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IEVADS

Témas aktualitate

Misdienas informacijas un komunikacijas tehnologijas (IKT) sniedz
neaizstajamu atbalstu gan biznesa, gan lauksaimnieciba, gan razo$ana
notieko$ajiem procesiem. Informacijas tehnologiju un datorvadibas strauja attistiba
spgj nodroSinat, lai lauksaimniecibas objekti (augi vai dzivnieki) vai citi
biologiskie objekti tiktu novéroti individuali ar mérki vadit to attistibas procesus.
Tas savukart lauj panakt efektivu lauksaimniecibas objektu vadibu, nemot véra
objekta uzvedibu reala laika un argjas vides parametrus. Tada individualo objektu
vadiba kluva par pamatu jaunai starpdisciplinarai nozarei ar nosaukumu ,,preciza
lauksaimnieciba” (no anglu val. Precision Agriculture (PA)).

Precizas lauksaimniecibas (PL) definicija joprojam attistas un pilnveidojas,
jo taja izmantojamas tehnologijas mainas, un cilvéka izpratne par to, kas ir
teorgtiski un praktiski sasniedzams, palielinas. Gadu gaita definicijas uzsvars ir
mainijies no vienkarSas lauksaimniecibas, sekojot augsnes Ipatnibam (Robert,
Stafford, 1999), uz komplicétaku, kur ir jau mingta gala produkta kvalitate un
ietekme uz vidi (McBratney et al., 2005).

Preciza lauksaimnieciba ka lauksaimniecibas sisteéma balstas uz
datortehnikas lietoSanu visdazadako lauksaimniecibas uzdevumu risinasanai.

Istenojot PL pieeju sava saimnieciskaja darbiba, lauksaimniecibas nozares
specialists (lauksaimnieks) ir spgjigs sasniegt galveno meérki, tas ir - ieglit péc
iesp&jas augstakas kvalitates produkciju, patérgjot pec iespjas mazak resursu, kas
nodrosina lielaku pelnpu no saimnieciskas darbibas. Lai to panaktu, ir nepiecieSams
nodroSinat auga vai cita objekta labveligus augSanas apstaklus visos objekta
attistibas vai augSanas posmos. Par labveligiem apstakliem tiek defingta situacija,
kad lauksaimniecibas objekts atrodas piem&rota attistibas vidé ar labveligiem
argjas vides parametriem. Ietekm&joSie parametri var biit gaismas daudzums un tas
intensitate, temperatiiras un mitruma lielumi, augsnes kimiskais sastavs un citi
parametri. Gadijuma, ja notiek novirze no normaliem apstakliem, ir nepiecieSams
korigét ar€jos parametrus, lai process atgrieztos pie lauksaimnieciskai darbibai
velamiem apstakliem. Vélamie objekta augSanas parametri visos posmos parasti ir
zinami, gemot par pamatu ieprieks veiktus eksperimentus vai paSa lauksaimnieka
pieredzi un zinasanas.

Lielaka dala no lauksamnieciba notiekoSiem procesiem ir biologiskie
procesi (bioprocesi), kur ir iesaistiti daudzi savstarpgji saistiti objekti. Miisdienas,
realiz€jot parametru uzraudzibu individualiem objektiem, plasi tiek lietoti sensori
vai meriekartas, ka arT sensoru tikli, kuru uzdevums ir tieSa informacijas savaksana
un parsitiSana gala iekartai, pieméram, datoram, iegiitas informacijas turpmakai
apstradei un analiz€Sanai. P&dgja laika bioprocesu uzraudzibas un vadibas
problémas ir uzskatamas par svarigam, tiesi tapec tam pieverS uzmanibu daudzi
zinatnieki un petnieki.

Promocijas darba autors sava pétijuma pieveérSas daudzobjektu bioprocesa
vadibai. Promocijas darba nosaukuma lietots termins ,,preciza datorvadiba”, kas ir
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defingjams, nemot par pamatu precizas lauksaimniecibas jédzienu un pieeju, kur
butiski ir novérojumi par katru individuali p&tamo objektu. Preciza datorvadiba ir -
ar datora palidzibu veikta razo$anas vai tehnologiska procesa vadiba, balstoties uz
procesa iesaistito objektu individualajiem mérjjumiem. Daudzobjektu biosisteémas
preciza datorvadiba tie$i norada uz to, ka vairaki biologiskie objekti ir novéroti un
vaditi individuali ar IKT riku palidzibu. Balstoties uz individuala objekta
uzvedibas parametriem, ir izvéleta vadibas iedarbe uz objektu, ar galveno merki -
nelaut bitisko parametru vertibam iziet arpus vélamajai attistibai piemérotam
robezam, tad&jadi nodrosinot razosanai nepiecieS$amo objekta attistibu konkrétaja
bridi. Biosistému vadiba, atskiriba no tehnisku sist€ému vadibas, daudzos gadijumos
ir ieverojami sarezgitaka, jo biologiskas sisteémas ir pasregul&joSas un citas
reguléSanas sistémas darbiba var radit darbibas nestabilitati, kas var izraisit
biologiska objekta bojaeju.

Autora promocijas darbs ir izteikti starpdisciplinarais darbs, kur ir
demonstréts datorvadibas iesp&jamais lietojums lauksaimniecibas nozaré -—
biskopiba, sakot ar precizas biSkopibas ka nozares defin€Sanu un beidzot ar
konkrétam informacijas tehnologiju un datorvadibas sistémam, kas to var realizét.
Darba laika ir izvéléts pétit medus bisu (no latinu val. Apis mellifera L.) saimes
ziemos§anas procesu, kas ir labs piemérs daudzobjektu biosistémai. Darba ietvaros
ir izvEléta biskopibas nozare, jo Sobrid p&tijumi par bisu saimes veselibu un bisu
skaita samazinaSanos Eiropas méroga ir uzskatami par svarigiem un atbalstamiem.
Uz darba tematikas nozimibu norada arT fakts, ka 7. ietvarprogrammas ERA-net
ICT-Agri projekta ietvaros ir apstiprinats starptautisks projekts ,,Application of
Information Technologies in Precision Apiculture (ITAPIC)”, kura talak tiks
attistita ST darba tematika biskopibas un IT zinatnu saskaré.

Promocijas darba praktiskais uzdevums ir realizéts, izmantojot PL ideju un
automatiz€tas vadibas sisteémas koncepciju, noverojot un vadot biSu saimes
aktivitati ziemoSanas perioda specializeéta bisu ziemotava. BiSu saimes ziemos$anas
periods ir liela dala no kopgja bisu saimes dzives cikla, un balstoties uz biskopju
atzinam, $aja perioda ir vislielakais bisu saimju zaud&jums un bojaeja.

Bisu saimes ziemoS$anas procesa ir butiski panakt, lai biSu saimes bitu
iespgjami labi piemérotas, lai izmantotu pirmo planoto medus ienesumu, kas
Latvijas klimatiskajos apstaklos ir aprila beigas. No ienesuma laika ir atkarigs, kad
bitém biitu jauzsak intensiva peru audz&Sana, tap&c ir nepiecieSams, izmantojot
informacijas tehnologijas un automatizacijas rikus, vadit biSu saimes peroSanas
procesu ziemosanas laika, ko ir iesp&ams Istenot tikai slégta un no argjas vides
apstakliem norobezota telpa.

Izveleta promocijas darba te€ma ir aktuala, jo risina precizas datorvadibas
lietojuma metodiskas problémas precizaja lauksaimnieciba, kura var uzlabot
lauksaimniecibas rentabilitati un vienlaicigi samazinat tas negativo ietekmi uz vidi,
ka arT praktiski demonstré precizo tehnologiju ievieSanas principus jaunas PL
nozare€s. Ka piemérs ir izstradata precizas biskopibas koncepcija, un ir tris gadu
eksperimentu laika demonstréts datorvadibas lietojums bisSkopibas nozare.
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Promocijas darba mérkis un uzdevumi

Promocijas darba mérkis ir uzlabot precizas lauksaimniecibas picejas
realizaciju, izmantojot vairaku matematisko model]u sadarbibu daudzobjektu
biosisteému datorvadiba.

Pétfjuma mérka sasniegSanai tika izvirziti $adi uzdevumi:

1. Izanalizet sensoru tiklu un datorvadibas realizacijas biosistému vadiba un
precizaja lauksaimnieciba.

2. lIzanaliz&t automatiz€tas vadibas sist€mu izstrades pamatprincipus biosistemu
vadibai.

3. lzstradat uz modeliem balstitas automatizetas datorvadibas sist€mas
arhitektiiru biosistému vadibai.

4. Izstradat individualo biologisko objektu uzraudzibas un vadibas sisteému
precizas datorvadibas realizacijai biSu zieminaSanas procesa.

5. [Eksperimentali novértét izveidotas sist€mas pielictojamibu biSu saimes
stavokla novértésanai un vadibai zieminaSanas procesa.

Pétljumu metodes

Datorvadibas sistému arhitektiiru analize tika lietota, izstradajot
datorvadibas sisteému arhitektiiru biosistému vadibai.

Biskopibas specialistu aptauja tika veikta, izmantojot kvantitativo p&tijuma
metodi - anket€Sanu.

Datorprogrammu izstrade tika veikta C# valoda.

Lémuma piepemSanas procesa algoritmu att€loSanai ir izmantotas
blokshémas.

Leémuma atbalsta sistémas realizacija izmantota deterministiska kvalitativa
un kvantitativa model&Sana.

Programmé&jamo logisko kontrolleru vadibas programmas izstradei ir
izmantota kapnu diagrammas valoda un Siemens Step7 MicroWin programmatiira.

Eksperimentu rezultatu analizei ir izmantotas statistiskas metodes.

Eksperimentalie biSu saimes temperatiras mérijumi ir veikti, izmantojot
1-vadu arhitektiiru.

Zinatniskais jauninajums

e Ir izstradata uz modeliem balstita sadalita vadibas un uzraudzibas sistemas
arhitektiira noslégta telpa notiekoSiem daudzobjektu biologiskajiem procesiem.

e Irieviesta dazadu tipu modelu sadarbiba Iémuma atbalsta sist€mas.

e Ir izstradata formala metodika precizas lauksaimniecibas sistému ievieSanas
lietderibas izvertésanai.

e Ir definéti precizas biskopibas principi.

e Ir izstradata datorvadibas sisttma precizas lauksaimniecibas principu
realizacijai biskopiba.
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Pétijuma tezes

e Precizas lauksaimniecibas pieeja biologisko sisttmu vadiba var uzlabot
razo$anas rentabilitati un samazinat kaitgjumu videi.

e [emuma atbalsta sistému realizacija var izmantot vairaku dazadu tipu un
dimensiju modelu mijiedarbibu.

e  Precizas lauksaimniecibas pieeju ir iesp&jams adaptét biskopibai.

e Ir iespgjams izstradat formalu metodi precizas lauksaimniecibas datorvadibas
sisteému ievieSanas ekonomiska izdeviguma analizei.

Praktiska vertiba

e Izstradata programma SEPA var tikt lietota dazadas lauksaimniecibas nozares
ekonomiski pamatotai precizas lauksaimniecibas sist€mu ievieSanas secibas
noteikSanai.

e Vadibas un uzraudzibas sist€mas arhitektlira realiz€ta biSu zieminaSanas
vadibas sistéma, kura ir izmantota biSu zieminasana 2010./2011. gada un
2011./2012. gada ziemas perioda. Sisteémas darbibas rezultata bisu ziemoSanas
procesu ir iesp&jams realizét attalinati vadama mikroklimata, noveérSot
neprognoz&jamo laika apstaklu ietekmi.

e Izstradata dalitas adaptivas automatiz&tas vadibas sistémas arhitektiira var tikt
lietota slégtas telpas notiekoSo bioprocesu vadibai.

o Izstradatie algoritmi lauj atpazit dazadus biSu saimes stavoklus péc
temperatiiras merjumiem.

Promocijas darba struktiira un apjoms

Promocijas darbs ir uzrakstits latvieSu valoda, satur anotaciju, ievadu, 4
nodalas, secinajumus, literatiiras sarakstu, 7 pielikumus, taja skaita 13 tabulas, 108
att€lus, kopa 152 lappuses. Darba izmantoti 150 literatiiras avoti.

1. DATORVADIBAS PIELIETOJUMS PRECIZAJA
LAUKSAIMNIECIBA

Pedgjos gadu desmitos datorvadibas, informacijas un komunikacijas
tehnologiju strauja attistiba sp&j nodrosinat lauksaimniecibas vai citu biologisku
objektu individualu noverosanu un vadibu. Tas savukart lauj realizét tadu precizo
lauksaimniecibas objektu vadibu, kad visas vajadzigas vadibas iedarbes notiek,
nemot vera ieejas datus un nepiecieSamos individuala objekta specifiskos
parametrus. Konceptuali PL raksturo tris fazu cikls, kur pirma faze ir datu
savaksSana, otra faze ir datu analiz€Sana un interpret€Sana un tre$a faze ir vadibas
iedarbe (Mancuso, Bustaffa, 2006).

Sodien visvairak PL uzdevumu risinasana notiek, izmantojot vienkarSotu
shému, kur datu savaksana par p&tamo procesu notiek, izmantojot sensorus vai
sensoru tiklus un talak balstoties uz ieglitajiem datiem, tiek pienemts lémums par
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nepiecieSamo vadibas iedarbi uz objektu. Sensoru tikli klaist par svarigu elementu
PL sistémas.

Bezvadu sensoru un sensoru tiklu lietojums lauksaimnieciba un partikas
industrija vel joprojam atrodas attistibas stadija, bet jau tagad var izdalit Cetras
kategorijas, kur $adas sistemas tiek realizEtas: vides uzraudziba, precizaja
lauksaimnieciba, razoSanas procesu vadiba, &ku un iekartu automatizacija
(N. Wang et al., 2006).

Preciza lauksaimnieciba pieradija sevi ka veiksmigu pieeju vairakas
lauksaimniecibas apaksnozarés, pieméram, precizaja lopkopiba (Berckmans,
2006), precizaja darzkopiba (Zhou et al., 2012), precizaja vinkopiba (Morais et al.,
2008; Bramley, Hamilton, 2004; Santesteban et al., 2012) utt. Biskopiba art ir
viena no lauksaimniecibas apak$nozarém, kur precizas lauksaimniecibas pieeja un
metodes var tikt izmantotas un realizétas.

Precizas lauksaimniecibas metozu un tehniku adaptacija biskopiba kopa ar
informacijas tehnologiju izmanto$anu var papildinat biskopju zinasanas un sapratni
par individualas bisu saimes uzvedibu. Autors piedava defin€t precizas biskopibas
(no anglu val. Precision Beekeeping vai Precision Apiculture) terminu, kas 11dz Sim
zinatniskaja literatlira nav pieminéts. Darba autors par $o t€mu zinoja ASV
konferencé ,,11th International Conference on Precision Agriculture” 2012. gada
julija. Preciza biskopiba (PB) ir dravas vadibas stratégija, balstoties uz individualas
biSu saimes uzraudzibu, ar mérki minimizét biSu saimes resursu pat€ripu un
maksimiz&t bisu produktivitati (Zacepins et al., 2012).

Promocijas darba ietvaros daudzu objektu biologiskas sistémas datorvadiba
un uzraudziba ir demonstréta, lictojot adaptivo vadibas sisttmu un vadu
temperatiras tiklu ar mérki optimizet un automatizet biSu ziemoSanas procesa
vadibu.

Biologisko procesu vadibas laika butiski ir ne tikai nodroSinat
biologiskajam objektam visparzinamus labvéligus vides apstaklus (piem.,
temperatiira, mitrums, baribas vielas), bet arT nodroSinat atgriezenisko saiti,
noverojot ar vadama objekta attisttbu saistitos parametrus (piem., masas
pieaugumu, aktivitates Iimeni, krasu, radito siltumu) vaditaja vide. Sadu pieeju
realiz€ ari preciza lauksaimnieciba. Paplasinot lictojuma sféru arpus
lauksaimniecibas un realiz§jot ar IKT palidzibu, to var saukt par biosistému
precizo datorvadibu.

2. AUTOMATIZETAS VADIBAS SISTEMAS
ARHITEKTURA PRECIZAI BIOSISTEMU VADIBAI

AVS arhitekttra ir vadibas sistémas abstraktais att€lojums, kurs ietver sevi
sisttmas komponensu (elementu) idealiz€tus modelus, ka arT komponensu
mijiedarbibas modelus. Arhitektiiras elementi ir saistiti viens ar otru un izveido
veselu automatizetu sisttmu un palidz nodrosinat konkréta uzdevuma risinajumu
jau arhitektiiras [Tmeni. Taja pasa laika sistemas arhitektiira atstaj pietiekami daudz
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brivibas, izveloties konkretus tehniskos risinajumus, un arhitektiira nav piesaistita
vienigajam risinajumam (Klir, 1990; Denisenko, 2009).

Dazadam PL variacijam piemérota vadibas sistému arhitektiiras literatiira
nav atrasta, jo autori parasti piedava noteiktas problémas risinajumu,
nekoncentr&joties uz arhitektiiras problematiku.

Sistemas arhitekttirai ir jaatbilst vairakam prasibam: pirmkart, ir japaredz
sistémas attalinata vadiba (sist€émai ir jaspgj savakt dati no daudzam geografiski
sadalitam vienibam l€émuma kvalitates uzlaboSanai). Otrkart, sisteémai ir jabut
dalitai, kas nozZimg, ka geografiskaja vieta, kur notiek biologiskais process, atrodas
autonomai vadibai minimali nepiecieSama sistéma ar zemam darba vides prasibam
(piem., plass mitruma, temperatiiras, vibraciju utt. diapazons), bet datu apstrades
sisttma atrodas skaitloSanas sist€émai piemérota vide. Treskart, ir jarealiz€ visu
vadiba iesaistito objektu parametru meériSana vadibas atgriezeniskas saites
realiz€Sanai. Tap&c autors sava pétljuma ietvaros piedava unificEtu vadibas
sistémas arhitektiru biologisko objektu uzraudzibas un vadibas uzdevuma
risinasanai, balstitu uz PL uzdevumu mode]u bazétas risinasanas sh&mu.

Autora piedavata biologisko objektu vadibas sisteémas arhitektira ir
atspogulota 1. atteéla. Piedavata vadibas sist€mas arhitektiira attiecas uz
biologiskajiem procesiem, kuri notiek slégta telpa un kur telpas mikroklimata
parametri ietekmé biologiska procesa norisi un visas biosistémas funkcionésanu un
attistibu.

Slegta vidé vai telpa notiekoSais biologiskais process tiek automatizeti
vadits ar mikroklimata vadibas sist€mas palidzibu, balstoties uz vadibai
nepiecieSamajiem mérfjumiem. M@ramo parametru pieméri var bit gaismas
daudzums un intensitate, mitrums, temperatiira, gazu sastavs utt. Taja pasa laika
svarigakie biologiska objekta parametri tiek meériti ar specializétas mersistémas
palidzibu. Merfjjumu rezultati tiek talak parsutiti skaitloSanas sist€mai, kura veic to
apkoposanu un analizi. Balstoties uz iepriek§ definétiem modeliem, skaitloSanas
sisttma atpazina uzraudzita objekta stavokli. Nemot vera citus argjo datu
informacijas avotus (piem., laika prognozi), skaitloSanas sist€ma pati vai, piesaistot
operatoru (cilvéku), pienem lémumu par nepiecieSamibu mainit vadibas sist€émas
parametrus ar mérki ietekmét biologiskus objektus un mainit to stavokli un/vai
uzvedibu.

Autora piedavata biosisteémas vadibas sistémas arhitektiira ir dalama
vairakos atseviSkos sist€émas elementos, kur katrs no tiem var bt izstradats
neatkarigi. Elementi ir: mikroklimata vadibas sist€ma, biosistémas parametru
merisanas sistéma un [émuma atbalsta sisteéma.
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Slegta bioprocesa vide
Mikroklimata —
- . Bioobjektu parametru
vadibas sistema = . -
X merisanas sistéma

Vadibas iekarta

? _ ioobjekt ¥ \\
A \ ' dati §. N

e Interfei
# L =

Meérisanas
iekartas

Biologiskais objekts 1

%%, ~ Umildiekartas r =

05 ‘0, i ko]

S, Py (o J =

@R Vi 5

o

VIDES MIKROKLIMATS> -§

2

‘ - -.T|>""‘ Lémuma atbalsta
=YV adibas uzdevums—[ -~ sistéma

Dazadu dimensiju
modeli

1. att. Slegta telpa notiekosa biologiska procesa adaptiva, sadalita vadibas
sistémas arhitektira

Papildus areja
informacija =~/ | —— 1

Precizas lauksaimniecibas sistému ievieSanas lietderibas izvértéSanas
metodika

Meérisanas iekartas izvEle ir viens no svarigakajiem etapiem, veicot
biologiska objekta parametru mé&risanas uzdevumu. Ilgtspgjigai lauksaimniecibai ir
jadarbojas ar pelnpu. Lidz ar to dazadu precizas lauksaimniecibas pasakumu
ievieSanai un arl meérsisttmas ievieSanai ka krit€rijs ir izvirzams investiciju
atmaksasanas atrums. Precizaja lauksaimnieciba ir nepiecieSams veikt individuali
uzraugamo objektu parametru meriSanu ar merki atpazit dazadus anomalus
stavoklus, kas neatbilst normalai objektu attistibai vai svarigus objekta attistibas
stavoklus. P&c stavoklu atpaziSanas ir javeic darbibas, kas vai nu novers
potencialos zaudejumus, vai arT lauj sasniegt labakus razosanas raditajus, salidzinot
ar tradicionalo lauksaimniecibu. Lidz ar to rodas jautajums - ka noteikt PL
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pasakumu efektivitati, nemot véra ekonomiskos raditajus? Tas lautu sakt PL
ievieSanu ar efektivakajiem jeb visatrak pelpu nesosajiem pasakumiem.

Objekta stavokli var raksturot vairaki parametri, kurus ir nepiecieSams
uzraudzit, tapec iesp&jama situacija, kad lauksaimniekam ir nepiecieSams novertet,
vai vispar ir ekonomiski izdevigi uzraudzit visus parametrus un vai meériSanas
sisttmas ievieSana sevi attaisno. Darba autors piedava metodi (algoritma
blokshemu skat. 2. att.), ar kura palidzibu var noteikt objekta meriSanas sist€mas
investiciju atmaksas (IA) koeficientu un tadgjadi noveértét ieguvumus un/vai
zaudgjumus péc objekta dazadu stavok]u atpaziSanas un parametru meérisanas.
Koeficienta mérvieniba ir gadu skaits, un tas izsaka, péc cik gadiem mersistémas
ievieSanas investicijas atmaksasies. Piedavatais algoritms nav specifisks konkrétai
PL apaksnozarei, un Iidz ar to var tikt plasi izmantots.

v

/1. Uzraugamo
objektu skaita
noteikSana

¢ Notikumu saraksta izveide
] - - ) )
2.3. Notikuma

-
2.2. leguvumu (- 2.4. Notikumu\

noteikSana no notikuma

‘/2. 1. Atpazistamo

notikumu . o _ ranzg$ana péc
identificetana atpaziSanas (naudas varbtiba (gada) ieguvumi:m
izteiksmg) \ /
v Meérsistému saraksta izveide

" 3.2. Pareizas notikuma

3.1. Viena notikuma ietekméto - _
atpaziSanas varbitibas

objekta parametru noteikSana

novertéSana
A
3.3. Ietekmé&to parametru 3.4. Sistémas investiciju
mersistému ievieSanas atmaksas (IA) koeficienta
izmaksu aprékins aprékinasana
N\ yui visi notikumi no notikumu saraksta ir apskatiti?
i
Y
Ja

/4. Katras mérsisteémas /5. Visu mérsistému / 6. Lemuma
kopgja IA koeficienta [—» ranz&Sana péc IA ’ pienemsana par
aprékinasana koeficientiem meérsisteémas ievieSanu

2. att. Lauksaimniecibas objektu meérsistémas ievieSanas investiciju atmaksas
aprekinasanas algoritma blokshéma
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Merisanas sisteémas investiciju atmaksas koeficients (IAK) tiek rékinats péc

1. formulas:
S
1K = leg X ObjSk X Nprob x NAprob M

kur Sl - mersistémas ievieSanas izmaksas (naudas izteiksmg);

leg - ieguvumi no viena notikuma atpaziSanas (naudas izteiksme);

Objsk - m@risana iesaistito objektu skaits;

Nprob - varbutiba, ka notikums ir iesp&jams gada laika;

NAprob - varbitiba, ka notikums tiks atpazits;

IAK - investiciju atmaksas koeficients.

Precizas lauksaimniecibas sist€emu ievieSanas izveért€Sanas metodikas

realizacijai ir izstradata ari datora programma SEPA (no anglu val. System
Evaluator for Precision Agriculture), ar kuras palidzibu var veikt aprékinus un
salidzinat vairaku sistému IAK (skat. 3. att.). Programma ir veidota no vairakiem
blokiem, kuri atbilst piedavatas metodikas posmiem. Programma ir brivi pieejama
lejupieladésanai pec adreses: http://www.ccsystems.lv/software/sepa.

p = e

o5l Precizas lauksimniecibas sistému ievied

Notikumu saraksts | M&rsistému sarakst5| Sistemu IAK |0pc:\jas|
Notikums Mérsistéma  Atpaz. varbotiba leguvuma dala 1AK
Objoktu skaits: — Saimes nave ) Skana 1 100 3
Saimes spietoSana Skana 04 50 6
Notikums: |Saimes nozag3ana - Saimes nozag$ana Skana 04 32 9.38
Mérsistéma: - Saimes nave Temperatdra 0.8 80 25
B - — Saimes spieto$ana Temperatdra 0.6 75 2.67
Alpazisanas varbitiba: |0.00 = Saimes nozag$ana Temperatdra 0.2 16 125
Saimes nozagsana Video 1 80 1.5
Pievienot Saimes nozag$ana Masa 086 48 2083
Kopéjais sistemu IAK
Mersistema Rezultats
Skana 1.65
Temperatara 1.17
Video 15
Masa 20.83
‘ m v
Aprekinat \ Dzést J \ Dzést visus ierakstus J

— se

3. att. Lauksaimniecibas mérsistémas ievieSanas investiciju
aprekinasanas algoritma realizacijas programma

atmaksas

Modelu sadarbibas metodika léemumu atbalsta sistemas

Promocijas darba autors uzskata, ka nepamatoti maza uzmaniba PL
uzdevumu risinasanas procesa ir pieversta dazadu modelu izmantoSanai. Risinot
konkré&tu uzdevumu, ir iesp&jams operéet ar vairadkiem modeliem, ko varétu nosaukt
par daudzmodelu vadibu, kas, p&c autora domam, uzlabotu 1€muma pienemsanas
sisttmas darbibu. Modelu izmantosanu vadibas sistéma nosaka nepiecieSamiba ar
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modelu palidzibu izvertét procesa lidzSingjo progresu un ta attistibas prognozes
vadibas iedarbju realizacija.

Biologisku sistému vadiba zinatniekiem parasti trikst uzticamas un pilnigas
informacijas par vadama objekta stavokli un uzvedibas algoritmiem, bet taja pasa
laika ir iesp&ja analiz€t vairakus atseviskus informacijas daudzumus, kas
aprakstami ar savstarpgji nesaistitu modelu formu. Promocijas darba autors piedava
modificét klasisku l@muma atbalsta procesu. Darba autors piedava l€émuma
pienemsanas procesa lietot modelus, nevis tikai alternativu analizei un seku
model&sanai, bet arT ar mérki identificet pétama objekta stavokli un tadgjadi ieteikt
pareizako lémuma alternativu, balstoties uz petamo objektu. Ka arT ir vél viena tada
patniba, ka ir izmantots nevis viens modelis problémas identifikacijai, bet vairaki
kvalitativie un/vai kvantitativie modeli, un, analiz§ot visu modelu izejas, ir
iesp&jams iegit plasaku skatu uz objektu un tadgjadi pienemt precizaku l[émumu.

Autora piedavato lémuma pienemsanas procesu var sadalit trijos ITmenos
(skat. 4. att.):

e ieejas datu limenis — kur tiek defin€ti nepiecieSamie dati gan par p&tama
procesa norisi, gan par pasu objektu;

o modeju limenis — kur visi ieejas dati tiek izmantoti vairakiem dazadu
dimensiju modeliem, ar mérki noteikt objekta stavokli un procesa statusu;

o Jlemumu limenis — kur visu modelu izejas dati tiek analizéti ar mérki
izveleties problémas risinajumu.

i 32 i in
v v v

v leejas datu

Visi ieejas dati limenis
v v v v v v
M1 M2 M3 M4 M5 Mn
Modelu

# # # J ‘ ‘ Iimenis

Visu modelu izejas

Lémumu
Lémuma pienemsanas modulis I'menis

v

I oy

) 4

4. att. Lemuma pienemsanas procesa tris limeni
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3. DAUDZOBJEKTU BIOSISTEMAS DATORVADIBAS
PRAKTISKA REALIZACIJA PRECIZAJA BISKOPIBA

Promocijas darba ietvaros ir izstradata un eksperimentali parbaudita uz
modeliem bazeta, reallaika, sadalita, adaptiva bisu ziemoS§anas procesa vadiba.

Ta ka biSu ziemoSanas process ir biologisks process, jo taja ir iesaistiti
biologiskie organismi, to uzraudziba un vadiba ir visai sarezgits, netrivials
uzdevums, jo biologiska objekta uzvediba un reakcija, iejaucoties cilvekam, médz
bt griti prognozgjama.

Izstradato sistemu var iedalit vairakos logiskos blokos, kur katram ir sava
funkcionala noslodze, un tas var but neatkarigs no citiem blokiem. Autora
izstradata sistéma balstita uz konkrétu biologisko objektu vadibas sistémas
arhitekttiru, kura tika demonstréta 1. att. Autora izstradata bisu ziemo$anas procesa
vadibas sist€émas arhitektiira ir dalama atsevis§kos elementos:

1.
2.

6.
7.

Ziemotavas temperatiiras automatizéta vadibas sistéma;
Sensoru tikls temperatiiras mériSanai stropos virs bisu ligzdas:
2.1. Sensoru tikla arhitektira;
2.2. Temperatiiras merijjumu nolasiSanas process;
2.3. Temperatiiras mérfjjumu timek]a saskarne;
Temperattiras mérjjumu apkoposanas un analiz€$anas riks;
Papildus argjo datu iegiiSana un analize;
Lémumu pienemsanas algoritms (par ziemotavas ieksgjas temperattiras
izmainam);
Leémuma verifikacijas process (biskopja verifikacija);
Temperatiiras vadibas sistémas mérka temperatiiras izmainas process.

Praktiskie bisu zieminasanas vadibas eksperimenti notika specializéta bisu
ziemotava (skat. 5. att.).

5. att. BiSu ziemotava (skats no prieksas (A) un skats no aizmugures (B))

BiSu saimes ziemoS$anas laika viens no svarigakajiem aspektiem ir nelaut
biSu saimei paragri uzsakt peroSanu, kas var€tu izraisit nevajadzigu energijas
patérinu ziemas otraja puse, peru bojaeju nosalsanas d€] vai pat saimes bojaeju.
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Lai atklatu un ierobezotu vai apturétu biSu saimes peroSanas procesu, ir
nepiecieSams novérot temperatiiras izmainas bisu saimes stropa. Sis specifiskais
precizas biskopibas uzdevums var@tu biit izpildams $adi: temperatiras kontroles
merfjumu veikSanai ir nepiecieSams izvietot nelielu temperatiiras sensoru bisu
stropa virs bisu saimes ligzdas. Virs sensora paliek pléve, tad stropa griestini, tad 5
centimetru putuplasta pakojums un stropa vaks.

BiSu ziemotava ir realiz€ta vadu temperatiiras mérisanas sist€éma (vadu
sensoru tikls). Temperatiras mérfjjumiem ir izmantoti ds18s20, kuri ir saslégti
vienota tikla, izmantojot 1-vada tikla protokolu (no anglu val. 1-wire network).
Sensoru mérisanas diapazons ir no —55°C lidz +125°C, ar precizitati +0.5°C.

Temperatiiras mérjjumu nolasiSanai un datu saglabasanai ir izstradata
informacijas sist€éma, ar kuras palidzibu ir izpilditas piemin&tas darbibas.

Ta ka biskopim ir nepiecieSama pastaviga iesp&ja kontrolet un uzraudzit
situaciju biSu stropos, papildus ir izstradata timekla saskarne temperatiiras
merjjumu atspoguloSanai. Tas lauj jebkura laika bridi paskatities aktualo
temperatiiru un ar1 veikt citas vienkarsas operacijas ar veéstures datiem. BiSkopim
jabit pieejamam tikai internetam un datoram.

Kopgja biSu saimju temperatiras meriSanas sist€mas arhitektiira ir
atspogulota 6. attéla:

Aplikacija SMS
pazinojumu _//

Timekla
saskarne

BiSu ziemotava

Aplikacija meérijjumu
datubazes kopéSanai
uz skaitlo$anas centru

Temperatiiras
mérijumu
datubaze

Temperatiiras merijumi

Temperatiiras
sensors

s .. 5. 5.
W y y} %’ y Bisu strops

6. att. BiSu saimju temperatiiras mérisanas kopéja sistémas struktiira
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Leémuma pienemsanu par biologisko objektu stavokli autors balstija uz
vairakiem dazadu dimensiju modeliem, kad reali iegiitie dati ir salidzinati ar jau
iepriek$ izstradatiem modeliem. BiSu ziemoSanas laika ir iesp&jams oper&t ar
abiem modelu tipiem (kvalitativie un kvantitativie). Galvenokart modeli ir
izmantoti, lai precizi paredzetu biologiskas sistemas stavokli, to aktivitati, noteiktu,
kada attistibas posma atrodas biologiska sisteéma.

4. BISU SAIMJU ZIEMINASANAS VADIBAS
EKSPERIMENT]I

Promocijas darba eksperimentalais darbs ir veikts bisu ziemotava, uzraugot
un vadot biSu saimes ziemoSanas procesu. Praktiskaja darba tika veikti vairaki
eksperimentalie uzdevumi. Eksperimentalie mérfjumi veikti divos ziemosSanas
periodos (2 gados). Pirmais periods bija 2010.-2011. gada ziema, bet otrais 2011.-
2012. gada ziema. Ja pirmaja gada tika testéta mikroklimata vadibas sist€mas
darbiba ar dazadam bisu saimém, tad nakamaja gada tika defintas objektu grupas,
saimju skaits grupas un to atskirigas pazimes.

2011.-2012. gada eksperimenta ir izmantotas 20 biSu saimes zieminasanai
iekStelpas un 10 biSu saimes ziemoSanai ard. BiSu saimes tika sadalitas
kontrolgrupas atkariba no siltumizolacijas. Telpa bija izvietotas 10 saimes ar
siltuma izolaciju un 10 bez izolacijas, bet ara visam saimé&€m bija siltuma izolacija.

Bisu stropi ara tika izvietoti zem nojumes ar mérki pasargat tos no lietus un
sniega. Eksperimenta ir izmantoti Norvégijas daudzkorpusu stropi ar izmériem
47x47x27 cm, sienas biezums ir 4.5 cm.

BiSu saimes temperatiiras mérjjumiem ziemotava tika izmantots 1-vadu
tikls, kad temperatiiras nolasTjumi tika veikti katras 20 mindites. BiSu saimes
temperatiiras mérjjumiem ara apstaklos tika izmantota iegulta iekarta un
temperatiiras nolasijumi arT tika veikti katras 20 mindites.

Ziemotavas temperatira tika uztur€ta robezas no +4 Iidz +6°C.
Recirkulacijas ventilatora raditais trokSpu Iimenis visa ziemoSanas perioda bija
70 dB, merot troksni ar testo 816 skaluma méritaju.

Papildu temperatiiras merijumiem biSu stropi tika sverti vienu reizi nedéla
ar mérki noverot stropu masas izmaigas. Stropu masas izmainas novert€sanai ir
nemta véra ari tukSa stropa masas izmainas. Masas mérjjumiem tika lietoti
platformas svari KERN IFS 120K1D (maksimalais svars 120 kg) ar kliidas robezu
2 g. Pati sveérSanas procediira, iesp&jams, ir ietekm&jusi biSu saimes uzvedibu, jo
saime tika uzbudinata sveérSanas bridi pacelSanas dél un uzliekot uz svariem.

Pirmais praktiskais uzdevums bija noskaidrot, vai péc temperattiras datiem
jeb bisu saimes temperatiiras mérjjumiem biSkopis var€s secinat un identific€s bisu
saimes, kuras var potenciali neizdzivot un iet boja. BiSu saimes bojaeju var atklat
ar strauju temperattiras kritumu biSu saimé un temperatiiras tuvinasanos ieksgjai
ziemotavas (vai ara saimém - ara) temperatiirai (skat. 7. att.). Analiz§jot grafikus,
var redzet, ka viena laika perioda biSu saimes temperatiira sak kristies un tuvinas
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ziemotavas gaisa temperatiirai, kas var liecinat par biSu saimes bojaeju. Lai
validétu un apstiprinatu So apgalvojumu, ir nepiecieSams vizuali nove€rot biSu
saimi. P&c stropu atverSanas ir secinats, ka biSu saimes tiesam ir gajusas boja.
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7. att. BiSu saimes bojaejas identificéSana péc bisu radita siltuma (2010.-2011.
ziemas periods). 21., 16. un 4. saime ir gajusi boja attiecigi 21.12.2010.,
21.02.2011. un 05.03.2011.

Otrais praktiskais uzdevums bija noskaidrot, vai péc temperatiiras datiem
jeb bisu saimes temperatiiras meérijjumiem biskopis varés secinat un identificét bisu
saimes, kuras saka aktivo peroSanas procesu (skat. 8. att.). Aktivas peroSanas

azime ir temperatiiras ilgstoSa paaugstinasanas biSu saimé.
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8. att. BiSu saimes peroSanas posma identificéSana péc saimes
temperatiiras stabila pieauguma (2010.-2011. ziemas periods). 10., 20., 23. un
24. saime sak linearu temperatiiras kapinasanu attiecigi 13.12.2010.,
23.12.2010., 22.01.2011. un 22.02.2011.
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Péc eksperimentalajiem datiem daudzam biSu saimém tika noverots
perosSanas procesa sakums. Ir labi nov@rojams, ka temperatiiras kapums apstajas pie
+30°C. Zinot, ka peru audzeSanai nepiecieSami +35°C, un temperatiira arpus peru
audzeSanas vietas ligzda kritas strauji, +30°C temperatiira virs ligzdas ir skaidra
intenstvas peru audz&Sanas (pretstata peru audzesanas uzsaksanas fazei) pazime.

Tresais praktiskais uzdevums bija noskaidrot, vai biSu saimes reaggé uz
ziemotavas iek$gjas gaisa temperatiiras izmainam un vai, samazinot vai palielinot
ziemotavas temperatliru, mainas arT kopg&ja bisu saimes uzvediba.

Ievérojami palielinot ziemotavas gaisa temperatiiru, biSu saimes klust
actmredzami aktivakas un pat izlido ara no saviem biSu stropiem (secinats p&c
realiem, vizualiem novérojumiem), kas ziemosanas perioda ir pilnigi nepienemami,
jo §t izlidosana var izversties par bisu saimes bojaeju. Bites sak izlidot no stropiem,
kad gaisa temperatiira ir virs +8°C.

Ziemotavas gaisa temperatiras pazeminaSanas gadfjuma noverojama
temperatiira biSu saim& arl pazeminas. 2010./2011. gada eksperimentu laika
temperatiira ziemotava uz isu laika periodu tika pazeminata lidz +2°C. Autora
izméginajumos pazeminat temperatiru vél vairak nebija iesp€jams, jo gan PLK
vadibas sisteémai, gan datoram ieteicama darbibas temperatiira ir ap +5°C, un,
meginot pazeminat temperatiru vél vairak, butu apdraudéta vadibas sisteémas
stabilitate un praktiskais eksperiments kopuma.

Otraja gada, neskatoties uz to, ka sist€mas icteicama darbibas temperatiira ir
+5°C, tika pienemts lémums sakuma uz Tsu laika periodu ziemotavas gaisa
temperatiiru pazeminat lidz +0°C, bet tad pilnigi apturét ziemotavas temperatiiras
vadibas sisttmu (lai iek$€ja temperatiira ziemotava izlidzinatos ar argjo gaisa
temperatiiru). Apskatot visu biSu saimju reakciju un uzvedibu temperatiiras
pazeminasanas laika, ka arT saimju uzvedibu p&c temperatiiras Soka, ir secinats, ka,
ja biSu saime atrodas pasiva stavokli, tad biSu saimes temperatira krit lidzigi
ziemotavas temperatiiras kritumam. BiSu saimes temperatiiras kritums netika
noverots zemak par +0°C, kas liecina, ka biSu saime ir dziva. Savukart, ja bisu
saime jau atrodas aktivaja perosSanas stadija, tad saimes temperatiira turpina turgties
ieprieks€ja ltment un bitiski nesamazinas.

Papildus temperatiiras mérisanai tika veikta arT biSu saimju svérSana no
14.12.2011. Iidz 21.03.2012. ik ned€lu viena un taja pas$a laika, lai registrétu
saimes baribas patérinu vienados laika posmos. Ir svértas 20 ziemotava ziemojo$as
saimes un 10 ara ziemojo$as saimes, ka ari pa vienam bisu stropam bez bitém, bet
ar baribu ziemotava un ara, lai Korig€tu ziemojoSo saimju baribas patérina
aprekinus, atrékinot stropa masas izmaigas, domajams, mitruma dél. Tas tika
darits, jo, balstoties uz ekspertu atzinam, ir atklats, ka ziemotava ar1 konstantas
temperatiiras apstaklos mainas mitrums, kas uzsiicas vai iztvaiko gan no koka, gan
medus, un Iidz ar to mainas biSu stropa masa. Samazinoties relativajam mitrumam,
palielinas bisu stropa masas zudumi. Autors ir pienémis, ka mitruma izraisitais
tuksa stropa masas zudums ir vienads ar biSu apdzivota stropa masas zudumiem.

Bi$u stropa masas zudumi ziemo$anas laika ir mainigi. Ara ziemojo$ajam
saimém labi var novérot masas zudumu perioda no 08.02.2012., ko var izskaidrot
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ar strauju argjas gaisa temperatiiras samazinasanos un nepiecieSamibu saimei
patérét vairak baribas, lai uzturétu savu temperatiiru.

SECINAJUMI

Galvenie darba rezultati

Ir uzlabota precizas lauksaimniecibas pieejas realizacija, izmantojot vairaku
matematisko modelu sadarbibu daudzobjektu biosistému datorvadiba.

1. Irizanalizétas sensoru tiklu un datorvadibas realizacijas biosistemu vadiba un
precizaja lauksaimnieciba.

Biosisttmu datorvadibas sistémas tiek izmantotas dazadas sensoru tiklu
konfiguracijas, komunikacijas tehnologijas un energijas apgades veidi atkariba no
pielietojuma vides un citam Tpatnibam.

Precizas lauksaimniecibas metodes ir lietojamas, risinot lauksaimniecibas
efektivitates uzlaboSanas uzdevumus vairakas lauksaimniecibas nozares,
piem&ram, vinkopiba, lopkopiba, darzkopiba un citas. Tomer ne visas nozargs ir
izstradati precizas lauksaimniecibas lietoSanas principi un metodes.

No PL ievieSanai nepiecieSamajam trim fazém — datu ieguve, datu analize
un vadibas realizacija, visvairak PL adaptaciju un attistibu ierobezo datu analize.

2. Ir izanalizéti automatizétas vadibas sistemu izstrades pamatprincipi
biosistemu vadibai.

Risinot biologiska procesa vadibas uzdevumus, plasi tiek lietotas adaptivas
vadibas sist€mas, jo vadibas realizacijas sekas nav dro$i prognoz&jamas.
Ierobezotas prognoz€jamibas iemesls ir biologisko procesu nelineara dinamika un
nepilnigas zinaSanas par biosisttmam, ka arT procesu dinamiskajiem parametriem.
Galvena adaptacijas principa priekSrociba ir pielagoSanas spgja ieprieks
nezinAmam izmainadm nestacionara vadibas objekta, kas dod iesp&u nodroSinat
augstu sistemas darbibas kvalitati mainigos darba vides apstaklos.

Izplatita automatiskas vadibas iekarta biologiskiem procesiem piemérota
vidg ir programmé&jamais logiskais kontrollers jeb PLK.

3. [Ir izstradata uz modeliem balstita automatizétas datorvadibas sistemas
arhitektitra biosistemas vadibai.

Dazadam PL variacijam piemérota vadibas sistému arhitektiiras literatiira
nav atrasta, jo autori parasti piedava noteiktas probl€émas risingjumu,
nekoncentréjoties uz arhitektiiras problematiku. Autora izstradata uz modeliem
balstita attalinata automatizeta biologisko objektu vadibas sistémas arhitektiira lauj
unificét sistému veidosanas procesu, nemot véra visiem biologiskajiem objektiem
kopigas 1pasibas.

Modeju lietosanas izmantoSana vadibas sistéma nosaka nepiecieSamiba ar
modelu palidzibu izvertét procesa 11dzsingjo progresu un ta attistibas prognozes
vadibas iedarbju realizacija. Vadibas sisteémai jabiit attalinatai, lai rastos iespgja
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centralizéti vadit dazadas vietas lokalizétu daudzobjektu biologiskas sist€mas
vadibu. Komplicetas biosistemas vadibas datorvadibas sist€mai bitu jabiit
automatizétai, nevis automatiskai, lai dotu iesp&ju nozares specialistam apstiprinat
vai noraidit lemumu atbalsta sistému piedavatos risinajumus.

4. Ir izstradata individualo biologisko objektu uzraudzibas un vadibas sistema
precizas datorvadibas realizacijai bisu ziemindsanas procesa.

Darba gaita ir realiz€ta uz modeliem balstita, attalinata, automatiz&ta
datorvadibas sist€tma precizas biSkopibas principu realizacijai biSu saimju
ziemotava ar vadamu ziemotavas temperatliru, balstoties uz temperatiras
meérjumiem bisu saimes.

Bisu ziemoS$anas laika 1émuma atbalsta sisteéma ir nepiecieSama, lai biskopis
varétu pienemt uz reala laika un vésturisku datu analizi balstitu [émumu par
ziemosanas procesa vadibu.

5. Ir eksperimentali novertéta izveidotas sistemas pielietojamiba bisu saimes
stavokja novertesanai un vadibai zieminasanas procesa.

Eksperimentalais darbs ir veikts LLU biSu ziemotava tris ziemas (2010.-
2013.), uzraugot un vadot biSu saimju ziemosanas procesu. Zieminasanas laika tika
merita temperatiira virs ligzdas 20 eksperimentalajam saimém ziemotava un 10
kontrolgrupas saimém ara ar intervalu 20 minites. Reizi ned€|a visas saimes tika
svertas. Ziemotava un arpus tas tika mérita arl gaisa temperatiira un relativais
mitrums. Ir noteikta bi$u saimju temperatiiras mérsistémas precizitate.

Bisu ziemotavas temperatiiras paaugstinasana/pazeminasana veicina/kave
aktivas peru audzgSanas uzsakSanu saimeés, veicinot vélama bisu skaita sasniegSanu
planota ienesuma laika.

Secinajumi un attistibas perspektivas

o Izstradata uz mersistemu kombingta lietojuma ieguvumu/izdevumu analizi
balstita PL sistému ievieSanas novertésanas formala metode, kas lauj novertet
mersistémas ievieSanas atmaksasanas laiku.

e Adaptgjot PL pieeju biskopiba, ir definéta preciza biskopiba (PB), kas ir
dravas vadibas stratégija, balstoties uz individualas biSu saimes uzraudzibu ar
mérki minimiz& biSu saimes resursu patérinu un maksimizét bisu
produktivitati.

e Realizgjot precizo biSkopibu, veiktos meérfjumus ir iesp&ams iedalit tris
kategorijas: dravas Iimenis, saimju [Tmenis un individuals bisu [imenis.

e P& biSu saimes temperatiiras mérjjumiem var attalinati atpazit saimes
mirS$anas gadijumu.

e BiSu saimes temperatiira zem 10°C liecina par saimes atraSanos kamola.
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Pazeminoties ara temperatiirai, salidzinot ar mérka temperatiiru ziemotava,
butiski samazinas gaisa relativais mitrums ziemotava, kas ietekm& saimju
sverSanas rezultatus. Tade] ir janem vera kontroles stropa ar baribu, bet bez
bitém izmainas masas mainas korig€sanai.
Bisu saimes baribas patérin$ ziemotava visu ziemosSanas periodu ir 200 lidz
300 g nedela neatkarigi no ara apstakliem.

Ka attistibas perspektivas var iezZimét vairakus darbibas virzienus.

Izanalizét iesp&u precizas lauksaimniecibas pieeju adaptét citam
lauksaimniecibas un biosistémas vadibas lictojumiem.

Izmantot izstradato arhitekttiru citu biosistému datorvadibai.

Bisu ziemosanas vadibas uzlabosanai ir javeic citi eksperimenti, lai noteiktu
papildu mikroklimata parametru ieklausanas lietderibu vadibas sisteéma.
Turpinat attistit precizas biSkopibas realizaciju visa bisu saimes dzives cikla.
Izveidot jaunus objekta uzvedibas un stavokla matematiskos modelus.
Papildinot izstradato sistému un datora aplikacijas, biitu nepiecieSams izveidot
datu apmainas mehanismu starp vairakiem biskopjiem ar mérki salidzinat reala
laika datus par vairakam biSu saimniecibam, lai biSkopis varétu secinat, vai
uzvedibas Tpatnibas ir raksturigas tikai vina saimniecibai vai plasakam
regionam.
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INTRODUCTION

Theme topicality

Nowadays information and communication technologies (ICT) provide
indispensable support for business, agriculture, and production processes. The
rapid development of information technologies and computer control allowed for
individual monitoring of agricultural objects (plants or animals) or other biological
objects with the main aim of controlling their development process. This, in its
turn, allows controlling the agricultural objects in real time more effectively, taking
into account object behaviour and environmental conditions. Such control of
individual agricultural objects provided the foundation for a new interdisciplinary
field called Precision Agriculture (PA).

The definition of Precision Agriculture is still developing and improving,
because technologies that are used in PA are changing and human comprehension
about what is theoretically and practically accessible is increasing. Over the years
the emphasis of the definition has changed from simple agriculture following soil
characteristics (Robert, Stafford, 1999) to more complicated where quality of the
end product and impact on the environment becomes more relevant (McBratney et
al., 2005).

Precision Agriculture as agricultural system is based on computer
applications for solving various agricultural tasks.

While implementing PA approach in practice, the agricultural specialist is
able to achieve the main objective, which is — to produce qualitative products using
as few resources as possible, which will guarantee the highest profit from the
agricultural activities. To achieve this aim it is needed to provide plants or other
objects with favourable growing conditions during the whole period of object
development or growing. The favourable conditions are defined as situation when
agricultural object is in suitable environment with good external parameters for its
development. The environmental parameters can be the amount of light and its
intensity, temperature and humidity, soil chemical content and other parameters. In
situation when deviation from normal conditions happens it is necessary to adjust
external parameters in order to return the observed process to desirable conditions
for agricultural activities. The desirable object parameters for all periods are
usually known taking into account earlier practical measurements and experiments,
or farmer’s own experience and expert knowledge.

Most of the agricultural processes are biological processes, where many
interrelated objects are involved. Nowadays sensors, measurement devices or
sensor networks are widely used in implementing monitoring activities for the
individual objects. The task of the mentioned devices is to collect and transfer
objects data to the end device, for example, to the computer for data processing and
analysis. Recently, monitoring and control problems of the bioprocesses are
considered to be important, and many researchers are focused on them.
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The author of this PhD thesis puts an emphasis on the research of control of
multiobject biosystems. In the thesis title a term ,,precision computer control” is
used, which is defined based on Precision Agriculture concept and approach where
individual object observations are very significant. Precision computer control is
production or technological process control using the computer, taking into
account the individual measurements of the objects involved in the process.
Precision computer control of the multiobject biosystems directly indicates that
many biological objects are individually monitored and controlled using various
ICT tools. Based on individual object behaviour parameters, a control action is
chosen with the main aim to prevent important parameters to exceed the critical
limits, thus providing the necessary object development at any moment. In many
cases control of the biosystems comparing to control of the technical systems is
more complicated, because biological systems are self-regulated systems and the
activity of other control system can lead to biosystems instability and to death of
the biological object.

The author’s thesis is clearly an interdisciplinary research where possible
application of the computer control in the subfield of agriculture - beekeeping is
demonstrated, starting from defining the Precision Beekeeping direction to
demonstrating real IT systems, which can be practically implemented in
beekeeping. It is chosen to investigate honey bee colony wintering process (Apis
mellifera L.), because it is a good example of multiobject biosystem and nowadays
researches about bee colony losses and health status are topical in Europe. The
importance of the research topic can be certified by the fact that the ERA-net ICT-
Agri project with the topic “Application of Information Technologies in Precision
Apiculture (ITAPIC)” developed by author is accepted for the development.

Practical part of the thesis is developed using the PA idea and concept of an
automatized control system for monitoring and control of bee colony activity
during its wintering period in a specialized bee wintering building. Bee colony
wintering period is a big part of the whole bee colony life cycle and, based on
beekeepers knowledge the most bee colony losses are happening during the winter.

During the bee colony wintering process it is essential to achieve, that bee
colonies would be potentially well-prepared to use the first planned honey forage,
which in Latvian climate conditions usually is at the end of April. Depending on
foraging time it is needed to control bee colony brood rearing process and start it
on time. To complete this task it is necessary to place bee colonies into closed
environment and use IT and automatized tools to monitor brood rearing activities.

The chosen PhD topic is relevant, because it deals with methodological
problems of precision computer control in Precision Agriculture, which can
improve agricultural profitability and at the same time reduce negative impact on
the environment. PhD thesis practically demonstrates principles of precision
technology implementation in the new fields of PA. As an example, the Precision
Beekeeping concept is developed and computer control during three years
experiments is demonstrated in beekeeping field.
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The aim and the tasks of the PhD thesis

The aim of the thesis is to improve the implementation of Precision
Agriculture approach using the integration of various mathematical models in
computer control of a multiobject biosystems.

In order to achieve the aim of the PhD thesis several tasks were completed:

1. Analyse the implementation of sensor networks and computer control in
biosystem control and Precision Agriculture.

2. Analyse automatized control system development principles for biosystem
control.

3. Develop a model based automatized computer control system architecture for
biosystem control.

4. Develop an individual biological object monitoring and control system for
implementation of Precision Agriculture in the honey bee wintering process.

5. Evaluate usability of the developed system for the bee colony state evaluation
and control during the wintering process.

Research methods

Analysis of the computer control system architectures is used to develop
computer control system architecture for the control of the biosystems.

Survey of the beekeeping specialists is done using the quantitative research
method — questionnaires.

Development of the computer software is done using the C# language.

Visualisation of the decision making processes algorithms is done using the
flowcharts.

For the development of the decision support system the qualitative and
quantitative modelling is used.

For the development of the PLC control programme the Ladder Logic
language and Siemens Step7 MicroWin software is used.

Statistical methods are used for analysis of the experimental results.

Experimental bee colony temperature measurements are done using the one-
wire architecture.

Scientific novelty

e Architecture of the model based and distributed system is developed for the
control and monitoring of the multiobject biological processes in the closed
environment.

e Collaboration among the various types of models is implemented in the
decision support systems.

e Formal method for evaluation of Precision Agriculture system implementation
is developed.

e Precision Beekeeping principles are defined.
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e Computer control system for the implementation of Precision Agriculture
principles in beekeeping is developed.

Theses

e Precision Agriculture approach for biological system control can improve
production profitability and reduce negative impact on the environment.

e [t is possible to implement the collaboration of models of various different
types and dimensions for developing decision support system.

e Itis possible to adapt Precision Agriculture approach for beekeeping.

e [t is possible to develop a formal method for evaluating economic benefit of
Precision Agriculture computer control system implementation.

Practical value

e The developed application SEPA can be used in different agricultural fields to
determine sequence for the implementation of the economically justified
Precision Agriculture systems.

e Control and monitoring system architecture was used in the bee wintering
control system, which was practically developed for bee colony wintering in
winter periods of 2010-2011 and 2011-2012. As a result of the system
operation, bee wintering process can be performed remotely in the controlled
microclimate, eliminating unpredictable effect of the environment.

e The developed distributed, adaptive, automatized control system architecture
can be used for control of the bioprocesses in the closed environment.

e The developed algorithms allow recognising different bee colony states based
on temperature measurements.

PhD thesis structure and volume

The PhD thesis is written in Latvian containing abstract, introduction, 4
chapters, conclusions, bibliography, and 7 annexes, including 13 tables, 108
figures, 152 pages in total. 150 literature sources were used.

1. APPLICATION OF THE COMPUTER CONTROL IN
PRECISION AGRICULTURE

In recent decades the rapid development of computer control, information
and communication technologies allowed individual monitoring and control of
individual agricultural or other biological objects. This, in its turn, allows
implementing such control of Precision Agriculture objects when every needed
control action happens taking into account the input data and individual specific
parameters of individual objects. Conceptually PA can be described by three phase
cycle where the first stage is data collecting, the second stage is data analysis and
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interpreting, and the third stage is application of control action (Mancuso, Bustaffa,
2000).

Nowadays, the PA tasks are solved using simple scheme where process data
collecting is achieved by sensors or sensor networks, and then based on data, a
decision is made about the needed control action. Sensor networks become an
important element in the PA systems.

Application of wireless sensors and sensor networks in agriculture and food
industry is still in development stage, but it is possible to distinguish four
categories where such systems are implemented: environment monitoring,
Precision Agriculture, control of the production processes, and building automation
(N. Wang et al., 2000).

It is proved that Precision Agriculture approach can be successfully adapted
in many agricultural fields like Precision Livestock farming (Berckmans, 2006),
Precision Horticulture (Zhou et al., 2012), Precision Viticulture (Morais et al.,
2008; Bramley, Hamilton, 2004; Santesteban et al., 2012), etc. Apiculture
(beekeeping) is one of the agricultural fields where Precision Agriculture approach
can be adapted and implemented.

Adaptation of the PA methods and techniques in the beekeeping together
with IT application can improve the beekeepers knowledge and understanding
about behaviour of the individual bee colonies. The author of the PhD thesis
defines Precision Apiculture term which is not mentioned in the scientific
literature. The thesis author presented this topic at the 11th International
Conference on Precision Agriculture in July 2012. Precision Beekeeping (PB) is
apiary management strategy, based on monitoring of the individual bee colonies,
with main aim to minimize bee colony resource consumption and maximize bee
productivity (Zacepins et al., 2012).

Within the PhD thesis computer control and monitoring of the multiobject
biosystem is demonstrated using the adaptive control system and wire temperature
network with the main aim to optimize and automatize control of the bee wintering
process.

While controlling the biological process it is important not only to provide
suitable environmental parameters (for example temperature, humidity, food
supplies etc.) for the biological objects but also implement the feedback by
monitoring individual parameters of the controlled object (mass, colour,
temperature, etc.). This approach is implemented in PA, but by extending
application field and implementing such approach using the ICT; it can be called
precision computer control of the biosystem.
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2. ARCHITECTURE OF THE AUTOMATIZED CONTROL
SYSTEM FOR THE PRECISION CONTROL OF THE
BIOSYSTEM

Architecture of the automatized control system is abstract depiction of the
control system, where idealised models of the system components (elements) and
its collaborations are described. Architecture elements are connected to each other
and build whole automatized system and help to solve specific task on architecture
level. On the same time system architecture leaves enough freedom for choosing
specific technical devices and solutions and architecture is not linked to only one
solution (Klir, 1990; Denisenko, 2009).

After analysing scientific publications it is concluded that authors usually
propose an exact solution for exact problem, and there is no literature on control
system architecture suitable for various PA variations.

System architecture should be developed taking into account several
features: it is needed to provide remote controlling of the system; system should be
distributed, which means that in the geographical location where biological process
takes place only minimum of the needed system for autonomous control with low
working environment requirements (wide range of humidity, temperature,
vibrations) is situated. However, data processing system has to be situated in the
environment suitable for the computational system. Also, it is needed to measure
all involved object parameters to arrange the feedback for the control system.
Therefore, the author within the research proposes unified control system
architecture for monitoring and control of the biological objects, which is based on
the PA tasks model based solution scheme.

Control system architecture proposed by the author is demonstrated in
Figure 1. The proposed control system architecture can be used for biological
processes, which take place in closed environment and where microclimate
parameters affect both the biological process and functioning and development of
the whole biological system.

Biological process which takes place in closed environment is
automatically controlled by the microclimate control system, based on
measurements needed for the control. Examples of microclimate measurements are
light intensity, humidity, temperature, air composition, etc. At the same time
important parameters of the biological object are measured using specified
measurement system. Measurement results are then transferred to the
computational system, which performs data processing and analysis. Based on
predefined models, computational systems recognize states of the monitored
object. Taking into account additional data information sources (for example,
weather forecast) computational system itself or involving the operator makes a
decision about the necessity of changing the parameters of the microclimate
control system with the main aim to affect biological object and change its state
and/or behaviour.
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Architecture for biosystem control proposed by the author can be divided
in several system elements where each of them can be developed separately. The
mentioned elements are microclimate control system, biosystem parameter

measurement system and decision support system.
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Figure 1. Architecture of the adaptive, distributed control system for the
closed environment biological process

Method for usefulness evaluation of measurement system
implementation in Precision Agriculture

A step for selection of the measurement system for completing the
biological object monitoring task is important one. Sustainable agriculture should
operate with a profit. Therefore, in order to implement various precision
agriculture events and measurement system a criterion is defined: the rate of the
return of investment (ROI). One of the PA tasks is to continuously collect real time
data about agricultural objects to monitor object behaviour and state of
development to recognize any anomalous events or important states. After state
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recognition it is necessary to take actions to prevent potential losses or to achieve
better result comparing to traditional agriculture. So the main question is how to
evaluate effectiveness of the PA events taking into account economic aspects. This
economical evaluation should help to implement PA concept with effective and
more beneficial activities.

In many cases objects could have many different important parameters
which have to be monitored; therefore, it is necessary to evaluate which parameter
should be monitored and which measurement system has to be implemented.

The author of the thesis proposes formal method (see Figure 2) for rational
measurement system implementation in precision agriculture. The method will
help to determine return of investment coefficient for measurement system
implementation, and thus, evaluate gains and/or losses after recognition of different
object states.

ROI measurement unit is number of years, and it expresses how fast
investments in the implementation of specific measurement system will be
returned. The method is based on various stages, which should be completed
sequentially. Based on the proposed method, a farmer will be able to evaluate all
theoretically possible measurement systems and determine which one is more
suitable and more effective for practical implementation. The proposed method can
be used in different precision agriculture branches.

Return of investment coefficient for the implementation of the parameter
measurement system is calculated using Formula 1.

SI

IAK =
leg X ObjSk X Nprob x NAprob

(1

where Sl - costs of measurement system implementation;
leg - Dbenefits from one event recognition;
ObjSk - number of measured objects;
Nprob - probability of event in one year period;
NAprob - probability of precise event recognition;
IAK - return of investment coefficient (in years).
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The author also developed SEPA (System Evaluator for Precision
Agriculture) application to ease the calculations of the ROI coefficients for the
specific branch (see Figure 3). Application consists of 4 modules, which are based
on proposed method. Application is available for download
http://www.ccsystems.lv/software/sepa.
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Figure 3. Application for ROI calculation to evaluate agricultural
measurement system implementation

Models collaboration methodology in decision support systems

The author of the thesis considers that unreasonably low attention is
devoted to usage of different models while solving PA tasks. While solving a
specific task it is possible to use various models; it can be called multi model
control which can improve the activity of the decision taking system. The necessity
of model implementation in control systems can be proved by the fact that it is
important to evaluate the progress of the monitored process and predict its
development in order to choose correct control action.

While controlling biological systems scientists usually lack trusted and
complete information about the state of controlled object, as well as behaviour
algorithms. At the same time it is possible to analyse multiple separate information
units that can be described by different models. The author of the thesis offers to
modify classical decision support process and proposes to use models not only for
choosing the alternate solutions and modelling the consequences, but also for
identifying the state of the research object to precisely advise the decision
alternative. One more feature is that not only one model is used to identify the
problem, but several qualitative and/or quantitative models.

Decision making process proposed by the author can be split into three
levels (see Figure 4):

e input data level — in this level the needed data about the researched
process and about the object are defined;
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e model level — in this level all obtained data are used by various different
dimension models with the aim to determine both the state of the object
and process status;

e decision level — in this level all model outputs are analysed with the aim to
choose problem solution.
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Figure 4. Three levels of the decision making process

3. PRACTICAL IMPLEMENTATION OF THE COMPUTER
CONTROL OF THE MULTIOBJECT BIOSYSTEM IN
PRECISION BEEKEEPING

Within the PhD thesis a model based, real time, distributed, adaptive control
of the bee wintering process is developed and experimentally tested.

Bee wintering process is a biological process, since biological organisms
are involved. Monitoring and control of such process is a rather complicated
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nontrivial task, because it is hard to predict biological system reaction to human
intervention.

The developed system can be divided in several logical blocs, where each of
them is independent and has its own functionality. The developed system is based
on the proposed architecture of biological object control, which is demonstrated in
Figure 1. System elements of the author developed architecture for bee wintering
process control are mentioned below:

1. Automatized system for temperature control in the wintering building;

2. Sensor network for bee colony temperature measurements;
2.1. Architecture of the sensor network;
2.2. Process of collecting temperature measurements;
2.3. Temperature measurement WEB interface;
3. Tool for temperature data summarising and analysing;
4. Collecting and analysis of additional external data;
5. Decision taking algorithm about temperature change in the wintering
building;
6. Decision verification process (verification by beekeeper);
7. Process of the target temperature change of the temperature controls
system.
Practical experiments of the bee wintering control took place in a
specialized bee wintering building (see Figure 5):

Figure 5. Bee wintering building (frontal view (A) un rear view (B))

One of the important aspects during the bee colony wintering process is to
prevent bee colony from early start of brood rearing process. This process can
cause additional energy consumption, death of the brood in case of freeze or even
death of the whole colony.

To detect and limit or even to stop bee colony brood rearing process it is
necessary to monitor temperature changes of the bee colony in the hive. This
specific task of the Precision Beekeeping can be completed as follows: for
monitoring temperature a small sensor have to be placed in the hive above the bee
nest. Above the sensor there is polyethylene foil, hive ceiling, Scm heating
isolation and hive cover.
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In the bee wintering building the wired temperature measurement system is
implemented. Ds18s20 sensors are used for the temperature measurements, which
are sequentially connected using the 1-wire protocol. Sensors sensing range is from
-55°C to +125°C with accuracy up to 0.5°C.

Additional information system is developed for temperature data collecting
and data saving processes.

As the beekeeper needs to permanently monitor its own bee colonies,
additional WEB system is developed for real time data demonstration. This system
allows checking bee colonies temperature at any time from any place where
Internet connection is available. Also, additional options are implemented in the
system.

Whole system architecture for the bee colony temperature measurements
are demonstrated in Figure 6:
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Temperature
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Figure 6. Whole system architecture for the bee colony temperature
measurements

Decision taking about the state of the biological object (bee colony state)
the author based on various different dimension models when real object data are
compared to previously developed models. During the bee wintering period both
qualitative and quantitative models can be used. Models mainly are used to
precisely predict the state of the biological system, its activity, and determine the
stage of its development.
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4. EXPERIMENTS OF THE BEE COLONY WINTERING
CONTROL

Practical experimental work of the PhD research took place in the bee
wintering building while monitoring and controlling bee colony wintering process.
During the practical work several tasks were completed. Experimental
measurements were taken during two wintering periods (2 years). The first period
took place in winter 2010 — 2011, the second one in winter 2011 — 2012. If in the
first year strict requirements were not defined, then in the second year exact object
groups and their distinctive features were defined.

In period 2011 — 2012, 20 bee colonies were used for the experiment of
indoor wintering and 10 bee colonies for open air wintering. Bee colonies were
divided in several groups depending on their size and hive heat isolation. Inside
there were 10 colonies with heat isolation and 10 without it, while outside all
colonies had heat isolation.

The outside hives were placed in the open near the wintering building under
a cover that protects the hives from rain, snow and wind. For the experiment
Norwegian type hives made of wood with size 47x47x27 cm and with wall
thickness of 4.5 cm were used.

All indoor bee colonies were equipped with small digital temperature sensor
ds18s20 for real time temperature measurements. Temperature was fixed every
twenty minutes. All bee colonies outdoors were equipped with small temperature
digital sensor Tsic506 and measurements were fixed every twenty minutes using
the embedded device.

Ambient air temperature in the wintering building was controlled within
limits from 4°C to 6°C. Noise level of the air recirculation fan during the whole
wintering period was 70dB; noise was fixed by testo 816 noise measurement
device.

In addition to colony temperature measurements, the weighting of colonies
was performed. Weighting procedure was performed once a week with the main
aim to monitor changes of the bee hive mass. For precise evaluation of mass
changes, the weighting of empty hive was done. For weighting the platform scales
KERN IFS 120K 1D were used. The weighting procedure of the colonies possibly
affected the behaviour of the bee colonies, because they were enraged during the
lifting and placing on the scales.

The first task of the practical experiment was to verify if, based on colony
temperature measurements, beekeeper will be able to identify colonies which can
potentially die. This conclusion can be made at the point when colony temperature
sharply decreases and converges with external ambient temperature (see Figure 7).

During the data analysis it can be found that in one period of time colony
temperature decreases and becomes equal to ambient air temperature that may
indicate the death of the bee colony. To validate this conclusion it is necessary to
open the hive and visually observe the bee colony. After visual observation it was
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approved that colonies were dead. This proves the hypothesis that after sharp
decrease of the temperature beekeeper can make conclusions about bee colony
vitality.
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Figure 7. Identification of the bee colony death by produced bee warmth
(2010-2011 wintering period). Bee colonies No 21, 16 and 4 are dead
respectively on December 21, 2010, February 21, 2011 and March 5, 2011.

The second task of the practical experiment was to verify if, based on
colony temperature measurements, beekeeper will be able to identify colonies
which started the active brood rearing process. This conclusion can be made if the
colony temperature started to increase fast or steady but permanently.

After experimental measurements the starting of the brood rearing process
was observed for various bee colonies (see Figure 8).
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Figure 8. Identification of the bee colony brood rearing process by
stable increase in colony temperature (2010-2011 wintering period). Bee
colonies No 10, 20, 23 and 24 begin linear increase of the temperature
respectively on December 13, 2010, December 23, 2010, January 22, 2011 and
February 22, 2011.
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It was well observed that increase in the colony temperature stops near
+30°C. Knowing that for brood rearing it is necessary to obtain +35°C
temperature, and the temperature outside the nest decreases sharply; +30°C
temperature above the nest clearly indicates the state of active brood rearing.

The third task of the practical experiment was to verify if bee colonies
respond to changes in the ambient temperature and if it is possible to affect the
behaviour of the bee colony by decreasing or increasing the temperature.

When air temperature in the bee wintering building was increased, bee
colonies became noticeably active and flew out from the hives. This is completely
unacceptable, because it can lead to the death of the whole colony. It was observed
that bees started to fly out from the hive when ambient air temperature was up to
+8°C.

When air temperature in the bee wintering building was decreased, the
temperature in the bee colony was decreasing as well. During the first year
experiments, temperature in the building was decreased to +2°C. In author’s case,
decreasing temperature to the lower level was not possible, because both PLC
control system and PC, which were situated in the same building, could stop
operating.

During the second year experiments, despite the fact that the recommended
temperature for the used devices is +5°C, ambient temperature in the building at
the beginning was decreased to the +0°C and then heating in the building was
stopped completely to see how bee colonies react to the huge (temperature
decreased to -10°C), but not long temperature shock.

After analysing all bee colony reactions and behaviour during the
temperature decrease and after the temperature shock, two important conclusions
can be made. Firstly, if bee colony is in passive state then bee colony temperature
is decreasing together with the decrease in ambient temperature. It is observed that
temperature in the bee colony always is higher than 0°C, which means that bee
colony is alive. Secondly, if bee colony is already in active brood rearing state then
colony temperature is not changing even if ambient temperature is decreasing.

In addition to the bee colony temperature measurements, the bee colony
weighting was also performed from December 14, 2011 till March 21, 2012. Bee
hives were weighted once a week at the same time. There were weighted 20 hives
inside, 10 hives outside and one empty hive inside and outside. It was necessary to
weight also an empty hive for the correct record of the food consumption, because
during the winter humidity is not constant and hive may dry and lose its mass.
When relative humidity decreases, bee hive mass losses increase. It is accepted that
mass losses for empty hive are equal to mass losses of hive with bees.

Mass losses of the bee colonies during the wintering time are variable. The
outdoors wintered colonies started to increase food consumption from the 9th
week. This can be explained by the fact that air temperature sharply decreases
during that period, and colonies have to consume more food to maintain their
temperature.
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CONCLUSIONS

The main PhD thesis results

Precision Agriculture approach implementation is improved using the
integration of various mathematical models in computer control of a multiobject
biosystem.

1. Implementation of sensor networks and computer control in biosystem control
and Precision Agriculture are analysed.

Various sensor network configurations, communication technologies and
energy supply types are used in biosystem control systems depending on
application type and on other features.

Application of Precision Agriculture methods are used to solve the task of
improving the effectiveness of agriculture in various agricultural fields, like
viticulture, livestock farming, horticulture etc. However PA application principles
and methods are not developed in all fields.

To implement PA it is necessary to complete three phases — data collecting,
data analysis and application of control action. Nowadays, data analysis stage
limits the PA adaptation and development.

2. Automatized control system development principles for biosystem control are
analysed.

Adaptive control systems are widely used for solving the biological process
control tasks, because the result of implementing control actions is not easily
predictable. This can be proved by the fact, that the biological process has no linear
dynamic, and there is limited knowledge about biosystems and dynamic
parameters of the processes. The main feature of the adaptive principle is its
adaptability to previously unknown changes of the controlled object, which allows
providing high working quality of the system in the variable working environment.

Programmable logical controller or PLC is a widely used automated device
for controlling biological processes in their suitable environment.

3. A model based automatized computer control system architecture for
biosystem control is developed.

After analysing scientific publications it is concluded that authors usually
propose an exact solution for exact problem, and there is no literature on control
system architecture suitable for various PA variations.

The model based, remote, automatized control system architecture
developed by the author for biological object control allows unifying system
development process by taking into account similar features of the biological
objects.

Application of models in control system is needed to evaluate process
progress and predict its development for precise implementation of control action.
Control system should be a remote system to allow centralised control of the
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geographically disseminated local biological systems. To control a complicated
biological system the computer control system should be automatized not
automatic, to allow the branch specialist to approve or deny the proposed solution
of the decision support system.

4. An individual biological object monitoring and control system for Precision
Agriculture implementation in the honey bee wintering process is developed.

Within the PhD research, based on bee colony temperature measurements, a
model based, remote, automatized system for the Precision Beekeeping principles
implementation in bee colony wintering at the specific wintering building with the
controlled building temperature is implemented.

During the bee wintering period a decision support system is needed to help
the beekeeper take a decision about control of the wintering process based on real
time information and historical data analysis.

5. Usability of the developed system for the bee colony state evaluation and
control during the wintering process is experimentally evaluated.

The PhD experimental work is completed at the LUA bee wintering
building during three winter periods to monitor and control bee colony wintering
process. During wintering time the bee colony temperature was measured in 20
indoor colonies and 10 outdoor colonies with time interval of 20 minutes. Once a
week bee colonies were weighted. Ambient temperature and humidity in the
wintering building and outside was measured as well. Accuracy of the bee colony
temperature measurement system is evaluated.

The increase/decrease in the bee wintering building temperature
promotes/hinders the start of the colony brood rearing process that allows
achieving the desirable number of bee colonies during planned foraging time.

Conclusions and development prospects

e A formal method of evaluating Precision Agriculture system implementation
is developed. The method is based on benefit/costs analysis of measurement
system combinative application and it is used to evaluate payback time of the
measurement system implementation.

e By adapting PA approach in beekeeping, Precision Beekeeping (PB) is defined.
PB is apiary control strategy, based on individual bee colony monitoring with
the aim to minimize bee colony resource consumption and maximize bee
productivity.

e Precision Beekeeping measurements can be divided into three groups: apiary
level, colony level and individual bee level measurements.

e Based on bee colony temperature measurements it is possible to remotely
identify bee colony death.

e Bee colony temperature below +10°C indicates that the bee colony is in the
cluster.
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When ambient air temperature decreases, comparing with the target
temperature in the wintering building, relative humidity in the wintering
building also significantly decreases. This fact influences the results of the bee
colony weighting therefore, it is necessary to take into account mass changes
of the empty hive.

Bee colony food consumption in the wintering building is not depending on
the outdoor conditions and during the whole wintering period is between 200
and 300 grams per week.

Several directions can be highlighted as future development prospects.

It is needed to analyse possibilities of adaptation of Precision Agriculture
approach in other agricultural and biosystem control applications.

To apply the developed architecture to computer control of other biosystems.
To improve bee wintering control it is needed to make additional experiments
to determine the usefulness of including additional microclimate parameters
within the control system.

To continue the development of Precision Beekeeping implementation during
whole bee colony life cycle.

To develop new mathematical models of object behaviour states.

In addition to the developed system and PC applications it is needed to
develop data exchange tools for data dissemination between various
beekeepers with the aim to compare real time data of several bee apiaries. This
helps to understand if behaviour features of the colonies are typical only for
one apiary or for the whole region.
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