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| 1. U3.1 Testesanas plana izstrade (RTU+LZAA) 14.-15.mén.

I AP3.1 Testésanas plans

Merkis
HAOS (Hibrida intelektuala akustiski-optiska sistéma) prototipa darbibas efektivitates testésana.
Darba uzdevumi

Izstradat HAQS prototipa darbibas efektivitates testéSanas planu, nemot véra ziveédajputnu aktivitates
periodus, Gdenstilpnu pieejamibu, diku Tpasibas (izméra, formas, Gdensaugu veida un aizauguma pakapes

u.c.), dazadas zivju sugas un vecumus, zivju audzésanas procesus un citus apstak|us.

Péc izstradata plana veikt HAOS prototipa darbibas efektivitates testésanu. legltos rezultatus
apkopot un izvértét.

Darba gaita

HAOS prototipa darbibas efektivitates testésanas plana izveidé nemti véra zivedajputnu aktivitates
periodi, Gdenstilpnu pieejamiba, diku 1pasibas (izmérs, forma, Gdensaugu veids, aizauguma pakape u.c.),
dazadas zivju sugas un vecumi, zivju audzeésanas procesi un citi apstakli.

Testésanas plans paredz: 1) prototipa testu veikSanu ZI BIOR zivju audzétavas dikos; 2) prototipa testu
veikSanu biedribas zivju audzeétavas dikos. DalJa HAOS prototipa testu tiks veikti partikas drosibas, dzivnieku
veselibas un vides zinatniska institita BIOR (ZI BIOR) zivju audzétavu dikos, kas ir izméros no =1ha lidz 2-3ha,
krastos bez kriimu un koku aizauguma, taisnstira formas, viegli apsekojami un parraugami zivju mazulu diki.
Otra dala testu veikta biedribas “Latvijas zivju audzétaju asociacija” biedru zivju audzeétavas, kas bis izméros
virs 3-5ha un tai skaita virs 20ha, gan mazulu, gan precu zivju audzésanas diki, veicot testus dazados apstak|os
un dazadu zivju audzésanas procesu laika. Ta ka zivju audzésana tiek izmantoti diki ar platibu no zem 1ha lidz
pat vairaku desmitu ha lieluma, iekartas testésana tiks veikta dazadu izméru dikos, lai noteiktu tas darbibas
efektivitates attalumu un darbibu dazadu platibu dikos. Nemot véra biedribas biedru praktisko pieredzi zivju
audzésana (diksaimnieciba) un zinasanas savu audzétavu apstaklu un procesu parzinasana, biedribas biedri
piesaistijas aptaujas veida testéSanas plana izstradei. To veica parrunu veida biedribas kopsapulcg, kuru
organizéja 6.06.2019. Rezultatus protokolgja.

Testésanas plans

Nosacijumi:

TestéSanas plans paredz:
Prototipa testu veikSanu ZI BIOR zivju audzétavas dikos;
Prototipa testu veikSanu biedribas zivju audzétavas dikos.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.



Diku lielumi (platiba, ha):

ZI BIOR zivju audzétavas diki — 1ha; 1-2ha; 2-3ha;
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Biedribas zivju audzétavas diki — 3-5ha; >20ha; 0,2-1ha (ziemosanas diki).
Zivju sugas un vecums (0+ vienvasaras; 1+ divvasaru; 2+ trisvasaru un vecakas):

ZI BIOR zivju audzétavas diki — zandartu mazuli (0+), vimbu mazuli (0+);

Biedribas zivju audzétavas diki — karpu mazuli (0+), karpas (1+), karpas (2+ un vecakas).

Zivju audzeésanas procesi:

ZI BIOR zivju audzétavas diki — zandartu un vimbu mazulu audzésana un nozvejas process;

Biedribas zivju audzétavas diki — karpu audzésana, nozvejas process un ziemosanas apstakli.

Testésanas regioni:

ZI BIOR zivju audzétavas diki — ZA Dole, ZA Tome (Keguma diki) Vidzemes regions;

Biedribas zivju audzétavas diki — Vidzemes, Sélijas un Kurzemes regions.
HAOS prototipa darbibas efektivitates testésana tiks veikta no jdlija lidz novembrim.

Tabula Nr.1
Meénesis Vieta Dika platiba | Zivju suga Vecums Regions AudzésSanas
process
Jalijs ZA Dole, ZA | 1-3ha Zandarti, 0+ Vidzeme Audzésana,
Tome vimbas nozveja
Augusts ZA Dole, ZA | 1-3ha, 5ha Zandarti, 0+, 1+ Vidzeme Audzésana,
Tome vimbas, nozveja
karpas
Septembris Biedribas ZA, | 5ha, >20ha Karpas 1+, 2+ Vidzeme, Audzésana,
Gaicenu Sélija nozveja
dikis
Oktobris Biedribas ZA | >20ha, <1ha | Karpas 2+ Sélija, Audzésana,
Kurzeme nozveja,
ziemoS3ana
Novembris Biedribas ZA | <1ha Karpas 2+ Kurzeme ZiemosSana

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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| 2. U3.2 Iekartas testeSana zivju audzetavas (RTU+LZAA) 16.-19.méen.

I AP3.2 |ekartas testésanas rezultatu atskaite

Saskana ar izstradato planu sadarbiba ar ZI BIOR un RTU (Rigas Tehniskas Universitates) pétniekiem
un specialistiem jalija sakas HAOS prototipa testésana divas ZI BIOR zivju audzétavas, ka art aparatiras
pieskanosana un parametru optimizéSana. Testésana realos apstak|os bija pamiSus ar testéSanu laboratorijas
apstaklos un iekartas uzlaboSanu, pamatojoties uz novérojumos iegttajiem rezultatiem. Testésanas rezultatu
novértésanai piesaistija ZI BIOR specialistus, kas Java veikt profesionalu iegito datu analizi, ka art sniedza
noradijumus un padomus iekartas optimizésanai.

Visu novérojumu laika galveno uzmanibu pievérsa iekartas prototipa efektivitatei attieciba uz
zivédajputniem (Jaras kraukli, Peléko un Balto garni, Kiri, Lauci, Krikli, Gauru u.c.), ka ari kada bus ietekme uz

citiem putniem (Meza pilém, gulbjiem, starkiem u.c.).

Par novérojumu butiskakajiem rezultatiem regulari informéja RTU pétniekus, lai iespéju robezas
procesa gaita varétu HAOS prototipu uzlabot, optimizét un padarit to efektivaku.

Lietotie apziméjumi
@
1 [ 1 3
FEEREn |
5 g !
Q000000
Zalais lazers Sarkanais lazers Tikla barosana Saules paneli Plosts ar
skalruniem

TestéSana ZA Dole

Pirma testésanas vieta bija ZI BIOR zivju audzétavas Tome filiales Dole vimbu mazulu (0+) audzésanas
diki (attéls Nr.1). lekartas darbibas lauka bija vairaki 0,9 ha lieli diki. Kopa tur atradas 8 vienada izméra, paraléli
novietoti, taisnstira formas mazulu audzésanas diki, kuru krasti bija applauti un bez krimu vai koku
apauguma.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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1.att. HAOS prototipa testésana ZI BIOR zivju audzétavas Tome filialé Dole (X - HAOS prototipa
atrasanas vieta)

Izmantota sistémas konfiguracija

&
@

HAOS prototipa darbibas efektivitates testésanas laika novérojumus veica drosa attaluma no slépna,

lai netiktu iztraucéti putni no cilvéku klatbGtnes. Veica rezultatu fikséSanu un protokolésanu, Tpasu uzmanibu
pievérsot laikapstakliem, gaismas intensitatei, iekartas darbibai, attalumiem, zivju uzvedibai, u.c. faktoriem.
Prototipa darbibas novéroSanas laika pétnieki izmantoja specializétu apgérbu maskésanas krasa. Ka slépni
ilgstosai novérosanai izmantoja putnu novérosanas telti (attéls Nr.2).

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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2.att. Novérosanas telts zivju audzétavas Tome filialé Dole, dika nozvejas procesa laika.

Noveérosanas laika eksperti izmantoja talskatis, gaismas intensitates un attaluma meéritaju. Procesus fikséja
noveérojumu tabulas, kur tika ierakstita pamatinformacija, vieta, datums, novérosanas laiks, ilgums un péc
tam sekoja sikaks apstak|u un notikumu apraksts. Registréja laikapstak|us, putnu sugas, to aptuveno
attalumu lidz HAOS prototipa komponentém, putnu uzvedibu, gaismas intensitati u.c. lespéju robezas
fikséja notiekoso blakus dikos, pari dikiem lidojoSos putnus un to uzvedibu. Novérojumus veica dazados

iespéjamos laikapstaklos no tumsas idz tumsai.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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3.att. HAOS prototips ZA Dole un ta darbiba véla vakara

Prototips nodrodindja nepartrauktu darbibu jebkuros laikapstaklos. Stradaja uzstaditaja laika re7ima. Saja
izméginajumu vieta tika nodrosinats pastavigs stravas pieslégums. Sakotnéja gaismas stara (lazera) darbiba
neparklaja vienmeérigi visu uzstadito darbibas lauku (attéls Nr.4). Informéjot RTU specialistus, ta darbibu

uzlaboja.

4.att. Sakotnéja gaismas stara darbiba ZA Dole

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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TestéSanas procesu laika, konkréta saimnieciba intervéja ari tas atbildigos zivkopjus un zivju
audzétavas Tpasniekus un vaditajus, lai noskaidrotu vinu viedokli un papildinatu iegttos rezultatus.

Prototipa testéSana Saja zivju audzétava notika lidz augusta beigam, lidz vimbu mazulu dikus apzvejoja,
kad to videjais svars sasniedza =1g. Nozvejas laika notika pastiprinata diku novérosana, jo Gdens daudzumam
samazinoties zivju koncentracija k|Ust lielaka, ka art [fTmenim pazeminoties ir vieglak bridéjputniem, ka garni,

pieklGt pie zivim. Neatbaidot zivédajdzivniekus, ST procesa laika zivju audzéjiem tie nodara lielus zaud&jumus.
TestésSana ZA Tome

Paraléli otru HAOS prototipu testéja ZI BIOR zivju audzétavas Tome Keguma zandartu mazulu (0+)
audzésanas dikos (attéls Nr.5).

L e o b - M. _J

5.att. HAOS prototipa testésana ZI BIOR zivju audzétava Tome (X - HAOS prototipa atrasanas vieta)

Izmantota sistémas konfiguracija

0

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Saja testésanas vieta prototipu ari testéja zivju mazulu audzé$anas un nozvejas laika. Testésana izmantoja
tikai krasta novietotu optisko un skanas putnu atbaiditaj ierici. Divus blakus novietotos dikus testéja
atseviski. To lielums bija 1,75 un 3,04 ha. Seit nebija pastaviga stravas avota, bet tika izmantoti akumulatori
un saules baterija. Lai nodrosSinatu iekartas nepartrauktu darbibu, testéSanas novérosanas laika akumulatori

tika regulari mainiti un saules baterija bija papildinoss elements. Novérojumi un to registracija notika péc
ieprieks aprakstitas shémas.

6.att. HAOS prototips ZA Tome un ta darbiba vakara krésla

Saja zivju audzétava testédana ari tika partraukta augusta, Iidz ar 3o diku apzvejosanu. ZA Dole un ZA Tome
izmantoja sarkanas krasas lazera staru.
TestéSana Gaicenu diki

Septembri uzsaka HAOS prototipu testéSana biedribas “Latvijas zivju audzétaju asociacija” biedru zivju
audzétavas. Ka pirmo regionu izvéléjamies Vidzemi. Testésana notika ZS “Udensrozes” divvasaras (1+) karpu

mazu)u audzésanas diki, Gaicénu diki, kas atrodas Stalbes pagasta netalu no Daibes (attéls Nr.7). Dika platiba
8 ha.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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7.att. HAOS prototipa testésana zivju audzésanas uznémuma ZS “Udensrozes” Gai¢énu diki (X - HAOS
prototipa atrasanas vieta)

Izmantota sistémas konfiguracija

()#
(169 (L X

lekartas darbibai Saja vieta nodrosinaja pastavigu stravas pieslégumu. HAOS prototipa izmantoja zalas

krasas lazeri. Aptuveni dika vida uzstadija plostu ar zemudens un virsadens skanas skalruniem. lekartas
uzstaditaja pozicija, lazera darbibai nebija sasniedzams dika zieme]rietumu licis. Batisks bija zivju audzetavas
Tpasnieka noradijums, ka Jaras kraukli jeb Kormorani $aja diki pirms atbaiditaja prototipa uzstadisanas, tik
pat ka katru dienu aptuveni astonos no rita atlidoja baroties. Méginot tos nomedit vai uzstadot gazes
lielgabalu, Kormorani izbiedéti aizlidoja uz netalu (tuvakais aptuveni 2 km attaluma) esoSiem citiem zivju
audzédanas dikiem un daZreiz atgriezas véla pécpusdiena. Saja diki eso3ais karpu mazuju lielums (vecums 1+,
septembri vidéji 200 — 500g) ir viens no piemérotakajiem Sai putnu sugai, tapéc to interese uz So diki bija
pastiprinata. Prototipu Seit testéja lidz septembra beigam, kad diki apzvejoja.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.




Projekts ,,Hibridas intelektualas akustiski-optiskas sistemas
izstrade nemedijamo un migréjoSu putnu sugu nodarito
postijumu samazinasanai Latvijas akvakultiiras nozare” Nr. 17-
NG RvIepoN 00-F02201-000001

8.att. HAOS prototips ZS “Udensrozes” Gaic¢énu diki un ta darbiba agri no rita nelielas miglas apstaklos

Redzot labo iekartas efektivitati, péc dika nolaiSanas un nozvejas, plostu ar skanu iekartam parvietoja
uz ZS “Udensrozes” ziemas dikiem. Ziemas diku platiba bija no 0,1 — 0,2 ha. Tur tas efektivitati parbaudija
neilgu laiku, jo atseviski tikai skanas iekarta uzradija zemu efektu zivédajputnu atbaidisana.

Gaismas stara darbiba, ta teritorijas parklasana bija uzlabota, tomér lielakas teritorijas ta nebija
apmierinosa, salidzinot ar ZI BIOR diku platibu HAOS prototipa testéSanas sakuma. Lai paaugstinatu iekartas
efektivitati, ieteicam RTU pétniekiem savadaku lazera novietoSanas risindjumu. lekartas testésanas
novérojumu laika bija izteikts priekslikums, vai tehniski ir iespéjams novietot lazeri aptuveni 0,2 — 0,5 m virs
Gdens limena un panakt ta darbibu tikai horizontala plakné. Sada veida atkariba no ta novietoanas punkta
parredzamibas lenka bitu noklata visa dika Gdens redzama dala.

Testé$ana Skinu purva diki

Giacénu diki aprobétais iekartas prototipa tehniskais risinajums tika nodroSinats nakosaja testésanas vieta
Sélija pie Sunakstes akvakultiras dzivnieku audzé$anas uznémuma SIA “W4” Skinu purva diki, kura
pamatprodukcija ir precu izméra karpas vecuma 2+. Si dika kopéja platiba ir 47 ha. Testésana $aja vieta tika
uzsakta septembra beigas.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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9.att. HAOS prototipa testésana zivju audzésanas uznémuma SIA “W4” Skinu purva diki (X - HAOS
prototipa atrasanas vieta)

Izmantota sistémas konfiguracija

ENO)

Saja zivju audzé$anas diki iekartas darbibu nodrosindja pastavigs stravas pieslégums un ta sastavéja no

sekojoSiem komponentiem, plosts ar zemudens un virsidens skanas skalruniem, no augsas lenki uz leju vérsta
gaismas stara (lidzig, ka tika izmantots ieprieks) un atseviski horizontala plakné stradajosa gaismas stara
komponentiem. Sakara ar dika aizaugumu, meldru salam, li¢éiem, 1pasi dika dienvidu dala, tie nebija
aizsniedzami gaismas stariem no prototipa novietoSanas vietas. TestéSanas novérojumos tdens putnus fikséja
tikpat ka tikai Sajas iekartas lazeru neaizsniedzamajas dalas. Lidzigi ka citas HAOS prototipa testésanas vietas,
iekarta testésanas laika vairakkart tika atslégta un tad novérota putnu aktivitate dika teritorija un ta apkartné.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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10.att. HAOS prototips SIA “W4” Skinu purva diki, lazera neaizsniedzamas dika dalas, dika nozvejas
procesa pedéja diena

TestéSana Rimzatos

Peédéja HAOS prototipa testésanas vieta oktobri un novembri bija Kurzemé pie Rendas zivju audzésanas
uznémuma “Rimzati, Kuldigas rajona V.Kancana individualais uznémums” (attéls Nr.11).

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.



Projekts ,,Hibridas intelektualas akustiski-optiskas sistemas
izstrade nemedijamo un migréjoSu putnu sugu nodarito
postijumu samazinasanai Latvijas akvakultiiras nozare” Nr. 17-
\INPLRIPIR 00-F02201-000001

11.att. HAOS prototipa testéSana zivju audzéSanas uznémuma “Rimzati, Kuldigas rajona V.Kancana
individualais uznemums” ziemas dikos (X - HAOS prototipa atrasanas vieta)

Izmantota sistémas konfiguracija

24

lekartas prototips tika testéts ziemosanas dikos. Ta darbibu nodrosinaja pastavigs stravas pieslégums.
Péc zivju audzetavas Tpasnieka teikta, péc zivju nozvejas un to ievietoSanas ziemas dikos, lielakos zaudéjumus
zivju produkcijai, galvenokart 0+ vecuma karpu mazuliem, Iidz diku aizsal$anai, nodara Lielas gauras. Sie putni
20-301patnu lielos baros vai pat lielakos atlido uz zivju audzétavas ziemosSanas dikiem un nodara saimniecibai
batiskus zaudéjumus. Tapéc oktobri péc vienvasaras karpu mazulu ievietoSanas ziemosanai, sagaidot pirmos

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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zivédajputnus, pie $iem dikiem uzstadija putnu atbaiditaj iekartas prototipu. Saja vieta tika testétas tikai
gaismas staru izstarojosas komponentes gan no augsas vérsta, parklajot vienu un dal€ji otru diki, gan
horizontalaja plakné stradajosa komponente, kas pilniba nosedza vienu diki. Uznémumam Seit ir izvietoti 6
ziemosanas diki, platiba no 0.3 Iidz 0.6 ha. HAQS prototips nosedza 0,6 un 0,5 ha lielus blakus esosus dikus.
Péc iekartas uzstadisanas piecas dienas putni tikpat ka bija pazudusi no visiem ziemas dikiem. Sajas dienas
citos dikos novéroja atsevisSkus Kirus, MeZa piles, bet sestaja diena saulaina laika dikos pie HAOS prototipa
=50 m attaluma no iekartas atlidoja =20 Lielas gauras. Taja pasa laika parejos dikos novéroja lielaku skaitu
Kiru, MezZa pilu, Laucus, Baltos starkus, Lielas gauras un gulbjus. Novérojumos atklajas, ka horizontala plakné
stradajosa zalas gaismas lazera stara intensitate bija |oti stipri samazinajusies, ka rezultata pie lielakas gaismas
intensitates, gaisaka laika, iekartas efektivitate tikpat ka bija zudusi. Novérsot tehniska rakstura defektu un
atjaunojot stara jaudu, putni ziemosanas dikos paradijas reti un tikai no atbaiditaj ierices talak esosajos dikos.
Turpmakas testésanas novérojumu laika zivédajputnus |oti reti konstatéja no ierices talakajos dikos.

12.att. HAOS prototips uznémuma “Rimzati, Kuldigas rajona V.Kancana individualais uznémums”
ziemas dikos

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Rezultati

Péc HAOS prototipu testéSanas ZA Dole un ZA Tome zivju mazulu audzé$anas dikos iegita informacija
apkopota rezultatu tabula Nr.1.

Putnu suga lerice Attalums (m) Gaismas Piezimes
intensitate
(Lux)
Kiris Sarkans lazers | 50 0-7000-8000 Ja lazers trapa,
(skana) tad maina
vietu, turas
~100m
attaluma
Plosts ar | 220
skalruniem
Gaigala Sarkans lazers | 50-150 1500-2500
(skana)
Plosts ar | 70
skalruniem
Laucis Sarkans lazers | 30 (70) 1740 (2210) Ja trapa lazers
(skana) pie 100-200
lux, tie aizlido.
Bez skanas
200m pie 170
lux nebaidas
Plosts ar | 30(70)
skalruniem
Kriklis Sarkans lazers | 50 800
(skana)
Plosts ar | 30(50)
skalruniem
Kormorans jeb | Sarkans lazers | 70 12 920 Ne lazera
JUraskrauklis (skana) darbibas zona
Plosts ar | =40 (70)
skalruniem
Garnis Sarkans lazers | 50 (70) 500 Ap 100m jatas
(skana) drosi, pie
skanas pierod.
Kopuma
garniem tas
radija
diskomfortu un
tikai dazi
ielaidas dikos,
citi lidoja pari,

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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sédéja  kokos.
Ne lazera zona
virs 100m
barojas lidz
tumsai.  Garni
nebéga neliela
migla virs 380
lux, no lazera
(70m).

Plosts ar | 30

skalruniem

Meza pile Sarkans lazers | 50 70000 - 100 20m ne lazera

(skana) darbibas zona
pie 12 900 lux.
Ja trapa lazers
pie 100-200
lux, tie aizlido.

Plosts ar | 220

skalruniem

Starkis Sarkans lazers | 30 2700

(skana)

Plosts ar

skalruniem

Laikapstakli: saulains, makonains, lietus, migla.
Pie skanas atri pierod, sakuma reagg, turas ~100 m, bet pat péc 4-5 atskanoSanas reizém sak mierigi peldét
un baroties >70m attaluma. Skanas laika paliek uzmanigi. Ja skana tiek izslégta, tad putni drosaki piepeld
[Tdz 20 m tuvuma. Skana var bt traucéjosa apkart dzivojoSajiem un stradajosajiem. llgstoSi esot skanu
iericei putniietur distanci ap 30m un nebaidas.

Lazers — pamata, ja netrapa, tad nelido prom, pat gandriz tumsa. Lazera algoritms nav diez ko labs. Jo talak,
jo kustiba ir Joti atra un optimali neparklaj visu darbibas zonu. Nav nepiecieSama ta darbiba tuvuma pie
ierices. Neliela migla ap ~120 lux punu nebija (stars Joti vajs). No augsas slipuma versts stars nevar parklat
pilniba visu teritoriju. Vietas, kuras lazers neskar, putnu vairak.

Plosts ar skalruniem — ietekmi uz zivim nenovéroja.
Blakus un tuvuma esosajos dikos putnu daudzums krietni lielaks.
lekartam stradajot putnu skaits samazinas

Noslédzot testéSanu ZA Dole un ZA Tome, péc sakotnéjo rezultatu un atsauksmju apkoposanas,
rezultats ir tads, ka putni tiek iztraucéti, iekartai stradajot to skaits ir mazaks, tiek novérota pierasana. Vértéjot

zivju audzetaju atsauksmes, subjektivi, iekartas efektivitate vidéja/zema.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Nemot véra turpmako testéSanas vietu apstak|lu atSkiribas, nelielo testéSanas ilgumu un HAOS
prototipa atSkirigo komponensu komplektaciju, rezultatus apvienot vienota tabula ir sareigiti, tapéc tie ir

aprakstiti teksta, minot bltiskakos novérojumu rezultatus.

HAOS prototipa testé$ana zivju audzésanas uznémuma ZS “Udensrozes” Gai¢énu diki uzradija labus
rezultatus. Zivédajputnu situacija diki péc iekartas uzstadiSanas batiski izmainijas uz labo pusi, putni tika
noveéroti loti reti. Novérojumos vairakkart redzéja Kormoranus parlidojam virs dika, parasti, pirma reize bija
no 7:00 Iidz 8:00 no rita. To grupu lielums bija 5-6 putni. Reti konstatéja atseviska Kormorana esamibu dika
zieme|rietumu IicT, kur nesniedzas gaismas stars. Vel retak redzéja Kormoranu neilgu laiku uzturoties diki =150
m attaluma no plosta un =270 m attaluma no lazera iekartas. Reti un skaita no 1 lidz 3 putniem, attalakajos
krastos fikseja garnu klatbdtni. Novéroja Kormoranu, MeZa pilu un gulbju rinkosanu virs dika, kam talak seko
putnu aizlidosana prom. Atseviskos gadijumos dienas laika diki novéroja dazus (1 — 3 putnus) Lauc¢us un MeZa
piles ne tuvak ka =100 m no iericém. Zemudens skanas iekartas negativa ietekme uz zivim nebija novérota.
Péc zivju audzétavas darbinieku teikta, HAOS prototipam stradajot diki, putni no dika tikpat ka pazuda.
Atseviski novietota tikai skanas ierice $§1 uznémuma ziemas dikos, uzradija vaju efektu. Putnu skaits
samazinajas, bet péc paris stundam, tiem pierodot pie skanas iekartas, drosakie garni medija zivis pat 20 m
attaluma no atbaiditaja.

Putnu atbaidi$anas iekartas prototipa testésanas laika zivju audzé$anas uznémuma SIA “W4” Skinu
purva diki, iekarta uzradija talitéju efektu péc tas uzstadisanas. Udensputnu skaits nevis samazinajas, bet
tikpat ka pazuda, paliekot tikai gaismas staram neaizsniedzamas vietas, dika [icos. Novérojumu rezultati liecina
par loti labu virs Gdens horizontalaja plakné stradajosa lazera darbibu, pat >800 m attaluma. Aptuveni Sada
attaluma lazera darbibas zona gaiSaka dienas laika fiks€ja garnus. Bija fikséta eérglu rinkoSana virs dika, bet
novérojumos neredzéja to ielaiSanos diki. Péc zivju audzétavas darbinieku teikta, salidzinot ar situaciju
ieprieks, putni no dika tikpat ka pazuda. TestéSanas laika atslédzot iekartu, vidéji péc 30 min pirmie atlidoja
garni, ieslédzot tie aizlidoja. Dika nozvejas laika, dienas gaiSakaja laika putnu daudzums mazliet skaitliski
palielinajas. Tomeér tie uzturéjas virs 300 m attaluma no ierices. Ari nozvejas laika saimniecibas darbinieki

apliecinaja, ka zivédajputnu daudzums ir |oti mazs neka parasti $adas situacija.

lekartas prototipa testéSana uznémuma “Rimzati, Kuldigas rajona V.Kancana individualais uznémums”
ziemas dikos uzradija |oti labus rezultatus. Péc uznémuma ipasnieka, ar vairak neka 30 gadu zivju audzésanas
stazu, teikta putnu probléma ziemas dikos tika pilniba atrisinata. Gaismas staru iekartas efektu novéroja ne
tikai dikos, kurus tie parklaja, bet ari blakus esosajos dikos. lekartu uzstadija abos vienvasaras karpu mazulu
dikos un iekartai stradajot tie pilntba bija aizsargati. Novérojumu rezultati liecina, ka atbaiditajs atstaja
pozitivu ietekmi ari uz Gdriem, tos aizbaidot.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Secinajumi

HAOS prototipa testéSanas laika veiktie uzlabojumi ir batiski paaugstinajusi tas efektivitati.
Labakie putnu atbaidiSanas rezultati tika sasniegti ar horizontala plakné stradajoso lazeri.
Nenovéroja zemidens skanas iekartas negativu ietekmi uz zivim. Péc novérojumos iegitajiem
rezultatiem nevar drosi spriest par tas efektivitati putnu atbaidisana.
Pie skanas iekartam putni sameéra atri pierod un nebaidas, ieturot zinamu attalumu.

5. Pie spilgtaka apgaismojuma gaismas staru iericém mazinas efekts.

lekartas darbiba atstaja pozitivu efektu ari uz Gdru atbaidisanu.
leteikumi

1. Turpinat testéSanu visas audzésanas sezonas garuma.
2. Pilnveidot un izveidot viegli uzstadamu, atsevisku horizontalas darbibas gaismas stara ierici.
3. lzveidot vienkarsu ierices darbibas uzstadisanu/ieprogrammeésanu.

Ar HAOS prototipa testésanas rezultatiem interesentus iepazistinaja seminara “Karpu audzésana un to
slimibas” 2019. gada 26. novembri. Starp seminara dalibniekiem bija zivju audzésanas uznémumu parstaviji,
pie kuriem notika iekartas testéSana. Vini iesaistijas diskusijas un apliecinaja klatesosajiem iekartu efektivitati.
Seminara daltbniekiem bija interese uzzinat iekartas cenu un iesp&jam to iegadaties.

Biedribas “Latvijas zivju audzétaju asociacija” kopsapulcé (11.12.2019) ar testéSanas rezultatiem
iepazistinaja biedribas biedrus un uzklausija to biedru viedoklus, kas bija saskarusies praksé ar testésanas
procesu. Péc dzirdetas informacijas biedribas biedri ir gatavi turpinat sadarbibu ar mérki uzlabot un optimizét
iekartas efektivitati un tas praktiskumu, piedavajot prototipa testésanai savas diku platibas un nodrosinat visu
nepiecieSamo tas darbibai un zinamai uzraudzibai.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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| 3. U3.3 Iekartas prototipa optimizacija (RTU) 16.-24.mén. |

I 3.1. AP3.3.1 Optimizacijas/uzlabojumu apkopojums ‘

I Lazera stara paplasinataju salidzindjums

HAQS prototipa izstrades laika problémas radija lielo gabaritu lazera stara paplasinatajs BEW-10x. ZaJajam
lazeram ir ari lielaki gabariti, kas padara neiespéjamu ta ievietoSanu viegla AXIS T93F10 korpusa. Zalas krasas
lazeri MGL-H-532-500mW kopa ar BEW-10x stara paplasinataju ir iesp&jams izvietot HEG47K2A000 korpusa.
Savukart St korpusa svars ir 4,7 kg. Lazera ar paplasinataju masa ir 3 kg, lidz ar to tiek sasniegta lazera virzosas
sistémas maksimali pielaujama slodze (8 kg). Tas savukart var negativi ietekmét iekartas droSumu un
ekspluatacijas laiku. Tabula ir sniegts triju lazera stara paplasinataju salidzinajums. Apskatot tabulas datus var
secinat, ka nepastav optimals variants, tapéc iekartas gabariti bds saméra lieli, jo putnu atbaidiSanai ir

nepiecieSams labi redzams, spilgts lazera stars, ko iespéjams iegit ar BEW-10x paplasinataju

Tabula. 532 nm lazera stara paplasinataju parametru salidzinajums.

Modelis | garums, maks. lazera stara Prieksrocibas Trakumi
mm diametr | stara paplasin
s, mm maks. ajums
diametrs,
mm
BEW- 205 86 4-10 10x pilnigi saderigs ar lieli gabariti un svars
10x lazeri
BE-10x 65 30 2 10x mazi gabartti un svars | Nav saderigs ar MGL-
H-532-500mW dé|
maza ieejas stara
diametra. Dala no
lazera energijas tiek
izkliedéta.
Linos atkarigs 42 3-8 2-8x reguléjams stara Nav mehaniski
no paplasinajums, vidéji savietojams ar MGL-
paplasina gabariti H-532-500mW.
juma NepiecieSams taisit
no 131 atsevisku
lidz 148 stiprinajumu.

3 pieejamie lazera stara paplasinataji:

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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I HAQS prototipa modulu elektroenergijas patérina pétijumi

TestéSanas laika tika veiktas dazadas iekartas moduju modifikacias — gan shémam, gan
programmnodroSinajumam. Pieméram tika mainiti audio signali, to atskanosanas ilgums un bieZzums. Lidz ar
to paradijas nepiecieSamiba apkopot modulu energopatérina informaciju.

=~ —v

I Patérétas jaudas mérisanas stenda 1ss apraksts

lekartas darbibas laika patéréta strava var |oti batiski atSkirties, tapéc ir nepiecieSams ierakstit barosanas
sprieguma un stravas signalus noteikta laika intervala, kas ietver modula palaiSanas bridi un tipisko darba
reZimu pietiekosi ilga laika intervala. Tade] nevar lietot multimetra stravas meérisanas opciju, bet ir jalieto ta
saucamais datu “loggeris”. Signalu ierakstam tika izmantota daudzfunkcionala iekarta “Analog Discovery 2”
un strava/spriegums parveidotaja plate, kuras pamata ir LTC6101 mikroshéma.

LTC6101 stravas mérisanas plates elektriska shéma:

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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No grafika ir redzams, ka ir iespéjams nomerit stravu lidz 20 A neparsniedzot mérparveidotaju rezistoru

maksimalo pielaujamo jaudu, kas ir vienada ar 500 mW.

Komponentu neprecizitates un plates uzblves Tpatnibas noved pie ta, ka praktiska Vout atkariba no
caurplistosas stravas atSkiras no datormodelésanas rezultata ieglitas. Tapéc ir nepiecieSams veikt
kalibréSanas procediru, kas Jauj noskaidrot precizu sakaribu starp izmérito spriegumu Vout un patéréto
stravu. Kalibrésanas laika pie akumulatora tika pieslégtas dazadu veértibu lieljaudas rezistori un ar INSTEK
GDM-8246 multimetru tika nomeéritas atbilstosas stravas. Savukart ar Analog Discovery 2 tika nomérits katrai

stravai atbilstoSs Vout spriegums. Talak meérijjumu rezultati tika apstradati ar Matlab programmu, kas

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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piemeklé datiem atbilstoSus polinoma koeficientus un Jauj ieglt stravas apréekina formulu, ko var izmantot
stravas aprékinam izveidotaja matematiskaja kanala.

Matlab programma mérijumu datu apstradei un aproksiméjosa polinoma koeficientu aprékinam:

o)

% Measurements data

clear

I GDM = [0.628 1.33 5.043 10.2]
V_cmc [0.431 0.851 3.07 6.18];
Coeff polyfit(V _cmc, I GDM, 1);
$Verification of results

vV =20:0.1:2;

Current = polyval (Coeff, V);

’

A measured with GDM-8246 multimeter
V data from current meas circuit

o° o° oP

coefficients of approximatiting polynomial

figure(1l);

plot(V_cmc, I GDM, "or", V, Current);
grid on;

xlabel ("Vin") ;

ylabel ("Current") ;

Péc programmas izpildes ir iespéja parliecinaties par izvéléta polinoma un ta koeficientu pareizibu:

20 . . : .

15| :

-
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,-*"'/
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.
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-
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Rezultata, lai varétu ar Analog Discovery 2 matematiska kanala palidzibu iegQt stravas vértibu, matematiska
kanala loga nepiecieSams ievadit sekojosu izteiksmi:

1,6652*C1 - 0,084213 (Saja gadijuma pirmo kanalu (C1) ir nepiecieSams pieslégt plates izejai)

I HAQS prototipa moduu patéretas jaudas merijumi

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Meérijumu stenda konfiguracija ir paradita blokshéma:

LTC6101 stravas HAOQS prototipa
meérisanas plate modulis

12V, 90 Ah
akumulators

]paz‘e'rétd =a-Cl+b

%

baroSanas

( DISCOVERY! [
ADIGILENT /\\
\ \J4

RN Dators ar Waveforms
programmu

Katram pétamam modulim tiek meérits ieejas spriegums (akumulatora spriegums) un patéréta strava.
Izmantojot formulu P =V - |, kur P ir momentana jauda, V ir modula baroSanas spriegums un | ir modula strava,
ir iespéjams ar Analog Discovery 2 matematiska kanala palidzibu aprékinat patéréto jaudu.

No iegltiem datiem |oti svarigi 2 parametri: pika, jeb maksimala strava un vidéja patéréta jauda. Pika stravas
vértiba nosaka iekartas aizsardzibas elementu un baroSanas kéZzu parametrus, pieméram, drosinataju stravu.

Savukart vidéja patéréta jauda nosaka modula autonomas darbibas laiku.

I 1. idens modula energopatérina méerijjumu rezultati

Udens modula komplektacija: vadibas plate, paaugstino3ais sprieguma parveidotajs PS-SP12151, audio
pastiprinatajs WONDOM AA-AB33184, 1 taures formas skalrunis un 1 zemadens skalrunis.

Tika ierakstiti aptuveni 10 min gari patérétas stravas, akumulatora sprieguma signali un aprékinata jauda.

lerakstiti signali:

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Audio pastiprinataja ieslégsanas bridis:

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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No stravas signala, kas tika nomeérits paaugstino$a parveidotaja un audio skanas pastiprinataja ieslégSanas
bridi, var secinat, ka tiesi ieslegS8anas momenta veidojas stravas impulss, kas vairakkart parsniedz nominalo
stravu.

Rezultatu apkopojums:

GaidiSanas reZims: Vidéja patéréta strava = 160 mA; vidéja patéréta jauda=2 W
Atskanosanas rezims: Pika strava pie pastiprinataja ieslégsanas =9 A;

Vidéja patéréta jauda iekartas normalas funkcionésanas laika ir 5.5 W

I 2. Gdens modula energopatérina mérijumu rezultati

Udens modula komplektacija: vadibas plate, paaugstino3ais sprieguma parveidotajs PS-SP12151 , audio
pastiprinatajs WONDOM AA-AB33184, 2 taures formas skalruni un 1 zemuadens skalrunis. Salidzinajuma ar 1.
Gdens moduli, Sim ir pievienots klat vél viens taures formas skalrunis.

Rezultatu apkopojums:

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Gaidisanas rezims: Vidéja patéréta strava = 178 mA, vidéja patéréta jauda = 2.24 W.
Atskanosanas rezims: Pika strava pie pastiprinataja ieslégSanas = 10.23 A.
Vidéja patéréta jauda iekartas normalas funkcionésanas laika ir 5.8 W.

I Zalas krasas lazers, kas parvietojas tikai horizontalaja plakné

Modula konfiguracija: vadibas plate, sprieguma invertors SINUS 600 (12V DC uz 230 V AC), 12V uz 5 V
[Tdzsprieguma parveidotajs MEAN WELL SD-25A-5, zalas krasas lazers MGL-H-532nm-500mW, AXIS YP3040
Pan-Tilt Motor, AXIS PS-24 mains adapter.

Barosanas avots: Victron Energy Gel Deep Cycle Battery 12V90AH.
9 min gar$ barosanas sprieguma un patérétas stravas signalu ieraksts:

c2v AlA P €[ _Ready |1 [c2|a1|P) 16000 samples at 26.667 Hz | 2020-03-18 11:20:09.055
B 1B 7 L e I 0

M 1N~ N ~—nnhn

- — | P——— E——— L

2 2 v b b e b b e b v b e e b P b v b b b e e 1
-3min 2 min “Lmin 0min 1min 2min 3min 4min

x| -5 min ~4min

Rezultatu apkopojums:

GaidiSanas reZims: vidéja patéréta strava = 1.32 A; vidéja patéréta jauda = 16.7 W.
Tikai motora darbiba: vidéja patéréta strava = 2.4 A; videéja patéréta jauda =30 W.
Tikai lazera darbiba: vidéja patéréta strava = 2.5 A; vidéja patéréta jauda =31.5W.
Lazers + motors: vidéja patéréta strava = 3.6 A; vidéja patéréta jauda = 44.8 W.
Vidéja patéréta jauda iekartas normalas funkcionésanas laika ir 30 W.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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I Zalas krasas lazers un mazjaudiga stara novirzes sistéma

Modula konfiguracija: vadibas plate, 12V uz 5 V lidzsprieguma parveidotajs MEAN WELL SD-25A-5, zalas krasas
lazers MGL-H-532nm-500mW, 227:1 25DX56L MM MP 12V elektromotors.

Barosanas avots: Victron Energy Gel Deep Cycle Battery 12V90AH.

cav oaia ¢ €[ Ready <1 [c2] a1 [ ¢ 16000 samples at 136,53z | 2020-03-19 11:02:50.678 @rEE & B
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X+ 605 -85 365 245 125 0s 12s 245 365 ®s 05

Rezultatu apkopojums:

GaidiSanas reZims: vidéja patéréta strava = 160 mA; vidéja patéreta jauda =2 W.
Tikai motora darbiba: vidéja patéréta strava = 336 mA; vidéja patéréta jauda=4.2 W.
Tikai lazera darbiba: vid€ja patéréta strava = 1.2 A; vidéja patéréta jauda = 14.4 W.
Lazers + motors: vidéja patéréeta strava = 1.53 A; vidéja patéréta jauda = 19.4 W.
Vidéja patéréta jauda iekartas normalas funkcionésanas laika ir 7.1 W.

I Saules panelu pétijumi iekartas autonomas darbibas nodrosinasanai.

HAOS prototipa testéSanas gaita tika parbauditas divas Gdens modulu konfiguracijas, kuras darbojas
autonomi un pildija savas funkcijas visu testu laika. lekartas darbibas laika tika veikti 12 V akumulatora
sprieguma mérijumi un dati tika ierakstiti attiecigaja “log” faila. Sprieguma vértibas tika ierakstitas vienu reizi
stunda. Zemak ir veikts ieglto rezultatu apkopojums un analize.

1. Gdens modula testu dati

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Udens modula komplektacija: vadibas plate, paaugstinosais sprieguma parveidotajs, audio pastiprinatajs, 1
taures formas skajrunis un 1 zemuadens skalrunis, virkné slégti 2x50 W 12 V (SPP030501200) polikristaliskie
saules paneli, 1x Victron Energy Gel Deep Cycle Battery 12V90AH, Blue Solar MPPT 75/10 kontrolieris.

Testésanas periods no 07.09.2019 — 17.10.2019. Atrasanas vieta: Gaicénu dikis, kas atrodas Stalbes pagasta
netalu no Daibes.

Vidéjais akumulatora spriegums 1. tdens modulim
13.70
13.60
13.50
13.40

Vakk, V

13.30
13.20
13.10

13.00
07.sept 11.sept 15.sept 19.sept 23.sept 27.sept 01.okt 05.0kt 09.okt 13.okt

Datums

Apskatot 1. Gdens modula diennakts vidéjo akumulatora spriegumu var izdarit dazus secinajumus:

1. Videéjais spriegums nav zemaks par 13 V, kas nozime ka saules paneli piegada pietiekosu lielu stravu
akumulatoru uzladei ari rudens laika, kad putni vél nav aizlidojusi.
Sprieguma vértiba nedaudz samazinas, samazinoties dienas garumam.

Nelielas sprieguma izmainas ir saistitas ar atskirigu saules starojuma intensitati atseviskas dienas.

Aprékinot videéjo vértibu katra stunda uznemtam spriegumam pa visu testa periodu, tika ieglts sekojosais
grafiks:

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Diennakts laika uznemtais akumulutora spriegums. Vidéjots pa visu
testa periodu.
14.2
14.0
13.8
13.6

13.4

Vakk, V

13.2
13.0

12.8

Laiks

No grafika var redzéet, ka akumulatora izladé notiek no plkst. 17.00 lidz nakamas dienas 8.00 Bet no 8.00 l1dz
aptuveni 15.00 notiek akumulatora uzlade. Eksperimenti paradija, ka ar uzkrato energiju pilnigi pietiek lai
nodrosinatu Gdens modula autonomo darbibu, [idz ar nav nepiecieSamibas taisit saules panelu orientésanas
sistému. Sada sistéma batiski sadardzinas HAOS sistému un ari padaris to ievérojami komplicétaku, kas var
negativi ietekmét ekspluatacijas laiku un prasit noteiktus apkopes darbus (pieméram, ellosanu, tirisanu).

Janem veéra, ka vasaras ménesSos saules starojums ir intensivaks, ka art diena ir garaka. Lidz ar to dota
konfiguracija spés nodrosinat lielakas jaudas modula darbibu.

Minimalais akumulatora spriegums, kas tika fikséts testu laika ir 12.41 V.

2. tdens modula testa dati

Udens modula komplektacija: vadibas plate, paaugstinosais sprieguma parveidotajs, audio pastiprinatajs, 1
taures formas skalrunis un 1 zemidens skalrunis, 1x100 W 12 V (SPP031001200) polikristaliskais saules
panelis, 2x Victron Energy Gel Deep Cycle Battery 12V90AH, Blue Solar MPPT 75/10 kontrolieris.

TestéSanas periods no 21.09.2019 — 06.10.2019. Atrasanas vieta: Sélija pie Sunakstes akvakultiras dzivnieku
audzéanas uznémuma SIA “W4” Skinu purva diki.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Vidéjais akumulatora spriegums 2. udens modulim

131
13.0
12.9
12.8
12.7
12.6
12.5
12.4
12.3
12.2
21.09.2019  23.09.2019  25.09.2019 27.09.2019 29.09.2019 01.10.2019 03.10.2019  05.10.2019

Datums

Vakk, V

No grafika var redzét, ka vidéjais spriegums (vidéjots diennakts laika) nekrit zemak par 12.3 V un neparsniedz
13 V. Tas nozime, ka ar vienu 100 W paneli pietiek lai nodrosinatu modula autonomu darbibu. Akumulatori
netiek dzili izladéti, kas batiski pagarina to kalposanas laiku. Saja konfiguracija varéja lietot ari vienu

akumulatoru — tas Jautu samazinat plosta svaru un nelietot papildus kasti akumulatoram.

Diennakts laika uznemtais akumulutora spriegums. Vidéjots
13.6 pa visu testa periodu. 2. tdens modulis.

13.4
13.2
=>13.0
L1238
12.6
12.4

12.2
0 2 4 6 8 10 12 14 16 18 20 22
Laiks

Akumulatora sprieguma likne, kas uznemta diennakts laika ir lidziga 1. ddens modula liknei. Svarigakais, ka
septembri un oktobrT Latvijas teritorija akumulatoru uzlade notiek aptuveni no 8.00 lidz 15.00. Paréjo laiku
iekartas funkcionésanu nodroSina akumulators.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.



Projekts ,,Hibridas intelektualas akustiski-optiskas sistemas
izstrade nemedijamo un migréjoSu putnu sugu nodarito
postijumu samazinasanai Latvijas akvakultiiras nozare” Nr. 17-
NG RvIepoN 00-F02201-000001

I 3.2. AP3.3.2 HAOS optimizéts prototips

I 1. Eksistéjo3as sistemas

Lazeri uz korpusa ir nepieciesams piestiprinatizmantojot garas (ap 100mm) M10 skrlves. Tas, no vienas puses,
lauj lazera korpusam brivi parvietoties vertikala plakné, no otras — 2-3° robeZas regulét lazera orientésanas
ierices horizontalu plakni.

Piestiprinasanas shéma tika paradita pielikuma 3. NepiecieSamie izméri ir doti YP3040 izmantoSanas
gadijumam.

Visa elektronika tika samontéta metaliska skapi. Biji izméginati divi varianti — ar akumulatora un
apgaismojama tikla 230V barosanu. Pirma gadijuma aparatiras liela dala ir samontéta hermétiskas kastés.
Parejas ir nepiecieSams samontét atseviska korpusa. Attéla ir paradita konfiguracija vienam lazeram un
skalrunim.

230V barosanas gadijuma ir vérts pasargat visu elektroniku ar kopéju caurspidigo plastmasas plaksni. Attéla
ir paradita konfiguracija diviem lazeriem.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Vadibas plat
12V - 5V

parveidotajs

Skanas
pastiprinatajs Lazera
un tas barosanas
barosanas

bloks

12V - 230V
parveidotajs

MPPT 75/10
saules panela

kontrolieris

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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[ Vadibas plate

Pirma
lazera

barosanas

[ Vadibas plate

bloks

Dtra lazera

barosanas
bloks

NSS (noplides

stravas sledzis)

[
12V -5 5V
sprieguma
parveidotajs
L
I
K
12v - 5V
sprieguma
parveidotajs
T
[
230V > 12V
sprieguma
parveidotajs
N T
(
230V > 12V
sprieguma
parveidotajs
-

Automatiskais

drosinatajs

Protams, ir iespéjama ari cita modulu kombinacija.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Viens no variantiem bija novietot lazeri maksimali zemi virs Gdens. Tada gadijuma ierici vajag parvietot tikai
horizontala plakné. Virstidens lazera platformas konstrukcija ir diezgan vienkarsa. Stabilitati nodrosSina Cetras
metaliskas caurules, kuras ir nepiecieSams iesist dibena. U-veida stiprinataji tika panemti standarti. Paréjos
elementus var izveidot briva stila (finieris, koks, metals). Zemak attéla ir paradits metaliskais variants. Ramja

elementus (attéla tika atziméta ar zalo krasu) érti savienot ar metinasanu. Pielikuma 5 ir paraditi konstrukcijas
elementu rasejumi.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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I 2. Modernizacija

Lazera un optiskas sistémas BEW-10x izmantoSana paradija nopietnu problému - dotas sistémas gabariti
pieprasa lielaku korpusu. Atrastais korpuss (kopa ar iekS€jo aizpildijumu) sver aptuveni 5kg, kas rada parak
lielo slodzi orientésanas sistémai YP3040. Eksperimentu gaita tika sadedzinats vertikalas grieSanas kontrs.
Otra probléma - liels elektroenergijas patérins, kas var bt kritisks akumulatora barosanas gadijuma.

Problémas risinasanai tika izvirzits piedavajums nofiksét lazera-optikas sistému, bet staru novirzit izmantojot

vieglu spoguli. Spogula grieSanai var izmantot firmas DYNAMIXEL servopiedzini AX-12.

Darba spriegums 12v

GrieSanas moments 15,3kgecm

Tuksgaita atrums 59rpm

Izskirtspéja 0,29°

Maksimala strava 900mA

Darba temperatira -5°C --70°C

Datu protokols TTL Half Duplex
Async Serial

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Kopuma, konstrukcijas koncepcija ir paradita attéla. Izpildes variants tika orientéts uz plakSnu materialu
(plastmasa, finieris) izmantosanu.

Divdimensiju

sistéma

12V-5V
y parveidotajs

Konstrukcijas elementu detalizaciju var redzét pielikuma 4.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Vél optimalak izskatas konstrukcija virsidens lazeram. Tur nav vajadzigs dargs servopiedzinis, bet var izmantot
saméram léetu lidzsprieguma dzinéju ar reduktoru. Eksperimenti paradija, ka labaku rezultati dos dzinéjs ar
atrumu apméram 1gr./min. Lai lazers stradatu tikai nepiecieSsama sektora (taja skaita energijas ekonomésanai)
tika izveidota vadibas shéma. Ta pamata ir magnétiska lauka devéjs ar Holla efektu, kas kopa ar dzinéji atrodas
hermétiska kasté. Kopa ar spoguli roté ari specialais disks, pie kuras tika piestiprinati divi magnéti. Ka devéjs
ir izmantota mikroshéma SS411A. Ta ir bipolara ierice ar ciparu izeju. Tas nozime, ka viena magnétiska laika
polaritate parslédz izeju uz logisko vieninieku, bet pretéja uz logisko nulli. Ka magnétu ir labak izmantot formu

kuru ir iespéjams piestiprinat pie diska gan viena polaritati, gan otra.

Elektroniska vadibas sistéma konstruktivi tika sadalita divas platés.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.



Projekts ,,Hibridas intelektualas akustiski-optiskas sistemas
izstrade nemedijamo un migréjoSu putnu sugu nodarito
postijumu samazinasanai Latvijas akvakultiiras nozare” Nr. 17-

\WIN@ERvIPR 00-F02201-000001

PWR_FLAG R1
10k
? T TR
v B
u2 U1A
Ja. SS411A 74LV125
2 +5V
Barosana l\
1 1l 45v  out Pe—2 3 10
2 +=Cl —L c2 = 2 Ciparu izeja
o
470,0x16V -
A4
GND

Viena tiesi apkalpo sensoru - nodrosina kvalitativu barosanu (C1 un C2) un salago sensoru ar kabeli (U1).

PWR_FLAG N
1 > R4
I: 2 ;- 500
+5V ;|7
JL GND 54
U1LA X LED
R1 74LV125 R2 N 1
500 1k 2
1 — 2 3 Q1
I: 2 — 2N7000 PWM Laser
=—| < i 15
Sensar ®
12 L
GND

Cita plate tika izveidoti divas tranzistoru atslégas. Pirma (Q1) maina lazera spilgtumu (ieslégts/izslégts).

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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1 1=
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+12V i DC/DC 12V->5V
J4  GND b Jé
iM
R6 s
uiB
R3 74LV125 R5
500
1 |
F—
ESP32 |
J3

Otra (Q2 un Q3) lauj izslégt sistemas barosanu starp darbibas cikliem. Abos gadijumos mikroshéma U1 izpilda
buferizacijas funkciju.

Stkak principialas shémas, plasu topologijas un 3D attélus var apskatit pielikuma 6.

Kopéja konstrukcija ir paradita zemak.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Ir nepiecieSams atzimét, ka droSibas dél parveidotaju 230V->12V ir nepiecieSams samontét, kopa ar
automatisko drosSinataju un noplides stravas slédzi, atseviska kasté, kas ir izvietots uz krasta.

Spogula grieSanas ierices elementu raséjumi ir paraditi pielikuma 7.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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I 3.3. Komunikacijas modula uzlabojumi

I 3.3.1. Kopsavilkums

Turpmakie uzlabojumi komunikacijas modulim ir vérsti uz attalinatu datu ieguvi un ierices sistému vadibu.
Komunikacijas modulim tika veikti uzlabojumi $adas jomas:

1. Papildinatas zinas starp komunikacijas moduli un centralo bloku uz universalaku formatu (atpazist
pakas, parbauda kontroles summas). leviestas jaunu komunikacijas modula parraidamo zinu formats
sazina ar serveri (SS — SPI Send to Server un SR — SPI Receive from Server).

2. komunikacijas modulim var pieslégt vairakus centralos blokus (ierices), kuras varés vadit ar web
servera starpniecibu, katru identificé ar unit numuru. Tas ir izdarits ar noliku, lai viens
komunikacijas modulis varetu vadit vairakas atbaidiSanas ierices (vairaki lazeri un sauszemes/tdens
skalruni).

3. lzveidota ierices vadibas lapa, kura ir iesp&jams uzzinat HAOS sistému sarakstu, sastavdalas (Units),
parametrus, ka ari veikt to izmainas.

4. lzveidota komunikacijas modula PCB plate ar virsmas montazas elementiem, kas ievérojami atvieglo
komponentu lodésanu.

B 3.3.2. levads

Putnu atbaidiSanas sistémas neierobezojas ar tikai vienu atbaidiSanas ierici. Pieméram, lielas platibas dikiem
varétu rasties nepiecieSamiba péc vairakiem lazeriem vai skalruniem. Ka viens no papildinajumiem ir vairaku
centralo bloku (iericu) izmantosana viena HAOS sistema.

N Centralais
[[[ bloks 2
]_SIM-7000E 'UART kopne | komunikacijas | S kopne‘ Centralais | Centralais
NB-10T HAT | AT komandas | modulis Clave "| bloks 1 | | bloks 3
Master | e
N Centralais
bloks N

Attéls 3.1. vienas HAOS sistémas arhitektiira ar jauninajumiem (kur komunikaciju modulim var pievienot
vairakus centralos blokus)

Katrs centralais bloks var vadit vienu lazeru, vienu sauszemes skalruni un vienu tdens ska|runi. Visu registréto
HAQS sistemu vadibu veic viens centralizétais serveris.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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sIM-7000€ | YART kopne | xomunikacijas | SPIkOPNe | centralais

NB-10T HAT | AT komandas | modulis ) "| bloks

{ HAQOS sistéma } """" ’

I_ SIM-7000€ | YART kopne | komunikacijas | SPIkoPne | centralais
NB-loT HAT ~| modulis bloks

< »

AT komandas

1
'
'
1
1
'
'
'
1
1
'
'
'
1
1
'
'
1
1
1
'
'
1
1
1
'
'
1
1
1
'
'
1
1
1
1
'
'
'
1
1
.

—eem ees ... Citas HAOS sistémas ... HAOS sistéma [======""

Ethernet tikls
Serveris

v

Attéls 3.2. HAOS sistemu kopéja arhitektura, ieskaitot vadibas serveri

Komunikacijas modulis ar 4G modula SIM-7000E palidzibu sazinas ar serveri un apmainas ar zinam:

e apmeéram reizi stunda serverim tiek nosutita “heartbeat” zina, tada veida informéjot serveri par to
ka komunikacijas modulis ir sasniedzams un funkciong;

e sanemot datus no centraliem blokiem (HAOS sistémas statuss un parametri) notiek papildus zinu
apmaina ar serveri.

Svarigi ir tas, ka savienojumu vienmér atver komunikacijas modulis (dé] 4G tikla Tpasibam). Tapéc serveris
savus pieprasijumus (pieméram, ierices vadiba vai parametru izmainas) var nosutit tikai kopa ar atbildém uz
kadam citam komunikacijas modula zinam. Tas veido aizturi starp pieprasijumu servera puseé un ta izpildijumu
HAOS sistémas pusé un ir svarigi vadibas web-lapas arhitektdras izvélei.

Ka viens no veiktajiem uzlabojumiem ir programmatiras modificésana, kas lauj attalinati, pieslédzoties
pie servera web lapas, iegut HAOS ieri¢u un centralo bloku parametrus un attalinati tos vadit. Lai to
nodroSinatu, tika veikti papildinajumi, kas ir aprakstiti nakoSajas apaksnodalas.

Japiebilst ari ka tika papildinats veids ka serveris atpazist ar kuru ierici sazinas un kurs centralais bloks tiek
pieminéts sanemtajos datos. Ta, pieméram, katram komunikacijas modulim tiek pieskirts unikals

identifikators (id_token, 8 baitu virkne), kas Jauj serverim atskirt no kuras HAQOS sistémas atnak pieprasijums.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Servera komunikacijas zinu formata ir atvéléts lauks id_token vértibai. Savukart, centralo bloku identificé
vesels skaitlis (intervala 1..9), kuru serverim nosita / no servera sanem SPI pakas derigajos datos.

I 3.3.3. Papildinajumi servera programmatiras pusé

Minétas funkcionalitates nodrosinasanai servera puse ir veiktas sekojoSas izmainas: izveidota jauna klase Unit,
kuras objekti apstrada centralo bloku pieprasijumus.

é A
Centralais Bloks ... Citu iericu
objekti ...

a
SPI kopne
A 4

v

ApiRaw DeviceContainer

Spi_processor

N

\ 4 >

ApiRest

connection_manager <= gtfsm

q HAOS sistema

a

Parliks klienta pusé |«

-I Klienta dators

\

Attéls 3.3. papildinata sistémas programmatiiras komponensu arhitektiira

Tagad Device objektu uzdevums ir sanemt pieprasijumus, atsifrét pret kuru no centraliem blokiem (Unit) Sie
pieprasijumi attiecas un paradresét talakai apstradei.

I 3.3.4. Servera vadibas web-lapas papildinajums

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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Zemak attélotaja attéla a) dala ir paradits web lapas izkartojums ar paskaidrojumiem, kas apraksta, kadu
informaciju lapas elementi saturés. Zemak paraditaja attéla b) da)a ir paradita reals web lapas attélojums uz
mobilas ierices. levadot pareizu HAOS sistémas (komunikacijas modula) Pass_token informaciju, varés piek|at
centralo bloku vadibas elementiem (ievadlauki un pogas).

i

S RTEF s o Satur pazinojumu par to ka serveris nav ‘—_ © @ o

pieejams. Satur pogu lai parbauditu savienojumu.

Bird-server control page:

Connected
- oo e : -—|pageServerIsO‘K Check  List Devices
Rada pazinojumu par pieslégsanos serverim. Rada pogu
parbaudit savienojumu vai nolasit iericu sarakstu. Devices:

. - gaicenud
Rada, ja sistéma nav registréta neviena ierice. pageMoDevices m
)

Rada ieritu sarakstu ar iespéju izvélsties, Rada lauku, [pageDevices | | sunaksti
kura var ievadit paroli un aktivizét vadibas refimu.

Total devices: 3

Pass token:
Device 3 Activate control mode
Total Devices: 3
Device: testtest
. = Brief:
Pass token: [sssosisssessmssos | (Activate control mode ) Last activity time: 2020-03-27 00-32-06
(5.47 minutes ago)
Total units: 3
- pageDevicelnfo 1 n 3
Unit status:
( A Last activity: 2020-03-27 00-32-06 (5.5
Tiek paradita ierice, tiek paradits pédéjas aktivitates laiku. pageDeviceSummary minutes ago)
Last voltages, reported 5.5 minutes ago:
k- P Vmain = 2 Vacc = 0.66
- ~ Scarers state, reported 5.5 minutes ago
- pageDeviceUnitsInfo To change state, activate control mode.
7 Laser scarer: on
Rada,ja sistéma nav registréts neviens centralais bloks. pageNoDevicelnits Air audible scarer: off
Water audible scarer: on
o / Laser scarer parameters, reported 5.5
- minutes ago
Uzskaita iericé eso$us centralos blokus ar iesp&ju izvélgties. pageDeviceUnits To change, activate control mode.

[unit 1] [unit 2] [unit3] [unitz] [REFRESH]= pageDeviceUnitinfo SRR

Laser scarer time max: 10
= tableDeviceUnitList Laser scarer PWM: 50

Air audible scarer parameters, reported
5.5 minutes ago

To change, activate control mode.

Air audible scarer time min: 0

Air audible scarer time max: 20

Water audible scarer parameters,
reported 5.5 minutes ago

To change, activate control mode.
\ , Water audible scarer time min: 0

Water audible scarer time max: 30

a) b)

Attéls 3.4. web lapas izkartojums ar paskaidrojumiem a) dala, web-lapas attélojums uz mobilas ierices b)
dala

Zemak ir paradita vienkarSota web-lapas uzvedibas plismkarte:

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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pageServer sDown

ERROR
show_pageSenverisDown()

checkServer()

oK
show_pageSenver sOk()

show_pageSenverlsDown()

ALERT L\

ERROR connected to server
alert_problemO nExecution()
ERROR
alert_problemOnExecution)) / listDevices)
ACTIVATE CONTROL MODE |
S P L |
devices. length? show_pagehoDevicss) LIST DEVICES
checkServer() not0
tableDeviceshamasList)

i

laheMotalDevices
show_pageDevices()

0K
show_controlM odeEle ment s()|

devices.length =0
ERROR
alert_problemOnExe cution)
pageServerlsOk
pageDevices
pageDevicelnfo
pageDeviceSummary

automatically
selectsfirst
device in the list

pageSernver sOk
pageDevices
IpageDevicelnfo

getDeviceSummary(l ‘SELECT DEVICE

oK
labelDeviceName pageDevicelnitsinfo

pageDevicelnits

pageServerlsOk
pageDevices

pageDeviceInfo
pageDevice Summary
pageDeviceUnitsnfo
pageNoDeyicelUnits

S HeCTRECHORE F

hide_controlM odeElements()]

[t}
show_pageioDeyicelUnits()
show_pageDevigelnfo)

not0
labelTotalDevicelUnits
tableDeviceUnitsList
show_pageDevicelnits()
show_pageDevicelnfof)

ERROR
alert_problemQnExeciution|

aeRr |«

if contral mode|
activated
ERROR
alert_prohlemO nExecution pageServerlsOk
pageDevices
. Y pageDevicelnfo
getDeviceUnitinfo() pageDeviceSummary
pageDevicelnitsinfo

pageDevicelnits
pageDevicelnitinfo

pageServerisOk
pageDevices
pageDevicelnfo | S, EH.EBTE)Eﬂ'lﬂE L)[q_ff
pageDeviceSummary
pageDeviceUnitsinfo
pageDevicelnits

Attéls 3.5. web-lapas uzvedibas pliismkarrte

Sakums ir atziméts ar STARTUP; citi tas pasas krasas elementi atspogulo citas darbibas, kuras ir iesp&jams
veikt, spieZot pogas. Saja plismkarté minéto lapu (katrai ir iedots unikals nosaukums, piem. pageServer/sOk)
izkartojumu var redzét iepriekséja attéela.

Zemak ir aprakstiti zema limena procesi, saistitie ar jaunu funkcionalitati.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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I 3.3.5. SPI kopnes jaunais protokols

Komunikacijas modulis visu informaciju par centralo bloku darbibu sanem / nosita izmantojot SPI kopni, kura
tas ir saslégts SPI Slave rezima.

on -

| . SPlargja |
imodulis: 5Pl iekséja oppe, |
[[[ ] SCS {sa | o
UART | SPI ; MosI i Mos! Master
SIM-7000E I Slave MISO L wmisoi 18 3lai
kopne | H == Centralais
NB-loT — T : e bloks
= = : s, $ <+
Module AT komandas I § e § 3 \SCLK.:': o S )
I f— — "‘.' "a' 4 A
: MCU:  TITTITT ) }VL: :
1| STM32-1432¢6U N scik |
: INT :
N o —| Komunikaciju modulis }'

Attéls 3.6. komunikacijas modula struktiirshéma — paraditas ieksejas komunikacijas kopnes

Dazu STM32-L432 mikrokontroliera un HAL bibliotékas Tpasibu dé| SPI Slave tika implementéts
programmatiras reZima (procesors apstrada katru CS un SCLK signalu fronti izmantojot partraukumus). Tapéc
vadams buferis pie SCLK signala (izveidots uz mikroshémas 74HC132N pamata) tiek izmantots, lai blokétu
SCLK signalu tad, ka nav ieslégts CS signals. Tas mazina noslodzi uz Software-SPI Slave datu sanemsanas
programmataru (tiek izsaukti mazak GPIO partraukumi).

Projekta gaita tika papildinats SPI datu protokols uz universalaku formatu. Tagad dati tiek sanemti un
nosutiti pakas un tiem ir $ads formats:

Baita numurs: | 0 1 2 3..7

Nozime: 253 Cik baitu | Kontrolsumma Derigie dati (payload)
Identificé sakot ar 2.? | baitiem sakot ar 3.
datu pakas
sakumu

Komunikacija tiek uzsakta, kad pirma nosatita baita vértiba ir 253, paréjas zinas, kas sakas ar citu vértibu
netiek saglabatas, ka ar tiek ignoréti baiti ar kodu 255. Baits 1 norada, cik daudz baitu ir paka (skaitot baitus

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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2 Iidz 6/7). Baits 2 tiek izmantots k|Gdu parbaudei (satur kontrolsummu, kas tiek rékinata baitiem no 3 lidz
6/7).

Komunikacijas modulis veic sadu datu paku sanemsanu (parliecinas ka ir sanemti visi baiti) un
kontrolsummas parbaudi, bet neveic datu interpretaciju. Visi no centrala bloka sanemtie dati tiek nosatiti
serverim turpmakai interpretacijai. Savukart, no servera sanemtie pieprasijumi tiek nosatiti centralajam
blokam tadu pasu paku veida.

Arpus $im pakam, komunikacijas modulis un centralais bloks var parraidit baitu ar kodu 255, kurs tiks
ignoréts. Attéls zemak demonstré vienu paku, kas ir sanemta no centrala bloka — var redzét ka taja ir aktivs
tikai MOSI signals. MISO signals tiek turéts augsta limeni un tas nozimé ka centralais bloks no komunikacijas
modula sanem 7 baitus ar vértibam 255, kas tiks ignorétas.

¥ Annotations

V¥ Analyzers

SPI

¥ Decoded Protocols

LTI

Q= Capture

Attéls 3.6. SPI pakas piemérs (saturs Seit nav svarigs, talak teksta bis citi konkrétaki pieméri)

Visu SPI paku, kuras centralais bloks stta komunikacijas modulim, derigajiem datiem ir $ads formats:

Baita numurs
SPI paka: 3 4 > 6 7
Nozime: Centrala bloka | Operdcija (skat. | Parametri atkariba no operdacijas
numurs *10. zemak (skat. zemak atsifréjumu)
(unit number) variantus)
BaroSanas Akumulatora
11 — | sprieguma sprieguma
akumulatoru vértiba *10. vértiba *10. -
spriegumi Piem. 121 | Piem. 42
iekodé 12.1 V. iekodé 4.2 V.
12 — ierices Iézer.s ) skar).a (g_aiss) skar).a (L'J_dens)
(1 —ieslegts, 2 - | (1 —ieslégts, 2 - | (1 —ieslégts, 2 -
status N N N
izslegts) izslegts) izslegts)

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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13 - lazera
parametri

14 - skanas
parametri laiks min. laiks max. --
(gaiss)

15 - skanas
parametri laiks min. laiks max. -
(tdens)

laiks min. laiks max. PWM

Baits 3 identificé no kura centrala bloka atnak dati (iekodéts sareizinats ar 10, pieméram ja tresais baits
ir 30, tas nozimg, ka St informacija tiek padota no centrala bloka ar numuru 3). Ceturtais baits norada kada
informacija tiks nolasita un atkariba no tas baitiem 5, 6 un viena gadijuma ar1 7 ir dazada nozime.

Sadas pakas ir paredzéts parraidit regulari, zinojot par baro$anas spriegumu limeniem un stradajo3o
komponensu (lazeris, skalruni) darba reZimiem un parametriem. Pieméram, $adi centralais bloks iekodé
informaciju par baroSanas un akumulatora spriegumiem —12.1 V un 4.3 V attiecigi:

¥ Annotations

¥ Analyzers

SPI

¥ Decoded Protocols

O= Capture

Attéls 3.8. SPI pakas piemérs uznemts ar ciparu osciloskopu — Seit par baroSanas spriegumiem (datu
virziens: centralais bloks -> komunikacijas modulis)

Nakamais attéls demonstré So datu attélosanu servera vadibas web-lapa (informacija par barosanas
spriegumiem ir atziméta ar bultinu):

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.
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& [Bird Server] bird-server control page - Mozilla Firefox

% bird-server control page X +

: C® 04 .

Bird-server control page:

Connected
Check | List Devices

Devices:

testtest

' | sunaksti

Total devices: 3
Exit control mode

Device: gaicenud
Brief:
Last activity time: 2020-03-26 14-36-43 (1.63 minutes ago)

Total units: 1

1

» | Unit status:
Last activity: 2020-03-26 14-36-43 (1.63 minutes ago)

Last voltages, reported 1.63 minutes ago:
Vimain = 12.1 Vace =43

Scarers state, reported 1.63 minutes ago
Laser scarer: on

tumon turmnoff cancel
Air audible scarer: off

tumon turnoff cancel

Attéls 3.9. sanemto SPI datu attéloSana servera vadibas lapa

Seit ir attélota vadibas lapa, kur ir paradits saraksts ar HAOS sistémam (3eit - testtest, gaicenud un sunaksti,

kas batiba ir 8 simbolu id_token) un katrai sistémai ir paradits saraksts ar centraliem blokiem (Seit - 1, tikai
viens).

Visu SPI paku, kuras komunikacijas modulis sita centralajam blokam, derigajiem datiem ir Sads formats:

Baita numurs
SPI paka: 3 4 > 6 7
Nozime: Centrald bloka | Operdcija (skat. | Parametri atkariba no operdcijas
numurs. zemak (skat. zemak atsifréjumu)
(unit number) variantus)
21— ierices Iazer.s ] skan.a (g_alss) skan.a (u_dens)
(1 —ieslegts, 2 - | (1 —ieslégts, 2 - | (1 —ieslégts, 2 -
status N N N
izslegts) izslegts) izslégts)
22 - 13
.azera laiks min. laiks max. PWM
parametri
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23 - skanas
parametri laiks min. laiks max. --
(gaiss)

24 — skanas
parametri laiks min. laiks max. --
(Gdens)

Sis pakas ir paredzétas HAOS sistémas komponensu vadibai (ieslégsana/izslégsana) un parametru uzstadisanai.

I 3.3.6. Servera komunikacijas zinu papildinajums

Komunikacijas modulis kalpo ka starpsavienojums SPI kopnei ar serveri, t.i. visus derigus datus, ko sanem caur
SPI kopni, tas nosita serverim un visus datus, ko sanem no servera, tas nosita pa SPI kopni. Tapéc

komunikacijai ar serveri tika ieviesti papildus zinu tipi.

e ZinaSS (SPI Send to Server) ar $adu saturu:

. _ Nosaukums, - .
Baits(s) Formats - .. Komentari
Interpretacija
0.1 uintl6_t LOP — zinas Apraksta zinas (visi baiti) garumu.
garums Tiek pienemtas zinas tikai ar sadu

garumu: 32..4095, dél mikrokontroliera
RAM izméra ierobeZojumiem.
2 uint8_t CHKSUM - Aprékinata prieks zinas baitiem 0..1,
kontrolsumma 3..(LOP-1), ka summa, kura péc tam tiek
invertéta (bitwise NOT).

3 uint8_t SOP — derigu Precizé, kur sakdas derigie dati. Derigo
datu sakums datu sakums ir SOP*4+32,
4.11 8 chars id_token Identificé  komunikdcijas moduli -
katram ir unikals; publiski zinams.
12..(SOP*4+31) zero-terminated  pass_token Autentificé komunikacijas moduli; tiek
string turéts slepeniba.
(SOP*4+32)..(SOP*4+33) chars request ID Satur divus simbolus — “SS”.
(SOP*4+34)..(LOP-1) request payload  request payload = Satur datu kopiju, kas tiek sanemta ar

SPI 253 paketes derigajiem datiem.

Sada formata zinas tiek nosititas serverim katru reizi sanemot SPI paku. Operaciju seciba un iesaistitie moduli

ir sekojosie:
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Spi_processor \ I connection_manager| | atfsm, ApiRaw, DeviceContainer | | Device Unit
sapem no ) ~
centrald bloka pieprasijums > . B
pieprasijums o —
SPI paku pieprasijuma ID : - izstradats un detalizéti
< _pieprasijuma ID aprakstits iepriekséja

lprojekta posma

pieprasijuma (SS) dati atkode:

(SPI pakas derigie dati) ~ | centrald bloka
(Unit) numuru,
operdciju un tas
parametrus

pieprasijuma dati o
“"| apstrada

atbildes dati | pieprasijumu

A

atbildes paka

atbildes pakas dati

pieprasijuma statuss
-

-

v v v v v

Attéls 3.10. demonstré kada veida dati no SPI kopnes (sanemtas pakas derigi dati) nonak lidz servera
Device Unit objektam

Centralo bloku vadibai ir sarezgitaka seciba, skat. zemak.

e SR (SPI Receive from Server) ar $adu saturu:

Baits(s) Formats Nosaukurr\s',. Komentari
Interpretacija
0.1 uintl6_t LOP - zipnas Apraksta zinas (visi baiti) garumu.
garums Tiek pienemtas zinas tikai ar Sadu garumu:
4..4095, dé] mikrokontroliera RAM izméra
ierobeZojumiem.
2 uint8_t CHKSUM - Aprékinata prieks zinas baitiem 0..1,
kontrolsumma 3..(LOP-1), kG summa, kura péc tam tiek
invertéta (bitwise NOT).
3 uint8_t SOP — derigo Precizé, kur sakas derigie dati. Derigo datu
datu sakums sakums ir SOP*4+4.
(SOP*4+4)..(SOP*4+5) chars response ID Atbilde  uz  komunikacijas  modula
pieprasijumu — divi simboli “OK”.
(SOP*4+6)..(SOP*4+7) chars additional Papildus atbilde — pieprasijums no servera
response ID puses, satur divus simbolus — “SR”.
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(SOP*4+8)..(LOP-1) binary data additional Bindrie dati parsitisanai caur SPI.
response
payload

SR zinu serveris noslta atbildot uz jebkadu komunikacijas modula pieprasijumu. Sliktakaja gadijuma - uz
"heartbeat” zinu, reizi stunda. Operaciju seciba un iesaistiti moduli ir sekojosie:

connection_manager| | atfsm, ApiRaw, DeviceContainer | I Device |

gatavs pieprasijums

cods o pieprasijums > B ko nodot centralam
rSijlj;i; pieprasijuma ID p /.ep rastiums izstradats un detalizéti blokam|[ ypit
< _pieprasijuma ID aprakstits iepriekséja
D projekta posma

__pazino par gatavu
spi_processor o

pieprasijumu
pieprasijuma dati

Y

apstrada
pieprasijumu,
sageneré OK
atbildi

pieprasa papildus |
atbildi -
_____papildus SPI
- derigie dati

atbildes paka — satur
pieprasijuma statuss | atbildes pakas dati OK un SR laukus

-
<

SR lauka dati

SPI paka| v v
v

Attéls 3.11. demonstré pieprasijuma nodoSanu no servera lidz SPI kopnei

Tapéc ir janem vera ka servera vadibas web-lapa veiktas izmainas reali tiek izpilditas centrala bloka ar lielu
aizturi. Sim nolikam, web-lapa pieteiktas izmainas tiek attélotas |idz izpildei. Pieméra, zemak tika pieprasits
izsleégt skanas atbaiditajus (gaisa un tGdens), bet neko nedarit ar lazera stavokli. Pogas “turn off” tiek iezimétas

un saglaba $adu stavokli (arT parladejot vadibas web-lapu) lidz to nodosanai OK/SR atbildes pakas veida. Lidz
tam Sos pieprasijumus ir iespéjams mainit.
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bird-server control page X +

& C® 0 4

Total devices: 3
Exit control mode

Device: gaicenud
Brief:
Last activity time: 2020-03-26 15-01-00 (0.1 minutes ago)

Total units: 1

Unit status:
Last activity: 2020-03-26 14-50-50 (10.6 minutes ago)

Last voltages, reported 0.43 minutes ago:

Vmain = 12.1 Vace =43

1 ||| Scarers state, reported 10.6 minutes ago
Laser scarer: off

tumon tumnoff cancel
Air audible scarer: off

b
turn on cancel

Water audible scarer: on

turn on cancel

Laser scarer parameters, reported 10.6 minutes ago
Laser scarer time min: 0

[ | change cancel

Laser scarer time max: 10

Attéls 3.12. demonstré centrala bloka vadibu binaram vértibam (Seit tiek pieprasits izslégt gaisa un Gidens
atbaiditajus, un atstat lazera atbaiditaju iepriekséja stavokli)

Sads vadibas mehanisms ir izvéléts, lai klikikinot on/off vadibas pogas web-lapa, vadama ierice ienem
tikai peédgjo izveleto stavokli.

Tiklidz komunikacijas modulis sanem SR zinu, tas sagatavo SPI paku nosiitiSanai (skat zemak).
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W Annotations

V¥ Analyzers

SPI

'V Decoded Protocols

Q= Capture

e e T e e

a) tiklidz komunikacijas modulim ir SPI dati, tiek uzstadits INT signals

¥ Annotations
I

¥ Analyzers

SPI

'V Decoded Protocols

O= Capture

b) registréjot INT signalu, centralais bloks var nolasit SPI paku, padodot SCLK signalu; tiklidz visi dati ir
nolastti, INT signals tiek uzstadits atpakal uz 0

Attéls 3.13. demonstré pakas nositiSanu uz centralo bloku

Saja pieméra tiek iesaistits INT signals SPI kopnes Tpasibas dé| — komunikacijas modulis ir SPI Slave rezima.

Vadibas lapa var konfigurét ari skaitliskus parametrus. Zemak ir paradits piemérs lazera impulsa platuma
modulacijas aizpildijuma koeficienta (nosaka spilgtumu) mainai:
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Laser scarer parameters, reported 14.5 minutes ago
Laser scarer time min: 0

[ ] change cancel

Laser scarer time max: 10

[ | change cancel

Laser scarer PWM: 50

Air audible scarer parameters, reported 14.5 minutes ago

Atteéls 3.14. demonstreé skaitlisko vertibu mainu servera vadibas web-lapa
Princips ir tads pats - pieteikta izmaina tiek ieziméta un to ir iespéjams mainit [idz tiek sageneréta SR zina.

I 3.3.7. Papildus funkcijas (SMS zinu apmaina)

Tika implementéta ari papildus funkcionalitate SMS zinu apmainai. Lai gan programmatira to atbalsta (t.i.

sanemot zinu tiek izsaukta C funkcija ar SMS zinas tekstu, vai ar citam funkcijam ir iespéjams nostit SMS zinu),
tacu reala prototipa $i funkcija nebija izmantota.

Zemak ir paraditas ATFSM modula veikti papildinajumi.

DP3 lekartas testésana realos apstak|os, optimizacija 14.-24.mén.



Projekts ,,Hibridas intelektualas akustiski-optiskas sistemas
izstrade nemedijamo un migréjoSu putnu sugu nodarito
postijumu samazinasanai Latvijas akvakultiiras nozare” Nr. 17-
\INDLRIpR 00-F02201-000001

SMS READ
el IR +CMGD: (list), (0-4)
— 2 processSMSListReply() >
AT+CMGD=2 saves first SMS in list
nat recognized
any SMS id
ID_SMSREADREC:
gsgs;m’:-?l%wggzzquemo +CMGR: "REC READ" "+3717654321", "1912/2310 UE:3U+US“‘
depending on previously saved by processsMsReadHeader()
ID__SMSREADDONE: .
SM5 id
performsM SReadDone)
sends nothing, cleans FX ‘ |
QK ¥ performSMSReadBodyStart()
or timeogut ID_SMSREADDEL: saves time of slan
|D__BEFOREIDLE CR+LF (any combmatlon)
performSMSReadDelete) SMS text (multple lines ending
on CR+LF+CR+LF +0K+CR
by processSMSReadBody ()
maoves to next state because of timeout 500ms
copies message for processing or not,
| ID. SMSREADEXEC: depending on previously decoded sender id
i
performSMSReadExecute]) i
1
I
I
1

Attéls 3.15. ATFSM modula papildus stavokli SMS zinas sapemsanai

Ir izmantots “polling” panémiens - Seit ienakosa bultina no ID__IDLE stavokla. Periodiski (reizi ~30 sekundés)
ATFMS parbauda vai ir sanemtas jaunas SMS zinas un, ja ir, tas tiek nolasitas un dzéstas pa vienai. Autorizéto

sanémeéju saraksts ir ieblvéts programmatiras koda (tabulas veida).

Zemak ir paraditi ATFSM papildus stavokli SMS zinas nosutisanai:
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ID_SMESENDIMIT | i

7 performSendSMEM essageCommand()
AT+CMGS="phone_number"

.

T
processSendSM SMessageProrn @ga‘

performSendSMSMessageBody()
send SMS message text

ID_SSMFAILED /

] :
CTRL_Z performSendSMSMessageF ailed]) /

processSendSM SMessagel D)
"+CM GS=X"
Y !

| ID__SSMSUCCEEDED

‘ performSendSMSMessageSucceeded)

Attéls 3.16. ATFSM papildus stavokli SMS zinu nositiSanai

lenakosa bultina ir no ID__IDLE stavokla, gadijuma, ja tiek pieprasits nosttit SMS zinu ar
ATFSM_sendSMSMessage() funkcijas palidzibu. Funkcijas izsaukSsana SMS zinas nosdtisanai ir tada pati ka
zinas nosutisana serverim, péc sekojosa pseidokoda:

Definéjam stavoklus Sim procesam (vajadzigs nebloké&josai procesa realizacijai)
static enum send sms t

{

send_sms__idle, //'< nedarit neko
send_sms__requested, //'< pieprasit zinas nosutisanu ar ATFSM_sendSMSMessage()
send_sms__in process //!< sagaidit rezultata kodu - SUCCEEDED / FAILED

} send sms state = send sms_ idle;
static ATFSM ReturnCode t send sms id; //!< mainigais transakcijas identifikatora glabasanai

Tad kad ir vajadzigs nosatit SMS zinu, mainam S1 stavokla automata stavokli:

// schedule send of SMS message
if (send sms state == send sms_idle)
send sms_state = send sms requested;

}
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Stavokla automata realizacija ir sekojosa:

switch(send sms state)
{
case send sms_requested:
{
ATFSM ReturnCode t ret = ATFSM scheduleSendSMSMessage ("Hello!", 6, "21234567");
if (ATFSM isID(ret))
{
send sms id = ret;
send sms state = send sms_in process;
}

break;

}

case send_sms__in_process:
{
ATFSM ReturnCode t ret = ATFSM getTransactionState(send sms id);
if (ATFSM isCompletionCode (ret))
{
send sms state = send sms idle;
ATFSM freeTransaction(send sms id);
}
break;

}

case send sms_idle:
default:

Saja pieméra zinu ar tekstu “Hello!” (6 simboli) tiek pieprasits nosatit abonentam ar numuru 21234567.
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I 3.3.8. Komunikacijas modula implementacija

Principala shema

Tika izveidota shéma EAGLE CAD vidé. Uz vienas PCB plates tiek izvietots gan mikrokontroliera modulis, gan
SIM kartes 4G modaulis, ka arT nepiecieSama funkcionalitate tiek realizéta ar MC74HC132A integréto shemu.
Atskirtba no iepriekSéjam iespiestas plates versijam, Seit tiek izmantoti virsmas montazas elementi, kur tas ir
iespéjams, jo tas samazina elementiem nepiecieSamo vietu un Jauj kompaktak salikt komponentus un
modulus. Virsmas montazas komponenti ka rezistori un kondensatori ir izvéléti ar izméru 0603 collu simtdalas
(jeb 1608 metriski — 1.8mm x 0.8mm), kuri ir pietiekosi érta izméra komponentu pielodésanai.

1 2 3 4
A A
BTV
L IC1  MC74HC132A l ;
R1 10
o ) T T B ot
B Uz 100nF= i iLg V?’g ig B
SIM7000E M UL i ) =
? 3.3V 515 b T
2 NUCLEO-L432KC 5 | 2B B 5
= c3|__L, J2 =12, ¥
D +—1 30 — GND  3Y
- T —6 O— 4t 29 = GND | ]
45 +=3 28
5 -+ 4 27
=5 26—
GND TO)—f—6 25 =
R2 =7 24 =]
C I L g 23 -t C
10k T2 2-T
Jl 10 2] =
RXD +5V. O O =11 20 w—t
12 19
c1 Lca =13 1} (ﬁ\l_D
|| —14 17 = 1
100p 100p “TloouF Fis_isd @
‘%I_ GND USB
ND GND GND
D D
Komunikacijas_plate_v2_rev2
05.03.2020 15:34
Sheet: 111
1 2 [ 3 | 4

Attéls 3.17. Principiala shema
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PCB shema

Plate tiek veidota ka divpuséja iespiesta plate. Divpuséjas plates izgatavosana ir salidzinosi Ieta, ka ari plates
piegade ir pietiekosi atra. Ta ka komponensu ir salidzinosi maz, tie tiek izvietoti viena pusé. Plates stiprinajuma
urbumi ir izveléti atbilstosi plates stiprinajuma vietai.

1 | 2 | 3 4
A A
99.00
88.00
| ; 1. Plates materials - FR4. ]
OC ~ 5 2. Plates biezums - 1.6mm.
3. Vara hiezums -35um.
5 @@@O@@@[‘] 4. Aizsargmaska - abas puses.
g I 5. Kontaktlaukumu parklajums -
B P =il e HASL with lead. B
6. Visi izméri noraditi mm.
0B0$0006ABEAANE:
88
I -
& C
D D
Komunikacijas_plate_v2_rev2
©95.03.2020 15:51
1 2 \ 3 4

Attéls 3.18. PCB shéma
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Komponentu izkartojums

Nakosaja attéla ir paradits komponentu novietojums uz PCB plates.

1 | 2 | 3 4
A A
99.00
88.00
— 12 1 1. Plates materials - FR4. —
C El D i : 2. Plates biezums - 1.6mm.
= oy 3. Vara biezums -35pm.
ErEsE T Iy R ™ 3.3V 4. Aizsargmaska - abas puseés.
— GND 5. Kontaktlaukumu parklajums -
R3 :
B | S MISO HASL with lead. B
ciaface oy e 6. Visi izméri noraditi mm.
o cs'
I I8 INT

62.00

54.00
)
C

uz| *

83.20
30.20

Komunikacijas plate V2.0 Rev2

C - 00 C
g g 5 g
TS ARAE!
350
|| ! 65.00 L]
f-_ 2.00 ! 7.00 *
D D
Komunikacijas_plate_v2_rev2
©5.03.2020 15:51
i \ Z | 3 [ 4

Attéls 3.19. komponentu izkartojums PCB shéma

lekartas foto

Zemak esoSajos foto ir paraditi salodéta komunikacijas modula plate kopa ar ieliktu SIM kartes moduli un
komunikacijas moduli. Plate salodéta Rigas Tehniskas Universitates telpas.
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Komunikacijas plate V2.0 Revl

Attéls X, PCB plates virsskats
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Attéls 3.20. PCB plates apaksskats
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Attéls 3.21 PCB plates sanskats
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PCB plates komponentu saraksts (BOM)

Nominals/ .
Komponents Nosaukums skaits | Korpuss Apraksts
Cc1,Cc2 100p 2 0603 (1608 metriski) Kondensators,SMT, keramisks, 0603, 100pF, vismaz 6.3V DC
Kondensators, THT, elektrolitisks, ©@6.3X11.2mm, 100uF, zems
C3,C4 100pF 2 36.3X11.2MM ESR, vismaz 6.3V DC
C5 100nF 1 C0603 Kondensators,SMT, keramisks, 0603, 100nF, vismaz 6.3V DC
IC1 MC74HC132A 1 S0O14 IC, 74HC132A, SMT, Quad 2-Input NAND Gate, SO14
R1,R2,R3 10k 3 0603 (1608 metriski) Rezistors, 10KQ, 5%
U1 NUCLEO- 1 NUCLEO-L432KC Izstrades modulis NUCLEO-L432KC
L432KC
u2 SIM7000X 1 SIM7000X Izstrades modulis SIM7000X
J1,J2 header 2 HEADER MALE 1X2,2.54mm pitch Konektors, MALE 1X2,2.54mm pitch
Ejjl\rjr?r‘)er) jumper 2 Female Jumper Socket 2.54 mm pitch Konektors,Female Jumper Socket 2.54 mm pitch
J3 header 1 HEADER MALE 1X8,2.54mm pitch Konektors, MALE 1X8,2.54mm pitch
U1(pcb) header 2 E;QﬁER FEMALE 1X15,2.54mm pitch, 8.7mm | o 1iors, FEMALE 1X15,2.54mm pitch, 8.7mm height
HEADER FEMALE STACKABLE 1X6, 2.54mm pitch, | Konektors, FEMALE STACKABLE 1X6,2.54mm pitch,10.5mm
U2(pcb) header 1 . )
10.5mm height height
U2(modulis) | header 1 HEADER FEMALE 1X6,2.54mm pitch, 8.7mm height | Konektors, FEMALE 1X6,2.54mm pitch, 8.7mm height
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Piscivorous bird deterrent device based on direct
digital synthesis of acoustic signals.

Arturs Aboltins, Dmitrijs Pikulins, Juris Grizans, Sergejs Tjukovs

Abstract-- This paper is discussing problems related to development of acoustic deterrent device (ADD) for protection of
fishponds and other objects against unwanted presence of birds. Objective of the paper is not only providing of an overview of
available technologies for waveform synthesis and generation, but also to build a solid theoretical base for design and
implementation of acoustic bird deterrent solutions. Moreover, the paper also briefly addresses one of the hottest topics —
synthesis of bird songs and calls using technologies for music, speech and other acoustic signal processing. The second part of
the paper describes implementation of acoustic deterrence device prototype and additional tools. Issues related to development
of tools for sound creation, conversion and playback are discussed.

Index Terms—animals, frequency modulation, aquaculture, acoustic devices, music, acoustic signal processing.

INTRODUCTION

Too active presence of carnivore birds in the fish stocks creates lot of problems to fisheries and aquaculture businesses
[XX]. Many European fisheries are badly affected by various predatory birds, particularly, cormorants (Phalacrocorax
carbo), which is capable of killing around 0.6-1.2 kg fish per day [XX]. Its rapid distribution in Europe over the last 20-
30 years has been associated with huge losses to pond farms. Since hunting of cormorants and many other species is
prohibited by European laws, fisheries are looking for acoustic and optical deterrent solutions which would frighten off
the unwanted birds.

One of the simplest acoustic deterrent solutions for birds, widely used in the agriculture, are gas powered guns.
Although rifle shot like sounds deter birds, they make lot of problems to other inhabitants as these devices can be easily
confused with real hunting weapons and can lead to false police calls. Moreover, due to periodical nature of shots, birds
use to adopt to these devices. If fishpond is large enough, deployment of these guns to a floating platform becomes
necessary, and this makes servicing of those devices quite problematic and dangerous. Moreover, the scientific studies [1]
have shown that wide acoustic spectrum of the shots make lot of stress to fishes and can lead to mass death.

Another widely used acoustic deterrent solution are generators of high-intensity bio acoustic signals. In the simplest
case these are devices which periodically play back recorded sound of predatory bird, siren, or human voice. One of the
advantages of those electronic devices compared to the gas-powered guns is ability to deter diving predator birds under
water. In this case respective underwater speaker will be necessary. In order for signals to be effective and to avoid
adaptation of birds, signals must have the following characteristics:

e the signal should be loud enough for the birds to hear it;

e the signal must be within the audible frequency range of the birds;

e the signal may need to be biologically relevant, producing an appropriate effect on the birds;

e both underwater and surface signals should have as little impact on the environment, animals and fish as possible;

This research was funded by grant “Development of Hybrid Intelligent Acoustic-Optical System for Reduction of Damage to Non-Hunted and
Migratory Bird Species in Latvian Aquaculture Industry”, NR 17-00-F02201-000001 from the European Maritime and Fisheries Fund.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.



Projekts , Hibridas intelektualas akustiski-optiskas sistemas izstrade
nemedijamo un migréjoSu putnu sugu nodarito postijumu samazinaSanai
Latvijas akvakultiiras nozare” Nr. 17-00-F02201-000001

e the habituation of birds must be excluded, and consequently certain signal characteristics must be constantly
changing (spectrum, duration, steepness, delay).

Purpose of this research is a development of acoustic deterrent device for fishponds. This device must able to synthesize

bird vocalizations and other sounds in intelligent manner, when synthesized sounds vary between the cycles. This prevents

habituation of the birds to the sounds and allows to store sound in much compact manner.

This paper is organized as follows: Section II provides an overview of bird hearing; Section III is devoted to acoustic

deterrence of birds. In first part if this section deterrence of birds using acoustic signals is reviewed, whereas following

subsection addresses a theoretical and practical aspects of acoustic signal analysis and synthesis. Section IV is devoted to

implementation of acoustic deterrent device and additional tools. Finally, Section V summarizes this paper and draws

main conclusions about the achieved results.

BIRDS HEARING

In order to be able to define the requirements for underwater and in-air acoustic signal generators, it is necessary to
ensure that all of these conditions are met, which in turn can only be achieved by knowledge of bird hearing and the
perception of specific signals.

The hearing characteristics of birds are different from those of humans and other mammals. One of the bigger
differences is the lack of an outer ear used by mammals to concentrate and amplify incoming signals. Similarly, birds have
only one columel — an organ that provides a theoretical 20x amplification of the signal coming from the eardrum to the
inner ear. Like humans, the inner ear serves two functions: balance and hearing. Hearing is provided by a cohort which,
unlike a mammalian cohort, is straight and varies in length depending on the species of bird. Exactly this component
provides the specific range of bird hearing frequency, i.e. the longest cohort provides better sensitivity to signal reception
across the frequency range as well as resolution between frequencies [].

Hearing in air

It should be remembered that different bird species have different audible frequency ranges due to their physiological
properties. The information on hearing many birds in air is summarized in the Table I.

Species Lower Limit | Most Sensitive | Upper Limit
(Hz) (kHz) (kHz) TABLE I HEARING OF VARIOUS BIRDS [2]

Black-footed Penguin (Spheniscus demersus] 100 0.6-4 15
Mallard [Anas platyrtiynchos) 300 23 8 It can be seen that the high sensitivity
Canvasback {Aytnya valisineria) 190 5.2 frequency ranges of different bird
American Kestrel (Falco spal'*verius) ' 300 2 10 speci es vary dramati cally, buta speciﬁ c
Ring-necked Pheasant (Pfiasianus colchicus) 250 10.5 .
Turkey (Meleagris gallopavo) 6.6 frequency band of lkHZ to 4kHz is
Gull (Larus ridibindus) 100 3 10 heard by most of the birds. One very
Ring-bilied Gull (Larus Delavalensis) 100 0.5-08 3 important point to note is that there is
Rock Dove (Columbia livia) 50 1.8-2.4 11.5 no scientiﬁcauy proven data on the
22;221; I?(V)erlg?iug:/})gila virginarius) 28 L 5 ability of birds to hear in the ultrasonic
Long-eared Owl (Asio olus)g 100 6 18 (> ZOkHZ) re}r}ge. Some bl?d species
Tawny Owl (Strix aluco) 100 3% 21 have the ability to hear infrasound
Horned Lark (Eramopbila alpestris) 350 7.6 (<20Hz), but low frequency signals
European Robin (Erithacus rubecula) 21 have one characteristic - difficulty in
Americgn Crow (Cprvqs braF:hyrhynchos) 300 1-2 8 identifying a sound source that is
Biack-billed Magpic (Pica pica) 100 0.8-16 21 particularly distinctive for birds, given
Blue Jay (Cyaroncitta cristata) 7.8 .
Red-winged Blackbird (Agelaius phoniceus) 9.6 the short distance between the ears,
Brown-headed Cowbird (Molothrus ater) 9.7 which precludes the use of higher
European Starling (Slurnus vulgaris) 700 2000 15 frequencies. In such cases, to locate the
House Sparrow (Passer domesticus) 675 11.5 sound source, the birds fly around the
Chaffinch (Fringitla coefebs) 200 3.2 29 object, orienting themselves with
Greenfinch (Chloris chloris) 20 ’ . . . . .
Canary (Serinuss canaria) 1100 0 Doppler shifts to identify the dlI‘eCtI.OIl.
Bulllinch {Pyntula pyrrhuia) 200 32 2025 This method may be useful for birds
Red Crossbill (Loxia curvirostra) 20 looking for other birds, but it can be
Snow Bunting (Plectrophenax nivalis) 400 72 concluded that the use of infrasound

does not meet the primary objective of repelling predatory birds from the ponds.
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Sensitivity to sound volume is strongly dependent on the frequency of the sound. In general, birds have higher auditory
thresholds than humans, which is determined by weak signal amplification in the inner ear.

Like humans, in environments with high levels of ambient noise, birds have two problems: damage to hearing elements
due to excessive stimulation, and weak recognition of signals in the presence of the external noise. Both of these problems
can occur simultaneously under certain circumstances. Sensitivity reduction requires the use of higher-level signals, which
in turn can lead to even greater damage. Unlike humans, birds are provided with partial hearing organ regeneration, which
indicates their ability to regain their hearing. Regeneration stops if the bird is exposed to constant noise for long time.
When studying the parameters of acoustic signals, it should also be taken into account that birds show appropriate
behavioral changes in adapting to ambient noise - for example, by increasing the intensity of the transmitted signals
themselves.

Study [3] investigates the hearing of cormorant, including data on the sensitivity of these birds to signals of different
frequencies. An analysis of available publications reveals that the sea cormorant best hears sound in the 1-4kHz range,
reaching a maximum sensitivity of 2kHz, which is also consistent with other diving birds. It should also be noted that at
the 2 kHz the resilience to the external noise interference was observed. The sensitivity range of the cormorant is compared
with the hearing characteristics of other birds in Fig.1.

Hearing under water

In total, over 800 different species of birds around the globe feed underwater, resulting in significant differences in their
lifestyle, physiology and behavior, which are highly dependent on their adaptation to the aquatic environment.
80

—@— Great Cormorant o
—A— Domestic Turkey ya
—O— Mallard Duck /A
70 —4#— Lesser Scaup / y /‘

60 -

50 -

40

30 -

Hearing threshold (dB re 20 pyPa)

20 -

Frequency (kHz)
Fig. 1 hearing thresholds in air of some large birds [3].

Many reptiles have been shown to have an adaptive response to underwater hearing. This suggests that birds that feed on
water should also have certain adaptation mechanisms. Since water is a well suited medium for sound propagation, birds
could effectively use underwater signals for navigation, hunting and also to avoid predators. The use of these types of
signals could be particularly useful for birds that, for a while, are tracking the movement of the fish and chasing after
them.

Underwater hearing of one of the best underwater carnivores - cormorant has been investigated in [4]. The results
summarized in Fig.2 show that this bird exhibits an unexpectedly high sensitivity to underwater sounds.
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Fig. 2 Hearing thresholds in water of some diving birds in [4]

Experimental data indicate that cormorant underwater hearing at lower frequencies is comparable to dolphin and seal
hearing at only 5dB above the hearing threshold of these animals.

The hearing features lead to significantly higher hunting efficiency for these birds. Previously, this type of diving bird was
thought to rely on superb vision, which would allow them to dive deeper in good visibility but would limit hunting in low
light. The cormorants were later shown to be very effective carnivores in very muddy water and to be able to feed in
complete darkness (wintering of these birds during polar night was observed). Therefore, it was concluded that underwater
acoustic signals received by birds play a key role during bird feeding. It has also been researched that many fish are capable
of generating sound in the range of up to 1kHz and 80dB, which also allows cormorants to locate fish.

ACOUSTIC DETERRENCE OF BIRDS

Waveform properties

Summarizing information on the hearing characteristics of birds, it remains clear that ultrasound and infra-sound are not
suitable for repelling birds, although without any scientific or experimental basis, they are used in many devices on the
market. In order to generate signals that the birds are able to detect and also to exhibit a particular type of response, an
appropriate signal intensity in the frequency range 1-4kHz with peaks corresponding to the sensitivity peaks of the
particular target species should be provided.
The signals can be divided into two fundamentally different groups:

e non-biological signals, whether continuous or modulated.

e signals of biological significance.
The first group of signals may be a constant single frequency signal or a broadband noise that does not change frequency
or intensity. This type of signal at certain frequencies can be annoying and frightening, however it has been shown that
both birds and humans quickly become accustomed to this type of signal. Better results can be achieved by using different
types of modulated signals that vary in frequency, amplitude, or both. On the other hand, use of steep signal edges, which
ensure that the signal sounds “unexpectedly” are required.
The second group of signals is characterized by a certain biological significance for birds. These can be signals generated
by birds of the same species that report certain dangerous situations or the approach of predators. However, several studies
have shown that birds become accustomed to these signals over time too. because they are not based on any real physical
exposure or threat. Another type of signal is the sound of predators. Cormorant eggs and young cormorants are prey to
other predatory birds — eagles, gulls, and crows. It must be taken into account that from the point of view of birds, humans
are also carnivores that endanger their lives. Consequently, sounds of predatory birds and sounds that characterize human
activity - such as rifle shots - can be used as deterrents.
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Audio waveform synthesis review

Sound synthesis is a hot topic in the music industry and there are big variety of analog and digital approaches for acoustic
waveform generation. Among them three digital methods are used most widely and have large number of derivatives.
Pulse code modulation (PCM) synthesis.

This is most widely used digital method of sound recording and generation [5]. In case of PCM recording the amplitude
of signal waveform is periodically sampled and converted by analog to digital converter (ADC) into digital samples. In
case of playback the reverse process happens — the digital samples are converted into analog pulses which by means of
low-pass filter are converted into continuous waveform. This mean of synthesis does allow to record and playback sounds
with very high accuracy, however adjustment of frequency spectrum and playback speed of the waveform requires
substantial amount of computing. As it was mentioned before use of static sounds in the deterrent device is inefficient in
long term as birds quickly get accustomed to them.

Wavetable synthesis.

This method has roots in analog sound synthesis where complex waveforms are created by combining several basic analog
waveforms, such as sine wave, saw wave or square wave. Unlike analog one the digital synthesizer [6] employs table with
digitally stored single periods (in case of time domain sampling) or amplitudes of harmonics (in case of frequency domain
sampling) of basic waveforms for the creation of arbitrary musical tones and notes having complex waveforms. This
method is good for synthesis of sounds of musical instruments. However, generation of bird songs, having quasi periodic
waveforms with rapidly varying spectrum and amplitude is difficult.

Frequency modulation synthesis.

This is most versatile method of the acoustic and other waveform synthesis. It employs frequency modulation (FM) of
sine wave for creation of waveforms musical instruments having rich and complex spectra [7]. Digital FM synthesis was
employed in many early computer sound generator chips and it is still widely used in musical synthesizers. Considering
that the mentioned method allows to efficiently control temporal evolution of acoustic spectra, it suits well for generation
of natural sounds, such as bird calls.

Among other methods of FM synthesis, a direct digital synthesis (DDS) [8] allows to implement highly accurate periodic
waveform oscillators with digitally controllable in one sample period phase and frequency. Moreover, DDS oscillators
ensure phase continuity whenever frequency is changed. Since DDS algorithm relies on integer arithmetic, it can be
implemented in almost any microcontroller. An comprehensive review of DDS algorithm is given in [9], [10]. Considering
those above-mentioned features and a big variety of DDS chips available on the market, FM synthesis using DDS was
selected as sound generation technology in the acoustic deterrent device.
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Fig. 3 Spectrogram and envelope of sea eagle call fragment.
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Generation of arbitrary sounds using FM synthesis

In publication [7] it has been shown that in FM synthesis allows to generate waveforms with almost any number of
harmonics. Moreover author proposes a simplified algorithm how to control amplitudes of those harmonics. Given that
envelope of the FM waveform can be controlled too and phase spectrum does not play important role, FM synthesis can
be used for generation of rich variety of natural and synthetic sounds.

Following example will show how to use synthesise fragment of sea eagle call shown in Fig.3 using FM synthsis
technology described in [7].

Algorithm for the parameter selection is following:
1. Select time: t=0.
Determine frequencies of harmonics. At time t=0 frequencies of harmonics are f1=1700Hz and f2=2250Hz.
Calculate carrier frequency: c=f1=1700Hz
Calculate modulating frequency m=550Hz
Set modulation index: I=1
Calculate deviation: d=I*m=550Hz
Apply amplitude modulation

Obtained spectrum of the synthesized multi-tone waveform is shown in Fig.4.
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Fig. 4 spectrum of the synthesized signal

Frequency spectrum of many natural sounds, including bird calls, consists of single major frequency component varying
in frequency and amplitude over the time. In this case task greatly simplifies as FM synthesis reduces to generation of

single carrier signal with varying frequency. Fig.5 shows spectrogram and envelope of bird (hawk) call which has such
structure.
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Fig. 5 Spectrogram and envelope of hawk call
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Multi-carrier variation of the described method is possible too. For example, authors of [ 11] use slow modulation of several
sinusoidal generators for human voice synthesis. In this case more complex waveforms with many harmonics can be
synthesized. However, implementation complexity of such synthesizer is higher than in case of single carrier frequency
case.

Conversion from sampled records

Synthesized sounds can be created using some special instrument or converted from records of real sounds. In the latter
case much less manual work, however, records with as low as possible background noise must be selected.
Moreover, special preprocessing of PCM and post-processing of synthesizer sequences is necessary.

IMPLEMENTATION

Implementation of acoustic deterrent device involved three stages:
¢  Sound synthesis algorithm has been developed, implemented in software and tested.
e Software synthesizer for generation of synthetic sounds has been built.
e Sound converter for conversion of audio files into synthesizer sequences.
e  Hardware for synthesizer have been built and tested.

Sound synthesis algorithm

Considering ease of the implementation, in the prototype of bird acoustic deterrent device uses slow frequency and
amplitude modulation of single-carrier sinusoidal signal. In this method at each instant of time there is a single frequency
component. Playback sequence consists of table with carrier frequences, amplitudes and fragment durations. Table II
shows format of file where synthesiser sequence is stored.

TABLE II. FORMAT OF SYNTHESISER SEQUENCE
Point| Sample 1st sample 2nd Nth [Stop
ID |countN P sample| "‘|sample bits
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Duration | Frequency | Amplitude
1-250ms | 0-5.12kHz | 0-2.55V
1y [1-65534| with step | with step | with step FIATIPIF 1A oxpres
1ms 20Hz 10mV
8 bits| 16 bits | 8 bits 8 bits 8 bits |24 bits|...|24 bits| 16 bits

Sound synthesizer instrument

Researches have shown that in the acoustic deterrent devices it is possible to use non-biological modulated sounds. For
the creation of those sounds a simple MATLAB application has been built. Application window, which is shown in Fig.6
resembles simple musical synthesizer. Using knobs and buttons it is possible set up rules for the amplitude modulation
and frequency modulation of the waveform.
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Fig. 6 Waveform synthesizer instrument window

Audio file converter

For the preparation of synthesizer sequences conversion from audio recordings were used. Conversion were made by
specially created converter “mp3dds”, implemented in MATLAB. Fig. 7 depicts conversion algorithm:

’ read audio file ‘
17

’ calculate spectrogram ‘

17

’ select 1 column of spectrogram

17

’ find frequency with maximum amplitude

17

’ store frequency and amplitude ‘

v
’ smoothing of frequency array

v

’ save sequence to file

Fig. 7 Algorithm of audio file converter to synthesizer sequence

Provided MATLAB script allows to create files in custom format, described in Table II. At the end of conversion, the
program visualizes frequency selection process by showing spectrogram of the original file with overlay showing
synthesized waveform frequencies. From Fig. 8 which shows example output of the conversion program can be concluded
that there is a good match between frequency content in the original audio file (white) and synthesized sound (green).
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Fig. 8 Audio file converter output visualization

Software player

For the testing of the created files with synthesizer sequences a simple player program has been created. In order to ensure
portability of the player it has been written in Python (version 3) programming language. The graphical user interface
(GUI) of the program is based on “PyQt5” and “matplotlib” frameworks, whereas sound processing and playback uses
“pyaudio” and “numpy” libraries. Fig. 9 depicts window of the simple software player of synthesizer sequences.

Hardware player

In the prototype device, deployed to the fishponds, a hardware player of synthesizer sequences has been used. Player was
implemented using Arduino Nano board based on ATmega328 microcontroller unit in conjunction with board based on
AD9850 DDS Synthesizer.

e0e bird sound player

Open file Play
DDS Waveform

1.00

0.75

0.50

0.25

0.00

Fig. 9 Software-based sound player window
This solution allowed to achieve compact size and high flexibility of sound generator unit.

CONCLUSIONS

In this paper a design and implementation of acoustic deterrent device for fishponds has been reported. Bird hearing
and impact of acoustic devices on the bird behavior has been made before selection of methods for sound generation.
Selection of acoustic signal generator design is based on the analysis of major sound synthesis approaches used for music
and speech processing.

Major advantages of the presented solution is employment of DDS-based FM synthesis technology for sound
generation. It allows to generate wide variety of natural and synthetic sounds and provides means for elimination of sound
repetition which leads to the habituation of the birds. Moreover, the presented solutions for sound processing, i.e. sound
synthesizer instrument, conversion from PCM recorded files could be useful for other scientists dealing with sound
generation for various purposes. All described programs are freely available upon request from the authors.

Although it is critical for the deterrence of birds, inability of the programs to generate complex sounds with multiple
harmonics can be considered as one of the shortcomings which has to be improved in the future.
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Hibridas akustiski-optiskas sistemas testésana zivédajputnu atbaidiSanai

no Latvijas zivju audzetavam

Dmitrijs Pikulins, Marcis Zingis, Sergejs Tjukovs, Artirs Aboltins, Juris Grizans, Janis Eidaks, Roberts Gotlaufs.

IEVADS

Konflikti starp pléséjputniem un cilvékiem ir novérojami jau gadu simtiem, it 1pasi tie saasinas kad cilvéku un
putnu interesu objekti sakrit. Tomér tieSi pédéjos gados 1pasa uzmaniba tiek veltita zivsaimniecibas attistibas
ietekmes izpétei uz dazadu sugu pléséjputnu izplatiSanas un populacijas attistibas dinamiku. Tiek intensivi
pétits ar atgriezenisks efekts- ka So putnu izplatiS8anas un skaita pieaugums ietekmé dazadu valstu zivju
krajumus. Minéta putnu-cilvéku mijiedarbiba radija priekSnosacijumus konfliktam: putnu migracija un aktiva
zivju resursu izmantoSana noved pie manamam izmainam pieejamo zivju resursu apjomos, apdraudot gan
komercialo gan tlrisma akvakultiras objektu attistibu.

Popularakas pléséjputnu sugas Eiropa, kas apdraud ari Latvijas zivsaimniecibas ir garni, kiri, jaras
kraukli, zivju un jdras érgli. Tomér no visam minétam putnu sugam 1pasi izcelams ir jaras krauklis (kormorans).
Tiek atzimets, ka péd&jo 5 gadu laika visstraujakais juras krauk|u skaita pieaugums ir novérojams tiesi Baltijas
jaras apkartné, kur tas ir palielinajies vismaz par 86 000 1patnu [1].

Balstoties uz minéto novérojumu rezultatiem, tiek izteikts pamatots apgalvojums, ka misdienas So putnu
skaits Eiropa ir sasniedzis savu pédéjo 150 gadu maksimumu [1]. Putni sak atgriezties savas vecajas
ligzdoSanas vietas, kur tie nebija maniti gadu desmitiem, ka ari atrodas pastavigos jauno koloniju izveides
vietas mekléjumos. Jaras krauklis ir |oti mobils putns, kas spéj parvietoties par vairakiem simtiem kilometru
starp ligzdoSanas kolonijam visa gada garuma.

P&tijumi rada [2], ka aizvien pieaugoSs minéto pléséjputnu skaits Eiropa noved pie nopietniem zaud&jumiem
zivsaimniecibas, kuru tuvuma tie ligzdo, ka art rada manamas izmainas ekosistémas, samazinot biologisko
daudzveidibu.

Saskana ar avota [3] datiem 2012. gada Latvija tika konstatéti 3106 jlras krauk|u (Phalacrocorax carbo sinensis)
pari (6212 Tpatni), kas bija apvienojusies vismaz 9 lielas kolonijas. Tpasi pievilcigu Latviju prieks jaras kraukliem
padara mazs dabigo ienaidnieku skaits, lieli zivju resursu krajumi, kuru aizsardzibai no plésejputniem dotaja
bridi netiek izmantots neviens efektivs lidzeklis. Sads jiras krauk|u skaita pieaugums aizvien vairak apdraud
diksaimniecibas Latvija, kur ta aiznem nozimigu akvakultlras sektora dalu un turpina attistities.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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1.att. Jaras krauklu koloniju izplatiba un lielums (ligzdu skaits) Latvija saskana ar 2012. gada datiem
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Tika pieradits, plés€jputni spéj iznicinat milzigus zivju apjomus gan dabiskajas , gan ari maksligajas Gdens
tilpnés. Apskatisim to uz labak izpétita jaras kraukla pieméra, kas patéré sakot ar 441g lidz 1095g/diena (vidégji
672g/diena) [5].
Tadejadi ir iespéjams veikt provizorisku zaudéjumu novértéjumu. Ka jau tika atziméts,2012. gada Latvija bija
sastopami ap 6000 jaras krauklu, katrs no kuriem patéré ap 0.6 kg zivju diena. Jiras krauklu uzturésanas
periods Latvija ir no aprila lidz septembrim (ap 180 dienam).
Izrékinot kopéjo provizorisko jlras krauklu apésto zivju apjomu gada laika, ieglistam 6000*0.6*180=648
t/gada.
Pie aprékiniem japiezimé, ka juras krauklu skaits tika nemts no 2012.gada datiem, kad notika So pléséjputnu
skaitisana. Nemot véra straujo putnu skaita pieaugumu (lidz 10% gada) Sim skaitlim uz 2020. gadu ir jabdt
krietni lielakam.

EksistéjoSie konflikta risinajumi
Pléséjputnu radito zaudéjumu samazinasanai tiek izmantots plass lidzek|u klasts, kas dazadu apsvérumu dé|
izradas neefektivi:

e Daudzas Eiropas valstis (Danija, lgaunija, Vacija, Somija, Francija, Trija, Ungarija, Niderlandé utt.) tiek
izsniegtas atlaujas pléséjputnu atsSausanai. Tomér Eiropas prakse parada, ka efekts ir Joti Tslaicigs un,
pateicoties putnu mobilitatei un izplatibai, to populacijas skaits novérojamos apgabalos, saglabajoties
pietiekamiem zivju resursiem atjaunojas dazu nedélu laika.

* Olu apstrade un iznicindsana sniedz tikai lokalu Tslaicigu efektu, pie kad daudzos gadijumos ir Joti
apgritinata, jo metode pielietojama tikai kolonijam ar uz zemes izvietotam ligzdam, jo ir
nepiecieSama tiesa piekluve olam; nav pielietojama Latvijas kolonijam, 89% no kuram izvietojas uz
kokiem.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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e Tiek praktizéta akvakultliras objektiem pieguloso teritoriju modificésana, veicot koku iznicinasanu
Gdenstilpnu tuvuma, kuros putni iekarto ligzdas. Vairaki pétijumi rada, ka dota metode, pieprasot
lielus ieguldijumus, nesniedz sagaidamo putnu pazusanas efektu.

e Jzslegsanas metodes, ierobezojot putnu piekluvi zivju resursiem, izmantojot tiklus, vadus, citas
specifiskas konstrukcijas, ir apgratinats lielas Gdenstilpnés un pieprasa regularu uzkopsanu.

e Kompensdcijas par putnu nodaritiem zaudéjumiem sniedz atbalstu zivju audzétavam, bet péc
batibas “subsidé pléséjputnu barosanu”.

Tika pieradits, ka Eiropa vislabakos rezultatus, Jauj sasniegt dazada tipa tehnisko l1dzek]u pielietoSana putnu
atbaidisanai no tGdenstilpném: akustiskie atbaiditaji (spragstvielas, pirotehnika, gazes lielgabali, ultraskanas
atbaiditaji utt.); vizualie atbaiditaji (atstarojosas pléves, lazeri, gaismas, Udens striklas, biedékli utt.);
radiovadamo mode|u izmantoSana (radiovadamie droni, masinas, lavas); kimiskie atbaiditaji.
Tomeér katrai no minétam atbaidiSanas metodém piemit virkne trikumu gan darbibas efektivitates, gan
apkalpos$anas, gan ari nesameérigi lielu izmaksu zina. 1zméginajumi rada, ka lai nodrosinatu efektivu putnu
atbaidisanu ir jaizmanto metozu komplekss, mainot atbaidoSo objektu parametrus un izvietojumu. Lidz ar to
rodas nepiecieSamiba péc inovativas hibridas sistémas izstrades, kas lautu novérst ieprieks aprakstito metozu
nepilnibas un piedavat ari jaunu funkcionalitati.

Hibrida akustiski-optiska sistema putnu atbaidiSanai (HAOS)
2018. gada Rigas Tehniskas universitates Radioelektronikas institita sadarbiba ar Latvijas Zivju Audzétaju
Asociaciju tika uzsakta Eiropas Jarlietu un Zivsaimniecibas fonda finanséta projekta “Hibridas intelektualas
akustiski-optiskas sistémas izstrade nemedijamu un migréjosu putnu sugu nodarito postijumu samazinasanai
Latvijas akvakultlras nozaré” Nr. 17-00-F02201-000001 realizacija. Projekta ietvaros tika izstradata sistéma,
kas apvieno sevi lazerus ar virzoSu sistemu un brivi programmeéjamus virsidens un zemudens akustisko signalu
generatorus, nodrosinot hibridu augstas efektivitates Gdenstilpnu aizsardzibu no plésgjputniem.
Galvenas izveidotas sistémas novitates, salidzinot ar tirgl eksistéjosam sistemamiir:

¢ hibrida problémas risinasanas pieeja, izmantojot vismaz divas atbaidiSanas metodes;
¢ spéja funkcionét automatiski bez tiesas cilvéka iesaistisanas;

* putnu pierasanas izslégsana, pielietojot specifiskus akustisko un optisko signalu izmainas algoritmus;

¢ paaugstinats autonomas darbibas laiks, pateicoties alternativas energijas avotu izmanto$anai, ka ari
baterijas uzlades [iTmenim pieskanojoSiem signalu raidisanas algoritmiem;

¢ parskanosanas un diagnostikas iespéju realizacija, izmantojot bezvadu sakaru interfeisu;
¢ potenciali zemakas iegades un ekspluatacijas izmaksas Latvijas zivju audzétavam.
Sistéma sastav no vairakam saistitam komponentém:

e stacionaras iekartas, kas ir novietojama krasta un ieklauj sevi vadibas plati, sakaru interfeisus,
akustisko signalu generatoru, ka ari 1 vai 2 lazerus ar atbilstoSam virzoSam sistéemam;

e autonoma plosta, kura ir izvietoti virsidens un zemidens signalu generatori, kas novietojams
Gdenstilpnes vidusdala.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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2.att. Stacionara krasta izvietojama 3.att. Autonomais plosts
sistema

Sistémas darbiba balstas uz putnu atbaidisanu ar periodisku Gdenstilpnes apstaroSanu ar dazadas intensitates
un vilnu garuma izkliedétu lazera starojumu, ko putni uztver ka fizisku draudu, ka art periodiskiem virstidens
un zemudens akustiskiem signaliem.

Sistemas komponensu izstrade un parametru izvéle, tika saskanota gan ar Latvija sastopamo pléséjputnu
dzirdes un redzes Tpatnibam un paradumiem, gan ari ar audz&jamo zivju audiogrammam, kas Java izveidot
sistému ar maksimalu iedarbibu putnu uztversanas diapazonos, un minimalu ietekmi uz zivim.

scary.mp3
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Power/frequency (dB/Hz)

magnitude
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time

4.att. Sistéma izmantojamo akustisko signalu piemérs

TestéSana un rezultati

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Saskana ar izstradato planu sadarbiba ar LZAA un RTU pétniekiem 2019. gada tika uzsakta prototipa
testéSana vairakas Latvijas zivju audzétavas, ka ari aparatiras pieskanoSana un parametru optimizésana.
TestéSana realos apstakjos bija pamiSus ar testéSanu laboratorijas apstaklos un iekartas uzlabo3anu,
pamatojoties uz novérojumos iegltajiem rezultatiem. TestéSanas rezultatu novértésanai tika piesaistiti ZI
BIOR specialisti, kas Java veikt profesionalu ieguto datu analizi, ka arl sniedza noradijumus un padomus
iekartas optimizésanai.

Prototipu darbibas efektivitates testéSanas laika novérojumus veica dro$a attaluma no slépna, lai
netiktu iztraucéti putni no cilvéku klatbdtnes. Veica rezultatu fikséSanu un protokolésanu, 1pasu uzmanibu
pievérsot laikapstakliem, gaismas intensitatei, iekartas darbibas attalumiem, zivju uzvedibai, u.c. faktoriem.
Prototipu darbibas novérosanas laika pétnieki izmantoja specializétu apgérbu maskésanas krasa. Ka slépni
ilgstoSai novérosanai izmantoja putnu novérosanas telti.

5.att. TestéSanas laika izmantota putnu novérosanas telts

Noveérosanas laika eksperti izmantoja talskati, gaismas intensitates un attaluma méritaju. Procesus
fikséja noveérojumu tabulas, kur tika ierakstita pamatinformacija, vieta, datums, novérosanas laiks, ilgums un
péc tam sekoja sikaks apstaklu un notikumu apraksts. Registréja laikapstaklus, putnu sugas, to aptuveno
attalumu Idz prototipa komponentém, putnu uzvedibu, gaismas intensitati u.c. lespéju robezas fikseja
notiekoso blakus dikos, pari dikiem lidojoSos putnus un to uzvedibu. Novérojumus veica dazados iespé&jamos
laikapstaklos no tumsas lidz tumsai.

TestéSana notika dazados Latvijas regionos, dazada izméra un pielietojuma dikos, kas J]ava objektivi
novértéet izstradatas sistemas efektivitati un izpétit to ietekméjosus faktorus.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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6.att. Sistémas testésanas vietas

1. Pirmas testéSanas vietas bija ZI BIOR zivju audzétavas Tome filiales Dole vimbu mazulu (0+)
audzésanas diki. lekartas darbibas lauka bija vairaki 0,9 ha lieli diki. Paraléli otru HAOS prototipu
testéja ZI BIOR zivju audzétavas Tome Keguma zandartu mazulu (0+) audzésanas dikos.
Noslédzot testésanu, péc sakotnéjo rezultatu un atsauksmju apkoposanas tika secinats, ka putni
tiek iztraucéti - iekartai stradajot to skaits ir mazaks, tomeér sakotnéjas sistémas vadibas algoritmu
trikumu dé] tika novérota ari putnu pierasana. Vadibas algoritmi tika parstradati un uzlaboti,
atbilstosi testésana iesaistito specialistu noradijumiem un testésana tika turpinata.

2. Nakama testé$ana notika ZS “Udensrozes” divvasaras (1+) karpu mazulu audzé$anas diki, Gai¢énu
diki, kas atrodas Stalbes pagasta netalu no Daibes. Dika platiba 8 ha.
Prototipa testéSana, pateicoties veiktajiem uzlabojumiem, uzradija daudz labakus rezultatus.
Zivédajputnu situacija diki péc iekartas uzstadiSanas batiski izmainijas uz labo pusi, putni tika
novéroti |oti reti. Novérojumos vairakkart redz€ja juras kraukJus parlidojam virs dika grupas ap 5-
6 putniem. Reti konstatéja atseviska jura kraukla esamibu dika apgabalos, kuros nesniedzas lazera
stars.
Vel retak redzéja putnu neilgu laiku uzturoties diki =150 m attaluma no plosta un =270 m attaluma
no lazera iekartas. Novéroja jiras krauklu, meza pilu un gulbju rinkoSanu virs dika, kam talak seko
putnu aizlidoSana prom. Péc zivju audzeétavas darbinieku teikta, prototipam stradajot diki, putni
no dika tikpat ka pazuda.
Atseviski novietota tikai skanas ierice ST uznémuma ziemas dikos, uzradija vaju efektu. Putnu
skaits samazinajas, bet péc paris stundam, tiem pierodot pie skanas iekartas, drosakie garni
medija zivis pat 20 m attaluma no atbaiditaja.

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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Septembra beigas notika prototipa testésana Sélija pie Sunakstes akvakultlras dzivnieku
audzé$anas uznémuma SIA “W4” Skinu purva diki, kura pamatprodukcija ir pre¢u izméra karpas
vecuma 2+. Dika kopéja platiba ir 47 ha.

Putnu atbaidiSanas iekartas prototipa testésanas laika iekarta uzradija tdlitéju efektu péc tas
uzstadidanas. Udensputnu skaits nevis samazinajas, bet tikpat ka pazuda, paliekot tikai gaismas
staram neaizsniedzamas vietas, dika licos. Novérojumu rezultati liecina par Joti labu virs Gdens
horizontalaja plakné stradajosa lazera darbibu, pat >800 m attaluma. Testésanas laika atslédzot
iekartu, vidéji péc 30 min pirmie atlidoja garni, ieslédzot tie aizlidoja. Ari nozvejas laika
saimniecibas darbinieki apliecinaja, ka zivédajputnu daudzums ir Joti mazs neka parasti Sadas
situacija.

Pedéja prototipa testésanas vieta oktobrt un novembri bija Kurzemé pie Rendas zivju audzésanas
uznémuma “Rimzati, Kuldigas rajona V.Kancana individualais uznémums”. lekartas prototipa
testéSana ziemas dikos uzradija |oti labus rezultatus. Péc uznémuma Tpasnieka, ar vairak neka 30
gadu zivju audzésanas stazu, teikta putnu probléma ziemas dikos tika pilniba atrisinata. Gaismas
staru iekartas efektu novéroja ne tikai dikos, kurus tie parklaja, bet ari blakus esosSajos dikos.
lekartu uzstadija abos vienvasaras karpu mazulu dikos un iekartai stradajot tie pilniba bija
aizsargati. Novérojumu rezultati liecina, ka atbaiditajs atstaja pozitivu ietekmi art uz ddriem, tos
aizbaidot.

Secinajumi un nakotnes plani

Balstoties uz 2019. gada veikto aktivo sistémas testésanu ir iesp&jams izdarit vairakus secinajumus:

7.

10.
11.

Dotaja

HAOS prototipa testéSana vairakas zivju audzéetavas izradija pozitivu efektu vai nu krietni samazinot
putnu skaitu, vai art pilniba izslédzot putnu paradisanos iekartas darbibas apgabal3;

testésanas laika netika novéroti zemudens skanas iekartas negativu ietekmi uz zivim;

ja diki tiek uzstaditas tikai akustiskas komponentes- t.i. autonomais plosts, putni sameéra atri pierod
pie raiditam virsadens skanam, ieturot zinamu attalumu;

pie spilgtaka apgaismojuma lazera staru iericém mazinas efekts;

iekartas darbiba atstaja pozitivu efektu ari uz Gdru atbaidisanu.

bridi top vairaki eso$as sistémas uzlabojumi, kas laus palielinat iekartas darbibas efektivitati,

nodrosinat ari stacionaras iekartas autonomo darbibu bez nepiecieSamibas pieslégties rlpnieciskam tiklam,

ka art laus paSiem zivsaimniekiem bez pétnieku starpniecibas veikt iekartas uzstadiSanu un pieskanosanu.

2020.gada tiek planots turpinat uzlabotas sistémas testésanu vairakas Latvijas diksaimniecibas.
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I 1. Gdens modula 12 V akumulatora sprieguma mérijumu rezultati testu laika

Laiks Statistika
Datums 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Min Max Average

07.09 13,13 13,05 13,03 13,05 13,05 12,99 13,07 12,99 13,13 13,91 14,46 14,09 14,21 14,28 14,37 14,32 13,7 14,24 14,3 14 13,47 13,4 13,31 13,26 12,99 14,46 13,62
08.09 13,29 13,18 13,21 13,07 13,1 12,66 13,08 12,51 13,06 13,35 13,99 14,14 14,28 14,16 14,24 14,38 13,57 14,24 14,31 13,18 13,46 13,4 13,23 13,31 12,51 14,38 13,52
09.09 13,12 13,26 13,03 13,18 13,19 13,13 13,07 13,1 13,17 14,04 14,23 14,27 14,23 14,09 14,25 14,29 13,64 14,37 14,39 14,29 13,39 13,39 13,38 13,3 13,03 14,39 13,66
10.09 12,45 13,25 13,2 13,24 13,12 13,08 13,06 13,03 13,18 13,65 14,21 14,23 14,27 14,22 14,13 14,33 14,37 14,56 13,88 13,4 13,38 13,33 13,18 13,27 12,45 14,56 13,58
11.09 12,79 13,23 13,16 13,16 13,08 13,13 13,1 13,09 13,13 14,12 14,5 14,05 14,19 14,21 14,24 14,23 14,27 13,42 14,15 13,56 13,31 13,38 13,31 13,3 12,79 14,5 13,59
12.09 13,29 13,24 13,18 13,24 13,13 13,16 13,09 13,05 13,06 14,11 14,16 14,23 14,25 13,83 14,31 13,84 14,16 14,26 13,64 13,76 13,38 13,35 12,88 13,32 12,88 14,31 13,58
13.09 13,2 13,03 13,2 13,2 13,12 13,1 13,07 12,99 13,03 13,32 13,78 13,64 13,79 13,84 13,64 13,39 14 13,86 13,66 13,95 13,38 13,29 13,26 13,18 12,99 14 13,41
14.09 13,16 13,18 12,86 13,13 13,03 13,04 12,58 12,81 13,01 14,09 14,25 13,48 13,36 14,24 14,26 14,31 14,2 14,29 14,21 13,46 13,33 13,3 13,26 13,29 12,58 14,31 13,51
15.09 13,32 13,2 13,16 13,21 13,14 13,18 13,08 13,07 13,01 12,66 13,06 13,02 12,88 13,37 13,24 12,72 12,85 12,6 12,97 13,05 12,99 12,99 12,99 13,03 12,6 13,37 13,03
16.09 12,99 12,99 13 12,98 12,9 12,97 12,96 12,94 12,93 13,36 13,66 13,49 13,76 14,39 14,06 14,2 14,24 13,94 14,13 14,04 13,4 13,43 13,32 13,37 12,9 14,39 13,48
17.09 13,26 13,24 13,27 13,25 13,19 13,22 13,02 13,12 13,38 13,14 13,69 13,55 13,9 14,12 14,18 14,16 14,23 14,16 14,26 13,61 13,33 13,36 13,28 13,28 13,02 14,26 13,55
18.09 13,27 13,19 13,15 13,13 13,19 13,11 13,16 13,14 13,07 12,86 13,91 14,41 14,22 14,16 14,22 14,23 14,19 14,23 14,24 13,61 13,16 13,31 13,18 13,29 12,86 14,41 13,57
19.09 13,21 13,18 13,19 13,11 13,05 12,99 13,03 12,76 13,03 13,94 14,31 14,2 14,2 14,22 14,18 14,24 14,17 14,25 13,5 13,44 13,3 13,31 13,26 13,2 12,76 1431 13,55
20.09 13,24 13,24 13,18 13,12 13,13 13,08 13,1 12,97 13,03 14,23 14,24 14,22 14,24 13,72 14,16 14,16 14,2 13,41 14,24 13,37 13,31 13,29 13,29 13,27 12,97 14,24 13,56
21.09 13,23 13,18 13,03 13,18 13,14 12,73 13,08 13,06 13,05 13,08 13,44 13,34 13,26 14,26 14,17 13,79 14,06 13,91 13,72 13,42 13,33 13,33 13,28 13,32 12,73 14,26 13,39
22.09 13,28 13,18 13,16 13,19 13,17 13,06 13,12 13,02 13,03 13,1 13,13 13,85 13,93 14,03 14,1 14,16 14,22 14,23 13,86 13,48 13,32 13,35 13,24 13,29 13,02 14,23 13,48
23.09 13,17 13,19 13,11 13,15 13,18 12,99 12,99 13,03 13 14,11 14,28 14,22 14,18 14,36 14,16 14,25 14,18 14,24 14,04 13,46 13,33 13,25 13,26 13,25 12,99 14,36 13,60
24.09 13,18 13,2 13,11 13,09 13,02 12,99 13 12,86 12,96 13,29 13,79 14,29 14,2 14,24 14,19 14,18 14,16 14,24 13,91 13,42 13,31 13,33 13,18 13,29 12,86 14,29 13,52
25.09 13,1 13,2 13,18 13,16 13,06 13,08 13,01 12,96 13,02 12,94 13,29 13,91 14,23 14,19 14,24 14,27 14,2 14 13,87 13,7 13,33 13,33 13,22 13,23 12,94 14,27 13,49
26.09 12,9 13,15 13,16 13,14 12,99 13,01 12,95 13 12,95 13 13,22 14,09 14,35 14,27 14,25 14,1 14,19 14,39 14,3 13,16 13,12 13,26 13,26 13,28 12,9 14,39 13,48
27.09 13,21 13,14 13,19 13,04 13,18 13,1 13,03 12,96 12,97 13,1 13,13 14,01 14,38 14,26 14,24 13,78 14,25 14,24 14,21 13,25 13,43 13,33 13,26 13,27 12,96 14,38 13,50
28.09 13,26 13,18 13,16 13,08 12,73 12,97 13,06 12,91 13,04 13,03 13,2 14,06 14,42 14,26 14,29 14,23 14,27 13,84 13,48 13,4 13,33 13,33 13,33 13,26 12,73 14,42 13,46
29.09 13,18 13,17 13,23 12,84 13,06 13,08 13,03 12,96 12,97 12,67 13,11 13,07 13,32 13,76 14,01 14,1 13,93 14,27 13,91 12,96 13,31 13,3 13,31 12,82 12,67 14,27 13,31
30.09 13,26 13,26 13,25 12,81 13,14 13,19 13,14 13,04 12,99 13,06 13,08 13,8 13,98 13,76 13,64 13,71 14,23 14,22 13,49 13,33 13,31 13,32 13,27 13,29 12,81 14,23 13,40
01.10 13,19 13,18 13,15 13,19 13,12 13,08 13,08 13 12,97 13,05 13,46 14,09 14,44 14,22 14,19 14,25 14,16 14,21 14,18 13,48 13,35 13,3 13,25 13,21 12,97 14,44 13,53

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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02.10 13,2 13,06 13,2 13,2 13,05 13,11 13,06 12,63 13,04 13,03 12,97 13,69 13,89 13,84 14,18 13,99 14,12 13,74 13,42 13,32 13,33 13,33 13,32 13,31 12,63 14,18 13,38
03.10 13,26 13,18 13,13 13,18 13,16 13,03 12,99 12,59 13,01 13,06 13,08 13,23 13,64 13,97 14,03 14,41 14,12 13,83 14,23 13,41 13,39 13,3 13,32 13,27 12,59 14,41 13,41
04.10 13,08 13,24 13,23 13,11 12,86 13,12 12,91 13,03 12,91 13 13,29 13,57 13,67 13,92 13,94 14,23 14,17 14,2 13,26 13,44 13,34 13,3 13,27 13,17 12,86 14,23 13,39
05.10 12,83 13,22 12,8 13,13 13,03 12,88 12,91 12,82 12,77 12,91 13,41 13,86 13,98 14,11 14,16 14,16 14,08 13,74 13,72 13,4 13,36 13,32 13,25 13,22 12,77 14,16 13,38
06.10 13,13 13,07 13,12 13,01 13,13 13,03 12,96 12,96 12,96 12,49 13,33 14,16 14,3 14,12 14,18 14,18 13,91 13,56 13,52 13,34 13,33 13,31 13,18 13,23 12,49 14,3 13,40
07.10 13,18 13,16 13,1 13,02 13,04 12,97 12,97 12,41 12,89 12,9 13,01 13,94 14,37 13,94 14,21 14,37 13,59 14 13,64 13,21 13,26 13,24 13,25 13,18 12,41 14,37 13,37
08.10 13,24 13,18 12,99 12,74 13,04 13,11 12,71 12,95 12,87 12,88 13,14 13,65 14,11 14,08 14,16 14,22 14,13 14,16 13,79 13,37 13,29 13,31 13,31 13,27 12,71 14,22 13,40
09.10 13,24 13,14 13,17 13,16 13,16 13,08 13,06 12,96 12,96 12,98 13,23 13,67 13,55 13,69 13,34 14,38 13,65 13,91 13,46 13,25 13,21 13,13 13,11 13,03 12,96 14,38 13,31
10.10 12,9 13,03 13,03 13,04 12,96 13 12,93 13,03 12,93 12,93 13,04 13,17 13,46 13,48 13,48 13,64 14,09 13,86 13,55 13,38 13,32 13,29 13,2 13,12 12,9 14,09 13,24
11.10 13,08 12,96 13,08 12,98 12,96 12,96 12,97 12,95 12,73 12,89 12,88 13,48 13,74 13,74 13,7 13,64 13,91 13,52 13,35 13,18 13,18 13,12 13,12 13,06 12,73 13,91 13,22
12.10 12,98 12,97 13,03 12,8 12,96 12,95 12,94 12,88 12,97 12,87 12,75 12,88 13,38 13,74 13,31 14,46 13,38 13,35 13,4 13,25 13,25 13,24 13,2 13,12 12,75 14,46 13,17
13.10 13,11 13,05 13,06 12,98 13 12,96 13 12,73 12,5 12,88 13,14 13,62 13,88 13,8 13,79 13,4 13,42 13,56 13,58 13,34 13,26 13,29 13,26 13,24 12,5 13,88 13,24
14.10 13,16 13,06 13,08 12,97 13,16 13,12 13,09 12,6 12,99 13 12,89 13,02 13,3 12,88 13,31 13,91 13,48 13,35 13,38 13,28 13,17 13,18 13,17 13,07 12,6 13,91 13,15
15.10 13,06 13,04 12,99 12,98 12,66 12,93 12,85 12,91 12,91 12,81 13,05 13,33 14,07 13,94 14,07 13,84 13,68 13,59 13,36 13,33 13,29 13,23 13,16 13,19 12,66 14,07 13,26
16.10 13,15 13,09 13,13 13,05 13,08 13,01 13,03 12,9 12,9 12,96 13 13,64 14,24 14,41 14,21 14,31 14,26 14,21 13,83 13,47 13,38 13,4 13,28 13,26 12,9 14,41 13,47
17.10 13,32 13,32 13,24 13,1 13,2 13,18 13,26 13,27 12,73 13,16 13,24 13,34 13,57 13,49 13,74 13,53 13,41 13,27 13,16

Min: 12,45 12,96 12,8 12,74 12,66 12,66 12,58 12,41 12,5 12,49 12,75 12,88 12,88 12,88 13,24 12,72 12,85 12,6 12,97 12,96 12,99 12,99 12,88 12,82 12,41 13,37 13,03

Average: 13,14 13,15 13,12 13,08 13,06 13,04 13,01 12,93 12,98 13,22 13,49 13,76 13,94 13,99 14,02 14,06 13,98 13,94 13,79 13,44 13,31 13,30 13,23 13,22

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.
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I 2. tdens modula 12 V akumulatora sprieguma mérijumu rezultati testu laika

Datums
21.09
22.09
23.09
24.09
25.09
26.09
27.09
28.09
29.09
30.09
01.10
02.10
03.10
04.10
05.10
06.10

Average

Min

0 1 2 3
12,42 12,2/12,46 12,29
12,3512,3512,43 12,05
12,24 12,29 12,28 12,26
12,51 12,6 12,45 12,62
12,54 12,43/12,51 12,48
12,3512,37 12,24 12,41
12,55 12,42/12,53 12,49
12,45 12,58 12,65 12,42
12,58 12,42 12,53 12,35
12,27 12,35/12,41 12,34
12,29 12,43 12,31 12,31
12,62 12,45/12,65 12,68
12,58 12,45 12,4 12,47
12,49 12,28 12,37 12,5
12,29 12,05 12,05 12,05
12,34/12,37 12,23 12,03
12,43 12,38 12,41 12,36
12,24 12,05 12,05 12,03

4 5 6 7 8
12,48 12,21 12,28
12,28 12,27 12,36
12,05/12,05 12,21
12,51/12,46 12,3
12,34/12,58 12,35
12,3512,37 12,35
12,48 12,38 12,36
12,4112,28 12,37
12,28/12,31 12,38

12,4/12,35 12,28
12,35/12,23 12,21
12,43/12,43 12,43

12,6 12,31 12,41
12,31/12,34 12,27
12,44/11,98 12,29
12,05/12,27 12,29
12,36 12,30 12,32

Laiks

10 11 12 13

12,312,28 12,2/12,43 12,6 12,61 /12,53 12,68 12,58 12,63 12,72
12,43 11,98 12,31/12,36 12,41 12,48 12,35 12,44 12,42 12,33 12,34
12,01 12,21 12,31/12,95 13,87 14,53 14,51 13,56 13,61 13,58 13,7
12,27 12,43 12,7 13,36 14,67 13,72 13,79 13,68 13,79 13,63 14,75
12,29 12,48 12,43/112,47 12,71 12,67 13,01 12,88 13,16 13,3 13,08
12,05 12,27 12,67 13,42 14,46 13,75 /13,73 13,66 13,7 13,77 13,64
12,43 12,37 12,514,69 14,76 13,85 13,84 13,7 13,63 13,64 13,71
12,43 12,59 13,24 /14,74 13,76 13,75 /13,53 13,53 12,88 12,8 12,67

12,4 12,27 12,4 /12,37 12,41 12,58 12,69 12,88 14,57 12,73 12,67

12,3 12,41 12,28 12,43 12,49 12,43 12,49 12,48 12,4 12,68 12,35
12,15 12,21 12,2/12,28 12,93 13,87 14,61 14,44 14,68 13,78 13,82
12,58 12,51 12,59 12,7 13,12 14,54/14,57 13,71 13,68 13,26 12,89
12,39 12,34 12,4/12,43 13,12 12,88 13,18 13,15 14,65 12,94 12,75
12,39 12,32 12,36 /12,46 12,05 12,45 /12,51 12,61 12,69 12,91 12,49
12,05 12,05 12,05/12,41 12,36 12,51/12,96 14,66 13,22 12,86 12,66
12,25 12,98 13,03 14,4 14,74 14,96 13,54 13,85 13,56 13,12 12,82
12,30 12,36 12,48 12,99 13,28 13,35 13,37 13,37 13,45 13,12 13,07

14 15 16 17 18
12,61
12,35
13,69
13,14
13,04
13,77
13,09
12,61

12,7
12,35

12,9
12,77
12,61
12,44
12,66
12,69

12,84

19
12,43 12,31
12,31 12,27
12,83 12,53
12,73 12,6
12,43 12,58

12,8 12,51
12,74 12,62
12,58 12,44
12,52 12,59
12,41 12,46
12,61 12,67
12,52 12,59
12,52 12,47
12,28 12,23
12,53 12,55
12,62 12,5
12,55 12,50

20

12,05 11,98 12,21 12,01 11,98 12,05 12,28 12,05 12,43 12,35 12,44 12,4 12,33 12,34 12,35 12,28 12,23

DP3 lekartas testésana realos apstaklos, optimizacija 14.-24.mén.

21
12,35
12,05
12,51
12,68
12,43
12,56
12,73
12,57
12,42
12,18
12,73
12,59
12,39
12,39
12,43
12,44
12,47
12,05

Statistika

22 23 Max Min Average
12,3 12,37 12,72 12,2 12,43
12,29/12,18 12,48 11,98 12,31
12,51/12,51 14,53 12,01 12,87
12,45/12,37 14,75 12,27 13,01
12,5 12,5 13,312,29 12,63
12,7 12,49 14,46 12,05 12,93
12,55/12,51 14,76 12,36 13,02
12,46 12,42 14,74 12,28 12,84
12,23/12,43 14,57 12,23 12,57
12,22 12,3/12,68 12,18 12,38
12,71/12,68 14,68 12,15 12,89
12,49 /12,66 14,57 12,43 12,89
12,4512,45 14,65 12,31 12,68
12,34/12,21/12,91 12,05 12,40
12,46/11,99 14,66 11,98 12,48
12,5 12,43 14,96 12,03 12,92

12,45 12,41
12,22 11,99
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I 3. OrientéSanas sistémas YP3040 stiprinasanas shéma
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I 4, Servopiedzinas varianta konstrukcijas elementi
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I 6. Spogula griesanas elektroniska sistéma
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I 7. Spogula griesanas sistémas konstrukcija
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