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1. DPA4. Pilnas funkcionalitates prototipu realizacija un testésana

Dotas darba pakas ietvaros tiek nodrosinata vismaz 6 pilnas funkcionalitates prototipu intensiva testésana
Latvijas piekrasté. TestéSanas rezultata tiks noskaidrotas jaunas funkcionalitates priekSrocibas un ieguvumi,
ka ari realizéta iespéja aprobét iekartu dazados laika apstaklos, dzilumos un gada meénesos. Intensivas
testéSanas rezultatu apkopojums sniegs plasakas zinasanas par iekartu pielietoSanas Tpatnibam, darba
reZzimiem utt.

I 1.1. U 4.2. Prototipu testéSana

Dota darba uzdevuma ietvaros tiks veikta vismaz 6 izstradato pilnas funkcionalitates prototipu uzstadisana un
testéSana pie dazadiem Latvijas piekrastes zvejniekiem visa testéSanas perioda laika. Tiks veikta iesaistito
sadarbibas partnera nodrosinato zvejnieku parstavju instruktaza un apmaciba darba ar prototipiem, izdaliti
izstradati protokoli. NepiecieSamibas gadijuma gara testésanas perioda laika iekartas var tikt parliktas uz
jaunam testésanas vietam, ja tas sniegs manamu ieguvumu iekartu izmantosanas efektivitates novértésanai.

TestéSanas laika projekta zinatniski-tehniskais personals nodrosinas iekartu apkalposanu, pieskanosanu un,
nepiecieSamibas gadijuma, operativu funkcionalo nepilntbu novérsanu.

I Izstradato boju parametri

Tabula ir apkopoti seSu izstradato un sarazoto boju galvenas konstruktivas 1patnibas. Bitiskaka atskiriba ir
izmantotais zemiadens skalrunis, jo tas ietekmé gan skanas generatora parametrus (darba frekvences), gan
salagojoso kédi starp generacijas plati un skalruni. Trijas bojas tika izmantoti skalruni no AIRMAR Technology
Corporation un citas Sonotube 8&13kHz no Chelsea Technologies. Boju otraja versija ari ir samazinats spiesto
plasu un mikrokontrolieru skaits.

Bojas | Skalrunis | SalagojoSo | Skalruna aizsardziba Mikrokontrolieru
ID induktivo /plasu skaits boja
elementu
skaits
100 | Airmar 1 Bez 3/4
200 Airmar 1 Cieta, no neriiséjosa térauda | 3/4
300 Airmar 1 Miksta, izgatavota no virves 3/4
400 Sonotube | 3 Originala 2/2
8&13kHz
500 Sonotube | 3 Originala 2/2
8&13kHz
600 | Sonotube | 3 Originala 2/2
8&13kHz




Projekts ,, Jaunas paaudzes ronu atbaidiSanas iericu izstrade un

Ele el IopP A testéSana” Nr. 19-00-F01101-000001

I Testé3anas vietas un gaita

Testésanas
periods

Bojas ID

Komentari/novérojumi

SIA “Leste”, Carnikavas novads, Reg. Nr. 40103047955, Aldonis Lukins., tel.

2XXXX181

14.05.2021-
21.05.2021

200

15.05.2021- konstatéts parak augsts spriegums boja 24 V -
nepiecieSams veikt uzlabojumus bezvadu energijas parvades
sistémas algoritma.

19.05.2021- nostrada tGdens devéjs.

21.05.2021- 200. boja apmainita pret 300.

21.05.2021-
16.06.2021

300

8.jinija konstatéta probléma ar vienu aréjo akumulatoru- grati
ieslégt jura. Pjezopogas defekts.

13.06.2021- Vétra. Véj$ lidz 25m/s. Boja nebija izvilkta krasta.
16.06.2021- nostrada Gdens devéjs. To var redzét aplikacija. Tika
nosutits SMS.

16.06.2021 Boja atvesta uz fakultati. Udens ticis iek3a caur ladétaja
konektoru. NepiecieSama papildus hermetizacija.

29.06.2021-
15.07.2021

300

Viss ir salabots, salikts un 29.06.2021 nogadats Carnikava
15.07.2021 atvests uz Kipsalu atpakal.

Zvejnieki apgalvo, ka pa vasaru nav ne zivju, ne ronu, tapéc tiek
nodrosinati bojas uzturésanas darbi.

13.09.2021- Sazvanijam Aldoni Likinu- apgalvo, ka joprojam nav
zivju un nav vérts uzstadit atbaiditaju. Solijas sazinaties, kad
radisies nepiecieSamiba.

04.10.2021 Sazvanijam Aldoni Likinu- saka, ka zivju nav un nav
izdevigi braukt jlra- Sobrid apstadina visas aktivitates.

16.11.2021 -
06.12.2021

400

lelika boju Gaujas griva, lai neielaistu ronus Gauja.

Soreiz bojai ir iestatits skals signals (tuvak rezonanses frekvencém).
Konfiguracijas kods: 01 03 74 AC 03 64 OE 04 04 01 OA 00 8B FF 96
32640001 01003C01A5FF

22.11.2021 5.37 signals tiek nomainits uz klusako (standarta max
skaJums, un frekvences talu no rezonanses), bet biezako.

Konfiguracijas kods:
\x03\x01\x11\xAC\x03\x64\x0E\x04\x04\x01\x0A\x00\x8B\xFF\x7E\x32\x64\x00\
x01\x01\x00\x0F\x01\x93\xFF

06.12.2021 lekarta atvesta uz fakultati. Péc Aldona Lukina
novérojumiem- efekts netika novérots. Roni nav baidijusies no
jaudigiem signaliem. Pasiem zvejniekiem uzturéties iekartas
tuvuma bija nepatikami.
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SIA ,,Pundiki”, Rojas novads, Reg. Nr. 41203008436 , Oskars Niklavs, tel. 2XXXX645

e 25.05.2021 Boja konstatéts tdens- aplikacija, SMS.

e 26.05.2021 Boju izvilka krasta. Bojai nolauzta skanas ieslégSanas
poga- caur to Gdens nokluva boja. Atvesta uz fakultati. Udens ir ticis
ari ieksa bojas elektronikas un akumulatoru kastés. Ir nepiecieSams

21.05.2021- . .
100 remonts vai komponentu maina.
25.05.2021 e Boja savesta kartiba, veikta pogas papildus hidroizolacija.
e 2021. gada septembri Artlrs sarunajis testésanu oktobri, kad bas
lasu zveja. Kontaktpersona- Aivars (2XXXX826)
e Pirmas divas oktobra nedélas Artidrs nevar sazvanit zvejniekus-
klausuli necel. Ari 12.10.2021 — nav sazvanames.
e Atvesta 30.05.2021, bet faktiski palaista jara 2.janija;
e 3.junija - konstatés, ka izslégts akumulators. Boja strada. Ir
aizdomas, ka akumulatoru varétu izslégt putni.
30.05.2021- e 13.06.2021- Vétra. VEjs lidz 25m/s. Boja netika izvilkta krasta.
100 e 16.06.2021 nostrada tdens devéjs (aplikacija, SMS). lemesls: Gdens
17.06.2021

ir ticis iekSa caur nolauzto avarijas skanas izslégSanas pogu. Pogas
mehaniska bojajuma céloni noskaidrot neizdevas.

e 17.06.2021 Boja nogadata krasta Roja.

e 17.09.2021 Artirs Abolting ir sazinajies ar parstavjiem- iekarta bis
vajadziga péc 1. oktobra, kad saksies lasu zveja.

Zv/s ,Smilkséni”, Dundagas novads, Reg. Nr. 46101016461, Guntis Otomers, tel.
2XXXX085

e 17.09.2021 Arturs Aboltin$ sazinajies ar parstavjiem- teica, ka
viniem sezona ir noslégusies un lidz pavasarim iekarta nebas
vajadziga.

SIA “”Bankis”, Salacgrivas novads, Reg. Nr. 50003253041, Guntis Bergs, tel.
26467585

e 20.09.2021- Sazvanijam Gunti Bergu. ledeva klausuli Karlim.
Murdus liks péc 1. oktobra. Lidz tam tikai ar tikliem zvejo. Jazvana péc 1.

oktobra. 2XXXX519. Atzvanija un iedeva kontaktus: Nikolajs Koluskins
2XXXX933.

24.09.2021

IK J.LA.N.K.I., Limbazu novads, Salacgriva, Tiruma iela 6-5, Reg.Nr.: 44102025374,
Inese Koluskina, ineseXXXXXX@inbox.lv, 2XXXX413, Nikolajs Koluskins 2XXXX933
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e 20.09.2021- 15.00 Maris Zeltins atdeva boju.

e 21.09.2021- Konstatéts udens boja — mitrums ap 80-90%, tomeér
elektronika strada. Neliels mitruma daudzumes ticis uz devéja.

e 27.09.2021- Zvejnieks teica, ka efekta nav- zivju daudz, bet uzkostas-

20.09.2021- 100 roni nebaidas.
08.10.2021 e 27.09.2021- Nosutits signala atjauninajums- tagad tas skan divreiz
biezak.

e 08.10.2021 boja izvilkta krasta. Zvejnieks apgalvo, ka signals
neatbaida ronus, bet atbaida lasus. Talak testét negrib.

e Bojanogadata uz fakultati- ieksa konstatéts neliels Gdens daudzums.
Elektronika nav bojata.

Zv/s ‘Stagis-1", Riga, Reg. Nr. 50001010811, Juris Dancauskis., tel. 2XXXX772

05.11.2021 - 100. 600 e 09.12.2021 Oskars Dancauskis informéja, ka testésana nebija
09.12.2021 ’ veiksmiga, jo upé nebija zivis - mazak neka viens spainis no 5

murdiem. Lidz ar to nav verts testét talak.

SIA “Branga” , "Murnieki", Kesterciems, Engures pag., Tukuma nov., LV-3113,
lImars Raginskis, tel. 2XXXX346

e 28.10.2021 14.00- Boja ir palaista.

e Signala konfiguracijas kods :AC 03 64 OE 04 04 01 OA 00 8B FF 7E 32 64 00
0101003C0194FF

e 29.10.2021 no rita zvejnieks informéja, ka tikla ir caurums un
blakus atbaiditajam bija maniti roni.

e 29.10.2021 16.00 tika izlemts izméginat divreiz vajaku signalu, jo
apgalvo, ka pie vajakiem signaliem iekarta atbaidija visus ronus.
Konfiguracijas kods: AC 03 64 OE 04 04 01 OA 00 8B 7F 7E 32 64 00 01 01 00 3C

0194 7F
24.10.2021- e 06.11.2021 Jaunumi no zvejnieka- tiklos caurums. Ladz izmaintt
300 . . o e L .
16.12.2021 signalu. Liekam pusi no jaudas, bet divreiz biezaku signalu atskan ik

péc 30 sekundém (signals- 2 s, pauze- 30 s). Konfiguracijas kods: 03
0111 AC03 64 0E 0404 010A008B7F7E 326400010100 1E01
94 7F. (Mainits @ 18:31:38)

e 12.11.2021 Ir konstatets, ka roni peld blakus bojai. Jauna signala
konfiguracijas kods: 03 01 11 AC 03 64 OE 04 04 01 OA 00 8B FF 7E 32
6400010100 1E 0194 FF
2s signals ar 30 sek. pauzi, -100% skalumu, veciem skalruniem.

e 09.12.2021 Sazinajamies ar |. Raginski. lekartas ta ar1 kartigi nav
testéjis- sakuma bija stiprs véj$ un tagad ir sals- nevar ienakt jara.
Apstadina aktivitates [idz pavasarim.
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29.10.2021-
16.12.2021

e 02.11.2021 14.30 ieladéts skalaks signals tuvaks rezonansei:

500 e \x03\x01\x11\xac\x03\x64\x0e\x04\x04\x01\x0a\x00\x8b\xff\x96\
x32\x64\x00\x01\x01\x00\x3c\x01\xa5\xff

e Péctelemetrijas datiem boja netika testéta jara.

I TestéSanas laika izmantoto akustisko signalu parametri

Testa Signala ilgums-pauzes ilgums-skalums
signala

numurs

1 25 — 60s — max

2 25 —30s — max

3 25 —15s —max

4 25— 60s —50%

5 2s —30s — 50%

6 25 —155-50%

Uzsakot testéSanu jauna vieta tiek lietots 1. signals. Garaka pauze starp atbaidiSanas signaliem nodrosina

ilgaku akumulatora kalpos$anas laiku un attiecigi retakus braucienus ta mainai. Gadijuma, ja iekartas tuvuma

tiek noveéroti roni vai to izraistti zivju bojajumi, tad secigi pariet uz 2. un 3. signalu. Atseviskos gadijumos, tika

lietoti klusaki signali (4.-6.), kas péc dazu zvejnieku domam, varétu labak atbaidtt ronus.
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Bojas | Sakuma Beigu maijs janijs jalijs augusts
1D datums datums |1+ 1536 17 16 39 20 22 22 23 29 25 26 27 28 29 30 3112 3 95 6 7 6910 13 12 13 19 15 16 17 16 13 20 21 22 23 26 25 25 27 25 29 30|12 3 4 5 6789 10 11 12 13 19 15 16 17 18 19 20 21 22 23 24 25 26 27 26 29 30 311 2 3% 5678510 11 12 13 19 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 0 31
SIA “Leste”, Carnikavas novads
200 14.05.2021 21.05.2021
300 21.05.2021 16.06.2021
300 29.06.2021 15.07.2021
400 16.11.2021 06.12.2021
SIA ,Pundiki”, Rojas novads
100 21.05.2021 25.05.2021
100 30.05.2021 17.06.2021
IKJ.ANK.L, LimbaZu novads, Salacgriva
100 20.09.2021 08.10.2021
Zv/s ‘Stagis-1”, Riga
100 05.11.2021 09.12.2021
600 05.11.2021 09.12.2021
SIA “Branga” , "Marnieki”, Kesterciems
300 24.10.2021 16.12.2021
500 29.10.2021 16.12.2021
Bojas sakuma Beigu septembris oktobris novembris decembris
ID datums datums 10203 45 €7 8 9101112131415 1617 184 # 4 A6 FF A H28 2830 1 2 3 4 5 6 7 B 5101112 131415 1617 18 F A A 6 # B A HF20293031 1 2 3 & 5 6 7 8 910111213 141516 17 18 4 F # H E B #HF 282930 1 2 3 & 5 6 7 B 910111213 14 15 16 17 18 19 ¥ B 4 4 B H # #2930 3
SIA “Leste”, Carnikavas novads
200 14.05.2021 21.05.2021
300 21.05.2021 16.06.2021
300 29.06.2021 15.07.2021
400 16.11.2021 06.12.2021
SIA ,Pundiki”, Rojas novads
100 21.05.2021 25.05.2021
100 30.05.2021 17.06.2021
1K J.A.N.K.I., LimbaZu novads, Salacgriva
100 20.09.2021 08.10.2021
Zv/s ‘Stagis-1”, Riga
100 05.11.2021 09.12.2021
600 05.11.2021 09.12.2021
SIA “Branga” , "Marnieki", Kesterciems
300 24.10.2021 16.12.2021
500 29.10.2021 16.12.2021

Testésanas vietas karté (apkopots no realiem serveri sanemtiem GPS datiem):
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Carnikava - Gauja Kesterciems
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I Tehniskie uzlabojumi testésanas laika

‘ Jaunu skajrunu salagosana

Pirmajai iekartu seérijai tika izmantoti Airmar raZotie skalruni. Faktiski tie ir pjezoelektriskie
parveidotaji ar korpusa ieblvéetu induktivo spoli (attéla). Kopa ar parveidotaja kapacitati tie veido
virknes kontdru ar rezonanses frekvenci ap 10kHz. Lidz ar to frekvencu josla 8...11kHz skalruna
kopuma impedance ir 20...50Q, kas |lava izmantot paaugstinoSo transformatoru ar sameéra zemu
vijumu attiecibu (20/200).

BLUE POSITIVE

BROWN

NEGATIVE

acoustic window PIEZOCERAMIC + +
[RINGI

Transformatoru darbina H-tipa tilts (2x BTN7960) ar aptuveni meandra formas signalu izeja.

Atteéla — spriegumu un stravu
formas, testéjot skalruni ap ||
150 litru tilpuma Gdens muca.

Sarkana — transformatora
izejas spriegums, meandra
forma ar izsvarstijumiem.

Roza — strava transformatora [

) §
Hesm S sav 50.0psidiv 5.0MSis 200ns/pt
None Auto 1

. - . - - - &I 5.0V/div Ey:20.0M
izeja, teju tira sinusoida @ soovisy Ay200m
T 600mV/div By:20.0M 2 656 acqgs RL:2.5k
(méﬂta ké Spriegums uz 10 T 600mV/div By:20.0M Aute  July 20,2021 16:42:50
. Value Mean Min Max StDev Count  Info
rez |St0 ra ) . @ Pk-Pk  [3769v  [374.19359  [2018 [s81.0 [7.155 [331.0
@I ACRMS [98.67V  [98.79013  [34.49 [99.75 570.1m  [a31.0
@TP Pk-Pk [3.042v 31318223 [981.1m  [3.541 108.8m  [331.0
@D ACRMS [1.020V  [1.0428442 [296.8m  [1.102 17.87m |33t
Zilé _ Spriegu ms @7 CycRMS [1235V  [1.2503837 [1.037 13 fa8im  [3al0
AT PPk [2.577V 2.6420211  [1.779 2921 [f7.32m  [3310

transformatora ieeja (faktiski —
tilta viena pleca).
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Zala — spriegums BTN7960

stravas mérisanas izeja

(proporcionals apakséja
tranzistora stravai).

Frekvence —9,5kHz. Patéréta jauda — 109W, tilta draiveri tikai nedaudz siltaki par istabas temperatdru. No ta
var secinat, ka skalrunt tiek izkliedéta vismaz 90...100W jauda.

Lieliski... Iznemot to, ka Sie skalruni vairs netiek razoti. Tapéc nakosai iekartu sérijai tika iepirkti cita razotaja
— Chelsea Technologies raZotie SonoTube 008/D12 skalruni. Siem skalruniem:

— Nav ieblveétas induktivas spoles (to jaizveido pasiem)
— Pjezoparveidotaja kapacitate — 12...13nF, ilgsto$i maksimali pielaujamais spriegums — 750Vrms.
+13V

¥

Tatad japiemekle izdevigakie Lser

Jap . .g e —~iL TR1 —_—
transformatora vijumu skaits un | q 0T
attiectba (N2/N1), un salagojosa N1§| N2
induktate, lai panaktu péc iespéjas
) ) _ — L SonoTube
lielu spriegumu skalrunt. e ML

— —

Pirmajiem testiem tika sagatvots tranformators ar dazadu sekundara tinuma vijumu skaitu: toroidala ferrita
serde (Mouser PartNr 871-B64290L40x830), vada $kérsgriezums — 1,5mm?, Nprim = 19, Nsec =19/ 38/ 76.

Un ari parsledzama induktate uz ferrita toroidalas serdes (Mouser PartNr 871-B64290L82x830) ar
parsléedzamiem izvadiem, laujot iegat 7,1 /8,2/9,4/10,7/12,1/15,1/16,8/18,5/20,3/22,0/24,0/28,1
mH induktati pie 10kHz frekvences.

Sada sleguma lielakais spriegums uz skalruna (atkal 150 litru Gdens muca) tika iegiits pie $ados apstak|os:

f[kHz]  Lser [mH] Uskalr [Vacrms] Strava no 13V Patéréta jauda [W]

[A]
19/19 9,60 10,7 44,0 0,06 0,8
19/38 9,54 12,1 79,2 0,15 2,0
19/76 9,64 28,1 165,9 0,45 5,9

13
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Ka redzams, iegltie spriegumi un patéréta jauda ir krietni par mazu.

Tacu |oti interesantas ir stravu formas pie
lielakas parvaditas jaudas (transformators
19/76).

Sarkans — spriegums uz skalruna, roza —
strava caur to.

Zils -
(viena tilta pleca izeja), zalS - spriegums
BTN7960
(proporcionals

spriegums transformatora ieeja

stravas mérisanas izeja

apakséja tranzistora

stravai).

Ja ar Airmar skalruni draiveru BTN7960
stravai bija teju sinusoidala forma, tad Seit
vérojam tikai Saurus pikus laika, kad mainas
spriegums uz skalruna.

Papildus veikti Airmar un SonoTube (kopa
ar papildus induktati) impedances mérijumi
15...30mH papildus
induktati SonoTube skalrunu pretestibai ir

apstiprina - ar

minimums 8...12kHz josla. Tomér ta ir
vismaz 2 reizes lielaka, ka Airmar gadijuma.

Tas viss liecina — japalielina transformatora

vijumu attiecibu, lai iegltu lielaku

spriegumu uz skalruna.

14

8y:20.0M
8200
Byi20.0M
8:200M

£ 5.4V 50.0us/div 5.0MS's 200ns/pt
z o
None Auto 1

3440 acqs. RLi2.5k
Auto July 29,2021 11:45:37

@D s0.0vidiv

T 700mVIdiv

B 100vidiv
@I 400mVIdiv

Valuo Mean Min Max StDev  Count Info
@D PPk [4200V (4206558  [428.7 [432.1 s93.0m  J420.0
@T® ACRMS [1659V (16592472 (1658 166.4 2462m 4290
@I Pk-Pk  [2849V  [2.8537384 2832 |2.887 [7.105m  Ja20.0
@D ACRMS [281.1mV  |281.16853m [280.7m  |2828m  |206.7p [420.0
@D CyMean* [7287mV__|33.095268m [18.5m B0.62m  [15.53m 4290 °
@ PPk 1222V 12280808 [1211 1.248 ses8m  [420.0

102400

51200 \
25600 \

12800
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NakoSais transformators tika uztits ar
vairakiem sekundarajiem tinumiem, ko
varéja saslégt atseviSki vai virknés. Ar
visiem sekundarajiem tinumiem virkné tika
ieguts lielakais transformacijas koeficients
30 un tuksgaitas spriegums 770Vpp.

Ka virknes induktates tika izmantotas jau
pieminéta parsléedzama spole, ka arl
vairakas fiksétas, uztitas atseviski uz dazada
materiala serdém (attéla).

Attéla — tipiska aina, ko varéja iegut ar
minétajam induktatem.

Zila — strava caur skalruni, sarkans -
spriegums uz skalruna. ZalS un roza -

spriegumi abu BTN7960 stravas meérisanas
izejas.

B 200mvidiv Qo /25 20.0psidiv 500MS/s  2.0nsipt
«® 200v/aiv No A
AT 200mVidiv 330 acqs RL:100K

Lai arl iegltais spriegums uz skalruna ir || e»zows

Value Mean Min Max StDev  Count Info

ievérojams (ap 490Vrms)l tomer @ rcrus ey s s @ wain o

D PkPk  [1.379kV_ [1.3833095k |1.379k 1388k [2379 [21.0

@I ACRMS [656.2mV_ [656.81135m [6407m  [6629m  [3.385m 210

ieri H 3 @ ek [pEw  [ezioves el [pesr  [inzm  [rio
neapmierina draiveru stravas forma. B e e o
7D CyMean* [15.96mV__ [18.453484m [15.01m _ [70.09m  [11.84m _ [21.0 )

lemesli:

1. Draiveru stravas maksimumi Seit sakrit ar parslégS8anas momentu, tadé| draiveros izdalas ievérojama
jauda (tie sakarst jau dazu desmitu sekunzu laika).

2. Saslédzot virkné vél vairak transformatora vijumu (lielaka sprieguma ieglsanai), Sie stravas piki jau
sasniedz parslodzes slieksni. Tad draivera mikroshéma ieblveéta logika aizver abus tranzistorus uz
dazam milisekundém. Sadam parslodzes atslégéanam sekojot viena otrai, skalruni augstas (ap
10kHz) frekvences vieta dzirdama zemas (daZi simti Hz) frekvences troksnveida skana, kas jau ir
zivim sadzirdama. Ronu atbaidiSanas vieta iestajas zivju atbaidiSana.

Lielisku stravas formu (lidzigu, ka ar Airmar skalruni) varéja iegit, ja virkné ar papildus induktati un skalruni
ieslédza dazu desmitu Q pretestibas rezistoru. Tacu ari Sis nav risinajums, jo minétaja rezistora izdalas dazu
desmitu W liela jauda. Tacu tas vedinaja uz domu par piesatinamas induktates ieslégsanu rezistora vieta.
leprieks visas papildus induktates darbojas lineari, to serdes nepiesatinot. Sada piesatinama un liela induktate
15
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varétu nogludinat stravas parslégsanas laika, bet péc tam, stravai pieaugot (un serdei piesatinoties) jau saktu
darboties ka minéta virknes pretestiba.

Piesatinamas induktates pieméri — mazas jaudas (1...5W) transformatori
baroSanas blokiem (resp. 50Hz frekvences spriegumam) vai vecu

audioiekartu izejas transformatori. No vairakiem eksemplariem [TF7] 230V 50601, 1.
. - ) e = geem v . . | BV E1303 2039
piemérotakais izradijas Hahn raZotais 1,9W transformators (resp. viens HAKN ta 70/F

®

- - . . Y -2
ta sekundarais tinums). & 1o 7. ma

5

Attéla - tipiska aina ar Sadu e

Ni¥ied

transformatoru virkné ar papildus

induktati un skalruni.

Zila — strava caur skalruni, sarkans —

spriegums uz skalruna. Zal$ un roza -
spriegumi  abu BTN7960 stravas

mérisanas izejas.

o
- . . M M M M M P W W (S T W WO NN S S T W R T W SN N S SRS E
Strava un Sprlegums uz Ska! ru I’)a Ir B 500mVidiv By:20.0M [M’L] 50.0ps/div 200MS/s  5.0nsipt
@D 300vidiv 8,:20.0M None Auto

daudz tuvaki sinusoidalai formai, bet

AT s00mVidiv By:20.0M 126 acas RL:A00K
AIH 300mV/div By:20.0M Auto  September 30, 2021 16:05:24

galvenais — draiveru strava ir ar labaku Vi wow  Wn we mow _omm e
b oo 2 s Jraes
fo rmu- @I ACRMS [624.4mV  [625.7474m [615.3m :IIHSm 125:0
W eipx [z2v pzsasse [z 228 1asm (1250
@ PK-PK [960.0mV_ [965.51547m [948.0m  [9840m  [7.579m  |125.0
_ . _ . . T CyMean® [204.4mV_ [205.0201m  [2000m  [2093m  [1.337Tm _ |125.0
Ka sekas — draiveru parkarSana ir
noveérsta, parslodzes izraisita
atslégSanas nav novérojama. Un

vienlaikus, var panakt lielaku spriegumu
skalrunt (jau 500...600Vrms).

Ir arT negativas sekas — ka virknes induktate ieslégtais mazais transformators sasilst. Galvenokart — dé|
virpulstravu zudumiem serdé, kas nav domata darbam 10kHz frekvencés. Tomeér iekarta paredzétaja darba
reZima (dazu desmitu sekunZu darbs, tik pat garas un garakas pauzes) transformatora temperatira
neparsniedz 50°C, kas ir pienemami.
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I Akumulatoru atslégsana ilgstosai glabasanai

Runa ir par akumulatora bloka (iesp&jams, ari bojas) akumulatoru atslégSanu to izlades novérsanai
ilgstoSas glabasanas laika (piem. ziema), neatverot iekartu korpusus.

Sim noliikam varétu izmantot uzlades ligzdas 2 brivos kontaktus. Acimredzot, sezonas vai darba laika
Sie kontakti paliek nesavienoti, jo jebko lielaku par aizsargvacinu varétu viegli nolauzt. Toties

glabasanas laika tos varétu savienot ar 1pasi Sim nolikam sagatavotu spraudni.

Tatad savienojot Sos kontaktus, kaut kam ir japartrauc akumulatoru pieslégumu patérétajiem.
Varétu izmantot akumulatoru BMS platés jau esosos lauktranzistoru sledzus. Konkréto mums esoso
plasu shémas nav pieejamas, tacu tikla redzamas daudzas analogiskas. Te viens piemérs baterijai ar

3 akumulatoriem:

Mikroshémas labaja pusé
U4..U6 meéra katra sava
akumulatora spriegumu. Ja tas

-
<
o
>

11V

313
HY2213-BB3A

FS3T2F-G
parsniedz noteikto, atver s lj]i‘o‘o% e f]ﬁ\uzgo
. CS VDD >
lauktranzistoru (Q13...Q15), P B e
. - . 1= . . O 1 B
pieslédzot izladei 100Q rezistoru - T Poge—pr w Sbe
FSITZFG U5
ol e HY2213-BB3A
(balansesana)- B i § [:]%gn R23 4N vss|2 o0
. - . .= - Cs VDD 2 1000 =
Mikroshémas  kreisaja  pusé O P [ e s R
- - . - . il Pt 100nF Q14 | 8 | ne s
U1...U3 nostrada pie parak liela s T S — el
. - = oV 1 ue 12
vai parak maza atseviska Eém.se a] o [']%30‘0
. MBT5401 oD vss|E— 20 o | el
akumulatora sprieguma. Bez tam Mo P g 11| R
I 1, g
Ve - - .« 1= b S 6 RN
apak$éja U3 ari méra izlades = o nof| Ty = T oo

Q7
MBT5401

R15
1k R25 R21
0.00502L10.005Q

stravu. woi

[] R27
ik Ra2
10

.. - . R4 Q9 Q16
Starp baterijas negativo izvadu I"S? R R E f@ -

MO M0 NGO

un slodzes (vai ladéetaja) negativo

R28
1MQ

(vai GND) ir jaudigs NMOS oto o —
tranzistoru slédzis. Lai spétu ] ﬂ; Res -
vadit lielakas stravas, te ir art ais

paraléli slegti vairaki tranzistori. TEE %r

Piem. ieprieksejo eksemplaru

BMS platés ir 2x4 tranzistori ﬂ@? Or—

PTPO3NO04N (razotajs pie B3

Ues=10V sola Rpson=2,1mQ).
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Zilie rezistori 10MQ R8,R26 tranzistoru aizvarus savieno ar iztecém. Normali tranzistorus tur atvértus
1MQ rezistori R32, R33 (zali).

(OverDischarge) un OC (OverCharge) vada tranzistorus, kas caur sarkanajiem vai violetajiem

Parslodzes gadijuma mikroshémas U1...U3 caur izejam OD

rezistoriem atver Q1 vai Q20, attiecigi aizverot jaudas slédzi vienam vai otram stravas virzienam.

Talak — méginajumi aizvert tranzistorus iepriek$éjas paaudzes BMS platem. Apaks$éja grupa — kas

" u

savienota ar aréjo GND, augséja — ar baterijas “-“ izvadu.

Sakuma abu grupu aizvarus savienoju ar aréjo GND. Vispirms uzlades rezims (ladéju no baroSanas
bloka ar uzstaditu 15,7V spriegumu un 3,5A stravas slieksni):

Aizveru Aizveru Aizveru  abas | Strava Piezimes
apaksejo augséjo grupas
3,528 A
+ 1,04 mA
+ 3,131 A 1
+ 0,89 mA

1. Seit stravu samazinas, jo ta pliist caur atvértu vienu grupu un otras grupas ieblvétajam

diodém.

Izlades rezims (slogojot ar jaudigu 5,4Q rezistoru):

Aizveru Aizveru Aizveru abas | Strava Sprieguma Piezimes
apaksejo augséjo grupas kritums uz
sledza
-2,23 A 16,7mV
+ -2,11A 0,66V 1
+ -1,60 A 3,7V 2
+ -1,60 A 3,7V 2

1. Seit atkal sanak virkné atveérti tranzistori viena grupa un diodes otra.
2. Divains rezims, BMS slédza tranzistori silst.

Talak aizvarus saisoju nevis ar aréjo GND, bet katrai grupai ar savu iztecu kéedi:

Uzlade:
Aizveru Aizveru Aizveru abas | Strava
apaksejo augséjo grupas
3,57 A
+ 1,04 mA
+ 3,57 A
+ 0,89 mA
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Izlade:
Aizveru Aizveru Aizveru abas | Strava
apaksejo augséjo grupas
-2,16 A
+ -2,06 A
+ -92,1 uA
+ -92,2 uA

Uzlades reZzims pie glabasanas nav butisks, te ir runa tikai par izladi. Tad jautajums — vai 92 A strava
ir liela vai maza? Te pievienosim vel:

— ap 50uA, ko patéere BMS plate no katra akumulatora
— pasizlade 3% meénesi. Ja pilna ietilpiba ir 60Ah, tas nozimé zaudétu 1,8Ah ladinu ménesi jeb
2,5mA izlades stravu. Pie 20Ah — attiecigi 0,83mA.
RaZotajs nenorada pasizlades atkaribu no temperatdras. Jadoma, pie zemakas
temperatiras tai vajadzétu samazinaties.
Resp. pat bez aprékiniem redzams — pasa akumulatora pasizlades strava ievérojami parsniedz BMS

un aizvertu slédzu noplides stravu.

Tatad pietiek savienot augsejas tranzistoru grupas aizvarus ar to iztecém. Janem véra — aizvari ar
paréjo shémas dalu savienoti caur MQ kartas pretestibam — varétu izpausties te pievienotaja vada
inducétie traucéjumi. Bez tam Siem tranzistoriem maksimalais aizvara spriegums ir tikai +20V. Tos
varétu sabojat ar statisko ladinu. No otras puses — Cetru tranzistoru kopéja aizvaru kapacitate ir ap
10-20nF.

Pietiktu: ot
— savienojoSo kabeli (BMS plate-
ligzda) nemt ekranétu, ekranu Lﬁ—ﬂ
pieslédzot pie tranzistoru E S

iztecém (resp. stravas Sunta). D—"—‘ Riazk

Protams, ekrans nedrikstétu
saskarties ar paréjas shémas

20m

1

Aug$éja grupa

GND. JF': Apaks§éja grupa
— Pie tranzistoriem pielodet 15V ]

stabilitronu un virkné — dazu kQ — P 1

rezistoru. =

leprieks teiktais attiecas uz sakotnéji iepirktajam BMS platém. Ar otro sériju (attéla, HX-4S-F30A) ir
savadak.
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Te ir viens mazais tranzistorins (T), kurs
vada apakséjas grupas lauktranzistorus
(attela — pa kreisi), un starp ta bazi un
abu grupu savienojumu ir 100kQ
rezistors (R).

— Normali tas mazo tranzistoru
neietekmé, jo grupu
savienojuma spriegums ir tuvs
0.

— Toties péc apakséjas grupas
aizvérsanas augseja paliek
atvérta. Grupu savienojuma ir
13V spriegums, un tas caur
minéto rezistoru tur atvértu So
tranzistoru.

Ol
\ s‘a.'

[

u

flvoE4-Sb-
(E © [

0\
f
=3
@
¥
B
=
=

=

TE

Resp. pie aizvérSanas izpauZas kas
lidzigs trigerim.

Lidz ar to Sim BMS platém jarikojas savadak:

1. Atslégsanai jasavieno apakséjas grupas lauktranzistoru aizvarus ar iztecém (Gate-Source).
Pie tam 3oreiz pietiek ar Tsu saslégSanu. Bet var turét savienotus visu laiku.
Abos gadijumos noplides strava slodze ir 35...40uA.

2. Pieslegsanai pietiks uz bridi vai uz normalas uzlades laiku pieslégt ladétaju. Un tas jauir
logiski péc ilgas glabasanas.
Gan pirmajai, gan $ai BMS plasu sérijai kabeli lidz Stekerim vélams lietot ekranétu. BMS plates gala
ekrans — pie kada no apaksejas (attéla- kreisas) grupas tranzistoru izteces (attéla - apakséejais izvads),
centralo vadu — pie aizvara (attéla — augséjais izvads).

Stekeri starp Siem kontaktiem bis ap 13V spriegums (tapat, ki pie uzlades kontaktiem). Tadu Sie
kontakti bus Tpasi jutigi pret salsudeni — pietiks ar daziem desmitiem kQ pretestibu starp kontaktiem,
lai notiktu atslégsana.
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I 1.2. U 4.3. TestéSanas datu apstrade un analize

Dota darba uzdevuma ietvaros tiks veikta iegito testéSanas datu analize, zvejnieku atsauksmju apkopojums
un izdariti secinajumi par iekartas funkcionalam iesp&jam, ka ari pielietosanas ierobezojumiem.

I Zvejnieku atsauksmiju apkopojums

Aizpilditi testésSanas protokoli tika ieskenéti un ir atrodami 1. pielikuma.

Maija un Jnija testésana norisinajas Carnikavas un Rojas novados (SIA Leste un SIA Pundiki). Carnikava zveja
norisinajas 4 m dziluma, izmantojot murdu. Savukart Roja - 8 m dziluma, izmantojot stavvadu. Kopuma
rezultati ir vértéjami ka labi, jo murds un stavvads netika bojati un ar1 tajos tikai vienreiz ir atziméts bojato
zivju Tpatsvars 5%. TestéSanas apkaimeé tika novéroti roni, kuri uzturéjas pietiekosi liela attaluma no iekartas.

Saja laika posma tika noskaidrotas daZas iekartas konstruktivas nepilnibas, kas vairak ir saistitas ar izmantoto
komponentu trikumiem. Pieméram, ne visai kvalitativas izradijas pjezoelektriska efekta pogas. TestéSanas
laika tika mainitas tris pogas. Tapéc 2. versija tika izmantots citas konstrukcijas pogas, kas ir paredzétas
zemudens konstrukcijam. ArT bija nepiecieSama vakos ieskrivéjamo komponentu (pogas, LED indikacija,
uzlades un skalrunu konektori, antenas) papildus hermetizacija no ieks$€jas puses.

2021. gada rudeni testésana norisinajas trijas vietas: Salacgriva, Kesterciema un Carnikava (attiecigi IKJ.A.N.K.I,
SIA Branga un SIA Leste).

No Salacgrivas tika sanemts vislabak aizpildits testéSanas Zurnals, kura ir nosegts viss testéSanas periods. Zveja
norisinajas 2,5 m dzijJuma, lietojot murdu. Saskana ar Zurnala datiem roni uzturéjas murda tuvuma, ka ari
bojaja zveju riku un izéda zivis. Testésanas laika zvejnieks izteica divas hipotézes, kuras arTir ierakstitas Zurnala:

1. lekartas skanas signali atbaida lasu dzimtas zivis.
2. lekartas signali pievilina ronus.

Abas hipotézes ir stipri apSaubamas, jo testéSanas periods bija |oti Tss, lai varétu savakt statistiski ticamus
datus. Testésanas laika iekarta bija atslégta uz trim dienam un $aja perioda murda nozvejoja lasu dzimtas zivis.
Bet péc tam ieslégta un tad |agu dzimtas zivis netika konstatétas. Sads eksperiments tika veikts tikai vienu reizi,
lidz ar to nevar noteikt, ka noteicosais faktors bija iekartas darbiba. Tomér, nav izdevies atrast pieradijumus
zinatniskaja literatdra par lasveidigo zivju spéju sadzirdét skanas diapazona no 8 kHz un augstak. Tiesi otradi
to dzirdes diapazons neparsniedz pat 1kHz frekvenci un vértéjams ka diezgan Saurs. Parsteidzigi izdarits
secinajums atturéja zvejnieku no iekartas talakas testésanas.

Kesterciema tika nogadatas divas iekartas, bet diemzél reali licl tika testéta tika viena no tam. Ari testéSanas
zurnals ir aizpildits vien par trim dienam. Zvejas dzilums bija 4m un tika lietots tikls. Testésanas laika tika
konstatéti ronu pastradatiem tikla bojajumi un art tika izéstas zivis. Talako testéSanas gaitu ietekméja slikti
laikapstakli — stiprs véjs, bet vélak arT sals. ArT Saja gadijuma pietrika laika pilnvértigiem eksperimentiem ar
signalu parametriem, kas Jautu identificét signalu, kas vislabak atbaida ronus.
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Loti interesants eksperiments tika veikts Carnikava, kur iekarta tika uzstadita Gaujas upes griva. Saja gadijuma
netika aizpildits testésanas Zurnals, bet gan regulari tika shtitas fotografijas ar bojatam zivim. Pieméram Sada:

2021. gada novembri divas bojas tika nogadatas Zv/s ‘Stagis-1", kuri zvejo Bullupé. DiemZzél testésana nebija
veiksmiga, taja laika posma upé nebija zivis.

No zvejniekiem netika sanemta informacija par iekartas konstrukcijas trikumiem, Iidz ar to var secinat, ka
piedavatais izpildijums ir pietiekami érts lietosana.
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I Kopéjie secinajumi

Apkopojot testésanas laika iegito informacija ir nepiecieSams atzimét, ka testésana bija |oti fragmentara un
tika nosegts relativi iss laika posms. To neteica tris svarigakie faktori:

1) Zveja norisinas Sauros laika posmos kurus nosaka aizliegumi un noteiktas zivju sugas esamiba
piekrastes Gdenos.

2) Laika apstakli. Zveja nenotiek stipra véja, kad var tik bojati gan zvejas riki gan atbaidisanas iekarta.
Kad iestajas liels karstums zivis pamet piekrastes regionus, ka tas notika 2021. gada vasara.

3) Zvejniekiem iekartas testésana ir neapmaksats papilddarbs. Lidz ar to daudzi loti nevéligi uznemas
testéSanas pienakums. Turklat tas ir saistits ar papildus izmaksam, jo biezai akumulatoru mainai ir
nepiecie$ams patérét degvielu. Sis faktors nosaka ari testé$anas kvalitati, jo iekarta nespéj funkcionét
ar izladétu akumulatoru un tas atrasanas jlra ir bezjédziga. Tapéc izveidojas situacija, kad noteiktu
laika posmu iekarta nedarbojas un zvejas riki paliek nepasargati. Pastav iespéja, ka St iemesla dé| var
tikt izdariti nepareizi secinajumi par iekartas efektivitati.

Testésanas laika ieglta informacija nelauj viennozimigi novértét ronu atbaidisanas ierices efektu, jo dati ir
pretrunigi. Svarigakais faktors, kas ierobezo testésanas laiku, ir zvejas norise 1sos laika posmos.

Ir nepiecieSams atzimét, ka no konstrukcijas un programmnodrosinajuma viedokla ir izdevies izveidot
uzdevumam atbilstoSu konstrukciju ar sekojosam prieksrocibam:

1. Nav kabelu komutacijas pie akumulatora mainas.

2. Signalu parametru attalinatas mainas iespé&jas caur mobilo tiklu.

3. Bojas un aréjo akumulatoru stavoklu uzraudzibas iespéjas interneta vietné.

4. lzturigs un relativi vienkarss korpuss gan bojai, gan aréjo akumulatoru blokiem.
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I 1.3. Piedavatie iekartas uzlabojumi un jaunie tehniskie risindjumi

I Jauna akumulatoru uzlades sistéma

Lidz Sim energijas parvades no mainama akumulatoru bloka uz boju vadibai tika izmantots Tpasi Sim

nolikam darbinats BlueTooth sakaru kanals. Tam ir dazi trGkumi:

— abas dalas sakaru organizésanai izdaliti ievérojami mikrokontrolleru resursi (atmina);

— akumulatora bloka speciali Sim nolikam atrodas plate ar mikrokontrolleri un barosanas
spriegumu parveidotajiem;

— atbilstoSi BlueTooth protokolam ierices ieprieks “jasaparo”, kas nozimé — konkrétai bojai
derigi tikai tai pieskirtie akumulatoru bloki. Akumulatora bloka nomainai javeic attieciga
programmeésana.

Bez tam ar jauno vadibas shému, iesp&jams, varétu:

— samazinat vadibai patéréto energiju;
— samazinat izmaksas.
Pamats talak aprakstitai vadibas metodei ir 2 lietas:

1. Raiditaja (akumulatoru bloka) patéréta strava liecina par slodzes klatesamibu (resp. — ir vai
nav saite ar bojas uztveroso spoli, tiek vai netiek parvadita energija). TukSgaita raiditajs
patéré ap 200mA, kameér uzlades laika — 1...3A.

2. Uztveréja pusé (boja), partraucot uztverosas spoles kédi, iespéjams krasi samazinat raiditaja
patéréto stravu. Tada veida boja var zinot akumulatoru blokam — uzlade ir pabeigta,
energijas parvadi var partraukt.

Tekstuali vadibas algoritms aprakstams sekojosi:

Raiditaja (akumulatoru bloka) pusé:

— |k péc noteikta laika (piem. — dazas mindtes) raiditajs tiek ieslégts uz 1su bridi (100-200ms)
un tiek merita ta patéréeta strava.

— Ja patéréta strava ir zem noteikta sliekSna (piem. 300mA), raiditajs tiek izslégts Iidz
nakosajam meérisanas bridim.

— Ja patéreta strava ir virs noteikta sliekSna, raiditajs turpina darboties lidz nakoSajam
meérisanas bridim vai lidz bridim, kad patéréta strava samazinas zem slieksna.

Uztvéréja (bojas) pusé:

— Uztvereja spoles kéde (pirms taisngrieza) ir normali saslégti (NC) releja kontakti.
Bez tam ir shéma, kas, bojas akumulatora spriegumam sasniedzot noteiktu slieksni, iesledz
minéto releju (resp. partrauc energijas sanemsanas kédi).
Ja bojas akumulators ir uzladéjams un akumulatoru bloks nupat ievietots bojas atverg, sekojosaja
meérisanas bridi tiks fikséta patéréta strava virs sliekSna — raiditajs turpinas darboties, uzladéjot bojas
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akumulatoru. Kad bojas akumulators bis uzladéts, minétais relejs partrauks kédi, samazinasies
raiditaja patéréta strava, un tas tiks izslégts ldz nakoSajam mérisanas bridim.

I Jauna vienkar$ota shéma

Lai samazinatu sistémas cenu, kontrolésanas, generacijas un sakaru elektronika tiks sagrupéta viena plate
(pirma prototipu varianta bija Cetras plates, otra — divas). Lai to izdaritu tika izmesti LoRa un SD moduli. Ta ka
tagad sprieguma 3,3V nepiecieS$ama jauda stipri samazinajas, viens DC/DCV parveidotais tika aizvietots ar LDO
stabilizatoru (kas aiznem mazako vietu). Tika paredzéta iespéja pievienot un nelielu akumulatoru, lai
nodrosinatu iespéju barot elektroniku lield akumulatora izladé$anas gadijuma. Sim noliikam optimali izmantot
standartu power bank uz 5V. Saja gadijuma bis iespéja attalinati sanemt nepieciesamu informaciju.

Power
Bank

14V

trévas un)
DC/DC
priegum; B
/_:) | merigana | I (12V>%Y
: D22
RO >
= H - D21 :
Water : D36, X
WPT Switch ¢ :
Y D32 .
7 kontakti LED ¢ ESP32 e
10A max S: E Dia| Bluetooth :
WPT dEtEEtE D35 pig -,
P D1 D27 (TX) JH
UARTO _: D3_ 026 (R) | esm/eps == awii]
! 12V detect D34 D19 (Reset) :
EN (Reset
| p13

Att. Elektronikas plates blok-shéma (sarkana krdsa - baroSanas kédes; zala - mikrokontrolleris; dzeltena -

skanas pastiprinatais; WDT — watch dog timer; t,°C - temperatiiras devéjs; GSM/GPS - koordindsu un sakaru
modulis)

Soreiz, shémas elektriskai droibai, tiks izmantoti lauka tranzistori Sottki diodes vietd (principiala shéma
tranzistori Q1, Q7 un Q8). Ka ari drosibas dala tiks papildinata ar iespéju attalinati (ar mikrokontrolleru) izslégt
skanas pastiprinataja barosanu (tranzistors Q6 principiala shéma).

I Attalinatas programmeésanas iespéjas

Boju testéSanas laika tika pamanits, ka bojas vai akumulatora modula mikrokontrolieru programmatiras
(Firmware, FW) atjauninajumu veikSanai ir nepiecieSams vért vala hermetizétu korpusu, lai pieklitu pie
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mikrokontrolieru parprogrammeésanas portiem (USB). Projekta veiktajos testos ST darbiba vienmér bija
apvienota ar bojas/akumulatora moduJu mehanisko apskati, remonta darbiem vai uzlabojumu veiksanu.
Programmatdra tika izstradata t3, lai uz katru bojas atvérsanu bitu gatava jauna stradajosa programmatdaras
versija ar nozimigiem labojumiem. Tacu industrija programmatdras izstrades principi biezi atskiras.

Lai gan kopéjais princips — ladét iekarta tikai kartigi parbauditu jaunu programmatdras versiju — paliek spéka,

tomer:

e var gadities ka koda nepilnibas tika pamanitas jau péc iekartas nodosanas testam/ekspluatacijai, kas
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prasis parak daudz lieko darbibu kltidas novérsanai, un

e koda izstrade nav linears process — parasti daudzas idejas tiek attistitas paraléli, un jauna
programmatdras versija var tikt sagatavota vai bt nepiecieSama stipri biezak neka reizi vairakos

meénesos.

lespéjamie uzlabojumi ir ieviest ta saukto attalinato parprogrammeésanu (Firmware Over The Air, FOTA).

Darbiba princips ir sekojoss:

Buoy Firmware

request

Server

responze; OK

B
r||

request

I

normala
zinapmaina

Developers

jaunas
versijas
izstrade

T
'
.
. )
'
i
i
'
i
i

response; OK + FOTA start

[
r||

————— ____+________

piesaka FOTA procesu, ielade FW failu

servers uzsak FOTA procesu

divas iespé&jamas realizdcijas
’N

Buoy Firmware

Server

Buoy Firmware Semver

FW request

&

FWW data

FW data

F 3

F Y

FW data
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ESP32 mikrokontrolierim ir ieblvétais FOTA procesa atbalsts - ta atmina ir sadalita nodalijumos un start bridi
ladétajs (bootloader) palaiz aktivas nodalijuma programmu. Kamér viens nodalijjums ir aktivs, vienmér var
parprogrammeét otru un parstartéties jau jaunaja programmatiras versija. Pati parprogrammeésana ieks
Arduino Framework arT ir Joti vienkarsa:

Update.begin (UPDATE SIZE UNKNOWN) ; // uzsak FOTA procesu

// tad cikla:
{
// nolasa no servera nokompilé&to

// programmatiras failu pa mazam porcijam:

// uint8 t *data,

// size t len
Update.write (data, len); // ileraksta
}
Update.end (true) ; // pabeidz FOTA procesu un

// pieSkir citam nodalijumam aktivo statusu

ESP.restart () ; // parstarté mikrokontrolieri

Ir divi veidi ka FW datus iegls no servera:

(A) atsevisks pieprasijums (A1) (vai vairaki pieprasijumi (A2)), kura FW aktivi ladés jauno programmatdaras
versiju,

(B) Jaunas programmatiiras dati tiks ladéti pakapeniski, kopa ar citiem pieprasijumiem.

V==

Diemzel, ka bija aprakstits iepriekséjas atskaités, dotaja bridi komunikacijas dala ir paredzéta tikai mazu zinu
apmainai (lidz paris kilobaitiem), kas izsledz variantu (Al). Energijas ekonomijas noliikos savienojums ar
internetu netiek uzturéts starp transakcijam, un katra pieprasijuma laika notiek pieslégsanas tiklam un IP
adreses ieguve. Vairaku megabatu lielas FW datu ieladei biitu nepiecieSams veikt parak daudz lieko darbibu,
kas izslédz variantu (A2). Variants (B) nav efektivs, jo zinu apmaina starp ierici un serveru notiek reizi 15
minatés, kas ir |oti reti.

Risinajums ir komunikacijas dalas uzlabojums un jauno komunikacijas veidu realizacija. Visefektivakais Saja
zina liekas variants (A).
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2. DPS5. Publicitates pasakumi

Darba paka paredz projekta rezultatu izplatiSanu, izstradajot vismaz divus zinatnisku rakstus.

I U5.1. Zinatnisko rakstu izstrade. AP5.1. Augstas kvalitates zinatniskie raksti.

Projekta zinatnisko rezultatu izplatiSanai tiks sagatavota augstas kvalitates zinatniskas publikacijas, kas tiks
nopublicétas viena no specializétiem zinatniskiem Zurnaliem vai konferencu rakstu krajumiem (kas ir indekséti
SCOPUSa, Web of Science vai IEEEXplore datu bazés). Publiska pieejamiba zinatniskam rakstiem tiks
nodrosinata, izmantojot arT ResearchGate platformu, ka ari projekta majaslapu.]

Tika sagatavots zinatniskais raksts par vairaku ronu atbaidisanas iekartu sinhronizéSanu un tas ietekmi uz
atbaidisanas efektivitati. Skat. 2.3. pielikumu.

Raksts tiks iesniegts viena no sekojosiem zurnaliem/konferencéu rakstu krajumiem:

Latvijas fizikas un tehnisko zinatnu Zurnals: http://fei-web.lv/lv/zurnali

Electrical, Control and Communication Engineering: https://sciendo.com/journal/ECCE

MTTW2022 Conference.
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3. Rezultatu izplatisana

Projekta ietvaros tika paredzéti tabula noraditi publicitates pasakumi:

Komunikacijas un rezultatu izplatisanas plans

Metode

Apraksts

Meérka
auditorija

ledarbibas
meérku
skaits

RTU/ETF
majaslapa

Rigas
Tehniskas
universitates
Elektronikas
un
telekomunika
ciju fakultates
majaslapa,
kas ir veltita
projekta
realizacijai
tiks ievietoti
un atjaunoti
materiali
(vismaz 2
reizes gada)
par projekta
realizacijas
gaitu,
tuvakiem
notikumiem
projekta,
projekta
vidusposmu
un nosléguma
posma
rezultatiem.
Majaslapa
kalpos
projekta
rezultatu
efektivu
izplatiSanas
instrument
daudzam
grupam.

par

Zinatniska
sabiedrib
a
Vispareja
sabiedrib
a
Industrija
s parstavji
Studenti

>300 vizites
gada

Informacija par projekta progresu, ka ari visas atskaites tika
publicétas projektam veltitaja RTU majaslapas sadala:

https://www.rtu.lv/lv/universitate/projekti/atvert?project
_number=4209

tikli

Socialie

Projekta
ieglto
zinatnisku
rezultatu
izplatisanai
tiks izmantoti
art socialie

Visparéja
sabiedrib
a
Studenti

>50pierakst
Ttaji

Skat. zinas pieméru 2.2. Pielikuma.
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tikli- tadi k3,
pieméram,
Radioelektron
ikas institGta
Facebook
akaunts.

Prezentaci
jas  RTU
pasakumo
s

Aktualie
projekta
rezultati
prezentéti
RTU rikotajos
publiskos
pasakumos:
“Atvérto
Durvju
dienas”,
“Zinatnieku
naktis”, “Enu
dienas” utt.

Visparéja

sabiedrib
tiks a
Studenti,
bérni.

> 150

dalibnieki
gada.

27.11.2020. un 30.11.2021. projekta rezultati tika
demonstréti RTU studentiem studiju kursos :
“Inovaciju menedZments”, “lnovativu produktu
izstrade un uznémeéjdarbiba”,

30.11.2021. projekta rezultati tika demonstréti RTU
studentiem un Latvijas skoléniem “Elektronikas
nedélas ietvaros”.

Daliba
seminaros

Daliba
seminaros un
citos
zvejniecibu
attistibu
saistitos
pasakumos,
kuru laika tiks
sniegta
informacija
par projekta
attistibas
gaitu, ka an
notiks
diskusijas par
projekta
realizacijas
Tpatntbam.

Akvakultd
ras
objektu
Tpasnieki,
uzturétaji

> 20

dalibniekie

m viena

pasakuma

2021. gada 13. augusta D.Pikulins piedalijas LZF atklata
valdes sédé, kura prezentéja projekta rezultatus.

Projekta rezultati tika prezentéti art elektronikas nozares
parstavjiem 2021. gada februari, marta:
https://www.varam.gov.lv/sites/varam/files/media file/4
rtu-petniecibas-platformas-un-pieredze jporins.pdf
https://www.letera.lv/wp-

content/uploads/2021/03/1 LETERA RTU-ETF 2021.pdf

Zinatniska
s
publikacij
as

Projekta Zinatniska
zinatnisko s
rezultatu sabiedrib
izplatiSanai a

tiks

sagatavota

augstas

kvalitates

zinatniska

publikacija,

kas tiks
nopublicéta

viena no
specializétiem

Vismaz
zinatniska
publikacija

1

Tika izstradata un sagatavota publicésanai zinatniska
publikacija:

“LoRa-based seal deterrent device synchronization”.

Skat. 2.3. Pielikumus
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zinatniskiem
Zurnaliem vai
konferencu
rakstu
krajumiem
(kas ir
indekséti
SCOPUS3,
Web of
Science  vai
IEEEXplore
datu bazes).
Publiska
pieejamiba
zinatniskam
rakstam tiks
nodrosinata,
izmantojot ari
ResearchGate
platformu, ka
ari  projekta

majaslapu.
Preses Informacija Visparéja  Vismaz 1 Tika sniegta intervija par projekta gaitu un sagaidamiem
relizes par sabiedrib  preses rezultatiem:

galvenajiem a relize http://laukutikls.lv/nozares/zivsaimnieciba/raksti/mekle-

projekta risinajumu-piekrastes-zvejnieku-un-ronu-konfliktam

rezultatiem

tiks apkopota Tika sniegta intervija, kuras materiali tika izmantoti raksta:

preses relizés, https://www.diena.lv/raksts/latvija/zinas/1000-rindinas-

kas tiks par-roniem-zvejniekiem-un-zivim-14260941

sagatavotas https://www.salacgriva.lv/files/news/54140/roni.pdf

sadarbiba ar

RTU

Sabiedrisko

Attiecibu

Departament

u.
Biedribas  Projekta Projekta Vismaz 2 Visa projekta realizicijas gaita tika uzturéti sakari ar Evaldu
sanaksme  iesaistitas iesaistita biedribas Urtanu, informéjot par iekartu izstradi un testésanu. Sazina
s biedribas biedriba sanaksmju notika caur e-pastiem un pa telefonu.

biedru apmekléju 2021. gada 13. augusta D.Pikulins piedalijas LZF atklata

informésanai ms valdes sédég, kura prezentéja projekta rezultatus.

par projekta

norisi un

aktivitatem,

tiks realizéta

daliba ar

prezentacija

m  biedribas

sanaksmeés.
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4. Secinajumi

Projekta ietvaros tika izstradatas un notestétas 6 ronu atbaidiSanas iekartas, kas atbilst projekta noraditai

tehniskai specifikacijai.

Barosanas spriegumi

Akumulators

Tehniska prasiba

Barosana
Darba spriegums 12V +/-1V;
Autonomads darbibas laiks ar standarta
akumulatoru (60Ah) vismaz 120 stundas
(bez papildus funkcionalitates modulu
pieslégsanas);
Mainams akumulators ar ietilpibu 40Ah-
90Ah;
Krasta- ladésana ar kontaktu savienojumu;
Jara — bezvadu enerdgijas parraide pamata

modulim  (bez  elektrisko  kontaktu
nepiecieSamibas).
Tuvas zonas datu pdrraides papildus moduli

Datu padrraides radiuss  Lidz 10-15 km

Frekvencu joslas Datu parraidei tiks izmantotas ISM

Darbcikla koeficienti frekvencu josla 865MHz-870MHz, kurai nav

Raiditaju jaudas nepiecieSams iegadaties licences ar D=1%,
P<=25mW .

Funkcionalitdate Nodrosina vairaku (lidz 10) iekartu
sinhronizétu ieslégsanu, saglabajot
generéjamo signala parametru (pauzes

garums, atskanosSanas ilgums, frekvence
utt. ) gadijuma raksturu.

Talas zonas datu parraides modulis

Globdld pozicionesana

Funkcionalitate
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Globalas pozicionésanas
precizitati vismaz +-10m.

iespéjas  ar

Informacijas nodrosSinasana par modula
statusu:
o eslegts/izslegts;
e baterijas uzlades limenis;
e koordinasu nodo3ana.
Bridinajumi par :
e baterijas mainas nepiecieSamibu;
e arkartas situacijam (iziesanu arpus
drosas zonas, tdens nok|Gsanu
elektronikas nodaltjuma utt.).
Akustiska starotaja parametru regulésana:
e darbcikla koeficients;

lekartas parametrs

lekartas barosanai tiek
izmantotas LiFePO4 akumulatoru
stinas, kas dod spriegumu ap 12-
13.5V.

lekartas barosanai tiek izmantoti
akumulatoru ar izveidotu
bezvadu  ladésanas  sistému
(60Ah). Jira tiek ievietoti boja bez
nepieciesamibas parspraust
vadus.

Tiek izmantots LoRa protokols,
kas izmanto 865-870MHz joslu.

Izveidota sistéma nodrosina lidz
10 iekartu sinhronizétu
ieslégSanu. lekartam jaatrodas
LoRa darbibas radiusa.

Tiek izmantota GPS/GLONASS
uztveréjs, kas sniedz informaciju
par iekartas atrasanas vietu.
lzveidota programmatira sniedz
visu nepiecieSamo informaciju
par modulu statusiem, ka art Jauj
attalinati mainit signalu
generatoru uzstadijumus.
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e signala tips;
e signala jauda.

Interfeiss Android mobila aplikacija
Akustiskais starotajs
SPL  (Sound pressure Vismaz 180dB pie 10kHz;

level) 1m attaluma

ledarbibas radiuss Virs 100m vienai iekartai.

Citi parametri

Darba temperatiru Vismaz no -10°C lidz +50°C.
diapazons
Mitrumizturiba Vismaz IP67.

Aptuvena prognozéjama sistémas gala cena
Raiditajs ar standarta Ne augstaka par 5000 EUR.
60Ah akumulatoru,
bezvadu ladésanas
funkcionalitati,
papildus tuvas zonas
datu parraides moduli

Piezimes Noraditas cenas ir aptuvenas un var
mainities projekta realizacijas  gait3,

izstradajot konkrétu prototipu.
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Izveidota universala web-
aplikacija, kas savietojama ar
Android/iOS/ Windows.

Testesanas laika veiktie mérijumi
nordda, ka iespéjams nodrosinat
SPL lidz par 200dB pie 10kHz.

Ap 100m vienai iekartai.
NepiecieSama papildus
testésana.

Izveidotas iekartas darba

temperatiru diapazons ieklaujas
specifikacija.
IP67.

Nemot véra Jloti  strauju
izejmaterialu cenu pieaugumu
(hdz pat 100-200%), sakotnéja
cena 5000 EUR, kas bija
sasniegta, iepérkot materialus
projekta uzsaksana, Sobrid var
sastadit lidz 8000-9000 EUR.
Projekta rezultata tika izstradati
ari daudzi sistéma vienkarsojumi,
kas Jauj potencialam razotajam
samazinat izmaksas.
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PIELIKUMI

I P1. Zvejnieku protokoli

SIA “Leste”, Carnikavas novads, Reg. Nr. 40103047955, Aldonis Lakins.

Datums 17 0s.

lerice bija ieslégta NE

Tika mainits -~

akumulators X Ja

Zvejas dzilums (m) o

Zvejas riks ] tikls ! murds
Tikla acs (cm) §0-296 am.

100m radiusa bija E

vairaki zvejas riki 113

Bojati zvejas riki (i3

Zvejas rikos bijaroni [ )3

Zvejas riku tuvuma

1=
bija roni —Ja
Bojato zivju Tpatsvars
(%)
v A P ‘
Ladu dzimtas zivis "] Veselas | Bojatas
Butes ] Veselas _| Bojatas
Renges [ | veselas _| Bojatas
Citas zivis ¥ Veselas | Bojatas
Nozveja (kg) ieg.
Aizpildija (uzvards) ﬂ%w
Piezimes U oo Yeialy 22012 /4745 rec 2t
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Datums 0. 08, 24,

lerice bija ieslégta ] 13

Tika mainits

akumulators NE

Zvejas dzilums (m) Y,

Zvejas riks | tikls murds
Tikla acs (cm) ¢ - 290

100m radiusa bija
vairaki zvejas riki

[1Ja

Bojati zvejas riki BNE

Zvejas rikos bijaroni | [ 3

Zvejas riku tuvuma

bija roni s

Bojato zivju Tpatsvars

(%)

Lasu dzimtas zivis [] Veselas [] Bojatas
Butes I Veselas [ ] Bojatas
Renges *| Veselas [ Bojatas
Citas zivis ] Veselas _| Bojatas
Nozveja (kg) {00 eq.

Aizpildija (uzvards) | £ . .
Piezimes 3&,,5‘ 2c07u) WW
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Datums 05 85 2.

lerice bija ieslégta X 13

Tika mainits

akumulators Ja

Zvejas dzilums (m) Y pry,

Zvejas riks ] tikls murds
Tikla acs (cm)

100m radiusa bija ar

vairaki zvejas riki Ja

Bojati zvejas riki BNE

Zvejas rikos bijaroni  |[ ] 3

Zvejas riku tuvuma _ |
bija roni LJa

Bojato zivju Tpatsvars

(%)

Ladu dzimtas zivis 1Veselas || Bojatas
Butes || veselas || Bojatas
'Renges [ Veselas || Bojatas
' Citas zivis [X Veselas [] Bojatas

Nozveja (kg) /;W
Aizpildija (uzvards) |t
Piezimes Liea menili 1ol pue egnga

S ]
-y, " mu
%maé/ paok FOO pp. 126 &%
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Datums >1.05. 24
lerice bija ieslégta 13
Tika mainits )
akumulators xlJa
Zvejas dzilums (m) Hm
Zvejas riks ] tikls X! murds
Tikla acs (cm)
100m radiusa bija 4s
vairaki zvejas riki Ja
Bojati zvejas riki BNE
Zvejas rikos bijaroni [ ] 3
Zvejas riku tuvuma _
bija roni LJa
Bojato zivju Ipatsvars
(%)
Lasu dzimtas zivis [ ]Veselas | Bojatas
Butes [ I veselas _| Bojatas
Renges | Veselas _| Bojatas
Citas zivis Veselas || Bojatas
Nozveja+tkg) {30 vg,.
- - — - ’
Aizpildija (uzvards) %;;W
Piezimes Renl wrenlft [\;a 26 fu :Vfawad«,
vadi §00m. ne wians.
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Datums | 0F.06. 2 1.

lerice bija ieslégta 13

RRE

Tika mainits
akumulators

Zvejas dzilums (m)

Zvejas riks L] tikls 4 murds
Tikla acs (cm)

100m radiusa bija
vairaki zvejas riki

(113

Bojati zvejas riki [ 113

Zvejas rikos bijaroni  |[] 5

Zvejas riku tuvuma

bija roni s
Bojato zivju 1patsvars
(%)

|
Lagu dzimtas zivis [T Veselas _| Bojatas
Butes | veselas [] Bojatas
Renges | Veselas || Bojatas
Citas zivis Veselas _| Bojatas
Nozveja (kg) 130 1eg-
Aizpildija (uzvards) /é}mfm
Piezimes ’,fgm [ pronids /u "« cu(q

K,wza/uuz(f wf%ij%
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SIA ,,Pundiki”, Rojas novads, Reg. Nr. 41203008436 , Oskars Niklavs

Datums

0. 05, 202/

lerice bija ieslégta

Y@E

Tika mainits _

akumulators ]_X.Ia

Zvejas dzijlums (m) ?Mu

Zvejas riks ] tikls [l murds j‘z)c{u\)aoe ¥
Tikla acs (cm) 140 Arnn =460 on,

100m radiusa bija ) —

vairaki zvejas riki (11 Ne

Bojati zvejas riki la ez

Zvejas rikos bijaroni |[] 5 UZ

Zvejas riku tuvuma
bija roni

Bojato zivju Tpatsvars
(%)

Ladu dzimtas zivis [l Veselas | Bojatas
Butes [ Veselas [ | Bojatas
Renges [ Veselas =4 Bojatas
Citas zivis ] Veselas X Bojatas
Nozveja (kg) {000 wa,

Aizpildija (uzvards) A{Um(,)c Hatlbaerns
Piezimes CGlos v wtuo s

Wi jon qonu citbad detifs
2/l b(/'&\ o au JCVJON_AW_
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Datums Q20 2624

lerice bija ieslégta ISEE

Tika mainits

akumulators Mia

Zvejas dzilums (m) 9 et

Zvejas riks | tikls ‘D murds 5{;‘\)\;@5@

Tikla acs (cm)

100m radiusa bija
vairaki zvejas riki

Xa

Bojati zvejas riki

[Jia Nz

Zvejas rikos bijaroni  |[])3 yJg
Zvejas riku tuvuma

e [ =—
bija roni a Nz
Bojato zivju ipatsvars N
(%) ‘a
Ladu dzimtas zivis X Veselas [ | Bojatas
Butes (X Veselas [ Bojatas
Renges & Veselas ] Bojatas
Citas zivis [Z(Veselas L] Bojatas
Nozveja (kg) 600w.0,

Aizpildija (uzvards)

£ s ,
&(UJM) #d/%m/

Piezimes
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Datums 10. 06- 2024

lerice bija ieslégta EE

Tika mainits

akumulators 18 )3

Zvejas dzilums (m) Zn

Zvejas riks L] tikls Ll murds ;721])-\;@0?5"
Tikla acs (cm) 16

100m radiusa bija (43 —

vairaki zvejas riki Jla N

Bojati zvejas riki [J1a Wz

Zvejas rikos bijaroni  [[] 5 Ne

Zvejas riku tuvuma [ g

bija roni Ja Je

Bojato zivju Tpatsvars

%) 0>

Ladu dzimtas zivis % Veselas [ | Bojatas
Butes Xl Veselas | Bojatas
Renges E Veselas [] Bojatas
Citas zivis M veselas [ Bojatas
Nozveja (kg) 2 000

Aizpildija (uzvards)

0

Aivouy Hasdboews

Piezimes
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IKJ.A.N.K.I., LimbaZu novads, Salacgriva

Datums 2% 077 2 i 26.0% 24
lerice bija ieslégta X J3
Tika mainits W
akumulators ! Ja
Zvejas dzilums (m) 2. {m
) 1
Zvejas riks _ tikls | X murds | [] stavvads

Tikla acs (cm)
100m radiusa bija X
vairaki zvejas riki J

Bojati zvejas riki X 13

Zvejas rikos bijaroni [ j5

Zvejas riku tuvuma R |5

bija roni £ Ja

Bojato zivju Ipatsvars

(%)

Lasu dzimtas zivis D Veselas X Bojatas
Butes I Veselas X Bojatas
Renges | Veselas X[ Bojatas
Citas zivis I Veselas X Bojatas
Nozveja (kg) (7

Aizpildija (uzvards) Kpéﬂ Svad's

Piezimes 7y oS A 2d s

ploawis Mty ele

AN Yl o&ﬁ{/w
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[

'Datums 26.09. 24 —2FOR2A
lerice bija ieslégta X 13

Tika mainits )

akumulators _Ja
' Zvejas dzijlums (m) 2 m

Zvejas riks X tikls ’Z murds ’D stavvads |

Tikla acs (cm)
100m radiusa bija Xa
vairaki zvejas riki Ja

Bojati zvejas riki K} Ja

Zvejas rikos bijaroni | [] 3

Zvejas riku tuvuma

bija roni X Ja
Bojato zivju Tpatsvars
(%)
Lasu dzimtas zivis [] Veselas D Bojatas
Butes ﬂ Veselas ] Bojatas
Renges X! Veselas _ Bojatas
Citas zivis AN vVeselas ] Bojatas
Nozveja (kg) 5—— o
Aizpildija (uzvards) /@é‘x‘;"“‘;’s
Piezimes O p ov//c,&«rvu\ e§05u ws
-tm,é;s b/ a cou/’h /zZ FY7"
Cc/Mfo(m L 8( ’Léél 24
f

72l ws /LU/C /"q
] |
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Datums

RAF0F 24— 28092/

lerice bija ieslégta

X 13

Tika mainits )

akumulators X Ja
 Zvejas dzilums (m) 2 1m

Zvejas riks X tikls ‘@ murds || stavvads
Tikla acs (cm) 1A =/ § O srnem

100m radiusa bija :

vairaki zvejas riki X Ja

Bojati zvejas riki [113

Zvejas rikos bijaroni  |[ ] 5

Zvejas riku tuvuma :

bija roni [1Ja

Bojato zivju Tpatsvars

(%)

Ladu dzimtas zivis " Iveselas _| Bojatas
Butes | Veselas | Bojatas
Renges X Veselas | Bojatas
Citas zivis X Veselas '] Bojatas
Nozveja (kg) {Cwy

Aizpildija (uzvards) Kolaes s

Piezimes 7 Oru 'SN M/a/ &

pedzits.
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Datums 2P.09 24 - 290F 2/
lerice bija ieslégta X J3

Tika mainits

akumulators Ja

Zvejas dzilums (m) 2 5m

Zvejas riks

I .
X tikls | X murds |[] stavvads

Tikla acs (cm)

(2O~ (/5O mm

100m radiusa bija
vairaki zvejas riki

YE

Bojati zvejas riki

X Ja

Zvejas rikos bijaroni | [] 5
Zvejas riku tuvuma X _
bija roni Ja
Bojato zivju ipatsvars
(%)
LasSu dzimtas zivis [ Veselas | E Bojatas
Butes | Veselas || Bojatas
| Renges [ | veselas | Bojatas
Citas zivis _ Veselas | > Bojatas
Nozveja (kg) 2,59
. - - -— ( %
Aizpildija (uzvards) ol seann
Piezimes roms  olZiveya opprd e
200m réolalecsS’ wo M’J”
tuvou i:.é&/ /Lf mc’a b(’/
1 mMnZo’ “n do/ces
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Datums 9909 2/ — 300224

lerice bija ieslégta X 13

Tika mainits .

akumulators L

Zvejas dzijums (m) 2 m

Zvejas riks X tikls | X murds |E stavvads
Tikla acs (cm) (260 = [ Omn

100m radiusa bija _

vairaki zvejas riki e

Bojati zvejas riki Xl )3

Zvejas rikos bijaroni [ ] 5

Zvejas riku tuvuma

\/ -
bija roni Ja
Bojato zivju Tpatsvars
(%)
Ladu dzimtas zivis " lVeselas || Bojatas
Butes | Veselas i Bojatas
Renges _IVveselas ' X Bojatas
Citas zivis [ ] Veselas X Bojatas
Nozveja (kg)
Aizpildija (uzvards) P T
Piezimes /();/u s dzivo

mZ{a 2‘9”"
‘/"70(1'0[4 /Z%EY" ﬂ/é”“ bz, 2y

da 35 e
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Datums 300924 —0/ jv.24
lerice bija ieslégta X 13

Tika mainits _

akumulators XJ Ja

Zvejas dzilums (m) A

Zvejas riks I tikis | X murds y[ stavvads

Tikla acs (cm)

100m radiusa bija
vairaki zvejas riki

[1Ja

Bojati zvejas riki E

Zvejas rikos bijaroni | [] )3

Zvejas riku tuvuma

bija roni X Ja
Bojato zivju Tpatsvars ,2e5¥5 B v ss
(%) /0 deee Sé) j M‘Mﬂ
Ladu dzimtas zivis " lveselas _| Bojatas
Butes [ Veselas | Bojatas
Renges || Veselas Bojatas
Citas zivis I Veselas X Bojatas
Nozveja (kg) O
Aizpildija (uzvards) Koli fueems
Piezimes 2 rond olzive 79%5»-/‘
| 2/ /M"V‘“M 2eXI-
/E:Zaﬂ»co
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Datums 2 10.24 — D2 10.24

lerice bija ieslégta X 13

Tika mainits

akumulators [Ja

Zvejas dzilums (m) 2 fm

Zvejas riks ltikls | X murds |[] stavvads
Tikla acs (cm)

100m radiusa bija -

vairaki zvejas riki — Ja

Bojati zvejas riki HNE

Zvejas rikos bijaroni  |[] 3

Zvejas riku tuvuma

bija roni 13
Bojato zivju ipatsvars
(%)
Ladu dzimtas zivis 1 Veselas | Bojatas
Butes [ | Veselas ] Bojatas
Renges I Veselas | Bojatas
Citas zivis [] Veselas L] Bojatas
Nozveja (kg) O
Aizpildija (uzvards) Kg&/ Seus
Piezimes 7rONy \0/2}7/6' O

/;w‘ 2 //a P 2,

» QTN /
V58S rnoé 56 ;
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Datums Q2024 —p3/a 24

lerice bija ieslégta HNE AsClol ry tiies

Tika mainits -

akumulators Ja

Zvejas dzilums (m) 2, [

o s |

Zvejas riks L tikls LZ murds |[| stavwads

Tikla acs (cm)

100m radiusa bija "

vairaki zvejas riki 1)

Bojati zvejas riki BNE

Zvejas rikos bijaroni  |[] )3

Zvejas riku tuvuma _

bija roni X[J3

Bojato zivju ipatsvars

(%)

Lasu dzimtas zivis " IvVeselas _| Bojatas

Butes | Veselas | Bojatas

Renges | Veselas [] Bojatas

Citas zivis | Veselas X Bojatas

Nozveja (kg) L/,-(y

Aizpildija (uzvards) | Kolesewis

Piezimes poestan dafar 205 Dl
/Zszfd.fd‘/’ €O, KA. /e
Vaard K edzfu /XS wlod,
P tucirle v i db&f//{‘
Lr i el
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Datums 0% J0 24— d4/02/

lerice bija ieslégta BNE s C{’}v /«

Tika mainits )

akumulators 1Ja

Zvejas dzilums (m) 2,

Zvejas riks LI tikls | X murds |[] stavvads

Tikla acs (cm)
100m radiusa bija
vairaki zvejas riki

[1)3

Bojati zvejas riki BNE

Zvejas rikos bija roni | WYE

Zvejas riku tuvuma -

bija roni &"a

Bojato zivju Tpatsvars

(%)

La3u dzimtas zivis " Veselas X Bojatas

Butes | Veselas _| Bojatas

Renges [ | veselas X Bojatas

Citas zivis X Veselas (X Bojatas

Nozveja (kg) /Oug

Aizpildija (uzvards) Koluswans

Piezimes po rmanrdl pembas
(O 2045 7 FrufPe X

o s fan
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Datums L IOB L ~ O 10.24
lerice bija ieslégta HNE C&?ID(ZZ}’/ &
Tika mainits s ,
akumulators —Ja
Zvejas dzilums (m) | 2 (m
Zvejas riks ] tikls | &I murds ,l __| stavvads
Tikla acs (cm)
100m radiusa bija | y
vairaki zvejas riki 3
Bojati zvejas riki BNE
Zvejas rikos bijaroni  |[] 3
Zvejas riku tuvuma ~
bija roni X Ja
Bojato zivju Tpatsvars
(%)
Lasu dzimtas zivis [] Veselas X Bojatas
Butes I Veselas _| Bojatas
Renges [ ] Veselas X Bojatas
Citas zivis [ Veselas X Bojatas
Nozveja (kg) %
Aizpildija (uzvards) /{7&,(?/144 b
Piezimes | '~ < 7[
VISS  po €T
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Datums l 0.2 — TR 24

lerice bija ieslégta X3

Tika mainits -

akumulators Ja

Zvejas dzilums (m) 2, m

Zvejas riks L] tikls murds | stavvads
Tikla acs (cm)

100m radiusa bija s

vairaki zvejas riki Ja

Bojati zvejas riki (13
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SIA “Branga” , "Mirnieki", Kesterciems, Engures pag., Tukuma nov., LV-3113, limars Raginskis
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I P.2. Publicitates pasakumi

I P.2.1. LZF sédes programma

2021.gada 13.augusts, piektdiena

Biedribas ,,Latvijas Zvejnieku Federacija”
atklata Valdes sede

Salaspils, Doles sala, Daugavas muzejs, sakums 14.00

leejas parole: Zvejnieks

1. Zveja juras piekrastes uidenos 2020-2022.gados, zivju Kkrajumu
stavoklis un perspektivas. ZM, BIOR.

2. lekSejo iidenu zveja 2021.gada, problémas un reguléjumi. LZF

3. ZIKIS sistémas ievieSana piekrastes un iekS$€jo iidenu zveja. ZM,
LZF.

4. Ronu atbaidiSanas ierices izstrade, zaudéjumu kompensaciju
problemas, DAP plana ievieSana ronu skaita regulacija. RTU,
BIOR.

5. NakoSais EJJZF planoSanas periods — draudi vai iesp€jas.... Jauni
ierobeZojumi zveja, sugu aizsardzibas plani un to ievieSana, zvejas
intensitates sabalanséSana ar pieejamajiem zivju resursiem. Jauno
zvejnieku atbalsta programmas izstrades panakumi. ZM.

6. Citi aktuali jautajumi.

58



Projekts ,, Jaunas paaudzes ronu atbaidiSanas iericu izstrade un
\VETTQIENPIPPR testeSana” Nr. 19-00-F01101-000001

I P.2.2.Facebook zina

s RTU ETF Radioelektronikas institats

" a 13 /
=== Kem onybamxosano: [Jawa Ynpronnta @ - 9 wrona - Q

#iepazistiRE! qw

RE! pétnieki izstrada gudro sistému ronu atbaidisanai no zvejnieku
tikliem Baltijas jara! Svarigi, ka neviens ronis nav cietis.

Galvena REI risinajuma sastavdala ir zemadens skalrunis, kas izdod
specidlas pikstosas skanas un atbaida ronus nevis zivis. Tagad zvejnieki
testé REl izgudrojumu. Seko lapai, lai pirmais uzzinatu par testu
rezultatiem! &

81 13

Qxsar (nroav) BzavmoneicTENA Mpoasurate nybaukaumio
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I P.2.3.Zinatniskais raksts.

Lora Based Sinhronization of Seal Deterrent
Devices

Abstract—The main idea of this article is that using several mutually synchronised acoustic deterrent devices could be useful
in terms of decreasing necessary number of deterrent devices for covering large areas. The synchronisation scenarios and
possible problems for using LORA modulation technique will be discussed. LORA modulation is used for direct
communication between deterrent devices without central node.

Keywords—Seal, Seal deterrent device, LORA, Acoustic deterrent device.

INTRODUCTION

Conflicts between local fishermen and the growing number of Grey seals are well known [1], [2],[3] Grey seals hunt
fish in the sea, but sometimes instead of doing that, they use the easiest way, which is to take the fish from fishermen's nets
and traps, especially if the number of fish in the sea is small because of commercial fishing. As a result — the fish in the
traps and nets are beaten, which means they become unsuitable for selling. Also, the nets get damaged, having holes in them
and have to be repaired. These facts are causing financial losses for fishermen [2],[4]. Also, the other side of the coin is that
some seals can get deadly trapped in the nets. This conflict is much more relevant nowadays, because of purposeful Grey
seal population recovering.

There are many investigations as to how to protect both sides. For example, these reports [1],[5] summarized the ways
to protect fishermen's traps and nets from seals, namely scarecrow — a man doll in a boot, mechanical barriers, electrical
nettings, predator sounds, and also some systems working on pressed air. But the more widely used technique is an
underwater speaker based system. According to [6] ,the underwater speaker based system has a positive effect on a Baltic
salmon-trap net fishery in terms of bigger catches and a lessened damage to the nets and traps.

This publication is devoted to the underwater speaker-based system technique further referred as a deterrent device. As
one deterrent device has a limited working range, in this paper an idea about synchronised deterrent devices has been
proposed. The main point of the idea is to use several synchronised deterrent devices to decrease the number of necessary
devices to cover a large area.

THE IDEA OF SYNCHRONISATION DEVICE.

The Intensity of the underwater sound is crucially important for the deterrent device to deter seals. In paper [7] the
minimal deterrent intensity is defined to be between 135 dB and 145 dB, depending on lack or presence of food. Deterrent
devices with smaller intensity could be "dinner bell" for seals. Devices with louder sound intensity can cause effects of
possible seal hearing impairments. Conditions to avoid that is analysed in [8]. According to [8], 180 dB is assumed as a
nominal sound level for the deterrent device, that can be set into buoy. Taking into account these two characteristics and
considering the attenuation of sound into water, the maximal deterrent radius of the deterrent device can be calculated as

@iel
R = 10(180-140)20 = 100m (1)

But for the case of two synchronously working deterrent devices, there will be an interference pattern between them
with larger and smaller amplitudes, depending on the distance between the buoys. Distance between maximums and
minimums of the interference pattern will be at about half of wavelength. The wavelength of 10kHz frequency sound into
salt water is (2):

] = ¢ 1480m/s 0.14
TF T 1ox10%s 1 M @)

Therefore, moving seal will be deterred by interference maximums. Maximums in the interference pattern that is

equidistant from both buoys will be by 6 dB louder than the sound intensity from a single buoy.
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So, that means that we can increase distance until the signal intensity decreases to 134 dB, which will be 6dB louder

because of interference, and reach the minimum 140dB deterrent intensity. As a result of that, the distance from each buoy
will be (3)

R = 10(180-134)/20 = 200m (3)
That means considerable increasing of the distance. Isolines with a signal level of at least 140dB (minimal deterrent
signal intensity) is shown in figure 1, in case of two synchronised and unsynchronised buoys located at the distance of 390m

from each other. So, according to the figure, we can see that the range between the two buoys is twice more, and there is
also 20% increase in the distance towards the lateral side, in comparison to a unsynchronised buoy.

150 Areas with deterrent signal with the intensity of at least 140 dB

‘140 dB Ievél for unsyn‘chronisgg\b‘uoys

50/ v \

y,location,m
o
o
o)

50 k)N / N \ [

~ ' g ~ '
100 - ~— / \ -

7140 dB level for synchronised buoys
i ! ! I

. . .
-300 -200 -100 0 100 200 300
x,location,m

Isolines with the minimal deterrent signal intensity in case of two buoys located at the distance of 390m from each other. For the case of sinhronised and
unsinhronised buoys.

It means, in order to protect some stretched objects, fewer number of buoys working in synchronisation mode can be
used. Two synchronised buoys can protect an area that can reach 600m in prolate form. Fishermen’s nets can be up to

400 m — in prolate form. [4]. So if an object is shorter than 600m, we can decrease the level of signal, getting advantage of
a longer autonomous working period.

STRUCTURE OF DETERRENT SIGNAL
Deterrent signal structure is shown in fig.2.

OROR N D

1st pack 2nd pack

)
d

Deterrent signal structure. f — frequency of short tone, t - duration of short tone, T — duration of pause, L — duration of long pause.

Each signal pack contains of a set of short tones followed by pauses. There is also some long pause at the end of each
pack. We have two different packs following each other.

The number of tones in a signal pack (N), the duration of every tone (t), the length of pauses between tones (T) and at
the end of each pack (L), the frequency of a particular tone (f) and the mode of changing frequency between tones are set
by a pseudorandom number generator, but we can control ranges of them. Also we can control loudness of the signal. All
these parameters can be set separately for each pack.

As long as we have two packs of the deterrent signal, we can use the warning-deterring strategy, which means warning
seals with the first pack, by setting it more silent, and deterring with the second pack, by setting it louder.
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As long as buoys are in an experimental phase, we can change those ranges on the air by using cellural network
communication. More details are given in [8]

As we use the pseudorandom number generator to vary the previously mentioned parameters, two buoys with equal
settings will work synchronously if they are switched on at the same time. So in order that the group of buoys works
synchronously we will set the initial seed for their pseudorandom number generators and restart their sound generator
modules for all the members of the group simultaneously.

COMMUNICATION SYSTEM

To get independent buoys working synchronously there have to be some information exchange between them. Lora is
one of the communication means for the internet of things. [9] The long range, and small energy consumption are some of
the crucial benefits of this communication means. One of the features of Lora as a communication means is that airtime is
very limited, to avoid mutual interferences [10]. According to EU863-870 regulations [11], the maximal duty cycle for
Europe is 1% per node.

Usually star topology is recommended for standart Lora network applications, but because there is no coverage of
LoraWAN network in the sea, node to node topology looks much more practical for such kind of task.

There is an advantage of that — a usual LORA message in LoraWAN network contains 13 bytes for overhead, and
payload bytes. Expected payload will be 1-2 bytes long, and therefore direct sending will save airtime and sending resources.
Saving airtime is important because it is limited for the systems that use LORA modulation to let it work as mentioned
above.

RELATIVE SYNCHRONISATOIN SCENARIO .

We will name buoys that are working synchronously — TEAM members (or new TEAM, TEAM1, TEAM2 if there is a
different synchronisation inside of the group), but buoys that recently switched on and therefore do not work synchronously
with TEAM members - NEWCOMER.

The main idea of the relative synchronisation scenario is the following. NEWCOMER, after being switched on, is
starting countdown until synchronisation. Several messages will be sent with the current counter state. We will dedicate
only one byte to transmit that information and name it time-until-synchronisation. When TEAM members receive such a
message, they also will start to countdown untill synchronisation moment. At the moment of synchronisation all buoys set
the initial seed for their pseudorandom number generators and restart their sound generation modules. As a result, all buoys
of TEAM and NEWCOMER become members of a new TEAM — TEAML1 (Fig.3).

TEAM

NEWCOMER

TEAM

TEAMI1

> buoy2

TEAM1

TEAMI

A newcomer sends messages to the TEAM members, and as a result all buoys become TEAM1 members (The new team name is shown with the red
color).

The scenario looks very simple and reliable, but the potential problem of that scenario is a limited range of the message on
the air. Let's look at Fig.4. If NEWCOMER is located at some distance from a group of TEAM members, its signal can
reach only several member of TEAM. That can destroy a group of TEAM because buoyl-buoy3-buoy-4 are members of
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TEAM, but buoy2 is not anymore a member of TEAM, but it becomes a member of TEAM2 with buoy5. Message
retranslation can be used to fix it.

NEWCOMER

Destroying of the TEAM. Buoy5 sends the sinchronisation message, but because of a limited range, the message reaches buoy?2 only. As a result, buoy2
is excluded from the previous team. Here black titles means previous names of teams, red titles means new names of teams. Circle means range of signal
of buoy5.

In Fig. 5. we can see a retranslation scenario that can be used. Imagine retranslate-all-that-is-received-scenario. First
message from NEWCOMER is shown by the black arrow. Then, the message reaches only buoy2, which starts retranslation.
Retranslated message is shown by the red arrow. Then, buoyl as well as buoy4, buoy3, and buoy?2 retranslate that message
(message from buoy 1 is shown by the green arrow, other messages aren't shown). It looks that during retranslation there
will be a huge number of messages. Actually, buoy?2 should not retranslate message once again. Thus, the better scenario
can be a retranslate-message-only-once-scenario. Let's look at more complicated scenario when two NEWCOMERS come
and are starting synchronisation at about the same time. Then, to avoid two different synchronisation teams, a buoy should
retranslate also latest synchronisation time messages, in addition to the retranslate-message-only-once-scenario. And the
buoy will restart count down timer if it gets such a latest-synchronisation-time message. Here we can see that scenario can
be modified as retranlate-message-only-once-or-with-latest-synchronisation-time.

By looking at all of the retranslation scenarios a little bit deeper, we can see that the following issues should be taken
into account. Retranslation messages from all buoys will cause interference, because all buoys retranslates messages at the
same time. To avoid that, some truly random generator could be used to randomly delay sending time of retranslated
messages. So far, as we have some delays, added to the message sending time, we have to correct time-until-synchronisation
field in the message. Because of limited resolution of data for this field, we have to add another time-until-synchronisation-
correction-field to messages. In this field cumulative time for all resending delays are stored.

TEAM
TEA NEWCOMER

<
buoy4 ™

buoy2 buoys

Resending the message. Here the black arrow means the first sinchronisation message, the red arrow means the 1% resending of signal, and the green
arrow means the 2" resending of signal (is shown for buoy1 only).
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So far everything looks quite simple, but let's consider scenarios for receiving and sending.

SCENARIOS FOR RECEIVING AND SENDING

To exchange with messages Lora transceiver is used. So it can receive message only if it is in the listening mode. The
simplest regime to implement the relative synchronisation scenario is that all TEAM members are always in a continuous
listening mode. But being in the listening mode also means larger current consumption, see table.1.

LORA TRANCEIVER MODES AND CONSUMING CURRENTS[12].

Mode Consuming current
Sleeping mode 0.0016mA
Standby mode 2.8mA
Transmission mode 40mA
Listening mode 14.2mA

By understanding that a buoy is a battery-powered device, and we should extend its autonomous work duration as long
as possible we prefer that most of the time the transceiver module will be in the standby or sleeping mode, rather than in
the listening mode all the time. Therefore, the always-listening-scenario looks inappropriate, and TEAM buoy should be in
the listening mode only from time to time. Therefore, a second possible scenario is that NEWCOMERS is sending messages
continuously during fixed amount of time to reach TEAM members being in the listening mode. But because transferring
airtime is limited in Lora network, it is not possible. Therefore, a third scenario will be considered. It looks like the second
scenario, but its continuous sending time is divided by discreet sending time slots. This scenario is shown in Fig.6. A sending
buoy (NEWCOMER, or TEAM) is sending short messages, with constant pause time between them until synchronisation
moment. At other moments NEWCOMER is in the listening mode. TEAM members are in the sleeping mode, and
periodically they wake up and change the operation mode to the listening mode for a short time.

NEWdOMER is Iis{ening ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

‘NEWC#MER i% sen%ing ‘ ‘ ‘ ‘ ‘ ‘ ‘

The sleeping time of TEAM buoy1 | l's:ﬁ::g

listening|
time

The sleeping time of TEAM buog | sleeping time ‘

Scenarios for receiving and sending.

How large can each interval be? Consider some example. Let's imagine that the message length is 4 bytes. We will make
calculation according to table 2.

In spite of the fact that, in ideal conditions we can use LORA for the distance up to 10 km [9], especially in rural areas,
sending near to the surface of salt water is very bad transferring conditions, especially if the antenna of a buoy is located
relatively close to the sea surface. Therefore, to improve situation the largest spreading factor SF12 will be used.

AIRTIME AND DUTY CYCLE FOR 4-BYTE-MESSAGE [13]

Spreading SF7 SF8 SF9 SF10 SF11 SF12

factor

Bandwidth 125 125 125 125 125 125

Airtime,ms 10.30 20.60 36.10 72.20 144.38 288.78

1% max 1,03 2,60 3,61 7,22 14,44 28,87
duty cycle, s

Let's imagine that the number of successive messages will be at least 12 messages, with the interval of 30s between each
other. That means that a pack of all messages will be 330s long. To be able to receive at least 1 message, TEAM member
sleeping time will not exceed 300s, and listening time will be 32 s long. That means the sleep/listening ratio is 1/10. For
retranslation of messages the same durations as for the listening and sleeping time will be used.
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ABSOLUTE TIME USAGE SCENARIOThe previously described Relative synchronization scenario seems to be complicated in
details. Therefore, an alternative scenario — an absolute time usage scenario is considered. In that scenario we add a real
time clock (RTC) hardware to each buoy. As long as the buoy knows what time it is now, we can use dedicated time for

listening, sending, and synchronisation (see fig.7). Such approach will give us two advantages: the first advantage is
airtime saving, because NEWCOMERs will send messages only when all TEAM members are listening, and the second
advantage is avoiding concurrency between two NEWCOMERS because synchronisation time moments are fixed. The
content of a synchronisation message is an invitation to synchronisation only, without sending time until synchronisation.
That means the synchronisation message could be only one byte with a synchronisation command. More convenient is to
use two bytes: the first for the synchronisation command and the second for the password to decrease fault
synchronisation availability. For the research purposes, we have added some message sender ID, to be able to measure
signal-to-noise ratio in buoy-to-buoy communication. In table 2 we summarised sending time for the 2-byte-long

message.
current minute in each hour
of L IEREE] 16] 18] 30 31] 33 45] 46] 48] 60]
listening- listening- listening-| listening-|
sending sending sending sending
time slot time slot time slot time slot
time moment for  time moment for time moment for time moment for
synchronisation, synchronisation, synchronisation, synchronisation,
if necessary if necessary if necessary if necessary

Listening-sending time slots and synchronisation time moments in each hour.

In the 3" table we provide some details about that scenario. Listening-sending time slots are from 0" till 1%, from 15%
till 16™, from 30™ till 315t and from 45" till 46™ minutes in each hour. The synchronisation time moments are starting at the
beginning of 3", 18™, 33" and 48" minutes. For example, if NEWCOMER is switched on at a time moment within time
interval from 6.45 till 6.59, it will send messages within 7.00-7.01 listening interval, and it will be synchronized at 7.03.
Also, even if here are several NEWCOMERSs during 6.45-6.59, all of them will be synchronised at 7.03 simultaneously.

ts
ol 71 147 211 28! 351 421 49! 561

1st
subslot

subslot
I:lsend | |:|sendi"|g
[FFnding |
”esen4ing

2nd
subslot]

3rd 4th

subslot

5th
subslot

| |
| |
[fesenfing |
|}esend |

listening

6th
subslot

7th
subslot

8th
subslot

ng

listening

listening ng

listening ng

|}esen4ing ‘ |}esend

Internal structure within the listening-sending time slot. Buoy1 and buoy2 are NEWCOMERS. Buoya3 is in the range of buoyl and buoy?2, but buoy4 and
buoys are outside the range. Buoy4 is in the ranges of buoy3 and buoy5, but buoys5 is in the range of buoy4 only.

The listening/sending time slots are divided into 8-seconds-long-time subslots. To avoid a situation, in which all buoys
simultaneously send messages, and make interference noise, a true random number generator has been used to randomly
delay sending time within these subslots. ESP32 module has its own true random generator. But it is true random only when
wi-fi or bluetooth is active [14]. Because of that to make it true random, its initialization seed is turnon time of buoy. The
delay time is from O up to 7.8s. The usage of the time subslots is shown in fig.8. and is the following. The first time subslot
is used by NEWCOMERSs to send a synchronisation message. Each message is sent twice, to avoid the risk of not being
heard. According to table 2, the interval, until the repeated message can be sent, should be at least 14.4 seconds, for the
spreading factor SF12. So, that means that we can repeat the message in 3" subslot, if we use the same delay time. The
second time slot as well as 4™ - 8 is used by TEAM members for resending the messages.
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AIRTIME AND DUTY CYCLE FOR 2-BYTE-MESSAGE

Spreading SF7 SF8 SF9 SF10 SF11 SF12

factor

Airtime,ms 5.2 10.3 18.1 36.1 72.2 144.4

1% max 0.52 1.03 1.81 3.61 7.22 14.44
duty cycle, s

RESULTS AND DISCUSSION

The synchronisation system has been successfully implemented by using ESP32 microcontroller. That controller has its

own hardware random number generator, in addition to software random number generator. Having the two independent
random number generators is a crucial point, because one of them should be used for sound generator, but the other one
should be used to shift sending time for messages. Using several synchronised buoys can increase the deterrent range, by
using the same power. In the future investigations we have plans not only for synchronous usage of buoys, but also for
creating some sound waves, to be able to chase away seals in a given direction. Working condition for point to point Lora
communication at the surface of sea level is very hard, and we have to raise an antenna as high as possible (at least on 50
cm). We have implemented the relative (without retranslation) and absolute synchronisation scenarios for buoys. Both
scenarios work well, but we have faced with some time shifting, because we used the internal takt generator of
microcontroller for the sound generator.
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