1s sistémas darbibu. Lidz ar to ir loti
svariga procesu vadibas iedarbe, kas atkariga no sist€mas uzraudziba iegtito datu
analizes, turklat datu apstrades rezultats var sniegt arl prognozi par talako
sisteémas stavokli. Datu analizes veikSanai, konkréto sist€ému iesp&jams papildinat
ar lémumu atbalsta sistému (LAS). Sadas atbalsta sistémas var biit pilniba vai
dalgji automatizgtas.

Biologisko objektu uzraudziba var nodroSinat noderigu un aktualu
informaciju par attiecigas sistémas stavokli. Uzraudzibas procesa tiek iegiiti dati,
kuru manuala apstrade un analize ir laikietilpigs un sarezgits process. Lémumu
atbalsta sist€émas ievieSana sistémas uzraudziba var atvieglot datu apstrades
procesu. Turklat $ada sistéma var palidzét parvaldit un kontrolét sistémas
darbibu, un, p&c datu analizes rezultatiem, informét ieinteres€to personu par
nepiecieSamajiem veicamajiem uzdevumiem.

Daudzobjektu biologisku sistému var raksturot ka sistému, kuru veido vairaku
biologisku objektu kopums. Ka daudzobjektu biologisku sistému piemérus var mingt
majputnus, ciiku, govju, aitu ganampulkus u. c. So sistému uzraudziba var sniegt
informaciju par mingto dzivnieku uzvedibu nobarosanas vai audzesanas kompleksos,
kur to kontrole ir ipasi svariga. Pie daudzobjektu biologiskajam sistemam
pieskaitama arT medus biSu saime un bites ka tas objekti.

Medus bites tiek uzskatitas par vienu no svarigakajiem kukainiem, jo
apméram 85% no visiem ziediem apputeksné tiesi bites (Warnke, 2009). ArT
Eiropas Komisijas timekla lapa (“Honey bees,” 2016) tiek uzsvérts bisu, ka
kukainu svarigums gan videi, gan ekonomikai. Tiek minéts, ka apputeksnétaji
(medus bites, kamenes un savvalas bites) katru gadu sekmé vismaz 22 miljardu
EUR Eiropas lauksaimniecibas industrijai. Bez labibu un augu apputeksnésanas,
bites nodrosina medus un citus biskopibas produktus, pieméram, puteksni, bisu
vasks, propoliss, ko izmanto partikas tehnologijas, medicina u. c. (“Honey bees,”
2016).

Medus bisu svarigumu pastiprina fakts, ka tiek apdraudéta to eksistence —
arvien vairak paradas dazadi c€loni, ka rezultata bites iet boja vai peksni pazid.
Peksnas pazusanas fenomens literatiira tiek deveéts par “kolonijas sabrukSanas
traucgjumu” (Colony Collapse Disorder). Sis fenomens izpauzas ki masveidiga
darba biSu peksnpa pazuSana, kad biSu stropa paliek vien biSu mate, dazas
bites-kopgjas (biSu saimé baro cirmenus) un daudz baribas. Péc (“Colony
Collapse Disorder,” 2013) datiem, 31 fenomena fikséto gadijumu skaits pedgja
laika ir strauji samazinajies (no 60% 2008. gada Iidz 31% 2013. gada), turklat
péc (Milius, 2018), iemesli §im fenomenam joprojam lidz galam nav noskaidroti.
Tacu eksisté vel vairaki citi bisu dzivibu apdraudosi faktori, ko var iedalit 4
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grupas: paraziti un kait€kli, patogéni, nabadzigs uzturs un letala paklausana
pesticidiem (“ARS Honey Bee Health and Colony Collapse Disorder,” 2016).
Iepriek§ mingtie faktori arT ir iemesls pedgéja laika satraukumam par biSu
eksistenci.

Saméra nesen, 2012. gada, tika definéta precizas lauksaimniecibas
apak$nozare “Preciza biSkopiba” (PB) (Precision Beekeeping; Precision
Apiculture) (Zacepins et al., 2012). Precizas biskopibas pétamais objekts ir bisu
saime. PB tiek definéta ka bi§u dravas stratégija, kas versta uz individualu bisu
saimju uzraudzibu ar mérki samazinat resursu pat€rinu un palielinat biSu
produktivitati (Zacepins et al., 2012).

No 2013. gada 11dz 2016. gadam LLU Informacijas tehnologiju fakultates
vadiba risinajas 7. ietvarprogrammas ERA-Net ICT-AGRI starptautisks projekts
“Informacijas tehnologiju pielietojums precizaja biskopiba” (ITAPIC, Nr.
Z/13/1128). Saja projekta piedalijas arf darba autors. ITAPIC projekta (“Project
information,” 2013) tika veikta precizas lauksaimniecibas tehnologiju un metozu
ievieSana biskopiba. Ta galvenais merkis bija pielietot precizas lauksaimniecibas
principus biSkopiba, izmantojot jaunakas informacijas un komunikacijas
tehnologiju metodes, rezultata automatiski identificgjot biSu saimju dazados
stavoklus un informgjot biskopi par nepiecieSamajam darbibam. Promocijas
darba autora ieguldijums pé&tnieciska projekta ietvaros saistits ar uzraudzibas
sisttmam datu ieguvei un lémumu atbalsta sistémas realizaciju (likumu izstrade,
automatiska stavoklu atpaziSana, LAS implementaciju timekla vidg).

PB lidzigi ka precizaja lauksaimnieciba var realizét 3 fazu ciklu: datu
savakSana, datu interpretéSana, analize un pielietojums — darbibu izpilde,
balstoties uz pienemtajiem lémumiem. Precizaja biskopiba datu vakSanas fazes
galvenais mérkis ir izstradat rikus nepartrauktai, reallaika bisu saimju uzraudzibai
(Zacepins et al., 2015). Ka norada (McBratney et al., 2005) tad datu analizes faze
ir precizas lauksaimniecibas “klupSanas akmens”. Biskopiba ir bijusi vairaki
méginajumi pielietot datu analizi pirmsspieta, bezperu stavokla, peroSanas
perioda sakuma identific€sanai (Zacepins et al., 2015).

Precizaja biskopiba ka apakssisttmu izdala 1€émumu atbalsta sistému
(Zacepins et al., 2015), kas paredz&ta automatiskai mérjjumu (gan individualu
saimju, gan dravas) analizei un interpretéSanai. Ka apgalvo (“Welcome to
colonymonitoring.com!,” n.d.), tad joprojam bisu saimju uzraudziba iegito datu
analizi veic pats biskopis, izmantojot izklajlapam lidzigus rikus (piem&ram,
Microsoft® Excel, LibreOffice® Calc) vai citas metodes. Ka minéts (Zacepins et
al., 2015), tad eksiste dazadas ar biSkopibu saistitas lémumu atbalsta un
ekspertsistémas, bet tas netiek attiecinatas uz individualam bisu saimém, uz ko
akcents tiek likts Saja promocijas darba, un ar ko saistits autora jaunpienesums.
Precizaja biskopiba var izmantot dazadus algoritmus un likumus, kas raksturotu
saimes stavoklus, kur saimes stavokliem ir dazadas svariguma pakapes.
Balstoties uz identificéta stavokla svarigumu, l@mumu atbalsta sistéma var
piedavat biSkopim alternativas, kur alternativas izvéle ir atkariga no biSkopja.
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Lémumu atbalsta sistéma var apstradat un apvienot dazada tipa informaciju
(Zacepins et al., 2015): video, svaru izmainas, temperatiiru, skanu u. c.

Par to, ka biSu tematika joprojam ir aktuala, liecina divi starptautiskie
Apvarsnis 2020 (Horizon 2020) programmas apstiprinatic projekti, kuros
pétnieka amata darbojas arT promocijas darba autors. Viens no Siem projektiem —
“Starptautiska partneriba uz inovacijas bazetiem parvaldibas pakalpojumiem
viedaja biskopiba” (SAMS, Nr. 780755) — tika uzsakts 2018. gada, savukart
projekta “Futtristiski biSu stropi viedajai metropolei” (HIVEOPOLIS, Nr.
824069) tika uzsakts 2019. gada aprili. SAMS projekta ietvaros promaocijas darba
autora pienakumos ietilpst uzraudziba iegiito datu analize, praktiska LAS
implementacija ar vairaku datu avotu apstradi u. tml.

Projekts SAMS ir iepriek§ minéta ITAPIC projekta turpingjums, kura bez
Eiropas Savienibas (ES) valstu partneriem piedalas ar1 partneri no Etiopijas un
Indongézijas. Projekta galvenais mérkis ir stiprinat sadarbibu informacijas tehnologiju
joma starp ES un jaunattistibas valstim, nodrosinot precizas biskopibas ilgtspgjibu.
Ar projekta mérkiem un aktivitatém saistita attalinatu uzraudzibas tehnologiju
izstrade, ieklaujot interaktivu lietotaju saskarni, lai atbalstttu bisSkopjus vinu saimju
uzraudziba un parvaldiba Afrikas un Azijas kontinentu valstis.

Projekts HIVEOPOLIS versts uz nakotnes bisu stropu izveidi un vadibu, kas
kalpotu ka atbalsts bisu labklajibas veicinasanai skarba, industriala pilsétas vide. Bez
moderno stropu izveides, projekta uzdevumos ietilpst arT bisu saimém apkart esosas
vides vertibas uzlabosana, kontrolgjot ekosistémas pakalpojumus, kas tiek koordinéti
stropu ietvaros, péc noteiktiem optimizacijas mérkiem — apputeksnésanas serviss,
optimala baribas sadale u.c.

Darba pétijuma rezultata giitas atzinas piemérojamas ne tikai biskopibas
nozarei, bet, pieméram, ciikkopibai. Ka piemérs minams starptautiskais ERA-Net
SUSAN projekts “Ciuikkopibas sisttmu veiktsp&jas uzlaboSana, pielietojot
pilnigas sistémas pieeju” (PigSys, Nr. ES RTD/2017/22) (uzsakts 2017. g.
septembr1), kur§ versts uz ciikkopibas un ciikgalas razoSanas efektivitates
uzlaboSanu. Promocijas darba autora darbs tiesa veida saistits ar datu apstradi
(datu noliktavas izveide), datu analizi un lémuma atbalsta sist€mas izstradi.

Promocijas darbs ir turpindjums profesora Dr.sc.ing. Egila Stalidzana un
asociéta profesora Dr.sc.ing Alekseja Zacepina pétijumu virzienam. E. Stalidzana darbs
“Datorvadibas algoritmi daudzobjektu biologiskam sistemam” saisfits ar daudzobjektu
biologiskas datorvadibas problematiku, veicot dazadu biologisku (t. sk., biSu skaita
dinamikas modelis) un maksligu modelu izstradi. Viena darba dala ir velfita bisu
kamola notiekoSo mikroklimata regulacijas algoritmu simulacijai. Darba izstradati art
ieteikumi biSu saimju racionalai zieminaSanai, ka arT izstradata metodika vadibas
sist€émas izveidei daudzobjektu sistemu mérktiecigai vadibai. E. Stalidzana darba nav
izmantotas vai izstradatas lémumu atbalsta sistemas. A. Zacepina darbs saistits ar
precizas lauksaimniecibas pieejas realizaciju biskopiba, rezultata defingjot precizas
biskopibas virzienu. A. Zacepins padzilinati pétijis biSu saimju zieminasanas procesu,
izstradajot biologisko objektu uzraudzibas un vadibas sistemu.
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Sis promocijas darbs ir mingto autoru pétijuma virziena turpinajums un velfits
léemumu atbalsta sistémas prototipa izveidei medus bisu (Apis mellifera) saimju
stavoklu identificgSanai, noradot uz ta starpdisciplinaritati. BiSu saimju stavoklu
identificéSana sevi ieklauj datu ieguves sist€mas izveidi, datu izp€ti un analizi,
algoritmu izstradi automatiskas stavoklu identific€Sanas nodroSinasanai. Promocijas
darba pétfjuma rezultati pielietojami precizas biskopibas virziena attistiSanai ne tikai
Latvija, bet arT globali, par ko liecina jau esoSa darbiba starptautisku projektu
realizacija, ar partneriem no Eiropas, Azijas un Afrikas kontinentu valstim.

Promocijas darba mérkis un uzdevumi

Promocijas darba meérkis ir uzlabot daudzobjektu biologiskas sistemas
vadibas procesu.
Merka sasniegSanai izvirziti $adi darba uzdevumi:
1) veikt l@mumu atbalsta sisttmu analizi un realizaciju iespgjas
biologiskas sisteémas vadibai;
2) izstradat automatiz&tu risinagjumu biologiskas sistémas uzraudzibai;
3) izstradat automatiz€tu lémumu atbalsta sistémas prototipu
biologiskas sistémas vadibai;
4) eksperimentali novertét izstradata lémumu atbalsta sist€émas
prototipa darbibu biSu saimes stavoklu atpazi$ana.

Pétijuma metodes

Zinatniskas literatiiras un citu informacijas avotu analize.

Noverojumi, salidzinasana, indukcija, dedukcija, eksperimenti un secinajumi.

Dazadu tehnologisko modulu salidzinaSanai pielietota lémumu matricas
metodika.

Izstradato sisteému darbibas parbaude ar validacijas kopam.

Uzraudzibai paklauto objektu parametru mérisanas datu ieguvei pielietoti gan
vienplates datori (Raspberry Pi, Odroid-CO ar Linux operétajsistému), gan autora
izstradata elektroniska plate. Datu savakSanas programmas veidotas Python un
C/C++ programmésanas valodas.

Uzraudzibas procesa iegiito datu att€loSanai izstradats darbvirsmas (C#
programmeéSanas valoda) lietojums, un veikti papildinajumi jau esosSai timekla
sisttmai ITAPIC projekta gaita (Java prog. valoda, Spring Boot platforma, AngularJs
timekla lietotnu satvars).

Dazadu biu saimes stavoklu konstate$anai pielietota fazilogikas biblioteka
jFuzzyLogic Java programmé$anas valodai.

SpietoSanas stavokla atpaziSanai izstradats algoritms (aktivitasu diagramma)
un neironu tikls C# programmeésanas valoda. Neironu tikla modelis spietoSanas
atpaziSanai izstradats ari, pielietojot Tensorflow satvaru Python programmésanas
valoda.

Izstradato metozu novertesanai pielietota parpratuma matricas metodika, ka
arf statistikas metodes.
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Zinatniskais jauninajums un praktiska vertiba

e Piedavata modificéta Iémuma procesa pienemsanas koncepcija, kura
uzsverta veikta [émuma ietekmes izvertéSanas nozimiba.

e Veikta dazadu medus biSu saimju stavoklu atpaziSana péc
temperatiras datiem, pielietojot maksliga intelekta metodes.

e Izstradats LAS prototips precizas biskopibas nozarei, automatiskai
bisu saimes stavoklu atpaziSanai.

e Izstradati modeli 1€mumu atbalsta sistemas alternativu izvéles
procesam.

Promocijas darba praktiska vertiba saistita ar veikto petfjumu un izstradato
sisttmu prototipu ievieSanu starptautisko projektu ietvaros. Izstradatais LAS
prototips pielagojams gan pétniecibas projektos saistiba ar biSu saimju uzraudzibu
un vadibu (projekts SAMS (promocijas darba autors uzsacis LAS implementacijas
procesu), projekts HTVEOPOLIS), gan ciikkopiba (projekts PigSys).

Darba izpétitas uzraudzibas sistému arhitektiras un fazilogikas slédzienu
sisteéma pielagojama plasam nozaru spektram, uz to bazes realiz€jama, pieméram,
biroja telpu vai auditoriju mikroklimata uzraudziba; citu biologisku objektu
uzraudziba (vistas, aitas, govis u. tml.).

Dalitba ar promocijas darba tematiku saistitos starptautiskos
projektos: ITAPIC (7. ietvara programmas ERA-Net ICT AGRI projekts
“Informacijas tehnologiju pielietojums precizaja biskopiba”, Nr. Z/13/1128),
SAMS (Apvarsnis 2020 projekts “Starptautiska partneriba uz inovacijas
bazétiem parvaldibas pakalpojumiem viedaja biSkopiba”, Nr. 780755),
HIVEOPOLIS (Apvarsnis 2020 projekts “Futiristiski biSu stropi viedajai
metropolei”, Nr. 824069), PigSys (ERA Net SUSAN projekts “Cukkopibas
sisttmu veiktsp&jas uzlabosana, pielietojot pilnigas sist€mas pieeju”, Nr. ES
RTD/2017/22).

Péetijuma tezes

e Lémumu atbalsta sisttma un tas komponentes ir pielagojamas
biologisku daudzobjektu sistemam.

e  Vairakus bisSkopiba nozimigus biSu saimju stavoklus ir iesp&jams
izSkirt un automatiski atpazit, apskatot tikai temperattiras datus.

e Lemumu atbalsta sisttmas pielietoSana precizaja biskopiba ir
ekonomiski izdeviga.

Promocijas darba struktiira un apjoms

Promocijas darbs ir sarakstits latvieSu valoda, satur anotaciju, ievadu, 5
nodalas, secinajumus, literatiiras sarakstu, 5 pielikumus, 69 attélus, 11 tabulas,
kopa veidojot 144 lappuses. Darba veiktas atsauces uz 235 literaturas avotiem.

12



1. SISTEMAS UN TO DAUDZVEIDIBA

Miisdienas cilveki ik dienu saskaras ar dazadam sistémam vai ir $o sistému
sastavdala. Butiba gandriz katra zinatniska raksta, gramata, kas apskata sisteémas,
tiek sniegta tas definicija. Akadeémiskaja terminu datubaze http://termini.lza.lv/
atrodamas $adas sistémas definicijas:

e “objektu, procediiru vai panémienu kopums un to savstarpgjas
attiecibas, kas funkcionali veido vienotu veselumu”;

e vienumu vai ieri¢u kopums, kas sadarbojas konkréta uzdevuma
izpildei.

Savukart (Miller, 1978) piedava globalu skatijumu, proti, visu eksistgjoso
lietu visums var tikt uzskatits ka sisttmu visums (universs), kur sisteéma ir
definéta ka jebkurs saistits un mijiedarbigs elementu kopums. Minétas definicijas
norada uz sistému lielo daudzveidibu, biitiba var uzskatit, ka jebkas, ar ko cilveks
katru dienu saskaras, ir sisttéma vai kadas sistémas sastavdala, komponente, vai
pat abi divi. Kopuma var izdalit vairakas sistémas: dabiskas, cilvéku veidotas,
tieSsaistes, reallaika, ekspertsist€émas, uz zinaSanam bazetas, 1émumu atbalsta
sisteémas u.c.

Parasta nozime frazei “lémumu atbalsta sistéma” ieklauj sevi jebkuru
sistemu, kas spgj palidz&t ar jebkada rakstura [éEmumu pienemsanu (Bruen, 2006).
Savukart lemums ir izv€le no daudz iespg&jam, kur vienmer janem vera art iesp&ja
“neko nedarit” (do nothing). Ta ka tipiska LAS nodro$ina daudz funkciju, tad
rezultata tiek iegiitas vienkarSas, bet plasi aptvero$as LAS definicijas. Turklat
(Marakas, 2003) uzsver, ka LAS definiciju ir tik daudz, cik iespéjams atrast
rakstu un gramatu par $o tému.

Péc (Yourdon, 2006) lémumu atbalsta sistémas pasas nepienem lémumus,
bet palidz organizaciju, uznémumu vaditdjiem un cita veida profesionaliem
pienemt dazada rakstura lémumus. Ka galvenos l1émumu atbalsta sistémas
raksturojumus (Marakas, 2003; Power, Sharda, 2009) atzimé $adus: ta ir domata
lémumu veicgju atbalstam, bet ne aizvieto$anai; ta atbalsta visas lémumu
pienemsanas procesa fazes; ta ir paklauta LAS lietotajam; interaktiva un
lietotajam “draudziga” u. c.

LAS arhitektiiru visparigi var klasificét 5 komponentés — datu parvaldibas
sistéma, modelu parvaldibas sistéma, zinasanu baze, lietotaja saskarne, lietotajs
vai lietotaji. Dazi autori izdala tris (Druzdzel, Flynn, 2002) un &etras (Aronson et
al., 2005) galvenas komponentes, kur lietotdjs un lietotdaja saskarne netiek
nodaliti. Min&tas komponentes tad ari veido LAS arhitektaru (sk. 1.1. att.).
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Datu parvaldibas Modelu parvaldibas
sistéma o sistéma

A A

A
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A A

A

> Zinaganu baze

A

Y

A

Lietotaju saskarne

A

A

1.1. att. LAS konceptuala shema
(Jaiswal, 2014)

Zinatniskas literatiiras avotos biezi sastopama informacija par petjjumiem,
kur LAS zinaSanu bazes modeli tiek pielieta fazilogika un tas bazéta slédzienu
sistéma. Sada sistéma sniedz daudz prieksrocibu dazadu likumu formulgjumos,
kur likumi var tikt formuléti cilvekam saprotamas valodas veida, turklat
fazilogikas slédzienu sisttma (FSS) piedava zinaSanu apraksto$u likumu
paplasinasanas un papildinasanas prieksrocibas. PriekSrocibas saistitas arT ar FSS
pielieto$anu gan linearam, gan nelinearam problémam (Baron et al., 2001).

Bez 1émumu atbalsta sistémas arhitektiiras izstrades janem véra ari pats
process, ka konkrétie lémumi tiek pienemti. Svarigi ir apzinat dazadas aktivitates,
kas iesaistitas lemumu piepemsana. Apkopojot informaciju dazados literatiiras
avotos (Felsberger, Oberegger, Reiner, 2016; Juneja, 2019; Shim et al., 2002;
Zacepins, 2013), tika secinats, ka galvenie [éEmuma pienemsanas soli ir problémas
identific€Sana, problémas definéSana, alternativu generé$ana, modelu izstrade
alternativu analizei, alternativu analize, alternativu izvéle un alternativas
istenoSana.

No izpétitajiem lémumu pienemsanas konceptiem promocijas darba
autora izpratn€ parlieku maza uzmaniba tiek pieversta tieSi pienemta 1l€muma
novertésanai, lidz ar to §1 butu janem veéra, ka papildus procesa faze.

2. BIOLOGISKO DAUDZOBJEKTU UZRAUDZIBA

Par biologisku sistému déve sarezgitu, biologiski nozimigu vienibu tiklu
(“Biological system,” n.d.). Tomér biologiskas sistémas nav racionali agenti, kas
sagem ieejas datus, tos logiska veida apstrada, radot izejas datus. P&c (Brooks,
1991), biologiskas sisteémas ir daudzu mehanismu haoss, kas darbojas dazados
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veidos, radot uzvedibu, kuru var novérot un racionalizét. Savukart vardu
salikumu “biologiska daudzobjektu sistéma” promocijas darba konteksta
iespgjams formul&t ka sistému, kuru veido vairaku biologisku objektu (vienas
sugas parstavji) kopums.

Uzraudzibas definiciju sniedz akadeémiska terminu datubaze
(http://termini.lza.lv/): ”manuali vai automatiski veikta darbiba, kuras uzdevums
— noverot objekta faktisko stavokli”. Tatad uzraudzit iesp&jams gan dzivus
(cilveki, dzivnieki), gan nedzivus (sist€émas, programmas) objektus.

Ari bisu saime tiek uzskatita ka vienota kopa, organisms (Steiselis, 2009)
jeb ka promocijas darba definéts — biologiska daudzobjektu sistéma. Ka minéts
(Zacepins et al., 2015), tad par vienu no precizas biskopibas apakssistémam var
uzskatit [Emumu atbalsta sistému, kas sp&j nodro§inat automatisku datu analizes
un interpretésanas funkcionalitati.

P&tot zinatniskos literatiiras avotus, netika atrasta informacija par gatavam
LAS, kas tiktu koncentrétas un pielietotas tie$a méra biSu saimju vadibai,
piem&ram, identificét saimju stavokli, informé&t lietotaju par bisu uzvedibu. Tacu
eksisté vairaki pétfjumi $aja konteksta (“BuzzBox,” n.d.; Edwards-Murphy,
Magno, Whelan, O’Halloran, Popovici, 2016; Douglas S Kridi, de Carvalho,
Gomes, 2016; Douglas Santiago Kridi, Carvalho, Gomes, 2014; Mahaman et al.,
2002; Markovic, Pesovi¢, Djurasevic, Sinisa, 2016; Vlad, lon, Cojocaru, lon,
Lorent, 2012).

Viens no galvenajiem biSu saimju uzraudzibas sist€mas pozitivajiem
aspektiem ir tads, ka ta lauj attalinati novértét konkréto saimju stavokli, nepieejot
pie stropa un neradot lieku saimes traucéSanu, nodro$inot iesp&ju laicigi konstatet
izmainas biSu saimju uzvediba (Zacepins et al., 2016). Ka ieprieks novérots, tad
saimes apskate uz vietas vai citas aktivitates, pieméram, stropa manuala svérSana,
izraisa biSu saimes satraukuma stavokli, kas skaidri nov€rojams temperatiiras
datos (sk. 2.1. att.).

—1. saime

Bisu saimes ——2. saime
tempetrattra stropa

sversanas bridi

Temperattra, °C

—_
—_—
—_ La

10.5

10
09.01 10.01 11.01 12.01 13.01 14.01 15.01

Datums (dd.mm)

2.1. att. BiSu saimes satraukums manualas stropa svérSanas laika
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Uzraudzibas procesa iesp&jams uzraudzit dazadus parametrus
(temperatiira, mitrums, svars, vibracija u. c.), kur to kombin&Sana, apvienoSana
padara LAS daudzveidigaku, paplaSinot iesp&jas Vvairaku stavoklu
identificé$anai. Promocijas darba ietvaros akcents tika likts uz pec iespgjas
ekonomiski izdevigaka mérama lieluma uzraudzibu, $aja gadijuma, temperatira.
Lidz ar to tika analiz&ti bisu saimes stavokli, kurus ir iespgjams identificét péc
temperatiras datiem. Dazadu stavoklu iesp&jamo atpaziSanu, nemot veéra tikai
temperatiras datus, norada ari (Zacepins, 2012). Avots reizé min kalendara laika
ietekmi uz mérfjumiem, kur vienada tipa dati dazados gadalaikos interpretgjami
atskirigi.

Bitém var izdalit vairakus stavoklus, kuru identificéSana ir loti butiska, tie
ir: jauno bisu audzgsana (perosana), bisu saimes bojaeja, dazadu slimibu esamiba,
saimes spietosana.

3. BISU SAIMJU UZRAUDZIBAS SISTEMU
ARHITEKTURAS

Dazada veida uzraudzibas sistému arhitektiras var tikt pielietotas
atskirigu parametru méridanai bisu stropos. So arhitektiiru atikiribas nosaka
dazadi faktori: sensoru nolases ierice, datu glabasana, sensoru datu parraides
veids (vadu vai bezvadu sistéma) u. tml.

Klatienes uzraudzibas sist€mas arhitekttira balstas uz datu apskati “uz
vietas” (Romanov, n.d.), tas bitu, dati netiek nekur parsatiti un glabati. Dazadu
parametru meriSanas sensoriem (piemeram, temperatiiras) tiek pievienots ekrans,
kur§ novietots biSu stropa arpusé. Tadgjadi biskopim So parametru vertibu
registracija bitu javeic manuali (piezimju gramata vai datord), pierakstot,
pieméram, stropa iekSiené konstatéto temperattru un laiku. (Kviesis, Zacepins,
2015)

Arhitektira, kur tiek izmantots dravas dators ka sensoru datu
nolasitajs, sensoru dati tiek glabati datora cietaja diska, kur§ atrodas tuvuma bisu
dravai (Meitalovs et al., 2009; Vornicu, Olah, 2004; Zacepins et al., 2011). Datu
apskatei var izmantot speciali izstradatu darbvirsmas programmu vai timekla
risinajumu, kura iesp&jams iestradat datu analizi un lémumu atbalsta sistemu.
Sada sistéma sniegtu informaciju par bisu saimju stavokliem un uzvedibu, ka ari
nosititu pazinojumus e-pasta vai Iszinu veida. (Kviesis, Zacepins, 2015)

Attalinatai datu piek]Juvei iesp&ams izmantot kadu no pieejamiem
attalinato pieslegumu rikiem (TeamViewer, RAdmin u. c.), vai jaizstrada
specifiska lietotne (jau min&ta darbvirsmas programma). Attalinatai datu apskatei
uz dravas datora var uzstadit timekla serveri (Kviesis, Zacepins, 2015).

Uzraudziba ar dravas datoru un attalinatu skaitlo$anas centru. Ari
Saja sist€mas arhitektiiras paveida dati no biSu stropos ievietotajiem sensoriem
tiek ieguti ar dravas datora palidzibu, kur talak tie tiek parsufiti attalinatam
skaitlo$anas centram. Sada sistéma dators tiek izmantots ka datu parraides ierice.
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Datu parsutisanai var eksistét dazadi scenariji — MS Access datubazes parsiitiSana
attalinatam serverim (Zacepins, Meitalovs, 2014); tieSa datu parsitiSana,
izmantojot SQL vaicajumus vai veicot hiperteksta parsiitiSanas protokola (HTTP)
POST metodes pieprasijumus timekla serverim.

Publiskai datu apskatei, attalinata skaitloSanas centra iesp&jams izveidot
timekla serveri. Arf $o sist€mu var papildinat ar datu apstrades mehanismiem, kas
zinotu biskopim par konstateto saimju uzvedibu (Kviesis, Zacepins, 2015).

Saimju uzraudziba ar starpniekierici ir iepriek$ aprakstitas arhitekttiras
paveids, kur drava esoSais personalais vai portativais dators var tikt aizstats ar
specifiskam starpniekiericeém. Piedavata sisteémas arhitektara (sk. 3.1. att.) sastav
no 2 pamatblokiem: starpniekierices datu iegl$anai no sensoriem (kas
nodrosinatu datu parraidi tikla, pieméram, interneta) un attalinata skaitloSanas
centra datu glabasanai un aprékinu veikSanai. Par starpniekierici $aja konteksta
netick  uztverts  marSrutétajs. Mingta  starpniekierice  veic  datu
nolasi$anu/sanems$anu un parsiitisanu attalinatam skaitloSanas centram.

Attalinata skaitloSanas centra iesp&jams uzstadit timekla serveri publiskai
datu apskatei. SkaitloSanas centru iesp&ams papildinat ar funkcionalitati, kas
nodroSina automatisku datu analizi un lemumu/slédzienu veik$anu.

*ﬁ.’ Attalinatais skaitloSanas centrs
—_— ) - Datu =
; [ 3 Ll Internets analize i AT E
dﬂ. H Pieslégums Internets
— fimek|a serverim

3.1. att. Sistémas arhitektiira ar starpniekierices izmanto$anu
(Kviesis, Zacepins, 2015)

Sis pasas arhitektiiras ietvaros var izmantot ari bezvadu sensoru tiklus
(BST), kur starpniekierices funkciju pilda uz mikrokontrollera bazgta platforma.
Sensoru datu nolasiSanai tiek izmantoti sensoru mezgli (viens mezgls uz vienu
biSu saimi). BST realizacijai var izmantot sensoru mezglus kopa ar galveno
mezglu.

Lietu interneta pielietojums biSu stropu uzraudziba. Arhitektiiras
pamata ir datu sitiSana, izmantojot bezvadu sazigu ar attalinato skaitloSanas
centru (attalinats serveris, makonpakalpojums) (sk. 3.2. att.) Ari §is sist€mas
saimei), kuriem pievienoti WiFi bezvadu sakaru moduli (pieméram, ESP8266).
Drava vai tas tuvuma nepiecieSams izvietot bezvadu marSrutetaju, kas katram
mérfjjumu mezglam pieskir savu interneta protokola (IP) adresi, ka rezultata katrs
mezgls individuali var nosttit temperatiiras datus attalinatam skaitloSanas
centram. Apstrades iesp&jas skaitloSanas centra saglabajas, ka aprakstits ieprieks.
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3.2. att. Sistemas arhitektiira péc lietu interneta principa
(Kviesis, Zacepins, 2015)

Uzraudziba ar neatkarigiem sensoru mezgliem nolasito sensoru dati netick
nekur sttiti, bet analizeti uz konkréta sensora mezgla, un tikai l@mumi tiek nosatiti
biskopim. Atskiriba no ieprieks aprakstitas arhitekttiras — merfjumu mezgli nav atkarigi
no viena vienojo$a elementa (marSrutétagja vai starpniekierices), kura darbibas
traucgjumi aptur visu tam pieslégto mérfjumu mezglu datu glabasanu.

4, UZRAUDZIBAS SISTEMU PRAKTISKA
REALIZACIJA

Promocijas darba noteikta viena no galvenajam uzraudzibas sist€mas
funkcijam — temperatiiras datu iegtiSana. Temperatiira izv€leta, jo biSu saime stropa
veic termoregulacijas funkcijas (sildiSana, védinasana). Lidz ar to biSu stropa
notieko8o dzivi iesp&jams atainot ar temperatiiras dinamiku. Promocijas darba autors
praktiski izstradaja divas uzraudzibas sisteémas, kuras aprakstitas $is nodalas ietvaros.

Vadu sistémas pielietoSana

Par vadu sistému $aja konteksta uzskatama sistéma, kas datus no bisu
stropiem neparsiita ar bezvadu tehnologiju palidzibu, bet sensori vai sensoru
mezgli ar datu parraides ierici ir savienoti ar vadiem. Promocijas darba autora
izstradata vadu sistema shematiski att€lota 4.1. att.

Attalinata starpniekierice Attalinatais skaitloSanas centrs

1-Wire
tikls

Internets o MySOL datubaze

2 i e Timekla vietne
e Python valodas skripts !

sensoru datu nolasisanai un
parsutisanai
e Skripts kladu paziposanai

Kludu SMS
pazinojumi

! Lietotajs  datiem
Raspberry Pi  DS18S20 sensors Serveris  Lietotajs var pieklit a7 ar
- - izstradatu  lokalu

lietotni

4.1. att. Uzraudzibas sistéma ar Raspberry Pi ka starpniekierici
(Kviesis, Zacepins, 2015)
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Datu ieguvei tika izmantots 1-Wire® tehnologijas tikls ar temperatiiras
sensoriem (DS18S20), kas pieslégts Raspberry Pi iericei, lai veiktu
nepiecieSamas funkcijas — regularu temperatiiras datu nolasiSanu un glabasanu
datubazg. Sis arhitektiiras realizacijas gadijuma temperatiiras datu nolasi$anai un
glabasanai tika izveidots skripts Python programmésanas valoda. Dati tika glabati
MySQL datubazg, kas uzstadita uz Ubuntu 12.04 LTS operé&tajsisteémas. Datu
parsiitiSanai izstradatais skripts veica POST pieprasijumu attalinatam serverim.

Hibridsistéma — vadu un bezvadu tehnologiju apvienojums

Promocijas darba autora otra izstradata sistéma. ST sistéma devéta par
hibridsistému, jo ta dalgji apvieno vadu un bezvadu sisttmu koncepcijas.
Sistémas izveides motivacija skaidrojama ar konkrétas situacijas izpéti: veikt
bisu saimju uzraudzibu ar iesp&ju datus apskatit attalinati, lai gan drava internets
pieejams ierobezota attaluma un neregulari; izmantot eso$o interneta pieslégumu
datu apskatei un bridinajumu sapems$anai, neveicot papildu datu planu
abonésanu; veikt uzraudzibu péc iespgjas energoefektivak; nositit pazinojumus
un bridinajumus par bisu saimju aktivitati.

Hibridsisteéma balstita uz sist€mas arhitektiiru, kas izmanto starpniekierici,
un datu savaksana balstita uz bezvadu sensoru tikla principu, formé&jot zvaigznes
topologijas tiklu. Sistéma balstita uz promocijas darba izstrades gaita izveidotam
prototipa ieric€m sensoru datu nolasiSanai, kas lauj pieslégt vairakus sensorus ar
jau mingtas 1-Wire tehnologijas palidzibu (DS18S20 sensori). Datu nosuti$anai
galvenajam mezglam tiek pielietotas bezvadu tehnologijas. Galvena mezgla
izveide balstita uz Odroid-CO vienplates datora, kas apstrada ieejas datus un
saglaba tos datubazé. Turklat Odroid-CO ir pieticko$i jaudigs, lai sp&tu veikt
nepiecieSamo datu analizi, ieklaujot LAS. Ka papildfunkciju galvenajam
mezglam var minét pazinojumu, bridindjumu izsatiSanu, tiklidz pieejama
pieslégSanas interneta tiklam, ka arT iesp&jamiba lokalo datu parsttis§anai uz kadu
attalinatu skaitloSanas centru.

Konkréta hibridsist€ma ir ekonomiski izdeviga gadijumos, ja vairaki
stropi atrodas tuvu viens otram, jo stropos eso$os sensorus var pieslégt vienai
datu nolases iericei un nolastt vairaku stropu mérfjumu datus. Konkreta sistema
ipasi akcente gadijumu, kad ieinteres€taja teritorija nav pastaviga piekluve
internetam, ka rezultata, dati tiek glabati uz vietas, bet pieejami lokala tikla
(LAN) ietvaros, jo galvenais mezgls ir pieticko$i jaudigs timekla servera
darbinasanai. Lidz ar to hibridsisteéma demonstrg, cik plasas variacijas iesp&jamas
uzraudzibas sistemu izveid€. Hibridsisteémas koncepts attélots 4.2. att.
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4.2. att. Realizétas hibridsistemas koncepcija

Bisu saimju temperatiiras tendencu atspogulosanai tika izstradata
darbvirsmas programma, izmantojot programméSanas valodu C#. Izstradatais
lictojums nodroSina attalinatas datubazes pierakstiSanas informacijas
ievadiSanu/labosanu; datu atlasi péc laika perioda; datu att€loSanu grafiska veida,
ar regionu palielinaSanas iesp&ju; temperatiras datu maksimalas, minimalas,
vidgjas un medianas veértibu attéloSanu izvélétaja laika posma; izvéleto datu
eksportésanu u. c. funkcionalitates.

5. LAS PROTOTIPA IZVEIDE BISU SAIMJU VADIBAI

Pielietota 1émumu atbalsta sistéma ir datu, modelu un zinaSanu vadita.
Nodalas turpinajuma aprakstiti likumi, kas norada gan uz nepiecieSamibu analiz&t
“aktivos” datu punktus, pielietojot dazadus matematiskos modelus, gan pielietot
“zinaSanas” un apmacitus modelus dazadu stavoklu atpazisanai.

Piedavata LAS lemumu pienems$anas koncepcija

P&c teorétiskaja dala apskatitas informacijas LAS koncepcija tika balstita
uz popularako un prakse vairak lietoto [émumu pienemsanas procesa koncepciju
un pec (Zacepins, 2013) veikta pétijuma atzinam. Informacijas izpétes laika tika
konstatets, ka maz akcenta tiek likts procesam, kas seko pec izv€letas alternativas
ievie$anas, proti, novertéSanas faze. Ir resursi (‘7 Steps of the Decision-Making
Process,” 2017; Elmansy, 2015; Kabaivanov, Markovska, Milev, 2013), kas
norada uz §adas fazes esamibu, tacu tas, subjektivi veértgjot, netiek pienacigi
izcelts. Lidz ar to promocijas darba autors piedava papildinat lEmuma procesa
pienemsanas konceptu ar papildus novérté$anas fazi. Novértésanas soli [éemuma
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pienéméjam un Tstenotajam (attiecigas darbibas veic€jam) jaspgj novertet veikta
izv€le un jaidentificé iesp&jamas problémas — vai lémums bija korekts, vai
nepiecieSami uzlabojumi problémas identific€sanas modelos, ka ari, vai lietotajs
korekti veicis izveli, vai klida mekl&jama analizes modelos. Lidz ar to péc
novertdjuma lietotajam jasniedz atsauksme, pazinojot atbildigas sisteémas
izstradatajam par konstat€tajam kladam vai apsverot savu klidu 1€émuma
pienemsana. Rezultata kopgjo LAS lémuma pienemsanas konceptu var iedalit
sist€mas un lietotaja dala, kur 5.1. att. demonstréta lémuma pienemsanas procesa
viena iteracija.

[.&mumu atbalsta sistéma Lietotajs

Alternativas iwéle]—)[ Alternativas izpilde ]

Izpilditas alternativas
novencsana

Probleémas
identificéSana ar
modclicm

Alternativu

genergiana

Modelu izstrade
alternativu analizei

Vai probléma
identificgta Vai lika 12vElEa

' korekli? korckta alternativa?

Ja-

Ne Ne
Vai kltda
- alternativu
. _ Pazino par = a
4 ¢ Ja. 1
[ Pazinojumu apstrade ](——[ameﬁgu k!ﬁdu]‘i analizes
modelos?
Ng

Lietotaja kltida
alternativu izvéleé

5.1. att. Piedavatais LAS lemuma pienemsanas koncepts

Zemak dota katra 1@émumu pienemsanas procesa elementa analize biSu
stavoklu atpaziSanai un saimju vadibai:

1) problémas identificéSana — $aja faze butu jasak ar atbildi uz jautajumu

“kas biis lemumu pieneémgji vai ieinteresetas personas?”’. Konkrétaja

gadijuma tie ir biskopji, kur janem vera, ka ne visi ir specialisti IT

joma. Lidz ar to probléma skatama no biskopju puses, proti, biskopim

ir svarigi: saglabat saimes; iegiit maksimali daudz produkcijas

(perosanas laiciga konstatésana, spietosanas konstatésana u. ¢.). Taka

iesp&jami dazadi bisu stavokli, kuru laika biSu uzvediba un darbibas

atstaj ietekmi uz biskopja finansialo stavokli un sarazoto produkciju,
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2)

3)

4)

5)

tad jaizstrada dazadi modeli atSkirigu biSu saimju stavoklu
atpaziSanai, kas npem vera definetus likumus (balstoties uz zinasanu
bazi);
alternativu generéSana — tick analiz&ts katrs stavoklis un noteiktas
veicamas darbibas: kad doties uz dravu, kad izvéléties neko nedarit,
kas butiba ir vienigas alternativas biskopibas gadijuma. Tatad
apkopojot iesp&jamos atpazistamos stavoklus, var izskirt S$adas
alternativas:

e bojacjas stavoklis — doties pie stropa (balstoties uz izmaksam,
biskopis nolemj vai to darit nekavgjoties vai atlikt uz v€laku
laiku), rekinaties ar jaunas saimes nepiecieSamibu un raditajiem
zaudjumiem;

e normals stavoklis — nedarit neko;

e spictoSana — doties uz dravu mekl&t/sanemt sSpietu, ja izmaksas
to atlauj dart (attalums, pateretais laiks);

e nezinams stavoklis — doties pie stropa (izvertgjot vai to darit
nekavgjoties vai atlikt uz velaku laiku);

dazadu modelu lietoSana — ar dazadu metozu palidzibu, tiek izstradati
modeli alternativu analizei, rezultata tiek ieglits pamats alternativu
izvélei;

izvéle — tiek pienemts korektais, attiecigai situacijai paredzamais
lémums;

izpilditas alternativas noveértésana — solis, kas ietver pienemta gala
lémuma izvertéSanu, proti, vai probléma tika attiecigi identificéta un
vai alternativu analizes modeli atainoja korektus rezultatus. Ka art
pasam biskopim Saja faz€ jaspgj izvertet sava izdarita alternattvu
izvele (pienemtais lémums).

Izstradatas biSu saimju vadibas sistémas arhitektiira

Kopgja sistémas arhitektiira var izdalit 4 galvenos blokus (sk. 5.2. att.),
proti: ierice vai ierices datu savakSanai; datubaze; lémumu atbalsta sistéma;

lietotajs.
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5.2. att. BiSu saimju vadibas sistéemas arhitektiira

Meérfjumu mezgli kopgja sisteéma kalpo ka datu savacgji, kur galvenais
mezgls datus nogada skaitlo§anas centram, izmantojot attiecigo skaitloSanas
centra datu saskarni. Tas savukart ievieto datus datubazé un caur zinojumu
servisu pazino datu apstrades blokam, kur dati talak tiek izmantoti LAS vadibas
blokos. Datu ieguves un datu apstrades bloki ir viens no otra nodalami moduli.

Bisu saimju stavoklu identificéSanu nodrosina FSS ar attiecigo stavoklu
apstrades bloku (precizaku stavoklu identificé$anai) (sk. 5.3. att.).

.
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E Same | r's

@ Normals stavoklis
b Saskarnc un
pazinojumi

likumi

\ Diferencétie 4‘ @ Saimei nerakstuTga nzvedIba]
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5.3. att. BiSu saimju stavoklu identificéSanas shematisks attélojums
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LAS zinasanu baze un tas likumu definéjumi

Promocijas darba tiek piedavats defingt un ieviest uz fazilogikas likumiem
bazetu apaks$sistému. Rezultata tika definétas 2 likumu grupas, kur individualos
likumus kontrolg fazilogikas sistéma. Ta ka bisu saimes uzvedibai piemit nelinears
raksturs, tad saimju stavoklu identific€Sanai tika izvelEts pielietot FSS. Ka norada
(Sabri et al., 2013), tad fazilogikas modeléSana sniedz priek$rocibas, salidzinot ar
tradicionalajam matematiskajam modeléSanas metodém, piem&ram, sp&ja apvienot
cilveku ekspertu informaciju ar skaitliskiem datiem un sp&ju veikt sarezgitu
nelinearu funkciju tuvinasanu ar vienkarSiem modeliem.

Likumu iedalfjums:

1) diferencétic — salidzina konkrétas saimes temperatiiru ar vidéjo
temperattru biSu drava;
2) individualie (fazilogikas kontrole):
o bojaeja;
o normals;
o ekstrems {spietosana; bojaeja; nezinams (slimiba, CCD u.c.)}.

Janem vera, ka péc LAS sniegtas informacijas pec ieprieks uzskaititajiem

likumiem, biskopis joprojam paliek galvenais [émumu pienemgjs.

FSS biSu saimju stavoklu noteikSanai

Promocijas darba izstrades laika tika izstradata uz Mamdani tipa balstita
FSS ka apakssistema LAS biSu stavoklu atpaziSanai. Praktiskai realizacijai tika
izvéléta Java programméSanas valoda un taja pielictojama biblioteka
jFuzzyLogic.

FSS izstrades sakuma stadija tika definéti Cetri ieejas parametri:
temperattira biSu stropa, apkartgjas vides temperatiira, bisu stropa un apkartgjas
vides temperatiiru starpiba, gada ménesis. Darba izstrades laika FSS modelis tika
papildinats ar vél vienu ieejas parametru — temperatiiras starpibu viena stropa
ietvaros, kas aprékina starpibu starp pasreizgjas temperatiiras vértibu un vidéjo
temperatiiras vertibu pirms vienas stundas. FSS izejas datus veido biSu saimes
stavoklis, kam definétas 3 piederibas funkcijas (stavokli). leejas un izejas
parametri tika faziz&ti ar atbilsto§am piederibas funkcijam.

Izejas parametrs, kura izdalitas tris piederibas funkcijas, raksturo tris
stavoklus — saimes bojaeja, normals un ekstréms. Ta ka slédzienu sist€mas izejas
parametrs (p&c defazizesanas) satur konkr&tu vertibu, tad iegitais rezultats tiek
interpretéts ka “parlieciba par saimes veseligumu”, jo $aja gadijuma netiek veikta
nekadu bisu saimju parametru ietekmes kontrole, bet konstatéts tas stavoklis.

Var apgalvot, ka stavoklis “bojaeja” pieskaitams stavoklim “ekstréms”,
tacu ir pazimes, péc kuram var nodefinét likumus biSu saimes bojaejas
konstatésanai. Savukart stavoklis “ekstréms” norada arT uz spietoSanas stavokli
un paaugstinatam temperatiiram ziemas perioda, kas var noradit uz saimes
saslim$anas gadijumu vai paragru perosanu.
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Nemot par pamatu sagatavotu datu kopu, izveidota fazilogikas sleédzienu
sisttémas likumu kopa. Kopas izveide balstita uz ID3 (Iterative Dichotomiser 3)
algoritmu. Sadas metodes pielietosana lauj noskaidrot saknes (root) mezglu jeb
to ieejas parametru, kuram ir vislielaka informacijas kapacitate.

Realizétas FSS validacija un novértéjums

Izstradata FSS tika valid@ta ar ieprieks biSu saimju uzraudziba iegtitiem
vesturiskiem datiem. Balstoties uz vesturisko datu novérojumiem un izpé&ti, tika
atlasttas 90 datu kopas (kopuma veidojot aptuveni 185000 individualus datu
punktus — sensoru mérijumus), kas talak padotas FSS, formgjot iecjas parametrus.
Datu kopas saturgja temperatiiru datus, kur biSu saimém ir konstatéts normals
stavoklis, spieto$ana, konstatéta to bojaeja vai neraksturigi paaugstinata
temperatiira konkréta gadalaika (iesp&jama saimes saslimSana vai citi stresu
izraiso$i faktori). Ta ka pastav iesp&jamiba, ka konkréts temperatiiras sensora
datu punkts var bat klidains (bites var uzsildit sensoru, vai tehniski iemesli
klidainam mérijjumam), tad temperatiiras ieejas datu vertibam tika veikta vidgja
aritmétiska aprékinasana pedgjiem pieciem merijjumiem.

P&c FSS izstrades un noskanosanas, tika secinats, ka ta sp&j konstatet visus
20 spietosanas gadijumus. Sada gadijuma piemérs attélots 5.4. att.
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Validacijas datu kopa saturgja temperatiiras datus par biSu saimes
atraSanos normala stavoklT ziemas perioda, bet ar temperatiiras paaugstinasanas
periodiem, kas sasniedz pat vairak neka 25°C. Visi $ie temperatiras
paaugstinasanas gadijumi tika konstatéti ar FSS, noradot uz ekstrému stavokli.
Sie temperatiiras “lcieni” norada uz kadu stresa izraiso$u faktoru, jo temperatiira
“norimst”, stabiliz&jas iepriek§gja [imeni vienas dienas laika.
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Bisu saimes bojaejas gadijjuma sist€éma spgja noradit uz novirz€m no
normala stavokla (sk. 5.5. att.). Ka redzams att€la, tad stropa esoSai temperatiirai
bija tendence uz samazinaSanos, lidz tas raksturlikne saka Iidzinaties ara
temperatiras raksturliknei. Ka redzams, tad pie izteiktiem temperatiiras
kapumiem, tiek signaliz€ts par ekstrému stavokli, savukart bridi, kad
temperattiras vertiba ir loti zema (sakrit ar ara temperattiru), tiek signalizéts par
bojaejas iestasanos (p&c FSS, veseligums zem 40%).
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5.5. att. BiSu saimes iespéjama bojaejas stavokla konstatéSana

Sagatavotas datu kopas ieklava ekstrémus gadijumus, kad, piem&ram,
ziemas perioda biSu stropos tiek fikséta paaugstinata temperatiira (apméram
32°C), kas norada uz paragru peru audz&Sanu un pastav risks, ka saimei, sagaidot
pavasari, var iestaties bads, baribas resursu trikumu dél. FSS spgja $os gadijumus
identificet korekti.

Validacijas laika bija novérojami gadijumi, kad FSS noradija uz saimes
stavokli, kur mijas bojaejas ar ekstrému, kas ir pienemami, jo abi stavokli norada
uz nepiecieSamibu p&c saimes apskates.

FSS novertéjums ar parpratumu matricu

Péc fazilogikas slédzienu sistémas validéSanas, tika noveértéta sisteémas
veiktspgja. FSS skaitliskai novertéSanai tika pielietota parpratumu matrica
(confusion matrix). Parpratumu matricu veido 4 dazadas paredz&to un realo
vertibu kombinacijas (Joshi, 2016; Narkhede, 2018): pareiza atbilsme (true
positive); pareiza neatbilsme (true negative); viltus pozitivs (false positive); viltus
negativs (false negative, FN). Savukart modelu veiktsp€jas (Joshi, 2016; Powers,
2011; Saxena, 2018) noteik$anai tika aprékinata: pareiziba (accuracy); atdeve
(sensitivity, recall); precizitate (precision); specifiskums (specificity) un F1
vertejums (F1 score);
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Rezultata sisttma darbojas ar aptuveni 98% lielu pareizibu, 100%
precizitati un specifiskuma raditaju, ~97% lielu atdevi (recall), kopa veidojot
F1 vertgjumu: ~98%, kas norada, ka sist€éma uzrada korektu un caurmera stabilu
darbibu, konstatgjot dazadas biSu saimju stavoklu izmainas, kuras tiesa veida
atspogulojas stropu temperatiiru datos. Gadijumos, kad validaciju klase ir
nevienlidzigi sadalita (ka tas ir arT konkrétaja gadijuma), F1 vertgjums tiek
uzskatits par lietderigaku, jo tas nem véra gan atdevi, gan precizitati (Joshi, 2016;
Shung, 2018).

Spietosanas stavokla automatizéta atpaziSana

2015. gada vasaras perioda (no 1. maija lidz 31. augustam) tika
uzraudzitas 10 biSu saimes, kuru temperattiras dati tika glabati attalinata datu
bazé. Eksperiments tika veikts Strazdu icla 1, Jelgava. Pielietota uzraudzibas
sistema aprakstita 4. nodala. Datu nolasiSanas intervals tika izveél&ts 60 sekundes.
Lai no datiem p&c tam var&tu secinat par temperatiras raksturlikném spietosanas
gadijuma, tad eksperimentu vieta biskopji veica pierakstus par novéroto.

Mingtaja eksperimenta laika posma biSkopji novéroja 8 spictosanas
notikumus. Apskatot datus konkré&tajos spietoSanas momentos (dati no biskopju
pierakstiem), tika secinats, ka $ajos laika momentos var izskirt temperatiiras
raksturliknes, kas bitiski atSkiras no raksturlikn€m, kadas noverojamas bisu
normalas darbibas laika.

Attela zemak (sk. 5.6. att.) apkopotas temperatiiras izmainas spietoSanas
laika. Tas attelotas 60 mintsu intervala, kur 0 punkta ir So spietosanas gadijumu
maksimalas temperatiiras veértibas.
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5.6. att. Registréto spietoSanas gadijumu temperatiras liknu apkopojums
(Zacepins et al., 2016)
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P&éc datu izpétes var secinat, ka spietoSanas process neparsniedz 20
miniites, kas norada uz to, ka japieveérS uzmaniba uzraudzibas sist€mas datu
nolasiSanas intervalam (ja datu nolasiSana tiek veikta ik pec 20 vai vairak
minttém, pastav iespgjamiba, ka spietoSana netiek konstatéta).

Neironu tiklu pielietojums spietoSanas atpaziSana

Promocijas darba izstrades laika tika izvelets pielietot neironu tiklus
spietoSanas atpaziSanai, jo spietoSanas laika novérojamas izteiktas temperatiiras
svarstibas, veidojot konkr&tu raksturlikni (pattern). Sis raksturliknes atpazisanai
tika izstradati 2 neironu tikla modeli, kur atpaziSana veikta pec dazadam pieejam.

Modelis 1 — laika rindas datu punkti ka ieejas parametri

Konkrétaja gadijuma tika izveleéts maksligais neironu tikls ar kladu
atgriezeniskas izplatiSanas metodi.

Izstradatais tikls sastav no 3 slaniem — ieejas, slépta un izejas slana. leejas
un sléptais slanis tika papildinats ar vienu neironu (ta vertiba +1) saukts par
novirzes (bias), dodot papildus svara vertibas visam tiklam (Kviesis, Zacepins,
2016). Par neironu tikla ieejam tika izvEleti temperatiiras dati par 1 stundas
intervalu, rezultata katras miniites temperatiira uzskatita par 1 raksturiezimi
konkr&tajai raksturliknei. Ieejas slana dati tika normalizéti, lai to vertibas
maksimali tuvinatos 0 vértibai, tada veida iegistot atraku kliidas atgriezeniskas
izplatiSanas algoritma konvergenci (LeCun et al., 2012).

Konstrugtais neironu tikls tika apmacits, izmantojot stohastisko
apmacibas principu. Par aktivacijas funkciju tika izv€leta sigmoidas funkcija.
Kludas samazinaanai tika pielietota gradienta samazinasanas metode (Gradient
descent). Aprakstitais neironu tikla modelis tika izveidots programméesanas
valoda C#.

Modelis 2 — raksturliknes aprakstosas ipasibas ka ieejas parametri

Saja pieeja tika izveidots neironu tikls, kur, atikiriba no ieprieks
aprakstita, ieejas slani tika izmantotas vertibas, kas apraksta konkr&to raksturlikni
— standartnovirze; dispersija (variance); ekscess (kurtosis); slipums (skew). St
modela izveidei tika izmantota Tensorflow satvara Keras biblioteka.

Modela izveide spietoSanas atpaziSanai ar Keras API tika balstita uz
Sequential modela tipu, kas sastav no lineari sakartotiem, secigiem slaniem.
Izstradatais modelis bez ieejas un izejas slana sastav no diviem sléptajiem
slaniem ar neironu skaitu 18 un 12. Katra slépta slana aktivacijas jeb parvades
funkcija ir Rectified Linear Unit (relu). Par izejas slana parvades funkciju tika
izmantota sigmoida, kura atgriez vertibu robezas [0;1], ka rezultata ta ir
piemérota klasifikacijas gadijumiem, kad modela izejas slani tiek prognozéta
varbitiba (A. Sharma, 2017; S. Sharma, 2017).
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Aprakstitais modelis tika kompiléts ar binary_crossentropy zuduma
funkciju un Adam (Kingma & Ba, 2014) optimizacijas algoritmu. Kompil&tais
modelis tika trenéts ar iteraciju skaitu 150 un pakeSu (batch) skaitu 10. Lai
izvairTtos no ta, ka izstradatais modelis tick apmacits tikai konkrétai testu kopai,
apmacibas procesa laika tika izmantota ieprieks sagatavota validacijas datu kopa,
kas sastadija aptuveni 10% no apmacibas kopas skaita.

Apmacito neironu tiklu darbiba tika parbaudita ar v&sturiskiem datiem,
novertgjot katra modela precizitati. Kopa tika parbauditas aptuveni 90000 datu
kopas. Neironu tiklu modelu veiktsp&jas novertéSanai ari tika nemta vera
parpratumu matricas parametri un dazadi veiktsp&ju raksturojosie raditaji.

P&c testa datu kopas parbaudes tika aprékinati iepriek§ minétie veiktsp&jas
raditaji, kas apkopoti 5.1. tabula.

5.1. tabula. Spieto$anas atpazi§anas modelu novértéjums

Modelis Pareiziba, Precizitate, Atdeve, Specifiskums, F1, %
# % % % %
1 100 100 ~82 100 ~90
2 100 ~91 100 100 ~95

Balstoties uz abu modelu veiktsp&jas noveért§jumu, Modelis 2 tika
uzskatits par piemerotako talakai ta ieklausanai lémumu atbalsta sist€éma.

Alternativu analize

Péc ieprieks aprakstitas FSS un stavoklu apstrades bloka rezultatiem tiek
veikta piemérota alternativu izvéle. Tatad biitiba Saja problemsfera var izdalit 2
alternativas: doties pie saimes, vai né. Gadijuma, ja saimei konstatets normals
stavoklis, biSkopim tiek noradits neko nedarit, jo nav nepiecieSams bites lieki
traucet. Kas attiecas uz nezinamu stavokli (FSS to apzimé ka “ekstréms™) vai
saimes bojaeju, tie norada uz nepiecieSamibu apskatit saimi, bez detalizetas
izmaksu aprékinu veikSanas. Vienigais, ko var nemt véra boja gajusas saimes
gadijuma, ir tas, ka jaunas saimes iegade ar 4 karém maksa aptuveni 90 —
120 EUR. Turklat jarékina iesp&jama jauna stropa iegade, ja biSu saimes arsté
pret kadam slimibam, tad ieteicams tas parcelt uz jauniem stropiem.

SpietoSanas stavokla gadijuma nepiecieSams papildus analizét gadijumus
vai doties uz dravu pie konkr&tas saimes. Par vienu no §ts izv€les kriterijiem var
mingt finansialos aspektus.

ST kritérija pielietosanai janem véra dravas atrasanas vieta un izmaksas,
lai lidz dravai noklitu, piem&ram, degvielas cena, automasinas degvielas
patérins, pateretais laiks cela, personu skaits, personas algas likme stunda u. tml.
Tatad iespgjams gadijums, kad ierodoties drava, spiets var biit jau aizlidojis, vai
ar tas nemaz nav uzturgjies dravas tuvuma. Tas atkarigs no ta, kadu lémumu ir
pienemusi “bites-izliki”.
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Izmaksu aprékinasanai, kas rodas, lai noklotu Iidz dravai, tika definéta
$ada matematiska formula (1 ):

n
Ca = (diSt * Cpkm) + (ttotal * Z Wi) ( 1 )

i=1

kur:
Ca — kopgjas izmaksas noklasanai lidz dravai, EUR;
dist — attalums Iidz dravai, km;
Cpkm — izmaksas uz vienu km, EUR/km;
tiotal — kopgjais laiks, kas japavada cela un japateré spicta sanemsanai, h;
W; — personas algas likme stunda, EUR/h;
n — personu skaits.

So izmaksu attglosana vien jau biskopim sniegtu primaro informaciju — ar
kadam izmaksam naksies rékinaties, lai nok]ttu I1dz bisu dravai.

Lai precizak informé&tu biskopi par potencialajam kop&jam izmaksam,
janem vera iesp&jamais ievakta medus zaud&ums, jo p&c saimes izspietosanas
originala saime tiek novajinata. Lidz ar to, $adus aprékinus var balstit uz dazadu
avotu sniegto informaciju — spieta vertiba, vid€jais medus apjoms, ko viena saime
var ievakt, medus cena u. tml.

Spieta raditas izmaksas var risinat, pamatojoties uz literatiira mingtajiem
novertgjumiem (pieméram, 21 —43 EUR péc (Mizis, 2003)) vai teor&tiski
aprekinat spieta izmaksas, nemot véra vienas bites cenu. Avota (“So what does
the average honey bee cost?,” 2011) tiek sniegts vienas bites vértibas iesp&jamais
aprékins.

Spieta vertibas aprekins péc vienas bites cenas

Spieta lieluma aprékinasanai var nemt véra bisu skaitu, kas atdalas no
saimes, procentuali, balstoties uz (Rangel, Seeley, 2012), kur noradits, ka $is
lielums var biit ap 75%.

Parversot spieta lielumu naudas izteiksmé ( 2 ), var iegit spieta vertibu:

Svar = Ssize * Ppee + Pqueen ( 2 )

kur:
Sval — spieta vértiba, EUR;
Ssize — biSu skaits spieta, gab;
Puee — CeNa par vienu biti, EUR;
Pqueen — biSu mates vértiba, EUR.
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Nakamais aspekts, kas biitu janem vera, ir neievakta medus raza un medus
cena tirgi. Tatad kopgjie spieta raditie zaud&jumi (ja spietu nenotver) aprékinami
pec (3):

Scost = Sval + (Phoney * Lhoney) ( 3 )

kur:
Scost — Spieta izmaksas, EUR;
Sval — spieta vertiba, EUR;
Proney — medus cena par vienu kg, EUR/kg;
Lhoney — Neiegitais medus daudzums, kg.

Tacu, ja konkréta saime ir izvesta ganibas, tad janem véra ieprieks (1)
noraditais aprékins. Lidz ar to apkopojot ieprieks noradito informaciju, ieguvums
(Bnf) no spieta satverSanas biitu rékinams péc (4 ):

Bnf =S¢5t — €4 (4)

Aprakstita alternativu analize uz So bridi atrodas implementacijas stadija
SAMS projekta timekla sistéma https://sams.science.itf.llu.lv/swarm-economy.

Nemot vera $o sist€mas sniegto informaciju, biskopis izlemj ka attiecigaja
situacija rikoties, Kas attiecas uz biSu saimes bojaejas un nezinamiem stavokliem,
tad Seit biSkopim jaapsver dosanas konkréto saimi apskatit, vadoties péc
izmaksam Iidz saimes atraSanas vietai.

IzvEletas alternativas ievieSana izpauzas ka aktivitate konkrétas bisu
saimes stavokla gadijuma. Tatad biskopim jaizverté izmaksas attiecigai ricibai
(spieta sanemsana, saimes apskate) un javeic konkréta lémuma realizacija. Kas
attiecas uz LAS lietotaja saskarnes komponenti, kas lauj lietotdgjam parskatit
esoSo situaciju vina drava, tad tika apsverti vairaki varianti — lokalas un timekla
sisteémas veida.

LAS pirmas versijas lietotaja saskarne veidota darbvirsmai un apskatama
(sk. 5.7. att.). Attela redzama lietotne veidota C# programmésanas valoda. Lai
lietotajam vizuali att€lotu situaciju drava, tika izmantots krasu kod&jums. Ar
sarkano krasu tiek atziméetas saimes, kuras nepiecieSams apskatit, ar melnu krasu
— saime, kas iesp&jams, gajusi boja, ar zalu — saimes, kuras, iesp&jams, sakusas
perot.
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5.7. att. LAS pirmas versijas lietotaja saskarne

leprieks apskatita LAS pirma versija tika iestradata ari timekla sist€éma
(https://bites.science.itf.llu.lv/#/dss), kur lietotdjs var apskatit kop&jo situaciju
starp saimju temperatiram. Ja tiek konstatéts, ka kadai saimei nepiecie$ama
apskate (diferencétais likums), tiek att€lots attiecigs pazinojums (sk. 5.8. att.)

O 18 2015.03.09 10:10:06 1400 @ Inspect >

5.8. att. Pazinojums par nepiecieSamibu apskatit saimi

Lietotajs tiek bridinats arT gadijuma, kad ir aizdomas par kadas saimes
bojaeju (sk. 5.9. att.).

®25 2015.03.09 10:10:06 788 % Possible death >
[ORK:L] 2015.03.09 10:10:06 A7.88 >
5.9. att. Pazinojums par saimes iespéjamo bojaeju
A1l spietoSanas notikumus iesp&jams aplikot timekla sistéma (Sk. 5.10.

att.), kur tiek att€loti pedgjas stundas laika fiksétie notikumi, turklat sistema
nodroSinata iesp&ja apskatit ar1 vesturiskos spietoSanas datus par katru saimi.

®3a1  2016.06.27 10:27:57 3475
M32  2016.06.27 10:27:57 34.31 Possible swarming in the last hour [ * |
®a3  2016.06.27 102757 34.19 * |

5.10. att. SpietoSanas notikumu attélojums timekla sistema
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Ka redzams, tad grafiska lietotaja saskarne nesatur sarezgitus elementus,
bet biskopim nodrosina saprotosu informaciju.

Izveletas alternativas izpildes novertejums

Lémuma procesa pienemsSanas faze, kurai, autoraprat, tiek pieversta
parlieku maza uzmaniba. Pec konkrétas alternativas izpildes lietotajam butu
jaizdara attiecigie secinajumi. Jo, kliidainu stavoklu identific€Sana var radit
finansialus zaud&umus. Principa Sis solis uzskatams par sist€mas veiktsp&jas
atsauksmi, atgriezenisko saiti, dalgji arT test€Sanu. Nekorektu stavoklu
atpaziSanas gadijumos izstradatie modeli japapildina ar jaunam apmacibas
kopam, jaunu informaciju, to uzlabosanai.

Lietotajam janoverte ar1 alternativu analizes metodes, jo iesp&jami dazadu
faktoru papildus ieklausana, pieméram, laika prognoze vai citas, lidz Sim
nenoskaidrotas izmaksu vienibas. Protams, lictotdjam janoveérté ari konkrétaja
situacija savs pienemtais lémums.

Izstradata LAS prototipa perspektivas un uzlabojumi

Promocijas darba aprakstito bisu saimju vadibas sistémas metodiku —
pielietotas tehnologijas, zinaSanu bazes parvaldiba — iesp&jams pielietot ari citas
nozarés. Ka pieméru var minét vairakus starptautiskos pé€tniecibas projektus,
kuros pétnicka statusa darbojas arT promocijas darba autors.

Starptautiskaja ERA-Net SUSAN projekta PigSys planota LAS izstrade,
kur promocijas darba aprakstita pieeja ir pilniba pielagojama ctikkopibas nozarei.
P&c datu iegliSanas, pieméram, videodati par ciku (biologiska daudzobjektu
sisttma) uzvedibu aizgaldos, ar fazilogikas slédzienu sistéma definétiem
likumiem, biitu iesp&jams identificét neatbilstosu cliku uzvedibu — vai konkrétais
biologiskais objekts parak ilgu laiku atrodas gulas stavokli, vai parvietojas; cik
uzraudzibai paklautais dzivnieks pater€ fideni un baribu u. tml.

Apvarsnis 2020 programmas projekta SAMS ietvaros promocijas darba
piedavata LAS ar fazilogiku uzskatama ka lémumu atbalsta sisteémas uzlabojums.
Turklat Seit paradas arT promocijas darba minétas fazilogikas slédzienu sistémas
pozitivas iezimes — Etiopija un Indon&zija ir krasi at$kirigs klimats, kas atsaucas
uz bisu uzvedibu un stropa eso$o temperatiiru visa gada garuma, Iidz ar to FSS ir
erti papildinama ar jauniem likumiem, nemot vera atrasanas vietu.

HIVEOPOLIS (Apvarsnis 2020 programmas projekts) projekts kartgjo
reizi apliecina, ka precizas biskopibas joma joprojam ir aktuala, un promocijas
darba veikta petijuma rezultatus iesp&jams pielietot/pielagot ar1 $aja projekta.

Ka vienu no bitiskakajiem uzlabojumiem var mingt datu glabasanu un
apstradi, proti, pielietot datu noliktavas principus, kas jau tiek petits PigSys un
SAMS projektu ietvaros. Datu noliktavas konceptuala shéma demonstréta 5.11.
att.
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SAMS DW WebApi SAMS DW Core

5.11. att. Datu noliktavas koncepts datu apstradei
(Komasilovs et al., 2019)

Kas attiecas uz datu glabasanu, interesantu konceptu datu glabasanai
prezenté (Parikh, Stirman, 2013), proti, laika rindas datu glabasana NoSQL tipa
datubazeé MongoDB ar dokument-orientétu dizainu, kur vairakus ierakstus var
glabat viena dokumenta. Pie $adas pieejas implementacijas darbojas ari
promocijas darba autors, piedaloties datu noliktavas praktiskaja izstradg.
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SECINAJUMI

Galvenie darba rezultati

1) Izpétita un analizéta lemumu atbalsta sistéma un tas realizacijas
iespéjas biosistemu vadibai.

Lémumu atbalsta sist€mas arhitektiiru veido 5 galvenas komponentes —
datu vadibas sisteéma, modelu vadibas sist€ma, zinasanu baze, lictotaja saskarne,
lietotajs — no kuram Tpasi jaizce] lietotajs un lietotaja saskarne, kas nodro$ina
sisttmas efektivu pielietoSanu. Nenemot véra lietotagja lomu (sist€émas
izmantotdjs) un izstradajot sarezgitu, lictotdjam nesaprotamu, saskarni
(nodroSina sazigu starp lietotaju un sistému) l@émumu atbalsta sisteémas
efektivitate strauji samazinas; lietotdjs nespgj izmantot sist€mas sniegto
potencialu. P&c konkrétas LAS komponentes dominances var izdalit vairakus
LAS paveidus.

LAS attistibas gaita “nostiprinajusies” lémuma piepemsanas procesa
septini izpildes soli (problémas identificEsana un definéSana, alternativu
generéSana, modelu izstrade, alternativu analize un izvéle, ievieSana) ir
attiecinami biologisko objektu, $aja gadijuma, biSu saimes uzraudziba. levie$anas
faze izpauzas ka biskopja veikta riciba pie attiecigas biSu saimes stavokla
iestasanas, kur pienemta lémuma pareiziba jasecina péc ekonomiskajiem
faktoriem (zaud&jumi, ieguvumi). Savukart promocijas darba autoraprat, parlieku
maz tiek likts akcents uz piepemta 1émuma novertésanu, ka rezultata piedavata
modificéta lémuma pienemsSanas procesa koncepcija, izdalot noveértéSanas
procesu ka atsevisku fazi.

Fazilogika ar slédzienu sist€mu ir efektigs risingjums, kas biezi tiek
izmantota LAS ka zinasanu apstrades sist€éma, sniedzot prieksrocibas problemu
raksturojoso likumu formul&jumu papildina$ana un paplasinasana. Fazilogikas
sledzienu sistémas mehanisms ir pielagojams biologisko sisttmu uzraudziba
iegiito datu analiz€Sanai.

2) [Izstradats automatizéts risinajums biologiskas sistémas uzraudzibai.

Datu savakSanai nepiecieSama automatizgta sisteéma, kas spgj veikt
nepartrauktu konkréta intereses objekta uzraudzibu. Promocijas darba piedavatas
dazadas uzraudzibas sist€mas arhitekttiras biologisko daudzobjektu uzraudzibai,
iz8kirot to pozitivas un negativas iezimes. Izstradats arT piemé&rotakas sisteémas
izv€les algoritms. Balstoties uz apskatitajam arhitekttiram, izp&titas uzraudzibas
sisttma pielietojamas tehnologijas un izstradatas divas, atSkiriga tipa,
uzraudzibas sisttmas — vadu un vadu, bezvadu apvienojums (hibridsisteéma).
Hibridsistéma demonstré risinajumu specialam gadijumam, noradot uz sisteémas
arhitektiiru daudzveidibas iesp&jam.
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3) [Izstradats automatizéts lemumu atbalsta sistemas prototips biologiskas
sistemas vadibai.

Balstoties uz teorija noradito par LAS izveidi, izstradats LAS prototips
biologiskas sistémas vadibai. Izstradatais prototips ir datu, mode]u un zinasanu
vadits. Zinaanu bazes apstradei izmantota fazilogikas slédzienu sistema, kas
nem vera bisu saimes un apkartgjas vides temperatiiru, So temperatiiru starpibu,
gada m@nesi un izmainas biSu saimes temperattra. Fazilogikas slédzienu sistema
izdala tris stavoklus (noradot kopé&jas saimes veseliguma pakapi) — bojaeja,
ekstréms, normals. Stavoklis “ekstréms” var ieklaut dazadus, arT neidentific€tus
stavoklus, kur spietoSanas stavokla identificéSanai tick aktivizéts izveidotais
neironu tikls.

4)  Eksperimentali novértéta izstradata lémumu atbalsta sistemas prototipa
darbiba bisu saimes stavok]u atpazisana.

Izstradata 1@émumu atbalsta sist€mas prototipa zinaSanu apstrades bloks
tika validéts ar dazadu stavoklu datu kopam, uzradot stabilu darbibu. Atseviski
validéta gan fazilogikas slédzienu sistéma, gan spietoSanas identificEéSanas
neironu tikls, aprékinot to veiktsp&jas raditajus. Alternativu analizei piedavati
potencialie matematiskie modeli spieta vertibas (zaud€jumi spieta nesakerSanas
gadijuma) un cela izmaksu lidz dravai aprékinasanai. Nemot véra $o alternativu
analizi, biSkopim japienem, vinaprat, piemérotakais [émums.

Izstradatas uzraudzibas sistéemas un LAS prototipa pirmas versijas tika
pielietotas starptautiska projekta ITAPIC ietvaros.

Bisu saimes identificéto stavoklu att€losanai, izstradata lietotaju saskarne,
kas pielauj lietotajam veikt what-if analizi, mainit vértibas un novérot diferencéta
likuma rezultata izmainas.

LAS ievieSanas fazes eksperimentalo novértéSanu precizaja biskopiba
sarezgl konkréta gadalaika ietekme — konkr&ts bisu saimes stavoklis, ko nevar
ieprieks prognozet, lai veiktu atkartojamibu un analizétu veiktas darbibas ietekmi
uz biSu saimi.

Secinajumi un attistibas perspektivas

Ka galvenos secinajumus var izdalit:

1) lémumu atbalsta sistéma ir pielagojama biskopibas nozarei bisu
saimju vadibai;

2) péc temperatiiras datiem iespgjams identificét vairakus biSu saimes
stavoklus (taja skaita spietoSanu), kad nove@rojams izteikts
temperatiras kapums;

3) hibridsisteéma paplasina vadu un bezvadu sistémas prieksrocibas un
minimize dalu to trukumus;
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4)

5)

6)

7)

8)

fazilogikas slédzienu sistéma LAS zinaSanu apstradei piedava &rtu
veidu papildus likumu pievienoSanai un papildinasanai. Izstradata
fazilogikas slédzienu sistéma uzradija stabilus veiktspgjas raditajus:
~98% pareiziba, 100% precizitate un specifiskums, ~97% atdeve
(recall), ~98% F1 vertgjums;

spietosanas stavokla precizakai identifice$anai ar Tensorflow satvara
izstradatais modelis uzradija sadus veiktsp&jas rezultatus: ~100%
pareiziba, ~91% precizitate, ~100% specifiskums, 100% atdeve,
~95% F1 vertejums;

bisu saimes bojaejas konstat€sanai iesp&jams pielietot temperatiiras
tendences analizi, apvienojot dazadas metodes (Pirsona, Spirmena,
Kendela ranga korelacijas). Sadas pieejas demonstrésana noradija uz
potencialu minéta stavokla sekmigai identificéSanai;

alternativu analizei izstradatie matematiskie modeli lauj izvertet
darbibu veiksanu konkrétu stavoklu gadijumos;

alternativu analize noradija uz biitisku ietekmi uzraudzibas sisteému
lietderigumam, jo, laicigi konstat€jot saimes stavokli, iesp&jams
izvairtties no papildu izmaksam.

Savukart pie galvenajam attistibas perspektivam var minét:

1)

2)
3)

4)

izstradatas LAS pielago$anu dazadu starptautisko projektu (SAMS,
PigSys, HIVEOPOLIS) ietvaros, dazadu objektu uzraudzibai,
vadibai (bites, ciikas);

datu glabasanas un organizé$anas uzlabojumi, pielietojot datu
noliktavas koncepciju;

uzraudzibas sisttmu papildinasana vairaku parametru meériSanai
(mitrums, svars, skana);

fazilogikas sistémas papildinasana ar likumiem, kas nem véra citu
mérito parametru vertibas — mitrums, svars, audio dati — un $o
parametru izmainu Tpatnibas dazados regionos.
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INTRODUCTION

Monitoring of internal processes can be considered as one of the most
important tasks within systems (as well multi-object biological systems). The
information gained during the monitoring, can be used to control further
processes that may have a significant impact on the operation of the whole
system. Therefore, the action of process management is of great importance,
since it depends on the analysis of obtained data and can predict the system’s
further state. Regarding data analysis, the system of interest can be supplemented
with a decision support system (DSS).

The monitoring of biological objects can provide important and up to date
information about the state of the system concerned. Data obtained from
monitoring requires complex processing and are time consuming when done
manually. Implementation of a DSS can not only facilitate such process, but also
help to manage and control the operation of the system and, based on the results
of analysis, inform the person of interest about the necessary actions to be taken.

Multi-object biological system can be defined as a system that consists of
a set of biological objects. Examples of multi-object biological systems include
poultry, pigs, cows, sheep flocks etc. Monitoring of these systems can provide
information on the behavior of these animals in fattening or rearing complexes
where control of these processes are particularly important. Multi-object
biological systems also include honey bee colony.

Honey bees are considered as one of the most important insects, playing
the role as the main pollinators — 85% from all the flowers are pollinated by bees
(Warnke, 2009). European Commission (“Honey bees”, 2016) states that bees are
important for either, the environment and economics, since the pollinators (honey
bees, bumblebees, wild bees) contribute more than 22 billion EUR for the
European agriculture industry every year. Alongside the pollination of crop and
plants, bees provide various other products like pollen, bee wax, propolis, to
name a few, to be used in food technologies, medicine etc.

The importance of honey bees is highlighted by the fact that their
existence is threatened — there are more and more causes that lead to result of the
death or sudden disappearance of bees. The phenomenon of sudden
disappearance is called “Colony Collapse Disorder” (CCD) when a large amount
of bees disappear, and only the queen, some nurse bees and a lot of food remains
in the hive. Although by (“Colony Collapse Disorder,” 2013) data, the recent
number of this phenomenon occurring has rapidly decreased (from 60% in 2008
to 31% in 2013), but the real reasons for such a phenomenon are still not fully
understood (Milius, 2018). Besides the CCD, there are also other threats:
parasites and pests, pathogens, poor nutrition and exposure to pesticides (“ARS
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Honey Bee Health and Colony Collapse Disorder,” 2016). These mentioned
factors clearly emphasize the cause of the recent concerns about honey bee
existence in the future.

Precision beekeeping (PB) or precision apiculture was recently defined by
(Zacepins et al., 2012). It is an apiary strategy, focusing on individual honey bee
colony monitoring in order to decrease resource consumption and increase the
productivity of bees (Zacepins et al., 2012).

From 2013 to 2016 Faculty of Information Technologies (Latvia
University of Life Sciences and Technologies) coordinated ERA-Net ICT-AGRI
(under 7th Framework Programme for Research) international project
“Application of Information Technologies in Precision Apiculture” (ITAPIC, No.
Z/13/1128). Author of this PhD thesis also participated in this project as a
researcher. ITAPIC project (“Project information,” 2013) focused on adapting
precision agriculture technologies and principles into beekeeping by using novel
information and communication technologies, resulting in automatic
identification of different honey bee colony states and notifying the beekeeper
about necessary actions. The contribution of the author of this PhD thesis was
related to the development of monitoring systems and DSS, including, rule
definition, automatic state identification, DSS implementation within web
system.

The three phase cycle can be applied to PB the same way as in precision
agriculture. This cycle includes data collection, data interpretation, analysis and
implementation. The goal of data collection phase is to develop tools for
uninterrupted, real-time honey bee colony monitoring (Zacepins et al., 2015).
According to (McBratney et al., 2005), data analysis is a stumbling block in
precision agriculture. There are several studies described in (Zacepins et al.,
2015) in order to detect honey bee pre-swarming period, broodless state, the start
of brood rearing etc.

DSS is considered as a subsystem in PB (Zacepins et al., 2015) that
analyzes and interprets measurement data. According to (“Welcome to
colonymonitoring.com!,” n.d.) the analysis of the data obtained by honey bee
colony monitoring systems are still carried out by the beekeeper using
spreadsheet-like applications (e.g., Microsoft® Excel, LibreOffice® Calc) or
other methods. As it is mentioned by (Zacepins et al., 2015), there are different
DSS and expert systems related to beekeeping, but those are not aimed at
individual honey bee colonies, which is the focus point of this PhD thesis. PB can
use algorithms and defined rules that characterizes bee colony states by
importance level and based on this level DSS can provide the beekeeper with
various alternatives, where the choice is left to the beekeeper. To make the DSS
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more robust, different data sources can be combined: video, audio, weight,
temperature etc. (Zacepins et al., 2015)

The importance of honey bees is also highlighted by the two international
“Horizon 2020 projects (in both projects the author of this PhD thesis is working
as a researcher). One of the project “International partnership on Innovation in
Smart Apiculture Management” (SAMS, No. 780755) started on January 2018,
the second project “Futuristic Beehives for a Smart Metropolis” (HIVEOPOLIS,
No. 824069) started on April 2019.

Project SAMS continuous the research conducted in ITAPIC project.
Project includes partners from European Union (EU), Ethiopia and Indonesia.
The main aim is to strengthen the international cooperation between EU and
developing countries in the field of information technologies focusing on
sustainable agriculture. The HIVEOPOLIS project focuses on development and
management of futuristic beehives that would serve as a support for bee
well-being in a harsh, industrial urban environment.

Knowledge gained through this PhD thesis, can be applied not only to the
beekeeping field, but also to other fields, e.g., pig production. As an example
another project can be mentioned, named PigSys (No. ES RTD/2017/22), which
is an ERA-Net SUSAN project “Improving pig system performance through a
whole system approach”, that is aimed at improving the efficiency of pig
production. Author of this PhD thesis also participates in this project as a
researcher and works on data processing (development of data warehouse), data
analysis and development of a DSS.

The PhD thesis includes research on development of a DSS prototype in
order to identify various honey bee (Apis mellifera) states, indicating its
interdisciplinarity. Honey bee colony state identification as a whole includes
development of monitoring system, data analysis and development of algorithms
to ensure automatic colony state identification. The results of this research can be
applied to develop precision beekeeping direction not only locally in Latvia, but
also globally, as demonstrated by already existing activities within the
international projects with partners from Europe, Indonesia and Ethiopia.

The aim and tasks of the PhD thesis

The aim of PhD thesis is to improve the control of multiobject biological
system. In order to achieve the aim several tasks were set:
1) to analyze decision support systems and their realization options
regarding biological system control;
2) to develop automated solution for biological system monitoring
purposes;
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3) to develop automated decision support system's prototype for
biological system control;

4) to experimentally evaluate the developed decision support system's
prototype in order to recognize various honeybee states.

Research methods

Analysis of scientific literature and other resources.

Observation, comparison, induction, deduction experiments and conclusions.

Comparison of several technological modules was performed by applying
decision matrix methodology.

Single board computers (Raspberry Pi, Odroid-CO0) as well as custom circuit
board (developed by author of this PhD thesis) was used for biological object
monitoring purposes. Data collection applications were developed in Python and
C/C++ programming languages.

Desktop application (C# programming language) was developed to access the
measurement data. Additional functionality was added to an existing ITAPIC web
application (Java programming language, Spring Boot framework, AngularJS
front-end web framework).

To identify different honey bee colony states a fuzzy logic library jFuzzyLogic
was used.

To identify swarming different methods were introduced — an algorithm that
takes into account temperature dynamics, and two neural networks (in C# and Python
(Tensorflow framework) programming languages).

Developed methods were evaluated according to confusion matrix
methodology and statistical methods.

Scientific novelty and practical value

A modified decision making process concept is proposed, which

emphasizes the importance of assessing the impact of the decision taken.

o Different honey bee colony state identification by temperature data using
artificial intelligence methods.

o Decision support system’s prototype for automatic bee colony state
identification has been developed.

e Models for the process of selecting alternatives to the decision support

system have been developed.

Practical value of the PhD thesis is related to the implementation and
application of the developed systems within international scientific projects. The
developed DSS prototype is applicable either to apiary monitoring and
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management (SAMS, HIVEOPOLIS projects) and pig production (PigSys
project) field.

Studied monitoring system architectures and fuzzy logic inference system
is adaptable in various domains — indoor microclimate monitoring in offices,
lecture rooms etc.; other biological object monitoring (chickens, cows, sheep etc.).

Participation in scientific projects related to PhD thesis development:
ITAPIC (7th Framework Programme ERA-Net ICT-AGRI project “The
Application of Information Technologies in Precision Apiculture”, No.
Z/13/1128), SAMS (Horizon 2020 project “International partnership on
Innovation in Smart Apiculture Management”, No. 780755), HIVEOPOLIS
(Horizon 2020 project “Futuristic Beehives for a Smart Metropolis”, No.
824069), PigSys (ERA Net SUSAN project “Improving pig system performance
through a whole system approach”, No. ES RTD/2017/22).

Theses

e Decision support system and its components are adaptable to
multi-object biological systems.

e Several significantly important honey bee colony states can be
identified automatically by using only temperature data.

e Application of decision support system in precision beekeeping is
cost-effective.

PhD thesis structure and volume

The PhD thesis is written in Latvian containing abstract, introduction, 5
chapters, conclusions, bibliography, 5 annexes, 69 figures, 11 tables, 144 pages
in total. References to 235 literature sources were made.
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1. DIVERSITY OF SYSTEMS

Almost every day we are facing different systems. Regarding system's
definition it must be pointed out that every scientific article, book that is related
to systems, gives its definition. Academic term database http://termini.lza.lv/
provides several definitions:

e aset of objects, procedures or techniques and their relationship that
functionally forms a single entity;
e asetof units and devices that collaborate to execute a specific task.

A somewhat global definition is provided by (Miller, 1978): the universe
of all existing things can be considered as a universe of systems, where system is
defined as any connected and interacting set of elements. These definitions show
the diversity of systems. Overall several systems can be distinguished: natural,
human made, online, real-time, expert, knowledge-based, decision support
systems and other.

In general “decision support system” is considered as any system that
supports the user with any kind of decision making (Bruen, 2006). The decision,
on the other hand, is a choice from many options, which should also include the
option of doing nothing. Since the DSS provides many functionalities, it has led
to several simple, but general DSS definitions. According to (Marakas, 2003),
there are as many DSS definitions, as one can find articles and books about this
topic.

Decision support systems do not make decisions on their own, but rather
help with decision making (Yourdon, 2006). The main characteristics of a DSS
include: it supports the decision maker, but does not replace him; it supports all
phases of the decision making process; it is under DSS user’s control; it is
interactive and user friendly (Marakas, 2003; Power, Sharda, 2009).

The architecture of a DSS is constructed (see Fig. 1.1) from 5 components
— data management system, model management system, knowledge base, user
interface, user or users. Some authors distinguish three (Druzdzel, Flynn, 2002)
or four (Aronson et al., 2005) main components, where user interface and users
are merged together.
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Fig. 1.1 DSS architecture
(Jaiswal, 2014)

Some of the scientific articles provide information about studies where
DSS knowledge processing is based on fuzzy inference system (FIS). Such a
system has many advantages like rule definition by using syntax that can be easily
interpreted by human beings, a convenient way of expanding or modifying the
rule base. Other advantages include their application to either linear or nonlinear
problems (Baron et al., 2001).

Without the architecture of a DSS it is also important to point out the
process of how the decisions are made. It is of great importance to understand the
actions that need to be taken in order to make decision. By conducting various
researches (Felsberger, Oberegger, Reiner, 2016; Juneja, 2019; Shim et al., 2002;
Zacepins, 2013) it was concluded that the main activities regarding decision
making process are: problem identification, problem definition, generating
alternatives, choice of alternatives and alternative implementation.

The author of this PhD thesis believes that there is not enough attention
drawn towards the assessment of the decision made, therefore this should be
considered as a separate phase in the whole decision making process.

2. BIOLOGICAL MULTI-OBJECT MONITORING

Biological system is defined as “a complex network of biologically
relevant entities” (“Biological system,” n.d.). Although biological systems are
not rational agents, that can get input data, logically process them and serve
output data. A biological system is a chaos of many mechanisms that work in
different ways, creating behavior that can be observed and rationalized (Brooks,
1991). In the context of this PhD thesis, the term “biological multi-object system”
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can be defined as a system consisting of a set of many biological objects
(belonging to one species).

Monitoring can be explained as a manual or automatic action in order to
observe the actual state of the object (http://termini.lza.lv/), meaning that it is
possible to monitor either live (humans, animals) or artificial (systems, programs)
objects.

Honey bee colony can be considered as a unite organism (Steiselis, 2009)
or as stated in this PhD thesis — biological multi-object system. According to
(Zacepins et al., 2015), DSS in this sense can be considered as a subsystem of
precision beekeeping, where DSS is mainly responsible for data analysis and
interpretation.

When conducting various scientific studies there was no information
about complete DSS that are specifically focused and applied on honey bee
colony management, e.g., colony state identification, informing the beekeeper
about bee behavior. However there are multiple researches dedicated to this
context (“BuzzBox,” n.d.; Edwards-Murphy, Magno, Whelan, O’Halloran,
Popovici, 2016; Douglas S Kridi, de Carvalho, Gomes, 2016; Douglas Santiago
Kridi, Carvalho, Gomes, 2014; Mahaman et al., 2002; Markovic, PeSovié,
Djurasevic, Sinisa, 2016; Vlad, lon, Cojocaru, lon, Lorent, 2012).

One of the main positive aspects of honey bee colony monitoring is that it
allows to observe the behavior of the colony remotely, without the need to open
the hive and disturb the bees (Zacepins et al., 2016). Hive openings and other
actions, like manual weighting, raises the anxiety of bees that can be clearly
observed in temperature data (see Fig. 2.1).

—Hive 1
——Hive 2

Temperature inside
the hive during
manual weighting

Temperature, °C

—_
—

10
09.01 10.01 11.01 12.01 13.01 14.01 15.01

Date (dd.mm)

Fig. 2.1. Disturbance during manual weighting
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Different parameters (temperature, humidity, weight, vibration etc.) can
be monitored, where the combination of these data makes the DSS diverse,
extending the possibilities to identify various colony states. Within PhD thesis
the focus was put on the most cost-effective parameter monitoring, in this case,
temperature. The possible identification of different honey bee colony states by
taking into account only temperature data is indicated by (Zacepins, 2012), also
stating the impact of seasons where the same type of data patterns should be
interpreted differently.

Some of the important honey bee colony states include brood rearing,
colony death, diseases, swarming and others.

3. MONITORING SYSTEM ARCHITECTURES

A diversity can be found among monitoring system architectures that can
be applied to monitor in-hive microclimate. The differences between these
architectures are determined by various factors: measurement devices, data
storage concepts, data transmission technologies (wire, wireless) etc.

On-site monitoring is based on data access on-site (Romanov, n.d.),
meaning that data are not collected and sent anywhere for storing. Sensors can be
equipped with a display (e.g., temperature sensor) to view the current data. Since
data are not stored automatically, beekeeper should take notes and log
measurements manually (Kviesis, Zacepins, 2015).

Computer as a measurement device is an approach that utilizes personal
computer (PC) (if any) found in the apiary and stores data locally on a hard drive
(Meitalovs et al., 2009; Vornicu, Olah, 2004; Zacepins et al., 2011). Data can be
accessed by using a developed desktop or web application with implemented
DSS. Such system can provide information about honey bee colony states and
behavior and sent notifications to beekeeper (Kviesis, Zacepins, 2015). Several
remote tools (TeamViewer, RAdmin etc.) can also be used to access data remotely.

Monitoring with apiary’s computer and remote computational
center. This approach expands the previous one by adding stand-alone
computational center. Data are collected as before (by using a PC) and sent to the
remote database via internet. In such setup the PC is being used as a measurement
device. There are different possible data transfer scenarios — sending a copy of a
local Microsofi® Access database (Zacepins, Meitalovs, 2014); direct data
transfer by using SQL queries or executing HTTP POST request method on a
web server. To access data publicly a web server can be set up on the
computational center with implemented DSS (Kviesis, Zacepins, 2015).

Monitoring with an interface device. Architecture that is derived from
the previous one, where instead of an apiary’s PC a specific interface device is
used. Such a device can be a custom made circuit board or other electronic
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platform like Arduino and Raspberry Pi (router is not being considered as an
interface device in this context). This architecture (see Fig. 3.1.) consists of 2
main components: interface device (data collection and transfer), remote
computational center (data storing, analysis). As in previous architecture DSS
can be implemented in the computational center as well.

e Remote computational center
— - ot i b
T | anl;f;‘;sj » Decigions | Eﬁ

— ) )
.ﬂ 7 Internet = —
- o _ — o -
_— Connection to web © oo &
b o = server 1 : o

Fig. 3.1. Interface device as measurement node
(Kviesis, Zacepins, 2015)

4

Wireless sensor networks (WSN) can also be used within this architecture.
Sensor data are collected with measurement nodes (one node per hive) that sends
the data to the main node for further data transfer.

Monitoring by applying internet of things (loT) principles. This
architecture is based on wireless data transfer to remote computational center
(remote server, cloud services) (see Fig. 3.2.). The sensor measurement nodes are
also used to implement this type of system (one node per hive), where the nodes
have WiFi modules (like ESP8266). A wireless router needs to be setup near the
apiary to ensure successful data transfer. In such way, each measurement node
can send its data separately without the need of a main node. Functionality of a
remote computational center remains as described previously.

It

Remote computational center
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Fig. 3.2. Monitofing using loT principles
(Kviesis, Zacepins, 2015)

System architecture that uses independent sensor nodes. Data
collected are not sent anywhere, but instead processed on the sensor/measurement
node and only the decisions or the result of analysis is sent (via mobile network)
to the beekeeper. Unlike the architectures described above — measurement nodes
do not depend on any interface device (main node) or router that may interrupt
the data transfer for all measurement nodes.
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4. PRACTICAL IMPLEMENTATION OF
MONITORING SYSTEMS

During PhD thesis development it was identified that practical
implementation of monitoring systems must meet the main requirement —
temperature data collection due to the fact that bees inside the hive perform
thermoregulation actions (heating, ventilation). Therefore the life of bees inside
the hive can be represented by temperature dynamics.

In general, monitoring systems include components, such as, sensors,
sensor data collection, data transfer, data storing and analysis. During the
development of PhD thesis, author developed two separate monitoring systems:
wired and hybrid system.

Wired monitoring system

Wired system in this context is considered as a system that does not use
wireless technologies to send data to remote services. Instead sensors or sensor
nodes are connected to transmission device (node) with wires.

Wired system (see Fig. 4.1.) was based on a Raspberry Pi single board
computer, that monitored temperature inside beehives with 1-Wire technology
sensors (DS18S20).

Remote interface device ) " Remote computational center
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SMS
notificatins L
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data also with local
applications

Raspberry Pt DS18820 sensor  Server End user

Fig. 4.1. Monitoring system based on Raspberry Pi as an interface device
(Kviesis, Zacepins, 2015)

On Raspberry Pi a Python script was executed that did regular data

acquisition and sending to the remote server. Data were stored on a MySQL®
database that was set up on Ubuntu 12.04LTS.
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Hybrid system — a combination of wired and wireless technologies

This system partially combines wired and wireless technologies. The idea was
based on study of a particular situation — honey bee colony monitoring with option to
view data remotely, although the internet connection at the apiary is unstable and in
close range; usage of existing internet connection to view data and get notifications,
without additional mobile data subscription plan; the monitoring system should be
energy efficient; when possible, system should send notifications and alerts.

Hybrid system is based on architecture that uses interface device and WSN
principles to collect data by forming star topology network. PhD author developed
prototype measurement nodes that were used to collect multiple 1-Wire sensor data
and had a wireless data transfer functionality. Main node was based on Odroid-CO
single board computer that receives incoming data and stores data in a local database.
The Odroid-CO has enough power to perform data processing, necessary for DSS
implementation. Additional main node’s functionality includes notification and alert
sending as soon as the device is connected to the internet, and the possibility to send
data from local database to the remote computational center as well.

Particular hybrid system is cost-effective in cases, when several beehives are
located close to each other, because then the sensors can be connected to only one
measurement node. This system specifically emphasizes its advantages in a scenario
when the location of interest does not have a stable internet connection, thus data can
be stored locally and be available in a local network, since the main node is powerful
enough to host a local web server. Hence, the hybrid system demonstrates the diversity
of monitoring systems. The concept of the hybrid system is shwon in Fig. 4.2.

“T.es Wireless
L] P
& transmission

” b

&

% /
o v

*

e -
» OO {sensor | data | voltage

2
& -

radlio.avallable () {

POST

Host: .

Content-Type: application/json C#=

1

- B

Fig. 4.2. Concept of implemented hybrid system
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To view measurement data a local desktop application was developed in
C# programming language. The application provided connection to specific
databases, data selection by date periods, data graphical representation, basic
statistical information, data export and other functionalities.

5. DEVELOPMENT OF DSS PROTOTYPE FOR
HONEY BEE COLONY MANAGEMENT

The proposed DSS is data, model and knowledge based. This chapter
includes honey bee colony state detection rules definition that points to the
necessity to analyze “active” data points, by applying mathematical models, and
to use knowledge and trained models to identify different colony states.

Proposed DSS decision making concept

According to the studies conducted, DSS concept was based on the most
popular and more used decision making process in practice. During this PhD
research it was concluded that too less attention is drawn towards the process
following after alternative implementation, e.g., evaluation phase. There are
sources (“7 Steps of the Decision-Making Process,” 2017; Elmansy, 2015;
Kabaivanov, Markovska, Milev, 2013) that points to existence of such phase, but
it is not highlighted enough. Therefore it was proposed to modify the decision
making process concept with evaluation phase. During this phase the decision
maker should be able to assess the choice made and identify potential problems
— was the decision appropriate or is there a need to make colony state
identification model improvements, or did the decision maker himself make the
correct choice, or there are problems with analysis methods? Hence the user
(decision maker) should provide a feedback, by informing the system developer
or the decision maker should consider his mistake in making a decision. In a result
the whole DSS decision making concept can be divided in system and user part,
where Fig. 5.1. demonstrates one iteration of a decision making process.
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Fig. 5.1. Proposed concept of a DSS decision making process

Each of the decision making process element for beekeeping field can be

described:

1)

2)

problem identification — this phase seeks to answer the following
question: “who will be the decision maker, who will be the
stakeholder?” In this context these persons are beekeepers where it
should be noted that not every beekeeper is a specialist in
information technologies. Hence the problem should be looked from
the beekeeper’s stand point. It is important for the beekeeper to
maintain the colonies (overwinter), to gain maximum production
(therefore detection of brood rearing state, swarming and other states
are essential). Since there are different honey bee colony states that
can have an impact on beekeeper’s financial situation, then several
models should be developed in order to identify those states;
alternative generation — every detected state is analyzed and
necessary actions are determined: when to go to the apiary, when to
do nothing. So basically these two are the main alternatives the
beekeeper can choose from. Hence, the alternatives given specific
states could be:
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e honey bee colony death — beekeeper should go to the apiary
(based on the traveling costs, the beekeeper can delay this
action); additional costs should be considered regarding buying
new honey bee colonies;

e normal state — do nothing;

e swarming — beekeeper should go to the apiary to catch the
swarm (also depending on the travel costs and needed time);

e unknown state — beekeeper should go to the apiary;

3) usage of different models — by using various methods models should
be developed to analyze possible alternatives;

4) choice — beekeeper chooses the alternative that fits the best;

5) assessment of the decision made — decision maker evaluates if the
problem was identified correctly, was the alternative appropriate, did
he make the best choice.

Architecture of the developed honey bee colony management system

The architecture can be divided into 4 main parts (see Fig. 5.2.): data

collection devices (measurement nodes), database, DSS and users.
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Fig. 5.2. Honey bee colony management system’s architecture

Measurement nodes collect data and sends to main node (interface

device), where main node transfers data to a remote server via appropriate
interface. On the remote server side, data are inserted into database and a specific

55



messaging service “informs” data processing block that involves DSS. Data
collection and processing are two separate modules.

Honey bee colony states are identified by applying fuzzy inference system
with additional state processing block (to better distinguish colony states) (see
Fig. 5.3.).
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Fig. 5.3. Representation of a honey bee colony state identification process
DSS knowledge base and rule definition

During the PhD development it was proposed to define and implement a
fuzzy logic rule based subsystem. The behavior of bees is nonlinear therefore FIS
was chosen to identify honey bee colony states. According to (Sabri et al., 2013)
fuzzy logic modeling gives distinctive advantages compared to traditional
mathematical modeling methods. Therefore two groups of rules were defined:

o differential — compares temperatures between individual colony and
the average of the whole apiary;

¢ individual (controlled by fuzzy logic):

o honey bee colony death;
o normal;
o  extreme {swarming; colony death; unknown (diseases, CCD etc.)}.

It should be noted, that based on the information given by the DSS the
beekeeper is still the main decision maker.
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Applying FIS to identify honey bee colony states

A Mamdani type FIS was developed as a subsystem for DSS. Practical
implementation was done using Java programming language and jFuzzylLogic
(Cingolani, Alcala-Fdez, 2012; Cingolani, Alcala-Fdez, 2013) library.

Five input parameters were defined: temperature inside the hive, ambient
temperature, temperature difference between temperature inside the hive and
ambient temperature, month of the year, temperature difference within one hive.
The output of the FIS was defined by 3 membership functions (states) — death of
a bee colony, normal, extreme. Since the output of the FIS is a crisp value, then
in this context the output was considered and interpreted as “confidence of
colony’s healthiness”.

It should be noted that “honey bee colony’s death” can also be included in
the state “extreme”, since there are seasons where it is not that clear to detect
colony’s death by only looking at temperature data. However “extreme” state can
also point to swarming or other abnormalities, like high temperatures during
winter that could indicate some disease or early brood rearing period.

Based on defined data set that characterizes different temperature
dynamics in different seasons a rule set was defined for FIS. The creation of the
rule set was based on ID3 (lterative Dichotomiser 3) algorithm. This method
allows to identify the root node of the decision tree, where the root node is the
parameter that has the highest information capacity.

FIS validation and evaluation

Developed FIS was validated with historical honey bee colony in-hive
temperature data. In total 90 data sets (consisting of approximately 185000
individual data points — measurements) were selected based on observation of
historical data. Data sets included temperature data when bees were in normal
state, swarming or the colony died or abnormalities were detected. Since there
are possibility that a single measurement point can be faulty (bees can heat the
sensor by “sitting” on it or there is a technical reason) median value was taken
from the last 5 measurements.

It was observed that after the development and tuning, the FIS could detect
all 20 swarming cases where Fig. 5.4 represents one such case.
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Validation data set included data about honey bee colony during winter
season where the colony was mostly in normal state, but with some exceptions
when temperature spikes were observed (temperature increased by 10°C). All
these cases were successfully identified by the FIS, signaling that the colony is
in “extreme” state. Those spikes pointed to some stressful factors.

Regarding honey bee colony death, the system was able to point to some
instabilities in temperature data (see Fig. 5.5.). As the figure shows, the
temperature tended to decrease until it started to resemble the ambient
temperature curve. The FIS warned that the colony are in the extreme state quite
early and showed that the colony died (confidence of healthiness under 40%),
when the temperature was almost identical to the ambient temperature.
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Fig. 5.5. Identification of possible colony death

The data set also included cases when the temperature was too high during
winter period, indicating the possible start of brood rearing. Such a situation puts
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the colony at risk, because at the beginning of spring there could be no food left.
FIS did recognize these situations correctly.

The evaluation of FIS with confusion matrix

FIS performance was evaluated using confusion matrix that uses 4 different
value combinations (Joshi, 2016; Narkhede, 2018): true positive, true negative, false
positive, false negative. Also the model performance was calculated by determining
accuracy, recall, precision, specificity and F1 score.

As a result the FIS showed an accuracy value of ~98%, 100% precision and
specificity, ~97% recall and ~98% F1 score. The performance evaluation proves that
the FIS operates in a correct and stable manner identifying changes in honey bee
colony state.

Automatic swarming identification

Experiments were carried out during the period of May 1 till 31 August
2015 in order to monitor 10 honey bee colonies. The experiment took place at
Strazdu iela 1, Jelgava, Latvia. Temperature data were collected every 60
seconds. During this period beekeepers took notes of observed bee behavior.

During this experiment several swarming events were observed. By
comparing beekeeper’s notes with the temperature data, it was concluded, that
during swarming a specific temperature pattern exists.

Figure 5.6. represents temperature patterns during swarming. These
patterns show that the swarming process does not exceed 20 minutes, hence, data
collection time interval should be selected carefully (if data are collected, for
example, each 20 minutes, the swarming could not be detected).
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(Zacepins et al., 2016)

Application of neural networks to identify swarming

Since there is a specific temperature pattern during swarming, it was
considered to use neural networks (also due to author’s previous knowledge) in
order to identify this state. Two models, using different approaches, were
developed.

Model 1 — individual time series data points as input parameters

This model consisted of 3 layers — input, hidden and output layer. A bias
neuron (with value +1) was added to input and hidden layers, giving additional
weights to the whole net (Kviesis, Zacepins, 2016). Each temperature data point
in an hour interval was formed as an input parameter to the input layer, hence,
measurement at each minute was considered as a feature. The input layer values
were normalized, in order to get faster convergence of the back-propagation
algorithm (LeCun et al., 2012).

The constructed network was trained using stochastic principle and using
Sigmoid as an activation function. Gradient descent was used to minimize the
error. Described neural network was built using C# programming language.

Model 2 — features of a curve as input parameters

This model uses input values that characterizes the temperature curve:
standard deviation, variance, kurtosis, skew. The model was built using
Tensorflow framework and Keras library.
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Neural network was based on Sequential type model that consists of
stacked linear layers. This network besides input and output layers had also two
hidden layers with 18 and 12 neurons. Each hidden layer uses rectified linear unit
(relu) activation function, but output layer uses Sigmoid that returns value
between [0;1] and is suitable for classification cases when probability is expected
as output value (A. Sharma, 2017; S. Sharma, 2017).

The constructed neural network model was compiled using
binary_crossentropy loss function and Adam optimization algorithm. Training
included 150 iterations with batch size 10. During training process a validation
data set was used to ensure that this model is not trained only for the test data set.

Both developed networks were tested on historical data to evaluate
performance. In total neural networks were validated over 90000 data sets.
Performance evaluation included usage of the confusion matrix. Results of
performance evaluation are represented in Table 5.1.

Table 5.1. Evaluation of swarming identficiation models

Model # | Accuracy, | Precision, % | Recall, % | Specificity, % F1, %
%
1 100 100 ~82 100 ~90
2 100 ~91 100 100 ~95

Based on results, Model 2 was found as the most suitable to include in
DSS.

Analysis of alternatives

Alternative analysis in beekeeping domain includes two options: going to
the apiary; doing nothing. If the state of a honey bee colony is normal, beekeeper
is suggested to do nothing, because there is no need to disturb the bees. On the
other hand, if the state identified is unknown or colony died, the beekeeper should
go to check on the colony. By doing that, the beekeeper should take into account
some expenses that may occur — costs of a new colony (usually around 90 —
120 EUR) and/or new hive (in case of some disease).

If swarming occurred, a detailed analysis can be performed that could ease
the alternative choice for the beekeeper. This analysis includes financial
calculations. Therefore the beekeeper can consider if it is worth to go to the apiary
to catch the swarm.

There are several parameters that need to be considered to: location of the
apiary, travel costs, fuel price, fuel efficiency, time, persons involved, wage per
hour etc.
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To calculate the travel costs to the apiary one can use mathematical
equation given below (1):

n
Ca = (diSt * Cpkm) + (ttotal * Z Wi) (5)
i=1

where:
C. — total travel costs, EUR;
dist — distance to the apiary, km;
Cpkm — costs per km, EUR/km;
tiotal — total time (including traveling and time to catch the swarm), h;
W; — person’s wage per hour, EUR/h;
n — person count.

However more factors need to be considered to get the total cost the swarm
can cause. Those factors include average honey volume per colony, honey loss,
value of a swarm, honey price etc.

The value of a swarm can be estimated by literature study (typically 21 —
43 EUR according to (Mizis, 2003)) or theoretically calculate the swarm value
by taking into account price per bee where (“So what does the average honey bee
cost?,” 2011) shows a possible calculation of the value of one bee.

Swarm value estimation by taking into account price of bee

Size of a swarm can be estimated by taking into account the percentage of
bees that leave the hive. According to (Rangel, Seeley, 2012) research it is about
75%.

The swarm size can be converted into a monetary value by (2):

Svar = Ssize * Ppee + Pqueen ( 6 )

where:
Sval — Swarm value, EUR,;
Ssize — numMber of bees in the swarm;
Puee — price per bee, EUR;
Pqueen — Value of bee queen, EUR.
The honey loss and honey price should also be considered, forming the
total costs per swarm (3):

Scost = Sval + (Phoney * Lhoney) ( 7 )
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where:
Scost — Swarm costs, EUR;
Sval — swarm value, EUR;
Proney — honey price per kg, EUR/Kg;
Loney — honey loss, kg.

However, if the apiary is located in some remote locations travel costs
should also be included. Therefore, the benefit (Bnf) of catching a swarm can be
calculated by (4):

Bnf = S,p5 — C, (8)

Described alternative analysis is currently implemented by PhD author within
project SAMS web system https://sams.science.itf.llu.lv/swarm-economy.

By taking into account the information given by the DSS, beekeeper can make
a choice when specific situations occure. If the state of a bee colony is unknown, the
beekeeper should consider if it is worth to travel the distance to check on the colony.

The implementation of a chosen alternative is the beekeeper’s action in a
particular case. Regarding the DSS’s user interface, that lets the beekeeper to see the
overall statuss of his colonies, local desktop and web applications were developed.

The first DSS version was developed as a local desktop application by the author
of PhD thesis (see Fig. 5.7.). The application visually informed the beekeeper about the
situation in his apiary by color codes: black — possible death of a colony, green —
possible start of a brood rearing period, red — colony needs inspection.
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Fig. 5.7. Example of a DSS user interface
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PhD author also implemented the DSS prototype into a web system
(https://bites.science.itf.llu.lv/#/dss). If a colony needed inspection it was
represented like in Fig. 5.8.

O 18 2015.03.09 10:10:06 14.00 @ Inspect >

Fig. 5.8. Notification about necessity to inspect colony

In case of a possible death of a colony a warning was shown (see Fig.
5.9.).

®25 2015.03.09 10:10:06 788 % Possible death >

O 39 2015.03.09 10:10:06 A 788 >

Fig. 5.9. Notification about possible colony death

The web application also provided information about possible swarming
in the last hour (see Fig. 5.10.).

M31  2016.06.27 10:27:57 34.75
®32  2016.06.27 10:27:57 34,31 Possible swarming in the last hour [ * |
™33 2016.06.27 10:27:57 34.19 #*|

Fig. 5.10. Notification about possible swarming event

As it can be seen, the Ul does not contain any complicated elements, but
gives the beekeeper understandable information.

Assessment of the chosen alternative

As mentioned before, this is the phase that is not highlighted enough. After
the user has made his choice and took action (implemented the alternative), he
should also draw conclusions. This step should be considered as a performance
feedback, partly — testing. If the problem was incorrectly identified, hence, the
bee colony’s state was not recognized, models should be updated with new
training data, new information, knowledge to improve them.

User, in this case, beekeeper should also evaluate the methods used in
alternative analysis, in case these methods should be supplemented with
additional parameters, like, weather data or other information that has not yet
been clarified. User should also evaluate his own choice, decision made in the
particular situation.
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Potential applications and improvements of the DSS prototype

The honey bee colony management methods (technologies, knowledge
base processing etc.) described can also be applied to other fields. As example,
several international scientific projects can be mentioned.

International ERA-Net SUSAN project PigSys includes activities related
to the development of a DSS, where the methodology described in this thesis can
be applied to pig production. Data obtained from video cameras about pig
behavior inside the pen, could be processed using fuzzy inference system to
identify abnormalities in pig behavior — to detect if the biological object, in this
case, pig, sleeps too much, how many food or water is consumed etc.

DSS demonstrated in this thesis is considered as an improvement in the
Horizon 2020 project SAMS. This project also highlights the advantages of using
FIS — the weather in Ethiopia and Indonesia is completely different than in
Europe, therefore FIS eases the way of populating or modifying the knowledge
base with more rules or adding more input parameters (e.g., location).

Project HIVEOPOLIS (Horizon 2020 project) once again confirms that
precision beekeeping is still relevant and the results of the PhD research carried
out can be applied/adapted in this project as well.

Data storing and processing can be mentioned as one of the crucial
improvements. The usage of data warehouse, currently testing in PigSys and
SAMS, shows promising results regarding data organizing and report generating.
The concept of data warehouse is shown in Fig. 5.11.
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Fig. 5.11. Concept of data warehouse for data processing
(Komasilovs et al., 2019)

Interesting data storing concept is presented by (Parikh, Stirman, 2013),
where time series data is stored in a NoSQL database MongoDB applying
document-oriented design. Such approach was also considered regarding the
storage unit inside the data warehouse.
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CONCLUSIONS

Main results

1) Decision support system and its realization options regarding biological
system control has been analyzed.

Decision support system is based on 5 main components — data
management system, model management system, knowledge base, user interface,
users. The efficiency of DSS decreases if the role of the user has not been taken
into account or the user interface is complex, non-intuitive. DSS has several types
depending on the dominant component.

There are around seven steps that forms the decision making process
(problem identification and definition, alternative generation, model
development, alternative analysis and choice, implementation) and are applicable
to the field of beekeeping. The implementation phase is beekeeper’s action, when
the colony is in a particular state. The author of PhD thesis believes that the
assessment of the implemented alternative is not highlighted enough. As a result
author proposed a modified decision making process concept, separating the
evaluation phase.

Fuzzy inference system is an effective mechanism, which is often used in
DSS for knowledge processing, providing significant advantages.

2) Solution for automated bilogical system monitoring was developed.

Data collection requires automated system, that can preform continuous
monitoring on the object of interest. Author of this thesis proposed a variety of
monitoring system architectures for multi-object biological system monitoring.
An algorithm was developed that could help to chose the appropriate architecture.
Two different (wired and combination of wired and wireless (hybrid)) monitoring
systems were developed based on the research about architectures and
technologies involved. Hybrid system is a special case solution, that demonstrates
the diversity of monitoring systems.

3) Automated decision support system’s prototype for biological system
control was developed.

Based on conducted scientific studies, a DSS prototype was developed.

The DSS is data, model and knowledge driven. Knowledge base is processed with

fuzzy inference system that has several input parameters regarding temperature

inside the hive, outside the hive, month of the year and temperature dynamics.

As output FIS provides a crisp value that is interpreted as a confidence of honey
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bee colony healthiness. If the FIS detects extreme state, a special state processing
block is activated to distinguish swarming.

4) Developed decision support system's prototype was experimentally
evaluated in order to recognize various honey bee colony states.

The developed DSS prototype’s knowledge processing block was
validated against data sets that included different colony states. Performance of
FIS and neural networks (swarming detection) was evaluated separately. To
analyze alternatives potential mathematical models were proposed.

The developed monitoring system and DSS prototype was first
implemented within the international scientific project ITAPIC.

User interface was developed to show the overall statuss of the apiary,
where user can apply what-if analysis and observe the result of differential rules.

Experimental evaluation of DSS implementation phase is affected by
season changes, e.g., specific colony state that can’t be predicted, to perform
repeatability and analyze the impact of the action taken.

Conclusions and development prospects

1) Although there are no information about complete DSS application in the
field of beekeeping for colony state identification, the DSS is applicable to
this field;

2) several significantly important honey bee colony states can be identified by
only using temperature data;

3) hybrid system expands wired and wireless system advantages and
minimizes some of their disadvantages;

4) fuzzy inference system as a subsystem of DSS provides convenient way of
populating and modifying the knowledge base. Developed FIS showed
promising results in colony state identification: ~98% accuracy, 100%
precision and specificity, ~97% recall and ~98% F1 score;

5) to automatically identify swarming two neural network models were
developed. Better results were achieved by neural network developed with
Tensorflow framework: ~100% accuracy, ~91% precision, ~100% recall,
~95% F1 score;

6) different methods (Pearson, Spearman, Kendall correlation) can be
combined to detect honey bee colonies death. Such approach demonstrated
promising results;

7) developed mathematical models for alternative analysis allow to evaluate
the performance of activities in certain situations;
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8)

1)

2)

4)

analysis of alternatives has shown a significant impact on the effectiveness
of monitoring systems, as additional costs can be avoided by early detecting
changes in colony states.

Future development prospects include:
adapting the developed DSS within the various international projects
(SAMS, PigSys, HIVEOPOLIS) to monitor different biological objects
(honey bees, pigs);
improvements regarding data storing and organizing with data warehouse;
monitoring system upgrades, including additional sensor installation
(humidity, weight, sound);
improvements regarding FIS input parameters and rule base, by taking into
account different parameters (humidity, weight, sound data) in different
regions.
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